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Abstract 
 

Total tannin concentrations were monitored in Cabernet franc grapes in 2018 and 

2019 from two vineyard areas in the Niagara Peninsula, Ontario. Total tannins were 

measured using the methyl cellulose precipitation (MCP) assay. In 2018, post-

fermentation pressing treatments of 100kPA, 150kPA and 200kPA were applied with 

a control (no press treatment). In 2019, pre-fermentation pressing treatments in 

combination with juice removal (saignée) were applied with a control (no pre-

fermentation treatment). Free sorting and consumer preference testing of the 2018 

wines were evaluated using trained panellists and a consumer panel. Pre- and post-

fermentation press treatments had little impact on the tannin concentrations in wines 

post fermentation. Observed trends over time suggest treatments have an influence 

in the behavior of tannin polymerization and stability, but these results are specific to 

vineyard site. This suggests that Cabernet franc varietal wines can be produced using 

low press-treatments without compromising the concentration of total tannins which 

may contribute to improved wine quality.  
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Chapter 1 Literature review 

1.1 Introduction 

Tannins are members of a large family of polyphenolic compounds found in 

many plants, fruits and vegetables (Friedman & Jürgens, 2000; Rauf et al., 2019). 

Tannins function as protective agents against animal predation or pathogens in the 

unripe fruits or bark of plants. Their characteristic bitter tasting and astringent 

properties are unpleasant to predators which may want to feed on the fruits or plants 

before they are ripe and ready to eat. Tannins are most familiar to humans in tea, 

coffee or wine (Watrelot & Norton, 2020), providing the bitter taste combined with 

drying, puckering sensations in the mouth. Tannins are characterized by their ability 

to bind with and precipitate proteins and are known for their application in the 

preservation of animal hides, being the etymological origin for the naming of the 

process. Arguably, tannins are most recognizable for their contribution to red wine, 

being largely responsible for the characteristic colour, taste and flavours.  

Tannin management in red wine production is a continual source of research and 

development in the academic wine world. There is an exhaustive amount of research 

evaluating the role of tannins in grapes, how they are extracted and managed during 

winemaking, to their sensory properties which lend themselves to wine style and 

taste.  

In 2018, the report from the Ontario wine and grape industry (2019) stated 

that >90% of investments within the Ontario grape and wine industry were focused 

on increasing production and improving production efficiency. An increasing global 

interest in Ontario wines and wineries has created an incentive to promote the sales 

of Vintners Quality Alliance (VQA) wines that only account for 37.4% of sales of 

wines sold in Ontario. The VQA is a regulatory system that guarantees quality 
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standards and production origin of wines produced in Ontario. In the past ten years, 

wine sales in Ontario have increased annually from $1.5 million to $2.3 million, but 

only ~25% of these sales is generated from wines produced domestically (Conway, 

2020). The VQA reports that challenges faced by winemakers are the increasing 

costs of production and limitations in production capacity. The inclusion of grape 

tannin monitoring alongside the analysis of sugar and acid during ripening is 

associated with improving winery efficiency by influencing harvest decisions. This 

additional information may indirectly improve wine quality, which can help overcome 

these economic challenges, by elevating sales of wines produced in Ontario. For 

these reasons, this research addresses challenges faced by Ontario winemakers by 

using methods and developing resources which are applicable within the grape and 

wine industry.  

1.2. Tannin constituents 

Phenolic compounds are naturally occurring products in plants that contain a 

single phenyl ring structure with at least one adjoining hydroxyl group (Waterhouse 

et al., 2016a).  Grape phenolics are structurally diverse compounds, separated into 

two groups: flavonoids and non-flavonoids. These groups are further divided into 

several families which share structural features. The C6-C3-C6 flavonoids include 

the flavones, flavanols, flavanones, flavan-3-ols and anthocyanins (Teissedre & 

Jourdes, 2013). The non-flavonoids include the C6-C1hydroxybenzoic acids, C6-C3 

hydroxycinnamic acids, volatile phenols and stilbenes. The flavonoids contribute the 

significant proportion of the phenolic content in grapes and are the main focus of this 

thesis. In grapes and wine, polyphenolic compounds are multiple phenol rings within 

a single structure, of which (-)-catechin and (+)-epicatechin are most common 
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(Figure 1.1). The flavan-3-ols (-)-epicatechin and (+)-catechin are the most widely 

studied and understood in grapes and wine.  

The structures of flavonoids determine their classification in the C6-C3-C6 

flavonoid family of phenolic compounds. The distinction is made by the number and 

position of the hydroxyl groups, and how these groups can become glycosylated or 

acylated (Brossaud et al., 1999). 

 

Figure 1.1. Structures of flavan-3-ol monomers (-)-epicatechin and (+)-catechin (Hagerman, 
2002) 
 

Condensed tannins occur through C-C bonding of monomeric flavonoids, such as 

the C4 position of epicatechin and C8 position of catechin (Figure 1.2A.).  

 

Figure 1.2. Condensed tannins showing C-C bonds between epicatechin C4 extension unit 
and catechin C8 terminals unit (A) and epicatechin gallate (B) which is an esterification 
between epicatechin with gallic acid (C). 
 

Single flavonoids can also bond to non-flavonoids through esterification reactions to 

yield epicatechin gallate (Figure 1.2B) with the addition of a third phenol group on the 
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C ring of epicatechin through reaction of the hydroxyl group on C3 of epicatechin 

with the carboxylic acid on position C1 of the C6-C1 hydroxybenzoic acid non 

flavonoid gallic acid (Figure 1.2C). Epicatechin gallate is distinguished by the 3 

hydroxyl groups on the additional phenol and is most susceptible to oxidation. The 

flavonoids are non-planar at the C2 and C3 chiral centres of the C ring. Therefore 

the flavan-3-ol monomers have more pronounced binding properties which can 

create polymers (tannins) of up to 50 units or more (Crozier et al., 2007).  These 

tannin compounds may contain glycosylated anthocyanins which are pigmented 

flavonoids (Figure 1.3) (Cheynier et al., 2006).  

 

Figure 1.3. Examples of anthocyanin derivatives in wine (Cheynier et al., 2006) 

Terms for these various condensed flavonoids are procyanidins (Figure 1.4A) 

and prodelphinidins (Figure 1.2B), and further oxidative cleavage reactions produce 

proanthocyanidins  from these products, which is the most chemically accurate term 

(Hagerman, 2002). Proanthocyanidins are commonly referred to as condensed 

tannins in literature. The components of the condensed tannins determine the nature 

of proanthocyanidins. Monomers (+)-catechin and (-)-epicatechin will yield 

procyanidins when they bind to each other and those based with gallocatechin and 

epigallocatechin will yield prodelphinidin. Monomers, oligomers and polymers of 
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flavan-3-ols have a great diversity of structure and are linked at different positions to 

make chains (polymers) of various length (Figure 1.4). Seed tannin chains are 

shorter than skin tannin chains, with an average of 10 flavan-3-ol units for seed 

tannins, and an average of 30 units for skin tannins (Brossaud et al., 1999). When 

analysed these determinations are referred to as the mean degree of polymerisation 

(mDP). Monomers and small oligomers can be analysed by high performance liquid 

chromatography (HPLC), but most grape flavonoids are large oligomers and 

polymers. Depolymerisation methods give access to the nature and proportions of 

the constitutive units and enable the calculations for mDP (Cheynier et al., 2006).         

 

Figure 1.4 Condensed tannin structures of procyanidin (A) (Hagernan, 2002) and 
proanthocyanidin (B) (Pappas et al., 2015). 
 

1.2.1 Skin, Seed and Wine tannins 

Biosynthesis of soluble phenolics begins with the aromatic amino acid  

phenylalanine, via the Shikimate pathway (Teixeira et al., 2013). Grape tannin 

biosynthesis is initiated during berry formation and is completed before anthocyanin 

biosynthesis commences at the start of véraison, grape tannins will have completed 

their formation within the grape berry (Herderich & Smith, 2005). Genes and 

A B 
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enzymes responsible for the biosynthesis of (+) catechin and (-) epicatechin 

monomers have been identified (Cohen et al., 2012), but the polymerisation 

reaction/mechanisms that form the condensed tannins are still ambiguous (Teixeira 

et al., 2013). Polymer formation could involve spontaneous chemical reactions or be 

enzyme catalysed (Herderich & Smith, 2001).  

Pure grape tannins are colourless molecules and proanthocyanidins 

characterise the ability of condensed tannin to form red pigments. During wine 

fermentation the acidic, warm and oxidative conditions facilitate co-pigmentation 

reactions of condensed tannins and the anthocyanin pigmented flavonoids, that are 

extracted from the grape skins (Herderich & Smith, 2001). There is a difference in 

skin and seed tannin composition, and the proportions of the shared epicatechin-

gallate units is quite different in skin (5%), stems (15%) and seed (30%) tannins 

(Cheynier et al., 2006). Because of this, the epigallocatechin units and epicatechin-

gallate units (Figure 1.5) are used as markers of tannins from skins and seeds, 

respectively (Cheynier et al., 2006). The location of tannins in grape skin and seeds 

depends on the maturity level of the grape berry and has an impact on the 

percentage of these compounds being extracted into wine (Busse-Valverde et al. 

2011). 

 

Figure 1.5 Epicatechin-gallate and epigallocatechin units (Avendano & Carlos Menendez, 2002) 
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Once extracted from the grape, these compounds are highly unstable and 

undergo various enzymatic and chemical reactions throughout the whole 

winemaking process, and during storage and ageing (Cheynier et al., 2006). The 

formation of anthocyanin-tannin conjugates has been the topic of much investigation 

since the mid- 20th century (Somers, 1966) and understanding of the chemical 

relationship between anthocyanin and tannin compounds has been established 

(Fournand et al., 2006; Kennedy et al., 2006). However, their contribution to wine 

quality is still ambiguous at an analytical level.  

1.2.2 Skin tannins 

Grape skins have two distinguishable tissues representing the waterproof 

layer of the skin; the epidermis, which is strongly cutinized, and the inner thick-walled 

layers of the hypodermis which contain most of the skin flavonoids. The thickness of 

these hypodermal layers is variety specific (Teixeira et al.,2013). Skin tannins 

contain various proportions of polymerized monomers of (+)-catechin, (-)-epicatechin 

and oligomers of (-)-epigallocatechin. These polymers are connected via C4-C8 

and/or C4-C6 bonds and are the major constituents of grape skin tannins. In an early 

study by Souquet et al. (1996) tannin constituents and their degree of polymerisation 

in Merlot grape skins were established using reverse-phase, high performance liquid 

chromatography (RP-HPLC). (-) - Epicatechin represented 60% of the mDP 

extension units, and the terminal units consisted of 67% (+) - catechin. Fournand et 

al. (2006) categorised skin tannins from Shiraz grapes and found (-)-epicatechin 

constituted more than 65% of the extension subunits and (+) - catechin more than 

86% of the terminal subunits. The authors found that that skin tannins reach a peak 

in accumulation at véraison, and it is the ripening process which modulates the 

tannins in their various locations in the berry. The composition of the tannins 
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changed slightly as sugar accumulated, and catechin extension sub-units increased 

from 2.5% to 3.5% and epicatechin-gallate from 4.0% to 4.8%. Epigallocatechin 

extension units declined from 28% to 23%. These structural differences significantly 

affected their extractability in model wine solutions. 

 

 
 
Figure 1.6. Anatomy of a grape berry and source locations of the flavonoids and non-flavonoids 
(reproduced from Teixeira et al., 2013). 
 

Skin tannins have a higher degree of polymerisation than seed tannins, with 

an average chain length of an 30 units (Brossaud et al., 1999), but polymers with up 

to 80 units have been reported in grape skin tannins (Watrelot & Norton, 2020). 

Non-tannic polyphenols are the pigmented anthocyanins that are not bound to other 

polyphenolics which include petunidin, cyanidin, peonidin, malvidin, delphinidin and 

pelargonidin (Figure 1.6). The members of this heterogenous group of compounds 

are defined by their chemical function and when bonded with tannins, these 
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polymeric pigments are resistant to bisulphite bleaching (Herderich & Smith, 2005; 

Harbertson et al., 2012). The phenolic profile is greatly influenced by grape variety 

and environmental interactions, such as heat, drought and light intensity that impact 

phenolic metabolism (Mazza et al., 1999; Pastor del Rio & Kennedy, 2006; 

Blancquaert et al., 2019).  

1.2.3. Seed tannins 

Seeds represent 0-6% of the total berry weight, yet they are a major source of 

phenolic compounds in wine (Kennedy, 2000). Seed growth and fresh weight 

increases after flowering before growth rate slows and declines by up to 16% as the 

seeds mature and dehydrate at harvest time (Harbertson et al., 2002; Cadot et al., 

2006). Cadot et al. (2006) identified three distinct tissue layers in the Cabernet franc 

seed coat which contain phenolic compounds: the epidermis, a wide part of the outer 

integument, and the inner layer of the integument (Figure 1.6). Macroscopic analysis 

of the seeds found monomers and oligomers of flavan-3-ols were concentrated in the 

outer integument and were most likely the source of the compounds extracted during 

alcoholic fermentation. The authors speculated that lignification of the seed coat via 

oxidative reactions could prevent extraction of phenolic compounds during alcoholic 

fermentation.  

In the first stages of berry development, the seeds will reach their full size. 

During ripening the seed coat begins to lignify and change colour (Geny et al., 2003). 

Using reverse phase - high performance liquid chromatography (RP-HPLC) to 

identify the mDP of tannins in the cell walls, these authors determined tannins 

located in the outer layer of the seeds were always more polymerised than the 

tannins located in the inner part of the seed, regardless of the ripening stage.  
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Seed tannins are distinguished from skin tannins by their shorter chain lengths of 

10mDP (Brossaud et al., 1999). Seeds contain greater concentrations of galloylated 

procyanidins and so polymer compositions are predominantly gallocatechin and 

catechin-gallate (Obreque-Slier et al., 2012) (Figure 1.5). The seed tannins 

contribute important structural flavan-3-ol monomers and procyanidins into wines, 

and are regarded to be a major source of the valued sensory components in red 

wine, such as bitterness and astringency (Kennedy et al., 2000).  

 

1.2.4. Wine Tannins 

Tannins are one of the most defining components of red wine quality. 

Anthocyanins and proanthocyanidins are important for wine colour, bitterness and 

astringency (Fontoin et al., 2008; McRae & Kennedy, 2011). Tannins are involved in 

the stabilisation and promotion of red wine colour by binding to pigmented 

anthocyanins (Teissedre & Jourdes, 2013). In studies where skins and seed tannins 

have been measured separately, the quantity of grape tannin does not correlate well 

with the quantity of tannins in the wine produced from those grapes (Springer & 

Sacks, 2014; Bautista-Ortín et al., 2016). When extracted during fermentation, grape 

tannin structures are altered through oxidative, enzymatic and condensation 

reactions. Tannins form ethyl-linked polymers and oligomers via acetaldehyde 

condensation reactions (McRae & Kennedy, 2011) or sulphonated oligomeric 

procyanidins in the presence of sulphites (Arapitsas, et al., 2018).  

The skin tannins contribute astringency and seed tannins provide bitter tastes 

in wines (Kennedy et al., 2006). The lower molecular weight seed tannins are 

thought to be responsible for the bitter perception in wine (Kennedy et al., 2006; 

Fiorella et al., 2008; McRae & Kennedy, 2011). Seed tannins often have a gallic acid 

substituent on the end of the chain (Figure 1.2C), which despite not being astringent, 
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can make the chain feel ‘rougher’ in the mouth than equivalent length skin tannin 

chains (Sacchi at al., 2005). A decrease in astringency occurs as wine ages due to 

the continual polymerisation of tannins and/or the formation of polymeric pigments 

(McRae & Kennedy, 2011). It has been concluded that provided there is sufficient 

skin and seed tannin levels in the wine to form pigmented-tannin polymers, a 

reduction in astringency and ‘softening’ effect of the mouthfeel of wine may occur 

over time (Vidal et al., 2004). A reduction in astringency over time is also believed to 

be linked with oxidation reactions, which may reduce the number of 

proanthocyanidin binding sites that would otherwise bind with salivary proteins, thus 

contributing to a perceived reduction in astringency (McRae et al., 2013). Although 

colour and taste depend primarily on the molecular structure of the tannins, they are 

modulated by interactions between tannins and other compounds present in the wine 

and/or human saliva (Cheynier et al., 2006; McRae & Kennedy, 2011).  

1.3. Cabernet franc  

Cabernet franc is globally recognised for being one of the stalwart grape 

varieties of the Bordeaux crus of St. Emilion and Pomerol in France. It is also well 

known for its varietal wines from the Loire Valley. Cabernet franc origins lie in the 

Basque Country region in the South of France and is a parent grape variety of 

Cabernet sauvignon. Cabernet franc is increasingly produced as a single varietal 

wine and the spread of growth and production now covers many areas of the New 

World and newer developing wine regions (Robinson, 2006). Academic interest and 

studies have increased in Cabernet franc as its popularity among producers and 

consumers in America (Hickey & Wolf, 2018), the Baltic states (Pantelić et al., 2016) 

and China (Jiang & Zhang, 2018) has grown. Cultivation of Cabernet franc in 

Canada has grown because of its potential for cultivation under cool climate 



 12 

conditions due to its early ripening and reasonably cold hardiness (Reynolds et al., 

2013). These more recent investigations progress the seminal research into the 

Cabernet franc grape variety and wines by Barbeau et al. (1998); Brossaud et al. 

(1999); Mazza et al. (1999) and Cadot et al. (2012) and will be further discussed in 

Chapters 3, 4 and 5.  

1.4. Red Wine Production 

A defining difference in red and white wine production is that white wines are 

made from green grape juice, which has been separated from the grape skins and 

seeds. For red wine the juice remains in contact with the red grape skins and seeds, 

and sometimes the entire grape cluster is used (Sacchi et al., 2005).  

Crushing and destemming of the berries is a combined mechanical process, which 

removes the grapes from the rachis and splits the berries to release the juice. 

Grapes are then transferred to a fermentation vessel for red wine, or pressed to 

remove the juice for white wine production. After the process of fermentation, the 

wine is pressed off the skins and seeds. The wine is usually stored either in tanks or 

wooden barrels for a period of aging before being bottled. Variations of these 

processes depend on the desired wine style.  

Red wine production is a varied and dynamic process which combines 

multiple factors to achieve a desired outcome. Red wine is characterised by its 

colour, taste and astringent properties (Nel et al., 2015), which are a result of tannin 

and anthocyanin extraction during fermentation (Vidal et al., 2004). There are a 

variety of tannin extraction methods generally termed ‘cap-management’, which can 

be applied before, during, and post-fermentation. This term refers to the collected 

‘cap’ of grapes which rise to the top of the fermentation vessel caused by the release 

of carbon dioxide (CO2), which is a biproduct of yeast metabolism. Generally, the 
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cap is reincorporated back into the fermentation by hand using a large plunger, 

called a ‘punch-down’, or the wine is removed using a pump and returned back over 

the grape skins, called a ‘pump-over’. From a production perspective, other factors 

which affect tannin extraction are temperature (Koyama et al., 2007; Şener & 

Yildirim, 2013), enzyme additions (Mazza et al., 1999; Arnous & Meyer, 2010; 

Busse-Valverde et al., 2011; Sparrow et al., 2016b), periods of pre- or post-

fermentation maceration (Río Segade et al., 2009; Nel et al., 2014) and binding to 

cell walls in skins and seeds (Soleas et al., 1998) .  

Pre-fermentation maceration involves a period of low-temperature storage of 

the must before fermentation known as ‘cold-soak’, which allows anthocyanin and 

skin tannin to diffuse into the must from the crushed fruit (Bautista-Ortín et al., 2016). 

Enzyme additions break down the cell walls of the skin and pulp, leading to 

increased extraction from these parts of the berry. Saignée, meaning ‘to bleed’ in 

French, is another technique of increasing tannin and colour concentrations in red 

wine, by removing a proportion of juice or allowing some of the juice run-off from the 

crushed fruit before fermentation. 

1.4.1. Tannin management 

The liberation, extraction and management of tannins during the winemaking 

process requires skill and understanding of the potential outcome of the techniques 

used. Once grapes are crushed, co-pigmentation reactions between pigmented 

anthocyanins and flavonoids immediately begin to form and their concentrations 

increase over time (Pastor del Rio & Kennedy, 2006). Managing oxidation pre-

fermentation is important to prevent the oxidation of phenolic compounds, which can 

form acetaldehyde and reduce wine quality (Atanasova et al., 2002; Oliveira et al., 

2011). The addition of sulphur dioxide (SO2) is sometimes used to help bind to 
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products which would otherwise be lost to oxidation. This use of SO2 has an added 

benefit of facilitating reactions which help promote colour stability by positively 

effecting epicatechin concentrations, which are important in preventing the loss of 

phenolic compounds (Soleas et al., 1998). Sulphur dioxide has a very complex and 

wide reaching chemical impact on flavan-3-ol compounds found in wine and plays an 

important role in reducing quinones, formed during oxidation processes that can 

result in the formation of brown pigmented compounds, back to their original phenol 

form (Oliveira et al., 2011). In a recent study, Arapitsas et al. (2018), characterised 

the formation of sulphonated phenolics and found a positive correlation of these 

products with aging and storage. The authors comment the balance in wine is 

created by interactions of wine matrix metabolites generating a chemical equilibrium, 

which will be different in every single individual wine. Sulphonated phenolics are 

oligomeric procyanidins, (+)-catechin and (-)-epicatechin, forming 4B-sulfonates. 

These compounds are key in processes which prevent browning and the formation 

of aldehydes, which have negative effect on wine quality (Arapitsas, et al. 2018).  

Koyama et al. (2007) investigated cold-soak and heating of Shiraz and Cabernet 

franc must pre- and post-fermentation. After fermentation, the must temperature was 

raised to 42ºC and allowed to naturally decrease to an ambient temperature of 20 

ºC. Epigallocatechin was extracted early, and gallic acid, flavan-3-ol monomers, and 

epicatechin-gallate were extracted gradually as fermentation progressed. In the 

Cabernet franc treatments, total phenolic content post-fermentation was greater in 

the control than the other treatments. Low molecular weight polymers were reported 

to be the same for all treatments. High molecular weight polymers were in greater 

concentrations in the following order of control > cold soak > cold soak + heat 

treatment > heat treatments. Skin tannins with a low mDP were extracted more 
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readily than those with high mDP. The authors observed that the number of hydroxyl 

residues on the proanthocyanidins influenced the extraction kinetics, theorising that 

during extraction, tannins go through trap and release processes as they are 

extracted and released from the cell membrane structures, and tannins with a 

greater amount of hydroxyl groups resulted in greater mDP. 

Overall, higher fermentation temperatures have been reported to increase 

phenolic extraction due to increased temperatures impacting permeability of the 

hypodermal cells releasing anthocyanin and increased solubility of other phenolics 

into the wine solution (Saachi et al., 2005). Temperature of the wine post-

fermentation seems to have the biggest effect on the development of polymeric 

pigments, while concentrations of anthocyanins decline (Saachi et al., 2005). 

Saignée is a common method of producing rose wines and, when used in red wine 

production, the objective is to increase the concentration of phenolics in red wines by 

increasing the skin to juice ratio, thereby increasing the surface area that comes into 

contact with the fermenting wine to aid in extraction. Lukic et al. (2016) showed that 

saignée methods do increase total phenols compared to a control treatment of 

regular fermentation with some post-fermentation maceration, but in comparison to 

other methods (pre- and post-fermentation heat treatments) the technique resulted in 

less colour and less total phenols. In the study by Gawel et al. (2001), saignée 

effects were varied when compared to the control. Treatments of 10% and 20% 

saignée showed a significant decrease in phenolics and anthocyanins over time, but 

their concentrations were always greater than that of the control wines. The 

significant differences in phenolic concentrations between the saignée treatments 

were no longer apparent after six months.  
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 Sparrow et al. (2016a) investigated the novel technology of accentuated cut 

edges (ACE) which had been seen to optimise extraction of colour and phenolics 

from Pinot noir grape skins (Sparrow et al., 2016b). In the aforementioned study, 

Sparrow compared ACE treatments with daily punch-downs (control), submerging of 

the entire cap throughout fermentation and combination of ACE + submerged 

cap. Submerging the cap throughout fermentation was achieved using a slotted 

nylon plate held below the surface of the liquid, preventing the cap from rising. 

Tannin extraction in the ACE wines was 3.6-fold higher than the control, on the third 

day of fermentation; and when combined with submerged cap, the result was a 5-

fold increase. Time-treatment interactions revealed that 230 days post-fermentation, 

differences in tannin concentrations were no longer apparent. However, the 

concentration of tannins in the ACE treatments were still 7.3-fold higher than the 

control treatments, and the submerged cap treatments were 2.5-fold greater than the 

control. Sensory evaluations on the wine revealed that ACE treated wines and ACE 

+ submerged cap treatment wines had significantly increased astringency and bitter 

tastes. The authors conclude that ACE treatments are similar in effect to heat 

treatment extraction methods.  

In the Kang et al. (2020) investigation, Shiraz grapes were subjected to ACE 

treatments, and compared ACE treatments with water additions to reduce potential 

alcohol (which is a permitted addition in some hot climate wine regions where 

potential alcohol concentrations are very high (Kang et al., 2020)), and were 

fermented for 3 and 6 days. Tannins were measured using methyl cellulose 

precipitation (MCP) assay and also isolated using solid phase extraction and 

analysed by HPLC to determine the sub-unit composition, the mDP, and molecular 

mass. Total tannin concentrations in ACE wines, and ACE wines that had been 
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subject to dilution, had statistically significantly higher tannin concentrations to the 

corresponding controls. They found wines treated with ACE, which had fermented for 

6 days had increased colour density and more sulphite resistant bleachable 

pigments when compared to the results of the Sparrow et al. (2016a) study. These 

results were likely due to the seed tannin extraction during fermentation forming a 

greater amount of co-pigmented tannins. ACE treated wines which had fermented for 

3 days did not result in an increase in tannin concentration, indicating the 

proportionate extraction of seed tannin, which occurs as ethanol concentration 

increase during fermentation, is important to increase total tannin concentrations. 

Tannin mDP in Shiraz was seen to increase in the 3-day maceration, independent of 

the treatments. These shorter maceration treatments also had a higher percentage 

of epigallocatechin subunits, which are predominantly found in grape skins 

(Brossaud et al., 1999). Wines that were fermented for 6 days had greater 

proportions of epicatechingallate, which is extracted mainly from seeds (Brossaud et 

al., 1999), indicating that maceration and not ACE had a greater impact.  

