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Abstract  
 

Seed tannins are responsible for the bitter and astringent mouthfeel in red wines 

(Smith et al., 2015; Arnold et al., 1980). Skin tannins are mostly responsible for colour 

stability of red wines (Kennedy, 2008). Tannins are present in different amount in the grape 

berries, and they vary in concentration from one variety to another (Bautista-Ortin, 2005; 

Kennedy, 2008). This project, which is part of a bigger project called TanninAlert: Improve 

Ontario red wine quality and consumer acceptance through winemaking techniques by 

grape variety and tannin level, aims to define winemaking techniques that improve the skin 

tannin extraction while minimizing seed tannin extraction in order to improve the color and 

mouthfeel of red wine produced in Ontario. Winemaking techniques were selected based on 

the concentration of skin and seed tannins in the grapes at harvest. Pinot noir and Cabernet 

sauvignon have been the focus of this study for two vintages (2019 and 2020).  

The data collected through out ripening contributed to the categorization of the 

tannin in Cabernet Sauvignon and Pinot Noir on a scale from low to high. Specific 

winemaking techniques were applied to each of the varieties. For Pinot noir wines, the focus 

was put on the addition of skin tannins and two kinds of macerating enzymes: LAFASE He 

Grand Cru (Laffort, France) and ULTRASI DarkBerry (A.O. Wilson, Canada). Results showed 

no significant impact on total extractable tannin extraction in the wine when skin tannin 

were added. On the other hand, a significant increase in total extractable tannins was 

observed when pectolytic enzymes were added during fermentation. The addition of the 

DarkBerry enzyme showed the best tannin retention over time in the wines.  



 
 

 
 

For Cabernet Sauvignon, juice removal (Saignée 14%), pre-fermentation pressing of 

berries and addition of DarkBerry enzyme were studied. Results from the Saignée treatment 

were inconclusive; it increased the extraction in 2019, but not in 2020.  The pre-fermentation 

pressing of the grapes showed no impact on total extractable tannins. When both treatments 

(Saignée + addition of DarkBerry enzyme) were applied to the wines, the total extractable 

tannin concentration was significantly higher than in the control wines. 
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Chapter 1. Literature Review  

The literature review was written by Charlene Marcotte. The display of the figures and tables 

was also done by Charlene Marcotte, but editing assistance was provided from her 

supervisors: Dr. Inglis, and Dr. Kemp as well as from her committee members: Dr. Pickering 
and Dr. Stuart.  

1.1 Importance of the wine industry in Ontario 
 

Ontario is the largest producing province in Canada, contributing $4.4 billion each 

year to the province’s economy (Frank & Rimmerman Co Ltd, 2017). Based on the LCBO 

annual report from 2019-20, Ontario’s wine sales increased annually by 6% (LCBO, 2019-

20). Locally produced wine comprised 1/3 of the total wine sales in 2020 and generated $700 

million, whereas imported wines comprised 2/3, generating $1.5 billion (Lupescu, 2021). In 

2016, red wine sales were almost 50% of the total wine sales of the LCBO (Mogk-Edwards, 

2016). According to Canada’s National Statistic Agency, of the total wine sales in 2019-2020, 

70% were imported wines (Statistic Canada, 2021). 

1.1.1 Competition with foreign imports   

European countries such as Italy, France, and Spain had 34% of the world’s land 

under vine and produced more than 51% of the world’s total wine in 2018. The United States 

of America is also a prominent wine producing country with approximately 8% of the 

world’s total wine coming from the USA (the 4th biggest global producer in 2018)(Roca, 

2019). In the southern regions of Europe, summers are long, warm, and dry (Fraga et al., 

2012). In California, the major wine producing state of the United States, summers are also 

long and warm and growing season precipitation is normally low (Jones et al, 2008). Climate 

greatly affects the production and development of grape berries, thereby affecting wine 

quality and retail prices (Fraga et al, 2012; Jones et al, 2008; Shaw, 2005).  
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Wine production in Canada is more recent than in Europe, and accounts for only 1% 

of the world’s total production (Frank & Rimmerman Co Ltd, 2017). Ontario’s wine 

production is still a developing industry with a significantly smaller land mass under vine at 

17,000 acres compared to Europe and is considered to be a cool climate grape growing 

region (Agri Food and Agriculture Canada, 2013; grape growers of Ontario, 2010; Shaw, 

2005). Cool climate viticultural growing areas often struggle to reach optimum harvest 

conditions due to varying weather patterns vintage-to-vintage, which leads to inconsistent 

wine quality production (Chien, 2011). With the increased costs associated with growing 

grapes in a cool climate region, Ontario cannot compete on price alone with the international 

wine market that is dominated by warm climates regions and must compete with quality 

(Agri Food and Agriculture Canada, 2013; Centinari, 2016; Shaw, 2005). This provides the 

Ontario wine industry with an opportunity to improve its red wine quality to compete for a 

larger portion of wine sales in the province, thereby increasing the domestic wine market 

share.   

1.2 Challenges of red winemaking in a cool climate 
 

1.2.1 Cool climate definition 
 

Climate greatly impacts wine production (Van Leeuwen et al, 2006). Wine grapes, like 

coffee and cacao, have limited geographic and climate ranges (Jones et al, 2016). Worldwide, 

grape growing regions are situated between 4° to 51° in the Northern Hemisphere and 

between 6° to 45° in the Southern Hemisphere (Tonietto et al., 2004). The major wine 

production is situated between 30° to 50° in the Northern Hemisphere as well as in the 

Southern Hemisphere (Caldwell, 2000). Cool climate regions are mostly situated 40° to 70° 
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in the Northern Hemisphere (see Figure 1.1) (Bois et al., 2016).  

 

Figure 1.1: Cool climate winemaking region in the world situated between the 40° and 70° 
in the northern hemisphere. https://pngimg.com/uploads/world_map/world_map_PNG3.png 

 
Various classification systems have been developed to differentiate cool climates 

from warm climates. The first system uses the mean temperature of the warmest month 

(MTWM). For a cool climate, this temperature is under 20°C (Jackson et al, 1988; Shaw, 1999; 

Jones et al., 2016).  The second system is the Growing Season Temperature (GST). It gives an 

idea of the maturity potential for grapes grown in a given wine region. Cool climates normally 

have a GST between 13 and 15°C (Jones et al, 2016; Morata, 2018). The third system is the 

latitude temperature index (LTI); which takes latitude and the mean temperature of the 

warmest month into consideration. Cool climates generally ripen grapes with an LTI under 

370-380 (Morata, 2018; Shaw, 1999). The fourth system is the Winkler Index which uses the 

total number of growing degree days (GDD) with a minimum temperature of 10°C (Morata, 

2018; Shaw, 1999; Shaw, 2017). This minimum is needed for the growth of the vine and 

photosynthesis, which occurs at temperatures higher than 10°C. The GDD for a cool climate 
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is usually less than 1648 during the growing period (Morata, 2018). The fifth system is the 

Huglin Index (HI) which uses the heliothermic potential (Morata, 2018; Van Leeuwen et al, 

2006). This system considers the sum and the average of the daily temperatures above 10°C 

from April to December and modifies the calculation with the latitude of the location 

(Morata, 2018). The index can predict the ripening capacity of a given grape as well as the 

sugar potential (Shaw, 2017; Van Leeuwen et al, 2006). These systems provide insight into 

the growing conditions in a cool climate.  

1.2.2 The Niagara peninsula wine region  
 

The Niagara peninsula  is located 43° North of the Hemisphere (Shaw, 2005; Caldwell, 

2000). It is the same latitude as Provence in France, Chianti in Italy and Rioja in Spain (Figure 

1.2) (Haynes, 2000; Ontario’s Grape & Wine Industry, 2010).  

 

Figure 1.2: Latitude of Niagara wine region compared to European wine regions. 
https://pngimg.com/uploads/world_map/world_map_PNG3.png 

 
At this latitude, the climate should be characterized by hot summers and cold winters 

(Shaw, 2005). With Lake Ontario in the north, the eastern end of Lake Erie in the south, and 

the Niagara river to the east, the peninsula’s climate is more a semi-maritime climate (Shaw, 

2005). It has a continuous airflow from the lakes which lead to warmer winter temperatures 

https://pngimg.com/uploads/world_map/world_map_PNG3.png
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and cooler summer temperatures (Haynes, 2000; Kontkanen et al., 2005; Shaw, 2005). 

Nonetheless, it is considered a cool climate region with varying weather conditions each year 

(see Table 1.1) (Caldwell, 2000).  

Table 1.1: Growing Degree Days (GDD) in the Niagara Peninsula, Ontario from 2005 to 2015. 
Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

GDD 1643 1455 1588 1342 1238 1581 1536 1623 1425 1329 1464 

 

The tropical and polar winds, and the high- and low-pressure systems explains the 

variation in daily weather (Shaw, 2005). The peninsula also has varying topography and soil 

compositions creating different meso- and macroclimates which give the wines specific 

aromas and textures (Kontkanen et al., 2005; Schlosser et al., 2005; Caldwell, 2000).  It also 

leads to different ripeness levels in grapes across different vineyards in terms of tannins 

(Renton, 2020).  

There are three mains regions in the Niagara peninsula for wine grape production: 

Lake Iroquois plain, the Niagara Escarpment and the Haldimand Clay plain (see Figure 1.3) 

(Shaw, 2005; VQA, 2018).  

 
Figure 1.3: The three main wine physiographic wine areas in the Niagara Peninsula, 
Ontario, Canada. Modified from Shaw, 2005. 
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The first region (Lake Iroquois plain) has 80% of the land under vine in Niagara with 

grapes, both French-American hybrids as well as V. vinifera grape varieties (Shaw, 2005). 

The second region is the Niagara escarpment, rising 335m above sea level with north-facing 

slopes (Grape Growers of Ontario, 2010). It creates a protected zone by influencing the wind 

speed and the temperature on the Lake Ontario Plain (Shaw, 2005). The last zone, Haldimand 

Clay plain, is the biggest of the three and has well-drained and low textured soils which is 

perfect for fruit crops (Gayler et al, 2015; Vintners Quality Alliance of Ontario, 2018; Shaw, 

2005). The vineyards monitored for this project were all situated in the Lake Iroquois plain.  

 Niagara peninsula’s mean temperature of the warmest month (MTWM) ranges from 

20.9°C to 22,3°C depending on the zone (Shaw, 2005; Vintners Quality Alliance of Ontario, 

2018). Its total number of degree days (GDD) is about 1400 days and its latitude temperature 

Index (LTI) is approximately 362 (Shaw, 2005; Shaw, 2017; Vintners Quality Alliance of 

Ontario, 2018). Lastly, the Huglin Index (HI) is a little under 1900 (Shaw, 2017). All of these 

numbers suggest that the peninsula is a cool climate with the potential to grow a large 

number of grape varieties. The growing conditions are favourable to the ripening of early 

red European grape varieties such as Pinot noir and in some sub-appellations of the Niagara 

peninsula, late season Cabernet sauvignon (Shaw, 2005). 

1.2.3 Challenges of producing red wine in a cool climate  
 

Cool climate zones are characterized by low temperatures during the ripening phase 

of the grapes, which leads to slow ripening (Shaw, 1999). Usually, colour development in the 

grapes is achieved, but slow ripening often leads to a low accumulation of tannins in the 

grapes (Morata, 2018). These are referred to as “unripe tannins” and bestow unwanted 
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‘’green’’ flavours to red wines (Morata, 2018). Temperature in the winter often drops below 

-20°C creating tissue damage, splits and wounds (Centinari, 2016; Evans, 2000; Shaw, 2005). 

Some years, summer and autumn months are warmer than normal allowing a wider range 

of varieties’ ripening (Shaw, 2005). During those months, the occurrence of high 

temperatures (30°C) can lead to physiological stress on the vines, degradation of the 

grapes, and folia stress (Shaw, 2017). Other years, the same months are colder and more 

humid allowing only some varieties to mature to their optimal ripening point (Shaw, 2005). 

This produces higher acidity levels in final wines, but also enables the accumulation of 

flavours and aromas that give wines distinguished characteristics in terms of taste and 

mouthfeel (Shaw, 1999; Shaw, 2005).  

Cool climate regions are also characterized by a high risk of frost injury on the vines 

each year due to frost in late spring and early fall (Evans, 2000; Shaw, 2005). It causes ice 

formation and the formation of inter- and intra-cellular ice crystals, which leads to cell 

desiccation and loss of turgor pressure (Centinari, 2016).  This injury leads to a reduced 

vineyard yield causing economic loss (Willwerth et al., 2014; Ontario’s Grape & Wine 

Industry., 2010; Poling, 2008).  

Climate change is having a significant impact on the international wine industry. A 

changing climate leads to extreme weather events such as increased precipitation during the 

harvest season, warmer than normal winters, but cold weather events with colder minimum 

winter temperatures that occur more frequently, and have a major impact on production 

(Zoecklein, 2018). Increasing temperatures during grape maturation and harvest is also a 

consequence of climate change (Fraga et al., 2012). It leads to an increase in sugars, amino 
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acids, phenolic compounds, and a decrease in organic acids in the grapes, which can impact 

the quality of the wines (Mira de Orduña, 2010). The sensory aspect of wines from traditional 

wine producing nations, such as France, Italy, and Spain are projected to be affected by these 

changes, possibly impacting the quality of wines (Cardell et al., 2019; van Leeuwen et al., 

2016). Ontario’s wine production will also be affected by climate change. Winemakers need 

additional tools to further enhance red wine's quality and gain more market share against 

imported red table wines.  

1.3 Phenolic compounds  

Components in red wine particularly important for colour, aromas, and mouthfeel are 

phenolic compounds (Figure 1.2)(Bautista-Ortín et al., 2016; Cheynier et al., 2006; Casassa 

et al., 2019; Ramos-Pineda et al., 2019; Smith et al., 2015). Phenolic compounds are produced 

in plants as secondary metabolites  to protect them against biotic and abiotic stress (Gouot 

et al., 2019; Li et al., 2019; Rousserie et al., 2019). They are found in grapes and when 

extracted into red wine, play a major role in the perceived quality of red wine (see section 

1.3.8) (Lorrain et al., 2013; Rousserie et al., 2019). Phenolics can exist in either their 

monomeric form or as polymerized complexes known as tannins (Cheynier et al., 2006; 

Fulcrand et al., 2006; Gouot et al., 2019; Rousserie et al., 2019; Ramos-Pineda et al, 2019). 

Colour and the mouthfeel of wine mostly depend on the molecular structure of phenolic 

compounds. The molecular structure is influenced by the type and number of monomers in 

the molecule (Cheynier et al., 2006; Markoski et al., 2016). The colour and mouthfeel (oral 

sensations such as astringency and bitterness) are also influenced by the interactions of 

phenolics with other compounds in the matrix such as proteins,  polysaccharides and 

pigments as explained in section 1.3.8 (Cheynier et al., 2006; Markoski et al., 2016).  
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There are two families of phenolic compounds: non-flavonoids and flavonoids (Figure 

1.4)(Cheynier et al., 2006; Conde et al., 2007; Pappas et al., 2015).  Non-flavonoids are 

extracted from skins and seeds, grape juice, stems, and various wood treatments used in 

wine production such as oak barrels, whereas flavonoids are extracted from skins, seeds, and 

stems if they are present during the fermentation.  

 
Figure 1.4: Chemical structure of non-flavonoids and flavonoids. Modified from Soares et 

al., 2020. 

Non-flavonoids are made up of phenolic acids such as hydroxybenzoic acids, cinnamic 

acids, and stilbenes (Casassa, 2017; Gutiérrez-Escobar et al., 2021; Soares et al., 2020). Gallic 

acid and ellagic acids are the precursors of hydrolysable tannins in wine, which play an 

important role in the flavour of red wines (Gutiérrez-Escobar et al., 2021). These tannins are 

generally extracted from oak barrels, wood chips and wood powder during aging (Watrelot 

et al., 2019). 

The flavonoid family is composed of various classes that differ in their oxidative state 

and substitutions on the C ring (Figure 1.4) (Casassa, 2017).  They are found in the skins and 

seeds of grapes as monomers or polymeric complexes (Li et al., 2019). For the purpose of 
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this project, the flavonoids and their polymeric form of condensed tannins is the focus 

(Soares et al., 2020) (Figure 1.4).  

1.3.1 Flavonoids 

Flavonoid compounds have a C6-C3-C6 general structure (Figure 1.5) and are 

composed of rings A, B, and C, as outlined below (Casassa, 2017; Cheynier et al., 2006; Gouot 

et al., 2019; Li et al., 2019; Lorrain et al., 2013; Rousserie et al., 2019).   

 

Figure 1.5: Chemical Structure of Flavonoids.  Modified from Rousserie et al., 2019. 

Flavonoids are found in the seeds, skins and stems of grapes (Casassa et al., 2019; 

Gouot et al., 2019; Ramos-Pineda et al., 2019; Smith et al., 2015), representing 85% of the 

phenolic components in red wine (Markoski et al., 2016). Their concentration in  grapes 

depends on the variety, climate, soil, the year and degree of the fruit maturity at harvest 

(Niculescu et al., 2018; Obreque-Slier et al., 2010; Rousserie et al., 2019). The quantity of 

flavonoids in wine can be modulated through winemaking processes (Cheynier et al., 2006; 

Casassa et al., 2019). Although many flavonoids are present in grapes, the main flavonoids 

extracted into wine are anthocyanins, flavan-3-ols, flavonols, flavones, and polymers of these 

flavonoids known as tannins (Soares et al., 2020). Anthocyanins tend to be extracted earlier 

during fermentation compared to tannins (Berrueta et al., 2020). The most important 

flavonoids for colour and mouthfeel optimization are the anthocyanins and flavan-3-ols 

(Cheynier et al., 2006; Gouot et al., 2019).  
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1.3.2 Anthocyanins  
 

Anthocyanins are the main natural pigments in red grapes, contributing to colour, 

which play a role in the perceived quality of red wine (He et al., 2012; Marquez et al., 2013; 

Vignault et al., 2019). The perceived quality of red wine refers to the quality that consumers 

acknowledge in terms of touch, taste and look. The pigments in their non-glycosylated form 

are called anthocyanidins and in their glycosylated form are called anthocyanins (Figure 

1.6). In grapes, pigments are normally found in their glycosylated form (Cheynier et al., 

2006). They are found in the upper layers of the skin hypodermis of red grape berry varieties 

(Bautista-Ortín et al., 2016; Cheynier et al., 2006; Casassa et al., 2019; Gouot et al., 2019). The 

glycosylation found in the anthocyanin renders the molecules water soluble, hence their 

early extraction during maceration (Cheynier et al., 2006; Gouot et al., 2019; Niculescu et al., 

2018). The five most abundant anthocyanins in V. vinifera grapes and wine are listed in Table 

1.1 (Gouot et al., 2019; Vignault et al., 2019). Anthocyanins and anthocyanidins can be found 

in their monomeric form, as well as in their polymeric form, often bound to flavan-3-ols 

(Sacchi et al., 2005).   

 

Figure 1.6: Chemical structure of anthocyanidin and anthocyanin with positive charge. 

Modified from Cheynier et al., 2006.   
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Table 1.1: General Chemical Structures of anthocyanins (Cheynier et al., 2006). 

monomer R R’ 

Cyanidin-3-O-glucoside OH H 

Petunidin-3-O-glucoside OCH3 OH 

Peonidin-3-O-glucoside OCH3 H 

Malvidin-3-O-glucoside OCH3 OCH3 

Delphinidin-3-O-glucoside OH OH 

 

Depending on their molecular structure, anthocyanins can be coloured or colourless 

see Figure 1.7 (Cheynier et al., 2006). Their positive charge means they are highly unstable 

compounds (Fulcrand et al., 2006). When the pH is low, anthocyanins are in a positively 

charged, protonated form and are brighter red in colour (Figure 1.7), exhibiting the colour 

of young red wines (Cheynier et al., 2006; Fulcrand et al., 2006). As the pH increases, 

deprotonation occurs, and the pigment can exist in either a colourless form (carbinol) or take 

on a violet/blue quinoidal form (Figure 1.7). When anthocyanin condenses with other 

flavonoids like catechin, the catechin traps the anthocyanin in a coloured state and stabilizes 

colour of the wine (Figure 1.8). 
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Figure 1.7: Reaction of anthocyanin in aqueous solution and wine depending on pH. a) 
shows proton transfer and b) shows hydration. Modified from Cheynier et al., 2006.  

 

Figure 1.8: Schematic representation of anthocyanin binding to a flavan-3-ol to stabilize 
colour (Margalit, 1997, p.134). 
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The limiting factor for extraction of anthocyanin into the must is their location in the 

grape berry. To be released into the must, they have to exit the vacuole membrane and the 

cell (Sacchi et al., 2005). Therefore, there has to be a breakdown of two biological barriers 

for extraction, the cell wall and the tonoplaste of the vacuoles  (Figure 1.9) (Casassa, 2017).  

 

Figure 1.9: Schematic representation of the grape berry and the localization of anthocyanin 
in the grape skin (Kennedy, 2002; Martínez-Lapuente et al., 2019).  

 
The glycosylated form of anthocyanin has an affinity for polar solutions, thus 

favouring the diffusion process into the must (Casassa, 2017). As wine ages, the proportion 

of monomeric anthocyanin decreases due to adsorption by yeast, degradation, oxidation, and 

precipitation after complexation with other compounds in the wine. The proportion of 

polymeric pigment increases due to a co-pigmentation reaction and the formation of 

anthocyanin-derived pigments which can help stabilize the colour (Cheynier et al., 2006; He 

et al., 2012; Marquez et al., 2013; Vignault et al,. 2019). Polymeric anthocyanins are generally 
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more resistant to colour changes by pH variation and to SO2 bleaching because one of the 

sites at position four of the middle ring structure is bound (Cheynier et al., 2006; Fulcrand et 

al., 2006).    

1.3.3 Flavan-3-ols  

The general structure of a flavan-3-ol molecule is shown in figure 1.10. The principal 

monomeric flavan-3-ols are (+)-catechin, (-)-epicatechin, (-)-epigallocatechin, (-)-

epicatechin-3-gallate, epigallocatechin-3-gallate (Table 1.2) (Cheynier et al., 2006; Gouot et 

al., 2019; Rousserie et al., 2019).   

 

Figure 1.10: General Chemical Structure of Flavan-3-ols. Modified from Rousserie et al., 

2019.  

 
Table 1.2: General Chemical Structure of Monomeric Flavan-3-ols (Cheynier et al., 2006; 
Rousserie et al., 2019) 

 
monomer R1 R2 R3 

Catechin H OH H 

Epicatechin H H OH 

Gallocatechin OH OH H 

Epigallocatechin OH H OH 

Epicatechin-3-gallate H H Gallate 

Epigallocatechin-3-gallate OH H Gallate 

 

A B 
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The structure of these flavan-3-ols differ according to the hydroxylation of the C ring 

and the number of hydroxyl groups on the B ring (Rousserie et al., 2019).  

1.3.4 Condensed tannins  
 

When tannins are in their polymeric form, they are referred to as condensed tannins 

or proanthocyanidins (Cheynier et al., 2006; Fulcrand et al., 2006; Gouot et al., 2019; 

Rousserie et al., 2019; Ramos-Pineda et al, 2019). They are called proanthocyanidins because 

they release anthocyanin or anthocyanidins in acidic conditions (Cheynier et al., 2006; 

Fulcrand et al., 2006; Rousserie et al., 2019; Vignault et al., 2019). Condensed tannins arise 

when flavan-3-ols polymerize together (Figure 1.11). The quantity of tannins vary with their 

location in the grapes and the stage of ripening (Rousserie et al., 2020). In grapes and wine, 

flavan-3-ols are found as monomers, dimers, and polymers (Cheynier et al., 2006; Conde et 

al., 2008; Gouot et al., 2019; Rousserie et al., 2019). 

 

Figure 1.11: Schematic representation of condensed tannins as a) dimers and b) trimers. 

 

a) b) 
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Tannins are extracted during fermentation as well as during maceration (Pappas et 

al., 2015). Condensed tannins have the ability to precipitate proteins (Casassa, 2017; Ramos-

Pineda et al., 2019; Sarneckis et al., 2006). The importance of this specific ability is described 

in section 1.3.8. Tannins are found mainly in the skin and the seeds, but are also found in 

traces in the pulp (Bautista-Ortín et al., 2016; Gouot et al., 2019). There are two predominant 

classes of proanthocyanidins in grapes and wine: prodelphinidins and procyanidins (Ramos-

Pineda et al., 2019; Rousserie et al., 2019). Prodelphinidins are composed of gallocatechin 

and epigallocatechin and procyanidin of catechin and epicatechin (Rousserie et al., 2019). 

The polymeric structure is the result of polymerisation of monomeric units described in 

section 1.3.2 (Cheynier et al., 2006; Rousserie et al., 2019; Smith et al., 2015). The units are 

linked together by carbon-carbon interflavan bonds between the carbon-4 of one subunit 

and carbon-8 (C4-C8) of another subunit or between the carbon-4 and carbon-6 (C4-

C6)(Gouot et al., 2019; Smith et al., 2015). These types of carbon-carbon bonds occur in type 

B proanthocyanidins (Figure 1.12). For the other type of proanthocyanidins (type A), there 

is an additional interflavan bond between the subunits. This second bond is between the 

carbon-2 and the carbon-7 of the second subunit which creates a C2-O-C7 bond as shown in 

figure 1.12 (Soares et al., 2020). The (C4-C8) bonds are found in skins, seeds, and wines, but 

(C4-C6) bonds are only found during winemaking as a result of rearrangement and oxidation 

reactions (Casassa, 2017). 
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Figure 1.12: chemical structure of condensed tannins showing the B-type linkage and the A-type linkage. 

 Proanthocyanidins classification is based on the nature of the monomers in the 

compounds, the nature of the terminal unit, the degree of polymerisation and the percent of 

galloylation (Gouot et al., 2019; Rousserie et al., 2019; Vignault et al., 2019). Condensed 

tannins also have various substitution patterns which occur during winemaking and during 

aging, contributing to the structural diversity in grapes and wine (Soares et al., 2020). They 

are amphipathic molecules, which means that they can bind with many other molecules at 

the same time due to their hydrophobic aromatic rings and their hydrophilic hydroxyl 

groups (Hanlin et al., 2009). Different proanthocyanidins in the grapes will influence the 

flavour and the sensory properties of red wine because of their astringent and bitterness 

properties (Lorrain et al., 2013; Wei et al., 2020).  

1.3.5 Skin tannins 

Grape skin tannins are mostly responsible for colour stabilization during winemaking 

and aging when they bind to anthocyanins, as they are known to bind to grape pigments that 

are found in the skin (Conde et al., 2007). They are found in the vacuole as well as in the 

tonoplast (Casassa, 2017). They are extracted early, usually within the first two-three days 
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of fermentation (Pappas et al., 2015; Rousserie et al., 2019). Following the disruption of the 

cell wall, they diffuse into the must (Rousserie et al., 2020). Grape skin proanthocyanidins  

are formed with catechin, epicatechin, epigallocatechin and epicatechin-3-gallate subunits 

(Cheynier et al., 2006; Gil et al., 2012; Gouot et al., 2019; Lorrain et al, 2013; Rousserie et al., 

2019; Smith et al., 2015; Vignault et al., 2019). Their mean degree of polymerisation (mDP) 

is between 3 to 83 monomers, which means they are long chained polymers and their 

percentage of galloylation (percentage of gallic acid esters on a subunit) is around 5% 

(Bautista-Ortín et al., 2016; Cheynier et al., 2006; Gil et al., 2012; Gouot et al., 2019; Smith et 

al., 2015; Rousserie et al, 2019)  

1.3.6 Seed tannins  

Seed tannins are responsible for the structure of wine as well as contributing to  

colour stabilization and protection from oxidation (Rousserie et al., 2019). Seed flavan-3-ols 

are located in the thin-wall cells between the external cuticle and the inner lignified layers 

(Casassa, 2017). The vast majority of the tannins in the grape are concentrated in the seeds 

(Casassa, 2017). Seed tannins are only procyanidins, formed with (+)-catechin, (-)-

epicatechin and epicatechin-3-gallate (Cheynier et al., 2006; Gil et al., 2012; Lorrain et al., 

2013; Rousserie et al., 2019; Smith et al., 2015; Vignault et al., 2019). Compared to grape skin 

tannins, seed tannins have a small mDP; between 2 and 20, but they have a higher proportion 

of galloylation (percentage of gallic acid esters on a subunit) (10-29%) (Gouot et al., 2019; 

Rousserie et al., 2019; Smith et al., 2015; Vignault et al., 2019). They are also considered to 

be more astringent than skin proanthocyanidins even if they have a lower mDP, possibly 

because they are present in wine at a higher concentration (Casassa, 2017; Wei et al., 2020).  
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During ripening, the accumulation of seed tannin increases until véraison and then 

decreases (Rousserie et al., 2019; Smith et al., 2015). The decrease may be explained by the 

lignification of the seed coat to prepare the fruit for senescence which makes the seed less 

permeable and the tannins less extractable (Hanlin et al., 2009; Rousserie et al., 2019; Smith 

et al., 2015). In the must, grape seed proanthocyanidins take longer to be extracted 

(Rousserie et al., 2020; Smith et al., 2015). This could be due to a variety of reasons such as 

the hydration time of the seeds, the maturity of the seeds and the increasing ethanol 

production during fermentation (Bindon et al., 2014; Casassa, 2017; Casassa et al, 2014; 

Rousserie et al., 2020).  

1.3.7 Wine tannins 

Wine tannin composition is dependent on the grape variety used to make the wine 

and the winemaking process (Cheynier et al., 2006). The tannin structure becomes more 

complex as the must is transformed into wine (Li et al., 2019). In fact, wine tannins are a lot 

more complex because they include both new phenolic compounds formed during 

winemaking from a number of enzymatic and non-enzymatic modifications as well as grape 

phenolics extracted during winemaking (Figure 1.13 and 1.14) (Cheynier et al., 2006; Li et 

al., 2019; Smith et al., 2015). Pyranoanthocyanins are anthocyanins-derived pigments and 

are an example of new phenolic compounds formed during winemaking (Cheynier et al., 

2006; Gombau et al., 2019; Marquez et al., 2013). They are formed by a direct reaction 

between free anthocyanidins and yeast by-products (Fulcrand et al., 2006; He et al., 2012; 

Marquez et al., 2013). They exhibit an orange to yellow colour which explains the tawny 

colour of aged red wine (Cheynier et al., 2006; He et al., 2012; Marquez et al., 2013). They are 

formed from a substitution on the C4 and C5 of the anthocyanin molecule as shown in Figure 
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1.13 followed by a dehydration and an oxidation  (He et al., 2012; Marquez et al., 2013). 

These chemical changes gradually lead to an evolution in colour from a purple hue in young 

wines to a tawny nuance in older wines (Cheynier et al., 2006; Smith et al., 2015). 

 

Figure 1.13: Schematic representation of pyranoanthocyanidin formation in red wine. 
Modified from Marquez et al., 2013. 

 

 

Figure 1.14: Schematic representation of complex formation between flavan-3-ol and 

pyranoanthocyanidin. Modified from He et al., 2012.  

 
Figure 1.15 shows the difference between grape tannins and wine tannins. The mean 

degree of polymerization in wine is reported to vary between two and 17 subunits (Casassa, 

2017). There are direct and indirect condensation reactions that take place during 
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winemaking (Casassa, 2017). Direct condensation occurs with flavan-3-ols and 

anthocyanins, anthocyanin-derived pigments (Casassa, 2017; Smith et al., 2015). Indirect 

condensation reactions occur with the help of yeast by-products such as acetaldehyde, 

pyruvic acid and glyoxylic acid (Casassa, 2017; Smith et al., 2015).   

 

Figure 1.15: Chemical Structure of (a) Grape Tannin and (b) Wine Tannin. Modified from 

Smith et al., 2015.  