Nel et al. (2014) conducted a study comparing two grape varieties, at two different 

ripeness levels (low: 20 - 24ºBrix; high: 24 – 27 ºBrix), from two vineyard areas with 

different macro-climates of warmer and cool conditions, over two years. They 

evaluated the impacts of pre-fermentation cold-soak, post-fermentation maceration 

and combined cold-soak with post-ferment-maceration treatments on total tannin 

extraction against a control of no cold-soak or post-fermentation maceration. The 

concentration of total grape tannins was measured at harvest and were significantly 

different between varieties in both years. The range of total tannin concentrations in 

Cabernet sauvignon was 5400-5730 mg/L, and that of Shiraz was 5610 mg/L in the 

first year. Then, Cabernet sauvignon total tannin concentration ranged between 
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4290-6350 mg/L and Shiraz 3960-4410 mg/L in the second year. Grapes grown in 

the warmer area also had higher concentrations of tannin for both cultivars. Grape 

tannin concentration comparison post-fermentation, in most cases, saw greater 

tannin extraction from grapes at the high ripeness levels. Grapes grown in the cooler 

areas, at low ripeness, reported no effects of the cold-soak and combined cold-soak 

+ post-maceration treatments, and the post-maceration treatments had a negative 

effect, resulting in lower tannin concentrations against the control. Grapes with high 

ripeness from the cool area showed that post-ferment maceration treatments and 

combined cold-soak and post-ferment maceration treatments also resulted in lower 

tannin concentrations against the control. Wines produced using cold-soak 

treatments had similar concentrations of total tannins to those of the control for low 

ripeness fruit, but a positive effect on the riper fruit. A significant increase of total 

tannins was seen from the post-ferment maceration treatments from the riper fruit. 

There were varying results in tannin concentrations across all treatments in both 

grape varieties at both ripeness levels. In the second year there were no distinct 

trends. The authors suggest that tannin structures are more mature at greater 

ripeness levels and are not fully developed at low ripeness levels, which could 

suggest the variability among the treatments. These tannin extraction techniques are 

influenced by direct and indirect factors such as grape ripeness, must composition, 

wine matrix compounds and management methods during fermentations.  

1.5. What defines tannin quality 

Oral sensations when tasting wine are referred to as astringency and 

mouthfeel. Astringency describes the drying, puckering and roughing sensations in 

the mouth and are important characteristics when describing red wines (McRae & 

Kennedy, 2011). These sensations can enhance or diminish the wine experience, 
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and desirable results would added complexity and longevity of the taste and flavour 

(Smith et al., 2015). These tactile sensations are caused by the linking of 

polyphenols with glycoproteins in the mouth, with polymerised tannins reporting 

increased astringency, but reduced bitterness (Wollmann & Hofmann, 2013). These 

protein-polyphenol interactions remove saliva from the surface of the oral cavity 

causing greater friction between surfaces (Gawel et al., 2001).  

So-called tannin ‘quality’ when described at a chemical level, factors in the 

mDP, the molecular weight, the association of the tannin compounds with other 

molecules, and the reactivity of the individual tannin molecule; factors which 

contribute to the perception of tannins as being ‘hard’, ‘soft’ or ‘supple’ (Quijada-

Morin et al., 2012; Mcrae et al., 2013; Wollmann & Hofmann, 2013). Polymeric 

pigments are important to long-term stability of colour as they are more stable to 

changes in pH and bisulphite bleaching (Saachi et al., 2005). 

Potential skin tannin extractability may be influenced by grape maturity levels, 

with a greater proportion of higher molecular weight tannins being extracted more 

readily from more mature berries (Bindon et al., 2013). When evaluating the 

component tannin structures, it has been found that high molecular weight polymers 

exhibit a puckering astringency in the mouth (e.g. hard tannins), and low molecular 

weight polymers impart a velvety astringent mouthcoating sensation (Wollmann & 

Hofmann, 2013). This determination was achieved by separating the two fractions of 

tannin polymers using ultrafiltration on a model wine solution and sensory evaluation 

using a trained panel of tasters. Similar findings were also reported by (McRae et al., 

2013), who found that polymerised tannins chains can have similar molecular 

weights but vary greatly in composition. When the fractionated components were 

analysed, fractions rated as having high astringency and low bitterness were 
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composed of high molecular weight tannins with a greater percentage of 

epigallocatechin. Both studies used model wines, indicating the wine matrix and 

oxidation reactions have an important modulating effect of tannin perception in wine.  

As red wines age, flavanols react with anthocyanins and acetaldehyde, which 

changes the perception of astringency and bitter taste of tannins. As tannins 

continue to polymerise with sugars, acids and proteins in the wine matrix, fewer 

hydroxyl groups are available to bind with proteins in the saliva altering the oral 

perception of the tannins, reducing astringent sensations in the mouth (Arapitsas et 

al., 2018). Tannins are an important factor in red wine stability and longevity due to 

their antioxidant properties so wines with greater tannin concentrations exhibit 

greater resistance to oxidation. Sulphur dioxide (SO2) is used in winemaking as an 

antioxidant and antimicrobial agent pre- and post-fermentation. SO2 has a very 

complex and wide-reaching chemical impact on flavan-3-ol compounds in wine. It 

has an important role in reducing quinones formed during oxidation processes 

resulting in the formation of brown pigmented compounds back to their original 

phenol form (Oliveira et al., 2011). In the recent study by Arapitsas, et al. (2018), the 

authors characterised the formation of sulphonated phenolics and found a positive 

correlation between these products and age and storage of the wine. The authors 

stated that the balance in wine is created by interactions of wine matrix metabolites 

generating a chemical equilibrium, which will be different in each individual wine. 

Sulphonated phenolics are oligomeric procyanidins, (+)-catechin and (-)-epicatechin, 

forming 4B-sulfonates, and the authors believe these compounds are key in the 

processes which prevent the browning and formation of aldehydes as wines age. 

Analysing tannins and their interactions with other wine matrix components leads to 
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an understanding of how these products contribute to wine quality from a chemical 

perspective (Arapitsas, et al., 2018).  

Achieving the necessary colour, flavour and tannin for consumer acceptance 

of red wine can be a challenge during some growing seasons, which can be 

problematic for some cultivars, as tannin and anthocyanin content is influenced by 

temperature and sun exposure (Mazza et al., 1999). Poor accumulation of these 

compounds and the desire of winemakers to extract as much colour as possible may 

lead to unfavourable characteristics in the final wine (less fruity flavours, lighter 

colour, more green flavours and increased astringency) (Saachi et al., 2005).  

The results of the investigation described in this thesis may identify ways in which 

these challenges can be managed using Cabernet franc grapes grown in the 

Niagara Peninsula. 

1.6. Analysing Tannins 

Grape skin and seed tannins need to be extracted before they can be 

analysed. Tannins are extracted from homogenized grape berry samples or 

separated whole skins and seeds, which are either fresh, frozen, or freeze dried 

(Kennedy et al., 2002; Bindon et al., 2014; Pappas et al., 2015). Wine tannins can be 

extracted directly using precipitation assays or evaporated and recovered using 

methanol. A number of methods are used to isolate the high and low molecular 

weight polymers, followed by acid catalysed reactions in the presence of 

phloroglucinol using high-performance liquid chromatography (HPLC). Tannins from 

fresh and dried skin and seed samples are recovered with solvent-based aqueous 

solutions using ethanol or acetone and analysed in the various ways as described 

above. Sample compound detection is then based on absorbance values via 

spectroscopic analysis, or retention times of the eluting compounds using HPLC 
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analysis (Mercurio, 2007; Wollmann & Hofmann, 2013; Bautista-Ortín et al., 2016; 

Blancquaert et al., 2019). 

Ethanol based extractions may provide more accurate recovery on fresh 

samples as acetone breaks down hydrogen bonds in skin extracted tannins and red 

wine. These reactions release anthocyanins that could have been retained in areas 

of the grape skin or bound to fermentation products, which may result in an 

overestimation of grape and wine colour (Kennedy et al., 2002; Sommer & Cohen, 

2018).  

Common ethanol based extraction protocols follow or modify the Glories 

method that provides information on quantitative and potential qualitative values of 

phenolic compounds (Fragoso et al., 2010). This technique is based upon the 

extractability of anthocyanins and seed tannins and provides accurate measures of 

phenolic maturity in ripening grapes (Rajha et al., 2017). The Glories method uses 

hydrochloric acid (HCl) to yield cleavage products of the tannins through acid 

catalysed degradation so flavan-3-ol monomers and oligomeric tannins can be 

analysed at 280nm. Absorbance measurements at 520nm cannot distinguish the 

proanthocyanidins and anthocyanin compounds, so UV spectral analysis of skin and 

seed extracts at 280 nm measures the co-pigmented proanthocyanidins (Kennedy et 

al., 2002). Another common extraction method developed at the Australian Wine 

Research Institute (AWRI) uses a 50% v/v ethanol solution (Iland et al., 2004). 

Repeatability and validity of these two methods was evaluated by analysing total 

polyphenols and anthocyanins of supernatants from the phenolic extractions by 

measuring the absorbance at 280nm and 520nm, respectively. The concentration 

range of total polyphenols extracted using the AWRI method were between 1323 - 

2869 mg/Kg, compared to the range of 500 - 1082 mg/Kg from the Glories 
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extraction. The range of polyphenol concentrations seen using the AWRI extraction 

method when compared to the Glories method were statistically equivalent (Fragoso 

et al., 2010), but when correlated, the regression parameters of these two methods 

of extraction were found to not be comparable. This is due in part to the AWRI 

method extracting all available total polyphenols, and the Glories method extracting 

only the ‘easily extractable polyphenols.’ However, the recovery of both methods 

was near 100%. The complicated nature of the Glories method was a concluding 

factor for the authors, who stated the AWRI extraction protocol was the most efficient 

and effective method for the extraction of total polyphenols.  

Grape tannin analysis often begins by creating a 'crude flavonoid extract' from 

blending whole grapes into a homogenous paste (Brossaud et al., 1999; Mercurio et 

al., 2007). Blending whole grapes provides information on the total phenolic content 

present in the berries, but is not representative of what happens during fermentation, 

because not all tannins in grapes can be extracted (Bindon et al., 2010). The AWRI 

extraction method removes all polymeric phenols from the skins and seeds from the 

berry. Then, the MCP assay is used to remove all tannin from these extractions, 

which provides accurate information about the potential total extractable tannin 

concentrations in the grapes. These methods were used in this research and 

respective skin, seed, and wine tannin concentrations are presented.  

Tannin precipitation assays commonly use bovine serum albumin (BSA) as 

the precipitating agent, which is effective but has issues with accuracy, and has 

problems measuring low tannin varieties (Brooks et al., 2008; Kemp et al., 2011). 

Other limiting factors are low pH wine conditions and the absorbance at 280nm by 

the protein BSA interfering with detection of tannin absorbance (Aleixandre-Tudo et 

al., 2017). Alternative precipitants such as polyvinylpolypyrrolidone (PVPP) and 



 24 

polyethylene glycol (PEG) have been investigated and were found to complex with 

other phenolic molecules in addition to tannins, which highlights selectivity issues 

(Sarneckis et al., 2006). Protein precipitation for tannin is also considered a time 

consuming assay (Dambergs et al., 2012).  

The methyl cellulose precipitation (MCP) assay was developed by Sarneckis 

et al. (2006) and Mercurio, et al. (2007) measuring the supernatant at 280mn 

absorbance using UV-spectroscopy. The subtractive MCP assay uses methyl 

cellulose as the precipitating agent to remove tannin, which is derived from cellulose, 

a polymer of glucose. Each unit n of methyl cellulose, has both hydroxyl groups (-

OH) and methyl groups (-OCH3) as illustrated in Figure 1.7 below.  

 
Figure 1.7 Methyl cellulose 

 
Methyl cellulose binds to tannins through hydrophobic interactions and the 

MC hydroxyl groups interact with hydroxyl groups of tannins and tannins polymerized 

to pigment via non-covalent hydrogen bonding (Nasatto et al., 2015; Watrelot & 

Norton, 2020).  Methyl cellulose effectively precipitates colourless tannin compounds 

and pigmented polymers of tannin. In the subtractive assay, the difference in 

absorbance at 280 nm of a solution pre- and post- precipitation is directly correlated 

to the amount of tannin in solution. The assay does not suffer interference from other 

phenolic compounds in solutions, such as anthocyanins and catechins when 
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analysed at the absorbance wavelength 280 nm since it is a subtractive assay 

(Sarneckis et al., 2006). Further description and explanation of the MCP assay will 

be covered in Section 2.1.5.  

The MCP assay used in this research and described in this thesis allowed for 

fast and reliable measurements of total extractable skin and seed tannins during the 

ripening period, which were relayed to winemakers on a weekly basis. A quantifiable 

measure of the extractable tannin concentrations can help guide harvesting 

decisions and influence winemaking protocols.  

1.7 Tannin Alert and the Niagara Peninsula Wine Region  

In cool climate wine regions like Ontario, and areas with variable seasonal 

differences like Niagara, it can be challenging to reach the optimal sugar levels and 

sufficient phenolic maturity to produce a consistent wine style year by year (Reynolds 

et al., 2013). Producing a consistent product is important for consumer acceptance, 

product development, and establishing a global market.  

The Niagara Peninsula wine region is located in southern Ontario running 

along the south-western coast of Lake Ontario (Figure 1.8). The region is a semi-

continental climatic area, consisting of a great variety of soil profiles and meso-

climates. It is the largest wine producing region in Ontario by volume, and is the 

largest wine producing region in Canada, covering over 5,500 hectares.   

This research contributes towards defining the sub-appellation grape 

characteristics by identifying variations in tannin accumulation and development 

among six specific Cabernet franc vineyards of the Niagara Peninsula wine region. 

Identifying distinctive appellation markers through grape physiology and wine 

sensory evaluation is important to develop globally recognised wine styles, which 

can lead to improved economic growth. Three regional appellation areas of the 
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Peñedes wine region of Spain were characterised by de la Presa-Owens & Noble 

(1995) using sensory evaluations of the wines from these three regions. Similar 

attempts have been done in California (McCloskey et al., 1996), which supports the 

continued investigations of sensory analysis of Niagara Peninsula Cabernet franc 

wines (Rezaei & Reynolds, 2010). This thesis aims to progress these developments.  

Figure 1.8. Niagara Peninsula wine regional areas (Reynolds et al., 2013) 
 

1.7.1 Tannin Alert 

Normally, grape berry quality is measured and assessed using chemical and 

gustatory techniques in the weeks leading up to harvest. To satisfy legally 

standardised levels under the Vintners Quality Alliance (VQA), which is the Ontario 

wine appellation authority, measurements of sugar and acid are taken periodically 

from the onset of véraison until the respective concentrations have accumulated and 

diminished, to fulfil the quality criteria under the VQA authority. Currently there is no 

globally recognised analytical method to measure phenolic ‘ripeness’ in red grapes. 

The measure of tannins and phenolics is assessed by tasting the grape berries as 

they ripen throughout the vineyard until sufficient colour, flavour and texture is 
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reached. This is a subjective method and relies solely on the experience of the 

winemaker.  

TanninAlert is a monitoring program and online portal (www.tanninalert.com 

under development) specifically designed for winemakers, to track and monitor skin 

and seed tannin levels from véraison to harvest to assist winemakers in improving 

tannin balance in wines and hence, quality and consumer acceptance. Winemakers 

will use the on-line portal to access accurate information of variety-specific skin and 

seed tannin concentrations, from specific locations in the Niagara Peninsula wine 

region. These data will be provided alongside specific chemical composition 

analysis. One objective of this project is to allow Ontario winemakers to monitor skin 

and seed tannin development in red wine varieties and/or to assess skin and seed 

tannin at harvest through the TanninAlert database.  The database would enable 

winemakers to compare tannin development in their red grape varieties over time to 

assist in making harvest decisions.  In addition, winemakers could compare skin and 

seed tannin at harvest in their grapes relative to tannin levels of the same variety 

across the Niagara Peninsula to determine if tannin fell into the low, medium or high 

category.  Winemakers could then adapt winemaking technique to match skin and 

seed tannin level to ensure they can maximize skin tannin extraction while 

minimizing excessive seed tannin extraction. The TanninAlert database and program 

was developed in partnership with the industry to assist industry in producing more 

consistent red wines of higher quality and value to consumers.   

1.8. Thesis objectives and hypothesis 

There are three parts to this thesis: Preharvest skin and seed tannin 

evaluation to assist winemakers in adapting winemaking techniques for tannin 

http://www.tanninalert.com/
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extraction; post-fermentation pressing treatments to enhance tannin extraction; and 

pre-fermentation treatments to enhance tannin extraction. 

The first research section of the thesis focuses on measuring skin and seed 

tannin in red grape varieties in relation to harvest decision and winemaking technique. 

Since there is no globally recognized method of assessing phenolic ripeness in grapes 

to assist in harvest decisions, a new tannin-monitoring program is being introduced to 

the industry in Ontario called TanninAlert. TanninAlert records the skin and seed 

tannin values in red grape varieties across the Niagara Peninsula during development 

from veraison to harvest and segregates skin and seed tannin values at harvest into 

three categories: low, medium or high. This tannin information allows winemakers to 

adopt winemaking techniques to help ensure optimal tannin extraction occurs during 

wine production.  

The research questions being asked are: 1) Does skin tannin increase, and 

seed tannin decrease as Cabernet franc grapes mature from veraison to harvest? and 

2) Do Cabernet franc skin and seed values at harvest vary among sites in the Niagara 

Peninsula, and from vintage to vintage?  

 Hypothesis 1:  Skin tannins increase, and seed tannins decrease in 

Cabernet franc grapes during the ripening period in the Niagara Peninsula. 

 Hypothesis 2:  At harvest, skin and seed tannin values are the same 

among vineyards in the Niagara Peninsula, in every growing season.  

The second research section of the thesis focuses on pressing pressures post 

fermentation. Pressing is an important process in wine production for liberating juice 

or wine from the grapes. Different types of presses include traditional basket press, 

bladder press and membrane press, all of which have advantages and 

disadvantages pertaining to oxygenation, volume recovery and how the grapes are 
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processed in the machine. Currently, there is no specific literature investigating 

effects of pressing pressure on tannin extraction post-fermentation, and various 

literature sources report a wide range of pressures post-fermentation from 150kPA 

(kilopascals) (Bautista-Ortin et al., 2016), to 170kPA (Fiorella et al., 2008), up to 

250kPA (Pastor del Rio & Kennedy, 2006) and sometimes not stated at all (Lorenzo 

et al., 2005; Busse-Valverde et al., 2011; Şener & Yildirim, 2013).  

Questions to be addressed in the research described here are: 1) Do different 

post-fermentation pressing treatments affect total extractable tannin concentrations; 

2) Will there be a correlation between various pressing treatments and consumer 

preferences as determined by sensory evaluations?  

 Hypothesis 1:  Different pressing treatments post-fermentation affect the 

total extractable tannin concentrations in finished wine. 

 Hypothesis 2:  Different pressing treatments impact consumer taste 

preference in sensory evaluations. 

The third research section of the thesis focuses on pre-fermentation 

treatments that may impact tannin extraction. Disrupting the grape skins beyond 

crushing operations pre-fermentation, liberates more tannins which can be extracted 

during alcoholic fermentation (Sparrow et al., 2016a). Investigations into pre-

fermentation techniques promoting tannin extraction led to the development of 

technology known as accentuated cut edges (ACE) (Sparrow, et al., 2016a), which 

has been shown to increase extractable tannins of Pinot noir grapes (Sparrow, et al., 

2016b). This novel technology may not be accessible to many wine producers, and 

considerations were made on how to mimic the effects of ACE technology. Factoring 

in a current industry trend of ‘low-intervention’ and ‘low-impact’ winemaking, which 

refers to wines that have been produced using minimal additions, processes and 
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technologies, it was hypothesized that by pressing the grapes pre-fermentation, it 

was perhaps possible to replicate the effects of high-intervention technology using 

minimal interventionist methods. Could we attain similar results to ACE technology 

by introducing a standard operating procedure between crushing operations and 

fermentation? Could tannin concentration be increased using a less disruptive skin-

damaging method? Additionally, pressing the grapes pre-fermentation exposes the 

seeds earlier in the fermentation process, so would this result in more seed tannin 

extraction? Saigneé is a low-interventionist winemaking technique. If used in 

conjunction with pre-fermentation pressing, would we see a greater increase in total 

extractable tannins?  

The specific questions being addressed in this section of the thesis are: 1) 

Does pre-fermentation pressing of grape berries increase the total extractable tannin 

concentrations in wine? and 2) Will the increased ratio of grape berries to juice via 

Saigneé increase total extractable tannin concentrations in wine? 

From these questions, two additional hypotheses were developed: 

• Hypothesis 1: Pre-fermentation pressing of grape berries increases the total 

extractable tannin concentrations in wine. 

• Hypothesis 2: Increased ratio of grape berries to juice increases total 

extractable tannin concentrations in wine.  



 31 

Chapter 2. Materials and Methods 

2.1. Pre-harvest grape berry monitoring and skin and seed tannin 

extraction and analysis 

 

Weekly grape berry sampling is standard practice during ripening, to monitor 

grape berry development of sugar accumulation and acid reduction, which influences 

cultural practices and harvesting decisions. Alongside the standard sugar and acid 

measurements, total tannin concentrations of Cabernet franc (CF) grape variety 

were monitored in the 2018 and 2019 growing seasons in six commercial vineyard 

sites across the Niagara Peninsula regional appellation. Monitoring established 

vineyards provides data which contributes to the TanninAlert online database. This 

database provides historical tracking of regional site differences of grape ripeness 

parameters and total tannin content for winemakers and growers in the Niagara 

Peninsula.                                                                                    

2.1.1 Vineyard Sites 

The six commercial vineyards are located in four sub-appellations (Figure 2.1). 

Sites 1 and 2 are located east of the Welland Canal, in the Four Mile Creek sub-

appellation; sites 3 and 4 are located west of the canal in the Lincoln Lakeshore sub-

appellation and the Twenty Mile Bench sub-appellation, respectively; sites 5 and 6 are 

located in the Four Mile Creek sub-appellation (CF2) and Lincoln Lakeshore sub-

appellation (CF1). Sites CF1 and CF2 were used for the experimental design 

described in section 2.2. According to the vineyard manager, CF1 vines were planted 

on sandy loam soil, using 327 clones on 3309 rootstocks. Vines were trained using 

vertical shoot positioning (VSP) at a density of 1345 vines/hectare. According to the 

vineyard manager, CF2 vines were planted on Chinguacousy clay loam soil, using 214 
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clones on SO4 rootstocks. Vines were trained using VSP at a density of 2,666 

vines/hectare. 

 
Figure 2.1. Locations of Cabernet franc grape sampling vineyard sites across the Niagara 
Peninsula wine regional areas, including the treatment vineyard sites: Site 1., Four Mile Creek; 
Site 2., Four Mile Creek; Site 3., Lincoln Lakeshore; Site 4., Twenty Mile Bench; Treatment 
Site CF1, Lincoln Lakeshore; Treatment Site CF2, Four Mile Creek.  
 

2.1.2 Berry Sampling 

Tannin monitoring does not begin until grapes reached a maturity level of 

18°Brix, as grape tannin concentrations analysed earlier in the season were beyond 

the limits of quantification of the calibration range for spectral measurements using 

our method. Grape clusters were sampled from either side of the canopy at different 

depths (inner vs outer canopy), from different rows each week. Fifteen clusters from 

each vineyard site were collected. Clusters were returned to the CCOVI research 

winery, and two grape berries per cluster were collected in triplicate, amounting to a 

total of 90 berries per vineyard site (Figure 2.2). Berries were taken from the outside, 

inside, top and bottom of each cluster. Replicates of 30 berries were put into clear 

re-sealable plastic bags, labelled with sampling date, vineyard number, replicate 

code, weighed (PR5002, Mettler Toledo, Mississauga, Canada) and frozen at -20°C 

Site 1 

Site 2 

Site 4 

CF1 

CF2 

Site 3 
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for future tannin analysis (see Section 2.1.4). The remaining clusters were crushed 

by foot in large plastic sampling bags and strained through wide-holed and fine-holed 

domestic strainers, to collect juice samples for soluble solids (reported as °Brix), pH, 

titratable acidity (TA g/L) and acetic acid (g/L) concentrations.  

 
Figure 2.2. Cabernet franc grape clusters, sampled from vineyard site 4 on 28/08/2018, ready 
for berry sampling. 

 

2.1.3. Juice chemical analysis  

Soluble solids (°Brix) of juice samples were measured using an ABBE bench 

top refractometer (Model 10450, American Optical, Buffalo, NY, USA).  pH was 

measured using a VWR® sympHony™ pH meter (Thermo Scientific, Waltham, MA, 

USA), calibrated using pH4.0, pH7.0 and pH10.0 standard pH solutions (ACP 

Chemicals, Quebec, Canada).  Titratable acidity (TA g/L tartaric acid) was 

determined by titration (Iland et al., 1993) using 0.1N NaOH solution with an end 

point of pH8.2. Calculations included the standardization of NaOH against a 

potassium hydrogen phthalate (KHP) standard, and the milliequivalent (mEq) of 

tartaric acid.  

TA (g/L) = conc. Of NaOH (N) x [Vol. of NaOH (ml) / (ml of sample)] x 75mEq 
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Acetic acid (g/L) was measured using enzymatic kit K-ACET 02/17 (Megazyme 

International Ltd, Wicklow, Ireland).  

2.1.4 Skin and Seed Tannin Extraction and Analysis 

Total tannin concentrations of grape skins and seeds were measured using 

the methyl cellulose precipitation (MCP) assay, adapted from Sarneckis, et al. (2006) 

and Mercurio, et al. (2007). Homogenous grape extracts were created from the 

frozen berry samples collected each week.  

2.1.4.1 Skin and Seed Separation 

Replicate sample bags contained 30 berries. One replicate set at a time was 

removed from the - 20°C freezer, allowed to thaw for 1-2 minutes to soften the 

berries, before being separated into skin and seed components, by hand and using 

tweezers. Care was taken to remove the skins from the berries as cleanly as 

possible; skins were blotted on paper towels to remove excess juice; the pulp was 

discarded. From each 30-berry sample, the weights of the separated skins and 

seeds were recorded (PR5002, Mettler Toledo, Mississauga, Canada) and the total 

number of seeds were counted. Each skin or seed sample was transferred to 50ml 

centrifuge tubes (FroggaBio, Vaughan, ON, Canada), covered with inert gas (Private 

Preserve, Vines to Vintages, CA), sealed with parafilm (Heathrow Scientific 

HS234526A, ITM Instruments, Canada) and stored at - 20°C until the extraction 

stage. 