 
 The tannin recovery from grapes to wine was found to range between 13-25% for 

skin tannins and between 4-11% for seed tannins (Adams, 2006; Bindon et al., 2010; Busse-

Valverde et al., 2012). When the grapes are crushed, the tannins come in contact with other 

molecules such as polysaccharides and proteins that are in other layers of the grapes and can 

bind with them through hydrogen bonding and hydrophobic interactions, which lower their 

extraction into wine (Busse-Valverde et al., 2012; Casassa, 2017). Bindon et al, (2010) 

observed that up to 50% of the proanthocyanidins can bind to cell wall material                     

(Bindon et al., 2010). further, the grape variety greatly influences the skin and seed tannins 

derived proanthocyanidins in the wine (Busse-Valverde et al., 2012).  
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1.3.8 Interactions between tannins and other macromolecules  

The definition of tannin refers to a particular group of polyphenol that has the ability 

to bind to proteins and polysaccharides (Li et al., 2019; Soares et al., 2020). The interaction 

between tannins and other macromolecules affect the mouthfeel of red wines as well as the 

colour and the aging potential (Soares et al., 2020; Wilhelmy et al., 2021).   

An important quality of condensed tannins is their ability to bind to salivary proteins 

(Casassa, 2017; Hanlin et al., 2009; Ramos-Pineda et al., 2019; Sarneckis et al., 2006; 

Wilhelmy et al., 2021). When they do, it removes the proteins from saliva and causes a 

sensation of dryness or puckering in the oral cavity after wine intake (Ramos-Pineda et al., 

2019; Soares et al., 2020; Wilhelmy et al., 2021). This sensation is referred to as astringency. 

Depending on the level of astringency, it leads to the acceptance or rejection of wine by 

consumers; it is an important component of red wine quality (Ramos-Pineda et al., 2019; 

Rousserie et al., 2020; Wei et al., 2020). Astringency develops in the oral cavity when tannins 

react with proline-rich proteins (PRPs) in the mucus secretions of the salivary glands and 

cause them to precipitate (Ramos-Pineda et al., 2019; Soares et al., 2020; Wilhelmy et al., 

2021). This precipitation causes a sensation of dryness because it reduces the amount of 

lubricating fluids and increases friction among the mucosal surfaces (Soares et al., 2020; 

Wilhelmy et al., 2021). The tannin-protein interaction is highly dependant on the structure 

of the two compounds (Wei et al., 2020). Hydrophobic stacking between the galloyl ring on 

the tannin molecule and the pyrrolidine ring of the proline amino acid in the salivary 

proteins can occur and to stabilize the interaction, hydrogen bonding also occurs (Ramos-

Pineda et al., 2019; Soares et al., 2020).   



 
 

24 
 

A greater interaction is observed when tannins have a higher mean degree of 

polymerization, molecular weight and a higher degree of galloylation (De Freitas et al., 2017; 

Soares et al., 2020; Wei et al., 2020). The galloyl group increases the affinity of tannins 

towards proteins and stabilizes the tannin-protein interaction through hydrogen bonds 

(Wilhelmy et al., 2021). The presence of proline on the molecule creates a high structural 

constraint, which affects the secondary structure of the protein. Proline is the only amino 

acid that binds to the protein back bone twice, which significantly affects the range of the 

peptide bond formation and explains the increased affinity towards tannins (Soares et al., 

2020).  

There are different perceptions of astringency such as ‘’coarse’’ and ‘’grassy’’. The first 

perception is linked to the condensation of flavan3-ols as well as the hydroxylation degree 

of the B-ring of flavan-3-ols (Soares et al., 2020; Zhuang et al., 2020). The ‘’grassy’’ perception 

is linked to the acylation of flavan-3-ols (Soares et al., 2020; Zhuang et al., 2020). It was also 

observed that astringency, resulting from skin tannins, was perceived as pleasant and 

favourable for red wine mouthfeel, whereas astringency from seed tannins was perceived as 

undesirable along with undesired ‘’green’’ notes (Aleixandre-Tudo et al., 2018; Wilhelmy et 

al., 2021). 

Polysaccharides are another abundant type of macromolecule present in red wine 

(Apolinar-Valiente et al., 2013; Soares et al., 2020). When tannins bind with free 

polysaccharides through hydrogen bonding and hydrophobic interactions, they modulate 

the astringency (Soares et al., 2020). These soluble polysaccharides compete with salivary 

protein to bind to tannic substrates (Soares et al., 2020). Furthermore, polysaccharides rich 
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in rhamnogalacturonans (RG1 and RG2) have been reported to change the astringency 

perception of red wine due to their viscosity and their ability to interact with 

proanthocyanidins (Quijada-Morín et al., 2014; Soares et al., 2020; Vidal et al., 2004). Since 

both tannins and polysaccharides are complex molecules with varying structures and 

conformations, the interactions between the two varies (Soares et al., 2020). More tannin-

polysaccharide interactions mean fewer tannin-PRPs interactions, resulting in a lower 

astringency perception. The free soluble polysaccharides that bind to tannins are the result 

of enzyme-catalyzed de-polymerization and de-esterification of pectin during ripening. 

Pectin is the main constituent of the cell walls of grapes (Soares et al., 2020). This highlights 

the importance of having ripe grapes at harvest to produce red wines with a balanced 

mouthfeel. It also explains why pectinases are often added during winemaking (Rousserie et 

al., 2019; Smith et al., 2015).  

Polymeric pigments result from the reaction of anthocyanins and tannins. They are 

by-products of winemaking (Casassa et al., 2019; Cheynier et al, 2006). Grape crushing prior 

to fermentation leads to a reaction between anthocyanins and other grapes compounds, such 

as proanthocyanidins and non-phenolic compounds forming more stable pigments through 

direct polymerisation or through mediated bridges (Casassa et al., 2019; Fulcrand et al., 

2006; He et al., 2012). Their formation depends on the release into the fermenting must, of 

non-phenolic compounds found in the vacuole of the grapes (Casassa et al., 2019). Polymeric 

pigment formation also depends on the degree of polymerisation of proanthocyanidins 

because a higher mDP leads to a higher reactivity for anthocyanins (Li et al., 2019). In their 

hydrated forms, anthocyanins act as nucleophiles (Fulcrand et al., 2006; He et al., 2012). In 

acidic conditions, anthocyanins are in their flavylium form and act as electrophiles (He et al., 
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2012). It leads to the formation of flavanol-anthocyanin (F-A+) and flavanol polymers as 

discussed previously in section 1.3.2(Cheynier et al., 2006; Fulcrand et al., 2006; He et al., 

2012). At wine pH, formation of anthocyanin-flavanol adducts (A+-F) occur (Fulcrand et al., 

2006; He et al., 2012). There is also the formation of flavanol-anthocyanin-ethyl-adduct, 

which gives the wines a purple colour (Cheynier et al., 2006). These reactions are all pH 

dependant because the anthocyanin has to be in the flavylium form for them to occur 

(Fulcrand et al., 2006). Polymeric pigments are not only important for the colour 

stabilization of red wines, but also for the mouthfeel; they lead to less astringent red wines 

(Conde et al., 2007; Casassa et al., 2019; He et al., 2012).  

Bridge-mediated polymeric pigments generate a reddish or violet colour in red wines 

(He et al., 2012). They are more stable against sulfur dioxide bleaching and water attacks, 

but their stability is delicate in aqueous solutions (He et al., 2012). Acetaldehyde is the most 

abundant aldehyde in red wines and comes from yeast or oxidation, as previously stated (He 

et al., 2012). The small proportion, at wine pH, of acetaldehyde that is protonated reacts with 

the nucleophilic position on the flavan-3-ol (He et al., 2012). After dehydration of the newly 

formed adduct, the latter reacts with the nucleophilic position of the anthocyanin (Figure 

1.16) (He et al., 2012).   
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Figure 1.16: Schematic representation of acetaldehyde mediated tannin-anthocyanin 
complex. Modified from He et al., 2012. 

 
This reaction leads to a more stable colour in red wines since the coloured flavylium 

is protected from a water attack. These bridges usually lead to large molecules due to the 

important number of polycondensation (He et al., 2012). A higher degree of polymerisation 

leads to less reactive compounds, and to a less astringent mouthfeel due to the precipitation 

of large polymerized complexes that are no longer soluble during aging (Li et al., 2019; Smith 

et al., 2015).  

1.4 Pinot noir  

 

Pinot noir is a variety of the Vitis vinifera L. cv grape that is a thin skin grape variety 

making it susceptible to rot and diseases (Blancard & Fermaud, 2016). It has a low skin 

tannin content and low colour development because it lacks Malidin-3-glucoside (Del Rio et 

al., 2006b; Sacchi et al., 2005). Phenolic compounds from seeds represent 80% of the total 

polyphenols in the grapes in Pinot noir and phenolic compounds from skins represent 

between 15-20% (Kennedy, 2008; Mattivi et al., 2009; Rousserie et al., 2020). This can lead 

to wines that are higher in astringency due to an over-extraction of the seed tannins in an 
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attempt to extract as much skin tannins and colour as possible during fermentation. There 

are winemaking techniques used in warmer climates to improve the tannin balance in wines 

such as tannin addition, extended maceration, and using high peak fermentation 

temperatures (Carew et al., 2014; Jordão et al., 2016; Sacchi et al., 2005).  

1.5 Cabernet sauvignon  
 

 Cabernet sauvignon is a Vitis vinifera grape variety created in the 17th century in the 

South west of France by a chance crossing of Cabernet Franc and Sauvignon blanc (Chira et 

al., 2007). It is a variety that is harvested late in the season, usually picked in October or 

November in Ontario, Canada (Grape Growers of Ontario, 2010). Due to the late harvest, it is 

prone to frost injury in the fall, which affects the quality of the grapes. In a cool climate, 

Cabernet sauvignon grapes are often harvested when not fully ripened, which leads to a low 

skin tannin and pigment accumulation (Salamone et al., 2019). Wines are high in astringency 

because the seed coat is not completely lignified when the grapes are picked which increase 

their extraction rate in the must during winemaking (Gouot et al., 2019). Additionally, seed 

tannin concentration per berry in the grape is twice the amount of skin tannin per berry 

(Harbertson et al., 2012). Mattivi et al, (2009) observed that 95% of grape polyphenols from 

Cabernet sauvignon were extracted from seeds and only 5% from skins (Mattivi et al., 2009). 

There are winemaking techniques used in warmer climates that have proven to be useful to 

optimize the tannin balance in Cabernet sauvignon, for example increased fermentation 

temperature, ultrasound, enzyme addition, and extended maceration (Dalagnol et al., 2017; 

Sacchi et al., 2005; Zimman et al., 2002).    
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1.6 Red winemaking 
 

The major difference between white and red winemaking is that both the skins and 

seeds stay in contact with the juice for the fermentation during red winemaking, whereas 

white wines are only fermented with the juice. The major steps for red winemaking are 

shown in Figure 1.17.  

 
Figure 1.17: Major red winemaking steps. 

The first step after harvest is destemming the grapes, which entails separating the 

grapes from the stems. The grapes are then crushed to release the juice before being 

transferred into the fermentation vessels. Maceration is defined by the time that the skins 

and seeds are in contact with the juice (Smith et al., 2015). This step is often used to manage 

tannin extraction before fermentation and is further explained in section 1.7 (Casassa et al., 

2014; Sacchi et al., 2005).   

 One important step during red wine making is the alcohol fermentation (Lasik, 

2013). The yeast transforms the sugars into ethanol and CO2  (Maza et al., 2019). The 

selection of the yeast is a winemaker’s choice. During fermentation, the cap, composed of the 

solid parts of the grapes in the must, will rise to the top of the fermentation vessel due to the 

formation of CO2 by the yeast.  

Destemming Crushing
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Fermentation Pressing

Racking
Malolactic 

fermentation
Filtration Bottling Aging



 
 

30 
 

The most critical step for tannin extraction in red winemaking is the cap management. 

In order to have an adequate tannin extraction into the must, the skins and seeds must be in 

contact with the juice (or young fermenting wine) for as long as possible. It is during this 

time that skin tannins and mostly anthocyanins diffuse into the must following the 

disruption of the grape cell wall (Rousserie et al., 2020). The seed tannins are extracted a 

few days after the start of the fermentation when the alcohol level starts to rise (Bindon et 

al., 2014; Casassa, 2017; Casassa et al, 2014; Rousserie et al., 2020). To optimize the tannin 

extraction, the cap needs to be submerged daily by either punch downs, pump overs, or using 

a rotary technique. Punch downs are done manually with a large plunger whereas the pump 

over is done using a pump that pumps the juice on the top of the cap to mix it up. Rotary 

fermenters were found to extract more tannins than punch downs and the latter extracted 

more tannins than the pump over (Bosso et al., 2011; Ichikawa et al., 2012; Sacchi et al., 

2005). It is also important to take into consideration the temperature at which the 

fermentation is taking place since it influences the metabolism of the yeast and the extraction 

kinetic of phenolic compounds. Once fermentation is completed, the wine is pressed off the 

skins and seeds. After a few days, the wines are racked to separate the wine from the lees to 

prevent tannin loss (Sacchi et al., 2005).  

In most cool climate wine regions, a second non-alcoholic fermentation, malolactic 

fermentation (MLF) is carried out, which converts the malic acid to the weaker lactic acid 

using lactic acid bacteria (Lactobacillus, Pediococcus, and Leuconotoc) (Lasik, 2013). MLF is 

used to lower the acidity, modify the pH, enhance the colour stability of the wines, and 

improve the mouthfeel and aromas of the wines (Lasik, 2013). The lactic acid bacteria can 

metabolize acetaldehyde, which is an important player in the stabilization of colour in red 
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wines during aging as explained in section 1.3.8. For a successful inoculation, the 

temperature of the wine must be between 20°C and 25°C, the concentration of free SO2 is 

normally below 10ppm and the pH should be between 3.2 and 3.4 (Lasik, 2013). Once MLF 

is over, the wines are protected with sulfur dioxide (SO2). The addition of SO2 in the wines 

ensures a protection against oxidation and  microbial spoilage (Lisanti et al., 2019).   

After aging in oak barrels, the next step is the filtering of the wine, which happens just 

before bottling. There are different types of membrane used for filtration and the selection 

is based on the surface properties, as well as the cost (Smith et al., 2015). Membranes with a 

greater polarity tend to have greater interactions with phenolic compounds due to hydrogen 

bonding, which can reduce the phenolic concentration in the filtered wines (Smith et al., 

2015). Finally, the wines are bottled and stored for aging. It’s during the aging period that 

the tannins undergo various structure modifications because of oxidation and de-

polymerization (Cheynier et al., 2006; He et al., 2012; Oliveira et al., 2011).  

1.7 Tannin management during winemaking  
 

 Several methods can be used for the manipulation of tannin extraction and 

anthocyanins during winemaking.  There are various thermal and non-thermal techniques 

known to manage tannins during red winemaking: thermovinification including flash 

détente, the addition of tannins, the addition of enzymes, extended maceration, Saignée, 

pulsed electric field, and cold soaking, etc. Some of these techniques are applied before 

fermentation, some during, and some after fermentation. The choice of the technique is 

based on many factors, like the desired taste and mouthfeel, the colour intensity, the space 

available at the winery, the equipment available, etc.  
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It is now common to use oenological tannin during winemaking to modify the sensory 

profile of red wine. They are often added to stabilize the colour, and improve the mouthfeel 

(Li et al., 2020; Li et al, 2019; Vignault et al., 2019). Commercial tannins on the market differ 

in terms of their origin, their structure, and their preparation process (Vignault et al., 2019). 

They are often added to wine when grapes are infected with botrytis, and  minimize the 

oxidative browning caused by laccase (Salamone et al, 2018). Efforts are underway to better 

understand the effect of adding skin tannin, seed tannin, or both during winemaking 

(Alcalde-Eon et al., 2014; Li et al., 2020; Li et al, 2019; Rinaldi et al, 2018; Vignault et al., 

2019).   

An increased fermentation temperature is currently used for tannin management 

during winemaking. Higher temperature treatments such as thermovinification have been 

reported to increase the extraction of phenolic compounds into the must (Sacchi et al., 2005; 

Harbertson et al, 2002). The grapes are heated up to 70°C for an hour. One advantage of this 

technique is that the heat deactivates the enzymes and microorganisms in the must that are 

undesirable for the final quality of the wine. Flash détente is also a technique that uses a 

higher temperature to increase the extraction of phenolics into the wine. In this technique, 

the grapes are heated to 70-90°C and are then introduced to a vacuum that cools them down. 

During the cooling of the grapes, the skin cell walls are weakened due to the boiling water 

inside the cells (Maza et al., 2019). Wines maintain their aromatic profile when using 

increased fermentation temperatures and an increase in skin tannin extraction occurs 

(Baggio, 2018; Besnard et al., 2019; Maza et al., 2019; Morel-Salmi et al., 2006). 



 
 

33 
 

Enzyme addition during fermentation is another common practice in the wine 

industry. Enzymes for commercial use usually have pectin-degrading enzyme activities to 

break down the skin cell walls by the removal of the pectic fraction from the cell walls 

(Bindon et al., 2013; Ducasse et al, 2010; Hanlin et al, 2009; Rousserie et al., 2019; Smith et 

al., 2015). A higher concentration of anthocyanins and tannins are released into the must 

(Bautista-Ortín et al., 2013; Busse-Valverde et al., 2010; Ducasse et al, 2010; Sacchi et al., 

2005). The purity of the enzyme is important because it cannot contain β-glucosidase 

otherwise anthocyanin will be converted to their less stable anthocyanidin form because of 

the removal of sugar (Sacchi et al., 2005).   

Another technique used to manage tannins during winemaking is an increased 

contact time with skins and seeds in the must, referred to as maceration. Maceration extracts 

proanthocyanidins from the skins and seeds into the must. An increase in skin maceration 

time significantly increased the concentration of proanthocyanidins in the wines (Busse-

Valverde et al., 2012). These findings agree with the results of Sacchi et al and Casassa and 

Harbertson (Casassa et al, 2014; Sacchi et al., 2005).  

Cold soaking is a maceration technique used prior to fermentation. It involves 

keeping crushed must at a low temperature, to prevent the start of fermentation for a given 

time to facilitate the activity of endogenous enzymes that are present in the grapes to 

degrade the cell wall structure (Aleixandre-Tudo et al., 2018; Rousserie et al., 2019; Smith et 

al., 2015). It is also used to extract more anthocyanins with an aqueous reaction (Sacchi et 

al., 2005). Results from studies have reported that this technique is not consistent between 

cultivars and is influenced by the region and the vintage (de Beer et al., 2017; Nel et al., 2016; 



 
 

34 
 

Smith et al., 2015). Monastrell wines treated with cold soaking had a higher  

proanthocyanidin content than control wines, whereas Shiraz wines were not affected by 

cold soaking (Busse-Valverde et al., 2010; González-Neves, et al., 2016).  

Juice runoff or Saignée is a common treatment used in the industry. It refers to the 

partial removal of juice prior to fermentation to increase the skin to juice ratio. The goal is 

to extract more tannins and anthocyanins from the skins into the must since there is more 

surface contact of the skins with the juice (Sacchi et al., 2005).  

 The pulsed electric field (PEF) is a method that causes the permeabilization of the cell 

wall membrane, which increases the extraction of phenolic compounds into the must (Maza 

et al., 2019; Smith et al., 2015). This technique was applied to Merlot grapes by Delsart et al  

(2012) and the results showed that the cells became more permeable and that the diffusion 

of tannins in the must was increased (Delsart et al., 2012; Delsart et al., 2014). The same 

result was found in Cabernet sauvignon wines (Delsart et al., 2014; López et al., 2009).  

Indeed, with its particular properties, Cabernet sauvignon has been extensively studied to 

better understand the impact of pulsed electric field on wine (López et al., 2009; Puértolas 

et al., 2010; Ricci et al., 2018). Studies carried out on a range of grape varieties have focussed 

on microvinifications, but a pilot-scale method was developed by Puértolas et al. (2010), 

using a continuous flow system. Continuous flow prevents risks of backfilling and 

compaction of the grape pomace (Ricci et al., 2018; Puértolas et al., 2010). The authors 

observed positive results in terms of colour extraction (Puértolas et al., 2010). A study in 

New Zealand used PEF in a commercial winery setting to test different electric field 

strengths, and reported promising results (Arcena et al., 2021).  
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Accentuated cut edges (ACE) is a relatively new grape processing technique. It has 

been studied in Australia and New Zealand and showed positive results in increasing the 

tannin concentration in the wines (Kang et al., 2020; Sparrow et al., 2016). When this 

technique was used on Pinot noir from a cool climate, wines had a 50% higher colour density 

and 95% more stable pigment concentration (Sparrow et al., 2016a). Results from a study 

by Zang et al. (2020) using Shiraz grapes also reported an increase in tannin extraction using 

the ACE technique (Zhang et al., 2020). The ACE technique refers to the mechanical cutting 

of the grape skins into smaller fragments to help with the extraction of pigments and tannins 

(Sparrow et al., 2016; Sparrow et al, 2017). This technique permits the pressing of the must 

earlier, which is beneficial in an industry setting where tank space and pump-over logistics 

are difficult to deal with during harvest (Zhang et al., 2020).  In this project, in an attempt to 

mimic the ACE technique, pre-fermentation pressing was applied on the grapes of Cabernet 

sauvignon in 2019 to try to damage and tear the skins prior to fermentation.  

Haze formation is a common problem for alcoholic beverages. In wine, different 

clarifying and fining techniques are used to prevent this problem from occurring during 

aging, and to prevent tannin precipitation in the bottle, which can lead to rejection of the 

product by consumers (Li et al., 2020; Soares et al., 2020). These techniques are all based on 

tannin-protein interactions, and focus on removing highly reactive tannins from the solution 

and modulating the final astringency and bitterness levels (Soares et al., 2020). The most 

common techniques used are casein, gelatin, and egg albumin (Smith et al., 2015; Soares et 

al., 2020). The casein-fining agent is most often used on white and rosé wine for the 

modulation of astringency, but is sometimes used on red wine. Gelatin is widely used with 

red winemaking as it decreases the high molecular weight galloylated proanthocyanidins 
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(Smith et al., 2015; Soares et al., 2020). Recent research has shown that there is an increasing 

interest in plant-based fining agents extracted from soy, gluten, wheat, rice, potato, etc. 

(Marangon et al., 2019; Smith et al., 2015; Soares et al., 2020). Bindon et al. (2013) reported 

that some of these proteins could precipitate galloylated condensed tannins depending on 

their molecular weight (Bindon et al., 2013; Soares et al., 2020). Zein proteins from corn 

gluten had a significant impact on the decrease of wine turbidity by removing anthocyanins 

and proanthocyanidins (Simonato et al., 2013; Soares et al., 2020).  

1.8 Tannin analysis in grapes and wine  
 

There are numerous methods to analyze condensed tannins in the skin and seeds of 

grapes and in wine (Mercurio et al., 2010; Nel, 2018; Schofield et al., 2001; Hagerman, 2002). 

Some of these methods involve precipitation reaction, acid cleavage of the interflavan bond, 

enzyme inhibition, and gravimetric procedures (Schofield et al., 2001; Wilhelmy et al., 2021). 

Methods using colourimetry principles are based on the reaction between tannins and 

proteins, which leads to a coloured compound that is quantified by spectrophotometry 

(Wilhelmy et al., 2021). Precipitation methods are based on the affinity of tannins to bind to 

particular chemical reagents (Wilhelmy et al., 2021). Some of these analytical methods are 

more complex than others are and require skilled personnel (Table 1.3). Considering that 

condensed tannins are complex molecules, which can interact with other molecules in the 

matrix, final quantification will vary between samples, regardless of the method used 

(Schofield et al., 2001).  
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Table 1.3: Summary table of commonly used tannin assays used in the literature  

Methods Description Considerations References 

Colorimetric methods – Condensed tannins 

Bate Smith 

Method 

Based on the hydrolysis of the proanthocyanidins 

in a heated acid solution which yields a colored 

anthocyanin 

Easy to implement, reliable, and cost effective/only 

gives an estimate of the tannin concentration. Does 

not consider the chemical structures of tannins. May 

overestimate the tannin concentration because it can 

interact with other wine components. 

(Aleixandre-Tudo 

et al., 2018; 

Wilhelmy et al., 

2021) 

Acid-butanol 

assay 

Addition of acid-butanol breaks the interflavan 

bond of proanthocyanidins and release the 

anthocyanidin in the solution into its coloured 

form 

Volume of water in the sample may limit the cleavage 

reaction. The colour yield is not necessarily 

proportional to the amount of tannin in the solution. 

Underestimates insoluble proanthocyanidins. 

(Nel, 2018; 

Schofield et al., 

2001) 

Thioacidolysis  

Requires heat and benzyl mercaptan (or 

phloroglucinol) to release the terminal unit of the 

condensed tannin as an unsubstituted and the 

extension units as toluene-a-thiol  

Underestimation of condensed tannins due to 

structural differences between tannins and the 

reaction conditions 

(Nel, 2018; 

Schofield et al., 

2001) 

Vanillin assay 
Based on the reaction between condensed tannins 

and vanillin which results in a red adduct complex  

 Nature and concentration of acid (sulfuric acid or 

hydrochloric acid), reaction time, temperature, 

vanillin concentration, the types of standards used. 

Not a reliable method for tannin condensation.  

(Nel, 2018; 

Schofield et al., 

2001; Hagerman, 

2002) 

Folin-Ciocalteu  

Based on the reducing power of the phenol 

hydroxyl group. It results in the formation of a blue 

phosphotungstic-phosphomolybdic complex  

Not specific for condensed tannins as it measures 

total phenolics. It has a long reaction time (2 hours).  

(Lorrain et al., 

2013; Nel, 2018; 

Schofield et al., 

2001) 
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Prussian blue 

assay  

Based on an oxidation-reduction reaction between 

condensed tannins and ferrocyanide ion. The 

phenolate ion is oxidized while the Fe(CN)6
3- ion is 

reduced.  

The results give the total concentration of phenolic 

hydroxyl groups not the concentration of condensed 

tannins specifically. High of precipitate formation 

after short incubation period and an increase in color 

density. The reaction time is a sensitive step for this 

assay. 

(Nel, 2018; 

Schofield et al., 

2001) 

Gravimetric method  

Gravimetry  

Requires either the use of a rare earth metal 

ytterbium (Yb3+) or polyvinylpyrrolidone. Based on 

the reaction between the trivalent cation of 

ytterbium and the tannin to form a complex that 

will precipitate.  

Another method is based on the indirect 

quantification of unprecipitated copper using 

atomic absorption spectrometry 

The amount of ethanol in the grape extract may 

highly influence the tannin quantification. It is a time 

consuming and less accurate method than other 

mentioned methods. Risk of explosion due to metal 

dust. 

 

(Herderich & 

Smith, 2005; Nel, 

2018; Schofield et 

al., 2001; 

Wilhelmy et al., 

2021) 

Precipitation methods  

Bovine serum 

albumin (BSA) 

assay  

Based on the interaction between tannins and 

proteins. Negatively charged tannins and positively 

charged proteins bind together to form a complex 

which precipitate out of solution. Adding a 

bisulphate bleaching step in the method makes 

possible the quantification of monomeric pigments, 

small polymeric pigments, and large polymeric 

pigments. 

Can precipitate tannins of different size if bigger than 

trimers. Not able to quantify monomers and dimers. 

It is an indirect method of tannin quantification. To 

produce tannin-protein precipitate there has to be a 

threshold tannin level reached.  It does not account 

for the anthocyanin material incorporated into the 

tannin. Only 10-15 samples can be analyzed at the 

same time. Not good for low tannin varieties such as 

Pinot noir and Gamay.  

(Harbertson et al., 

2003; Mercurio et 

al., 2010; Nel, 

2018; Wilhelmy et 

al., 2021) 



 
 

39 
 

Methyl cellulose 

precipitation 

assay (MCP) 

Based on the interaction between tannins and the 

polysaccharide methyl cellulose. They bind 

together to form a complex that precipitate out of 

solution.  

Selective for condensed tannins. There is no 

interference from other phenolics at an absorbance 

of 280nm.  Simple, fast, easy and robust method. 

Does not require a lot of reagents and can run up to 

96 samples at a time.  

(Mercurio et al., 

2010; Nel, 2018; 

Sarneckis et al., 

2006; Wilhelmy et 

al., 2021) 

High performance chromatography method  

High performance 

liquid 

chromatography 

(HPLC) 

Normal-phase HCPL requires a non-polar mobile 

phase.  Condensed tannins are detected at a 

wavelength of 280 nm and can be divided into 

three categories monomers, low-molecular weight 

condensed tannins and high-molecular weight 

condensed tannins.  The reverse phase HPLC 

requires a non-polar solvents.  

Limitation in differentiating between complex 

molecules in the wine matrix and polymeric tannins 

due to the overlapping retention times of various 

isomers. It is also an expensive and time-consuming 

method. 

(de Beer et al., 

2017; Lorrain et 

al., 2013; Nel, 

2018; Schofield et 

al., 2001; Wei et 

al., 2020) 
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1.8.1 Methyl cellulose precipitation (MCP) assay   

 The MCP method is widely used by researchers as well as winemakers in Australia, to 

quantify condensed tannins due to its accuracy, efficiency, and ease of practice and cost 

effectiveness. In the 96-well plate reader method, it allows a simultaneous analysis of 

multiple samples, which reduces time and cost. A major difference between the MCP method 

and other widely used tannin quantification, the BSA assay, is that the MCP assay quantifies 

the anthocyanin subunits that are part of the tannin molecule (Wilhelmy et al., 2021). It also 

precipitates monomers and dimers, which the BSA method does not. It was observed by 

Kemp et al, (2011) that the methylcellulose has a higher binding affinity with tannins than 

the protein BSA (Kemp et al., 2011). Since the goal of this project is to improve red wine 

quality for the Ontario wine industry, the chosen method to measure tannins in the skins and 

seeds had to be robust, effective, simple, and easy to implement in a winery setting, which is 

why the MCP assay was chosen. 

1.9 Tannin Alert  
 

In red grapes, an important quality driver in the final wine are tannins (Kennedy, 

2008) for improved mouth feel, aroma profile and colour. A better understanding of tannin 

accumulation in grapes grown in Niagara, and quantitative tannin values, are necessary to 

improve red wine quality. Technologies also need to be developed or adapted that will help 

winemakers overcome unfavorable environmental conditions that influence grape and wine 

quality (Agriculture and Agri-Food Canada, 2013). 

Winemakers and grape growers analyze several chemical parameters in grapes to 

indicate the ripeness stage such as soluble solids to indicate sugar level, titratable acidity, 
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and pH to measure acidity, and acetic acid to indicate fruit breakdown. In contrast, tannin 

has proven difficult to measure. Tannins play an important role in the perceived quality of 

red wine and can be quantified during the ripening season alongside these other variables 

to make harvest decisions. Typically, the ripeness level for tannins in grapes is assessed in 

the vineyard by tasting.  This is subjective and not always feasible given the size of acreage 

under management or contract. TanninAlert is a program that separately quantifies the skin 

and seed tannins from red grapes at harvest using the MCP assay and benchmarks the values 

against the same varieties from other locations in Niagara. Data has been collected over six 

years for input into the database. TanninAlert is an online tool (www.tanninalert.com) for 

Ontario winemakers and growers to assess the ripeness level of their grapes based on the 

extractable skin and seed tannin concentrations.   

1.9.1 Goal of the TanninAlert database  

To assist the Ontario wine industry in improving tannin balance in their wines, the 

extractable tannin concentration in skins and seeds of grapes are monitored and reported 

from véraison to harvest at three different sites for Pinot noir and four different sites for 

Cabernet sauvignon. This time course of extractable grape berry tannins provides 

winemakers with an understanding of how the vintage or location is influencing tannin 

development and can be viewed on the online database. The skin and seed tannin values at 

harvest are input into the database so that the distribution of tannins can be determined by 

variety. The tannin levels are categorized as low, medium, or high based on the 33rd and 66th 

percentile of the distribution (Figure 1.18).  

http://www.tanninalert.com/
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Figure 1.18: Schematic representation of the categorization for the TanninAlert database 
using the 33rd and 66th percentile.  

 
Based on the tannin values, winemakers can use appropriate winemaking techniques 

that will assist in tannin management to improve the mouthfeel and colour of red wines in 

Ontario. The TanninAlert database can guide the Ontario producers to make the best harvest 

decisions in order to have high quality grapes to produce consistent high-quality red wines. 