2.1.4.2 Reagent preparation 

Seed Extraction Buffer (50% ethanol, HCl pH3) was made by measuring 

500ml of anhydrous (100%) ethanol (Sigma-Aldrich, Oakville, Canada) into a 

graduated cylinder and transferred to a 1000ml beaker containing 250ml of 

deionised water. Using a calibrated pH meter (Corning, model 455), 1M hydrochloric 
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acid (HCl) was added to the solution until the buffer was acidified to pH3. The buffer 

was transferred to a 1000ml volumetric flask and brought up to volume using 

deionised water.  

Skin Extraction Buffer (50% ethanol) was made by measuring 500ml of 

anhydrous (100%) ethanol into a graduated cylinder and transferred to a 1000ml 

volumetric flask and brought to full volume using deionised water.  

2.1.4.3 Skin and Seed Extraction  

For the skin tannin extraction, 15ml of the skin extraction buffer was added to 

the frozen skins. Tubes were sealed using parafilm and attached to a vertical rotating 

plate (Model TC-7, New Brunswick Scientific, NJ, USA) at 180 rotations per minute 

(rpm) for four hours at 30°C. The supernatant was drained from the skins into 15ml 

centrifuge tubes (FroggaBio, Vaughan, ON, Canada) and stored at - 20°C until 

analysis; the drained skins were discarded.  Seed tannin was extracted using 15ml 

of the seed extraction buffer added to the prepared seeds. Tubes were sealed using 

parafilm and attached to a shaker-table (Model G2, New Brunswick Scientific, NJ, 

USA) at 180rpm for 24 hours at 30°C. The supernatant was drained from the seeds 

into 15ml centrifuge tubes and stored at - 20°C until required for MCP analysis.  

2.1.5. Methyl Cellulose Precipitation (MCP) assay 

2.1.5.1. Reagent preparation 

0.4% methyl cellulose (MC) solution was prepared in accordance to 

Sarneckis, et al. (2006). 0.4g of methyl cellulose (Sigma-Aldrich, Oakville, Canada) 

was added to a beaker containing ~200 ml of 80°C deionised water and a stir bar, 

placed on a heated stir plate to agitate and dissolve the methyl cellulose. Once the 

methyl cellulose was completely dissolved, 300 ml of 0°C deionised water was 

added to reduce the temperature and the solution was mixed for a further 12 hours 
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at room temperature. The volume was increased to 1000 ml using room temperature 

deionised water before being transferred to a 1000 ml glass bottle. 

Saturated ammonium sulphate solution was prepared by the addition of the 

ammonium salts (Sigma-Aldrich, Oakville, Canada) to a glass bottle containing 

~600ml of deionised water and a stir bar. While being agitated, increasing amounts 

of ammonium sulphate were added to the aqueous solution until total saturation of 

the solution was achieved (the ammonium salts no longer dissolved).  

2.1.5.2 Epicatechin Standard Curve  

Calibration curves were established to report the tannin absorbances, as 

described and adapted from Sarneckis et al. (2006) (Figure 2.3). 1.0mg/mL (-)-

epicatechin stock solution was prepared by dissolving 0.02g (-)-epicatechin (>90%, 

E1753 Sigma Aldrich) in 2ml anhydrous (100%) ethanol in a 20ml volumetric flask 

and filled to flask volume with deionised water. Epicatechin standard solutions were 

prepared at 0, 5, 10, 25, 50, 100 and 250µg/mL (in 2018) and 0, 25, 50, 75, 100, 

125, 150, 200, 225 and 250µg/mL (in 2019) concentrations by diluting the 1mg/ml 

stock solution using a 12% ethanol buffer, adjusted to pH3. A 300µl aliquot of each 

standard was analysed; absorbances were read at 280nm on a SpectraMax M2 

microplate spectrophotometer (Molecular Devices, Sunnyvale, CA, USA). A linear 

regression was performed, to determine a line of best fit. Data were exported to 

Excel (Version 16.36) and all A280 tannin values were reported in µg/mL epicatechin 

equivalents (corrected for assay dilution).  

 

 

 

Figure 2.2. 2018 Standard curve calculation  

 

y = 0.0085x + 0.063
R² = 0.9992

0

1

2

3

0 50 100 150 200 250

A
b
s
o
rb

a
n
c
e
 (

2
8
0
n
m

)

Epicatechin (μg/ml)

2018 
y = 0.0085x + 0.075

R² = 0.9992

0

0.5

1

1.5

2

2.5

0 50 100 150 200 250A
b
s
o
rb

a
n
c
e
 (

2
8
0
 n

m
)

Epicatechin (μg/ml)

2019

Figure 2.3 Epicatechin standard curves for 2018 and 2019 growing seasons.  
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2.1.5.3 Methyl cellulose Precipitation Assay  

Total extractable tannins of the skin and seed extracts were measured in 

accordance to Sarneckis et al. (2006), Mercurio et al. (2007) and Smith et al. (2007). 

The MCP tannin assay is simple, reliable and has tolerance across a broad range of 

pH levels and ethanol concentrations (Mercurio et al., 2007). The subtractive assay 

uses methyl cellulose to form insoluble polymer-tannin complexes that precipitate out 

of solution, which are then separated using centrifugation. Samples are analysed 

using a subtractive measure. Absorbance (A280) values from the methyl cellulose 

treatment sample are subtracted from the control and the calculated A280 difference 

represents the total tannin concentration extracted and precipitated in the assay in 

µg/mL or µg/berry epicatechin equivalents (corrected for standard curve, dilution and 

sample means), which represent the total extractable tannin levels in the sample 

matrix. The absorbance in the control sample represents the total tannin 

concentration in the skins, seeds or wine samples and the absorbance in the methyl 

cellulose treatment sample represents the tannins remaining once the tannin has 

been precipitated and removed (Figure 2.4).  

 

Figure 2.4 Schematic representation of the MCP tannin assay procedure (Smith et al., 2007) 
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All MCP reactions were carried out in a 1ml 96 Well-Deep well microplate 

(VWR, Mississauga, ON, Canada) and the absorbance on the aliquot was measured 

in a 96 well UV-Star ® UV-Transparent microplate (VWR, Mississauga, ON, 

Canada). All assays were run in triplicate for both control and MCP reactions. 

Because of triplicate sampling of berries, triplicate fermentations and triplicate MCP 

assays, nine data points were generated from each vineyard site or wine treatment. 

The sample and reagent additions are outlined in Table 2.1. Volumes for skin, seed 

and wine analysis were 25 µL, 100 µL or 25 µl, respectively to ensure absorbance 

value differences fell within the limits of the standard curve; the skin, seed or wine 

sample was added to 6 wells of the 1 mL 96 Well-Deep microplate, then either 

300µL of deionised water (control), or 0.04% methyl cellulose solution was added. 

The plate was left for 5 minutes to allow for tannin-MC complexes to form. 200 µL of 

saturated ammonium sulphate was then added to all 6 wells, followed by the amount 

of water required to bring each well volume to 1 mL (Table 2.1).  

 

Table 2.1. Methyl Cellulose Precipitation assay sample/reagent additions. Volumes for the skin, 
seed and wine sample are 25µl, 100µl and 25µl, respectively.  

Reagent Control well (µL) Reaction well (µL) 

Skin/Seed/Wine sample 25/100/25 25/100/25 

0.04% Methyl Cellulose - 300 

Ammonium Sulphate 200 200 

Deionised Water 775/700/775 475/400/475 

Total Well Volume 1000 1000 

 

The plate was then covered with an adhesive aluminium foil cover (VWR, 

Mississauga, ON, Canada) and inverted 20 times to mix the solutions; a 10-minute 

incubation period followed. The plates were then centrifuged at 4000 rotations per 

minute (rpm) (Thermo Scientific Sorvall ST8) for 5 minutes. Successful reactions can 

be confirmed by the presence of a small amount of precipitate in the MCP reaction 
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wells. The control wells should have little or no precipitate. A 300µl aliquot of each 

well was transferred to the UV-Star® microplate and the absorbance was read at 

280nm on a SpectraMax M2 microplate spectrophotometer. Each plate allowed 

sixteen samples to be analysed at the same time. Raw data were exported to an 

Excel (Microsoft ® Version16.39) spreadsheet for analysis.  

 

2.2. Winemaking Experimental Design 

Winemaking was carried out in the 2018 and 2019 growing seasons. The CF1 

and CF2 Cabernet franc vineyards, described in Section 2.1.1, supplied the grapes 

for both years. The treatments in both years were applied either pre- or post-

fermentation so the fermentation protocols were identical in both years, and identical 

for both CF1 and CF2 treatment sites. Any exceptions or deviations relating to either 

site will be explained explicitly in the respective protocol.  

2.2.1. 2018 Post-fermentation pressing treatment winemaking protocol 

Cabernet franc grapes were harvested on the 15th (CF2) and 17th (CF1) of 

October 2018. Clusters were picked by hand into 15 kg crates and returned to the 

CCOVI research winery within one hour of harvest. CF2 grapes were processed on 

the same day, due to a visual assessment of the fruit which reported ~20-30% of the 

grapes infected being with Botrytis cinerea, a fungal infection which impacts grape 

quality and yields. CF1 grapes were stored in a refrigeration unit at 10ºC overnight 

and were processed the following day. 300 kg of fruit was divided among three 

treatments and a control (Figure 2.5). Treatments were labelled 1.0BAR (T1), 

1.5BAR (T2), 2.0BAR (T3) and NO PRESS (control). Each treatment was further 

divided into three replicates of 25 kg each, labelled A, B and C. Berry samples were 

collected using the same methods as described in Section 2.1.2 from each treatment 

replicate for future MCP analysis as described in Sections 2.1.4 and 2.1.5. 
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Figure 2.5 Schematic representation of the experimental design for the post-fermentation 
pressing experiments for the 2018 growing season. The design and trial was applied on 
grapes from two vineyard locations CF1 and CF2, with a total of 12 winemaking replicates 
made from each CF1 and CF2 vineyards. 

 
Grapes were crushed and destemmed and the must was weighed (New 

Classic MF, MS32000L, Mettler Toledo, Mississauga, ON, Canada) to 25kg directly 

into 60L plastic fermentation bins (Bosagrape Winery Supplies, Burnaby, BC, 

Canada); any remaining crushed berries and juice from each replicate was 

discarded. Fermentation bins were labelled and transferred to a temperature-

controlled room at 26ºC. Sulphur dioxide (SO2), in the form of potassium 

metabisulphite (KMS) (Scott Laboratories, Pickering, ON), was added to the CF2 B. 

cinerea infected musts at a rate of 30 parts per million (ppm). Despite CF1 not 

presenting any issues of disease pressure, the same addition was made to the CF1 

musts, so all replicates were treated in the same way.  

Juice chemical analysis for soluble solids (°Brix), pH, TA (g/L) and acetic acid (g/L) 

were measured as described in Section 2.1.3. Analysis of primary amino nitrogen 
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(PAN) and ammonia using K-PANOPA 08/14 and K-AMIAR 12/12 enzyme kits 

(Megazyme International Ltd, Wicklow, Ireland) to calculate the juice yeast 

assimilable nitrogen (YAN mg N/L) content.  

All musts were inoculated 24 hours after crushing and de-stemming, with 

Saccharomyces cerevisiae EC1118 yeast (Lallemand Inc., Montreal, QC, Canada) at 

the manufacturers recommended rate (0.3g/L) and prepared per the manufacturer’s 

instruction.  Go-Ferm® yeast nutrient (Danstar Ferment, A.G., SUI) was added to the 

inoculum at a rate of 0.3g/L. Both CF1 and CF2 wines had insufficient yeast 

assimilable nitrogen (YAN mg N/L) concentrations and a nitrogen addition in the form 

of diammonium phosphate (DAP) (Scott Laboratories, Pickering, ON) was added to 

each ferment to achieve YAN concentration of ~250mgN/L. Nitrogen was added at 

two stages: post-inoculation, and 2-3 days post-inoculation following a reduction of 

approximately 10°Brix. DAP was added in its pure form and incorporated into the 

fermentation during punch-down operations.   

Twice a day, in the morning and evening, the cap was re-homogenised back 

into the ferment using a traditional hand-held stainless-steel plunger (Cellar-Tek 

Supplies Ltd. St. Catharines, ON). Each time, the fermentation was mixed 20 times. 

The aim was to reinstate homogeneity in each ferment, not to promote tannin 

extraction, as we did not want to encourage tannin extraction from any other variable 

apart from the pressing treatments. Ferments were monitored twice daily, measuring 

temperature (ºC) and yeast sugar consumption (using a ºBrix hydrometer 

(FisherBrand, Fisher Scientific, Mississauga, ON), until fermentation was complete 

(< 3g/L reducing sugar). Fermentations lasted between 5-7 days. Two days post-

inoculation, ferment temperatures increased to excess of 30 ºC and so all 

fermentations were moved to an ambient temperature environment (~20 ºC). 
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Ferments were managed accordingly to maintain fermentation temperature of 25-

30ºC.  

Completed ferments were covered with inert CO2 gas to protect from 

oxidation, and each completed ferment was mixed by hand, daily, to reincorporate 

the cap. All wines were pressed within 36 hours of completing fermentation.  

Pressing treatments were applied using a water bladder basket press (Marchisio 

Fratelli S.P.A., Pieve di Teco, Italy). For the NO PRESS treatments, the fermented 

must was passed through the press, but the bladder was not inflated. The wine was 

allowed to drain without any external pressure applied to the skins. For each 

replicate, the wine was allowed to drain until the majority of the wine had been 

collected, plus three minutes where the flow of wine was obviously minimal. This was 

the free-run fraction. The un-pressed grapes were discarded and the volume of the 

free-run fraction of each replicate was recorded. The press was cleaned in between 

each treatment. Treatments 1.0BAR, 1.5BAR and 2.0BAR replicates were passed 

through the press, and the free-run fraction of each replicate was allowed to drain in 

the same way as described for the NO PRESS treatment, before the pressing 

treatments were applied. The press bladder was inflated to 100kPa, 150kPa and 

200kPa, for 1.0BAR, 1.5BAR and 2.0BAR treatments, respectively, and held for five 

minutes. For each treatment replicate, the volumes of the free-run fraction, press 

fraction, and the final blend of the respective fractions were recorded. Samples from 

the free-run, press fraction, and the final blend of the respective fractions were 

collected for immediate MCP analysis as described in Section 2.1.5.  

Wine was stored in 20L glass carboys with the addition of sulphites (30ppm) 

and transferred to a temperature-controlled room at 10ºC (+/- 3ºC) until filtration and 

bottling, which is described in Section 2.2.4. Wines were gassed using CO2 every 
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three days to protect from oxidation until filtration and bottling. Two times during 

storage, wines were racked: once off the gross lees, and once again off the fine lees, 

prior to filtration. At these time points, free SO2 levels were measured using the 

aspiration method as described by Iland et al. (1993). Sulphite additions, in the form 

of potassium metabisulphite (KMS), were made to each wine to maintain > 0.5mg/L 

molecular SO2. A total of 180ppm KMS was added to the wines in 2018, which 

reported 60-150ppm total SO2 levels at bottling. Chemical analysis of the wines, 

measuring pH, TA (g/L), acetic acid (g/L), malic acid (g/L), and ethanol (%v/v) and 

total phenolic content (absorbance units) was conducted as described in Section 2.3. 

2.2.2. 2019 Pre-fermentation pressing treatment winemaking protocol 

Cabernet franc grape harvest dates were 28th (CF1) and 29th (CF2) October 

2019. Clusters were harvested by hand into 15kg crates, returned to the CCOVI 

research winery within 90 minutes of harvest. Both CF1 and CF2 grapes were 

processed on the same day of harvest. 300kg of fruit was divided between three 

treatments and a control (Figure 2.6). Treatments were labelled PRE-FERM-PRESS 

(T1), SAIGNEE (T2), SAIGNEE+PRE-FERM-PRESS (T3), and NO-PRE-FERM-

PRESS (control). Each treatment was further divided, as described in Section 2.2.2. 

Berry samples were collected at this time as described in Section 2.1.2, and MCP 

analysis was conducted as described in Sections 2.1.4 and 2.1.5.  

Grapes were crushed and destemmed and the must was weighed (New 

Classic MF, MS32000L, Mettler Toledo, Mississauga, ON, Canada) to 25kg directly 

into 60L plastic fermentation bins (Bosagrape Winery Supplies, Burnaby, BC, 

Canada); any remaining crushed berries and juice from each replicate was 

discarded. The NO-PRE-FERM-PRESS treatment replicates were labelled and put 

aside. For the PRE-FERM-PRESS treatment, the entire 25kg of must was passed 
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through the water bladder basket press (Marchisio Fratelli S.P.A., Pieve di Teco, 

Italy), and the berries were pressed at 200kPa for 3 minutes. The bladder was 

deflated, and the grapes were pushed away from the press cage and mixed; the 

grapes were pressed again for another 3 minutes. 

 
Figure 2.6 Schematic representation of the experimental design for pre-fermentation 
winemaking treatments for the 2019 growing season. The design and trial was applied on 
grapes from two vineyard locations CF1 and CF2, with a total of 12 winemaking replicates 
made from each CF1 and CF2 vineyards. 

 
The pressed grapes were then reintroduced to the fermentation bins with the 

juice. The SAIGNEE treatment replicates had 3.5L of juice removed using a 

domestic, graduated plastic measuring jug. The adjusted weight of the SAIGNEE 

replicates was recorded. The SAIGNEE + PRE-FERM-PRESS treatment replicates 

had 3.5L of juice removed and the remaining must was passed through the press, as 

described for the previous two treatments. The adjusted weight of the SAIGNEE + 
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PRE-FERM-PRESS replicates was recorded. Fermentation bins were labelled and 

transferred to a temperature-controlled room at 26ºC. Unlike the 2018 season, there 

were no sulphite additions in pre-fermentation stages. Juice chemical analysis for 

soluble solids (°Brix), pH, TA (g/L) and acetic acid (g/L) were measured as described 

in sub-section 2.1.3. Analysis of yeast assimilable nitrogen (YAN mg N/L) content 

was measured as described in Section 2.2.2.  All musts were inoculated 24 hours 

after grape processing, as described in Section 2.2.2. Fermaid-K® yeast nutrient and 

nitrogen supplement (Danstar Ferment, A.G., SUI) was added to the inoculum at a 

rate of 0.3g/L. Both CF1 and CF2 wines had insufficient YAN (mg N/L) 

concentrations and a supplementary nitrogen addition in the form DAP was added to 

each must to achieve YAN concentration of ~250 mg N/L. Nitrogen was added at 

two stages: first, after a reduction of approximately 5° Brix, and again following 

another reduction of approximately 5° Brix. DAP was added in its pure form and 

incorporated into the fermentation during punch-down operations. Twice a day, in the 

morning and evening, the cap was re-homogenised back into the ferment as 

described in Section 2.2.2. Ferments were monitored twice daily, measuring 

temperature (ºC) and yeast sugar consumption (using a ºBrix hydrometer), until 

fermentation was complete (< 3g/L reducing sugar). Fermentations lasted 5 days. 

Two days post-inoculation, ferment temperatures increased to excess of 30 ºC and 

so all fermentations were moved to an ambient temperature environment (~20 ºC). 

Ferments were managed accordingly to maintain fermentation temperature of 25-

30ºC.  

Completed ferments were covered with inert CO2 gas to protect from 

oxidation, and each completed ferment was mixed by hand, daily, to reincorporate 

the cap. All wines were pressed within 36 hours of completing fermentation.  
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All wines were pressed at 200kPa, using a water bladder basket press (Marchisio 

Fratelli S.P.A., Pieve di Teco, Italy). Samples from each replicate were collected for 

immediate MCP analysis, as described in Section 2.1.5.  

Wine was stored in 20L glass carboys with the addition of sulphites (30ppm) 

and transferred to a temperature-controlled room at 10ºC (+/- 3ºC) until bottling, 

which is described in Section 2.2.4. Chemical analysis of each treatment replicate 

measuring pH, TA (g/L), acetic acid (g/L), malic acid (g/L) was done as described in 

Section 2.3.  Post-fermentation, all wines from both CF1 and CF2 had high titratable 

acidity, so malolactic fermentation (MLF) was induced to reduce malic acid 

concentrations and increase the lactic acid concentrations. Freeze dried 

Oenococcus oeni bacteria cultures (Inobacter IB, Lalvin, Scotts Labs, CA), used due 

to its neutral sensory contribution, was added at the manufacturer’s recommended 

rate. Malic acid (g/L) concentrations were measured every 3-4 days until 

undetectable levels were reported (<0.02 g/L). When MLF was complete, sulphite 

additions were made to each wine at a rate of 40ppm. The wines were racked and 

stored at 10ºC (+/- 3ºC) and gassed using CO2 every three days until filtration and 

bottling, which is described in Section 2.2.4. The day before filtration, wines were 

racked off fine lees. Free SO2 levels were measured periodically using the aspiration 

method, as described by Iland et al. (1993). Sulphite additions, in the form of 

potassium meta-bisulphite (KMS) were made to each wine to maintain > 0.5 mg/L 

molecular SO2. A total of 160-210ppm SO2 was added to the wines in 2019, which 

reported 135-195ppm total SO2 levels at bottling. Chemical analysis of the wines, 

measuring pH, TA (g/L), acetic acid (g/L), malic acid (g/L), lactic acid (g/L), and 

ethanol (% v/v), was conducted as described in Section 2.3. 



 47 

2.2.3 Filtration and Bottling  

To prepare wines for bottling, the wines were coarse filtered (Buon Vino 

Super Jet, Vines to Vintages, Canada) to remove large particulate matter and to 

‘polish’ the wines. Size 3 filter pads (Buon Vino, Vines to Vintages, Canada) were 

saturated in a water solution containing 3.5g/L citric acid (Scott Laboratories, 

Ontario, CA) and 0.75g/L KMS (Scott Laboratories, Ontario, CA) before being loaded 

into the filter. Wines were filtered into clean, 20L glass carboys, which were pre-

loaded with inert CO2 gas to help prevent excessive oxidation. Samples were taken 

for final free SO2 analysis, and SO2 levels were adjusted accordingly to maintain a 

molecular SO2 level of > 0.5 mg/L. Carboys were sealed with rubber bungs and 

wines were returned to storage at 10ºC (+/- 3ºC) until bottling. 

The night before bottling, wines were removed from the 10ºC room to return 

to ambient temperature, and values of free and total SO2 were measured.  

Wines were bottled using a manual gravity filling machine (Crivella Company, 

Niagara Falls, ON, Canada) into 750 ml dark green Bordeaux style bottles (Vines to 

Vintages, Jordon, ON, CA), using 44 x 24 mm agglomerated corks (VINC Corks ISO 

20752, Vines to Vintages, Jordon, ON, CA). Bottles were labelled and stored in a 

temperature-controlled cellar at 12 ºC.  

2.3. Chemical analysis of juice and wine 

Soluble solids (°Brix) of juice samples were measured using an ABBE bench 

top refractometer (Model 10450, American Optical, Buffalo, NY, USA).  

pH of juice and wine was measured using a VWR® sympHony™ pH meter, 

calibrated using pH4.0, pH7.0 and pH10.0 standard pH solutions (ACP Chemicals, 

Quebec, Canada).   
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Titratable acidity was determined by titration (Iland et al. 1993) using 0.1N NaOH 

solution with an end point of pH8.2. Calculations included the standardization of 

NaOH against a potassium hydrogen phthalate (KHP) standard, and the 

milliequivalent (mEq) of tartaric acid.  

TA (gL-1) = conc. Of NaOH (N) x [Vol. of NaOH (ml) / (ml of sample)] x 75mEq 

Acetic acid (AA g/L), D-lactic acid (LA g/L), L-malic acid (MA g/L), yeast assimilable 

nitrogen (YAN mg N/L), and residual sugars (RS g/L) were all measured using 

enzymatic assays; K-ACET 02/17; K-DLATE 06/08; L-LMALL 06/07; K-PANOPA 

08/14 and K-AMIAR 12/12 assays were used for primary amino acid and ammonia 

measurements, respectively, to report YAN; and K-FRUGL 05/17 was used to 

measure D-fructose and D-glucose to report RS (Megazyme International, Wicklow, 

Ireland).  

Free and total sulphur dioxide (SO2) measurements were determined using 

the aspiration method as described by Iland et al., (1993). SO2 exists in various 

forms in wine that are split into ‘free’ and ‘bound’ categories, bound being the total 

SO2 measurement. At wine pH (3.2-3.8), SO2 exists in the bisulphite form, which 

yield molecular SO2 and sulphates, which are the reactive ‘free’ SO2 component. 

Total SO2 refers to the bound fraction in which stable and unstable compounds have 

been formed: bisulphite ions react with oxidation products such as acetaldehyde 

(stable compounds), or sugars, phenolic compounds and organic acids (unstable 

compounds). Maintaining molecular SO2 levels of >0.5 mg/L at wine pH is sufficient 

to prevent microbial spoilage of the wine. 

Total phenolics, colour density, hue, degree of red pigment colouration, and 

sulphite resistant pigment measurements were conducted based on the methods of 

Iland et al. (1993) using UV-Vis spectrophotometer (Cary 60, Agilent Technologies, 
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Santa Clara, CA, USA). All reactions and spectra analysis were conducted in 2ml 

BrandTech™ (Thermo Fisher Scientific, Ottawa, CA) plastic cuvettes, and sealed 

with Fisherbrand™ disposable polyethylene caps (Thermo Fisher Scientific, Ottawa, 

CA). Absorbance of solutions for each of the colour density, hue, degree of red 

pigment colouration, and sulphite resistant pigments was measured at 520nm and 

420nm. Absorbance of total phenolic compounds was first read at 520nm; then the 

solution was transferred to a 10 mm quartz cuvette and measured at 280nm. All 

assays were in duplicate. 

For colour density, hue, degree of red pigmentations and sulphite resistant 

pigments, 2ml of wine was dispensed into 6 cuvettes. Into two of the cuvettes, 30µl 

25% w/v potassium metabisulphite (KMS) was added. Cuvettes were capped, 

inverted and absorbances measured alongside the 2ml wine samples. Into the 

remaining two cuvettes, 20µl 10% w/v acetaldehyde (CH3CHO) was added. Cuvettes 

were capped, inverted and absorbances were measured after 45 minutes.  