1.10 Objectives of this project   
 

The first objective was to quantify skin and seed tannin values during the ripening 

season for Pinot noir and Cabernet sauvignon, determine how the values vary during the 

ripening process, and determine if vineyard site influences extractable skin and seed tannin 

concentrations.  The data from the grapes at harvest will be input into the TanninAlert 

database to determine the distribution of skin and seed tannin for these varieties across the 

region. The second objective is to quantify the skin and seed tannins from Pinot noir and 
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Cabernet sauvignon grapes harvested for winemaking and compare the values against skin 

and seed tannins from grapes harvested across the region.  This comparison will determine 

if tannins from the experimental grapes are in the low, medium or high range for the region. 

The third objective is to produce red wine with Pinot noir and Cabernet sauvignon grapes, 

and to investigate different winemaking techniques according to the skin, and seed tannin 

levels (low, medium, or high) to determine the impact techniques have on wine tannins. The 

last objective is to carry out chemical analysis of the wines at pressing, and during aging to 

monitor the stability of the extractable tannin concentration and colour of the wine over 

time.  
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Chapter 2. Pre-Harvest monitoring of skin and seed tannin in Pinot noir 

and Cabernet sauvignon grapes grown Ontario and introduction to the 

TanninAlert database  
 

Charlene Marcotte did all the testing on the grapes, all the data display (Figures and Tables), 

and the statistical data analysis. For the weekly pre-harvest sampling of the grapes, Charlene 

had help from Stephanie Bilek and Alex Gunn (CCOVI lab technicians). Charlene wrote this 

chapter with editing assistance from her supervisors: Dr. Inglis and Dr. Kemp and by her 
committee members: Dr. Pickering and Dr. Stuart.  

 

2.1 Abstract  
 

 The purpose of this study was to gain knowledge regarding the accumulation of skin 

and seed tannins in grapes grown in the Niagara region, Ontario, Canada. The results show 

that skin tannin accumulates in Cabernet sauvignon and Pinot noir grapes from véraison to 

harvest, but there are significant site variations, vintage variations, and variety variations. 

Extractable seed tannin concentrations tend to decrease in Cabernet sauvignon from 

véraison to harvest but different patterns were observed for Pinot noir. These results show 

the high variability in extractable tannin concentration between grape varieties and 

vineyards sites across the Niagara region, and emphasize the need to develop a tool that will 

assist winemakers and grape growers with their harvest decisions in order to include tannin 

development as a ripeness indicator of fruit ensuring high quality fruit for winemaking. The 

TanninAlert Database is a tool created to help the wine industry in Niagara. The data 

collected was used to categorize the tannin levels at harvest for each grape variety as low, 

medium or high through the TanninAlert Database. The goal of the database is to match 

appropriate winemaking techniques to the tannin level at harvest to produce high quality 

red wine. 
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2.2 Introduction  
 

 The perceived quality of red wine is based on many components, including factors 

responsible for the texture and the colour. One component, in particular, are phenolic 

compounds. They are produced in plants as secondary metabolites to protect them against 

biotic and abiotic stress (Gouot et al., 2019; Li et al., 2019; Rousserie et al., 2019). Phenolics 

can exist in either their monomeric form or as polymerized complexes (Cheynier et al., 2006; 

Fulcrand et al., 2006; Gouot et al., 2019; Rousserie et al., 2019; Ramos-Pineda et al, 2019).  

There are two families of phenolic compounds: the non-flavonoids and the flavonoids.  Many 

flavonoids are present in grapes, but the main flavonoids extracted into wine are 

anthocyanins, flavan-3-ols, flavonols, flavones and polymers of these flavonoids known as 

tannins (Soares et al., 2020).  

Tannins are mostly responsible for the colour and the mouthfeel of red wines which 

are highly influenced by the structure of the phenolic compounds (Bautista-Ortin et al., 2005; 

Smith et al., 2015). They are found in the seeds, skins and stems of grapes and their 

concentration in  grapes depends on the variety, the climate, the soil, the year,  and the degree 

of maturity of the grape at harvest (Niculescu et al., 2018; Obreque-Slier et al., 2010; 

Rousserie et al., 2019).  The two main sources of tannins in wine arise from the seeds and 

the skins. Seed tannins are responsible for the bitter and astringent mouthfeel in red wines 

(Arnold et al., 1980; Smith et al., 2015). Seed tannins are located in the thin-wall cells 

between the external cuticle and the inner lignified layers (Casassa, 2017). Skin tannins 

complexed to anthocyanins are mostly responsible for the colour of red wines (Kennedy, 

2008). They are found in the vacuole and also in the tonoplast (Casassa, 2017). They are 
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extracted early during fermentation, within the first two to three days (Pappas et al., 2015; 

Rousserie et al., 2019). Tannins in their polymeric form are called condensed tannins or 

proanthocyanidins (Cheynier et al., 2006; Fulcrand et al., 2006; Gouot et al., 2019; Rousserie 

et al., 2019; Ramos-Pineda et al, 2019). Condensed tannins arise when flavan-3-ols 

polymerize together.  

Pinot noir is of the Vitis vinifera L. cv. grape variety. It is known to have a thin skin, 

susceptible to diseases and rot and a low skin tannin content and colour development, but a 

high seed tannin content (Del Rio et al., 2006; Mattivi et al., 2009; Rousserie et al., 2020; 

Sacchi et al., 2005). This leads to wine often higher in astringency due to an over-extraction 

of the seed tannins in an attempt to extract as much skin tannin and colour during 

fermentation as possible. Cabernet sauvignon is also of the Vitis vinifera grape variety and it 

is usually picked late in the season. Due to its vulnerability to frost injury, Cabernet 

sauvignon grapes are often harvested not fully ripened which leads to low skin tannin and 

anthocyanin accumulation (Salamone et al., 2019). It produces wines that are high in 

astringency.   

For this project, three research questions were addressed by monitoring the 

extractable skin and seed tannin of Pinot noir and Cabernet sauvignon grapes from véraison 

to harvest in 2019 and 2020 were (1) In the Niagara Peninsula, from véraison to harvest, 

does the concentration of extractable tannin increase in the skins and decrease in the seeds 

for both Pinot noir and Cabernet Sauvignon grapes over the two years tested? (2) Are there 

variations in extractable tannin accumulation in the skins and seeds of Pinot noir and 

Cabernet sauvignon grapes between vineyards and vintages for the specific region of Niagara 
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over the two years tested? (3) At harvest, is the relative concentration of extractable tannin 

from select vineyard sites categorized as low, medium, or high in the skins and seeds of Pinot 

noir and Cabernet sauvignon grapes relative to categorized values in the TanninAlert 

database? The data collected was included in the TanninAlert database, a tool created to 

guide winemakers in their harvest and winemaking decisions in order to improve the overall 

quality of red wine.  

2.3 Materials and Methods 
 

2.3.1 Vineyard Sites  

From véraison to harvest, three sites of Pinot noir grapes and four sites of Cabernet 

sauvignon grapes were monitored across the Niagara Peninsula wine regions. Pinot noir 

sites are identified with the blue pins in Figure 2.1. Pinot noir site 1 was situated in the Four 

Mile Creek region, site 2 in the Niagara Lakeshore region and site 4 in the Lincoln Lakeshore 

region. The site used for Pinot noir winemaking was Site 5 as shown with a red arrow on Fig. 

2.1 and was situated in the St-David’s Bench region. Site 5 was also monitored during pre-

harvest. The crop level of this site was 3.5 tonnes per acre. In 2020, Site 2 was not monitored 

as the grapes had been harvested for sparkling wine. Site 1 was only monitored for one week 

due to its late ripening and early harvest date.  

Cabernet sauvignon sites 1 and 2 were situated in the Four Mile Creek region, site 3 

in the Lincoln Lakeshore region and site 4 in the Twenty Mile Bench Region. Cabernet 

sauvignon site 1 was used for winemaking and had a crop level of 4.5 tonnes per acre.  The 

pre-harvest sites were selected by CCOVI scientists and the Grape Growers of Ontario. The 

selected sites had to be representative of the crop level and viticultural practices in the 
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region. The final choosing of the sites was carried out according to the growers who 

volunteered to be part of the program.   

 
Figure 2.1: Locations of Pinot noir (blue pins) and Cabernet sauvignon (yellow pins) sites 

across the Niagara Peninsula wine regions used for tannin monitoring during the ripening 
season (modified map published by Vintners Quality Alliance of Ontario). Pinot noir Site 1: 

Four Mile Creek; Site 2: Niagara Lakeshore; Site 4: Lincoln Lakeshore; Site 5: St-David’s 

Bench. Cabernet Sauvignon Site 1: Four Mile Creek, Site 2: Four Mile Creek, Site 3: Lincoln 

Lakeshore; Site 4: Twenty Mile Bench. Modified map published by Vintners Quality Alliance 

of Ontario. 

2.3.2 Pre-harvest grape monitoring, skin and seed tannin extraction and analysis  

The protocols used for the skin and seed separation and extraction were based on the 

method of Sarneckis et al, (2006). The extractable tannin concentration in the skins and 

seeds was measured using the methyl cellulose precipitation assay (MCP) adapted from 

Sarneckis et al, (2006), and Smith et al, (2005).  Grape clusters were only picked once the 

soluble solids concentration reached 18°Brix.  
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2.3.2.1 Berry sampling  
 

Every week, 15 clusters of each variety were hand-picked at different sites in the 

Niagara region by a CCOVI technician (Alex Gunn in 2019 and Stephanie Bilek in 2020). The 

clusters were picked from different vines in the same vineyard row. The clusters were 

brought back to the teaching winery at CCOVI for sampling. They were spread on a table and 

two grapes per cluster were randomly chosen and transferred into a plastic bag for a total of 

30 berries/bag (See Figure 2.1). The grapes were selected from the top, the bottom, and the 

middle of the cluster. For each site, four bags were sampled and labelled with the date, the 

site number, and the replicate code. In total 120 berries were sampled each week per 

vineyard. The bags were weighed (PR5002, Mettler Toledo, Mississauga, Canada) 

immediately and frozen in the -20°C freezer until further analysis was conducted to 

minimize oxidation of phenolic compounds (see Section 2.3.2.4). The remaining berries in 

the clusters were manually crushed in a big plastic bag and the juice was filtered through a 

wide-holed and fine-holed domestic strainer. The juice composition was analyzed for °Brix, 

pH, titratable acidity, and acetic acid by analytical services at CCOVI (Brock University, St. 

Catharines, Canada). For the soluble solids’ analysis (°Brix) an AABE refractometer 

(American Optical, Buffalo, USA) was used. For the pH, a pH meter SympHony B10p (VWR, 

Radnor, USA) was used. For the titratable acidity, the Iland et al, (1993) method was used to 

an endpoint pH of 8.2. For the analysis of acetic acid, an enzyme kit (Acetic Acid Megazyme 

International Ireland, Bray Company, Wicklow, Ireland) was used and the absorbance was 

read through a Cary-60 UV-VIS spectrophotometer (Agilent Technologies, Mississauga, 

Canada). 
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Figure 2.2 Cabernet sauvignon grape cluster hand-picked during pre-harvest monitoring and 
separated into 15 bunches for sampling in 2019. 
 

2.3.2.2 Skin and Seed separation  

 

For the skin and seed separation, one replicate sample bag containing 30 berries was 

thawed at a time to limit oxidation of the phenolic compounds. Frozen grapes were removed 

from the -18°C freezer and thawed at room temperature on the bench for 10 minutes. The 

skins and seeds were separated from the pulp by hand. The excess juice and water from the 

skins was then dried with a paper towel and seeds were dried with paper towel and counted. 

The skins and seeds from all 30 berries were weighed (PR5002, Mettler Toledo, Mississauga, 

Canada) then transferred into 50ml centrifuge tubes (Froggabio, Vaughan, ON, Canada). The 

samples were covered with inert argon gas (Private Preserve, Vines to Vintages, Canada), 

and stored in the -18°C freezer again until extraction (See section 2.3.2.3).  
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2.3.2.3 Extractable skin and seed tannin extraction  

2.3.2.3.1 Reagents preparation   

The extractable skin tannin extraction buffer (50% ethanol) was made with 

anhydrous (100%) ethanol (Sigma-Aldrich, Oakville, Canada) and distilled water in a 1L 

volumetric flask. The extractable seed tannin extraction buffer (50% ethanol, HCl pH 3) was 

made with anhydrous (100%) ethanol (Sigma-Aldrich, Oakville, Canada) and distilled water 

in a 1L volumetric flask and then acidified to pH 3 by adding drops of 1M Hydrochloric acid 

(HCl) (Anachemia Canada Inc., Montreal, Qc, Canada). The reagents were stored at room 

temperature.  

2.3.2.3.2 Extractable skin and seed tannin extraction 
 

For the extractable skin tannin extraction, 15ml of skin extraction buffer (50% 

ethanol) was added to the frozen skins in the 50ml centrifuge tubes (Froggabio, Vaughan, 

ON, Canada). The tubes were sealed with parafilm and placed on an orbital rotary machine 

(Model TC-7, New Brunswick Scientific, NJ, USA) for four hours rotating at 180 

rotations/minute (rpm) at 32°C in the dark. After four hours, the supernatant in the tubes 

was transferred into a 15ml centrifuge tube (Froggabio, North York, Canada), and stored at 

-18°C until further analysis (section 2.3.2.4.3). The drained skins were discarded as compost.  

For the extractable seed tannin extraction, 15ml of seed extraction buffer (50% 

ethanol, HCl pH 3.0) was added to the frozen seeds in the 50ml centrifuge tubes (Froggabio, 

Vaughan, ON, Canada). The tubes were sealed with parafilm and placed on a shaking plate 

(Model G2, New Brunswick Scientific, NJ, USA) for 24 hours at 32°C in the dark at 180 

rotations/minute. After the extraction, the supernatant was transferred into a 15ml 
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centrifuge tube (Froggabio, North York, Canada), and stored in the -18°C freezer until further 

analysis (See section 2.3.2.4.3). The drained seeds were discarded as compost.  

2.3.2.4 Methyl cellulose precipitation Assay (MCP) 

The extractable skin and seed tannin concentrations were measured by following the 

steps of the methyl cellulose precipitation assay (MCP).  

2.3.2.4.1 Reagents preparation  

To prepare the 0.4% methyl cellulose solution 0.4g of methyl cellulose (Sigma-

Aldrich, Oakville, Canada) was poured into 200mL of 80°C distilled water and stirred on a 

hot plate until the methyl cellulose dissolved. Then, 300mL of 0°C distilled water was added 

to the solution and stirred at room temperature for 12 hours after which the solution was 

transferred into a 1L volumetric flask and topped up with distilled water. The solution was 

stored at room temperature for a maximum of two weeks.  

The saturated ammonium solution was prepared by adding ammonium salts (Sigma-

Aldrich, Oakville, Canada) to a 1L glass bottle containing 500mL of distilled water. The 

solution was mixed on a stirring plate with a stir bar. The addition of ammonium salts was 

done until total saturation of the solution was achieved (~2 cm of salts at the bottom of the 

solution in the glass bottle).  

2.3.2.4.2 Epicatechin Standard curve   

In 2019 and 2020, calibration curves of (-)-epicatechin were used to report the total 

extractable tannin absorbance in units of ug/mL of epicatechin. The stock solution of 

1mg/mL (-)-epicatechin was prepared by dissolving 0.02g (-)-epicatechin (>90%, E1753 

Sigma Aldrich, Oakville, Canada) in 2mL of anhydrous ethanol (100%, Sigma-Aldrich, 
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Oakville, Canada). The solution was then transferred into a 20mL volumetric flask, which 

was filled to the line with deionised water. Epicatechin standard solutions were prepared by 

diluting the 1mg/mL (-)-epicatechin stock solution using 12% ethanol solution adjusted to 

pH 3. The different concentrations were: 0, 25, 50, 75, 100, 125, 150, 175, 200, 225, and 

250µg/mL. A 300µL sample of each solution was transferred into a UV-Star 96 well plate 

(VWR, Mississauga, Canada) and the absorbances were read at 280nm on the microplate 

reader (Molecular Devices Spectramax M2, San Jose, USA). A linear regression was applied 

to each curve to determine the equation that best fit the curve.  

        
Figure 2.3 : Epicatechin standard curve from 2019 and 2020 and linear regression. 

2.3.2.4.3 Protocol (MCP Assay) 

To determine the extractable tannin concentration in skin and seed extracts, the 

methylcellulose precipitation assay was used in accordance with Sarneckis et al, (2016) and 

Smith et al, (2007).  The amount of the sample in the wells ranged between 25 and 100µL (x) 

(Table 2.1) depending on the amount of extractable tannins determined by the total tannin 

measurement. The extractable tannin measurement was carried out each week on one 

sample of skin extract and one sample of seed extract from each variety. A reading (A280 

nm) lower than 0.4 means that the samples should be 100µL and higher than 0.4 the sample 

should be 25µL. 
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Table 2.1: MCP assay control and reaction well volumes (CCOVI MCP protocol, Brock 
University, 2020) 

Reagent  Control well (µL) Reaction well (µL) 
Skin/Seed extract (25-200µL) X* X* 
0.4% methylcellulose 0 300 
Saturated ammonium sulphate 200 200 
Deionized water  X-800 X-500 

Total volume  1000 1000 
*Where X is between 25µL and 100 µL.  

2.3.3 Statistical analysis  

Statistical analysis included Analysis of Variance (ANOVA) with mean separation by 

Tukey’s post hoc test with a significance level of 0.05 and Student’s T-Test (p<0.05, p<0.01, 

p<0.001) using Microsoft XLSTAT (Version 2020.3.1, Addinsoft, Paris, France). Data with the 

same letter were not significantly different and data with different letters were considered 

to be significantly different. 

2.4 Results  
 

Pre-harvest monitoring of extractable skin and seed tannin concentration in Cabernet 

sauvignon and Pinot noir grapes has not been carried out in the past in the cool climate of 

the Niagara Region. A better understanding of the extractable tannin accumulation in grapes 

is of high importance in order to produce high quality grapes and red wine.  

2.4.1 Cabernet sauvignon pre-harvest extractable skin and seed tannin 

concentration 2019  

 

 Monitoring of the grapes occurred over a period of nine weeks from 12/09/2019 

until 14/11/2019. Grapes were collected in four different vineyards in the Niagara Region: 

site 1 (Four Mile Creek), site 2 (Four Mile Creek), site 3 (Lincoln Lakeshore), and site 4 

(Twenty Mile Bench). The extractable skin and seed tannins of Cabernet sauvignon from the 



 
 

69 
 

2019 ripening season are shown in Figure 2.4. Sites 1 and 2 are shown in Figures A and B 

and sites 3 and 4 in Figures C and D. Significant differences in the extractable skin and seed 

tannin concentrations are observed between sites and within sites over the ripening period.  

 

 

 

Figure 2.4: Extractable skin and seed tannin concentration (µg/berry) in Cabernet sauvignon 

grapes during the 2019 growing season in 4 vineyards across the Niagara Region. Sites 1 

(Four Mile Creek), and 2 (Four Mile Creek) are on the East side of the Welland Canal (A and 

B). Sites 3 (Lincoln Lakeshore), and 4 (Twenty Mile Bench) are on the West side of the 

Welland canal (C and D). Different lower-case letters represent significant differences 

(Tukey HSD p<0.05) at each sample date for sites 2 and 4. Different capital case letters 

represents significant differences (Tukey HSD p<0.05) at each sample date for sites 1 and 3. 
Error bars represents standard error of the means. 
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2.4.1.1 Extractable skin and seed tannin concentration comparison within sites over 

time, Cabernet sauvignon 2019  
 

 The extractable skin and seed tannin concentrations of Cabernet sauvignon changed 

significantly throughout the ripening season in all studied vineyard sites. Generally, within 

each site, the extractable skin tannin concentration followed this trend: increase, decrease, 

increase, decrease as shown in Figures 2.4-A, C. The maximum extractable skin tannin 

concentration was observed every 3 weeks for sites 1 and 2 as shown in Figures 24-A. The 

extractable skin tannin concentration measured at harvest was higher than the one 

measured at véraison for sites 1, 2 and 4 (see Figures 2.4-A,C). For Site 3 (Lincoln Lakeshore), 

the extractable skin tannin concentration increased and peaked three weeks post véraison 

before decreasing until harvest as shown in Figure 2.4-C. The extractable skin tannin 

concentration at harvest was similar to that at the beginning of the ripening season (see 

Figure 2.4-C).   

As for the extractable seed tannin concentration, all sites followed a downward trend 

for the first weeks of ripening followed by a steady increase until harvest as shown in Figures 

2.4-B,D. The extractable seed tannin concentration measured at harvest was significantly 

higher than at the beginning of ripening for all sites (Figures 2.4-B, D). There were clear 

trends for extractable seed tannin in the CS grapes but not in extractable skin tannin 

accumulation, which emphasizes the seasonal variability.  

2.4.1.2 Extractable skin and seed tannin concentration comparison between sites over 

time, Cabernet sauvignon 2019  
 

 Comparison of the extractable skin and seed tannin concentrations (µg 

epicatechin/berry ± SE) in Cabernet sauvignon between four vineyard sites across the 
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Niagara region is shown in Tables 2.2 and 2.3 respectively. There were significant differences 

in the extractable skin tannin concentration between sites during all the monitoring period, 

meaning between week 1 (9/17/2019) to week 9 (11/12/2019) (see Table 2.2). Site 2 (Four 

Mile Creek) had a significantly higher extractable skin tannin concentration towards the end 

of the monitoring period compared to site 1 (Four Mile Creek). Site 3 (Lincoln Lakeshore) 

had the lowest extractable skin tannin concentration from véraison to harvest. Sites 2 and 4 

(Twenty Mile Bench) ripened the slowest and were harvested last with significantly different 

extractable skin tannin concentrations.   

Sites 1 and site 2 are on the East side of the Welland Canal and they have significantly 

different extractable seed tannin concentrations for most of the sampling dates (Table 2.3). 

Sites 2 and 3 had similar extractable seed tannin levels from véraison to harvest. Sites 2 and 

4 had similar or significantly different extractable seed tannin levels depending on the 

sampling date. Sites 1 and 3 are on opposite sides of the Welland canal and for most of the 

ripening season, site 1 had a significantly lower extractable seed tannin concentration. Sites 

3 and 4 are both on the West side of the Welland Canal, but site 3 shows a higher extractable 

seed tannin concentration for the majority of the ripening season.  
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Table 2.2: Extractable skin tannin concentration (µg epicatechin/berry ± SE) comparision 
between Cabernet sauvignon pre-harvest sites during the 2019 growing season across the 
Niagara Region.  

 Site 1 Site 2 Site 3 Site 4 

Week 1 (9/17/2019) 675±26a 541±26b 336±62c 371±53c 

Week 2 (9/24/2019) 665±35a 731±57a 432±24b 681±28a 

Week 3 (10/1/2019) 897±34a 789±40a 589±38b 487±32b 

Week 4 (10/8/2019) 585±34a 654±33a 404±25b 594±21a 

Week 5 (10/15/2019) 628±29a 617±20a 379±19b 560±28a 

Week 6 (10/22/2019) 842±33ab 903±52a 409±16c 738±35b 

Week 7 (10/28/2019) 671±26b 877±35a 447±31c 751±19b 

Week 8 (11/6/2019) 579±29b 692±31a --- 531±24b 

Week 9** (11/12/2019) --- 531±24 --- 640±26 

Sites 1 (Four Mile Creek), 2 (Four Mile Creek), Sites 3 (Lincoln Lakeshore), and 4 (Twenty Mile 

Bench). Different lower-case letters represent significant differences (Tukey HSD p<0.05) across each 

row. Student t-test identified significance difference at p<0.0001***¸ p<0.01**, p<0.05* for site 2 and 

4. 

Table 2.3: Extractable seed tannin (µg epicatechin/berry ± SE) comparision between 
Cabernet sauvignon pre-harvest sites during the 2019 growing season across the Niagara 
Region.  

 Site 1 Site 2 Site 3 Site 4 

Week 1 (9/17/2019) 1877±43b 2102±50a 1876±45b 1781±46b 

Week 2 (9/24/2019) 940±33b 1104±15a 1086±18a 801±29c 

Week 3 (10/1/2019) 621±30b 840±27a 829±35a 853±37a 

Week 4 (10/8/2019) 907±44a 873±29ab 967±23a 765±26b 

Week 5 (10/15/2019) 742±23b 1002±52a 1010±32a 931±27a 

Week 6 (10/22/2019) 818±26b 1253±68a 1134±55a 914±46b 

Week 7 (10/28/2019) 894±40c 1331±75a 1150±28ab 1044±75bc 

Week 8 (11/6/2019) 1142±29a 1254±39a --- 1179±30a 

Week 9** (11/12/2019) --- 1255±28 --- 1300±43 

Sites 1 (Four Mile Creek), 2 (Four Mile Creek), Sites 3 (Lincoln Lakeshore), and 4 (Twenty Mile 

Bench). Different lower-case letters represent significant differences (Tukey HSD p<0.05) across each 

row. Student t-test identified significance difference at p<0.0001***¸ p<0.01**, p<0.05* for site 2 and 

4. 
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2.4.2 Pinot noir pre-harvest extractable skin and seed tannin concentration, 2019 
 

The pre-harvest monitoring of Pinot noir grapes took place over a period of five 

weeks from (09/12/2019) to (10/10/2019). Grapes were collected in four different 

vineyards in the Niagara Region: Sites 1 (Four Mile Creek), 2 (Niagara Lakeshore), and 4 

(Lincoln Lakeshore). The extractable skin and seed tannins of Pinot noir from the 2019 

ripening season are shown in Figure 2.7. Significant differences in the extractable skin and 

seed tannin concentrations were observed between sites and within sites over the 2019 

ripening season (Figure 2.7).  

 

 

 
Figure 2.7: Extractable skin and seed tannin concentration (µg/berry) in Pinot noir during 

the 2019 growing season in 4 vineyards across the Niagara Region. Sites 1 (Four Mile Creek), 

2 (Niagara Lakeshore), and 4 (Lincoln Lakeshore). Skin tannin is plotted in figure A and seed 

tannin in figure B. Different lower-case letters represent significant differences (Student t-

test p<0.001) at each sample date for site 1.  Different capital case letters represent 

significant differences (Tukey HSD p<0.05) at each sample date for sites 2. Different italic 

lower-case letters represent significant differences (Student t-test p<0.001) at each sample 
date for site 4. Error bars represents standard error of the means.  
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2.4.2.1 Extractable skin and seed tannin concentration comparison within sites 
overtime, Pinot noir 2019 

 The extractable skin and seed tannin concentrations in Pinot noir grapes significantly 

varied throughout the ripening season in 2019. Monitoring of site 1 (Four Mile Creek) only 

lasted two weeks because the grapes were harvested early in the season. The extractable 

skin tannin concentration in site 1 and site 4 (Lincoln Lakeshore) decreased from week 1 to 

harvest as shown in Figure 2.7-A, meaning that the concentration of extractable skin tannin 

at harvest was significantly lower than at véraison. The extractable skin tannin 

concentration in site 2 (Niagara Lakeshore) significantly decreased before increasing and 

reaching a plateau until harvest (Figure 2.7-A). The extractable skin tannin level was 

significantly lower at harvest than at the beginning of the growing season for all monitored 

sites, opposite to what was expected.  

For the extractable seed tannin concentration, all three monitored sites followed an 

increasing trend before decreasing to reach a minimum and increasing again before harvest 

as outlined in Figure 2.7-B. The extractable seed tannin concentration at harvest was similar 

to that of the first week of monitoring except for site 1 (Figure 2.7-B). There were no 

identifiable trends in the accumulation of extractable skin and seed tannins in the grapes of 

Pinot noir. These results emphasize the high variability of extractable tannin accumulation 

in grapes between vineyards across the Niagara region.  
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2.4.2.2 Extractable skin and seed tannin concentration comparison between sites, 

Pinot noir 2019  
 

 A comparison of the extractable skin and seed tannin concentration (µg 

epicatechin/berry) in Pinot noir grapes between 4 different vineyard sites across the 

Niagara region are shown in Tables 2.4 and 2.5 respectively.  

Table 2.4: Total extractable skin tannin (µg epicatechin/berry ± SE) comparision between 
Pinot noir grapes during the 2019 growing season in 4 vineyards across the Niagara Region.  

 Site 1 Site 2 Site 4 Site 5 

Week 1* (9/10/2019) 812±32 --- 707±37 --- 

Week 2 (9/17/2019) 515±17c 964±19a 556±22c 684±26b 

Week 3*** (9/24/2019) --- 707±32 465±23 --- 

Week 4*** (10/1/2019) --- 844±11 421±11 --- 

Week 5*** (10/8/2019) --- 806±23 314±16 --- 

Sites 1 (Four Mile Creek), 2 (Niagara Lakeshore), Sites 4 (Lincoln Lakeshore), and 5 (St-David’s 

Bench). Different lower-case letters represent significant differences (Tukey HSD p<0.05) across 

each row. Student t-test identified significance difference at p<0.0001***¸ p<0.01**, p<0.05* between 

sites.  

 

Table 2.5: Extractable seed tannin (µg epicatechin/berry ± SE) comparision between Pinot 
noir grapes during the 2019 growing season in 4 vineyards across the Niagara Region.  

 Site 1 Site 2 Site 4 Site 5 

Week 1* (9/10/2019) 2237±112 --- 2125±52 --- 

Week 2 (9/17/2019) 2894±83c 2272±150b 2291±36b 2556±67a 

Week 3*** (9/24/2019) --- 2537±29 2082±63 --- 

Week 4*** (10/1/2019) --- 1527±55 1216±64 --- 

Week 5*** (10/8/2019) --- 2571±80 2348±125 --- 

Sites 1 (Four Mile Creek), 2 (Niagara Lakeshore), Sites 4 (Lincoln Lakeshore), and 5 (St-David’s 

Bench). Different lower-case letters represent significant differences (Tukey HSD p<0.05) across 

each row. Student t-test identified significance difference at p<0.0001***¸ p<0.01**, p<0.05* between 

sites. 
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There were significant differences in extractable skin tannin concentrations between 

sites for each sampling date (Table 2.4). The extractable skin tannin concentration from site 

2 was higher than that of the other sites. Site 1 and site 4 had similar extractable skin tannin 

concentrations for most of the ripening season, except for the first week.  

The extractable seed tannin concentration from site 2 and 4 was comparable for half 

of the monitoring period, however, site 2 had a significantly higher concentration for the 

second half of the monitoring period (Table 2.5). Sites 1 and 5 had a higher extractable seed 

tannin concentration than sites 2 and 4 for most of the growing season (Table 2.5). At 

harvest, the only significant difference in extractable seed tannin concentration was found 

between site 1 and site 4.  

The variability of extractable tannin concentration in the grapes during the ripening 

season shows how hard it is to choose the proper harvest date based on tannin values in 

order to have high quality grapes. The more data is collected, the easier it will be to have an 

idea of an optimal harvest date for Pinot noir grapes in the Niagara Region based on tannin 

values.  
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2.4.3 Extractable skin and seed tannin concentrations at harvest, Cabernet 

sauvignon and Pinot noir 2019  
 

 A comparison of extractable skin and seed tannin concentrations in Cabernet 

sauvignon grapes at harvest across four vineyard sites in the Niagara region is shown in 

Figure 2.8. Site 1 (Four Mile Creek) was harvested on 11/06/2019, Site 2 (Four Mile Creek) 

on 11/12/2019, site 3 (Lincoln Lakeshore) on 10/28/2019 and site 4 (Twenty Mile Bench) 

on 11/12/2019. For Pinot noir, the comparison of extractable skin and seed tannin 

concentration at harvest is shown in Figure 2.9. Site 1 (Four Mile Creek) was harvested on 

09/17/2019, site 2 (Four Mile Creek) on 10/08/2019, site 4 (Lincoln Lakeshore) on 

10/08/2019 and site 5 on 09/17/2019.  

 

Figure 2.8: 2019 extractable skin and seed tannin concentrations (µg epicatechin/berry ± 

SE) in Cabernet sauvignon grapes from all the pre-harvest sites in the Niagara Peninsula at 

harvest. Sites 1 (Four Mile Creek), 2 (Four Mile Creek), Sites 3 (Lincoln Lakeshore), and 4 

(Twenty Mile Bench). Different capital letters show significant difference in skin tannin 

concentration (Tukey HSD p<0.05) between sites. Different lower-case letters show 

significant difference in seed tannin concentration (Tukey HSD p<0.05) between sites. Error 

bars show standard error. Student t-test identified significance difference at p<0.0001***¸ 

p<0.01**, p<0.05* between skin and seed tannin for each site. 
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Figure 2.9: 2019 extractable skin and seed tannin concentrations (µg epicatechin/berry ± 

SE) in Pinot noir grapes from all the pre-harvest sites in the Niagara Peninsula at harvest. 

Site 1 (Four Mile Creek), site 2 (Niagara Lakeshore), Site 4 (Lincoln Lakeshore), and Site 5 

(St-David’s Bench). Different capital letters show significant difference (Tukey HSD p<0.05) 

between sites for extractable skin tannin. Different lower-case letters show significant 

difference (Tukey HSD p<0.05) between sites for extractable seed tannin. Error bars show 

standard error. Student t-test identified significance difference at p<0.0001***¸ p<0.01**, 

p<0.05* between extractable skin and seed tannin for each site.  

2.4.3.1 Cabernet Sauvignon 2019 
 

The extractable skin and seed tannin concentrations at harvest for each site are 

shown in Figure 2.8. Site 2 (Four Mile Creek) had a significantly higher extractable skin 

tannin concentration with 531±24 µg of epicatechin/berry compared to all the other sites 

(Figure 2.8). Sites 1 (Four Mile Creek), 3 (Lincoln Lakeshore) and 4 (Twenty Mile Bench) all 

had comparable extractable skin tannin levels ranging between 447±30 µg 

epicatechin/berry and 640±25 µg epicatechin/berry (Figure 2.8).  

Site 1 and site 2 were on the same side of the Welland canal and have comparable 

extractable seed tannin concentrations. Sites 3 and 4 are on the opposite side of the Welland 

canal and had a similar extractable seed tannin concentration at harvest. Sites 2 and 3 are 

the only sites with significantly different extractable seed tannin concentrations with 
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1255±27 µg of epicatechin/berry and 1150±28 µg of epicatechin/berry respectively (Figure 

2.8). Site 1 had 1142±29 µg of epicatechin/berry and site 4 had 1300±42 µg of 

epicatechin/berry (Figure 2.8). In 2019, the concentration of extractable seed tannin was 

significantly higher compared to the extractable skin tannin concentration in the grapes 

across all sites which highlights why red wines produced in cool climates are often high in 

astringency and poor in colour.  

 

2.4.3.2 Pinot noir 2019 
   

A comparison of extractable skin and seed tannin concentrations between the four 

pre-harvest Pinot noir sites monitored during the 2019 growing season in the Niagara region 

is shown in Figure 2.9. Differences are found between all four sites. Site 2 (Niagara 

Lakeshore) had the highest extractable skin tannin concentration at harvest with 806±23 µg 

epicatechin/berry and site 4 (Lincoln Lakeshore) had the lowest extractable skin tannin 

concentration with 314±16 µg epicatechin/berry (Figure 2.9). Site 1 (Four Mile Creek) and 

site 5 (St-David’s Bench) extractable skin tannin concentration was in between site 1 and 

site 4 with 515±17 µg epicatechin/berry and 684±26 µg epicatechin/berry respectively 

(Figure 2.9).  

The only significant difference observed for extractable seed tannin concentration 

was between site 1 and site 4. Site 1 had a significantly higher extractable seed tannin 

concentration than site 4 with 2894±83 µg epicatechin/berry and 2348±125 respectfully 

(Figure 2.9). Sites 2 and 5 had similar extractable seed tannin concentrations at harvest with 

2571±80 µg epicatechin/berry and 2556±66 µg epicatechin/berry (Figure 2.9). The 

extractable seed tannin content was significantly higher than the extractable skin tannin 
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content in the grapes of Pinot noir at harvest, which was also observed for Cabernet 

sauvignon grapes in 2019. These high levels of extractable seed tannins in the grapes affect 

the perceived quality of red wine by increasing the astringent and bitter mouthfeel.  

2.4.4 Cabernet sauvignon pre-harvest extractable skin and seed tannin 

concentrations, 2020 
 

In 2020, the monitoring of the grapes occurred over a period of nine weeks from 

17/09/2020 until 06/11/2020. The extractable skin and seed tannins of Cabernet sauvignon 

from 2020 are shown in Figure 2.10. Sites 1 (Four Mile Creek) and 2 (Four Mile Creek) 

extractable skin and seed tannin concentrations are shown in Figures A and B and sites 3 

(Lincoln Lakeshore) and 4 (Twenty Mile Bench) in figures C and D. Significant differences 

were observed between and within sites.  
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Figure 2.10: Extractable skin and seed tannin concentrations (ug/berry) in Cabernet 

sauvignon grapes during the 2020 growing season in 4 vineyards across the Niagara Region. 

Sites 1 (Four Mile Creek), and 2 (Four Mile Creek) are on the East side of the Welland Canal 

(A and B). Sites 3 (Lincoln Lakeshore), and 4 (Twenty Mile Bench) are on the West side of 

the Welland canal (C and D). Different lower-case letters represent significant differences 

(Tukey HSD p<0.05) at each sample date for sites 2 and 4. Different capital case letters 

represents significant differences (Tukey HSD p<0.05) at each sample date for sites 1 and 3. 

Error bars represents standard error of the means. 
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2.4.4.1 Extractable skin and seed tannin concentration comparison within sites 

overtime, Cabernet sauvignon 2020 
 

As shown in Figures 2.10 A and C, the extractable skin tannin concentration from site 

1 (Four Mile Creek), site 2 (Four Mile creek) and site 4 (Twenty Mile Bench) remained 

constant throughout the ripening season whereas site 3 (Lincoln Lakeshore) had followed 

an increasing trend from week 4 until harvest. The extractable skin tannin concentration at 

harvest was not significantly different than during the first week of monitoring for sites 1, 2 

and 4, but was significantly higher for site 3 (Figures 2.10-A, C).  

For the extractable seed tannin concentration, sites 1 and 2 had constant 

concentration levels throughout the ripening season except during the third week where the 

concentration abruptly increased as shown in Figure 2.10-B.  Sites 3 and 4 followed a 

downward trend for the first weeks of the monitoring period followed by a steady increase 

until harvest (Figure 2.10-D). The extractable seed tannin concentration was significantly 

lower at harvest compared to the concentration recorded during the first week for site all 

sites.  

There were no identifiable trends for the accumulation of extractable skin and seed 

tannins in Cabernet sauvignon grapes in 2020, except for the extractable seed tannin from 

sites 3 and 4. These results show the variability of extractable tannin accumulation in grapes 

grown in a cool climate is and the difficulty in predicting ripeness of the grapes harvested to 

produce red wine.  
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2.4.4.2 Extractable skin and seed tannin concentrations comparison between sites, 

Cabernet sauvignon 2020  
 

Comparison of the extractable skin and seed tannin concentrations (µg 

epicatechin/berry ± SE) in Cabernet sauvignon between four vineyard sites across the 

Niagara region are shown in Tables 2.6 and 2.7. For the monitoring period, which occurred 

over nine weeks from September 8, 2020 - November 3, 2020, there were significant 

differences observed in the extractable skin and seed tannin concentrations between sites.   

Table 2.6: Extractable skin tannin (µg epicatechin/berry ± SE) comparision between 
Cabernet sauvignon pre-harvest sites during the 2020 growing season across the Niagara 
Region.  

 Site 1 Site 2 Site 3 Site 4 

Week 1 (9/08/2020) 445±40a 414±30ab 345±22b --- 

Week 2 (9/15/2020) 434±11a 493±29a 314±24b 466±36a 

Week 3 (9/22/2020) 343±17ab 416±26a 272±20b 396±30a 

Week 4 (9/29/2020) 438±36a 536±43a 472±36a 430±32a 

Week 5 (10/06/2020) 267±16c 503±30ab 404±24b 572±34a 

Week 6 (10/13/2020) 536±15a 587±27a 513±36a 522±27a 

Week 7 (10/20/2020) 436±27bc 572±41a 549±33ab 381±27c 

Week 8 (10/27/2020) 389±21b 551±39a --- 511±35a 

Week 9** (11/03/2020) 481±14 --- --- 571±39 

Sites 1 (Four Mile Creek), 2 (Four Mile Creek), Sites 3 (Lincoln Lakeshore), and 4 (Twenty Mile 
Bench). Different lower-case letters represent significant differences (Tukey HSD p<0.05) at each 
sample date. Student t-test identified significance difference at p<0.0001***¸ p<0.01**, p<0.05*. 
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Table 2.7: Extractable seed tannin (µg epicatechin/berry ± SE) comparision between 
Cabernet sauvignon pre-harvest sites during the 2020 growing season across the Niagara 
Region.  

 Site 1 Site 2 Site 3 Site 4 

Week 1 (9/08/2020) 922±38b 942±67b 1467±95a --- 

Week 2 (9/15/2020) 873±39c 1045±62bc 1187±47b 1613±80a 

Week 3 (9/22/2020) 2473±70c 1308±64b 1091±58ab 978±53a 

Week 4 (9/29/2020) 715±24a 643±31ab 623±26a 499±14b 

Week 5 (10/06/2020) 237±8b 348±14a 260±17b 378±19a 

Week 6 (10/13/2020) 629±34a 631±25a 504±15b 555±12ab 

Week 7 (10/20/2020) 353±23b 474±13a 496±17a 529±23a 

Week 8 (10/27/2020) 544±22b 594±9b --- 730±30a 

Week 9** (11/03/2020) 519±18 --- --- 986±30 

Sites 1 (Four Mile Creek), 2 (Four Mile Creek), Sites 3 (Lincoln Lakeshore), and 4 (Twenty Mile 

Bench). Different lower-case letters represent significant differences (Tukey HSD p<0.05) at each 

sample date. Student t-test identified significance difference at p<0.0001***¸ p<0.01**, p<0.05*. 

 

Sites 1 (Four Mile Creek) and 4 (Twenty Mile Bench) had similar extractable skin 

tannin concentrations for the majority of the pre-harvest sampling weeks (Table 2.6). The 

same observation can be made for site 2 (Four Mile Creek) and site 4 (Table 2.6). In general, 

sites 1 and 2 had similar extractable skin tannin concentrations except for a few weeks where 

site 2 had a significantly higher concentration (Table 2.6). Site 3 (Lincoln Lakeshore) ripened 

faster than the other sites and was harvested earlier; it also had similar extractable skin 

concentration to site 2 throughout the growing season (Table 2.6). 

Significant different extractable seed tannin concentrations were observed between 

site 1 and site 2 (Table 2.7). Compared to site 4, site 3 had a lower extractable seed tannin 

concentration throughout most of the monitoring period but was harvested with a higher 

concentration (Table 2.7). Significant fluctuations in extractable seed tannin levels between 
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site 1 and site 3 during monitoring were observed as well as between sites 1 and 4 (Table 

2.7). Site 2 and site 3 had similar extractable seed tannin concentrations for most weeks of 

the monitoring period in 2020 (Table 2.7). 

In 2020, as mentioned for the 2019 results, there are important variations in extractable skin 

and seed tannin accumulation between different vineyards across the Niagara Region each 

week leading to harvest. The differences emphasize the need to better understand the tannin 

ripeness in grapes grown in Niagara in order to make better harvest decisions that will lead 

to the production of higher quality red wines.  

2.4.5 Pinot noir pre-harvest extractable skin and seed tannin concentrations, 2020 
 

The pre-harvest monitoring of Pinot noir grapes took place over a period of four 

weeks from September 1, 2020, to September 22, 2020. Grapes were collected in three 

different vineyards in the Niagara Region: Site 1 (Four Mile Creek), Site 4 (Lincoln 

Lakeshore), and Site 5 (St-David’s Bench). The extractable skin and seed tannin 

concentrations of Pinot noir are shown in Figure 2.11.  Significant differences in extractable 

skin and seed tannin concentrations were found between sites and within sites during the 

2020 ripening season. 
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Figure 2.11: Extractable skin and seed tannin concentration (ug/berry) in Pinot noir during 

the 2020 growing season in 3 vineyards across the Niagara Region. Sites 1 (Four Mile Creek), 

Sites 4 (Lincoln Lakeshore), and 5 (St-David’s Bench) are plotted in figures A and B. Different 

lower-case letters represent significant differences (Student t-test p<0.001) at each sample 

date for site 5.  Different capital case letters represent significant differences (Tukey HSD 
p<0.05) at each sample date for site 4. Error bars represents standard error of the means. 

2.4.5.1 Extractable skin and seed tannin concentration comparison within sites over 

time, Pinot noir 2020  
 

In 2020, site 5 was monitored for the entire growing season. Site 2 was not monitored 

as the grapes had been harvested for sparkling wine. Site 1 was only be monitored for one 

week due to its late ripening and early harvest date.  

The extractable skin tannin concentration remained constant throughout out the 

monitoring period for site 5 (Figure 2.11-A). In site 4, the extractable skin tannin 

concentration significantly increased by the second week to reach a maximum and then 

decreased to reach a similar concentration as observed in week 1 (Figure 2.11-A). Similar 

concentrations of extractable skin tannin were observed at the beginning of ripening and at 

harvest.  
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The extractable seed tannin concentration in site 5 remained constant for the entire 

monitoring period in 2020 as shown in Figure 2.11-B. There were no significant fluctuations 

in the extractable seed tannin concentration. For site 4, there were significant changes in the 

extractable seed tannin concentration each week throughout the pre-harvest monitoring 

(Figure 2.11-B). The extractable seed tannin concentration at harvest for site 4 was 

significantly lower than the one recorded in week 1 (Figure 2.11-B).  

There are trends for both extractable skin and seed tannin accumulation in grapes of Pinot 

noir during the 2020 ripening season. There are, however, still significant fluctuations 

during the ripening period, which makes it difficult to predict the harvest date using this data 

alone.  

2.4.5.2 Extractable skin and seed tannin concentrations comparison between sites, 

Pinot noir 2020  
 

A comparison of the extractable skin and seed tannin concentration (µg 

epicatechin/berry) in Pinot noir grapes between three different vineyard sites across the 

Niagara region is shown in Tables 2.8 and 2.9.  

Table 2.8: Extractable skin tannin (µg epicatechin/berry ± SE) comparision between Pinot 
noir grapes during the 2020 growing season in 3 vineyards across the Niagara Region.  

 Site 1 Site 4 Site 5 

Week 1*** (9/07/2020) --- 217±30 645±34 

Week 2** (9/08/2020) --- 380±22 616±40 

Week 3*** (19/15/2020) --- 198±11 610±28 

Week 4 (9/22/2020) 377±23b 274±18c 640±35a 

Sites 1 (Four Mile Creek), Sites 4 (Lincoln Lakeshore), and 5 (St-David’s Bench). Different lower-case 

letters represent significant differences (Tukey HSD p<0.05) at each sample date. Student t-test 

identified significance difference at p<0.0001***¸ p<0.01**, p<0.05*.  
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Table 2.9: Extractable seed tannin (µg epicatechin/berry ± SE) comparision between Pinot 
noir grapes during the 2020 growing season in 3 vineyards across the Niagara Region.  

 Site 1 Site 4 Site 5 

Week 1*** (9/07/2020) --- 2357±104 2121±133 

Week 2** (9/08/2020) --- 938±66 1799±99 

Week 3*** (19/15/2020) --- 1514±66 2129±84 

Week 4 (9/22/2020) 2128±66a 1143±48c 1769±35b 

Sites 1 (Four Mile Creek), Sites 4 (Lincoln Lakeshore), and 5 (St-David’s Bench). Different lower-case 

letters represent significant differences (Tukey HSD p<0.05) at each sample date. Student t-test 

identified significance difference at p<0.0001***¸ p<0.01**, p<0.05*.  

 

For each sampling date, there were significant differences in extractable tannin 

concentrations between sites. Site 5 had a significantly higher extractable skin tannin 

concentration compared to site 4 for most of the ripening period (Table 2.8).  At the end of 

the monitoring period, site 1 had a higher extractable skin tannin concentration than that of 

site 4, but lower than that of site 5 (Table 2.8).  

For the extractable seed tannin concentration, site 5 had the highest concentration 

compared to site 4 and site 1 (Table 2.9). Significant variations of extractable tannin 

accumulation between sites are a major struggle for winemaking in a cool climate.  

2.4.6 Extractable skin and seed tannin at harvest, Cabernet sauvignon and Pinot noir 

2020 
 

 A comparison of the extractable skin and seed tannin concentrations (µg 

epicatechin/berry) at harvest in Cabernet sauvignon and Pinot noir grapes are shown in 

Figures 2.12 and 2.13 respectively.   
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Figure 2.12: 2020 extractable skin and seed tannin concentrations in Cabernet sauvignon 

grapes from all the pre-harvest sites in the Niagara Peninsula at harvest. Sites 1 (Four Mile 

Creek), 2 (Four Mile Creek), Sites 3 (Lincoln Lakeshore), and 4 (Twenty Mile Bench). 

Different capital letters show significant difference (Tukey HSD p<0.05) between sites for 

extractable skin tannin concentration. Different lower-case letters show significant 

difference (Tukey HSD p<0.05) between sites for extractable seed tannin concentration. 

Error bars show standard error. Student t-test identified significance difference at 
p<0.0001***¸ p<0.01**, p<0.05* between extractable skin and seed tannin for each site. 

 

 

Figure 2.13: 2020 extractable skin tannin concentration in Pinot noir grapes from all the pre-

harvest sites in the Niagara Peninsula at harvest. Sites 1 (Four Mile Creek), Sites 4 (Lincoln 

Lakeshore), and 5 (St-David’s Bench). Different capital letters show significant difference 

(Tukey HSD p<0.05) between sites for extractable skin tannin concentration. Different lower-

case letters show significant difference (Tukey HSD p<0.05) between sites for extractable 

seed tannin concentration. Error bars show standard error. Student t-test identified 

significance difference at p<0.0001***¸ p<0.01**, p<0.05* between extractable skin and seed 

tannin for each site. 
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2.4.6.1 Cabernet sauvignon 2020  
 

 Site 1 (Four Mile Creek) was harvested on 11/03/2020, site 2 (Four Mile Creek) on 

10/27/2020, site 3 (Lincoln Lakeshore) on 10/20/2020, and site 4 (Twenty Mile Bench) on 

11/03/2020. No significant difference was observed between the sites at harvest for the 

extractable skin tannin (Figure 2.12). They all had between 481 and 571µg 

epicatechin/berry. The extractable seed tannin level in site 1, which was 519±18µg 

epicatechin/berry was comparable to that of sites 2 and 3 (Figure 2.12). Site 2 had a higher 

extractable seed tannin concentration than site 3 with 594±9µg epicatechin/berry compared 

to 496±17µg epicatechin/berry (Figure 2.12). Site 4 was significantly different compared to 

all the other sites and had the highest extractable seed tannin concentration with 986±30µg 

epicatechin/berry (Figure 2.12). The only significant difference between extractable skin 

and seed tannin concentrations at harvest was observed in site 4 where the grapes had more 

extractable seed tannins (Figure 2.12).  

2.4.6.2 Pinot noir 2020 
 

All three sites were found to have different extractable skin tannin levels at harvest 

(Figure 2.13). Site 4 (Lincoln Lakeshore) had the lowest level of extractable skin tannin with 

274±18µg epicatechin/berry and site 5 (St David’s Bench) had the highest with 640±35µg 

epicatechin/berry (Figure 2.13). Site 1 (Four Mile Creek) had the highest extractable seed 

tannin concentration with 2128±66 µg epicatechin/berry and site 4 had the lowest with 

1143±48µg epicatechin/berry (Figure 2.13). Site 5 had an extractable seed tannin level of 

1769±35µg epicatechin/berry (Figure 2.13).  
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2.4.7 Extractable skin and seed tannin concentrations annual variation, 2019-2020    
 

The climate, soil, grape variety, and the growing conditions have an impact on tannin 

accumulation in red grapes (Zhou et al, 2019). The vintage variation between 2019 and 2020 

in both Cabernet sauvignon and Pinot noir highlights the importance of these factors on the 

extractable skin and seed tannin accumulation in the grapes and the quality of the grape 

berries for winemaking.  

2.4.7.1 Cabernet sauvignon vintage variation, 2019-2020  
 

 As shown in Figure 2.14, site 3 (Lincoln Lakeshore) had a significantly higher 

extractable skin tannin concentration at harvest in 2020 than in 2019. Site 2 had a lower 

extractable skin tannin concentration in 2020 than in 2019, but the difference was not 

significant (Figure 2.14).  

 
Figure 2.14: Vintage variation of extractable skin tannin concentration in Cabernet 

sauvignon grapes from all the pre-harvest sites in the Niagara Peninsula at harvest. Sites 1 

(Four Mile Creek), 2 (Four Mile Creek), Sites 3 (Lincoln Lakeshore), and 4 (Twenty Mile 

Bench). Student t-test identified significance difference at p<0.0001***¸ p<0.01**, p<0.05*. 

Error bars show standard error.                              
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For the extractable seed tannin concentration, there were significant vintage 

variations as shown in Figure 2.15. For each site, there was a significant decrease in the 

concentration of extractable seed tannins at harvest (Figure 2.15). The significant 

differences observed between the 2019 and 2020 data show how variable the extractable 

tannin concentration of the Cabernet sauvignon grapes can be from one year to the next in 

the Niagara region.  

 
Figure 2.15: Vintage variation of extractable seed tannin concentration in Cabernet 

sauvignon grapes from all the pre-harvest sites in the Niagara Peninsula at harvest. Sites 1 

(Four Mile Creek), 2 (Four Mile Creek), Sites 3 (Lincoln Lakeshore), and 4 (Twenty Mile 

Bench). Student t-test identified significance difference at p<0.0001 ***¸ p<0.01**, p<0.05*. 
Error bars show standard error.  

2.4.7.2 Pinot noir vintage variation, 2019-2020  
 

 Site 1 (Four Mile Creek) was the only site with a significant vintage variation as shown 

in Figure 2.16. In 2020, the extractable skin tannin concentration in the grapes was 

significantly lower than in 2019 (Figure 2.16).  
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Figure 2.16: Vintage variation of extractable skin tannin concentration in Pinot noir grapes 

from all the pre-harvest sites in the Niagara Peninsula at harvest. Sites 1 (Four Mile Creek), 

Sites 4 (Lincoln Lakeshore), and 5 (St-David’s Bench). Student t-test identified significance 
difference at p<0.0001 ***¸ p<0.01**, p<0.05*. Error bars show standard error.  

For the extractable seed tannin concentration, there were significant vintage 

variations for all sites (Figure 2.17). The level of seed tannin dropped significantly in 2020 

compared to 2019. 

 
Figure 2.17: Vintage variation of extractable seed tannin concentration in Pinot noir grapes 

from all the pre-harvest sites in the Niagara Peninsula at harvest. Sites 1 (Four Mile Creek), 

Sites 4 (Lincoln Lakeshore), and 5 (St-David’s Bench). Student t-test identified significance 
difference at p<0.0001***¸ p<0.01**, p<0.05*. Error bars show standard error.  
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 The extractable tannin level of Pinot noir grapes, just like Cabernet sauvignon grapes, 

vary one year to the next.  This means that for both varieties, there is a need to expand our 

knowledge regarding extractable skin and seed tannin accumulation in grapes in Niagara in 

order to optimize the harvest decision which are taken considering diseases, pH, TA and 

sugar concentration.  

2.4.8 TanninAlert Database  

 

2.4.8.1 Extractable skin and seed tannin histogram distribution  
 

 The extractable skin and seed tannin concentrations (µg epicatechin/berry) of 

Cabernet sauvignon and Pinot noir from various vineyards in the Niagara region was 

monitored over a period of five years (2015-2020). The data collected was input into the 

TanninAlert Database and categorized on a scale from low to high using the 33rd and 66th 

percentile. The categorization of Cabernet sauvignon and Pinot noir are shown in Table 2.10. 

In order to assess the distribution of the extractable skin and seed tannin concentrations in 

the grapes, histograms were plotted with the data from 2015 to 2020. The extractable skin 

and seed tannin histograms of Cabernet sauvignon (n=216) and Pinot noir (n=189) are 

shown in Figure 2.18. The pre-harvest monitoring will continue in future years and the 

collected data will also be added to the TanninAlert database. With a greater number of 

monitoring seasons, the histograms will better represent the distribution of extractable skin 

and seed tannin concentrations at harvest in Cabernet sauvignon and Pinot noir grapes 

grown in the Niagara Region.   
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2.10: TanninAlert Categorization of the extractable skin and seed tannins (µg 
epicatechin/berry) at harvest of Cabernet sauvignon and Pinot noir grapes grown in the 
Niagara region on a scale from low to high from 2015-2020.  
 

 Test Method Low Medium High 
Cabernet sauvignon 

Skin 33rd & 66th percentile 40-512 513-734 735-1900 

Seed 33rd & 66th percentile 41-580 581-1126 1127-2025 

Pinot noir 

Skin 33rd & 66th percentile 187-492 493-681 682-1326 
Seed 33rd & 66th percentile 160-952 953-1793 1794-3269 

 

 

 
Figure 2.18: Histogram distribution of Cabernet sauvignon extractable skin (A) (n=189) and 
extractable seed (B) (n=189) tannin concentration at harvest sampled from 4 vineyards 
across the Niagara region and histogram distribution of Pinot noir  extractable skin (C) 
(n=216) and extractable seed (D) (n=216) tannin concentration at harvest sampled from 4 
vineyards across the Niagara region from 2015-2020.  
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2.9 Discussion  
 

The optimal harvest time to reach grape maturity is difficult to determine due to high 

variation within clusters, and within and between vineyards (Chira et al., 2009; Kennedy, 

2002; Teixeira et al., 2013).  The accumulation of extractable tannins in grapes is also highly 

influenced by climate, soil, variety, and vineyard practices (Alonso et al., 2016; Chira et al., 

2011; Del Rio et al., 2006; Koteski et al., 2019; Medina-Plaza et al., 2021; Obreque-Slier et al., 

2021; Ramos et al., 2018; Zhou et al., 2019). Pre-harvest monitoring of extractable skin and 

seed tannin concentrations in Cabernet sauvignon and Pinot noir grapes not been carried 

out in the past in the Niagara Region. The methyl cellulose precipitation method (MCP) 

quantified the extractable skin and seed tannins in grapes as (-)-epicatechin equivalents 

(µg/berry) using the (-)-epicatechin standard for the standard curve (Bindon et al., 2014; 

Sarneckis et al., 2006).  It was expected that the extractable grape skin tannin would increase 

from veraison to harvest and that the extractable seed tannin would decrease over that time.  

The extractable skin and seed tannin concentrations of Cabernet sauvignon changed 

throughout the ripening season in all studied vineyard sites. In both 2019 and 2020, the 

extractable skin tannin concentration varied from véraison to harvest or remained constant 

depending on the site. Significant increases and decreases in extractable skin tannin 

concentration were observed both years as opposed to the expected increase over time. The 

weather towards the 2019 harvest was relatively sunny and low in humidity, which enabled 

the grapes to reach maturity, based on sugar concentration, and could explain the variability 

in skin tannin concentration from early October until harvest (Vintners Quality Alliance of 

Ontario, 2019). For the extractable seed tannin concentration in 2019, all sites followed a 
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downward trend for the first weeks of ripening as expected, but this was followed by a steady 

increase until harvest. In 2020, sites 3 and 4 followed a similar trend as in 2019. The 

extractable seed tannin concentration in sites 1 and 2 increased in the first few weeks of 

monitoring before decreasing by the fourth week and reaching a constant concentration for 

the remaining of the monitoring period.  

Pinot noir is a variety that is harvested early in the season and it characterized by 

tight clusters, which makes it prone to diseases and rot like Botrytis cinerea due to its thin 

skin (Schilder, 2008). In order maintain the quality of the grapes, they are often harvested 

before they accumulate an optimal skin and seed tannin concentration.  It does explain why 

site 1 was only monitored for two weeks in 2019 and for one week in 2020. The extractable 

skin and seed tannin concentrations of Pinot noir grapes also changed significantly 

throughout the growing season in both 2019 and 2020. The extractable skin tannin 

concentration in Pinot noir remained constant from véraison to harvest or decreased 

depending on the site. The extractable seed tannin behaviour was characterized by an 

increase to reach a maximum followed by a decrease until harvest in both years.  

 The extractable skin and seed tannin behaviours observed in Cabernet sauvignon 

and Pinot noir from Niagara in 2019 and 2020 were also observed in numerous other papers. 

Studies done on Cabernet sauvignon from Australia and California observed significant 

increases and decreases throughout ripening (Hanlin et al., 2009; Harbertson et al., 2002). 

California and Niagara are at the same latitude so one might expect similar trends in the skin 

tannin accumulation in Cabernet sauvignon grapes (Bells, 2019), however, the regions grow 

different clones and have different weather patterns. Studies carried out  in warm and cool 
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climates found that the extractable skin tannin concentration remained constant from 

véraison to harvest or decreased, which agrees with the extractable tannin accumulation in 

Pinot noir (Del Rio et al., 2006; Hanlin et al., 2009; Harbertson et al., 2002; Kennedy, 2002; 

Obreque-Slier et al., 2021). The decrease associated with the extractable skin tannin 

concentration could be explained by interactions in the grapes, between extractable skin 

tannins and other macromolecules such as proteins and polysaccharides found in the cell 

wall (Bindon et al., 2011; Del Rio et al., 2006; Hanlin et al., 2009; Medina-Plaza et al., 2021). 

Previous studies have found that the interaction between phenolic compounds and the cell 

wall material was dependant on the composition of the grape skin cell wall (Beaver et al., 

2020; Medina-Plaza et al., 2019, 2021; Padayachee et al., 2012; Phan et al., 2016).  

In Australia, Chile, Spain, South Africa, Greece, and California (USA), seed tannin 

accumulation in Shiraz, Cabernet sauvignon and Syrah grapes occurred before véraison, 

reached a maximum at véraison, and then decreased until harvest (Bautista-Ortín et al., 

2012; Blancquaert et al., 2019; Downey et al., 2003, 2006; Harbertson et al., 2002; Kennedy 

et al., 2001; Kyraleou et al., 2017; Obreque-Slier et al., 2021). The same behaviour was 

observed in the extractable seed tannin accumulation in both Cabernet sauvignon and Pinot 

noir grapes from Niagara. The decrease of extractable seed tannin concentration towards 

harvest could be due to the biologically programmed oxidation to prepare for the 

lignification of the seed coat senescence, making the extractable tannins less extractable 

because the seed coat is less permeable (Bautista-Ortín et al., 2012; Kennedy, 2002; Kennedy 

et al., 2001; Obreque-Slier et al., 2010; Smith et al., 2015).  
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At harvest, the extractable seed tannin concentration in both Cabernet sauvignon and 

Pinot noir was significantly higher than the extractable skin tannin concentration in most 

sites in 2019 and 2020. Similar observations from warmer and cooler climates concur with 

the results from this project (Chira et al., 2009, 2011; Cosme et al., 2009; Harbertson et al., 

2002; Kyraleou et al., 2017; Obreque-Slier et al., 2021). Depending on the sampling date, in 

both 2019 and 2020, there were significant differences between the pre-harvest sites. These 

differences were also observed in previous studies that analyzed tannin concentration in 

different vineyards (Mattivi et al., 2009; Medina-Plaza et al., 2021; Harbertson et al., 2002; 

Zhou et al., 2019). The extractable skin and seed tannin’s behaviour observed in Cabernet 

sauvignon and Pinot noir grapes grown in Niagara was highly variable between sites and 

between growing seasons. Reasons for this could be explained by the differences in soil 

types, vineyard management, clones or rootstocks (Obreque-Slier et al., 2010; Pérez-

Magariño et al., 2002). Different soil management techniques and training techniques have 

been cited as factors affecting the tannin concentration as well as the mineral supply, and the 

ability of the soil to sufficiently retain water without water-logging (Blancquaert et al., 2019; 

Kemp et al., 2011; Teixeira et al., 2013). Depending on the altitude, different temperatures 

of airflow could influence the mesoclimate of the vineyard (Shaw, 2005). Additionally, 

certain sites had more light exposure than others, thus more phenolic compound synthesis 

in the plant (Swain et al., 1970; Del Rio et al., 2006). The quantity and the quality of the light 

that grapes receive during ripening influences the potential tannin accumulation in skins 

(Blancquaert et al., 2019; Teixeira et al., 2013). Further, the size of the berry can affect the 

tannin concentration in grapes. Bigger berries have a higher number of seeds, which directly 

increases the seed tannin concentration per berry hence the astringency in wines (see 
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Appendix i and ii.)(Del Rio et al., 2006; Harbertson et al., 2002; Wang et al., 2019). Heat can 

also impact tannin synthesis in the grapes during ripening (Del Rio et al., 2006; Spayd et al., 

2002; Teixeira et al., 2013). 