For total phenolics, 1M HCl was dispensed into two cuvettes with 25µl of wine 

sample. Cuvettes were sealed and inverted to mix the solution. Absorbances were 

measured following a 3-hour incubation period. Formulae used to interpret the 

results were as described by Iland et al. (1993). 

Ethanol (ABV% w/v) in finished wine was measured using gas chromatography (GC) 

(Agilent 6890 model) coupled with a flame ionization detector (GC-FID), using a DB 

Wax column (30 m x 0.25 mm x 0.25 μm), split/ split-less injector and Chemstation 

software (Agilent, USA).  

2.4. Sensory Evaluation  

Wines from 2018 were analysed sensorially in a two-part sensory evaluation 

procedure in collaboration with the Vineland Innovation and Research Centre, 
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Lincoln, Ontario. Design and methods were guided by the director of consumer 

insights Dr Amy Bowen and senior research technician Amy Blake.  

Part 1: Difference testing using Free Sorting methods with a trained panel of 
evaluators. 
 
Part 2: Consumer acceptance tests, with volunteer members of the public. 

Implementation of the difference testing and consumer acceptance tests were done 

at the Vineland Research and Innovation Centre and at Brock University.   

2.4.1 Difference tests using Free Sorting  

The 2018 CF1 and CF2 wines were evaluated by a trained panel using free 

sorting task as described by Lawless et al. (1995) and data was analysed with 

statistical analysis described by Pickering et al. (2014). All members of Vineland’s 

trained panel had been screened for their sensory acuity and had had a minimum of 

two years’ experience completing sensory evaluation on foods and beverages. 

Criteria to qualify for this study required the trained panel participants to be 

experienced in sensory evaluation of red wines, and to be familiar with terms and 

styles associated with red wine. The CF1 and CF2 wines were presented to trained 

sensory panellists on 09/25/2019 (n =16) and 10/01/2019 (n = 10), respectively at 

the Vineland sensory evaluation laboratory. Each group was served 12 wines (four 

treatments x three fermentation replicates). Wines were served at room temperature 

as a 30mL sample, served in an ISO issue tasting glass with a lid, and labelled with 

a three-digit blinding code (Figure 2.7). Samples were poured into the wine glasses 

15 minutes before serving. Red lighting was used to eliminate visual bias. During the 

tasting, panellists had to expectorate each wine sample, and were encouraged to 

consume unsalted crackers (Premium Plus, Nabisco) and room temperature distilled 

water during a 60-second forced break between samples. Data were collected with 

EyeQuestion Software (Logic8 B/V, Gelderland, Netherlands). 
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Figure 2.7. CF2 wines prepared for trained panels free sorting on 10th October 2019. 
 

Evaluating the wines on taste and flavour, but not appearance, the trained 

panellists were asked to group the wines based on their common perceived sensory 

properties (i.e. taste, aroma/flavour and mouthfeel). Once grouped, panellists were 

then asked to include their own descriptive terms best suited to differentiate each of 

the groups (Figure 2.8). Finally, panellists were then asked to identify which wine 

they believed to be the most representative of all wines within each group. Panellists 

were required to make at least two groups, each wine could only belong in one 

group, and a group could contain just one wine (Figure 2.8). Panellists were not 

limited to one taste and were free to tase and evaluate the wines as many times as 

they wished after the initial assessment. 
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Figure 2.8. Example of representative groups based upon distinctive sensory 
characteristics, created by a trained panellist.  
 

Sensory groups created by individual panellists were analysed using 

multidimensional scaling (MDS) and clustering analysis (agglomerated hierarchical 

clustering (AHC) - dissimilarity proximity, Ward’s method, Euclidean distance) to 

characterise overall product differences and similarities. MDS is an analysis model 

that configures product (dis)similarities that reflect categories or clusters which may 

exist within a group of similar products (Lawless et al., 1995); and AHC is an 

analysis method that calculates the dissimilarities between groups to produce a 

dendrogram plot that clusters similar products together (Pickering et al., 2014).  

The clustering analysis identified wines within the pressing treatments that were 

selected from each of the clustered groups to showcase the sensory diversity of the 

wine set. These were the wines evaluated by consumers in the second stage of the 

sensory evaluations. Terms generated by the trained panellists through the sorting 

task were reviewed and refined by team members from the Vineland Research 

Centre and the Cool Climate Oenology & Viticulture Institute to create a list of terms 

used by the consumer to help guide their evaluations.  
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2.4.2 Consumer acceptance analysis  

Consumer acceptance testing was conducted over a two consecutive week 

period in November 2019, at the Vineland Research Centre (Rittenhouse Hall) and 

Brock University (CCOVI sensory evaluation laboratory). Recruited volunteer 

panelists met the inclusion criteria as outlined in the ethics application (REB 18-223 

KEMP; Appendix i.), and every participant of this study had to meet the following 

criteria: - Must not be pregnant; must not be allergic to alcohol; must not have any 

other medical reason for abstaining from alcohol; must not be taking prescription or 

non-prescription medication for which the label instructions of medical professional 

have advised against alcohol consumption; must not have consumed any alcohol on 

the day of a study session and had to provide proof of being of the legal drinking age 

(19) in Ontario such as a valid Ontario’s driver’s license with photo, a Canadian 

Passport, a Canadian citizenship card with photo, a Canadian Armed Forces 

Identification Card with photo, or a photo card issued by the Liquor Control Board of 

Ontario (LCBO). Volunteers were offered a $20 gift card for their participation. 

Participants (n = 132) were required to attend two sessions, one per week, to 

evaluate both CF1 and CF2 wines. Recruited volunteer panellists were welcomed in 

each session and given instruction on the session and asked to sign a consent-to-

participate form (Appendix ii).  Included in these sessions were red wines from other 

research projects, so a total of 12 wines were evaluated, separated into three flights 

(Appendix iii). Tasting sessions lasted ~45 minutes. Panellists were asked to 

evaluate each wine individually and rate their liking on a line-scale, which was 

anchored from ‘like extremely’ to ‘dislike extremely’ (Figure 2.10).  
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Figure 2.9. Example of line-scale used in the Consumer acceptance wine 
evaluations 
 

Wines were opened and poured ~30 minutes before the evaluations and were 

served at room temperature. A 30ml sample of each wine were presented in a ISO 

issue tasting glass with a lid, and labelled with a three-digit blinding code. Wines 

were evaluated monadically, organised in flights by wine groups, and presented in a 

randomised, balanced order meaning wines were presented in equal groups, but 

randomised within each group. During the tasting, panellists were instructed to 

expectorate each wine sample and encouraged to consume unsalted crackers and 

room temperature distilled water during a forced 90 second break between samples. 

Data were collected with EyeQuestion Software (Logic8, Netherlands).  

Each session lasted approximately 90 minutes which included time for instructions, 

tasting, and a supplementary questionnaire in which demographic data from the 

participants was collected. After the tasting session, panellists were asked to 

complete a questionnaire answering some basic demographic questions (age, 

gender, income, employment, and marital status), their wine consumption, and their 

wine expertise. 

At the end of the session, panellists were given food (protein) and a break of 

at least 20 minutes before being breathalysed (AlcoMate Prestige AL6000, AK 

GlobalTech, NJ, U.S.A) (a blood alcohol concentration of < 0.02% is considered the 
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safe range, required by law through the Research and Ethics Board) and allowed to 

leave.   

2.5. Statistical analysis 

All statistical analysis was carried out using Microsoft® Excel for Mac (Version 

16.16.17) and XLSTAT (Version 21.4.2) (Addinsoft, France). Juice, wine and MCP 

tannin data were analysed using analysis of variance (ANOVA) with Tukey’s honest 

significant difference (HSD) post-hoc test. Tukey’s HSD makes multiple comparisons 

of the mean values, identifying how many significant differences exist, separating 

them within the data set. The mean separations are represented in figures and 

tables using uppercase, lower case, or italicised letters. Mean values sharing the 

same letters are not significantly different from one another. Mean values with 

different letters are significantly different from one another. If mean values have 

combinations of letters, this means the mean values which share the same letters 

are not significantly different but may be different from another mean value within the 

data set. If uppercase, lowercase or italicised letters are used in the same figure, this 

pertains to the specific data series within that figure. Usually, the highest mean will 

be assigned the letter ‘a/A/a’ but is not indicative of the results unless explicitly 

stated in the text.  

As outlined in section 2.4.1. sensory evaluation free sorting data were 

analysed using MDS and AHC (dissimilarity proximity, Ward’s method, Euclidean 

distance).  

Consumer acceptance data were analysed by each individual wine group, in 

this case CF1 wines and CF2 wines, separately. Global data-liking scores (n = 132) 

were assessed using Levene’s test to determine if the data had homogenous or 

heterogenous variance. ANOVA was applied to homogenous data, and Welch 
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statistic was applied to heterogenous data. Tukey’s HSD or Games-Howell were 

used as post-hoc comparisons for ANOVA and Welch, respectively. AHC analysis 

then clustered the consumer liking data (n = 132) into groups based on their liking 

scores. These clusters were analysed using ANOVA or Welch and corresponding 

post-hoc tests.  
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Chapter 3. Results and discussion, Pre-harvest skin and seed 
tannin and TanninAlert Database 

 
Six vineyard sites across the Niagara Peninsula wine region were monitored 

during the ripening period of two growing seasons, 2018 and 2019, measuring grape 

skin and seed tannin concentrations. The increase and/or decrease in total 

extractable tannin concentrations in Cabernet franc grapes were monitored over a 

seven-week period until grapes were harvested. The following data, in Sections 3.1 

and 3.2 present the skin and seed tannin concentrations during the 2018 and 2019 

growing seasons, respectively. Combined with 2015-2017 data, histogram analysis 

separated the tannin categories for skin and seed into low, medium or high values 

based on the 33rd and 66th percentile of the distribution for Cabernet franc grapes 

grown in the Niagara Peninsula (see Figures 3.19 and 3.20 in Section 3.6.1). These 

determinations contribute to the online TanninAlert database, which informs and 

guides winemakers with harvest decisions and winemaking techniques, as discussed 

in Section 3.6. 

3.1. 2018 Pre-harvest skin and seed tannin measurements 

Total extractable skin and seed tannins were analysed over a 7-week period 

in 2018, from 04/09/2018 until 16/10/2018, from six sites (Figure 3.1, panels A-F). 

Sites 1 and 2 are located east of the Welland Canal in the Four Mile Creek sub-

appellation (Figure 3.1, A and B); sites 3 and 4 are located west of the canal in the 

Lincoln Lakeshore sub-appellation and the Twenty Mile Bench sub-appellation, 

respectively (Figure 3.1, C and D); sites 5 and 6 are further utilized in Chapters 4 

and 5 and are referred to as CF1 and CF2 in this study. These treatment sites are 

located in the Four Mile Creek sub-appellation (CF2) and Lincoln Lakeshore sub-
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appellation (CF1). From Figure 3.1, it is seen that the extractable skin and seed 

tannin concentration varied within each site over time and between sites.  

3.1.1 Skin and seed tannin concentration comparison within each site over 

time  

Generally, within each site, skin tannin increased from the start of veraison to a peak 

value, but then once it peaked, it dropped prior to harvest as observed by the mean 

separations at each time point for each treatment (Figure 3.1A, C, E). The final 

values of skin tannin at harvest were either not significantly different from that 

measured at veraison (site 2,3 CF1 and CF2) or higher from that measured at 

veraison (site 1 and site 4). Seed tannin did not follow a common trend among the 

sites (Figure 3.1B, D, F). It did decrease over time at site 1 and 3 as expected with 

the hardening of the seed coat, but it increased in concentration at site 4, or did not 

show a significant difference from the value at veraison to harvest for sites 2, CF1 or 

CF2 as indicated by the mean separations.  
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Figure 3.1 Total extractable skin tannin (µg/berry) and seed tannin (µg/berry) concentrations in the 2018 
growing season during ripening for six sites. Site 1 (Four Mile Creek), and site 2 (Four Mile Creek); site 3, 
Lincoln Lakeshore; site 4, Twenty Mile Bench; site 5 (CF1), Lincoln Lakeshore; site 6 (CF2), Four Mile 
Creek. Different lower-case letters represent significant differences in skin tannin concentrations in site 1, 
3 and 5 at each time point during ripening (Tukey (HSD) p < 0.05). Different capital letters represent 
significant differences in skin tannin concentrations in site 2, 4 and 6 at each time point during ripening 
(Tukey (HSD) p < 0.05). Error bars represent standard error of the means. 
 
 

E 

D C 

F 

59 



 60 

3.1.2 Skin and seed tannin concentration comparison between sites 

Comparisons of skin tannin concentrations (epicatechin µg/berry ± SE) 

between the six vineyard sites at each time point each week during the ripening 

period from 04/09/2018 (week 1) until harvest 16/10/2018 (week 7) are presented in 

Table 3.1. Site 4 and CF2 were harvested in week 5 and week 6, respectively, and 

therefore did not have data posted past the harvest date. Each week there were 

significant differences in skin tannin concentration between the sites. Site 1 and CF2, 

both located in Four Mile Creek sub-appellation, have consistently less skin tannin 

concentrations throughout the ripening period in comparison to the four other sites. 

The greatest variability between sites, indicated by the mean separations and range 

of skin tannin concentration values was found in week 4 (25/09/2018) and week 5 

(02/10/2018). The range of skin tannin concentrations in Cabernet franc grapes at 

harvest (week 5 or week 7) ranged between 645-1103 µg/berry.  

 Differences in seed tannin concentrations (epicatechin µg/berry ± SE) 

between the six vineyard sites (Table 3.2) were observed each week during the 

ripening period, from 04/09/2018 (week 1) until harvest 16/10/2018 (week 7). There 

were significant differences in seed tannin concentrations between all sites every 

week, except in week 4. Some disparity in the trends were found in week 6 as seed 

tannin concentrations in sites 2 and CF1 increased, while concentrations in sites 1, 

3, and CF2 continued to decrease. The range of seed tannin concentrations at 

harvest (week 5 or week 7) was 179-684 µg/berry across all sites.  
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Table 3.2. Comparison of weekly total extractable seed tannin concentrations (epicatechin µg/berry ± SE) during ripening across six vineyard sites in 
the Niagara Peninsula wine region in 2018. Site 1, Four Mile Creek; Site 2, Four Mile Creek; Site 3, Lincoln Lakeshore; Site 4, Twenty Mile Bench; 
CF1, Lincoln Lakeshore; CF2, Four Mile Creek. SE: standard error. Analysis of variance (ANOVA) identified differences in seed tannin concentrations 
between the sites at each of the time points. Columns displaying different letters represent significant differences (p < 0.05) identified using Tukey's 
honest significant difference (HSD) post-hoc test.  

Treatments 
Week 1 

04/09/2018 
Week 2 

11/09/2018 
Week 3 

18/09/2018 
Week 4 

25/09/2018 
Week 5 

02/10/2018 
Week 6 

09/10/2018 
Week 7 

16/10/2018 

Site 1 357 ± 23bc 563 ± 89ab 720 ± 16b 501 ± 49a 375 ± 8b 159 ± 21c 223 ± 42b  

Site 2 408 ± 38abc 599 ± 24a 919 ± 43a 579 ± 17a 638 ± 29a 1231 ± 139a 551 ± 17a 

Site 3 493 ± 16a 384 ± 31b 801 ± 19ab 470 ± 26a 439 ± 33b 125 ± 26c 179 ± 27b  

Site 4 452 ± 27ab 578 ± 55ab 754 ± 42b 569 ± 29a 630 ± 13a    

CF1  742 ± 12a 693 ± 17b 548 ± 11a 610 ± 29a 894 ± 43b 684 ± 34a 

CF2 342 ± 23c 551 ± 43ab 804 ± 48ab 551 ± 43a 468 ± 26b 273 ± 9c   

Table 3.1 Comparison of weekly total extractable skin tannin concentrations (epicatechin µg/berry ± SE) during ripening across six vineyard sites in 
the Niagara Peninsula wine region in 2018. Site 1, Four Mile Creek; Site 2, Four Mile Creek; Site 3, Lincoln Lakeshore; Site 4, Twenty Mile Bench; 
CF1, Lincoln Lakeshore; CF2, Four Mile Creek. SE: standard error. Analysis of variance (ANOVA) identified differences in skin tannin concentrations 
between the sites at each of the time points. Columns displaying different letters represent significant differences (p < 0.05) identified using Tukey's 
honest significant difference (HSD) post-hoc test. 

Treatments 
Week 1 

04/09/2018 
Week 2 

11/09/2018 
Week 3 

18/09/2018 
Week 4 

25/09/2018 
Week 5 

02/10/2018 
Week 6 

09/10/2018 
Week 7 

16/10/2018 

Site 1 396 ± 49b 616 ± 71b 632 ± 39b 611 ± 42d 771 ± 42c 542 ± 31c 713 ± 9b  

Site 2 644 ± 84ab 804 ± 69ab 1000 ±112b 1279 ± 48a 1247 ± 58b 676 ± 36b 765 ± 34ab 

Site 3 776 ± 72a 761 ± 74ab 1807 ± 421a 865 ± 96bc 1072 ± 44b 644 ±36bc 768 ± 41ab  

Site 4 814 ± 74a 654 ± 45b 1159 ± 43ab 1113 ± 58a 1103 ± 46b   

CF1  1014 ± 37a 1060 ± 64ab 1080 ± 58ab 1519 ± 44a 1322 ± 30a 870 ± 54a 

CF2 541 ± 90ab 609 ± 49b 807 ± 48b 856 ± 57c 611 ± 32c 645 ± 24bc  

6
1
 

 



3.2 2018 Skin and seed tannin at harvest 

A comparison of total extractable skin tannin concentrations at harvest (Figure 

3.2) and seed tannin at harvest (Figure 3.3) across the six different vineyard locations 

showed Site 4 (Twenty Mile Bench) had the greatest concentration of total extractable 

skin tannin at harvest (1103 ± 46 µg/berry) compared to all other vineyard sites and 

also had high seed tannin (630 ± 13 µg/berry) . Sites 1, 2 and CF2, all located in the 

Four Mile Creek sub-appellation, measured skin tannin that was not significantly 

different from each other, whereas seed tannin did show site 2 (551 ± 17 µg/berry) 

with a much higher value compared to the other sites (Figure 3.3). Similarly, site 3 and 

CF1, located in Lincoln Lakeshore, had similar skin tannin values (Figure 3.2) but 

differed greatly from each other in seed tannin value with CF1 measuring the highest 

seed tannin value of any site at 684 ± 34 µg/berry (Figure 3.3).  

 
Figure 3.2. Total extractable skin tannin (µg/berry) concentrations in 2018 at harvest in six 
Cabernet franc vineyards in the Niagara Peninsula. Site 1, Four Mile Creek; Site 2, Four Mile 
Creek; Site 3, Lincoln Lakeshore; Site 4, Twenty Mile Bench; CF1, Lincoln Lakeshore; CF2, 
Four Mile Creek. Different letters indicate significant differences (Tukey’s HSD p < 0.0001). 
Error bars show standard error of the means.  
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Figure 3.3. Total extractable seed tannin (µg/berry) concentrations in 2018 at harvest in six 
Cabernet franc vineyards in the Niagara Peninsula. Site 1, Four Mile Creek; Site 2, Four Mile 
Creek; Site 3, Lincoln Lakeshore; Site 4, Twenty Mile Bench; CF1, Lincoln Lakeshore; CF2, 
Four Mile Creek. Different letters indicate significant differences (Tukey’s HSD p < 0.0001). 
Error bars show standard error of the means.  
 

3.3. 2019 Pre-harvest skin and seed tannin measurements 

Total extractable skin and seed tannins were analysed over a 5-week period 

in 2019, from 24/09/2019 until 2/10/2019 (Figure 3.4, panels A-F) from grapes grown 

and collected at the same six sites as in 2018. Assessments of CF2 were limited to 

two weeks because the grapes from this vineyard were not mature enough for MCP 

tannin analysis before week 4, which will be discussed further in Chapter 5.  The 

same analysis as done for the 2018 growing season, described in Section 3.2, are 

presented here for all sites.  

3.3.1 Skin and seed tannin comparison within each site over time  

For sites 1-4, grape skin tannin increased significantly from the start of 

monitoring at veraison to harvest as indicated by the mean separations in Figure 3.4 

A and C. Skin tannin did not change significantly from grapes at site CF1 and 

dropped in value for grapes at site CF2. The seed tannin trends decreased over time 
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at all sites from veraison to harvest as indicated by the mean separations in Figure 

3.4 B, D and F.  
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Figure 3.4 Total extractable skin tannin (µg/berry) and seed tannin (µg/berry) concentrations in the 2019 growing 
season during ripening for six sites. site 1 (Four Mile Creek), and site 2 (Four Mile Creek); site 3, (Lincoln 
Lakeshore) and site 4 (Twenty Mile Bench); site 5 (CF1) (Lincoln Lakeshore); site 6 (CF2) (Four Mile Creek). 
Different lower-case letters represent significant differences in skin tannin concentrations in site 1, 3 and 5 at 
each time point during ripening. Different capital letters represent significant differences in skin tannin 
concentrations in site 2, 4 and 6 at each time point during ripening (Tukey (HSD) p < 0.05). Error bars represent 
standard error of the means. 
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3.3.2 Skin and seed tannin concentration comparison between sites  

Differences in skin tannin concentrations (epicatechin µg/berry ± SE) between 

the six vineyard sites during the ripening period from 24/09/2019 (week 1) until 

harvest 02/10/2019 (week 5) are compared in Table 3.3. Site 4 was harvested in 

week 3 and all other sites were harvested in week 5. Each week there were 

significant differences in skin tannin concentrations between each of the vineyards, 

but no clear trends which is likely due to the irregularities in maturity levels across 

the six vineyards during the 5-week monitoring period. Sites 1, 2, 3 and 4 had 

significantly higher skin tannin concentrations at harvest in week 5 than in week 1. 

Skin tannin concentrations at harvest ranged between 479-1072 µg/berry across all 

sites.  

Table 3.3. Total extractable skin tannin concentrations (epicatechin µg/berry ±SE) during ripening across 
six vineyard sites in the Niagara Peninsula wine region in 2019. Site 1, Four Mile Creek; site 2, Four Mile 
Creek; site 3, Lincoln Lakeshore; site 4, Twenty Mile Bench; treatment site CF1, Lincoln Lakeshore; 
treatment site CF2, Four Mile Creek. SE: standard error. Week 1 (24/09/2019); week 2 (01/10/2019); week 
3 (08/10/2019); Week 4 (15/10/2019); week 5 (22/10/2019). Columns displaying different letters represent 
significant differences (p < 0.05) identified using Tukey's honest significant difference (HSD) post-hoc test.  

 Week 1 Week 2 Week 3 Week 4 Week 5  

Site 1 618 ± 35c 661 ± 39c 856±22b 588 ± 40b 794 ± 48b 

Site 2  826 ± 42ab 1127±47a 1021 ± 55a 1049 ± 74a 
Site 3 894 ± 251a 901 ± 45a 937±31b 947 ± 53a 1072 ± 36a 

Site 4 654 ± 20bc 684 ± 26bc 857±49b   
CF1 758 ± 44b 642 ± 26c 654±38c 547 ± 53b 708 ± 43b 
CF2    595 ± 42b 479 ± 26c 

 

Differences in seed tannin concentrations (epicatechin µg/berry ± SE) 

between the six vineyard sites during the ripening period from 24/09/2019 (week 1) 

until harvest 02/10/2019 (week 5) are presented in Table 3.4. Total extractable seed 

tannin concentrations between each vineyard site are most varied in week 3, 

indicated by the mean separations and range of seed tannin concentration values. 

Seed tannin concentrations at harvest ranged between 224 - 571 µg/berry across all 

sites. 
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Table 3.4. Total extractable seed tannin concentrations (epicatechin µg/berry ±SE) during ripening across 
six vineyard sites in the Niagara Peninsula wine region in 2019. Site 1., Four Mile Creek; site 2., Four Mile 
Creek; site 3., Lincoln Lakeshore; site 4., Twenty Mile Bench; treatment site CF1, Lincoln Lakeshore; 
treatment site CF2, Four Mile Creek. SE: standard error. Week 1 (24/09/2019); week 2 (01/10/2019); 
week 3 (08/10/2019); week 4 (15/10/2019); week 5 (22/10/2019). Columns displaying different letters 
represent significant differences (p < 0.05) identified using Tukey's honest significant difference (HSD) 
post-hoc test.  

 Week 1 Week 2 Week 3 Week 4 Week 5 

Site 1 612 ± 29b 469 ± 3bc 282 ± 11d 455 ± 29bc 327 ± 16a 
Site 2  682 ± 16a 668 ± 27ab 646 ± 28a 302 ± 26a 
Site 3 727 ± 33a 363 ± 29d 484 ± 42c 499 ±23b 288 ± 19ab 
Site 4 700 ± 23ab 410 ± 20cd 571 ± 32bc   
CF1 712 ± 15ab 552 ± 39b 726 ± 11a 377 ± 18cd 310 ± 17a 
CF2    317 ± 26d 224 ± 6b 

 
 
 

3.4 2019 Skin and seed tannin at harvest 

Total extractable skin tannin concentrations at harvest across the six different 

vineyard locations are compared in Figure 3.5 and total extractable seed tannin is 

shown in Figure 3.6. Although sites 1,2 and CF2 are all located in the Four Mile 

Creek sub-appellation, they did not have similar skin or seed tannin values in 2019 

(Figures 3.5 and 3.6). Site 3, located in the Lincoln Lakeshore sub-appellation, had 

the greatest concentration of total extractable skin tannin at harvest (1072 ± 36 

µg/berry) but was comparable to that found at site 2 (1049 ± 74 µg/berry). Grapes 

from site 4 (Twenty Mile Bench) had the highest concentration of extractable seed 

tannin as compared to all other sites (Figure 3.6). Site CF2 in Four Mile Creek had 

the lowest skin tannin and lowest seed tannin (Figure 3.5 and 3.6).  
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Figure 3.5. Total extractable skin tannin (µg/berry) concentrations in 2019 at harvest in six 
Cabernet franc vineyards in the Niagara Peninsula. Site 1, Four Mile Creek; site 2, Four Mile 
Creek; site 3, Lincoln Lakeshore; site 4, Twenty Mile Bench; CF1, Lincoln Lakeshore; CF2, 
Four Mile Creek. Different letters indicate significant differences (Tukey’s HSD p < 0.0001). 
Error bars show standard error of the means.  
 