Vintage variations were observed in both Cabernet sauvignon and Pinot noir. The 

extractable skin tannin concentration in grapes at harvest was similar in both years. 

However, the extractable seed tannin concentration changed significantly. The main cause 

for vintage variations is the climate, or more precisely, the temperature and the sunlight 

(Chira et al., 2011; Downey et al., 2006). Vintage variations in Pinot noir, Cabernet sauvignon, 

and Syrah from warm and cool climates were observed in previous studies as well 

(Blancquaert et al., 2019; Chira et al., 2009, 2011; Del Rio et al., 2006; Hanlin et al., 2009; 

Kyraleou et al., 2017; Zhou et al., 2019). The ripening season in 2019 was characterized by 

lower and wetter conditions (Vintners Quality Alliance of Ontario, 2019), whereas the 2020 

ripening season was hotter and dryer than normal (Vintners Quality Alliance of Ontario, 

2020). It was an ideal season for grape growing in Niagara with only isolated major weather 

events like thunderstorms (Vintners Quality Alliance of Ontario, 2020). The disease pressure 

was lower in 2020 leaving the grapes more time on the vine to ripen and accumulate 

aromatic compounds, pigments, and tannins without risking a drop in quality at harvest. The 

amount of rainfall was also less in 2020 compared to 2019. According to the wine and grape 

industry from Ontario, 2020 was a perfect year for grape growing and will lead to high 

quality wines (Vintners Quality Alliance of Ontario Report 2020). The vintage variation from 

2019 and 2020 highlights the major struggle in Niagara, which is to have a constant optimal 

ripening season that yields high quality grapes for winemaking. With the TanninAlert 

database, appropriate winemaking techniques are matched to the tannin levels at harvest in 
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order to optimize the tannin concentration in the wine extracted from skins and seeds to 

minimize the vintage effect.  

2.10 Conclusion  
 

Red wine’s quality is directly affected by the phenolic content that modulates the mouthfeel 

of red wine.  Therefore, consideration of the extractable grape tannin concentration at 

harvest is important in order to have high quality grapes to produce high quality red wine. 

In the cool climate of the Niagara region, it is hard to predict the perfect harvest time due to 

environmental factors, viticultural practices, and grape varieties (Zhou et al, 2019). Soluble 

solids (°Brix) and titratable acidity are usually the factors used to determine the ripeness of 

the grapes, but they do not guarantee nor take into consideration the grapes’ tannin 

concentration (Zhou et al, 2019). Measuring extractable grape skin and seed tannin to take 

these values into consideration for harvest date can help ensure extractable tannin is 

incorporated into the harvest date decision as a quality parameter.  The accumulation of 

extractable skin and seed tannins in the grape berries varies based on the location in the 

grape and on the variety. The quantification of extractable skin and seed tannins separately 

helps to better understand the amount of potential tannin extraction during fermentation 

and choose the appropriate winemaking technique to improve the colour and mouthfeel of 

red wines. Various observations regarding the extractable skin and seed tannin 

accumulation in grapes have been published, but there does not seem to be a trend for each 

variety, or for warm vs cool climate. This is why the TanninAlert database is important for 

Niagara winemakers and grape growers. This project fills a gap in knowledge for tannin 

accumulation in Vitis vinifera grapes grown in the cool climate of Niagara. 
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Chapter 3. Winemaking optimization of Pinot noir using pectolytic 

enzymes to improve skin and seed tannin extraction from locally grown 

grapes 
 

Charlene Marcotte performed the laboratory analysis of the grapes and wines displayed in 

all figures and tables and carried out all statistical data analysis. Ethanol content was 

measured with the assistance of Lisa Dowling (CCOVI technician). Grape processing at 

harvest was carried out by Charlene Marcotte with assistance from Rachel Gerroir (CCOVI 

Research Assistant), Leah de Felice Renton (MSc student), Hannah Charnock (PhD student), 

Alex Gunn (CCOVI technician), Stephanie Bilek (CCOVI technician), Marc Willwerth (harvest 

research assistant), and Tom Willwerth (harvest research assistant). Charlene Marcotte set 

up all fermentations, monitored them and bottled all the wines. For bottling Charlene had 

help from Rachel Gerroir (CCOVI Research Assistant) and Lisa Dowling (CCOVI technician). 

Charlene Marcotte wrote this chapter with editing assistance provided by Charlene 

Marcotte’s supervisors: Dr. Inglis and Dr. Kemp and by her committee members: Dr. 

Pickering and Dr. Stuart.  

 

3.1 Abstract  
 

This project aimed to test different winemaking techniques for Ontario Pinot noir 

over two vintages by considering extractable tannin values in the skin and seed at harvest to 

improve tannin extraction for wine production. To that end, extractable skin and seed tannin 

values were measured in wine grapes at harvest using our previously established method 

(see Chapter 2 section 2.3) and categorized as low, medium, or high prior to winemaking 

using the TanninAlert database. In 2019, extractable skin and seed tannins were categorized 

as medium and high, respectively. The focus was on skin tannin addition and pectolytic 

enzyme addition during winemaking in 2019. The results showed that the enzyme treated 

wines had a higher tannin extraction and tannin retention over time. In 2020, the extractable 

skin tannin concentration in the grapes was categorized as high and the seed tannin 

concentration as low, which was an optimal tannin ratio. The treatments for the second year 
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of winemaking built upon the results of 2019, testing two types of enzymes for their ability 

to release extractable skin tannin: pectolytic and cellulosic enzymes. The results showed an 

increased extractable tannin concentration in wines treated with both enzymes. The 

extractable tannin concentration remained the same over time with no significant loss of 

tannins 6 months post-pressing. The mix of pectolytic and cellulosic enzymes appears to be 

well-suited for improving the balance and mouthfeel of Ontario Pinot noir wines produced 

in the cool climate region of Niagara.  

3.2 Introduction  
 

The perceived quality of red wine is determined by its taste, mouthfeel, and colour. 

These parameters are highly influenced by the phenolic compounds found in grapes and 

ultimately in the wine, and their interactions with other macromolecules (Soares et al., 2020; 

Wilhelmy et al., 2021). The most important phenolic compounds in wine are the 

proanthocyanidins, also called condensed tannins, and the anthocyanins (Cheynier et al., 

2006; Gouot et al., 2019). Their concentration in grapes depends on the variety, the climate, 

the soil, the vintage year, and the degree of maturity of the grape at harvest (Niculescu et al., 

2018; Obreque-Slier et al., 2010; Rousserie et al., 2019).  

Grape skin tannins are mostly responsible for colour stabilization during winemaking 

and aging since they are known to bind to grape pigments that originate in the skin (Conde 

et al., 2008) and trap them in a coloured form (Margalit, 1997, p.127). Skin tannins  are found 

in the vacuole of grape skin cells (Casassa, 2017). They are extracted early during 

fermentation, within the first 2-3 days (Pappas et al., 2015; Rousserie et al., 2019). They 

diffuse into the must following the disruption of the cell wall (Rousserie et al., 2020).  



 
 

110 
 

Seed tannins are responsible for the bitter and astringent mouthfeel in red wines 

(Smith et al., 2015; Arnold et al., 1980). Seed flavan-3-ols are located in the thin-wall cells 

between the external cuticle and the inner lignified layers of the seed (Casassa, 2017). The 

vast majority of the tannins in the grape are concentrated in the seeds (Casassa, 2017). 

Towards harvest, there is a biologically programmed oxidation that occurs in the seeds to 

prepare for the lignification of the seed coat senescence, which makes the tannins less 

extractable because the seed coat is less permeable (Bautista-Ortín et al., 2012; Kennedy, 

2002; Kennedy et al., 2001; Obreque-Slier et al., 2010; Smith et al., 2015). If the seed coat is 

not completely lignified by harvest, then the extraction of tannins from seeds can be 

excessive and results in a bitter and unpleasant mouthfeel. In a cool climate, winemakers are 

often facing this problem with maceration of the wine on the skin and seeds when they are 

trying to extract as much colour from the grape skins as possible and also end up extracting 

extensive tannins from the seeds. 

When grapes are crushed, tannins come in contact with other molecules such as 

polysaccharides and proteins. This contact allows the tannins to bind with polysaccharides 

and proteins molecules through hydrogen bonding and hydrophobic interactions. It can 

remove the tannins from the wine through adsorption to an insoluble material containing 

these polysaccharides and proteins or precipitation due to the size of the complex, resulting 

in lower extraction into the wine (Busse-Valverde et al., 2012; Casassa, 2017).  

Anthocyanins are the main natural pigments in red grapes, contributing to colour 

stabilization, critical to the perceived quality of red wine (He et al., 2012; Marquez et al., 

2013; Vignault et al., 2019). They are found in the upper layers of the hypodermis of red 
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grape berry varieties (Bautista-Ortín et al., 2016; Cheynier et al., 2006; Casassa et al., 2019; 

Gouot et al., 2019). Their diffusion into the must occurs when the breakdown of two 

biological barriers occurs: cell wall and the tonoplaste of the vacuoles  (Casassa, 2017; Sacchi 

et al, 2005). Their affinity for polar solutions favours the diffusion process into the must 

(Casassa, 2017).  

Pinot noir wines produced in cooler climates are often lighter in colour due to the lack 

of skin tannin levels required for color stabilization (Sparrow et al, 2021; Shaw, 1999). They 

are also high in astringency due to a high seed tannin concentration in the wines, which were 

extracted from unripe seeds (Del Rio et al., 2006; Morata, 2018). Measuring seed and skin 

tannins in red grape varieties in Ontario and then tailoring winemaking procedures based 

on the tannin profile of the grapes is essential for optimizing skin tannin extraction during 

winemaking without over-extracting seed tannin.  

Previous work has shown that enzyme addition and skin tannin addition contribute 

positively to the tannin retention and colour stabilization in Syrah, Merlot, Monastrell and 

Pinot noir variety from cool and warm climates (Chen et al, 2016; Ducassse et al, 2010; Osete-

Alcaraz et a, 2019; Parley et al, 2001). The cell wall of the grape berry is considered the main 

obstacle to the extraction of tannins and anthocyanins into the must (Wei et al, 2020). The 

addition of pectolytic enzymes, cellulosic enzymes, and skin tannins could prove to be useful 

in degrading the cell wall and increase the skin tannin and pigment concentration without 

having to increase the maceration time, which could avoid an over-extraction of the seed 

tannin concentration and bitterness in the wine (Casassa, 2017; Wei et al, 2020, Ducasse et 

al, 2010).  
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The main purpose of this present study was to investigate and determine (1) the level 

of extractable skin and seed tannin in grapes of Pinot noir grown in the cool climate of 

Niagara at harvest; (2) determine whether the addition of pectolytic enzymes, skin tannins, 

or a mix of pectolytic and cellulosic enzymes during winemaking would enhance extractable 

tannin retention in the wines.  

3.3 Materials and Methods  
 

3.3.1 Vineyard Sites  
 

From véraison to harvest, Pinot noir grapes from site 5 (shown in Fig 3.1) were 

monitored each week to determine the extractable tannin concentration in the skins and the 

seeds. The site was situated in the St-David’s Bench region. The soil type was Lacustrine Silty 

Clay and the 115 clone was planted on a SO4 rootstock. The crop level of this site was 3.5 

tonnes per acre. 

 
 

Figure 3.1: Locations of Pinot noir site 5 for 2019 and 2020. Modified map published by 
Vintners Quality Alliance of Ontario.  
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3.3.2 Pre-harvest grape monitoring, skin and seed tannin extraction and analysis  
 

Pinot noir grapes from site 5 were monitored each week for their skin and seed 

extractable tannin concentration. The method used for tannin extraction and analysis are 

explained in Chapter 2 (sections 2.3.2.2 to 2.3.2.4).  

3.3.3 Harvest and grapes processing  

 
For both 2019 and 2020, Pinot noir grapes were hand harvested at site 5 with the 

help of CCOVI students and technicians. In 2019, harvest occurred on September 26, and in 

2020 on September 23. The harvest decision was based on the sugar ripeness level of the 

grapes determined by the soluble solids in the must (°Brix). Regulations from the Ontario 

Wine Appellation Authority (Vintners Quality Alliance, VQA), states that for a Pinot noir wine 

to be considered VQA, the grapes must be harvested with a minimum °Brix of 18.5 (Vintners 

Quality Alliance of Ontario). This means that the grapes were picked when the Brix was 

higher than °18.5. In total, 300 kg of grapes were hand-picked with the help of other graduate 

students and CCOVI staff. Healthy grapes were carefully picked to minimize the amount of 

rot and mold, which could impact wine quality. The fruit was brought back to the CCOVI pilot 

winery for processing.  

The grapes were separated into 12 fermentation bins of 30L each (Bosagrape Winery 

Supplies, Burnaby, Canada). Four bags of 30 berries were collected from each bin. The bags 

were labelled and frozen in the -18°C freezer for skin and seed analysis. The grapes in each 

bin were crushed and destemmed (Criveller Co., Niagara Falls, Canada) and transferred into 

their respective fermentation bins. Each bin had 25 kg of grapes.   
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3.3.4 Winemaking  

 
Different winemaking techniques were used in 2019 compared to 2020, but the 

impact of enzyme addition on the total extractable tannin concentration in the wines was 

studied both years. The commercial yeast S. cerevisiae EC1118 (Lallemand Inc, Montreal, 

Canada) was used for all fermentations and inoculated at a rate of 0.3 g/L of must. The yeast 

build-up followed the manufacturer’s instructions. The yeast nutrient Go-Ferm (Lallemand 

Inc, Montreal, Canada), was added during the rehydration of the yeast at the rate of 1g of Go-

ferm/g of yeast.   

3.3.4.1 Winemaking 2019  
 

In 2019, there were four different treatments fermented in triplicate: control, skin 

tannin addition (T1), pectolytic enzyme addition (T2), and skin tannin addition + pectolytic 

enzyme addition (T3). These winemaking techniques were chosen to optimize skin tannin 

extraction during fermentation without over-extracting seed tannins. The fermentation 

vessels (Bosagrape Winery Supplies, Burnaby, Canada) were coded as follows Control (C1, 

C2 and C3); treatment 1: Skin tannin addition (T1.1, T1.2 and T1.3), treatment 2: Pectolytic 

enzyme addition (T2.1, T2.2, T2.3) and treatment 3: Skin tannin and enzymes addition (T3.1, 

T3.2 and T3.3). 

Skin tannins were added to treatments 1 and 3 on the second day of fermentation at 

a rate of 0.4g/L of skin tannin UVAN’TAN SOFT (Scott’s lab, Niagara-On-The-Lake, Canada) 

and were sprinkled on the must after punch down, as per the manufacturer’s instructions. 

Pectolytic enzymes were added to treatments 2 and 3, also on the second day of fermentation 

as recommended by the manufacturer. In each triplicate, 0.05g/L of LAFASE HE GRAND CRU 
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(LAFFORT, FRANCE) was incorporated to the must after doing a punch down. Schematic 

representation of the different treatments is shown Figure 3.2.  

A nitrogen addition was needed for Pinot noir in 2019 in order to reach an average 

concentration of 250mg/L of assimilable nitrogen (see Table 3.2). Fermaid-K (Scott’s lab, 

Ontario, Canada) was added at two different times for a total addition of 200 mg N/L. The 

first time was on the second day of fermentation, and the second time was when soluble 

solids levels had reached 14 °Brix. For both additions, the powder was added after the punch 

down, and mixed with 10x its weight in deionized water. 

Cap management was carried out twice a day using a stainless-steel plunger for punch 

downs (Cellar-Tek Supplies Ltd, St-Catharines, Canada). Temperature and °Brix level were 

measured twice daily after the punch downs. The °Brix level was measured using a 

hydrometer (Fisher Scientific, USA). When the °Brix level reached zero, a specific gravity 

hydrometer (W9. A.E. Busby Ltd., London, UK) was used. Wines were considered dry when 

the soluble solids reached 0.00 and the specific gravity reached 0.990. All fermentations took 

between 5 to 7 days to reach completion. 

After completion of the fermentation, Pinot noir wines were pressed using a 20L 

vertical hydro balloon press (EnoRossi, Calzalaro, Italy). Pressure was held at 2 bars for 1 

minute. Wines were transferred into 10L glass carboys, and gassed with CO2 to limit 

oxidation. The wines were left to settle for four days at room temperature before racking.  

Wines were inoculated for malolactic fermentation (MLF) using Oenococcus Sp. 

(ALPHA 1-step, LALLEMAND, France). The activation of the bacteria was carried out 

following the manufacturer’s instructions. For each wine, 40ml of activated bacteria was 
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added and mixed with a stainless-steel plunger. CO2 was added to limit oxidation during the 

MLF. Monitoring of malic acid levels and pH was carried out every two days using the FOSS 

(WineSan FT120, FOSS, HillerØd, Denmark). At the end of MLF, 30 ppm of sulfur dioxide 

(SO2) was added to the wines using potassium metabisulfite (KMS) to protect them from 

microbial contamination and oxidation. All wines were gassed with CO2 then transferred to 

the 10°C room for storage until ready for filtering and bottling (see section 3.3.5). The 

concentration of free SO2 was maintained such that when taking pH into account, there was 

a minimum of 0.5mg/L of molecular SO2 and was checked every three weeks. All wines had 

between 25-30ppm of free SO2 at bottling.  
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Figure 3.2: Schematic representation of the winemaking techniques used for Pinot noir in 
2019. 
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3.3.4.2 Winemaking 2020 

 
In 2020, the winemaking protocols were chosen based on the significantly increased 

tannin extraction and retention during aging observed in enzyme treated wines in 2019. The 

focus of the study was the impact of the addition of two different enzymes. The first enzyme 

used was a pectolytic enzyme preparation with no other enzymes present, while the second 

was a mixed preparation containing both cellulosic and pectolytic enzymes. The pectolytic 

enzymes were LAFASE HE GRAND CRU (LAFFORT, FRANCE) and the cellulosic enzymes 

were ULTRASI DarkBerry (A.O. Wilson, Kelowna, Canada). There were three treatments and 

a control fermented in triplicate: Control, He Grand Cru (T1), DarkBerry (T2), and He Grand 

Cru + DarkBerry (T3). The fermentation vessels (Bosagrape Winery Supplies, Burnaby, 

Canada) were coded as follows control (C1, C2 and C3); treatment 1: Pectolytic enzyme 

addition He Grand Cru (T1.1, T1.2 and T1.3), treatment 2: Cellulosic enzyme addition 

DarkBerry (T2.1, T2.2, T2.3) and treatment 3: He Grand Cru + DarkBerry (T3.1, T3.2 and 

T3.3). Schematic representation of the different treatments is shown Figure 3.3.  

The He Grand Cru enzyme (pectolytic enzyme) was added to all replicate 

fermentations of treatments 1 and 3. In each triplicate, 0.05g/L of LAFASE HE GRAND CRU 

(LAFFORT, FRANCE) were incorporated into the must after a punch down. The DarkBerry 

enzyme (cellulosic + pectolytic enzyme mixtures) was added to all replicate fermentations 

of treatments 2 and 3. They were added at a concentration of 0.04g/L to the must as 

suggested by the manufacturer after punch downs. In treatment 3, the amount of enzyme 

was doubled compared to T1 and T2 since two types of enzymes were added. Both enzyme 
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preparations were added on the second day of fermentation according to manufacturer’s 

instructions.  

Nitrogen addition was required for Pinot noir in 2020 to reach an average 

concentration of 250mg/L of assimilable nitrogen in each fermentation (See Table 3.7). 

Fermaid-K (Scott’s lab, Ontario, Canada) was used in both 2019 and 2020. The addition was 

carried out at two different times. The first addition was done on the second day of 

fermentation and the second addition was done when soluble solids reached 14°Brix. For 

both additions, the powder was added after punch down, and mixed with 10x its weight in 

deionized water. 

Cap management was done twice a day using a stainless-steel plunger for punch 

downs (Cellar-Tek Supplies Ltd, St-Catharines, Canada). Temperature and °Brix level were 

measured twice daily after the punch downs. The °Brix level was measure using a 

hydrometer (Fisher Scientific, USA) to follow the progression of fermentation. Wines were 

considered dry when the concentration of residual sugars was below 2g/L as measured by 

FOSS (WineSan FT120, FOSS, HillerØd, Denmark). All fermentations took between five to 

seven days to reach completion.  

After the completion of fermentation, Pinot noir wines were pressed following the 

same steps as in 2019. Wines were then transferred into 20L glass carboys and gassed with 

CO2 to limit oxidation. The wines were left to settle for four days at room temperature and 

were then racked.  

The 2020 wines went through a second fermentation. They were inoculated for 

malolactic fermentation (MLF) using Oenococcus Sp. (ALPHA 1-step, LALLEMAND, France). 
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The protocol for inoculation followed the steps described in section 3.3.4.1. The monitoring 

of malic acid level and pH was carried out every two days using the FOSS (WineSan FT120, 

FOSS, HillerØd, Denmark). After MLF, 40ppm of sulphites (SO2) was added to the wines using 

potassium metabisulfite (KMS) to protect them from microbial contamination. All wines 

were gassed with CO2 and transferred in the 10°C room for storage until filtering and bottling 

(see section 3.3.5). The concentration of SO2 was maintained at 0.5mg/L of molecular SO2, 

and checked every three weeks. All wines had between 35-50ppm of free SO2 at bottling.  
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Figure 3.3: Schematic representation of the winemaking techniques used for Pinot noir in 
2020. 
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3.3.5 Chemical analysis of juice and wine 

 
After crushing and destemming, juice samples were taken from each fermentation 

vessels for analysis. The soluble solids (°Brix) were analyzed with an AABE refractometer 

(American Optical, Buffalo, USA). The pH was analyzed using a pH meter SympHony B10p 

(VWR, Radnor, USA). Calibration of the pH meter was done using standards of pH 4.0, pH 7.0, 

and pH 10.0 (ACP Chemicals, Quebec, Canada). For the titratable acidity (TA), the Iland et al, 

(1993) method was used. For the analysis of acetic acid (g/L), L-malic acid (g/L), D-Lactic 

acid (g/L), yeast assimilable nitrogen (YAN) (g/L), and residual sugars (g/L) enzyme kits 

(Acetic Acid Megazyme International Ireland, Bray Company, Wicklow, Ireland) were used: 

K-ACET, K-DLATE, L-LMALL, K-PANOPA and K-AMIAR. The latter two were used to 

determine the primary amino acid and ammonia concentration to report the YAN. The K-

FRUGL kit was used to determine D-fructose and D-glucose to report the total concentration 

of residual sugars (g/L). The absorbance was read on the Cary-60 UV-VIS spectrophotometer 

(Agilent Technologies, Mississauga, Canada). The free and total sulfur dioxide (SO2) 

measurements were carried out according to the aspiration method in Iland et al, (1993). 

The legal limit for free sulfur dioxide in wine is 50ppm and for total sulfur dioxide the limit 

is 300ppm (Vintners Quality Alliance of Ontario). The ethanol concentration (% v/v) in final 

wines was determined by gas chromatography (GC) using a Hewlett-Packard 6890 series gas 

chromatograph (Agilent Technologies Inc, California, USA) coupled with a flamed ionization 

detector (FID), split-split-less injector, and Chemstation software (Agilent, California, USA). 

The total extractable tannin concentration was measured using the methyl cellulose 

precipitation assay (MCP) in accordance the method described in Sarneckis et al, (2016) and 

Smith et al, (2007) and explained in section 2.3.4.3 of this document. See Figure 2.4 for a 
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schematic representation of the MCP tannin assay procedure. The total phenolic assay 

followed the protocol described in Iland et al, (1993). All samples were analyzed in duplicate 

at wine pH and at pH 3.5 (Figure 3.4). 

3.3.6 Filtering and Bottling  

 
  Filtering was carried out three days prior to bottling the wines and using filter pads 

(6 µm) Super Jet number 1 (Buon Vino Manufacturing Inc., Cambridge, Canada), and the Flow 

jet filter model D48X002B (Buon Vino Manufacturing Inc., Cambridge, Canada). The filter 

pads were submerged in a solution of distilled water and 3.5g/L of citric acid (Scott’s Lab, 

Ontario, Canada) and 0.75g/L of KMS (Scott’s Lab, Ontario, Canada) before they were placed 

in the Flow jet filter equipment. Free and total SO2 along with pH were measured to make 

sure the wines had a minimal molecular concentration of 0.5mg/L of sulfites. All wines were 

gassed with carbon dioxide (CO2), and sealed with rubber bungs until bottling and kept in 

the 10°C room. 

Wines were bottled using a 4-spout manual filler (Criveller Co., Niagara Falls, 

Canada). For each wine, a case of twelve Bordeaux style bottles (Vines to Vintages, Jordan 

Station, Canada) were filled to 750ml, labelled, and numbered. All bottles were corked using 

a Bertolaso semi automatic corker (Criveller Co., Niagara Falls, Canada). The corks were 

44x24mm agglomerated corks (VINC Corks ISO 20752, Vines to Vintages, Ontario, Canada). 

The bottles were then stored in the cellar (Brock University, St-Catharines, Canada) at 15 °C 

until sensory analysis.  
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3.3.7 Statistical Analysis  

 

Statistical analysis included Analysis of Variance (ANOVA) with mean separation by 

Tukey’s post hoc test with a significance level of 0.05 and Student’s T-Test (p<0.05, p<0.01, 

p<0.001) using Microsoft XLSTAT (Version 2020.3.1, Addinsoft, Paris, France). Data with the 

same letter were not significantly different and data with different letters were considered 

to be significantly different. 

3.4 Results  
 

3.4.1 Pinot noir Winemaking in 2019  
 

 The winemaking treatments used for Pinot noir in 2019 focussed on the impact of 

pectolytic enzyme addition and skin tannin addition into the fermenting must.   

3.4.1.1 Percentile range of the skin and seed tannin concentrations at harvest, 2019  
 

Using the categorization of the TanninAlert Database with the 33rd and 66th 

percentile, the skin, and seed tannin levels at harvest for Pinot noir in 2019 were in the 

medium and high category respectively (see Table 3.1). It is a typical profile for skin and seed 

tannin concentrations at harvest for Pinot noir in the cool climate Niagara region (Kemp et 

al., 2019). The skin tannin concentration was lower than seed tannin concentration, which is 

in agreement with findings from Sparrow et al, 2016; Del Rio et al, 2006; Kennedy et al, 2017.  

Table 3.1: Skin and seed tannin concentrations of Pinot noir (site 5) at harvest in 2019 

Test Method Low Medium High Site 5 

Skin 33rd & 66th percentile 187-492 493-681 682-1326 562 

Seed 33rd & 66th percentile 160-952 953-1793 1794-3269 3124 
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3.4.1.2 Extractable skin and seed tannin concentration comparison at harvest  
 

The extractable skin and seed tannin concentrations were measured for all treatment 

batches at harvest prior to any experimental additive additions (Figure 3.4).  

 

Figure 3.4: Extractable skin and seed tannins in Pinot noir grapes at harvest in 2019. Grapes 

were separated for various experimental treatments, but the skin and seed analysis were 

done prior to any treatment additions. An analysis of variance (ANOVA) was performed for 

each treatment. Different capital letters represent significant differences (Tukey HSD 

p<0.05) in extractable skin tannin concentration between treatments. Different lower-case 

letters represent significant differences (Tukey HSD p<0.05) in extractable seed tannin 

concentration between treatments. Student T-test identified significance difference at 

p<0.0001***¸p<0.01**, p<0.05*. Error bars represents standard error of the means.  

 

Since the measurements of the extractable skin and seed tannins in each batch was 

performed prior to the application of winemaking treatments, the expected results were that 

there would be no difference between the wines. The extractable seed tannin level was 

significantly higher than the extractable skin tannin levels for all treatment batches as shown 

in Figure 3.4. The extractable skin tannin concentration was similar for most treatment 

batches as expected with the exception of treatment 3: Skin tannin addition and enzyme 
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addition (Figure 3.4). Treatment 3 had a significantly higher extractable skin tannin 

concentration. The same observation can be made for the seed tannin concentration in 

treatment 3. 

3.4.1.3 Juice Chemistry 

 At harvest, the juice chemistry of each treatment batch was analyzed prior to any 

treatment addition. The results are shown in Table 3.2 with no significant differences 

between any of the treatments for pH, soluble solids (°Brix), titratable acidity, acetic acid, 

and yeast assimilable nitrogen (YAN).  

Table 3.2: Juice chemistry of Pinot noir at harvest in 2019.  

 Control 
Skin tannin 

addition 
Enzyme 
addition 

Skin tannin and 
enzyme addition 

pH 3.08±0.00a 3.06±0.01a 3.05±0.02a 3.08±0.02a 

Soluble solids 
(°Brix) 20.0±0.1a 20.0±0.2a 19.9±0.6a 19.7±0.6a 

Titratable acidity 
(g/L tartaric acid) 8.5±0.1a 8.7±0.6a 8.3±0.1a 8.5±0.4a 

Acetic Acid (g/L) <0.02±0.00a <0.02±0.00a <0.02±0.00a <0.02±0.00a 

Yan (mg N/L) 54.19±7.14a 58.51±15.74a 57.15±8.83a 57.65±6.32a 

The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 

Tukey post hoc were performed. Different letters show significant differences in each row.  

 

Considering that the 300kg of grapes were harvested within the same rows of the 

vineyard and were separated equally into 12 fermentation vessels, these results were 

expected. The acetic acid levels were below the detection level, and the YAN concentration 

was below the necessary level for fermentation and was adjusted to 250mg of N/L (see Table 

3.2). 
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3.4.1.4 Wine chemistry  
 

The final wine chemistry was analyzed nine months post-pressing. The results can be 

found in Table 3.3.  

Table 3.3: Wine chemistry of Pinot noir in 2019.  

 Control 
Skin tannin 

addition 
Enzyme 
addition 

Skin tannin 
and enzyme 

addition 

pH 3.35±0.01a 3.35±0.06a 3.32±0.03a 3.36±0.04a 

Titratable acidity (g/L 
tartaric acid) 7.9±0.1b 8.2±0.1a 8.2±0.1a 8.1±0.0ab 

Malic Acid (g/L) 0.00±0.00a 0.01±0.00a 0.01±0.00a 0.00±0.00a 

Acetic Acid (g/L) 0.19±0.01a 0.20±0.01a 0.18±0.01a 0.17±0.01a 

Lactic Acid (g/L) 1.62±0.09a 1.74±0.24a 1.49±0.17a 1.62±0.11a 

Residual sugars (g/L) 1.28±0.05a 1.21±0.04a 1.26±0.08a 1.21±0.02a 

Ethanol (% v/v) 11.5±0.2a 11.4±0.3a 11.3±0.5a 11.1±0.5a 
The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 

Tukey post hoc were performed. Different letters show significant differences in each row. 

All treatments had a similar pH, around 3.3, and an alcohol level around 11% (Table 

3.3). The concentrations of acetic, malic, and lactic acid were also comparable between all 

treatments. The residual sugars concentration in each treatment was below 1.5g/L. The only 

significant difference was found between the control, treatment 1 (skin tannin addition) and 

treatment 2 (enzyme addition) in terms of titratable acidity (TA) (see Table 3.3), although 

the difference in TA is quite small. The TA was lower in the control wine compared to T1 and 

T2, but T 3 (skin tannin and enzyme addition) was not significantly different from the control 

nor T1 and T2.  
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3.4.1.5 Colorimetric analysis results  

 Colorimetric analyses were carried out on the final wines nine months post-pressing 

in 2019. The results are shown in Table 3.4. No differences were observed between the 

treatments.  

Table 3.4: Colorimetric analysis in Pinot noir 2019 wines (9 months post-pressing).  

 Control 
Skin tannin 

addition 
Enzyme 
addition 

Skin tannin 
and Enzyme 

addition 

Total Phenolics (a.u.) 156±7a 164±5a 167±11a 155±13a 

Wine colour density (a.u.) 2.12±0.06a 2.28±0.53a 2.39±0.16a 2.62±0.45a 

Wine colour hue (a.u.) 1.06±0.15a 0.94±0.14a 0.85±0.03a 0.89±0.04a 

Degree of red pigment 
coloration (%) 4.88±2.65a 6.47±4.08a 4.52±1.40a 4.65±0.74a 

Estimate of SO2 resistant 
pigments (a.u.) 0.81±0.14a 0.77±0.12a 1.20±.017a 1.14±0.23a 

The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 

Tukey post hoc were performed. Different letters show significant differences in each row. 

3.4.1.6 Wine extractable tannin concentration over time in 2019 
 

The extractable tannin concentration was measured post-pressing, at three months 

post-pressing and at nine months post-pressing. Due to COVID restrictions, the 6-month time 

point was not collected. Overall, the addition of pectolytic enzymes significantly increased 

the concentration of extractable tannins in the wines and tannin retention over time.  

Results in Table 3.5 show the comparison of extractable tannins between treatments 

over time. For each time point, no significant difference was observed between the control 

and the skin tannin addition treatment as shown in Table 3.5. Wines with enzymes had a 

significantly higher extractable tannin concentration for each time point compared to the 

control and the skin tannin added wines (Table 3.5).  
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Table 3.5: Comparison of extractable tannin concentration (epicatechin ug/ml) between 

treatments at three different timepoints in the 2019 Pinot noir wines.  

Treatments 
Pressed  

wine 
3 months post 

press 
9 months post 

press 

Control 701±120b 748±72B 389±73b 

Skin tannin 
addition 715±102b 716±84B 471±70b 

Enzyme addition 1007±137a 985±124A 717±141a 

Skin tannin and 
enzyme addition 1073±133a 996±74A 729±124a 

The extractable tannins from the four treatments were compared in the initial pressed wine, at 3 

months and at 9 months in Pinot noir 2019 wines. The data shown are the mean values ± SD where 

N=3. Analysis of Variance ANOVA done comparing treatments (p=0.05) and Tukey post hoc were 

performed. Different letters in each column represent significant differences.  

 

Figure 3.5 shows the evolution of extractable tannin within treatments over time.  For 

each treatment, there was no significant change in terms of total extractable tannins between 

pressed wines and three months post-pressing as shown in Figure 3.5. At nine months post-

pressing, there was a significant decrease in the extractable tannin concentration for all 

treatments (Figure 3.5).  
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Figure 3.5: Evolution of extractable tannins in Pinot noir 2019 wines within each treatment. 

An analysis of variance (ANOVA) was performed for each time point. Different capital letters 

represent significant differences (Tukey HSD p<0.05) at each time point for control wines. 

Different lower-case letters represent significant differences (Tukey HSD p<0.05) at each 

time point for treatment 1: Skin tannin addition. Different lower-case letters in italic 

represent significant differences (Tukey HSD p<0.05) at each time point for treatment 2: 

Enzyme addition. Different lower-case letters in bold represent significant differences 

(Tukey HSD p<0.05) at each time point for treatment 3: Skin tannin addition + enzyme 

addition.  Error bars represents standard error of the means. 

3.4.2 Pinot noir Winemaking 2020  

 For 2020, the winemaking techniques focussed on the impact of adding pectolytic 

enzymes to the fermenting must as well as cellulosic enzymes to establish their affect on the 

extractable tannin concentration in the wines.  

3.4.2.1 Percentile range of the skin and seed tannin concentrations at harvest, 2020 
 

Pinot noir extractable skin and seed tannin levels at harvest in 2020 were categorized 

in the high and low category respectively. The extractable skin tannin concentration was 

higher than the extractable seed tannin concentration as shown in Table 3.6. It is not a typical 

profile for extractable skin and seed tannin concentrations at harvest for Pinot noir in the 
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cool climate Niagara region (Kemp et al., 2019). The extractable skin tannin concentration is 

usually lower than extractable seed tannin concentration. Results from the 2020 harvest are 

in contrast to previous studies from Sparrow et al, (2016), Del Rio et al, (2006), and Kennedy 

et al, (2017). 

Table 3.6: Extractable skin and seed tannin concentrations of Pinot noir (site 5) at harvest in 
2020 

Test Method Low Medium High Site 5 

Skin 33rd & 66th percentile 187-492 493-681 682-1326 697 

Seed 33rd & 66th percentile 160-952 953-1793 1794-3269 798 
 

3.4.2.2 Extractable skin and seed tannin concentration comparison at harvest  
 

The extractable skin and seed tannin concentrations were measured at harvest for 

each treatment batches prior to any experimental modifications (Figure 3.6).   

 
Figure 3.6: Extractable skin and seed tannins in Pinot noir at harvest in 2020. Grapes were 

separated for various experimental treatments but the skin and seed analysis was done prior 

to any treatment additions.  An analysis of variance (ANOVA) was performed for each 

treatment. Different capital letters represent significant differences (Tukey HSD p<0.05) in 

skin tannin concentration between treatments. Different lower-case letters represent 

significant differences (Tukey HSD p<0.05) in seed tannin concentration between 

treatments. Student t-test identified significance difference at p<0.0001***¸ p<0.01**, 
p<0.05*. Error bars represents standard error of the means.  
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The extractable skin and seed tannin concentrations in grapes was measured before 

any treatments were applied. The extractable tannin concentration was expected to be 

similar between batches, but significant differences were observed between treatments for 

both extractable skin and seed tannin levels as shown in Figure 3.6. The control and T2 

(DarkBerry enzyme) had a similar extractable skin tannin concentration, but it was 

significantly lower than that of T1 (He Grand Cru) and T3 (DarkBerry + He Grand Cru) 

(Figure 3.6). The extractable seed tannin concentration was found to be significantly 

different in most treatments except for T1 and T2, which had a similar concentration (Figure 

3.6). The control and T2 had significantly higher extractable seed tannin concentrations than 

extractable skin tannin, whereas T3 had a significantly higher extractable skin tannin 

concentration.  
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3.4.2.3 Juice Chemistry   
 

At harvest, the juice chemistry of each treatment batch was analyzed prior to any 

treatment addition. The results are shown in Table 3.7 and no differences were found 

between any of the juices for pH, soluble solids (°Brix), titratable acidity, acetic acid, and 

yeast assimilable nitrogen (YAN).  

Table 3.7: Juice chemistry of Pinot noir at harvest in 2020.  

 Control 
He Grand 

Cru addition 
DarkBerry 

addition 

He Grand Cru + 
DarkBerry 

addition 

pH 3.15±0.03a 3.17±0.02a 3.16±0.0a 3.16±0.0a 

Soluble solids (°Brix) 22.7±0.8a 23.8±0.2a 24.0±0.4a 24.5±0.5a 

Titratable acidity 
(g/L tartaric acid) 8.0±0.8a 7.7±0.1a 8.0±0.4a 7.5±0.1a 

Acetic Acid (g/L) <0.02±0.00a <0.02±0.00a <0.02±0.00a <0.02±0.00a 

Yan (mg N/L) 36.44±16.46a 27.79±3.41a 47.07±9.82a 29.10±4.48a 
The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 

Tukey post hoc were performed. Different letters show significant differences in each row. 

In 2020, the grapes were all harvested from the same rows of the vineyard. The 300kg 

of grapes were separated equally into 12 fermentations batches. The similar juice chemistry 

between all batches was expected. However, acetic acid levels were below the detection 

level, and the YAN concentration was below the necessary level for fermentation and was 

adjusted to 250mg of N/L (see Table 3.2). 
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3.4.2.4 Wine chemistry  
 

 Wine chemistry analysis was conducted 6 months post-pressing on all twelve wines. 

Results are shown in Table 3.8.  

Table 3.8: Wine chemistry of Pinot noir in 2020.  

 Control 
He Grand 

Cru addition 
DarkBerry 

addition 

He Grand Cru 
+ DarkBerry 

addition 

pH 3.69±0.07a 3.67±0.06a 3.75±0.01a 3.76±0.01a 

Titratable acidity (g/L 
tartaric acid) 7.1±0.1b 7.7±0.1a 7.3±0.2ab 7.3±0.2ab 

Malic Acid (g/L) <0.02±0.00b 0.02±0.02b 0.07±0.02a <0.02±0.01b 

Acetic Acid (g/L) 0.35±0.00b 0.39±0.02ab 0.41±0.02a 0.40±0.02a 

Lactic Acid (g/L) 5.96±3.49a 3.50±2.96a 5.84±3.39a 5.50±3.31a 

Residual sugars (g/L) 0.04±0.01a 0.11±0.07a 0.07±0.04a 0.06±0.00a 

Ethanol (% v/v) 13.7±0.5a 14.5±0.4a 14.6±0.3a 14.5±0.2a 
The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 

Tukey post hoc were performed. Different letters show significant differences in each row. 

 

There were significant differences observed in terms of titratable acidity (TA), malic 

acid concentration and acetic acid concentration as shown in Table 3.8. The control wines 

had a significantly lower TA than the He Grand Cru treated wines (T1) (Table 3.8). The 

DarkBerry treated wines had a significantly higher concentration of malic acid and acetic 

acid compared to the control wines (Table 3.8). In terms of pH, all treatments had pH around 

3.7. The ethanol concentration was similar in all wines ranging around 14%.  
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3.4.2.5 Colorimetric analysis results  
 

 A colorimetric analysis was performed on the wines 6 months post-pressing.  The 

results are shown in table 3.9.  

Table 3.9: Colorimetric analysis in Pinot noir 2020 wines.  

 Control 
He Grand 

Cru 
addition 

DarkBerry 
addition 

He Grand Cru 
+ DarkBerry 

addition 

Total Phenolics (a.u.) 14264±946a 13321±306a 14052±173a 13359±360a 

Wine colour density (a.u.) 2.19±0.22a 2.67±0.36a 2.25±0.16a 2.96±0.51a 

Wine colour hue (a.u.) 1.08±0.06a 1.05±0.08a 1.18±0.01a 0.98±0.12a 

Degree of red pigment 
coloration (%) 4.37±1.66a 2.80±0.98a 3.26±0.77a 4.06±0.39a 

Estimate of SO2 resistant 
pigments (a.u.) 1.34±0.11a 1.47±0.24a 1.30±.035a 1.01±0.25a 

The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 

Tukey post hoc were performed. Different letters show significant differences in each row. 

No significant differences were observed between the treatments as shown in Table 

3.9. All wines had a similar level of phenolic compounds and comparable colour density, 

colour hue, degree of red pigments coloration, and estimate of SO2 resistant pigments.  

3.4.2.6 Wine extractable tannin concentration over time in 2020  

 The extractable tannin concentration was measured post-pressing, at three months 

post-pressing and at six months post-pressing. Over time, the addition of enzymes either 

pectolytic or cellulosic significantly increased the concentration and retention of total 

extractable tannins in wines.  

Results in Table 3.10 show the comparison of extractable tannins between treatments 

over time. For each time point, the control wines had a significantly lower extractable tannin 

concentration than the wines treated with He Grand Cru as shown in Table 3.10. The same 
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observation was made for wines treated with the DarkBerry enzymes except for the 3 

months post-pressing time point. The two types of enzymes showed similar results in terms 

of extractable tannin extraction and retention over time in the wines as shown in Table 3.10. 

Table 3.10: Comparison of extractable tannin concentration (epicatechin ug/ml) between 

treatments at three different timepoints in the 2020 Pinot noir wines.  

Treatments 
Pressed  

wine 
3 months post 

press 
6 months post 

press 

Control 563±37b 624±57B 391±26b 

He Grand Cru 
addition  926±14a 822±12A 704±25a 

DarkBerry addition 808±21a 719±12AB 622±31a 

He Grand Cru + 
DarkBerry addition 784±51a 787±27A 703±47a 

The extractable tannins from the four treatments were compared in the initial pressed wine, at 3 

months and at 9 months in Pinot noir 2020 wines. The data shown are the mean values ± SD where 

N=3. Analysis of Variance ANOVA done comparing treatments (p=0.05) and Tukey post hoc were 

performed. Different letters in each column represent significant differences. 

The results shown in Figure 3.7 show the evolution of extractable tannins within 

treatments over time. For each treatment, there was a significant drop of extractable tannins 

between pressed wines and six months post‐pressing except for the last treatment (addition 

of both enzymes) as shown in Figure 3.7. For the control and DarkBerry treatments, the 

concentration of extractable tannin remained similar at three months post‐pressing to pre‐

pressing (Figure 3.7).  
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Figure 3.7: Evolution of extractable tannins in Pinot noir 2020 wines for each treatment. An 

analysis of variance (ANOVA) was performed for each time point. Different capital letters 

represent significant differences (Tukey HSD p<0.05) at each time point for control wines. 

Different lower-case letters represent significant differences (Tukey HSD p<0.05) at each 

time point for treatment 1: He Grand Cru enzyme addition. Different lower-case letters in 

italic represent significant differences (Tukey HSD p<0.05) at each time point for treatment 

2: DarkBerry enzyme addition. Different lower-case letters in bold represent significant 

differences (Tukey HSD p<0.05) at each time point for treatment 3: He Grand Cru enzyme 
addition + DarkBerry enzyme addition.  Error bars represents standard error of the means. 

 

3.5 Discussion  
 

Winemaking in a cool climate can be challenging due to the climate and the weather, 

which affect the quality of the grapes at harvest, thereby impacting the final quality of red 

wines. Monitoring the extractable skins and seed tannin accumulation in the grapes during 

ripening and analyzing their concentrations at harvest can assist a winemaker in deciding 

the appropriate winemaking technique to use to produce high quality red wines by taking 

the tannin values into account. Tannin addition and enzyme addition are techniques that are 

often used in warmer climates  with fruit that have low tannin concentration in skins such 
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as Pinot noir, and to increase free-run juice and tannin extraction (Alcalde-Eon et al., 2014; 

Bautista-Ortín et al., 2013; Busse-Valverde et al., 2010; Ducasse et al., 2010; Gao et al., 2019; 

Nel et al., 2016; Romero-Cascales, 2007; Salamone et al., 2018). To the best of our knowledge, 

this is the first study to associate these winemaking techniques with the extractable skin and 

seed tannin concentrations in the grapes at harvest grown in a cool climate to improve the 

colour and mouthfeel of red wines.  

In 2019, the grapes were considered ripe by the VQA commercial standards 

(>18.5°Brix) (Vintners Quality Alliance of Ontario, 2021). The growing season was 

characterized by low temperatures and wet conditions, which translate to a high disease 

pressure on the grapes and a slow ripening ( Vintners Quality Alliance of Ontario, 2019). The 

cooler weather affected the sugar and acid accumulation in the grapes. Grapes were 

harvested with a low sugar concentration (19.9°Brix) and a high acid concentration 

(8.50g/L), as well as a low pH (3.06). The grape picking date decision was made due to a high 

pressure of Botrytis cinerea infection, which would have further impacted the quality of the 

grapes if they had not been harvested. A low level of B. cinerea infection is acceptable and 

does not negatively affect the quality of the wine, but a high level can lead to excessive 

oxidation of phenolic compounds and result in colour loss and undesired aromas (Davidson 

et al., 2013; Salamone et al., 2018). Results from a study of Merlot grapes infected by Botrytis 

cinerea showed a significant loss of tannins and anthocyanins in infected grapes (Ky et al., 

2012).  

The extractable skin and seed tannin concentrations at harvest were compared to the 

TanninAlert Database and were categorized as medium and high, respectively. The 
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extractable seed tannin concentration in the grapes across all treatments at harvest was 

significantly higher than the extractable skin tannin concentration, which confirms that the 

extractable tannin accumulation in the skins was not complete nor optimal for the skins and 

seeds (Harbertson et al., 2002; Mattivi et al., 2009; Medina-Plaza et al., 2021; Zhou et al., 

2019).  

The cool weather and increased precipitation during the growing season could 

explain the major difference between the two kinds of tannins in the grapes (Alcalde-Eon et 

al., 2014). Unripe grape berries do not have lignified seed coats, which means that the 

tannins are easily extracted (Gouot et al., 2019). They also have a low concentration of 

tannins in the skin because the biochemical pathways responsible for their accumulation is 

regulated by the sugar level, the sunlight, and warm weather (Jackson et al., 1993.; Alcalde-

Eon et al., 2014; Chorti et al., 2010; Mori et al., 2005). Unripe grapes also tend to have thicker 

skins, making the extraction of tannins more difficult thus influencing the quantification 

during analysis (Ortega-Regules et al., 2008). The tannin concentration in skins and seed 

could be used along side pH, °Brix, titratable acidity, and acetic acid levels to decide on the 

picking day.  

The extractable tannin concentration measured in all treatments post-pressing was 

significantly higher in the pectolytic enzyme treated wines compared to the control and the 

skin tannin treated wines. The same observation was made by other authors studying 

enzyme addition in wines from warm and cool climates (Ducasse et al., 2010; Osete-Alcaraz 

et al., 2019; Romero-Cascales, 2007-2012; Sacchi et al., 2005; Watson et al., 2005; Zimman 

et al., 2002). It is likely because pectolytic enzyme breaks down the three-dimensional 

structure of the pectin in the skin cell wall and enables the release of the vacuole content 
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(Espejo, 2020; Gao et al., 2019; Osete-Alcaraz et al., 2019; Romero-Cascales, 2007; Sacchi et 

al., 2005). It also limits the polyphenol-polysaccharide interaction that often prevents tannin 

extraction into the must. The action of the enzyme decreases the molecular size of the 

polysaccharide thus reducing the amount of binding sites (Castro-López et al., 2016; Ducasse 

et al., 2010; Hanlin et al., 2009; Romero-Cascales, 2007; Salamone et al., 2018). In a study 

focused on Monastrell wines from Spain, the authors found that the pectolytic enzyme used 

during fermentation caused the degradation of the seed coat, which increased the tannin 

extraction from seeds (Busse-Valverde et al., 2011). This suggests that the higher tannin 

concentration observed in this study in the enzyme treated wines could come from the seeds 

as well as from the skins. The tannin concentration was measured using the MCP assay, so it 

was impossible to know if the tannins were extracted more from the skins or the seeds.  

 The addition of skin tannin does not increase the extraction of tannin in the must, 

rather it aims to prevent the loss of native grape skin tannins, which for example would occur 

through interactions with polysaccharides (Chen et al., 2016; Salamone et al., 2018). They 

are also referred to as sacrificial tannins because they bind to polysaccharides and proteins 

present in the must through hydrophobic and hydrogen bonding making the macromolecule 

unavailable to bind to native grape skin tannins thus preventing their loss to precipitation 

(Hanlin et al., 2009). They also bind to anthocyanins to form bound pigment and stabilize the 

pigments in their coloured form (Li et al., 2020; Vignault et al., 2019). Many studies have 

been conducted to study the impact of tannin addition during winemaking on tannin 

extraction and retention in red wines and increases in tannin concentration over time have 

been observed (Chen et al., 2016; García-Estévez et al., 2017; Li et al., 2020; Li et al., 2018; 

Neves et al., 2010; Rinaldi et al., 2018). The effect of oenological tannin addition may vary 
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from year to year because it depends on the quality and the chemical composition of the 

grapes at harvest (Alcalde-Eon et al., 2014; Bautista-Ortín et al., 2007).  

The 2019 wines treated with oenological tannins did not show an increase in 

extractable tannin concentration compared to the control. The accumulation of extractable 

skin tannins was not high according to the tannin analysis and comparison to the 

TanninAlert database.  This means that the extractable skin tannins may not have diffused 

in the appropriate area of the berry where they could have been extracted. This was 

supported by the fact that the extractable skin tannin value at harvest was measured in the 

medium range rather than in the high range for skin tannins. It is possible that in cool 

climates, the addition of oenological tannins needs to be increased during fermentation to 

increase tannin concentration. It was observed by Alcalde-Eon et al, 2014 that the addition 

of oenological tannins increased the concentration of catechins and procyanidins, but a 

different product was used in their study and they included two tannin additions during 

fermentation whereas this study only added it once and at a higher rate(Alcalde-Eon et al., 

2014). This means even if the overall tannin concentration did not increase, there may have 

been a change in the type of extracted tannins.   

The extractable tannin concentration within treatments remained constant for the 

first three months post-pressing for all treatments, but a significant decrease was observed 

at nine months. It is not uncommon that red wines made from low pigmented grapes like 

Pinot noir see a loss of tannins and colour over time (Salamone et al., 2018; Sparrow, 2021). 

It is possible that the tannins were absorbed by yeast lees or other grape solids parts in the 

solution and hence settled out of the wine (Romero-Cascales et al., 2012). A normal part of 
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red wine aging is the degradation of tannins and formation of bound pigments between 

tannins and anthocyanins, which decrease the extractable tannin concentration (Berrueta et 

al., 2020; Sacchi et al., 2005). The loss of tannins could also be due to the polymerisation of 

tannins where their size became so large, they were no longer soluble, causing them to 

precipitate out of the solution (Bindon et al., 2013; Soares et al., 2020). Filtration could also 

be responsible for the loss of tannins.  

The enzyme addition and skin tannin addition seemed to affect the extractable tannin 

extraction in the wines, but not the anthocyanin extraction. The wine colour indices from 

2019 did not vary between treatments. The effect of macerating enzymes and oenological 

tannin additions on the anthocyanin content and colour intensity in red wine is controversial 

in the literature. In Cabernet sauvignon wines from California no significant difference in 

colour intensity was observed (Zimman et al., 2002). Sacchi et al, (2005) reported that the 

addition of pectolytic enzymes did increase the anthocyanin extraction thus increasing the 

color intensity of the wines. In a study on Merlot wines in Bordeaux, a significant difference 

in color intensity and the degree of red pigments resistant to SO2 bleaching was found 

(Ducasse et al., 2010). A higher extraction of pigments and the conversion to bound pigments 

could explain the increase in colour indices due to their resistance to bleaching  (Ducasse et 

al., 2010; Sparrow, 2021). In Monastrell wines from Spain and in Pinot noir from New 

Zealand, the colour intensity in enzyme treated wines was significantly higher than in the 

control, three months post-fermentation and during fermentation (Osete-Alcaraz et al., 

2019; Parley et al., 2001; Romero-Cascales et al., 2012). The effect of skin tannin addition 

during winemaking was studied on Syrah wines from Spain and a significant difference was 

found in colour intensity between the control and the treated wines (Chen et al., 2016). These 
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results are in disagreement with this study. As mentioned previously, the selection of 

enzyme is variety specific, which could explain this disagreement as well as the fact the there 

are various enzyme preparations on the market. 

In 2020, the growing conditions were optimal for grape ripening in the Niagara 

region. It was characterized by warmer and dryer weather than normal (Vintners Quality 

Alliance of Ontario, 2020). There was less precipitation than in 2019 with only isolated 

thunderstorms (Vintners Quality Alliance of Ontario, 2020). The grapes were left on the 

vines longer than usual because of the low disease pressure and were harvested with a high 

concentration of soluble solids (23.75°Brix) and low acid (7.8g/L). The extractable skin and 

seed tannin concentrations measured at harvest were categorized in the high and low 

category respectively using the TanninAlert Database. Ripe grapes have a high extractable 

skin tannin concentration along with anthocyanins and low seed extractable tannin content 

due to the lignification of the seed coat which prevents the extraction of tannins (Hanlin et 

al., 2009; Rousserie et al., 2019; Smith et al., 2015). Tannins in riper grapes have a higher 

binding capacity, making it more difficult to prevent tannin loss due to binding with 

polysaccharides and proteins from the cell walls (Bindon et al., 2012, 2014).  

Considering the high binding affinity of tannins towards cell wall material, two types 

of enzymes were used for winemaking in 2020 to asses their impact on tannin extraction in 

the wines and tannin retention over time (Gao et al., 2019; Hanlin et al., 2009). The two types 

of enzyme selected for winemaking in 2020 targeted different parts of the cell wall. The first 

enzyme named He Grand Cru (HGC) was a pectolytic enzyme, which causes the degradation 

of the pectin in the cell wall of the grape skins (Romero-Cascales et al., 2012). It is an enzyme 
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that is used to extract colour, tannins and aromatic compounds during fermentation 

(Salamone et al., 2018). The second enzyme was a mix of a pectolytic, and cellulosic enzyme 

called DarkBerry (DB). This enzyme preparation causes the degradation of the pectin-coated 

hemicellulose-rich layer, the other tissue layer of the grape cell wall (Gao et al., 2019, 2019; 

Romero-Cascales et al., 2012).  

After measuring the extractable tannin concentration post-pressing, the HGC and DB 

wines did not show significant differences, but both treatments had a significantly higher 

extractable tannin concentration than the control wines. A study on Monastrell grapes 

fermented with six different enzymes found similar results. The different enzymes did not 

extract significantly different tannin and anthocyanin concentrations into the wine, but the 

tannin concentration was higher than in the control (Romero-Cascales, 2007). Another study 

done on Monastrell wine focussed on the addition of HE Grand Cru enzyme. The authors 

found similar results as the ones in this present study (Romero-Cascales et al., 2012). At 

three months and six months post-pressing, the same observation was made. The enzyme 

treated wines had better extractable tannin retention than the control wine. Intense 

enzymatic hydrolysis of the cell wall can reduce the oligosaccharides into smaller polymers, 

which only have a small binding affinity towards tannins due to their low number of binding 

sites and could explain the high tannin retention in the DB+HGC treatment (Gao et al., 2019; 

Hanlin et al., 2009). The increased concentration of pectic activity in treatment DB + HGC 

could also explain the higher tannin retention over time.  

After analyzing the extractable tannin concentration within each treatment over time, 

the DB treated wines showed the best extractable tannin retention during aging. When both 



 
 

145 
 

enzymes, DB and HGC, were added to the wines, the extractable tannin concentration was 

increased as well as the extractable tannin retention during aging.  . These results agree with 

previous studies in which an improvement in tannin extraction was observed when enzymes 

were added during winemaking (Ducasse et al., 2010; Osete-Alcaraz et al., 2019; Romero-

Cascales, 2007, 2012; Sacchi et al., 2005; Watson et al., 2005). The optimized tannin 

extraction is likely due to the fact that two major components of the cell wall were broken 

down by the enzymes releasing vacuole content into the must. Furthermore, the enzymes 

decrease the size of polysaccharides present in the must, which reduces the amount of 

possible binding sites with tannins (Castro-López et al., 2016; Ducasse et al., 2010; Hanlin et 

al., 2009; Romero-Cascales, 2007; Salamone et al., 2018).  

3.6 Conclusion  
 

The main aim of this study was to investigate different winemaking techniques over 

two vintages using Pinot noir grown in Ontario, while considering the extractable skin and 

seed tannin levels at harvest to improve the extractable tannin extraction in the final wines. 

In a cool climate such as the Niagara Region, techniques like enzyme addition and skin tannin 

addition during fermentation were considered to increase extractable skin tannin 

concentrations early in the fermentation, while minimizing extractable seed tannin 

extraction. The results obtained from this study will be part of the TanninAlert database to 

assist winemakers and grape growers with harvest decisions, as well as their production of 

red wine.  

The addition of skin tannins early in the fermentation did not increase significantly 

the total extractable tannin concentration in Pinot noir wines. The pectolytic enzyme 
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addition (He Grand Cru) significantly increased the total tannin concentration in the wine. 

The DarkBerry enzyme, which was a mix of cellulosic and pectolytic enzymes showed a 

better tannin retention during aging than He Grand Cru enzymes.  

Further research should include an in-depth analysis of tannins using an HPLC 

technique to identify the types of tannins extracted and retained from skin tannin and 

enzyme additions. Establishing the type of tannin extracted into the wines would assist in 

determining whether increased skin tannin extraction and retention occurred during 

fermentation without increasing the concentration of seed tannins. Due to COVID-19 

restrictions, sensory analysis was not completed on the wines; therefore, a future sensory 

evaluation of wines could identify the impact of treatments on the aromas and flavour of 

Pinot noir wines.  
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Chapter 4. Winemaking optimization based on the skin and seed tannin 

of Cabernet sauvignon grapes from Ontario 
 

Charlene Marcotte did all the testing on the grapes, all the testing on the wines, all the data 

display (Figures and Tables), and the statistical data analysis. Ethanol content was measured  

with the help of Lisa Dowling (CCOVI technician). Harvest and grape processing were done 

in collaboration with Leah de Felice Renton (MSc student), Hannah Charnock (PhD student), 

Alex Gunn (CCOVI technician), Stephanie Bilek (CCOVI technician), Marc Willwerth (harvest 

research assistant), and Tom Willwerth (harvest research assistant). All wines were made 

and bottled by Charlene Marcotte. Bottling of the wines was done with the help of Lisa 

Dowling (CCOVI technician) and Rachel Gerroir (CCOVI Research Assistant).  The chapter 

was written by Charlene Marcotte with editing assistance provided by Charlene Marcotte’s 

supervisors: Dr. Inglis and Dr. Kemp and by her committee members: Dr. Pickering and Dr. 

Stuart.  

 

4.1 Abstract  
 

Measuring extractable seed and skin tannins in red grape varieties in Ontario and 

tailoring wine-making procedures based on this tannin profile is essential for optimizing 

extractable skin tannin extraction during winemaking without over-extracting extractable 

seed tannins. This project aimed to measure extractable skin and seed tannin concentrations 

in Cabernet sauvignon grapes at harvest, categorize them as low, medium, or high, and 

investigate winemaking techniques to improve the tannin concentrations in the final wine. 

The study included three treatments over two vintages: increased skin to juice ratio 

(Saignée), pre-fermentation pressing (to mimic the Accentuated Cut Edges technique (ACE)), 

and pectolytic and cellulosic enzyme addition. In 2019, the grapes had low sugar and higher 

acid concentrations, and results show that the Saignée treatment and the pre-fermentation 

pressing did not affect the extractable tannin extraction in wines. In 2020, grapes had 

reached maturity with a low acid concentration and a high soluble solids concentration and 

results show that an increased skin to juice ratio (Saignée) and enzymes addition during 
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winemaking increased tannin retention in wines during wine aging. There was an increased 

extractable tannin extraction when both Saignée and enzymes were used together during 

fermentation. The combination of pectolytic and cellulosic commercial enzymes appears to 

be well suited for improving the tannin extraction for Cabernet sauvignon wines produced 

in the cool climate region of Niagara.  

4.2 Introduction  
 

 Phenolic compounds play a major role in the perceived quality of red wines (Lorrain 

et al., 2013; Rousserie et al., 2019). They modulate the colour, the mouthfeel, the bitterness, 

and the astringency of red wines (Cheynier et al., 2006; Markoski et al., 2016). The most 

abundant phenolic compounds in grapes and wine are proanthocyanidins, also referred to 

as tannins, and anthocyanins (Cheynier et al., 2006; Gouot et al., 2019). They accumulate in 

the grape berry from véraison to harvest and are extracted into the must during 

fermentation (Rousserie et al., 2019). Their concentration depends on the variety, the 

climate, the soil, the year, and the grape maturity level at harvest (Niculescu et al., 2018; 

Obreque-Slier et al., 2010; Rousserie et al., 2019). Grape skin tannins play an important role 

in the color stabilization of red wine during aging, and seed tannins are responsible for the 

mouthfeel and protection from oxidation of red wines (Conde et al., 2007; He et al., 2012; 

Marquez et al., 2013; Rousserie et al., 2019; Vignault et al., 2019).  

In the cool climate of the Niagara region, grapes are often harvested when not fully 

ripened, which may lead to wines high in astringency due to over-extraction of seed tannins.  

Cabernet sauvignon is often picked later in the season, and is usually picked with  a low skin 

tannin and low anthocyanin accumulation, but a high seed tannin level (Salamone et al., 
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2019). There are winemaking techniques used in warmer climates that have proven to be 

successful in optimizing the extraction of skin tannins without over-extracting the seed 

tannins in Cabernet sauvignon, such as an increased fermentation temperature, ultrasound, 

enzyme addition, and extended maceration (Dalagnol et al., 2017; Sacchi et al., 2005; Zimman 

et al., 2002). These techniques are used without taking into consideration the extractable 

skin and seed tannin concentrations in the grapes at harvest. In the particular climate of the 

Niagara region in Ontario, a better understanding of the skin and seed tannin accumulation 

in grapes during ripening will help tailor winemaking techniques based on the tannin profile 

to optimize skin tannin extraction during winemaking without over-extracting seed tannin.  

The main purpose of this present study was to determine the concentration of 

extractable skin and seed tannins at harvest in Cabernet sauvignon grapes grown in the cool 

climate of Niagara. Then using this data, the study was to determine if increasing the skin to 

juice ratio (Saignée), pressing the grapes pre-fermentation to mimic the ACE technique, and 

adding pectolytic and cellulosic enzymes would improve tannin extraction and retention in 

Cabernet sauvignon red wine.  