 

 

 
Figure 3.6. Total extractable seed tannin (µg/berry) concentrations in 2019 at harvest in six 
Cabernet franc vineyards in the Niagara Peninsula. Site 1, Four Mile Creek; Site 2, Four Mile 
Creek; Site 3, Lincoln Lakeshore; Site 4, Twenty Mile Bench; CF1, Lincoln Lakeshore; CF2, 
Four Mile Creek. Different letters indicate significant differences (Tukey’s HSD p < 0.0001). 
Error bars show standard error of the means.  
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3.5. Skin and seed tannin concentration: seasonal variation  

With two years of data collected from the same six sites, a comparison of 

extractable skin tannin concentrations (Figure 3.7) and seed tannin concentrations 

(Figure 3.8) showed significant differences at harvest for five sites between years 

2018 and 2019. The exceptions were site 1, that showed no differences in skin 

tannin concentrations between the two years and site 4, that showed no differences 

in seed tannin concentrations. In sites where there were differences between the 

years, sites 2 and 3 showed higher skin tannin in 2019 compared to 2018 whereas 

sites 4 and CF1 showed the opposite (Figure 3.7).  For seed tannin, in years where 

differences were significant, site 1 and 3 had higher seed tannin in 2019 as 

compared to 2018 whereas sites 2, CF1 and CF2 show the opposite (Figure 3.8).  
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Figure 3.7. Seasonal comparison of total extractable skin tannin (µg/berry) concentrations at 
harvest in 2018 and 2019 from Cabernet franc vineyards in the Niagara Peninsula. Two-way 
ANOVA considered Year*Site as independent variables and Tukey's honest significant 
difference (HSD) post-hoc test identified significant differences at p <0.0001***; p <0.001**; p 
<0.05*. Error bars show standard error.  

 
 

 
Figure 3.8. Seasonal comparison of total extractable seed tannin (µg/berry) concentrations at 
harvest in 2018 and 2019 from Cabernet franc vineyards in the Niagara Peninsula. Two-way 
ANOVA considered Year*Site as independent variables and Tukey's honest significant 
difference (HSD) post-hoc test identified significant differences at p <0.0001***; p <0.001**; p 
<0.05*. Error bars show standard error. 
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3.6. TanninAlert Data Base  

3.6.1 Skin and Seed Histogram distribution 

Skin and seed tannin concentrations (µg/berry) of Cabernet franc grapes at 

harvest from the six monitored vineyards from 2015 - 2019 are plotted as a 

histogram (Figure 3.9) to assess the distribution of tannin concentrations. Skin and 

seed tannin data was obtained from the TanninAlert online database (n = 234 for 

both skin and seed data). Data were pooled and divided into 33rd and 66th percentile 

categories to define low, medium and high tannin categories (Table 3.5). As harvest 

monitoring continues each new season in future years, new data will be added into 

the database to strengthen the dataset for defining low, medium or high tannin level 

categories. The greater number of growing seasons, the more representative the 

histogram distribution will become for the Cabernet franc variety grown in the 

Niagara Peninsula.   

 

 

Table 3.5. TanninAlert™ database determinations of Low, Medium or High range total 
extractable skin and seed tannin concentrations (µg/berry) at harvest of Cabernet franc grapes 
in the Niagara Peninsula wine region (2015-2019).  

Cabernet franc Test Method Low Medium High 

Skin Tannin 33rd & 66th percentile 213-622 623-818 819-2097 
Seed Tannin 33rd & 66th percentile 12-318 319-689 690-1589 

 

Figure 3.9. Histogram distribution of total extractable skin tannin (A) (n = 234) and seed tannin (B) (n = 
234) concentrations (µg/berry) at harvest from six Niagara Cabernet franc vineyards from 2015-2019. 

71 
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3.7 Discussion 

3.7.1 The importance of skin and seed tannin values 

The most abundant flavan-3-ol complexes that make up tannin found in both 

the skins and seeds of grape berries are (+)-catechin, (-)-epicatechin, (-)-

epigallocatechin, and epicatechin-gallate, (Mazza et al., 1999; Hanlin & Downey, 

2009; Blancquaert et al., 2019). Due to their variation and different locations in the 

grape berry (Cadot et al., 2006; Fournand et al., 2006), quantifying the skin and seed 

tannin concentrations separately allows for an objective understanding of the 

potential tannin extraction during fermentation. Total tannins measured in skins and 

seeds using the MCP assay are represented as (-)-epicatechin equivalents 

(µg/berry), as (-)-epicatechin is the quantitative standard (Sarneckis et al., 2006; 

Bindon et al., 2014).  

There can be variation in the concentration ratios of (+)-catechin, (-)-

epicatechin, epigallocatechin and epicatechin-gallate between different grape 

varieties, and between different growing seasons for the same grape variety, both of 

which are impacted by environmental factors (Souquet et al., 1996; Brossaud et al., 

1999; Geny et al., 2003; Hanlin & Downey, 2009; Mattivi et al., 2009). One study of 

condensed tannins measured the tannin sub-unit composition in Cabernet 

sauvignon. Grapes reported an abundance of (-)-epicatechin (~55-65%), low (-)-

epicatechin gallate (~35%), and very low (+)-catechin (< 10%) concentrations 

(Bautista-Ortin et al., 2013); another study reported, between 70- 85% (+)-catechin, 

a low percentage of (-)-epicatechin (12-30%) and very little (-)-epicatechin gallate 

(6%) in the same grape variety (Hanlin & Downey, 2009). These findings indicate the 

contribution of skin or seed tannin to the sensory profile wine may not be reliably 

predicted based on the ratio total grape skin and seed tannin concentrations.  
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3.7.2 Tannins in Cabernet franc, impact of site and vintage 

There is little research concerning Cabernet franc grape tannins (Pantelić et 

al., 2016), although there have been studies on seed tannins (Cadot, et al., 2006; 

Obreque-Slier et al., 2012), and others that focused on Cabernet franc phenolic 

compounds (Barbeau et al., 1998; Mazza et al., 1999; Obreque-Slier et al., 2010; 

Rajha et al., 2017) and sensory characterisations (Rezaei & Reynolds, 2010; Cadot 

et al., 2012; Cañas et al., 2015; Hickey & Wolf, 2018; Jiang & Zhang, 2018). The 

research covered in this thesis contributes to the scientific interest of the Cabernet 

franc grape variety and varietal wine.  

Results from the Niagara Peninsula showed that skin and seed values for 

Cabernet franc showed significant differences between sites and vintage. The trends 

seen in 2018 for skin and seed tannin were not repeated in the 2019 season.  Skin 

tannin in 2018 tended to increase and then drop just prior to harvest whereas skin 

tannin concentrations remained fairly constant throughout the 2019 ripening period. 

The 2019 growing season was cooler with less temperature variation in the weeks 

preceding harvest but were very warm regardless (Grape Growers of Ontario 72st 

Annual Report, 2020), and there was no disease pressure in the 2019 growing 

season. As in the 2018 season, a range of skin tannin concentrations across the six 

vineyard sites occurred, but with fewer fluctuations in tannin concentrations during 

ripening. The cooler and shorter ripening period may be the reason for difference in 

trends. At harvest, skin tannin concentrations across all sites were at similar 

concentrations in 2018, with the exception of site 4 (Twenty Mile Bench sub-

appellation), which had the highest concentrations. This significant difference may be 

due to more exposure to light due to the high elevation and topography of these 

vineyard areas, or different soil profile, or cultural practices, all of which can lead to 
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an increase in tannin synthesis and accumulation (Drenjančević et al., 2017) and can 

impact wine style and quality of Cabernet franc grown in Niagara (Reynolds et al., 

2013). In 2019, there was greater variability in skin tannin between sites, but no clear 

trends in skin tannin concentrations at harvest among the vineyard locations in either 

growing season can be noted. These findings, along with the considerations 

mentioned above, reinforce the importance of monitoring skin tannin concentrations 

in single varieties grown across the Niagara Peninsula. 

Cabernet franc grapes grown in the Loire Valley also had significantly different 

skin and seed tannin concentrations between two sequential growing seasons.  In 

their study, specific tannin complexes were measured, with epigallocatechin the 

predominant skin tannin (45% -51.5%, in respective seasons) and epicatechin-

gallate being the most abundant of the seed tannins (32% - 37%, in respective 

growing seasons); the authors concluded the growing season was the determining 

factor in the difference observed (Brossaud et al., 1999). Differences in anthocyanin 

and other phenolic compounds have been reported in Cabernet franc grapes grown 

in British Columbia, Canada. Specific variations in phenolic compounds over two 

growing seasons were reported to be due to vineyard cultivation practices and 

environmental factors (Mazza et al., 1999).  

In addition to vintage differences, site differences for Cabernet franc have also 

been reported in agreement with our findings although detailed phenolic analysis 

was not investigated. Site differences have previously shown to impact yield, berry 

weight, colour, phenolic content, and sensory attributes in Cabernet franc grapes 

and wine grown in Niagara (Reynolds et al., 2013).  

During ripening, total extractable seed tannin concentrations have been 

reported to decrease as the grapes reach physiological maturity in agreement with 
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the trends we observed (Harbertson et al., 2002; Bindon et al., 2013). This decline is 

the result of monomeric flavan-3-ols becoming increasingly oligomeric and polymeric 

through oxidation of the seed coat, which causes the grape seeds to become harder 

and darker in appearance over time (Geny et al., 2003; Cadot et al., 2006; Braidot et 

al., 2008; Obreque-Slier et al., 2012) and more difficult to extract. In our data in 

2019, all extractable seed tannin concentrations decreased from the start of veraison 

to when the grapes were harvested in agreement with what has been reported by 

others. In 2018, an increasing trend in seed tannin concentration from grapes 

collected at sites 1, 2, 4 and CF2 was seen in the first three weeks of monitoring. In 

week 3 seed tannin concentrations reach a maximum in accumulation before 

declining in subsequent weeks, which is assumed to be due to developing seed 

maturity. The decline at week 2 and subsequent increase at week 3 of seed tannin 

concentrations in grapes collected from site 3 may be due to a greater number of 

immature seeds sampled in that week, as the declining trend followed the previously 

mentioned sites. There was no decrease in seed tannin concentration in the CF1 site 

and at harvest, and total tannin concentrations were significantly higher than the 

other sites.  

3.7.3 Tannins in Cabernet franc, from veraison to harvest 

Results from our study indicate that extractable skin tannins increased in 

grapes from veraison to harvest and in some years, then dropped prior to harvest 

whereas seed tannin tended to decrease as ripening continued.  Other studies have 

looked at the relationship of skin tannin over the ripening period and have also not 

found one relationship that always hold. Following maximum accumulation around 

véraison (Downey et al., 2003) skin tannin concentrations may remain at similar 

concentrations during ripening (Harbertson  et al., 2002; Blancquaert et al., 2019), 
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may decrease (Hanlin and Downey, 2009; Bautista-Ortin et al., 2013; Kyraleou et al., 

2017), or increase as ripening progresses (Bindon et al., 2013) when monomeric and 

dimeric flavan-3-ols accumulate and polymerize (Herderich and Smith, 2005). With 

the exception of site 1 and site 4, the trends in 2018 skin tannin concentrations 

support previous observations of skin tannin increasing post-véraison, before 

declining to similar levels at harvest (Kyraleou et al., 2017). This decline in skin 

tannin concentration has been determined to be related to a decrease in monomeric 

flavan-3-ols (Downey et al., 2003) but mechanisms are not completely understood. 

Discussion suggests that the structure and reactivity of the tannins in combination 

with other grape components impacts their availability and extractability (Hernández-

Hierro et al., 2014). It would be interesting to see if the drop in skin tannin observed 

in our study was related to a drop in monomeric flavan-3-ols as previously reported. 

Weather events may have had an impact on concentrations of total skin tannins in 

Cabernet franc grapes in 2018. Shaw (2017) defines the variable conditions in 

Niagara during September and October, which will impact wine quality, as: the 

minimum temperatures, or the Cool night index (CI); the diurnal temperature range, 

which is the difference between minimum and maximum temperatures; and total 

precipitation and days with greater than 10mm of rainfall. Records show heavy 

rainfall in October 2018 was 20-60% above normal levels across the region (Grape 

Growers of Ontario 71st Annual Report, 2019), and humidity was between 60-100% 

most days (GoC Historical Weather Data). Combined with above normal average 

temperatures in September, and variable temperatures across the sub-appellations 

in October, an increase in disease pressure occurred in the 5th week of monitoring 

across all sites, which impacted harvest decisions, and is possibly the cause of this 
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pattern shift. The impact of disease pressure is discussed further in Chapter 4, 

Section 4.2. 

Seed tannins will continue to be extracted post fermentation, regardless of the 

stage of maturity (Rousserie et al., 2020). Knowing these concentrations at harvest 

is important to predict potential wine style and influence winemaking decisions. At 

harvest, 50% of the vineyards in 2018 reported lower seed tannin concentrations 

than in the first week of monitoring; in 2019, 100% of the vineyards reported lower 

seed tannin concentrations at harvest, but there were no clear trends among 

vineyard sites or across the two growing seasons, demonstrating the seasonal 

variability of seed tannin concentrations of Cabernet franc grown in Niagara.  

The CF2 site had only two weeks of skin and seed tannin data collected in 

2019, as grapes did not reach the required level of maturity for tannin analysis until 

the 4th week of monitoring; grapes were harvested one week later. Tannin monitoring 

does not begin until grapes reached a maturity level of 18°Brix, as grape tannin 

concentrations analysed earlier in the season were beyond the limits of quantification 

of the calibration range for spectral measurements using our method. It has also 

been noted that inaccurate measurements of immature and at-véraison berries could 

be due to a cross-over of tissues from the skin and seed cell walls because of 

difficulty in separating the skins and seeds cleanly from the pulp (Downey et al., 

2003). This is an important consideration for our methods of tannin extraction and 

analysis, due to the time-consuming nature of the extraction method. Degree of 

ripeness also impacts tannin extraction (Hernández-Hierro et al., 2014) as cell wall 

binding of tannins increases with berry maturation, reducing the available total 

extractable tannin in the skins and seeds (Springer & Sacks, 2014). It is these 

available tannin concentrations which we want to quantify, to understand the impact 
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of total grape tannin concentrations at harvest on total wine tannin concentrations 

following our winemaking treatments. 

Seed tannins may be more pertinent when monitoring Cabernet franc grapes 

in the Niagara Peninsula, particularly over the different seasons, as the variability in 

concentrations may impact the resulting wine style (discussed further in Sections 4.2 

and 5.2). Consistency in wine styles may be an important consideration for some 

winemakers in Niagara and understanding potential seed tannin contributions can 

help guide winemaking decisions to manage seed tannin extraction during 

fermentation.  

As previously outlined, the variability of skin and seed tannin concentrations is 

due to myriad of considerations, which is reflected in our results from sites within the 

same sub-appellation. Additionally, it has also been shown that yield differences 

affect the sensory profile of Cabernet franc wine grown in Niagara (Reynolds et al., 

2013). If predicted yields are high/low in a growing season, knowing the tannin 

content of the grape berries during ripening can influence vineyard cultivation 

practices. The differences found in tannin concentration within sub-appellation sites 

reinforce the importance of the inclusion of tannin monitoring as part of harvesting 

decisions. Future considerations of the soil type and vineyard cultivation practices in 

each specific site will further the understanding of the skin and seed tannin 

accumulation and concentration in Cabernet franc grapes grown in the Niagara 

Peninsula. 

3.7.4 TanninAlert 

The TanninAlert database is an online tool for winemakers and growers to 

monitor their grape berry development alongside the usual ripeness indicators of pH, 

TA and ºBrix. The pre-harvest data from 2018 and 2019 contribute to the seasonal 
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skin and seed tannin data of the Cabernet franc grape variety as part of the 

TanninAlert project. Measuring these parameters across the six vineyard sites in 

different sub-appellations is an important step towards categorising Cabernet franc 

grown in the cool climate of Ontario. This resource provides historical and current 

trends in the tannin concentrations of the Cabernet franc grape variety grown in the 

Niagara Peninsula wine region. The TanninAlert database is a resource, not only for 

the local winemaking community, but for the global understanding of cool climate 

viticulture. These investigations reinforce the need for continuous seasonal 

monitoring of grape tannin concentrations to provide a tannin profile of the grape 

varieties grown in the Niagara Peninsula. TanninAlert facilitates this need, providing 

on-hand, real time data of total tannin concentrations in the leading red grape 

varieties grown in the Niagara Peninsula wine region. A winemaker may treat grapes 

differently if they have a high seed tannin and low skin tannin to avoid over-

extraction of seed tannin during winemaking which tends to add bitterness to a wine 

versus a wine that has high skin tannin and low seed tannin.  
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Chapter 4. Results and discussion, Post-fermentation Pressing 

Treatments 

The 2018 experimental design and hypothesis aimed to test three increments 

of pressing pressure post-fermentation, against a control (no pressing treatment) 

which received no pressing treatment. Review of the literature revealed little 

consideration has been given to pressing pressures on the impact of tannin 

concentrations in wine (see Section 1.8). It was hypothesised that different pressing 

treatments post-fermentation would have an impact on total extractable tannin 

concentrations in finished wine. An additional hypothesis tested was that these 

pressing treatments would affect consumer taste preference in sensory evaluations 

of the wines. This chapter presents the grape and wine trial results and discussion, 

followed by the sensory evaluation results, in Section 4.3.  

The low, medium and high skin and seed tannin concentration ranges from 

the TanninAlert database provide a range of tannin concentrations typically found in 

Cabernet franc grapes grown in Niagara. Understanding the influence of pressing 

treatments on tannin concentrations in the final wines may provide information about 

how tannins are extracted post-fermentation, suggesting an optimal pressing level 

for Cabernet franc grapes grown in Niagara. 

4.1 Skin and seed tannin at harvest  

Grapes were harvested on 15/10/2018 (CF2) and 17/10/18 (CF1). Total 

extractable tannin concentrations between sites are compared in Figures 4.1A (skin) 

and 4.1B (seed). Grapes taken from the CF1 vineyard site had significantly higher 

skin and seed tannin concentrations than those from site CF2 (Student’s t-test p 

<0.05). 
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4.1.1. The percentile range of the skin and seed tannin concentrations  

TanninAlert data for Cabernet franc was used to define the low, medium and 

high tannin concentration categories (Table 4.1) so that the grapes from CF1 

andCF2 could be categorized against the database. Grapes from CF1 and CF2 had 

very different tannin profiles (Table 4.1). Skin tannin concentrations from grapes 

taken from the CF1 site were in the high percentile range measuring at 835 ± 37 

µg/berry and seed tannin concentrations were in the medium percentile range 

measuring at 620 ± 24 µg/berry. Skin tannin concentrations from grapes harvested 

at the CF2 site were in the low percentile range measuring at 452 ± 37 µg/berry and 

seed tannin concentrations were in the medium percentile range measuring at 512 ± 

30 µg/berry. 

Table 4.1. Skin and seed tannin concentrations (µg epicatechin/berry) at harvest of Cabernet franc 
from 2015 - 2019. CF1 and CF2 treatment site concentrations are highlighted according to percentile 
range. 

Cabernet franc Test Method Low Medium High CF1 CF2 

Skin Tannin 33rd & 66th percentile 213-622 623-818 819-2097 835 452 

Seed Tannin 33th & 66th percentile 12-318 319-689 690-1589 620 512 
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Figure 4.1. Total extractable skin tannin (A) and seed tannin (B) (µg/berry) concentrations at harvest 
from the 2018 treatment sites CF1, Lincoln Lakeshore sub-appellation, and CF2, Four Mile Creek 
sub-appellation. Student’s t-test identified significant differences (p < 0.001) ** , (p < 0.0001) ***. 
Error bars show standard error of the means. 
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4.1.2 Distribution of skin and seed tannin concentrations across treatments  

The grapes from each site were divided into four treatment lots prior to 

fermentation based on what the post-pressing treatment would be, which were: T1 

(1.0BAR), T2 (1.5BAR), T3 (2.0BAR), and the control (NOPRESS). The separation 

of grapes between the treatments was uniform since there were no differences in 

skin tannin concentrations between the treatments in grapes harvested from either 

CF1 or CF2 sites (Figure 4.2A), nor in seed tannin concentrations between the 

treatments (Figure 4.2B).  

 

 

 

 

4.1.3. Juice chemical data 

For each chemical parameter, the differences in juice composition from 

grapes harvested from CF1 and CF2 sites were significantly different in soluble 

solids (°Brix), pH, titratable acidity (TA), and yeast assimilable nitrogen (YAN mg 

N/L)  (Table 4.2). Overall, grapes from CF2 had higher soluble solids, higher pH and 

lower titratable acidity (TA) concentrations, lower yeast assimilable nitrogen levels 

(YAN) than grapes from CF1. Acetic acid concentrations were below the level of 
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Figure 4.2. Total extractable skin (A) and seed (B) tannin concentrations (ug/berry) across the four 
treatments at harvest between CF1 and CF2 grapes. Control (NOPRESS), T1 (1.0BAR), T2 
(1.5BAR), T3 (2.0BAR). Different lowercase letters represent significant differences in skin tannin 
concentration between sites within treatments (Student’s t-test p < 0.05). Error bars show standard 
error of the means.  
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detection in both sites. Soluble solids in both sites would have been considered 

underripe by commercial standards (Quijada-Morín et al., 2015). Grape juice 

nitrogen content in both sites were below optimal levels for fermentation and were 

adjusted to 250mg N/L for both sites in all treatment replicates.  

Table 4.2 Juice chemical parameters from 2018 CF1 (harvest date 12/10/19) and CF2 grapes 
(harvest date 15/10/18). Figures represent pooled data from all treatments and corresponding 
replicates ±SD (n = 24). Asterisks indicate significant differences between sites using Students t-
test (p < 0.1) *, (p < 0.05) **, (p < 0.001) ***.  Figures with < are below limit of detection (LOD). 
SD: Standard deviation 

Site 
Soluble solids 

(°Brix) 
pH 

Titratable Acidity 
(g/L) 

Acetic Acid 
(g/L) 

YAN (mg N/L) 

CF1 20.7 ± 0.2*** 3.34 ± 0.05** 6.3 ± 0.2*** < 0.02 ± 0.0 130 ± 13** 

CF2 21.8 ± 0.6 3.38 ± 0.03 5.8 ± 0.3 < 0.02 ± 0.0 118 ± 13 

There were no differences between treatments within either site for all juice chemical 

parameters (Table 4.3 and Table 4.4). 

 

 

4.1.4. Wine chemical data  

Following fermentation, standard wine chemical parameters pH, TA, malic 

acid, residual sugar (Glucose + Fructose g/L), acetic acid, and ethanol (%v/v) were 

Table 4.3. Juice chemical parameters across treatments at harvest from CF1, harvest date 17/10/18. 
CONTROL (NO PRESS), T1 (1.0BAR), T2 (1.5BAR), T3 (2.0BAR). Figures represent duplicate assay 
means of treatment replicates ±SD. Columns displaying different letters within each parameter 
represent significant differences using Tukey’s honest significant difference (HSD) post-hoc test (p < 
0.05).  Figures with < are below limit of detection (LOD). SD: Standard deviation 

Treatment 
Soluble solids 

(°Brix) 
pH 

Titratable 
Acidity (g/L) 

Acetic Acid  
(g/L) 

YAN (mg N/L) 

CONTROL 20.6 ± 0.3a 3.36 ± 0.1a 6.2 ± 0.3a < 0.02a 126 ± 13a 
T1 20.7 ± 0.2a 3.34 ± 0.1a 6.5 ± 0.4a < 0.02a 123 ± 9a 
T2 20.7 ± 0.3a 3.37 ± 0.1a 6.3 ± 0.2a < 0.02a 136 ± 18a 
T3 20.8 ± 0.1a 3.35 ± 0.1a 6.3 ± 0.3a < 0.02a 13 7± 14a 

Table 4.4. Juice chemical parameters across treatments at harvest from CF2, harvest date 15/10/18. 
CONTROL (NO PRESS), T1 (1.0BAR), T2 (1.5BAR), T3 (2.0BAR). Figures represent duplicate assay 
means of treatment replicates ±SD. Columns displaying different letters represent significant difference 
(Tukey’s honest significant difference (HSD) post-hoc test (p < 0.05). Figures with < are below limit of 
detection (LOD). SD; Standard deviation 

Treatments 
Soluble solids 

(°Brix) 
pH 

Titratable 
Acidity (g/L) 

Acetic Acid 
(g/L) 

YAN (mg N/L) 

CONTROL 21.5 ± 1.0a 3.38 ± 0a 5.9 ± 0.1a < 0.02a 130 ± 9a 
T1 21.9 ± 0.8a 3.38 ± 0a 5.8 ± 0.4a < 0.02a 116 ± 19a 
T2 21.8 ± 0.4a 3.37 ± 0a 5.9 ± 0.1a < 0.02a 118 ± 8a 
T3 22.2 ± 0.4a 3.38 ± 0a 5.7 ± 0.1a < 0.02a 109 ± 14a 
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analysed. For each recorded parameter, the difference between wines made from 

CF1 and CF2 were evaluated and recorded in Table 4.5.  

Table 4.5 Chemical parameters of 2018 CF1 and CF2 control wines at pressing. Figures 
represent mean of three replicates ±SD (n = 6). Asterisks indicate significant differences 
between sites using Students t-test (p < 0.1)*, (p < 0.05)**, (p < 0.001)***.   

Site pH 
Titratable 

Acidity (g/L) 
Malic Acid 

(g/L) 

Glucose + 
Fructose 

(g/L) 

Acetic 
Acid (g/L) 

Ethanol 
(%v/v) 

CF1 3.79 ±0.02*** 6.4 ±0.2*** 2.57 ±0.01*** <0.02 ±0.0*** 0.13±0.1 11.2% ±0.0*** 

CF2 3.53 ±0.04 7.4 ±0.3 1.95 ±0.4   0.21 ±0.0 0.12±0.1 12.2%± 0.0 

 

The chemical composition for the CF1 wines are presented in Table 4.6. 

1.0BAR wines reported significantly lower pH than the other treatment wines. 

Significant differences in TA were also reported between 1.0BAR (7.2g/L) and 

2.0BAR (7.2g/L) wines when compared to the NO PRESS (6.4g/L) wines. There were 

no differences in TA between the three pressing treatment wines. Additionally, no 

differences in malic acid, residual sugar, or ethanol concentrations between any of 

the treatment wines and the control were reported. 

 

The chemical composition for the CF2 wines are compared in table 4.7. There 

were no differences found between treatments in any of the wine chemical 

parameters reported. 

 

Table 4.6. Wine chemical parameters from 2018 CF1 wines. CONTROL (NO PRESS), T1 (1.0BAR), 
T2 (1.5BAR), T3 (2.0BAR).  Values represent duplicate assay means of treatment replicates ±SD. 
Columns displaying different letters indicate significant difference (Tukey HSD p < 0.05). SD: Standard 
deviation.  

Treatments pH 
Titratable 

Acidity (g/L) 
Malic Acid 

(g/L) 
Glucose + 

Fructose (g/L) 
Ethanol (%v/v) 

CONTROL 3.79 ±0.03a 6.4 ± 0.3a 2.57 ±0.06a 0.02 ±0.00a 11.2 ±0.2a 
T1 3.57 ±0.04b 7.2 ± 0.3b 2.60 ±0.16a 0.03 ±0.01a 11.1 ±0.3a 
T2 3.74 ±0.02a 6.7 ± 0.2ab 2.56 ±0.22a 0.03 ±0.00a 11.3 ±0.0a 
T3 3.75 ±0.04a 7.2 ± 0.1b 2.49 ±0.24a 0.07±0.05a 11.3 ±0.1a 
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4.1.5. Colorimetric analysis  

Total phenolics, colour density, colour hue, degree of red pigmentation and 

bisulphite resistant pigments of CF1 and CF2 treatments are compared in table 4.8 

and 4.9, respectively. Total phenolics in CF1 NO PRESS treatments measured 

significantly lower absorbance units (19 ± 0.80) when compared to the pressing 

treatment wines 1.0BAR (149 ± 30), 1.5BAR (153 ± 20) and 2.0BAR (150 ± 32) 

(Tukey’s HSD p < 0.05). There were no differences found in total phenolics between 

the CF1 pressing treatment wines (Table 4.8). Degree of red pigmentation was 

significantly higher in NO PRESS (5484 ± 226) treatments wines when compared to 

1.0BAR (531 ± 171), 1.5BAR (722 ± 263) and 2.0BAR (293 ± 114) pressing 

treatments (Tukey’s HSD p < 0.05). There were no differences in colour density 

(A.U), colour hue (A.U) or sulphite resistant pigments (A.U) between the CF1 

treatment wines or the control. 

Table 4.8 Colorimetric analysis of 2018 CF1 wine treatments: Control (NO PRESS), T1 (1.0BAR), T2 
(1.5BAR), T3 (2.0BAR). Values represent duplicate assay means of treatment replicates ±SD 
Columns displaying different letters indicate significant difference (Tukey HSD p < 0.05). SD: Standard 
deviation. A.U: Absorbance Units 

Treatment 
Total 

Phenolics (A.U) 
Wine Colour 
Density (A.U) 

Wine Colour 
Hue (A.U) 

Degree of Red 
Pigmentation 

(A.U) 

SO2 resistant 
pigments 

(A.U) 

CONTROL 19 ± 0.8a 6.69 ± 0.20a 0.61 ± 0.02a 5484 ± 226a 3.16 ± 0.04a 

T1 149 ± 30b 6.46 ± 0.06a 0.68 ± 0.01a 531 ± 171b 3.19 ± 0.15a 

T2 153 ± 20b 5.90 ± 0.39a 0.62 ± 0.03a 722 ± 263b 3.30 ± 0.14a 

T3 150 ± 32b 5.13 ± 1.83a 0.65 ± 0.08a 294 ± 114b 2.47 ± 1.32a 

 

Table 4.7. Wine chemical parameters from 2018 CF2. Control (NO PRESS), T1 (1.0BAR), T2 (1.5BAR), 
T3 (2.0BAR). Values represent duplicate assay means of treatment replicates ±SD Columns displaying 
different letters indicate significant difference (Tukey HSD p < 0.05). SD: Standard deviation.  

Treatments pH 
Titratable 

Acidity (g/L) 
Malic Acid 

(g/L) 
Glucose + 

Fructose (g/L) 
Ethanol 
(%v/v) 

CONTROL 3.53 ±0.05a 7.4 ± 0.4a 1.95 ±0.16a 0.21 ±0.02a 12.2 ±0.6a 

T1 3.52 ±0.05a    9.0 ± 0.1a 1.86 ±0.18a 0.20 ±0.02a 12.1 ±0.4a 

T2 3.52 ±0.03a 6.7 ± 0.1a 1.83 ±0.09a 0.19 ±0.02a 11.8 ±0.6a 

T3 3.52 ±0.05a 7.2 ± 0.0a 1.65 ±0.11a 0.20 ±0.00a 12.3 ±0.3a 
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In all parameters of the colorimetric analysis, no differences between 

treatments were found in CF2 wines (Table 4.9).  

Table 4.9 Colorimetric analysis of 2018 CF2 wine treatments: Control (NO PRESS), T1 (1.0BAR), T2 
(1.5BAR), T3 (2.0BAR). Values represent duplicate assay means of treatment replicates ±SD. Columns 
displaying different letters indicate significant difference (Tukey HSD p < 0.05). SD: Standard deviation. 
au: Absorbance Units 

Treatment 
Total 

Phenolics (A.U) 

Wine Colour 
Density 
(A.U) 

Wine Colour 
Hue (A.U) 

Degree of Red 
Pigmentation 

(A.U) 

SO2 resistant 
pigments 

(A.U) 

CONTROL 183 ± 21a 1.82 ± 0.27a 1.07 ± 0.02a 116 ± 6a 0.73 ± 0.11a 

T1 166 ± 5a 1.95 ± 0.05a 1.01 ± 0.07a 70 ± 17a 0.95 ± 0.10a 

T2 161 ± 5a 2.24 ± 0.38a 0.98 ± 0.04a 95 ± 41a 0.81 ± 0.10a 

T3 175 ± 29a 1.95 ± 0.15a 1.09 ± 0.07a 137 ± 82a 0.86 ± 0.22a 

 

4.1.6. Wine tannin data 

Total extractable wine tannin concentrations (µg/ml) were analysed in CF1 

and CF2 wines at three time points post-fermentation and each are compared in 

Tables 4.10 and 4.11. The first analysis occurred post-fermentation following 

pressing treatments (POST PRESS), three months post-fermentation during storage 

(3MONTHS), and at six months post-fermentation, when the wine was in bottle 

(6MONTHS).  

 

At any of the three time points there were no differences in total extractable 

tannin concentrations between the pressing treatments and the control in either CF1 

or CF2 wines.  

 

Table 4.10. Comparison of treatments effect on total extractable wine tannin concentrations 
(µg/ml) in 2018 CF1 wines at three time points post fermentation: post-pressing (POST PRESS), 
3 months post fermentation (3MONTHS) and 6 months post fermentation (6MONTHS). 
CONTROL (NOPRESS), T1 (1.0BAR), T2 (1.5BAR), T3 (2.0BAR). Columns displaying different 
letters indicate significant difference (Tukey HSD p < 0.05) 

Treatment POST PRESS 3MONTHS 6MONTHS 

CONTROL 372 ± 45a 533 ± 65a 359 ± 22a 

T1 329 ± 41a 472 ± 34a 450 ± 23a 

T2 300 ± 61a 484 ± 33a 430 ± 27a 

T3 349 ± 55a 404 ± 35a 378 ± 21a 
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Over time, there were significant differences in total extractable tannin 

concentrations within pressing treatments 1.0BAR, 1.5BAR, and the control wines 

made from CF1 grapes (Figure 4.3). Tannin concentrations increased significantly at 

3MONTHS in the NO PRESS wines (533 ± 65 µg/ml), 1.0BAR wines (472 ± 34 

µg/ml) and 1.5BAR wines (484 ± 33 µg/ml).  For these three treatments (NOPRESS, 

1.0BAR and 1.5BAR), tannin concentrations increased then decreased.   

There was a significant decrease in total tannin concentration at 6MONTHS in the 

NO PRESS wines (359 ± 22 µg/ml) compared to immediate post press (Figure 4.3). 

The control wines, having significantly increased in total tannin concentrations at 

3MONTHS, returned to similar levels to those at POST PRESS, when measured 

again at 6MONTHS.  

Table 4.11. Comparison of treatments effect on total extractable wine tannin concentrations 
(µg/ml) in 2018 CF2 wines at three time points post fermentation: post-pressing (POST PRESS), 
3 months post fermentation (3MONTHS) and 6 months post fermentation (6MONTHS). 
CONTROL (NOPRESS), T1 (1.0BAR), T2 (1.5BAR), T3 (2.0BAR). Columns displaying different 
letters indicate significant difference (Tukey HSD p < 0.05) 

Treatment POST PRESS 3MONTHS 6MONTHS 

CONTROL 288 ± 21a 196 ± 23a 140 ± 12a 

T1 264 ± 41a 217 ± 20a 156 ± 10a 

T2 271 ± 25a 258 ± 30a 179 ± 7a 

T3 222 ± 26a 223 ± 43a 156 ± 12a 
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Figure 4.3. Total extractable wine tannin concentrations (µg/ml) in 2018 CF1 wines measured 
at three time points: post fermentation (POST PRESS), 3 months post fermentation 
(3MONTHS) and 6 months post fermentation (6MONTHS) in T1 (1.0BAR), T2 (1.5BAR) and 
T3 (2.0BAR) plus Control (NO PRESS). Significant differences within treatments over time are 
represented by different lower-case letters/Italics/capital letters or underlined letters (Tukey’s 
HSD p < 0.05). Error bars show standard error.  

 

Over time, there was a significant decrease in total extractable tannin 

concentrations in 1.0BAR and 1.5BAR pressing treatment wines and the NO PRESS 

wines, made from CF2 grapes (Figure 4.4). Wine tannin concentrations dropped 

from 264 ± 41 µg/ml to 156 ± 10 µg/ml in 1.0BAR wines; 271 ± 25 µg/ml to 179 ± 7 

µg/ml in 1.5BAR wines; and 288 ± 21 µg/ml to 140 ± 12 µg/ml in the NO PRESS 

wines. There were no significant changes in tannin concentrations in 2.0BAR 

pressing treatment wines over time.   
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Figure 4.4. Total extractable wine tannin concentrations (µg/ml) in 2018 CF2 wines measured 
at three time points: post fermentation (POST PRESS), 3 months post fermentation 
(3MONTHS) and 6 months post fermentation (6MONTHS) in T1 (1.0BAR), T2 (1.5BAR) and 
T3 (2.0BAR) plus Control (NO PRESS). Significant differences within treatments over time are 
represented by different lower-case letters/Italics/capital letters or underlined letters (Tukey’s 
HSD p < 0.05). Error bars show standard error.  
 

4.2 Discussion 

Despite the anecdotal belief that pressing treatments impact the 

concentrations of tannins in wines (Oliveira et al., 2011), post-fermentation pressing 

treatments have not previously been evaluated or considered a variable factor in 

total tannin extraction during the winemaking process. 

Extraction of tannins occurs predominantly during alcoholic fermentation, but 

not all available tannins in the skins and seeds are extracted (Hazak et al., 2005; 

Bindon et al., 2010) due to their location in the berry, extractability (Busse-Valverde 

et al., 2011; Bautista-Ortín et al., 2016) and degree of ripeness of the berries 

(Bautista-Ortin et al., 2013; Quijada-Morín et al., 2015). Rousserie et al., (2020), 

evaluated the impact of berry ripeness on the extractability of skin and seed tannins 

and found that at three different ripeness stages, underripe, ripe and overripe (18, 19 

and 20 ºBrix, respectively) skin and seed tannin extraction rates and concentrations 
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were similar at each ripeness level. The reason for this could be because the 

differences in ripeness were negligible. However, these findings show the difference 

in ºBrix levels between the two treatment sites in this study did not impact the 

amount of skin and seed tannin extracted, so we can confidently compare our total 

wine tannins between the two sites. 

Bindon et al. (2010), found 27% of the available tannins were remaining in the 

marc (skins and seeds) post-pressing. However, the authors did not state what 

pressure they used to press the grapes post-fermentation. Therefore, it is possible 

the amount of remaining tannins could be altered by using different pressing 

treatments. The authors note a percentage of tannins is lost due to absorption into 

the lees (dead yeast cells). Cerpa-Calderón & Kennedy (2008) investigated variable 

proportions of crushed berries (from 0% - 100%, at 25% increments) on the potential 

extraction of tannins during fermentations. Calculations from fermentations with 

100% crushed fruit showed an estimated 68% of available skin tannins remained in 

the berries post-fermentation pressing and total seed tannin extraction was 42%. All 

wines were pressed post-fermentation at 1.7kPA pressure. The differences in 

concentration, and reasons for the unextracted tannins in these studies, are likely 

due to the factors mentioned in previous sections regarding grape berry maturity, 

environmental factors and site differences. Cerpa-Calderón and Kennedy (2008) 

also analysed the wine tannin content of the free-run (no-press) and press fractions 

and stated that comparison of the respective fractions may provide some information 

on the tannin concentrations therein. It was discovered tannins were similar in both 

fractions, regardless of volume. In this thesis research, wine tannin concentrations 

were analysed of the no press, pressing fractions, and the final blend of all treatment 

wines. No differences in tannin concentrations between the respective fractions, or 
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the blended wines when comparing treatments and the control was found (Appendix 

iv), which is in agreement with Cerpa-Calderón and Kennedy (2008).  

Tables 4.8 and 4.9 show the total amount of tannins extracted during pressing 

is not affected by different pressing treatments. Concentrations of tannins in wine 

extracted during fermentation are the same with pressing pressures of 1.0BAR, 

1.5BAR, 2.0BAR and no pressing at all. This was the same in wines from both 

treatment sites. This is the first time different pressing treatments and the impact on 

tannin concentrations in wine has been demonstrated. These data indicate grape 

tannin extraction during fermentation reaches a plateau in concentration, and that 

pressing operations serve only to separate the wine from the solid materials.   

In Figures 4.3 and 4.4, different pressing treatments did not have an impact on wine 

tannin concentrations during storage, with similar trends observed in all treatments 

over time. Results in Figures 4.1 show different vineyard locations result in different 

total tannin concentrations in Cabernet franc grapes. These differences may be a 

reason why, over time, there is the observed increase of total tannin concentrations 

in CF1 wines, and the observed decrease of total tannin concentrations in CF2 

wines. While different pressing treatments have no impact on total wine tannin 

concentrations, it may be possible that pressing wine at 200kPA creates more stable 

tannin polymers.  

At harvest, total extractable skin and seed tannin concentrations were 

significantly greater in berries harvested from CF1 than in CF2 sites. However, the 

difference in seed tannin concentrations was not significant when split among the 

treatments, and both CF1 and CF2 seed tannin concentrations were in the medium 

percentile range determined from the TanninAlert database (Table 4.1). There was a 

significant difference in skin tannin concentrations between CF1 and CF2 sites, 



 92 

which were in the high and low percentile range, respectively. Wine tannin 

concentrations in CF1 and CF2 wine post-fermentation reflect these same 

differences, with higher total extractable wine tannin concentrations in all CF1 

treatments wines, when compared with the CF2 treatment wines. As discussed in 

Chapter 3, differences in skin and seed tannin concentrations are expected within a 

single variety from different locations (Brossaud et al., 1999; Mazza et al., 1999; 

Smith et al., 2007). Having higher concentrations of skin tannin than seed tannin in 

grapes may indicate a greater amount of potential skin tannin extraction into wines; 

this has been noted to be better correlated with wine tannin concentrations, likely 

due to anthocyanin compound extraction that polymerise with proanthocyanins 

(Springer & Sacks, 2014). Skin and seed tannin extraction kinetics are different to 

each other, and depending upon the location and solubility of the tannin compounds 

in the different areas of the grape have both fast and slow diffusion rates, with seed 

tannin extraction occurring later in the fermentation due to ethanol concentrations 

(Bautista-Ortín et al., 2016; Rousserie et al., 2020). The stability of tannins has been 

reported to be determined by their timing of extraction during fermentation (Des 

Gachons & Kennedy, 2003), and their reactivity in the wine matrix. Therefore, these 

were important considerations in evaluating the total tannin content in our wines.  

Differences in juice chemistry between sites can be expected, and grapes from 

Lincoln Lakeshore (CF1) contained less soluble solids than grapes from Four Mile 

Creek (CF2), resulting in greater ethanol concentrations in CF2 wines. Seed tannin 

extraction happens during fermentation as ethanol concentration increases 

(Rousserie et al., 2020), so despite CF1 wines having greater tannin concentrations 

than CF2 wines, the proportion of seed tannins extracted into CF2 wines may have 
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been greater. This may impact the sensory perception of the wines, which is 

discussed in Section 4.4. 

The total phenolics assay analyses all phenolic content in red wine, including 

tannin flavonoids, non-flavonoid hydroxycinnamic acids (Aleixandre-Tudo et al., 

2017), and oxidation products resulting from winemaking and storage (Oliveira et al., 

2011). Total phenolic content in the CF2 wine was greater than that of CF1 wine, 

which indicates a greater amount of phenolic acids and oxidation products in the 

CF2 wines, perhaps as a result of disease pressure in CF2 grapes at harvest. The 

incidence of Botrytis cinerea in CF2 grapes at harvest may also have contributed to 

the total tannin differences between the sites. Botrytis cinerea is a familiar yet often 

unwelcome pathogen in grape crops, causing potential crop losses and reduction in 

wine quality. Ky et al. (2012), investigated the impact of B. cinerea infected grapes 

on the total phenolic composition of Merlot grape skin and seeds, and found total 

tannin and anthocyanin decreased significantly with grapes infected with B. cinerea. 

Skin and seed tannin composition (flavan-3-ol monomers: catechin, epicatechin and 

epicatechin gallate), oligomers and trimers were identified. Significant differences 

were found in seed tannin composition, with a reduction in catechin by up to 25%; 

seed mean degree of polymerisation (mDP) was not significantly influenced. Skin 

tannins were highly affected by B. cinerea, with a reduction of tannin monomers, 

specifically catechin (52%), an 80% reduction in anthocyanins, and had a negative 

impact on mDP. The B. cinerea infection could explain why we see a decrease in 

total tannin concentrations in CF2 wines over time (Figure 4.4). Ky, et al. (2012) 

reported no negative impact of B. cinerea infected grapes on standard juice or must 

chemical parameters but significant differences were observed between sites for 

ºBrix, pH, TA and YAN content (Table 4.5), likely due to site differences. It is 
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possible that the impact of B. cinerea infection on skin tannins seen in the Ky et al. 

(2012) study occurred in the CF2 grapes, as the resulting colour density, degree of 

pigmentation and amount SO2 resistant pigments are extremely low in CF2 wine 

compared to those in CF1 wines. However, the qualitative measure of colour hue 

was higher in CF2 wines than that of the CF1 wines, which may have been 

influenced by the higher average pH of the CF1 wines. Anthocyanin stability is  

higher at lower pH levels, and anthocyanins appear more red in acidic, low pH 

conditions, changing to purple and then blue as pH increases. Pantelić et al. (2016) 

evaluated total phenolic content (tannins, tannic acids and anthocyanins) in different 

clones of Merlot and Cabernet franc grapes and wines and found that total phenolic 

content was greater in Cabernet franc grapes than in Merlot grapes. Total phenolic 

and anthocyanin content of the respective varietal wines differed from the total 

phenolic and anthocyanin content in the grapes. The authors concluded that these 

results were due to the differences in grape tannin concentrations and extractability. 

They also suggested the reason for the higher concentration of anthocyanins in the 

Cabernet franc wines could have been due to the lower pH of the wines. This 

observation supports differences seen between the high average 3.7 pH in CF1 

wines, and low average 3.5 pH in CF2 wines.  

 Reynolds et al. (2013) reported the colour hue range of Cabernet franc wines 

grown in Niagara as 0.64 - 0.76 A.U. over two different growing seasons, with 

greater reported colour hue found in a very hot year. These ranges in colour hue 

reflect results in this study in the CF1 wines (Table 4.8) but the CF2 wines report 

much greater values in colour hue (Table 4.9), likely for the reasons explained 

previously. Colour density range in the was between 1.00 - 5.03 A.U in the 

respective years. The range reflects the different colour density values seen between 
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our two treatment sites (Tables 4.8 & 4.9), indicating this range in colour density can 

be expected. 

There is a vast difference in absorbance values for the degree of red 

pigmentation in CF1, NO PRESS wines, when compared to the 1.0BAR, 1.5BAR 

and 2.0BAR pressing treatments. This could indicate a greater concentration of 

anthocyanin cleavage products not bound to procyanidins resulting from oxidative 

reactions (Watrelot & Norton, 2020). The complex phytochemistry involved in these 

reactions results in the colour changes and organoleptic perception of the wine over 

time, mechanisms of which are discussed elsewhere (Teissedre & Jourdes, 2013). 

Previous studies have demonstrated grape tannin concentrations do not correlate 

with wine tannin concentrations due to a number of factors relating to vineyard 

cultural practices, grape maturity and tannin extractability (Holt et al., 2008; Bindon 

et al., 2013); which is influenced by variety (Bautista-Ortín et al., 2016), clonal 

variability (Pantelić et al., 2016), grape maturity (Quijada-Morín et al., 2015) and 

extraction methods (Fragoso et al., 2010; Bindon et al., 2014; Sommer & Cohen, 

2018). Results in this study challenge these previous findings, as the higher amount 

of total tannin concentration in CF1 grapes, as compared to that of CF2 grapes, were 

correlated in the total wine tannin content, with significant differences found in total 

tannins in both grapes and wines, respectively. The reason this could be is because 

the difference in grape tannin concentrations between sites was so great at harvest.  

Obreque-Slier et al. (2012) measured seed tannins in Cabernet franc grapes using 

phloroglucinolysis, which provided details on the mDP, the percentage of 

galloylation, and molecular weight of flavanols. Phenolic composition of the seed 

tannins revealed Cabernet franc seed tannins contained high concentrations of gallic 

acid and hydroxylated catechins, or gallates. This suggests Cabernet franc seed 
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tannin reactions could yield more anthocyanins in acidic wine conditions (Watrelot & 

Norton, 2020). The reactions of anthocyanins and tannins are termed co-

pigmentation reactions, and the reactions and products vary in stability based upon 

fermentation and wine matrix conditions.  

  Rajha et al. (2017) suggests seed tannin maturity results in less seed tannin 

being extracted during fermentation, indicating the greater proportion of skin tannins 

in the must create more stable co-pigmentation products with anthocyanins, resulting 

in improved colour stability in red wine. If we also consider the findings of Obreque-

Slier et al. (2012), who showed Cabernet franc seed tannins contain a greater 

number of cleavage products under acidic conditions, the lack of colour in CF2 

treatment wines compared to CF1 treatment wines and gradual reduction in total 

wine tannins over time, could be explained by CF2 grapes’ greater proportion of total 

seed tannin to skin tannin. Inversely, the increase in total wine tannins over time in 

CF1 treatments could be due to the proportional differences in skin and seed tannins 

at harvest, indicating a better ratio of skin to seed tannins forming more stable co-

pigmented products which do not continue to polymerise to become so large they 

precipitate out of the solution. Further categorisation of the total skin and seed 

tannins may elucidate these suppositions.  

All of these considerations may explain the different total extractable tannin 

concentrations over time seen in the CF1 and CF2 wines. However, in both CF1 and 

CF2 wines, definitive results in wines pressed at 200kPA were found. At all three 

time points post fermentation, the concentrations in total extractable tannins did not 

change in these wines. These results suggest pressing at higher pressures releases 

compounds from the fermented grapes that promote tannin stability. The wines 

produced using higher pressing treatment may have an increased proportion of skin 
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tannins that were not fully extracted into the wine during fermentation. The varying 

concentrations of tannins seen in the control and other pressing treatment wines 

could be attributed to the reactivity of tannins in the respective must and wine 

matrices. The results of the higher 200kPA pressing treatments show that pressing 

wines at different pressures does have an effect on total tannin stability, but not on 

total tannin concentrations, which the hypothesis sought to test. Analysis of the total 

wine tannin composition would provide more robust links to the literature and further 

understanding of the results. 
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4.3 Sensory Evaluation Results and discussion 

The 2018 CF1 and CF2 wines were evaluated sensorially in a two-part 

process. First, difference testing using a free sorting task was used to describe the 

overall diversity of the wines. Representative wines and outliers were identified 

within the treatment replicates and wine groups. Sensory terms were generated that 

differentiated the wines and provided a consumer lexicon (outlined in Section 2.4.1). 

Before presenting the wines to a consumer panel, the trained panel (n = 16) was 

asked to identify if there were any differences between the three winemaking 

replicates within a treatment. Additionally, the trained panel needed to identify if 

there were perceptible differences between the pressing treatment wines and the 

control wines. Second, the sorted wines were presented to consumers and rated for 

liking/preference (outlined in Section 2.4.2). The aim of this consumer evaluation 

was to identify if a particular pressing treatment was preferable to another, the 

results of which can inform future winemaking decisions.  

4.3.1 Difference tests using Free Sorting results  

CF1 Wines 

Individual panellists organised similar tasting wines into groups (outlined in 

section 2.4.1) and attributed their own descriptive terms to each group of wines they 

created. These data were processed through multiple steps of analysis. First, sorting 

data was organised using multidimensional scaling (MDS), then cluster analysis 

(AHC) segmented the wines into three groups. The most commonly used descriptive 

terms, and the frequency of each term used to describe the three groupings of the 

CF1 wines are presented in Table 4.12. All wines from CF1 were described as being 

‘fruity’ and ‘acidic’. CF1-Group 1 wines (green cluster on Figure 4.5) were distinct 

among the three groups with ‘sweet’ and ‘bitter’ descriptors being used most often. 
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CF1-Group 2 (blue cluster) and CF1-Group 3 (red cluster) wines were described as 

‘smoky’ and ‘woody’. What differentiated CF1-Group 2 and Group 3 was higher 

perceived ‘vegetal’ in CF1-Group 2, whereas CF1-Group 3 had higher perceived 

‘cherry’. 

 

Figure 4.5 presents the pooled descriptive terms from the free-sorting task of 

the CF1 winemaking replicates in a bi-plot. Using MDS the data were mapped into a 

display of the product space (two dimensions). MDS maps the data into a display 

based upon similarities or dissimilarities within the data set. The relative positioning 

of the wine on the MDS bi-plot was based on the proximity matrix (the measure of 

(di)similarity between the different terms) of the groups generated by individual 

panellists. Kruskal’s stress calculates the ‘goodness-of-fit’ statistic modelled upon the 

differences the proximity matrix and the MDS configuration. The smaller the stress 

value, the greater the agreement between the proximity matrix and the MDS 

configuration. The stress value for the MDS bi-plot configuration of the CF1 wines 

was 0.286, which was higher than optimal (Kruskal, 1964). Stress can be lowered 

through the inclusion of additional biplot dimensions, however, for this analysis, two 

dimensions were maintained for ease of visualisation of the main differences and 

similarities of the product space. Three groups of wines from these data contained 

combinations of the treatments and their replicates with similar sensory profiles. 