4.3 Materials and Methods  

 

4.3.1 Vineyard Sites  
 

From véraison to harvest, Cabernet sauvignon grapes from a vineyard in Niagara-On-

The-Lake (Fig 4.1) were monitored each week to determine the  extractable tannin 

concentration in the skins and the seeds. The site was situated in the Four Mile Creek region. 

The soil type was Clay Loam till (Chinguacousy Series) and the clone was 169 planted on a 

SO4 rootstock.  
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Figure 4.1: Geographic locations of Cabernet sauvignon site for 2019 and 2020. Modified 
map published by Vintners Quality Alliance of Ontario. 
 

4.3.2 Pre-harvest grape monitoring, skin and seed tannin extraction and analysis  
 

Cabernet sauvignon grapes from site 1 were monitored each week for their skin and 

seed extractable tannin concentrations. The method used for tannin extraction and analysis 

are fully explained in Chapter 3 (sections 2.3.2.2 to 2.3.2.4). 

4.3.3 Harvest and grapes processing   
 

For both 2019 and 2020, Cabernet sauvignon grapes were hand harvested at site 1 

with the help of CCOVI students and technicians. In 2019, harvest took place on November 

6, and in 2020 on October 23. The harvest decision was based on the ripeness level of the 

grapes, determined by the soluble solids level (target 20-23°Brix), the acetic acid level 

(target: <0.02g/L), along with the titratable acidity (target: 6-8g of tartaric acid/L), and the 

pH (target: 3.3-3.5) in the must. For a Cabernet sauvignon wine to meet the VQA-O 

certification requirements (Vintners Quality Alliance-Ontario), the grapes must be picked at 

the minimum level of 19°Brix. 300Kg of grapes were hand-picked with the help of other 

graduate students and CCOVI staff. Elective harvesting was carried out to ensure the 
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exclusion of diseased clusters. The fruit was transported to the CCOVI research winery for 

processing.  

The grapes were separated into 12 fermentation bins each holding 25kg of grapes 

(Bosagrape Winery Supplies, Burnaby, Canada). Four bags of 30 berries were collected from 

each bin. The bags were labelled and frozen in the -18°C freezer. The grapes in each bin were 

crushed and destemmed (Criveller Co., Niagara Falls, Canada), and transferred into their 

respective fermentation vessel. The temperature of the must was between 11°C and 13°C. 

They were left at room temperature in the winery over night with the lids on to warm up to 

20°C.  No SO2 was added. The headspace of the fermentation vessel was gassed with CO2.  

4.3.4 Winemaking  

The winemaking techniques used for the 2019 wines focussed on the impact of pre-

fermentation pressing of the grapes and an increased skin to juice ratio (Saignée) to improve 

the skin tannin extraction in the must. In 2020, the winemaking techniques used focussed on 

enzyme additions, and an increased skin to juice ratio to improve the skin tannin extraction 

into the must without over-extracting the seed tannins.  

4.3.4.1 Winemaking 2019  
 

In 2019, three winemaking protocols and a control were used to optimize skin tannin 

extraction during fermentation with the goal of not over-extracting seed tannins. 

Fermentations were carried out in triplicate. The treatments focused on the impact of 

pressing the grapes prior to fermentation in order to physically break down the skins to 

increase the skin surface area in contact with juice. In addition, removing some of the free-

run juice (16%) to increase the skin to juice ratio (Saignée) was trialed.  



 
 

160 
 

Treatments were coded as follows control (C1, C2 and C3); treatment 1: Pre-

fermentation pressing (T1.1, T1.2 and T1.3), treatment 2: Saignée (T2.1, T2.2, T2.3) and 

treatment 3: Pre-fermentation pressing + Saignée (T3.1, T3.2 and T3.3). Schematic 

representation of the different treatments is shown Figure 4.2.  
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Figure 4.2: Schematic representation of the winemaking treatments used for Cabernet 

Sauvignon wines in 2019  
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After crushing and destemming, and before fermentation, the must of all replicates of 

treatments 1 and 3 were pressed at 1.9 atmospheres (ATM) using a 20L vertical balloon 

press (EnoRossi, Calzalaro, Italy). Pressure was held for one minute to break down the skins 

into smaller pieces. For treatments 2 and 3, 16% (4L) of free-run juice was discarded from 

the fermentation vessels using a plastic measuring cup (Saignée).  

The addition of Nitrogen was needed for Cabernet sauvignon in 2019 to reach the 

target concentration of 250mg N/L of yeast assimilable nitrogen (YAN) (Table 4.2). Fermaid-

K (Scott’s lab, Niagara-On-The-Lake, Ontario, Canada) and diammonium phosphate (DAP) 

were added in the 2019 fermentations. Fermaid-K contains vitamins, micronutrients, and 

DAP. The first addition consisted of Fermaid-K at the start of fermentation and the second 

addition consisted of pure DAP when the soluble solids reached 14°Brix.  The reason that 

both Fermaid-K and DAP were used is because there was not sufficient yeast assimilable 

nitrogen in the Fermaid-K when we used the recommended 40g/hL dosage from the 

manufacturer to bring the YAN level in the must to 250mg of N/L, hence why DAP was used 

on the second addition.  

Cap management in the form of punch downs was done twice a day using a stainless-

steel plunger (Cellar-Tek Supplies Ltd, St-Catharines, Canada). Temperature and soluble 

solids were measured twice daily after the punch downs. The °Brix level was measured using 

a hydrometer (Fisher Scientific, USA). When the soluble solids reached zero, a specific 

gravity hydrometer (W9. A.E. Busby Ltd., London, UK) was used. Wines were considered dry 

when the residual sugar concentration was lower than 2g/L, determined by WineScanTM 
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FT120 (FOSS, HillrØd, Denmark). All fermentations took between five to seven days to reach 

completion.  

After the completion of fermentation, wines were pressed as outlined in section 3.3.4. 

After a week, wines were racked then inoculated for malolactic fermentation (MLF) with 

Oenococcus Sp. (ALPHA 1-step, LALLEMAND, France). Inoculation was carried out as 

described in section 3.3.4.1. The monitoring of malic acid level and pH was carried out every 

two days using the FOSS WineSan (FT120, FOSS, HillerØd, Denmark). 

At the end of MLF, 40ppm of sulphur dioxide (SO2) was added to the wines using 

potassium metabisulfite (KMS) to protect them from microbial contamination. The 

headspace of all carboys was gassed with CO2 then transferred to the 10°C room for storage 

until filtering and bottling (described in section 3.3.5). The concentration of free SO2 was 

maintained such that when pH was taken into account, there was a minimum of 0.5mg/L of 

molecular SO2 and checked every three weeks. All wines had between 35-45ppm of free SO2 

at bottling.  

4.3.4.2 Winemaking 2020  

In 2020, three winemaking protocols and a control were used with the goal of 

optimizing extractable skin tannin extraction during fermentation without over-extracting 

extractable seed tannins. Fermentations were carried out in triplicate. The protocols were 

decided based on the results of treatment 2 (Saignée) in the 2019 wines, which showed 

higher tannin retention compared to other treatments. For 2020, the focus was on the impact 

of Saignée, and the addition of DarkBerry enzymes (cellulosic and pectolytic mix enzymes) 

to the must to improve the skin tannin extraction during fermentation.  
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Treatments were as follows: control (C1, C2 and C3); treatment 1: Saignée (T1.1, T1.2 

and T1.3), treatment 2: DarkBerry addition (T2.1, T2.2, T2.3) and treatment 3: Saignée + 

DarkBerry addition (T3.1, T3.2 and T3.3). Schematic representation of the different 

treatments is shown Figure 4.3.  
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Figure 4.3: Schematic representation of the winemaking treatments used for Cabernet 
Sauvignon wines in 2020 
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As previously described in the 2019 winemaking section (section 4.3.4.1), 16% of 

free-run juice was removed for the Saignée treatments (treatments 1 and 3). The DarkBerry 

enzymes (cellulosic + pectolytic mix enzymes) were added to all replicates of treatments 2 

and 3 (see Figure 4.2). Enzymes were added according to the manufacturer’s instruction on 

the second day of fermentation (0.04g/L).   

Nitrogen was added in the form of Fermaid-K in the 2020 fermentations to reach the 

targeted amount of 250mg N/L (see Table 4.7). The first addition was done at the beginning 

of fermentation, and the second when at 14°Brix. Punch downs were completed twice daily 

and temperature and °Brix levels were recorded.  

Wines were pressed when they reached dryness (residual sugar concentration lower 

than 2g/L). Four days later, wines were racked, topped up with carbon dioxide (CO2) to limit 

oxidation, and inoculated with Oenococcus Sp. (ALPHA 1-step, LALLEMAND, France) for the 

malolactic fermentation (MLF). Pressing and inoculation with malolactic bacteria followed 

the steps described in section 3.3.4.1.  

At the end of MLF, 55ppm of sulphites (SO2) was added to the wines using potassium 

metabisulfite (KMS) to protect them from microbial contamination. The headspace of all 

wines was gassed with CO2, and stored at 10°C room until filtering and bottling (Section 

3.3.5). The concentration of free SO2 was maintained such that when taking pH into account, 

there was a minimum of 0.5mg/L of molecular SO2 and was checked every three weeks.  

4.3.5 Chemical analysis on juice and wine 

 Chemical analysis of juice and wine included soluble solids (°Brix), pH, Titratable 

acidity (TA g/L), L-malic acid (g/L), acetic acid (g/L), D-Lactic acid (g/L), yeast assimilable 
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nitrogen (YAN mg N/L), residual sugars (RS), ethanol (% v/v), free and total sulfur dioxide 

(ppm), total extractable tannins (epicatechin ug/berry), total phenolics (a.u.), colour density 

(a.u.), the hue, the degree of red pigmentations (%) and the sulphite resistant pigments (a.u.). 

Methods are fully described in Chapter 3 (Section 3.3.6).  

4.3.6 Filtering and Bottling  
 

For both 2019 and 2020 wines, the filtering and bottling protocols were followed as 

described in Section 3.3.5. The bottles were stored at 15°C in the CCOVI wine cellar until 

further analysis.  

4.3.7 Statistical Analysis  

Statistical analysis included Analysis of Variance (ANOVA) with mean separation by 

Tukey’s post hoc test with a significance level of 0.05 and Student’s T-Test (p<0.05, p<0.01, 

p<0.001) using Microsoft XLSTAT (Version 2020.3.1, Addinsoft, Paris, France). Data with the 

same letter were not significantly different and data with different letters were considered 

to be significantly different. 

4.4 Results  
 

4.4.1 Cabernet Sauvignon winemaking 2019 
 

The winemaking treatments used for Cabernet sauvignon in 2019 focussed on the 

impact of pre-fermentation pressing to damage the skins and Saignée during fermentation 

to increase the skin to juice ratio.    
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4.4.1.1 Percentile range of the extractable skin and seed tannin concentrations at 

harvest 

Using the categorization of the TanninAlert Database with the 33rd and 66th 

percentile, the extractable skin, and seed tannin levels at harvest for Cabernet sauvignon in 

2019 were in the medium and high category respectively as shown in Table 4.1. The skin 

tannin concentration was lower than seed tannin concentration.  

Table 4.1: Extractable skin and seed tannin concentrations of Cabernet sauvignon at 
harvest in 2019. 

Test Method Low Medium High Site 1 

Skin 33rd & 66th percentile 40-512 513-734 735-1900 668 

Seed 33rd & 66th percentile 41-580 581-1126 1127-2025 1184 

 

4.4.1.2 Extractable skin and seed tannin concentration comparison at harvest 
 

The extractable skin and seed tannin concentrations for all treatments at harvest are 

shown in Figure 4.4.  

 
Figure 4.4: Extractable skin and seed tannins in Cabernet sauvignon grapes at harvest in 
2019. An analysis of variance (ANOVA) was performed for each treatment. Different capital 

letters represent significant differences (Tukey HSD p<0.05) in extractable skin tannin 

concentration between treatment batches prior to fermentation. Different lower-case letters 

represent significant differences (Tukey HSD p<0.05) in extractable seed tannin 

concentration between treatments. Student t-test identified significance difference at 
p<0.0001***¸p<0.01**, p<0.05*. Error bars represents standard error of the means.  
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All treatment batches of grapes had a similar extractable skin tannin concentration at 

harvest except for Treatment 2 (pre-fermentation pressing) which had a significantly lower 

concentration as shown in Figure 4.4. In terms of the extractable seed tannin concentration, 

the control treatment had a significantly higher extractable seed tannin concentration 

compared to the other treatments (see Figure 4.4). This can be explained by the higher 

extractable seed tannin concentration in one of the triplicates which increased the average 

extractable seed tannin concentration of the three samples analyzed. All treatments had a 

significantly higher extractable seed tannin concentration than extractable skin tannin 

concentration at harvest.  

 

4.4.1.2 Juice Chemistry  
 

The results of the juice chemistry analyzed at harvest are shown in Table 4.2.  

Table 4.2: Juice chemistry of Cabernet sauvignon at harvest in 2019.  
 

 Control 
Pre-

fermentation 
pressing 

Saignée 

Pre-
fermentation 

pressing + 
Saignée 

pH 3.14±0.05ab 3.20±0.05a 3.11±0.02ab 3.09±0.00b 

Soluble solids 
(°Brix) 20.8±0.4b 21.8±0.1a 21.3±0.3ab 21.4±0.2ab 

Titratable acidity 
(g/L tartaric acid) 9.47±0.46a 8.63±0.33a 9.42±0.28a 8.80±1.08a 

Acetic Acid (g/L) <0.02±0.00a <0.02±0.00a <0.02±0.00a <0.02±0.00a 

YAN (mg N/L) 143.51±9.16a 155.81±7.74a 155.14±8.84a 152.14±9.22a 

The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 
Tukey post hoc were performed. Different letters show significant differences in each row. 

The soluble solids concentration was 1°Brix lower in the control compared to the pre-

fermentation pressing treatment (Table 4.2). The pH was found to be significantly different 
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with the pre-fermentation pressing treatment having the highest pH at 3.20 and the pre-

fermentation pressing and Saignée treatment having the lowest at 3.09 (Table 4.2). The 

acetic acid levels were below the detection level and YAN concentration was below the 

necessary level for fermentation and was adjusted to 250mg of N/L. 

4.4.1.3 Wine Chemistry  
 

The final wine chemistry was analyzed nine months post-pressing. The results are 

shown in Table 4.3.  

Table 4.3: Wine chemistry of Cabernet sauvignon in 2019.  
 

 Control 
Pre-

fermentation 
pressing 

Saignée 

Pre-
fermentation 

pressing + 
Saignée 

pH 3.64±0.03a 3.65±0.01a 3.71±0.01a 3.65±0.03a 

Titratable acidity 
(g/L tartaric acid) 7.03±0.06a 7.02±0.38a 7.14±0.24a 7.56±0.15a 

Malic Acid (g/L) 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00a 

Acetic Acid (g/L) 0.10±0.01b 0.14±0.02ab 0.13±0.01ab 0.15±0.02a 

Lactic Acid (g/L) 2.35±0.17a 2.38±0.15a 2.24±0.12a 2.20±0.28a 

Residual sugars (g/L) 0.02±0.00c 0.03±0.00bc 0.04±0.00a 0.04±0.00a 

Ethanol (% v/v) 12.5±0.0a 12.8±0.0a 12.5±0.0a 12.6±0.0a 
The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 

Tukey post hoc were performed. Different letters show significant differences in each row. 

Wines from all treatments had similar chemical compositions post-fermentation (Table 4.3). 

The pH was 3.6-3.7, the titratable acidity 7-7.5g/L, and the ethanol concentration 12.5-

12.8% (Table 4.3). The residual sugar concentration was different between treatments, but 

it was below 1.5g/L, which is the level at which wines are considered dry.  
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4.4.1.4 Colorimetric Analysis Results  
 

 Colorimetric analyses were performed nine months post-pressing in 2019. The 

results are shown in table 4.4.  

Table 4.4: Colorimetric analysis in Cabernet sauvignon 2019 wines (9 months post-
pressing). 

 Control 
Pre-

fermentation 
pressing 

Saignée 

Pre-
fermentation 

pressing + 
Saignée 

Total Phenolics (a.u.) 131±20a 77±12b 150±24a 178±18a 

Wine colour density 
(a.u.) 5.34±0.37a 5.37±0.27a 5.93±0.59a 6.09±0.10a 

Wine colour hue (a.u.) 0.76±0.03a 0.79±0.02a 0.82±0.03a 0.78±0.06a 

Degree of red pigment 
coloration (%) 6.30±1.30ab 4.84±1.04ab 10.05±3.64a 2.07±0.03b 

Estimate of SO2 resistant 
pigments (a.u.) 2.17±0.10b 1.77±0.07c 2.02±0.13b 3.39±0.04a 

The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 

Tukey post hoc were performed. Different letters show significant differences in each row. 

Significant differences were observed between treatments for total phenolics, the 

degree of red pigment colouration, and the estimate of red pigments resistant to SO2 

bleaching (Table 4.4). The pre-fermentation pressing treatment (T1) had a significantly 

lower total phenolic concentration compared to the other treatments. The Saignée treatment 

(T2) had the highest degree of red pigment colouration and was significantly different from 

the pre-fermentation + Saignée treatment (T3), which had the lowest degree of red pigment 

colouration (Table 4.4). For the SO2 resistant pigments, the control and the Saignée 

treatment had comparable levels but were significantly different compared to treatments 1 

and 3 (Table 4.4). Treatment 1 (Pre-fermentation pressing) had the lowest estimate of SO2 

resistant pigments and treatment 3 (Pre-fermentation pressing + Saignée) had a significantly 

higher estimate compared to all the other treatments.  
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4.4.1.5 Wine extractable tannin concentration over time 2019  
 

The extractable tannin concentration was measured post-pressing, at three months 

post-pressing and at nine months post-pressing. Due to COVID-19 restrictions, the 6-month 

time point was not collected.  Overall, neither treatments significantly increased the 

concentration of the extractable tannins in wines, but the Saignée treated wines had the best 

extractable tannin retention over time.   

Results in Table 4.5 show the comparison of extractable tannins between treatments 

over time. For each time point, no significant difference in extractable tannins in wines was 

observed. Neither the pre-fermentation pressing, nor the Saignée treatment impacted the  

extractable tannin concentration in Cabernet sauvignon in 2019.  

Table 4.5: Comparison of extractable tannin concentration (epicatechin ug/ml) between 
treatments at three different timepoints in the 2019 Cabernet sauvignon wines.   

Treatments 
Pressed 

wines 
3 months 
post press 

9 months 
post press 

Control 581 ± 15a 404 ± 25A 358 ± 24a 

Pre-fermentation Pressing 657 ± 32a 511 ± 31A 424 ± 31a 

Saignée 621 ± 41a 486 ± 44A 444 ± 40a 

Pre-fermentation pressing + Saignée 666 ± 38a 535 ± 26A 441 ± 35a 
The extractable tannins from the four treatments were compared in the initial pressed wine, at 3 

months and at 8 months in Cabernet sauvignon 2019 wines. The data shown are the mean values ± 

SD where N=3. Analysis of Variance ANOVA done comparing treatments (p=0.05) and Tukey post hoc 

were performed. Different letters in each column represent significant differences.  

The results shown in Figure 4.5 show the evolution of extractable tannin within 

treatments over time. Control wines were the only ones with a significant decrease in the 

extractable tannin concentration at three months post-pressing (Figure 4.5). Between three 

months and nine months post-pressing, no significant decrease in the extractable tannin 

concentration was observed in treatments (Figure 4.5). The Saignée treatment had the best 
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extractable tannin retention eight months post-pressing compared to all the other 

treatments.  

 
Figure 4.5: Evolution of extractable tannins in Cabernet sauvignon 2019 wines within each 

treatment. An analysis of variance (ANOVA) was performed for each time point. Different 

capital letters represent significant differences (Tukey HSD p<0.05) at each time point for 

control wines. Different lower-case letters represent significant differences (Tukey HSD 

p<0.05) at each time point for treatment 1: Pre-fermentation pressing. Different lower-case 

letters in italic represent significant differences (Tukey HSD p<0.05) at each time point for 

treatment 2: Saignée. Different lower-case letters in bold represent significant differences 

(Tukey HSD p<0.05) at each time point for treatment 3: Pre-fermentation pressing + Saignée.  

Error bars represents standard error of the means. 
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4.4.2 Cabernet Sauvignon winemaking 2020 

For 2020, the winemaking treatments used for Cabernet sauvignon wines focussed 

on the impact of enzyme additions to the fermenting must combined with Saignée.  

4.4.2.1 Percentile range of the extractable skin and seed tannin concentrations at 

harvest  
 

The extractable skin and seed tannin levels at harvest were categorized again in 2020 

using the 33rd and 66th percentile categorization form the TanninAlert Database. The 

extractable skin and seed tannin levels at harvest for Cabernet sauvignon were in the 

medium and high category respectively (Table 4.6). The extractable skin tannin 

concentration was lower than the extractable seed tannin concentration.  

Table 4.6: Extractable skin and seed tannin concentrations of Cabernet sauvignon at 
harvest in 2020. 

Test Method Low Medium High Site 1 

Skin 33rd & 66th percentile 40-512 513-734 735-1900 659 

Seed 33rd & 66th percentile 41-580 581-1126 1127-2025 1165 

 

4.4.2.2 Extractable skin and seed tannin concentration comparison at harvest  
 

The extractable skin and seed tannin concentrations were measured at harvest for 

each treatment before fermentation to determine if the grapes were a homogeneous mixture 

among the treatments (Figure 4.6).  
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Figure 4.6: Extractable skin and seed tannins in Cabernet sauvignon at harvest in 2020. An 

analysis of variance (ANOVA) was performed for each treatment before fermentation. 

Different capital letters represent significant differences (Tukey HSD p<0.05) in extractable 

skin tannin concentration between treatments. Different lower-case letters represent 

significant differences (Tukey HSD p<0.05) in extractable seed tannin concentration between 

treatments. Student’s T-Test identified significance difference at p<0.0001***¸p<0.01**, 

p<0.05*. Error bars represents standard error of the means.  

 
All treatments had a similar extractable skin tannin concentration at harvest except 

for treatment 3 (Saignée + DarkBerry), which had a significantly higher concentration 

(Figure 4.6). Extractable seed tannin concentration was similar for all treatments. Significant 

differences were observed between extractable skin and seed tannin levels across all 

treatments (Figure 4.6). The extractable seed tannin concentration was significantly higher 

than the extractable skin tannin concentration.  
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4.4.2.2 Juice Chemistry  
 

The results of the juice chemistry analyzed at harvest are shown in table 4.7.  

Table 4.7: Juice chemistry of Cabernet sauvignon at harvest in 2020.  
 

 Control Saignée 
Enzyme 
addition 

Saignée + Enzyme 
addition 

pH 3.11±0.03b 3.17±0.01ab 3.16±0.04ab 3.20±0.00a 

Soluble solids 
(°Brix) 21.9±0.2ab 21.7±0.4b 22.0±0.3ab 22.7±0.4a 

Titratable acidity 
(g/L tartaric acid) 9.48±0.50a 9.55±0.54a 9.79±0.29a 9.30±0.31a 

Acetic Acid (g/L) <0.02±0.00a <0.02±0.00a <0.02±0.01a <0.02±0.04a 

YAN (mg N/L) 181.47±1.07a 183.26±9.18a 189.26±8.00a 184.88±1.84a 

The data sown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and Tukey 

post hoc were performed. Different letters show significant differences in each row. 

Significant differences were observed between treatments for soluble solids and pH 

(Table 4.7). Treatments 1 (Saignée) and 3 (Saignée + DarkBerry) had a significantly different 

°Brix, however, all treatments were within 1°Brix of each other. The pH in the control 

treatment was significantly lower than the pH for treatment three, but both were 

comparable to the pH of treatments one and two (Table 4.7). The acetic acid levels were 

below the detection level for the analytical method used, and YAN concentrations were 

below the necessary level for fermentation, so they were adjusted to 250mg N/L for all 

treatments. The titratable acidity was similar across all treatments (Table 4.7). 
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4.4.2.3 Wine Chemistry 
 

The final wine chemistry was analyzed 6 months post-pressing. The results are 

shown in Table 4.8.  

Table 4.8: Wine chemistry of Cabernet sauvignon in 2020.  
 

 Control Saignée 
Enzyme 
addition 

Saignée + 
Enzyme 
addition 

pH 3.80±0.04ab 3.86±0.09a 3.73±0.03b 3.78±0.02ab 

Titratable acidity 
(g/L tartaric acid) 6.68±0.47a 6.57±0.21a 6.61±0.06a 6.63±0.15a 

Malic Acid (g/L) <0.02±0.00a <0.02±0.00a <0.02±0.00a <0.02±0.00a 

Acetic Acid (g/L) 0.21±0.01a 0.24±0.02a 0.24±0.02a 0.22±0.02a 

Lactic Acid (g/L) 1.93±0.04ab 2.05±0.06ab 2.17±0.12a 1.89±0.13b 

Residual sugars (g/L) 0.04±0.00a 0.04±0.00a 0.04±0.00a 0.05±0.00a 

Ethanol (% v/v) 13.1±0.0a 12.9±0.0a 13.1±0.0a 13.4±0.0a 
The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 
Tukey post hoc were performed. Different letters show significant differences in each row. 

As shown in Table 4.8, significant differences were observed between treatments for 

pH and the lactic acid concentration post-fermentation. For all the other parameters, all 

wines were similar (Table 4.8). The pH of the Saignée wines was significantly higher than 

that of the DarkBerry treated wines, but Control and Saignée + DarkBerry treatments had a 

similar pH (Table 4.8). The titratable acidity ranged between 6.6 and 6.7g/L. The ethanol 

concentration was around 13%.  
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4.4.2.4 Colorimetric Analysis Results  
 

Colorimetric analyses were performed 6 months post-pressing in 2019. The results are 

shown in table 4.9.  

Table 4.9: Colorimetric analysis in Cabernet sauvignon 2020 wines.  

 Control Saignée 
Enzyme 
addition 

Saignée + 
Enzyme 
addition 

Total Phenolics (a.u.) 14555±1036a 14415±1089a 13861±442a 16641±2028a 

Wine colour density 
(a.u.) 5.59±0.35a 6.01±0.60a 5.12±0.47a 5.61±0.38a 

Wine colour hue (a.u) 0.79±0.01c 0.90±0.04b 1.00±0.01a 0.99±0.03a 

Degree of red pigment 
coloration (%) 7.90±1.08a 6.34±0.99a 2.21±0.56b 2.65±0.12b 

Estimate of SO2 

resistant pigments 
(a.u.) 

1.98±0.16a 2.33±0.12a 1.39±0.12b 1.11±0.17b 

The data shown are the mean values ± SD where N=3. Analysis of Variance (ANOVA p=0.05) and 
Tukey post hoc were performed. Different letters show significant differences in each row. 

No significant difference was observed between treatments in terms of total 

phenolics and wine colour density (Table 4.9). Wines treated with the addition of the 

DarkBerry enzyme had a significantly higher degree of red pigment coloration, estimate of 

SO2 resistant pigments and wine colour hue compared to the control and the Saignée wines 

(Table 4.9).   

4.4.2.5 Wine extractable tannin concentration over time 2020  
 

The extractable tannin concentration was measured post-pressing, at three months 

post-pressing and at six months post-pressing. Overall, wines treated with the DarkBerry 

enzyme and Saignée showed a significantly higher concentration of extractable tannins and 

a better total tannin retention over time.   
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Results in Table 4.10 show the comparison of extractable tannins between treatments 

over time. After pressing, significant differences were observed between treatments. Wines 

treated with Saignée and DarkBerry enzymes had a significantly higher extractable tannin 

concentration compared to the control (Table 4.10). The Saignée treatment had the highest 

extractable tannin concentration. At the three months post-pressing time point, most 

treatments had similar extractable tannin concentrations, except for the Saignée + 

DarkBerry addition treatment, which maintained a significantly higher concentration (Table 

4.10). The Saignée + DarkBerry addition treatment had the highest tannin retention over 

time, it remained the treatment with the highest extractable tannin concentration 6 months 

post-pressing. At six months, wines treated with only the Saignée treatment or only the 

DarkBerry enzyme had a significantly higher extractable tannin concentration than the 

control, but significantly lower than the Saignée + DarkBerry addition treatment (Table 

4.10).  

Table 4.10: Comparison of extractable tannin concentration (epicatechin ug/ml) between 
treatments at three different timepoints in the 2020 Cabernet sauvignon wines.  

Treatments Pressed wines 
3 months post 

press 
6 months post 

press 

Control  363±33c 453±29B 254±27c 

Saignée  716± 35a 595±55B 436±43b 

DarkBerry addition  536± 27b 646±28B 487±33b 

Saignée + DarkBerry addition    633± 42ab 895±36A 675±20a 

The extractable tannins from the four treatments were compared in the initial pressed wine, at 3 

months and at 6 months in Cabernet sauvignon 2020 wines. The data shown are the mean values ± 

SD where N=3. Analysis of Variance ANOVA done comparing treatments (p=0.05) and Tukey post hoc 

were performed. Different letters in each column represent significant differences.  
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The results in Figure 4.7 show the evolution of extractable tannin within treatments 

over time. Significant differences were observed over time within all treatments except for 

the Saignée treatment (Figure 4.7). Small differences were observed between each time 

point for Saignée wines, but they were not statistically significant (Figure 4.7). For the 

DarkBerry enzyme treated wines, a significant increase was observed between pressing and 

three months post-pressing in terms of tannin concentration in the wines, but a decrease 

between three months and six months post-pressing was also observed (Figure 4.7). Control 

wines had similar extractable tannin concentration after pressing and three months post-

pressing, but at the six months time point, a significantly lower extractable tannin 

concentration was recorded (Figure 4.7).  

 

Figure 4.7: Evolution of extractable tannins in Cabernet sauvignon 2020 wines for each 

treatment. An analysis of variance (ANOVA) was performed for each time point. Different 

capital letters represent significant differences (Tukey HSD p<0.05) at each time point for 

control wines. Different lower-case letters represent significant differences (Tukey HSD 

p<0.05) at each time point for treatment 1: Saignée. Different lower-case letters in italic 

represent significant differences (Tukey HSD p<0.05) at each time point for treatment 2: 

DarkBerry addition. Different lower-case letters in bold represent significant differences 

(Tukey HSD p<0.05) at each time point for treatment 3: Saignée + DarkBerry addition.  Error 

bars represents standard error of the means.  
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4.5 Discussion  
 

Wine production in a cool climate can be challenging for many reasons. The weather, 

the soil and the vineyard emplacement can impact the grapes’ ripening conditions and the 

final quality (Río Segade et al., 2015). Traditionally, harvest decisions are made based on the 

concentration of soluble solids, acids, and pH but it could also be based on the skin and seed 

tannin concentrations since they play such an important role in the perceived quality of red 

wines (Bautista-Ortín et al., 2016). With varying ripeness levels at harvest from vintage to 

vintage, it is essential to take into consideration the phenolic levels of the grapes before 

selecting the appropriate winemaking technique. Monitoring the extractable skins and seed 

tannin accumulation in the grapes during ripening and analyzing their concentrations at 

harvest can assist a winemaker in choosing the appropriate winemaking technique to use to 

produce high quality red wines by taking the tannin values into account. A technique that 

may contribute to the improvement of red wine has to increase the extraction of tannins and 

pigments from the skins without over-extracting tannins from seeds.  

A recent technique which has proven to be effective in increasing tannin extraction in 

Pinot noir and Syrah wines is called Accentuated Cut Edges (ACE)(Kang et al., 2020; Sparrow 

et al., 2016). With this technique, the skins of the grapes are cut in smaller pieces before 

fermentation. This action releases a larger amount of the skins’ vacuole content into the must 

while retaining the seed integrity (Kang et al., 2020; Sparrow et al., 2016). In a winery setting, 

it might not be possible to recreate the same technique without a significant financial 

investment in specialized equipment. The goal of this study was to determine if pre-pressing 

the grapes after crushing and destemming them would mimic the skin fragmentation leading 
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to a possible increase in extractable skin tannin extraction and anthocyanins. Another 

technique used in warmer climates to increase skin tannin extraction is Saignée (Gawel et 

al., 2001; Wu et al., 2017). This technique increases the surface of the grapes’ skin that is in 

contact with the juice which results in higher skin tannin and pigment extractions during 

fermentation (Casassa et al., 2016; Gawel et al., 2001).  

For the 2019 vintage, the grapes were considered ripe by the VQA commercial 

standards (<19°Brix) (Vintners Quality Alliance of Ontario, 2021). Low temperatures and 

wet conditions characterized the growing season, which affected the ripeness level of the 

grapes (Vintners Quality Alliance of Ontario, 2019). These growing conditions slowed the 

grapes’ ripening and affected the sugar and acid accumulation in the grapes. At harvest, the 

grapes had a relatively low concentration of soluble solids (21.3°Brix), a low pH (3.13) and 

a high titratable acid level (9.08g/L). The harvest decision was made due to the high risk of 

frost injury on the grapes. This kind of injury leads to the formation of inter and intra-cellular 

ice crystals which cause the desiccation of the grapes and loss of turgor pressure (Centinari, 

2016). Frost injuries cause a reduced vineyard yield and an economic loss for the growers.   

The extractable skin and seed tannin concentrations at harvest in 2019 were 

compared to the TanninAlert Database and were categorized as medium and high 

respectively. The extractable seed tannin concentration across all treatments was 

significantly higher than the extractable skin tannin concentration. Grapes harvested before 

reaching their optimal ripeness level tend to have a higher extractable seed tannin 

concentration and a lower extractable skin tannin concentration, as observed in Figures 2.4 

and 2.10 in Chapter 2. During ripening, the seed coat is not lignified which means that the 
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seed tannins are more readily extracted due to the absence of a barrier (Gouot et al., 2019). 

The lignification of the seed coats only occurs towards the end of ripening to prepare for 

senescence, when there is enough accumulation of sugar and malic acid in the skin and 

mesocarp (Adams, 2006). Also, the biochemical pathways responsible for the accumulation 

of skin tannins and anthocyanins in the skins of grapes are regulated by light exposure and 

temperature respectively (Jackson et al., 1993; Alcalde-Eon et al., 2014; Chorti et al., 2010; 

Mori et al., 2005). With the cool weather and increased precipitation observed in the 2019 

vintage, a low level of soluble solids in the grapes was expected. Unripe grapes have thicker 

skins, making the extraction of tannins more difficult thus influence the quantification during 

analysis (Ortega-Regules et al., 2008).  

The extractable tannin concentration in all 2019 wines was measured post- pressing 

and twice during aging (three months and eight months). For each time point, the extractable 

tannin concentration in the pre-fermentation pressed wines and the Saignée wines was not 

significantly different than in the control wines. The mechanical size reduction of the grape 

skins had shown positive results with Pinot noir and Syrah wines in other studies, but was 

not the case for Cabernet sauvignon wines in research  (Kang et al., 2020; Sparrow, Holt, et 

al., 2016; Sparrow, Smart, et al., 2016). Since the protocol of the original ACE technique was 

adapted in this study to mimic the destruction of the grapes’ skins, it is likely that the pre-

fermentation pressing did not affect the grapes as much as the equipment that Sparrow et 

al., (2016) used. Without a physical breakage of the skins, the cell wall remains intact and the 

content of the vacuole would be kept inside as the cell wall would act as a barrier preventing 

diffusion (Bautista-Ortin et al., 2005; Cerpa-Calderón et al., 2008; Sacchi et al., 2005). Studies 

using ACE treatment found that it increased the red colour intensity and the estimate SO2 
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resistant pigments in the wines (Kang et al., 2020; Sparrow, Holt, et al., 2016; Sparrow, 

Smart, et al., 2016). The total phenolics concentration and the estimate of SO2 resistant 

pigments were significantly lower in the pre-fermentation pressing treatments than in all 

the other treatments. These results contribute to the above-mentioned hypothesis that the 

skins were not split into pieces to mimic the ACE technique.  

A higher extractable tannin concentration was expected in the 2019 Cabernet 

sauvignon wines treated with Saignée. The 2019 Cabernet sauvignon grapes were not 

harvested at their optimal maturity, which could possibly explain why the Saignée treated 

wines did not have a significantly higher extractable tannin concentration compared to the 

control. With a lot of rain and cold weather the ripening slowed down, and possibly affected 

the accumulation of skin tannins and pigments, as well as the size of the grape berries 

(Bautista-Ortín et al., 2004; Gawel et al., 2001). A study carried out on Cabernet sauvignon 

grapes in California with a 16% juice run-off prior to fermentation showed that wines made 

with bigger berries benefited the most from the juice removal prior to fermentation in terms 

of tannin extraction (Casassa et al., 2016). Also, the mechanical properties of grape skins 

such as thickness and hardness can influence the anthocyanins’ and pigments’ release from 

the skin (Hernández-Hierro et al., 2014; Río Segade et al., 2015; Rolle et al., 2012; Segade et 

al., 2011).  

One study suggested that the increase in extracted tannins from Saignée seemed to 

be proportional to the volume of juice removed prior to fermentation (Harbertson et al, 

2009). When 16% of juice Saignée was applied before fermentation, the final extractable 

tannin concentration in the wines was not significantly different than the control, but when 
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32% of juice was removed, the tannin concentration was significantly higher (Harbertson et 

al., 2009). This observation agrees with our results since we removed 16% of juice and did 

not observe significant differences. Similar observations were made in other studies in which 

a juice removal ranging from 10% to 20% prior to fermentation were applied on Merlot, 

Monastrell, Cabernet sauvignon, and Syrah wines from warm and cool climates (Bautista-

Ortín et al., 2004; Casassa et al., 2016; Gawel et al., 2001; Harbertson et al., 2009; Wu et al., 

2017). Harbertson et al., (2009) also observed that depending on the percentage of the juice 

removed, the quantity of tannins extracted from skins and seeds varies. Indeed, when 16% 

of Saignée was applied, the estimated proportion of tannins extracted from skins is between 

40% and 60% from seeds, but when 32% of juice was removed, the estimated proportion of 

tannins extracted from skins is between 21% and 73% from seeds (Harbertson et al., 2009). 

Considering that the goal of this project was to minimize the extraction of seed tannin during 

fermentation, we chose a percentage of juice removal that was not too high nor too low and 

based on the results from the aforementioned studies, we chose 16% of juice removal of the 

total volume. Based on our results, 16% might not have been enough to have a significant 

impact on the extractable skin tannin extraction into wine.  

In 2020, the grapes were considered ripe by the VQA commercial standards 

(<19°Brix) (Vintners Quality Alliance of Ontario, 2021). The 2020 vintage was optimal for 

grape growing. The ripening season was characterized by warm and dry temperatures with 

only isolated rain events (Vintners Quality Alliance of Ontario, 2020). Cabernet sauvignon 

grapes were left on the vines until late in the season, which favored an optimal ripeness level 

at harvest. Indeed, the grapes were harvested with soluble solids of 22.1°Brix, low pH (3.16), 

and a low concentration of acetic acid (<0.02g/L). The titratable acidity (TA), which consists 
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mainly of tartaric acid and malic acid, was high (9.53g/L), but in a cool climate, red grape 

varieties tend to have a high concentration even with warmer temperatures (Kennedy, 

2002). During ripening, the reduction of TA is related to the concentration of malic acid in 

the grape and respiration (Conde et al., 2007; Kennedy, 2002). As the grapes accumulate 

sugar through photosynthesis, the concentration of malic acid decreases because it is either 

transformed into fructose and sucrose or used as energy in the form of carbon for respiration 

(Conde et al., 2007). In order to have a significant reduction of acid, there has to be warm 

growing days and enough light exposure. The higher the heat summation unit, which refers 

to the number of degree of average daily temperatures that are over 10°C for every day 

during the growing season, the higher the respiration of the grapes and the lower the 

concentration of TA (Maynard et al., 2020). In cool climates, even if the heat summation unit 

is higher than usual, it is still not high enough to favour an increased respiration of the grapes 

and a decrease in malic acid, which is why the grapes were harvested with a high TA 

(Maynard et al., 2020). 

The extractable skin and seed tannin concentrations at harvest were compared to the 

TanninAlert Database and categorized as medium and high respectively. The extractable 

seed tannin concentration across all treatments was significantly higher than the extractable 

skin tannin concentration in 2020. The biological pathways responsible for skin tannin and 

anthocyanin accumulation in the skins, as well as lignification of the seed coats, are regulated 

by the concentration of sugar in the grapes, the temperature, and the light exposure, amongst 

other factors mentioned previously (Adams, 2006). Even if the 2020 vintage was warmer 

and dryer than usual, the sugar concentration might not have been high, early enough in the 

season to let the grapes reach their optimal ripeness by harvest and would possibly explain 
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the high concentration of seed tannins. Also, seed tannins are more easily extracted from 

grapes that have unlignified seed coats (Hanlin et al., 2009; Rousserie et al., 2019; Smith et 

al., 2015).   

The extractable tannin concentration was also measured in all treatments before 

fermentation. In 2020, the extractable skin tannin concentration was similar in all 

treatments except for the last treatment (Saignée + DarkBerry). The extractable seed tannin 

concentration was also similar across all treatments in 2020. This significant difference 

observed in the extractable skin tannin concentration in 2020 could be explained by the 

ripeness variation between clusters and within clusters, which is normal when working with 

organic samples (Chira et al., 2009; Kennedy, 2002; Teixeira et al., 2013). 

In 2020, the extractable tannin concentration in all wines was measured post-

pressing and twice during aging (three months and six months). In 2020, the extractable 

tannin concentration in wines treated with Saignée and/or the pectolytic + cellulosic enzyme 

mix had a significantly higher extractable tannin concentration compared to the control. 

Also, the Saignée treatment had the highest extractable tannin concentration. At the three 

months post-pressing time point, the control, the Saignée and the enzyme treatment all had 

similar extractable tannin concentrations. The only significant difference was observed with 

the Saignée + enzyme treatment, which had a significantly higher extractable tannin 

concentration.  At the six months’ time point, the Saignée and enzyme treated wines had a 

significantly higher extractable tannin concentration than the control but a significantly 

lower concentration in comparison to the Saignée + enzyme treatment. This suggests that  

when both Saignée and enzyme addition are applied during fermentation, the extractable 
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tannin concentration increase in the wines, but this study does not establish a synergetic nor 

an additive effect.  

The Saignée technique was selected again in 2020 because it is a technique that 

showed promising results in the 2019 Cabernet sauvignon wines in terms of tannin retention 

during aging. The same percentage (16%) of juice removal was used in 2019 and 2020 

because based on previous literature, it is high enough to increase the extraction of tannins 

from the skins without over-extracting the tannins from the seeds (Bautista-Ortín et al., 

2004; Casassa et al., 2016; Gawel et al., 2001; Harbertson et al., 2009; Wu et al., 2017). In 

2020, wines treated with Saignée showed a significantly higher extractable tannin 

concentration as expected. An increase in the surface contact between the skins and the juice 

during fermentation has been observed by several authors to increase the extraction of 

tannins and anthocyanins (Casassa et al., 2016; Gawel et al., 2001; Harbertson et al., 2009; 

Wu et al., 2017). Indeed, when Saignée was used on Merlot, Monastrell, Cabernet sauvignon 

and Syrah wines, an increase in the tannin concentration was observed (Bautista-Ortín et al., 

2004; Casassa et al., 2016; Gawel et al., 2001; Harbertson et al., 2009). The increased tannin 

concentration is possibly due to the increased number of reaction sites between the skins 

and the juice, which allows for a greater diffusion of compounds into the must. Studies using 

Teran and Merlot found a significant increase in tannins in wines from Saignée, which agrees 

with our 2020 results (Casassa et al., 2016; Harbertson et al., 2009; Lukić et al., 2017). In 

another study of Merlot wines, the authors suggested that increasing the ratio of solids to 

juice favors the extraction of seed tannins and not skin tannins, but in a different study on 

Merlot wines from a cool climate, the Saignée treatment extracted an equivalent 

concentration of skin and seed tannins (Casassa et al., 2016; Harbertson et al., 2009).  
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With these contradicting results, it would be interesting to conduct further analysis 

on the wines to determine the type of extractable tannins extracted during fermentation 

(Cerpa-Calderón et al., 2008).  During fermentation, the extraction of skin tannins typically 

reaches a plateau early in the fermentation whereas the seed tannins continue to be 

extracted as long as they are in contact with the must.  An in-depth analysis of tannins using 

HPLC techniques and conducting a sensory analysis of the wines would determine if the 

increased tannin concentration is mainly composed of skin or seed tannins, and if the 

difference can be perceived sensorially and possibly by consumers.   

  The addition of enzyme  prefermentation has proven to be effective for increasing 

the extraction of tannins and free-run juice (Baiano et al., 2016; Castro-López et al., 2016; 

Ducasse et al., 2010; Espejo, 2020; González-Neves et al., 2016; Río Segade et al., 2015). The 

specific enzyme used in this project was called DarkBerry and is composed of pectolytic 

enzymes and cellulosic enzymes. The role of pectolytic and cellulosic enzymes is to affect the 

three-dimensional structure of pectin and cellulose, two major constituents of the skin cell 

wall (Espejo, 2020; Gao et al., 2019; Río Segade et al., 2015; Romero-Cascales et al., 2012). It 

would consequently affect the integrity of the cell wall and would optimize the release of 

tannins and anthocyanins (Espejo, 2020; Gao et al., 2019; Río Segade et al., 2015; Romero-

Cascales et al., 2012; Sacchi et al., 2005). The increased extractable tannin concentration in 

enzyme treated wines in 2020 was expected (Espejo, 2020; Gao et al., 2019; Osete-Alcaraz 

et al., 2019; Parley et al., 2001; Río Segade et al., 2015; Romero-Cascales, 2007; Sacchi et al., 

2005). Several authors have observed a significant increase in tannin extraction using 

pectolytic and cellulosic enzymes during fermentation (Baiano et al., 2016; Castro-López et 

al., 2016; Ducasseet al., 2010; González-Neves et al., 2016; Osete-Alcaraz et al., 2019; 
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Romero-Cascales, 2007; 2012; Sacchi et al., 2005; Watson et al., 2005). To the best of our 

knowledge, the DarkBerry enzyme product has not been specifically studied. It was also 

observed in other studies that an enzyme addition decreased the size of proteins and 

polysaccharides present in the must, thereby resulting in a decrease in the possible binding 

sites for phenolic compounds such as tannins and allowing for better extraction into the 

must (Castro-López et al., 2016; Ducasse et al., 2010; Espejo, 2020; Hanlin et al., 2009; 

Romero-Cascales, 2007, 2012; Salamone et al., 2018). Other studies have shown that using 

enzymes during fermentation also increased the pigment extraction, as well as colour 

density and polymeric pigment formation (Dal Magro et al., 2016; Kelebek et al., 2007, 2009; 

Ortega-Heras et al., 2012; Parley et al., 2001; Río Segade et al., 2015; Soto Vázquez et al., 

2010). The results from this present study agree with the literature. Enzyme treated wines 

had a significantly higher wine colour hue, higher degrees of red pigments and higher 

estimates of SO2 resistant pigments compared to the control and the Saignée treatment.  

The interesting result from this study is the increased extractable tannin 

concentration when both the Saignée treatment and the addition of DarkBerry enzyme 

during fermentation. When both treatments were applied, the extractable tannin 

concentration was significantly higher than in the other treatments and the extractable 

tannin concentration increased during aging before declining to the initial extractable tannin 

concentration at pressing. This novel observation could be explained by a few factors. The 

first factor would be that the increased number of reaction sites between the skins and the 

juice created by the Saignée allows for a better diffusion of compounds into the must. The 

second factor is the possible increased action of the DarkBerry enzyme on the pectin and the 

cellulose of the skin cell wall. Indeed, if the surface contact between the skins and the juice 
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is bigger, then the enzymes can more easily reach the skins’ cell wall and affect the three-

dimensional structure of pectin and cellulose which are two major constituents of the skin 

cell wall (Espejo, 2020; Gao et al., 2019; Río Segade et al., 2015; Romero-Cascales et al., 2012). 

It would result in an increased release of tannins and anthocyanins in the wine (Espejo, 2020; 

Gao et al., 2019; Río Segade et al., 2015; Romero-Cascales et al., 2012; Sacchi et al., 2005). 

The combined effect between Saignée and the DarkBerry enzyme is novel and shows 

potential for red wine production in the cool climate of Niagara. It is important to mention 

that this study did not establish a synergetic effect nor an additive effect from combining 

Saignée and the addition of enzymes.  

The extractable tannin concentration was also compared within treatments for both 

vintages. In 2019, the extractable tannin concentration within treatment was not 

significantly different post-pressing and three months post-pressing for all treated wines. 

The control wines were the only wines with a significant loss of extractable tannin three 

months post-pressing. This means that the pre-fermentation pressing treatment and the 

Saignée treatment did affect positively the extractable tannin retention in the wines over 

time. In 2020, the extractable tannin concentration within treatment remained constant 

from pressing to six months post-pressing for the Saignée treatment, which translate into a 

promising tannin retention through aging. The extractable tannin concentration significantly 

increased in enzyme treated wines between pressing and three months post-pressing, but 

then significantly decreased after six months to reach a similar level to that at pressing.  

The loss of tannins is not uncommon during aging of red wine (Gawel et al., 2001; 

Gutierrez et al., 2005; Harbertson et al., 2009; Li et al., 2009). Tannins can be absorbed by 
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dead yeast cells and discarded during racking operations ( Bautista-Ortín et al., 2007; Gawel 

et al., 2001; Harbertson et al., 2009; Romero-Cascales et al., 2012). They can also bind to 

pigments and other macromolecules present in the wine to form derived pigments and can 

undergo oxidation reactions causing their precipitation (Gawel et al., 2001; Gutierrez et al., 

2005; Harbertson et al., 2009; Li et al., 2009). In contrast, an increase in tannin concentration 

after pressing is not common. The major difference between the 3-month and 6-month time 

point in this project is the filtering and bottling of the wines. Filtering and bottling were done 

4 months post pressing. Studies have shown that there is a high concentration of tannin in 

wine lees (Mazauric et al., 2006; Zhijing et al., 2018). Perhaps, the increased extractable 

tannin concentration is extracted from the lees. Of all the treatments, in both 2019 and 2020, 

the Saignée treated wines had the highest tannin retention during aging. Similar results were 

observed by Casassa et al., (2016) who studied Cabernet sauvignon wines and by Harbertson 

et al., (2009) with Merlot wines. The DarkBerry enzyme product would also be a good 

winemaking technique for Cabernet sauvignon in Niagara to increase colour extraction, and 

extractable tannin concentration and retention over time.  

4.6 Conclusion  

The main objective of this study was to investigate winemaking techniques over two 

vintages using Cabernet sauvignon grapes grown in Ontario, while considering the level of 

extractable skin and seed tannins in the grapes at harvest in order to improve the total 

extractable tannin concentration in final wines.  

Results from the grape and wine analysis in both 2019 and 2020 highlight the 

challenges that winemakers and grape growers face every year trying to produce the best 



 
 

193 
 

wine possible. When the sugar ripeness/potential alcohol is reached, it does not necessarily 

mean that the accumulation of extractable tannins in the skins of grapes is optimal, and they 

are both important key players in the perceived quality of red wine. These results highlight 

the importance of the TanninAlert Database to assist the industry in producing higher quality 

red wines consistently. Studying specific winemaking techniques based on the extractable 

tannin concentrations in the seeds and skins of grapes at harvest will assist with the 

management of tannin extraction during fermentation thus producing higher quality red 

wines.  

The pre-fermentation pressing treatment in 2019 did not significantly increase the 

extractable tannin concentration in Cabernet sauvignon wines nor did the Saignée 

treatment, but the Saignée did improve the tannin retention over time. In 2020, the grapes 

had a higher sugar level than in 2019 (20-21°Brix in 2019 vs 21-23°Brix in 2020) and the 

Saignée treated wines showed a significantly higher extractable tannin concentration and 

tannin retention over time compared to the 2020 control wines. Depending on the grape 

chemistry at harvest, the same treatment can have a different impact on the final wine from 

one year to the next.  

The combined effect of the Saignée treatment combined with the addition of 

DarkBerry enzymes, a mix of pectolytic and cellulosic enzyme provides a tool for Niagara 

winemakers to use. Wines treated with both treatments had a significantly higher 

extractable tannin concentration at pressing and during aging. The extractable tannin 

concentration even increased after three months post-pressing. This specific enzyme has not 
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yet been studied for wine production in the cool climate of the Niagara Region, but with these 

promising results, it would be important to investigate it on commercial size fermentations.   

Due to COVID-19 restrictions, it was not possible to conduct a sensory analysis of the 

wines, but it would be interesting to see how, and if the DarkBerry enzymes affect the aroma, 

and the flavour of Cabernet sauvignon produced in Niagara. Further research should also 

include an in-depth analysis of tannins using more sophisticated techniques using HPLC to 

determine if the Saignée treatment increased the skin tannin extraction or if it increased the 

seed tannin extraction into the wines.  
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 Chapter 5. General discussion and conclusions   
  

To the best of my knowledge, this study is the first one focussing specifically on 

matching winemaking techniques to the extractable skin and seed tannin levels at harvest. 

Both Pinot noir and Cabernet sauvignon grown in the cool climate of the Niagara region were 

studied in an attempt to improve tannin extraction and retention in these varietal wines. 

Phenolic compounds such as tannins play an important role in the perceived quality of red 

wine and should be taken into consideration along side °Brix, pH and acidity when deciding 

upon the winemaking technique to use, and the harvest date (Bautista-Ortín et al., 2016; 

Cheynier et al., 2006; Casassa et al., 2019; Ramos-Pineda et al., 2019; Smith et al., 2015). 

Winemaking techniques studied included enzyme addition during fermentation as well as 

skin tannin addition, Saignée and pre-fermentation pressing in an attempt to optimize the 

skin tannin extraction without over-extracting the seed tannins into the wines.  

The pre-harvest monitoring of the extractable skin and seed tannins in grapes across 

eight vineyard sites in the Niagara Peninsula provided information on the concentrations of 

extractable tannin in skins and seeds of Pinot noir and Cabernet sauvignon grapes grown in 

the cool climate of Niagara. The recorded data was added to the TanninAlert Database to 

categorize the extractable skin and seed tannin concentrations according to tannin 

concentrations, as low, medium or high. The categorization of grape extractable tannins was 

used to customize winemaking techniques that would manage the tannin extraction during 

winemaking. The TanninAlert database will benefit industry professionals, assisting them 

with harvest and winemaking decisions. 
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Results from the pre-harvest monitoring of extractable skin and seed tannins in Pinot 

noir and Cabernet sauvignon demonstrated that the extractable seed tannin concentration 

was higher in the grapes than the extractable skin tannin concentration for both varieties in 

2019 and 2020. This tannin profile is often observed by grape growers and winemakers in a 

cool climate and explains the low colour and high astringency in some red wines (Gouot et 

al., 2019; Salamone et al., 2018). The lower temperatures during the growing season, and 

increased precipitation in a cool climate impact the biochemical pathways of grapes, and 

leads to lower colour accumulation in the skins, lower sugar accumulation, a higher acid level 

and an unlignified seed coat (Jackson et al., 1993; Alcalde-Eon et al., 2014; Chorti et al., 2010; 

Mori et al., 2005; Shaw, 1999). Without a high enough sugar accumulation, the pathway 

responsible for the lignification of the seed is not operating at full capacity which means that 

when the grapes are harvested, the seed coat is probably not completely lignified (Adams, 

2006). A seed without a completely lignified coat is much more permeable. This permeability 

releases a higher quantity of seed tannins in the wines, tannins that are considered more 

astringent than skin tannins which leads to wines high in astringency (Casassa, 2017; Wei et 

al., 2020). 

Results also showed significant site variations and vintage variations. The vintage 

variations from 2019 and 2020 highlight the salient challenges in Niagara, which is to have 

a constant optimal ripening season that yields high quality grapes for winemaking. 

Significant variation between sites emphasizes the need to develop a more robust database 

regarding the accumulation of extractable skin and seed tannin during ripening in order to 

have a better understanding of the impact of the cool climate weather on wine grapes grown 

in the Niagara region.  
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Based on the extractable tannin level at harvest of Pinot noir grapes, various 

winemaking techniques have been tested in an attempt to extract more extractable skin 

tannin without over-extracting extractable seed tannins such as the addition of skin tannins, 

He Grand Cru enzymes (pectolytic enzymes), and DarkBerry enzymes (pectolytic + cellulosic 

enzymes). The extractable tannin concentration post-pressing was not significantly different 

from that of the control and the tannin retention over time was not improved with the 

addition of skin tannins and He Grand Cru enzymes (pectolytic enzymes). When adding He 

Grand Cru (pectolytic enzymes) and adding DarkBerry enzymes (pectolytic + cellulosic 

enzymes) to the fermenting must, the extractable tannin concentration increased and the 

tannin retention during aging was improved, suggesting a combined effect when using both 

enzymes during Pinot noir fermentation.  

For Cabernet sauvignon, different techniques were applied: Saignée, pre-

fermentation pressing, and addition of DarkBerry enzymes (pectolytic + cellulosic enzymes). 

In 2019, when Saignée and pre-fermentation pressing treatments were applied, there were 

no improvements in tannin extraction nor in the tannin retention during aging. In 2020, the 

grapes had similar tannin levels to 2019, however, the grape chemistry differed. When the 

wines were treated with Saignée and DarkBerry enzymes (pectolytic + cellulosic enzymes), 

the extractable tannin concentration increased significantly and remained high over time 

compared to the control. The extractable tannin concentration increased from pressing to 

three months post-pressing. The combined effect between Saignée and the DarkBerry 

enzyme is a novel observation. The DarkBerry enzyme had not been previously studied for 

its specific use on Cabernet sauvignon wines produced in Niagara, but these positive results 

suggest that it could be a promising technique to use in the industry.   
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For both 2019 and 2020, extractable skin and seed tannins in Cabernet sauvignon 

grapes were categorized as low and high. The Saignée treatment was applied for both years 

in an attempt to match winemaking techniques to the extractable skin and seed tannin 

concentration at harvest. It was thought that Saignée would enhance skin tannin extraction 

since it was reported low in both years. Surprisingly, different results were observed 

between the years regarding extractable tannin extraction in wine and extractable tannin 

retention in wine. In 2019, the Saignée treatment did not improve the tannin extraction in 

wine, but it did improve tannin retention from the pressed wine over nine months for that 

treatment (Figure 4.5).  In the 2020 wines, the same results were found for tannin retention 

as in 2019 (Figure 4.7) but in addition, there was higher tannin extraction with Saignée as 

compared to the control in 2020 which was not observed in 2019. This highlights that 

winemaking decisions should be taken along side brix, pH and TA to maximise the extraction 

of desired components in the wines.  

Different extractable tannin concentrations were observed in Pinot noir and Cabernet 

sauvignon wines from 2019 and 2020 when different winemaking techniques were applied. 

Grape chemistry is also another important factor, and highlights the fact that °Brix, pH, TA, 

and skin and seed tannin concentrations, should be taken into consideration for the harvest 

decision and winemaking techniques. Indeed, Cabernet sauvignon grapes in 2019 and 2020 

had the same categorization of extractable skin and seed tannins at harvest, but different 

levels of soluble solids/potential alcohol, and acids, which led to different results when using 

Saignée prior to fermentation. The composition of extractable skin and seed tannins might 

have been different between the two vintages and could partly explain the different outcome 

of the Saignée treatment.  
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The following research questions were addressed by monitoring the extractable skin 

and seed tannins of Pinot noir and Cabernet sauvignon grapes from véraison to harvest in 

2019 and 2020.  In the Niagara Peninsula, from véraison to harvest, did the concentration of 

extractable tannin increase in the skins and decrease in the seeds for both Pinot noir and 

Cabernet Sauvignon grapes? No, concentration of extractable tannin in the skins of Pinot noir 

and Cabernet sauvignon grapes did not follow a steady increase from veraison to harvest 

and the accumulation of extractable seed tannin did not decrease weekly throughout the 

ripening period. Were there variations in extractable tannin accumulation in the skins and 

seeds of Pinot noir and Cabernet sauvignon grapes between vineyards and vintages? Yes, 

there were significant variations in extractable tannin accumulation in the skins and seeds 

of both Pinot noir and Cabernet sauvignon between vineyards. There were also significant 

differences observed between vintages. At harvest, was the relative concentration of 

extractable tannin from select vineyard sites low, medium, or high in the skins and seeds of 

Pinot noir and Cabernet sauvignon grapes relative to values in the database? The extractable 

skin and seed tannin concentrations in Pinot noir grapes were categorized as medium and 

high in 2019 and as high and low in 2020. For Cabernet sauvignon, the extractable skin and 

seed tannin concentrations were categorized as medium and high respectively for both 

vintages.   

The following research questions were addressed by studying different winemaking 

techniques in Pinot noir wines. Did the addition of pectolytic enzymes and skin tannins 

during winemaking enhance extractable tannin retention in Pinot noir wines? The addition 

of pectolytic enzymes did significantly increase extractable tannin extraction and retention 

in Pinot noir wines. The addition of skin tannin did not enhance extractable tannin retention 
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in Pinot noir wines. Did the addition of pectolytic and cellulosic enzymes during winemaking 

enhance the extractable tannin concentration in the wines? Did it increase the extractable 

tannin retention over time? Yes, the addition of pectolytic and cellulosic enzymes 

significantly increased extractable tannin extraction and retention over time in Pinot noir 

wines.  

The following research questions were addressed by studying different winemaking 

techniques in Cabernet sauvignon wines. Did increasing the skin to juice ratio (Saignée), 

pressing the grapes pre-fermentation, and adding pectolytic and cellulosic enzymes enhance 

extractable tannin extraction and retention in Cabernet sauvignon red wine? In 2019, the 

Saignée treatment did not increase the concentration of extractable tannins, but it did 

enhance the extraction and retention of tannins in the wines in 2020. Pressing the grapes 

pre-fermentation did not improve extractable tannin extraction or retention in the wines. 

Finally, adding pectolytic and cellulosic enzymes did significantly enhance the extractable 

tannin concentration in Cabernet sauvignon wines.  

Further research should be conducted to investigate the types of tannins in the final 

wines. An in-depth analysis of tannins using an HPLC technique should determine the 

composition of skin and seed tannins at harvest in the grapes, and in the final wines to assess 

the impact of the different winemaking techniques used. Sensory analysis should also be 

conducted on the 2019 and 2020 wines to understand how, and if the addition of enzymes 

and Saignée influenced the aroma and flavour of Pinot noir, and Cabernet sauvignon wines. 

It is hypothesized that there will be differences in terms of taste perception in the wines, but 

additional research is required. Since the wines were not aged in oak barrels and were only 
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a few months old, it would be appropriate to use a panel of people from the wine industry 

whose expertise would be better suited to unfinished wines.  

It would also be interesting to test these techniques in a commercial winery setting. 

When trying to up scale, sometimes the results are different from the ones obtained on a 

smaller scale. The Saignée technique and the addition of enzymes should not be too hard to 

implement in a commercial setting and they showed great results in the lab.  
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Appendix i.  
Berry weight and number of seeds of Pinot noir grapes at harvest in 2019 and 2020. Student 

t-test identified significance difference at p<0.0001 ***¸p<0.01**, p<0.05* between the seed 

number/berry in 2019 and 2020.  

 Berry weight (g) Seed number / berry 

 2019 2020 Significance 2019 2020 Significance 

Site 1 1.70 2.17 * 2.46 2.29 none 

Site 2 2.31 -- NA 2.32 -- NA 

Site 4 1.67 1.29 ** 2.13 2.03 none 

Site 5 1.48 1.33 none 2.84 2.61 none 

 

Appendix ii. 
Berry weight and number of seeds of Cabernet sauvignon grapes at harvest in 2019 and 

2020. Student t-test identified significance difference at p<0.0001 ***¸p<0.01**, p<0.05* 
between the seed number/berry in 2019 and 2020.  

 Berry weight (g) Seed number / berry 

 2019 2020 Significance 2019 2020 Significance 

Site 1 1.44 1.23 * 1.69 1.66 none 

Site 2 1.26 1.33 none 1.81 1.74 none 

Site 3 1.54 1.46 none 1.93 1.92 none 

Site 4 1.25 1.29 none 1.92 1.68 none 

 
 

 