Table 4.12. Descriptive terms used most frequently to describe the 3 different groupings of 
wines within CF1 agglomerated hierarchical clustering (AHC) identified groups (Group 1, 2 
and 3). Colours correspond with Dendrogram groupings in Figures 4.5 and 4.6.  

Descriptors  Frequency Descriptors Frequency Descriptors Frequency 

CF1 Group 1 CF1 Group 2 CF1 Group 3 

Fruity 6 Acidic 10 Acidic 10 

Acidic 5 Fruity 8 Fruity 10 

Bitter 5 Woody 8 Woody 6 

Sweet 5 Smoky 6 Cherry 5 

Astringent 4 vegetal 6 Smoky 5 
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Based upon these data, wines did not differ based on pressing treatment, since the 

treatment replicates did not group together. Wines in CF1-Group 2 were described 

as acidic, fruity, woody, smoky and vegetal and contained wines from each of the 

three pressing treatments, and the no-press (control) wines.  

 
Figure 4.5 Two-dimensional MDS solutions for CF1 treatment wine replicate sorting for the 
trained panel. The blue, red and green colours represent the three Groups 2, 3 and 1, 
respectively. Wine identifier codes: NOPRESS: Control; 1.0BAR: T1; 1.5BAR; T2; 2.0BAR; 
T3. A/B/C: replicates within treatments.  
 

To identify dissimilarities between the replicate wines, cluster analysis of the 

MDS configuration solutions using AHC was applied to the data (Figure 4.6). AHC 

analysis clustered the wines into three groups (Table 4.12). If two of the three 

replicates of a pressing treatment were clustered together, they were found to be 

similar and representative of the treatment. These replicates were blended together 

for consumer acceptance testing in all three groups (Table 4.13).  

Two replicates of the NO PRESS control wines (A & B) were clustered together, it 

was decided the NO PRESS wines were to be presented as ‘warm-up’ samples for 

the consumer evaluations, as these wines may have been too similar in sensory 

profile to the 2.0BAR treatment wines.  
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Figure 4.6. CF1 treatment replicate wines divided into three distinct groups identified through 
agglomerated hierarchical clustering (AHC) analysis. The blue, red and green colours 
represent the three Groups 2, 3 and 1, respectively. Wine identifier codes: NOPRESS: 
Control; 1.0BAR: T1; 1.5BAR; T2; 2.0BAR; T3. A/B/C: replicates within treatments.  

 

 

CF2 Wines 

Cluster analysis segmented CF2 wines into three groups. The most 

commonly used descriptive terms, and the frequency of each term, used to describe 

the three groupings of the CF2 wines are presented in Table 4.14.  All wines from 

CF2 were described as ‘astringent’. CF2-Group 1 wines were distinct with ‘berry’, 

‘fruity’ and ‘cherry’ descriptors. CF2-Group 3 wines were distinct with high perception 

of ‘oak’ and ‘woody’ descriptors. What differentiated CF2-Group 1 from CF2-Group 2 

and Group 3 was a high perception of ‘berry’ and no perception of ‘oak’ or ‘woody’ or 

‘acidic’ taste or flavours.  
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Table 4.13 Selected replicates of CF1 treatment wines for consumer preference testing.  

Treatment Wine Identifier Code Replicate Chosen 

Control NOPRESS_CF_1 A & B 

T1 1.0BAR_CF_1 B & C 

T2 1.5BAR_CF_1 A & B 

T3 2.0BAR_CF_1 B & C 
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Figure 4.7 presents the pooled descriptive terms data from the free-sorting 

evaluations of the CF2 wines. Data from treatment replicate B of the 2.0BAR wines, 

and treatment replicate C of the control (NOPRESS) wines were omitted for being 

consistently described as having faults. Following the same data processing 

describing the sensory space using MDS and Kruskal’s stress statistic as applied to 

the CF1 data, cluster analysis (AHC) identified three groups among the CF2 wines. 

The stress value of the configuration of the CF2 wines was 0.219, which was higher 

than optimal (Kruskal, 1964). As with the CF1 data, wines did not differ based on the 

pressing treatments, as the treatments did not group together. CF2-Group 1 wines 

were described as ‘berry’, astringent’, ‘bitter’, ‘fruity’, and ‘cherry’, and contained 

wines from each of the three pressing treatments.  

Table 4.14. Descriptive terms used most frequently to describe the 3 different groupings of wines 
within CF2 agglomerated hierarchical clustering (AHC) identified groups (Group 1, 2 and 3). 
Colours correspond with Dendrogram groupings in Figure 4.10. 

Descriptors  Frequency Descriptors Frequency Descriptors Frequency 

CF2 Group 1 CF2 Group 2 CF2 Group 3 

Berry 8 Astringent 5 Oak 8 

Astringent 7 Acidic 4 Astringent 7 

Bitter 7 Bitter 4 Woody 5 

Fruity 7 Fruity 3 Acidic 4 

Cherry 5 Oak 3 Cherry 4 
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Figure 4.7 Two-dimensional MDS solutions for CF2 treatment wine replicate sorting for the 
trained panel. The blue, red and green colours represent the three Groups 3, 2 and 1, 
respectively.  Wine identifier codes: NOPRESS: Control; 1.0BAR: T1; 1.5BAR; T2; 2.0BAR; 
T3. A/B/C: replicates within treatments 

 
Following the analysis methods as with the CF1 data, AHC was applied to 

identify dissimilarities between the CF2 replicate wines within these three clustered 

groups. Figure 4.8 presents the clusters within the groups, informing which treatment 

replicates were most similar to each other. Within the blue group, replicate wines A 

and C from the control (NO PRESS) wines were clustered together, and replicates A 

and B of the 1.5BAR treatment wines were clustered together, and these wines were 

chosen for part two consumer acceptance testing (Table 4.15). In the green group, 

replicates A and B of the 1.0BAR treatment wines were chosen to be presented to 

consumers. Replicate A of the 2.0BAR treatment (being grouped and clustered 

alongside replicate C of the 1.0BAR wines) was chosen for part two, as it was the 

replicate most dissimilar to the other wines.  
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Figure 4.8. CF2 treatment replicate wines divided into three distinct groups identified through 
agglomerated hierarchical clustering (AHC) analysis. The blue, red and green colours 
represent the three Groups 3, 2 and 1, respectively.  Wine identifier codes: NOPRESS: 
Control; 1.0BAR: T1; 1.5BAR; T2; 2.0BAR; T3. A/B/C: replicates within treatments 

 

 

4.2.2 Consumer acceptance test results  

In four separate tasting sessions (outlined in Section 2.4.2), consumers (n = 

132) rated their liking for each wine on a continuous line scale. Consumer 

acceptance data were analysed by each individual wine group, in this case CF1 

wines and CF2 wines, separately. Global data-liking scores (n = 132) were tested for 

normality and the data were analysed using Levene’s test to verify the data as being 

homogenous across the three treatments and the control. ANOVA of the global-liking 

scores identified no significant differences in consumer liking among the treatment 

wines and the control in CF1 and CF2 wines. Cluster analysis (AHC) of the global-

liking data identified three consumer groups among the global consumer liking 
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Table 4.15.  Selected replicates of CF2 treatment wines for consumer preference testing. 

Treatment Wine Identifier Code Replicate 

Control NOPRESS_CF_2 A & C 

T1 1.0BAR_CF_2 A & B 

T2 1.5BAR_CF_2 A & B 

T3 2.0BAR_CF_2 A 
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scores. Normality of the data in the three clustered groups was tested and verified 

using Levenes’s test. Analysis of variance (ANOVA) or Welch statistic was applied to 

each consumer group, with the respective post-hoc multiple comparison means test 

(as outlined in section 2.5), to identify significant differences between the treatment 

wines in each group.  

CF1 Wines 

The ANOVA of the consumer global-liking scores and liking scores of 

consumer groups following clustering analysis are presented in Table 4.16. Within 

the three clustered groups, the post-hoc tests identified which of the treatment wines 

had statistically higher liking scores.   

Among the global data (n = 132), ANOVA found no significant differences in 

consumer acceptance liking scores (Tukey HSD p < 0.05). Consumer group 1 (n = 

60) rated the control (NO PRESS) wines as most liked over the treatment wines, with 

2.0BAR treatment wines being the most liked of the three treatments (Games-Howell 

p < 0.05). Consumer group 2 (n = 40) liked the 1.0BAR and 1.5BAR pressing 

treatment wines equally and had the lowest liking for the 2.0BAR press treatment 

wines (Tukey HSD p < 0.05). In consumer group 3 (n = 32) the control (NO PRESS) 

wines were least liked to all the other treatment wines. There was no difference in 

liking between the three press treated wines (Games-Howell p < 0.05). Consumer 

group 3 reported a complete inverse in liking scores when compared with the liking 

scores from group 1. 
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CF2 Wines  

The ANOVA of the consumer global-liking scores and liking scores of 

consumer groups following clustering analysis are presented in Table 4.17. Within 

the three clustered groups, the post-hoc tests identified which of the treatment wines 

had statistically higher liking scores.   

Among the global data (n = 132), ANOVA found no significant differences in 

consumer acceptance liking scores (Tukey HSD p < 0.05). Consumer group 1 (n 

=42) liked the control (NO PRESS) wines, which had the highest liking score but 

were not significantly different from the 2.0BAR pressing treatment wines in this 

group. There was no difference in liking scores between the 1.0BAR and 2.0BAR 

pressing treatment wines, or 1.0BAR and 1.5BAR pressing treatment wines. The 

least liked wines in consumer group 1 were 1.5BAR pressing treatment wines 

(Games-Howell p < 0.05). In consumer group 2, 1.5BAR pressing treatment wines 

had the highest liking scores. No difference in liking was found between control (NO 

PRESS), 1.0BAR and 2.0BAR press treatment wines (Tukey HSD p < 0.05). In 

consumer group 3 the least liked wines were the control (NO PRESS) wines. There 

was no difference in liking between the 2.0BAR pressing treatment wines and the 

1.0BAR and 1.5BAR pressing treatment wines. The 1.0BAR pressing treatment 

Table 4.16. Global consumer (n=132) and three agglomerated hierarchical clustering 
(AHC) groups of consumer acceptance liking scores for Cabernet franc 2018 CF1 
wines. Analysis of variance and respective post-hoc tests identified differences within 
each clustered group. Columns displaying different letters indicate significant 
differences. Global and Group 2 (Tukey (HSD) p < 0.05); Group 1 and 3 (Games-
Howell p < 0.05)  

Treatment 
Global n=132 Group 1 n=60 Group 2 n=40 Group 3 n=32 

Liking Score Liking Score Liking Score Liking Score 

NO PRESS 51.52a 62.57a 48.37b 33.64b 

1.0BAR 56.17a 48.62b 62.38a 62.57a 

1.5BAR 54.20a 47.80b 61.77a 56.78a 

2.0BAR 50.49a 54.13b 35.20c 62.68a 
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wines were preferred over 1.5BAR pressing treatment wines (Games-Howell p < 

0.05).  

 

4.4 Discussion 

Sensory evaluations on both CF1 and CF2 wines using difference testing, 

followed by consumer acceptance tests, identified no distinctive differences between 

the taste and flavour perception, or any statistically significant acceptance liking of 

wines across the pressing treatment wines and the no pressing (control) wines.  

Difference testing using the free sorting and comments method generated 

descriptive terms for Cabernet franc wines grown in Niagara (Tables 4.10 and 4.13). 

The free comments method is a reliable and efficient way of identifying taste and 

flavour attributes in wine sensory evaluations and is considered faster than other 

methods (e.g. classical profiling where a fixed list of terms is provided) (Lawrence et 

al., 2013). Benefits of allowing a panelist to generate their own descriptive terms 

eliminates the risk of wines being described with an attribute that is not truly present 

in the wine and eliminates the ‘dumping effect’. This can occur using classical 

profiling methods, as the panelist may associate a taste or flavour that they cannot 

identify with a term provided to them, and incorrectly attribute that flavour to the 

Table 4.17.  Global consumer (n=132) and three agglomerated hierarchical clustering (AHC) groups of 
consumer acceptance liking scores for Cabernet franc 2018 CF2 wines. Analysis of variance and 
respective post-hoc tests identified differences within each clustered group. Columns displaying different 
letters indicate significant differences. Global and Group 2 (Tukey (HSD) p < 0.05); Groups 1 and 3 
(Games-Howell p < 0.05). 

Treatment 
Global n=132 Group 1 n=42  Group 2 n=52  Group 3 n=38  
Liking Score Liking Score Liking Score Liking Score 

NO PRESS 42.00a 48.00a 47.14b 28.30c 

1.0BAR 44.67a 35.27bc 42.98b 57.39a 

1.5BAR 45.53a 31.90c 57.40a 44.37b  

2.0BAR 46.13a 46.40ab 44.58b 47.96ab 
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wine. Free sorting and free comments methods also eliminates any redundant terms 

which may be listed in the classical profiling terms.  

Processing and interpretation of the 2018 free comments sorting method data 

was extensive and complex. In a study by Lawrence et al. (2013), the authors 

concluded their free sorting and classical profiling results were similar. The more 

complex data evaluation involved with the free sorting methods was a negative 

aspect of the method.  

Cabernet franc varietal wines have previously been characterized using 

descriptive analysis (Rezaei & Reynolds, 2010; Reynolds et al., 2013), a robust 

sensory method, requiring the participation of a committed and trained panel. The 

free sorting method in our investigation has provided some current characterization 

of Cabernet franc wines in a fast and efficient way, requiring only a couple of 

committed analysts once the tasting session was complete.  

Wines from Lincoln Lakeshore (CF1) are described as being fruity, acidic, 

smoky and woody; the frequency of acidic descriptions was greater in the CF1 wines 

than Four Mile Creek (CF2) wines. Interestingly, the titratable acidity concentrations 

in CF1 and CF2 wines were similar, but the CF1 wines had greater concentrations of 

malic acid than CF2 wines; this tart acid was clearly distinct among the CF1 wines. 

Fontoin et al. (2008) demonstrate the effects of pH and acidity on the astringency 

and bitterness perception of seed tannins in model wine. They found an increase in 

pH had an effect of lowering the impact of astringency, and a high titratable acidity 

concentration had a decreasing effect on perceived bitterness. Our results are in 

agreement with these findings because the CF2 wines, with an average 3.5 pH, were 

frequently described as being astringent. With a higher average 3.7 pH, CF1 wines 

were mostly described as ‘acidic’ and ‘fruity’, which is likely due to the malic acid 
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concentrations. Bitter was used to describe the CF1 wines only five times in one 

group, compared to CF2 wines being described as bitter 11 times in two groups. 

Both these observations are in agreement with Fontoin et al. (2008). Wines from 

CF2 (Lincoln Lakeshore) were described as being, ‘berry’, ‘cherry’, ‘oaky’ and 

‘woody’; and are also described more frequently as ‘astringent’ than the CF1 wines. 

In a previous study (Reynolds et al., 2013), Cabernet franc wines from the Four Mile 

Creek sub-appellation were described as having characteristic ‘bell pepper’ aromas, 

and wines from Lincoln Lakeshore and the Bench side of Niagara as having distinct 

‘dark fruit’, ‘spice’, ‘earthy’ and ‘cooked fruit’ aromas and flavours, which are in 

agreement with this current study. The descriptors generated from this research may 

contribute towards the growing lexicon of descriptive terms for Cabernet franc grown 

in the Niagara Peninsula. 

During the sensory evaluations there was no accounting for the incidence of 

Botrytis cinerea infection in the CF2 grapes at harvest, which was estimated by 

visual assessment to be between 20% and 30%. Infected berries were not removed 

before fermentation. Ky et al. (2012) found that sensorially, the presence of Botrytis 

did not impact perception of bitterness or astringency, but judges did record ‘damp’, 

‘earthy’ and ‘reduced’, and ‘vegetal’ aroma in the Botrytis wines. In the sorting task, 

two of the CF2 wines were omitted from the consumer tests as three of the panellists 

used terms including ‘musty’, ‘earthy’, ‘flawed’ and ‘fault’. These perceptions may be 

because of the Botrytis infection in the grapes at harvest (Ky et al., 2012). 

Sparrow et al. (2016) found that Pinot noir wines with a three-fold higher tannin 

concentration as a result of accentuated cut edge (ACE) treatment and submerged 

cap, scored higher on bitterness and astringency perception than the control wines. 

In contrast to these findings, CF2 wines, which were described more frequently as 
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‘astringent’ and ‘bitter’ than CF1 wines, contained lower total tannin concentrations 

than the CF1 wines. This frequently reported perception of astringency may be due 

to the composition of the tannins, rather than the total tannin content (McRae et al., 

2013). Therefore, higher tannin concentration is not directly linked to wines being 

perceived as more ‘astringent’ or ‘bitter’; it is instead the nature and composition of 

the tannins which has the variable sensory effects. Sensory evaluation of model wine 

tannin fractions found that fractions containing a greater percentage of 

epigallocatechin were scored higher in astringency (McRae et al., 2013). Wollmann 

and Hofmann (2013), confirmed that perception of astringency in both threshold and 

intensity tests is not impacted by the mDP or the various compositional differences 

therein. However, in the sensory evaluations high molecular weight polymer fractions 

were reported to be more puckering and astringent. Our results are complementary 

to these previous studies, demonstrating the complexity of tannin contribution to red 

wine sensory profile. 

Despite the efficiency and previous success (Lawrence et al., 2013) of using 

the free comments methods to generate terms in the sensory evaluations, it is 

important to note that 1/3 of trained panelists attributed ‘woody’, ‘oak’, and other 

descriptors usually associated with oaked red wines such as ‘vanilla’ and ‘smoke’. 

This highlights a common bias and assumption among wine consumers that red 

wine is produced using oak barrels and therefore has these perceived flavours. 

Conversely, this outcome is precisely the opposite of what was expected. It was 

hoped that the method would eliminate the dumping effect by not providing 

prescriptive sensory terms. This calls into question the reproducibility of the panel 

and/or the method used for the evaluations. The two-dimensional MDS biplot of the 

CF1 wines (Figure 4.5) and CF2 wines (Figure 4.7) provided a configuration of the 
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wines which allowed quick and efficient identification of the wine groups among the 

treatment replicates. The clustering of these group identified the outliers within the 

treatment replicates that were omitted from the consumer preference tests, ensuring 

the most representative wines of each treatment were put forward.  

Consumer acceptance liking results found statistically significant liking scores 

varied across the AHC consumer groups for the wines based upon their treatments. 

This was the same for both CF1 and CF2 wines. Overall, consumers demonstrated 

no definitive greater liking for wines pressed at higher pressures or wines made from 

the free-run fraction. CF1 consumer group 1 were NO PRESS likers, and group 3 

were NO PRESS dis-likers (Table 4.16). There were similar outcomes in CF2 

consumer groups, with group 1 having statistically significant greater liking scores for 

NO PRESS wines, and group 3 have very low liking scores for the NO PRESS 

wines, with no statistically significant differences in liking scores for the pressing 

treatment wines in these two groups. In wine evaluation, we know that population 

demographics have an impact on wine liking based upon stylistic and subjective 

appreciation (Gawel, 1997; Shapin, 2016), but due to the lack of preference found 

among the wines, demographic considerations were deemed unnecessary.  

This mixed outcome from the consumer acceptance testing indicated that our wines 

lacked any distinct drivers in liking and acceptance among consumers. Despite these 

results, it’s positive to see the variance of liking among these wines, as a diversity of 

liking among consumers could mean potential for new target markets and 

development of specific wines styles for Cabernet franc in Ontario. 
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Chapter 5. Results and discussion, Pre-fermentation Pressing 
Treatments, 2019 

 
The 2019 experimental design and hypothesis aimed to test a pre-

fermentation pressing treatment, a reduction of juice volume (saignée), and a 

combination of both on the effect of total extractable tannin concentrations in finished 

wine. Pre-fermentation pressing involved pressing the grapes at 2.0 bar pressure 

(200kpa) after they had been crushed and de-stemmed. Understanding the influence 

of pre-fermentation pressing treatments, and saignée, on tannin concentrations in 

the wines will provide information about how tannin concentrations are influenced by 

these treatments and determine if any are appropriate methods of tannin 

management for Cabernet franc grapes grown in Niagara.  

5.1 Skin and seed tannin at harvest  

Grapes were harvested on 28/10/2019 (CF1) and 29/10/2019 (CF2). Total 

extractable tannin concentrations between sites are compared in figure 5.1A (skin) 

and B (seed). Seed tannin concentrations were significantly greater in CF1 than in 

CF2 (Student’s t-test p <0.05) *.  

 

 

 

 

 

 
 

Figure 5.2. 2018 total extractable seed tannin (µg/berry) concentrations at harvest from treatment 
sites CF1; Lincoln Lakeshore sub-appellation and CF2; Four Mile Creek sub-appellation. ANOVA 
and Tukey’s (HSD) post -hoc test identified significant differences between CF1 (489 ±26 µg/berry 
±SE and CF2, (377 ±27 µg/berry ±SE) (p < 0.05)*. SE: Standard error.  
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Figure 5.1.2019 total extractable skin tannin (A) and seed tannin (B) concentrations (µg/berry) at 
harvest from treatment sites CF1; Lincoln Lakeshore sub-appellation and CF2; Four Mile Creek sub-
appellation. Comparison between sites using Student’s t-test (p < 0.05). Error bars show standard error 
of the means.  
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5.1.1. The percentile range of the skin and seed tannin concentrations 

The data from 2019 was added into the Cabernet franc tannin database and the low, 

medium or high ranges were categorized for Cabernet franc based on the 33rd and 

66th percentile as listed in Table 5.1. Skin and seed tannin concentrations in CF1 

were within the medium percentile range, measuring at 740 ± 54 and 489 ± 26 

µg/berry, respectively, as listed in Table 5.1. Skin and seed tannin concentrations in 

CF2 were also within the medium percentile range measuring at 679 ± 41 and 377 ± 

27 µg/berry, respectively (Table 5.1).  

 

5.1.2. Distribution of skin and seed tannin concentrations across treatments  

The grapes from each site were portioned into four treatment lots prior to 

fermentation, which were: T1 (PRE-FERM-PRESS), T2 (SAIGNEE), T3 

(SAIGNEE+PRE-FERM-PRESS), and the control (NO PRE-FERM-PRESS). There 

were no differences in skin tannin concentrations in the grapes proportioned 

between the treatments from either CF1 or CF2 sites (Figure 5.2A), nor in seed 

tannin concentrations between the treatments (Figure 5.2B) indicating each 

treatment received a representation of the harvested grapes.  

. 

 

 
 
 
 
 
 

Table 5.1. Skin and seed tannin concentrations (µg epicatechin/berry) at harvest of Cabernet franc 
from 2015 - 2019. CF1 and CF2 treatment site concentrations are highlighted according to 
percentile range. 

Cabernet franc Test Method Low Medium High CF1 CF2 

Skin Tannin 33rd & 66th percentile 213-622 623-818 819-2097 740 679 

Seed Tannin 33rd & 66th percentile 12-318 319-689 690-1589 489 377 

a 
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Figure 5.2 Total extractable skin tannin (A) and seed tannin (B) concentrations (ug/berry) distributional across 
the three treatments and control at harvest from grapes grown in sites CF1 and CF2. CONTROL (NO PRE-
FERM-PRESS), T1 (PRE-FERM-PRESS), T2 (SAIGNEE), T3 (SAIGNEE+PRE-FERM-PRESS). Lower case 
letters define differences in CF1 skin and seed tannin concentrations between treatments and upper case letters 
were used to define differences in CF2 treatments (Tukey’s HSD p < 0.05). Error bars show standard error.  
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5.1.3. Juice chemical data  

For each chemical parameter, the differences in juice composition from 

grapes harvested from CF1 and CF2 sites are compared in Table 5.2.  Grapes from 

the different sites were significantly different in soluble solids (°Brix), pH, titratable 

acidity (TA), and yeast assimilable nitrogen (YAN mg N/L) (Students t-test p < 0.05). 

Grape juice from the CF1 site had higher soluble solids, higher pH, lower TA and 

greater YAN than grape juice from the CF2 site. In both sites, acids were high and 

pH levels were low. Grape juice nitrogen content was below optimal levels for 

fermentation and were adjusted to ~250 mg N/L in all treatment replicates. 

The grapes from each site were portioned into four treatment lots prior to 

fermentation. Chemical analysis illustrated that each treatment did not vary from the 

control for any parameter tested for both site CF1 (Table 5.3) and CF2 (Table 5.4), 

except for TA in CF1. TA concentrations in CF1 control (NO PRE-FERM-PRESS) 

(9.5 g/L) juice were significantly greater than T1 (PRE-FERM-PRESS), T2 

(SAIGNEE), and T3 (SAIGNEE+PRE-FERM-PRESS treatments (8.4 g/L).  

Table 5.2 Juice chemical parameters from 2019 CF1 (harvest date 28/10/19) and CF2 grapes 
(harvest date 29/10/19). Figures represent pooled data from all treatments and corresponding 
replicates ±SD (n = 24). Asterisks indicate significant differences between sites using Students 
t-test (p < 0.1) *, (p < 0.05) **, (p < 0.001) ***.  Figures with < are below limit of detection (LOD). 
SD: Standard deviation 

Site 
Soluble solids 

(°Brix) 
pH 

Titratable 
Acidity (g/L) 

Acetic Acid 
(g/L) 

YAN (mg N/L) 

CF1 20.5 ± 0.3*** 3.18 ±0.06*** 8.7 ± 0.6*** < 0.02 ±0.0 148 ± 18*** 

CF2    19.6 ± 0.4 3.12 ±0.4   10.1 ± 0.6 < 0.02 ±0.0          93 ± 11 

Table 5.3 Juice chemical parameters across treatments from 2019 CF1 grapes (harvest date 28/10/19). 
CONTROL (NO PRE-FERM-PRESS), T1 (PRE-FERM-PRESS), T2 (SAIGNEE), T3 (SAIGNEE+PRE-
FERM-PRESS). Figures represent duplicate assay means of treatment replicates ±SD (n = 6). Columns 
displaying different letters within each parameter represent significant differences (Tukey’s (HSD) post-
hoc test (p < 0.05).  Figures with < are below limit of detection (LOD). SD; Standard deviation 

Treatment 
Soluble solids 

(°Brix) 
pH 

Titratable 
Acidity (g/L) 

Acetic Acid  
(g/L) 

YAN (mg 
N/L) 

CONTROL 20.4 ± 0.1a 3.16 ± 0.04a 9.5 ± 0.3a < 0.02a 151 ± 17a 
T1 20.6 ± 0.2a 3.19 ± 0.07a 8.4 ± 0.8b < 0.02a 141 ± 18a 
T2 20.7 ± 0.2a 3.28 ± 0.02a 8.4 ± 0.2b < 0.02a 153 ± 18a 
T3 20.5 ± 0.1a 3.16 ± 0.06a 8.4 ± 0.3b < 0.02a 149 ± 17a 
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5.1.4. Wine chemical data  

Following fermentation, standard wine chemical parameters pH, TA, malic 

acid, residual sugar (Glucose + Fructose g/L) and acetic acid, were analysed. For 

each recorded parameter, the difference between wines made from CF1 and CF2 

were evaluated and recorded in Table 5.5.  

Table 5.5 Chemical parameters of 2019 CF1 and CF2 control wines at pressing. Figures 
represent mean of three replicates ±SD (n = 6). Asterisks indicate significant differences 
between sites using Students t-test (p < 0.1)*, (p < 0.05)**, (p < 0.001)***.   

Site pH 
Titratable 

Acidity (g/L) 
Malic Acid 

(g/L) 
Glucose + 

Fructose (g/L) 
Acetic Acid 

(g/L) 

CF1 3.48 ± 0.06*** 9.5 ± 0.06*** 3.65 ± 0.22* 0.23 ± 0.0*** 0.18 ± 0.01* 

CF2 3.29 ± 0.02 10.8 ± 0.2 3.27 ± 0.76 0.20 ± 0.0 0.14 ± 0.01 

 

The chemical composition of the CF1 wines fermented from the different 

treatments are compared in Table 5.6.  There were no differences in any wine 

chemical parameter between treatments and the control.   

Table 5.4 Juice chemical parameters across treatments from 2019 CF2 grapes (harvest date 29/10/19). 
CONTROL (NO PRE-FERM-PRESS), T1 (PRE-FERM-PRESS), T2 (SAIGNEE), T3 (SAIGNEE+PRE-
FERM-PRESS). Figures represent duplicate assay means of treatment replicates ±SD. Columns 
displaying different letters within each parameter represent significant differences (Tukey’s (HSD) post-
hoc test (p < 0.05).  Figures with < are below limit of detection (LOD). SD; Standard deviation 

Treatment 
Soluble solids 

(°Brix) 
pH 

Titratable 
Acidity (g/L) 

Acetic Acid  
(g/L) 

YAN (mg 
N/L) 

CONTROL 19.8 ± .0.1a 3.04 ± 0.01a 10.3 ± 0.2a < 0.02a 96 ± 5a 
T1 19.3 ± 0.3a 3.04 ± 0.01a 10.0 ± 0.1a < 0.02a 84 ± 10a 
T2 19.9 ± 0.2a 3.02 ± 0.01a 10.5 ± 0.7a < 0.02a 91 ± 9a 
T3 19.4 ± 0.5a 3.08 ± 0.06a 9.7 ± 0.9a < 0.02a 101 ± 9a 

Table 5.6 Chemical parameters of 2019 CF1 wines at pressing (04/11/2019).  CONTROL (NO 
PRE-FERM-PRESS), T1 (PRE-FERM-PRESS), T2 (SAIGNEE), T3 (SAIGNEE+PRE-FERM-
PRESS). Figures represent duplicate assay means of treatment replicates ±SD. Columns 
displaying different letters indicate significant difference (Tukey HSD p < 0.05). SD: standard 
deviation 

Treatments pH 
Titratable 

Acidity (g/L) 
Malic Acid 

(g/L) 
Glucose + 

Fructose (g/L) 
Acetic Acid 

(g/L) 

CONTROL 3.45 ±0.08a 9.5 ± 0.1a 3.65 ±0.16a 0.03 ±0.01a 0.18 ±0.01a 

T1 3.53 ±0.02a 9.1 ± 0.3a 4.01 ±0.09a 0.04 ±0.00a 0.20 ±0.01a 

T2 3.51 ±0.06a 9.3 ± 0.1a 3.77 ±0.18a 0.03 ±0.01a 0.19 ±0.02a 

T3 3.50 ±0.00a 9.4 ± 0.2a 4.17 ±0.11a 0.04 ±0.01a 0.17 ±0.02a 
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The chemical composition of the CF2 wines at pressing are compared in 

Table 5.7. pH levels in PRE-FERM-PRESS (3.2 ± 0.04) wines were significantly 

lower than SAIGNEE+PRE-FERM-PRESS wines (3.7 ± 0.04). No differences in TA, 

malic acid, residual sugar, or acetic acid were reported between any of the treatment 

wines and the control. 

 

Following fermentation, TA and malic acid concentrations in both CF1 and 

CF2 wines were still at high concentrations and all wines were inoculated for 

malolactic fermentation (MLF). Once MLF was complete, CF1 and CF2 wines were 

analysed for pH, TA, malic acid, lactic acid, acetic acid and ethanol (%v/v) 

concentrations, and the control wines are compared in Table 5.8.  

 

Table 5.8 Chemical parameters of 2019 CF1 and CF2 control wines after the completion of MLF. 
Figures represent mean of three replicates ±SD for all parameters (n= 6) except Ethanol (n=12). 
Asterisks indicate significant differences between sites using Students t-test (p < 0.1) *, (p < 0.05) 
**, (p < 0.001) ***.    

 
pH 

Titratable 
Acidity (g/L) 

Malic Acid  
(g/L) 

Lactic Acid 
(g/L) 

Acetic Acid 
(g/L) 

Ethanol (%v/v) 

CF1 3.61 ±0.07** 7.5 ± 0.2*** <0.05 ±0.00 0.20 ±0.01***  0.21 ±0.04* 11.6 ±0.0*** 

CF2 3.48 ±0.02 8.3 ± 0.1 <0.05 ±0.00 0.24 ±0.00 0.19 ±0.01 11.1 ±0.0 

 

Following MLF, there was a significant reduction in titratable acidity and a significant 

increase in acetic acid, and pH in both CF1 and CF2 trial wines (Appendix v).  

Table 5.7 Chemical parameters of 2019 CF2 wines at pressing (05/11/2019).  CONTROL (NO 
PRE-FERM-PRESS), T1 (PRE-FERM-PRESS), T2 (SAIGNEE), T3 (SAIGNEE+PRE-FERM-
PRESS). Figures represent duplicate assay means of treatment replicates ±SD Columns 
displaying different letters indicate significant difference (Tukey HSD p < 0.05). SD: Standard 
deviation.  

Treatments pH 
Titratable 

Acidity (g/L) 
Malic Acid 

(g/L) 
Glucose + 

Fructose (g/L) 
Acetic Acid 

(g/L) 

CONTROL 3.30 ±0.01ab 10.9 ± 0.2a 3.65 ±0.06a 0.20 ±0.02a 0.14 ±0.01a 

T1 3.28 ±0.04b 10.4 ± 0.2a 4.01 ±0.22a 0.19 ±0.02a 0.14 ±0.01a 

T2 3.33 ±0.04ab 11.2 ± 0.5a 3.77 ±0.16a 0.18 ±0.02a 0.16 ±0.02a 

T3 3.37 ±0.04a 10.0 ± 0.6a 4.17 ±0.24a 0.19 ±0.01a 0.18 ±0.07a 
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Chemical analysis comparison of CF1 treatment wines post MLF are 

compared in Table 5.9. MLF reduced malic acid concentrations to below the limit of 

detection in all CF1 wines. Lactic acid concentrations in SAIGNEE+PRE-FERM-

PRESS wines were significantly higher (0.26 ± 0.01 g/L) than the NO-PRE-FERM-

PRESS (0.20 ± 0.01 g/L) . No differences in lactic acid concentrations were found 

between PRE-FERM-PRESS, SAIGNEE or SAIGNEE+PRE-FERM-PRESS wines.  

PRE-FERM-PRESS (7.03 ± 0.18 g/L) and SAIGNEE (7.00 ± 0.17 g/L) wines had 

significantly lower TA (g/L) levels than SAIGNEE+PRE-FERM-PRESS (7.3 ± 0.2 g/L) 

and NO-PRE-FERM-PRESS (7.5 ± 0.2 g/L) wines. Acetic acid (g/L) concentrations 

in PRE-FERM-PRESS (0.37 ± 0.08 g/L) and SAIGNEE+PRE-FERM-PRESS (0.39 ± 

0.02 g/L) were greater than in SAIGNEE (0.23 ± 0.01 g/L) and the control (0.20 ± 

0.02 g/L) wines. There was no difference in pH or ethanol (%v/v) between the 

treatment wines and the control. 

 

Chemical analysis results of CF2 treatment wines post MLF are compared in 

Table 5.10. MLF reduced malic acid concentrations to below the limit of detection in 

all treatment wines. There were no differences found in lactic acid, acetic acid and 

ethanol concentrations between treatment wines and control. pH levels in 

SAIGNEE+PRE-FERM-PRESS (3.60 ± 0.02) wines were significantly higher than 

PRE-FERM-PRESS (3.48 ± 0.08) and NO-PRE-FERM-PRESS (3.48 ± 0.02). 

Table 5.9. Chemical parameters from 2019 CF1 treatment wines post-malolactic fermentation (MLF) (10/12/2019).  
CONTROL (NO PRE-FERM-PRESS), T1 (PRE-FERM-PRESS), T2 (SAIGNEE), T3 (SAIGNEE+PRE-FERM-
PRESS). Columns displaying different letters indicate significant difference (Tukey HSD p < 0.05).  Figures 
represent duplicate assay means of treatment replicates ±SD. Figures with < are below limit of detection (LOD). 
SD; Standard deviation 

Treatments pH 
Titratable 

Acidity (g/L) 
Malic Acid  

(g/L) 
Lactic Acid  

(g/L) 
Acetic Acid 

(g/L) 
Ethanol 
(%v/v) 

CONTROL 3.65 ±0.01a 7.5 ± 0.2a <0.05 ±0.00a 0.20 ±0.01b 0.20 ±0.02b 11.6±0.1a 

T1 3.80 ±0.03a 7.0 ± 0.2b <0.05 ±0.00a 0.25 ±0.04ab 0.37 ±0.08a 11.7±0.1a 
T2 3.79 ±0.06a 7.0 ± 0.2b <0.05 ±0.00a 0.21 ±0.00ab 0.23 ±0.01b 11.5±0.3a 
T3 3.75 ±0.04a 7.3 ± 0.2ab <0.05 ±0.00a 0.26 ±0.01a 0.39 ±0.02a 11.4±0.2a 



 118 

Significant differences were found in TA concentrations between SAIGNEE+PRE-

FERM-PRESS (7.5 ± 0.2 g/L), PRE-FERM-PRESS (8.5 ± 0.3 g/L) and NO-PRE-

FERM-PRESS (8.3 ± 0.0 g/L) wines. 

 

5.1.5. Wine tannin data  

Total extractable tannins were measured at two time points post-fermentation, 

first after pressing operations (POST PRESS), and once again three months post-

fermentation (3MONTHS). Comparison of treatment effects on total extractable 

tannin concentrations (µg/ml) in CF1 wines are presented in Table 5.11. Post-

fermentation (POST PRESS), there were no differences in total extractable tannin 

concentrations between treatments and the control. At 3MONTHS, significant 

differences in total extractable wine tannin concentrations were found between CF1 

NO-PRE-FERM-PRESS (274 ± 21 µg/ml) wines and SAIGNEE treatments (479 ± 38 

µg/ml).  

 

Table 5.10. Wine chemical parameters from 2019 CF2 treatment wines post-malolactic fermentation (MLF) 
(10/12/2019). CONTROL (NO PRE-FERM-PRESS), T1 (PRE-FERM-PRESS), T2 (SAIGNEE), T3 
(SAIGNEE+PRE-FERM-PRESS). Columns displaying different letters indicate significant difference (Tukey HSD 
p < 0.05).  Figures represent duplicate assay means of treatment replicates ±SD. Figures with < are below limit 
of detection (LOD). SD: Standard deviation 

Treatments pH 
Titratable 

Acidity (g/L) 
Malic Acid 

(g/L) 
Lactic Acid 

(g/L) 
Acetic Acid 

(g/L) 
Ethanol 
(%v/v) 

CONTROL 3.48 ±0.02b 8.3 ± 0.01a <0.05 ±0.0a 0.24 ±0.00a 0.19 ±0.01a 11.2±0.3a 

T1 3.48 ±0.08b 8.5 ± 0.3a <0.05 ±0.0a 0.23 ±0.02a 0.20 ±0.00a 11.1±0.2a 

T2 3.55 ±0.01ab 8.0 ± 0.4ab <0.05 ±0.0a 0.24 ±0.01a 0.21 ±0.03a 11.3±0.2a 

T3 3.60 ±0.02a 7.5 ± 0.2b <0.05 ±0.0a 0.25 ±0.00a 0.22±0.06a 10.9±0.3a 

Table 5.11 Comparison of treatment effects on total extractable tannin concentrations (µg/ml) in 
2019 CF1 wines measured at two time points: post fermentation (POST PRESS) and 3 months 
post fermentation (3MONTHS). CONTROL (NO PRE-FERM-PRESS), T1 (PRE-FERM-
PRESS), T2 (SAIGNEE), T3 (SAIGNEE+PRE-FERM-PRESS). Columns displaying different 
letters indicate significant difference (Tukey HSD p < 0.05).  

Treatment POST PRESS 3MONTHS 

CONTROL 223 ± 28a 274 ± 21b 

T1 345 ± 29a 429 ± 17ab 

T2 357 ± 49a 479 ± 38a 

T3 368 ± 53a 404 ± 40ab 
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Comparison of treatment effects on total extractable tannin concentrations in 

CF2 wines are presented in Table 5.12. Post-fermentation (POST PRESS) and at 

three months post-fermentation (3MONTHS), there were no differences in total 

extractable tannin concentrations between treatments and the control. 

 

Treatment effects on total wine tannin concentrations over time are compared 

in Figures 5.3 (CF1) and 5.4 (CF2). Comparison of CF1 treatments found PRE-

FERM-PRESS wines increased total extractable tannin concentrations significantly 

from 345 ± 29 µg/ml POST PRESS, to 429 ± 17 µg/ml at 3MONTHS but all other 

treatments did not show any differences over time.   

 

 

Table 5.12.  Comparison of treatment effects on total extractable tannin concentrations (µg/ml) 
in 2019 CF2 wines measured at two time points: post fermentation (POST PRESS) and 3 
months post fermentation (3MONTHS). CONTROL (NO PRE-FERM-PRESS), T1 (PRE-FERM-
PRESS), T2 (SAIGNEE), T3 (SAIGNEE+PRE-FERM-PRESS). Columns displaying different 
letters indicate significant difference (Tukey HSD p < 0.05  

Treatment POST PRESS 3MONTHS 

CONTROL 165 ± 29a 229 ± 19a 

T1 262 ± 27a 324 ± 36a 

T2 207 ± 19a 302 ± 25a 

T3 30 8± 38a 328 ± 21a 
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Figure 5.3. Total extractable tannin concentrations (µg/ml) in 2019 CF1 wines measured at 
two time points: post fermentation (POST PRESS) and 3 months post fermentation 
(3MONTHS) and 6 months post fermentation (6MONTHS). Asterisks indicate significant 
differences within treatments between the two time points using Students t-test (p < 0.1) *, (p 
< 0.05) **, (p < 0.001) ***.  CONTROL (NO PRE-FERM-PRESS), T1 (PRE-FERM-PRESS), 
T2 (SAIGNEE), T3 (SAIGNEE+PRE-FERM-PRESS). Error bars show standard error. 
 

 

Comparison of CF2 treatments found SAIGNEE wines increased total 

extractable tannin concentrations significantly from 207 ± 57 µg/ml POST PRESS, to 

302 ± 73 µg/ml at 3MONTHS whereas all other treatments did not show tannin 

differences over time. 
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Figure 5.4. Total extractable tannin concentrations (µg/ml) in 2019 CF1 wines measured at 
two time points: post fermentation (POST PRESS) and 3 months post fermentation 
(3MONTHS). Asterisks indicate significant differences within treatments between the two time 
points using Students t-test (p < 0.1) *, (p < 0.05) **, (p < 0.001) ***.   CONTROL (NO PRE-
FERM-PRESS), T1 (PRE-FERM-PRESS), T2 (SAIGNEE), T3 (SAIGNEE+PRE-FERM-
PRESS). Error bars show standard error. 

 

5.2 Discussion 

Pre-fermentation methods for managing tannin extraction are commonly used 

by winemakers in warm climates, where potential alcohol levels are high. Using pre-

fermentation methods avoids over extracting seed tannin, while still extracting 

enough skin tannin during fermentation. In cool climates, where grapes sometimes 

fail to reach adequate maturity levels, there is the risk of over extraction of seed 

tannin from immature seeds at low alcohol concentrations. Therefore, alternative 

methods that extract skin tannin early in the fermentation but minimize seed tannin 

extraction need consideration.  

  Skin tannin concentrations in our research grapes at harvest between CF1 

and CF2 were similar, but seed tannins were significantly different (Figure 5.1B). 

However, skin and seed tannin concentrations were within the medium percentile 

range in tannin concentrations according to the TanninAlert database (Table 5.1).  
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The average soluble solids in both treatment sites indicate the grapes would 

be considered underripe by commercial standards (<21°Brix). The lower Brix were 

probably due to the cooler growing season and delayed onset of véraison (Grape 

Growers of Ontario 2019 Vintage Report). The cooler weather resulted in reduced 

sugar accumulation in grapes across the Niagara Peninsula in 2019. Because of the 

cooler temperatures, acids were very high and pH levels were low. The high acid 

and low pH levels in the juice were not thought to effect the way tannins were 

extracted into the wine during fermentation, but the overall immaturity of the grapes 

will have had an impact on the extractability of the tannins from the grape skins and 

seeds (Quijada-Morín et al., 2015). We know that maturity impacts extractability of 

skin tannins in Cabernet franc grapes, and differences in grapes of 20 ºBrix and 26 

ºBrix have resulted in wine tannin concentrations of 731 mg/l and 1088 mg/l, 

respectively (Bindon et al., 2013). Our average of 20 ºBrix across both sites resulted 

in a maximum wine tannin concentration of 479 mg/l, less than the results reported 

by Bindon et al. (2013) in the warm climate of Australia. The amount of insoluble 

material (skin cell walls) in the grapes reduces in proportion to the increase in berry 

size as maturity increases (Hernández-Hierro et al., 2014). Therefore, it is possible 

that at 20 ºBrix, tannins accumulating in these areas could not be easily extracted 

(Geny et al., 2003; Cheynier et al., 2006; Bautista-Ortin et al., 2013). It is possible 

that the tannins were then subsequently absorbed by the yeast lees and other 

sediment products post-fermentation. These factors may be the reason why we saw 

similar concentrations of tannins across the treatments and control. As previously 

reported in literature, the ‘pool’ of tannins may not have diffused to the areas of the 

berry that allowed them to be extracted (Bautista-Ortín et al., 2016). The high acid 

and low pH conditions of the must may have facilitated cleavage of the inter-flavan 
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bonds, preventing tannins from forming stable proanthoncyanidin oligomers, and 

allowing them to polymerize with other products, such as yeast cells, proteins and 

carbohydrates that precipitated from solution (Cheynier et al., 2006).  

 Soleas, et al. (1998) tracked the extraction of phenolics during fermentation of 

Cabernet franc grapes grown in Niagara. Although this study followed phenolics and 

not tannins, it may provide some insight to the dynamics of extract during 

fermentation. It is unclear what sugar maturity level the Cabernet franc grapes were 

at harvest, but the figures were between 18 - 22 ºBrix, with final ethanol 

concentrations of 11.5 - 12.5%, similar results to those found in Cabernet franc 

wines in this study (Table 5.5). Catechin and epicatechin extraction were monitored, 

and catechin extraction began on day two of fermentation and epicatechin on day 

three. It took ~6.5 days for catechin and epicatechin to reach the maximum 

concentrations and were extracted at 9.35 mg/L and 5.68 mg/L, respectively. These 

and other phenolic compounds took various times to reach maximum concentrations. 

These extraction rates were compared to three other grape varieties, and Cabernet 

sauvignon and Cabernet franc phenolics took longer to accumulate and extract 

during fermentation than phenolics from Pinot noir and Gamay. The authors 

concluded that the most important factor of wine polyphenol accumulation was the 

initial concentrations of these compounds in the berry at harvest. These conclusions 

reinforce the need for monitoring and recording of grape tannins during the ripening 

process, which will inform harvesting decisions. Soleas, et al. (1998) determined SO2 

additions were found to positively affect epicatechin concentrations in red wine. SO2 

is added to must and wine to help prevent the formation of acetaldehyde and 

quinones via oxidation reactions and inhibits microbial growth, protecting the wine 

from becoming vinegar, turning brown, or becoming infected with spoilage 
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microorganisms. Sulphonated phenolics have recently been described as important 

components in wine stability and ageing (Arapitsas, et al., 2018). Sulphonated forms 

of proanthocyanidins were reported in greater concentrations in wines that had been 

aged for up to ten years. Soleas, et al. (1998) concluded that SO2 was one of the 

important influences for stability of young wine and preventing loss of phenolics. In 

our study, due to the high quality of the fruit at harvest (no negative impacts of 

disease pressure or berry damage), sulphite additions were not made pre-

fermentation, which may have had a negative impact on the potential tannin stability, 

contributing to the low concentrations of total extractable tannins in the wines.  

With reference to the pre-harvest results in Section 3.3.1, in 2019, it was seen 

that in CFI1 and CF2 sites, skin tannin concentrations did not increase during 

ripening and total extractable seed tannin concentrations also decreased towards 

harvest.  This had the next effect of reducing the differences in total grape tannin 

between sites at harvest.  As previously discussed, skin tannins are important for 

total tannin concentrations (Springer & Sacks, 2014), so perhaps the lack of skin 

tannin accumulation had an impact in the final wine tannin concentrations in this 

study. As discussed in Section 4.2, skin tannins have been reported to reach a peak 

at véraison and plateau during ripening (Harbertson, et al., 2002). Therefore, it was 

likely the extractability of the skin tannins resulted in the low concentrations seen in 

the wine.  

A novel method of pre-fermentation tannin extraction by shredding the grape 

skin components of the berry was investigated by Sparrow et al. (2016a); Sparrow, 

et al.  (2016b), using accentuated cut edges (ACE) technology, and was recently 

evaluated by (Kang et al., 2020). ACE is a method which essentially cuts up the 

skins of grapes after crushing, reducing the skin particle size, increasing the surface 
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area for potential skin tannin extraction, but retaining seed integrity (Sparrow et al., 

2016a). Since this technique requires specialist equipment which has an economic 

cost, we theorised pre-fermentation pressing of the grapes, after crushing and de-

stemming using equipment already present in the winery, could mimic this effect. We 

hypothesized that it could disrupt the skin cell walls sufficiently enough so that an 

increase of potential skin tannin extraction occurs. Releasing more of the grape pulp 

from the berry before fermentation would expose the seeds earlier during 

fermentation, which may lead to an increase in colour stability and tannin 

concentrations. However, that was not observed. 

Saignée is an older technique used as a way of concentrating colour and 

flavour of red wines (Budic et al., 2017) and was applied as an additional factor for 

comparison. In combination with pre-fermentation pressing treatments, we were 

expecting great differences in total wine tannin concentrations. Therefore, it was 

surprising to see no differences at all. As previously discussed, these outcomes can 

be linked to the grape maturity at harvest, which would have negatively affected 

tannin extraction during fermentation.  

 Sparrow et al. (2016a) compared the ACE treated wine with those treated with 

enzymes, with and without the presence of seeds. Wine tannin concentrations 

increased 6-fold from fermentations with ACE treatments in the presence of seeds. 

The removal of seeds drastically reduced the total tannin content and resulted in a 

30% decrease in anthocyanin concentrations, reinforcing the importance of seed 

tannin extraction into wines. Colour density was also significantly reduced, 

demonstrating seeds are an essential fermentation component for colour stability. 

However, hue (colour) and sulphite resistant pigments were not impacted. It was 

shown that extraction of phenolic compounds was higher from grape skins than 
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seeds with ACE treated wines. Their results showed statistically significant 

differences in total tannin concentrations between the control wines with seed 

removed during fermentation (~0.30 g/L), and the ACE treated wines with or without 

seed removal (~1.95 g/L). Interestingly, there was no difference in tannin 

concentrations between wines with ACE treated skins and ACE treated skins with 

the seeds removed.  

CF1 and CF2 wines post pressing found that none of the three treatments 

(pre-fermentation pressing, saignée, and pre-fermentation pressing + saignée) had 

an effect on the total extractable wine tannin concentrations in the wines. It was 

suggested by Sparrow et al. (2016a) that despite a high concentration of tannins 

following the application of ACE in the presence of seeds, an equilibrium effect 

occurred between the free anthocyanins and co-pigmented tannins, and the nature 

of the seed tannins that reduced the potential to form more stable tannin polymers. 

This could explain the results found in the 2019 Cabernet franc wines. This 

consideration is interesting for the saignée treatment wines because an increase in 

the ratio of potential extractable skin tannins to juice could result in greater overall 

tannin concentrations in the wine. Sparrow et al. (2016a) trials with and without the 

presence of seeds highlight the influence of seed tannin extraction on the stability 

and concentrations in the resulting wines, a likely a factor in our results. This is also 

a further indication that extractability and solubility of grape tannins plays a part in 

the overall concentrations.  

In the ACE treated Pinot noir wine of the Sparrow et al. (2016a) study, there 

was over a 50% increase in wine colour density but no difference in hue (colour). 

Kang et al. (2020) compared their ACE treated Shiraz wines results to the Sparrow 

et al. (2016a) investigation and noticed the colour increase was not as great in their 
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wines. The Shiraz wines had a 17% increase in colour density and 8% increase in 

unbleachable pigments, compared to the Sparrow et al. (2016a) trial of a 5% and 

95% increase, respectively. This difference is most likely due to the different grape 

varieties. Kang et al. (2020) argues that Shiraz grapes have more readily extractable 

tannins than Pinot noir which may promote colour stability, as co-pigmentation 

reactions between tannins and anthocyanins may occur earlier during Shiraz grape 

fermentations. Future colorimetric analysis on the 2019 Cabernet franc wines would 

allow for comparison to these two previous studies. 

In the Sparrow et al. (2016a) study, wine tannin concentration increased over 

time by an average 7% in all treatments when compared to the control. Results in 

our study showed that total extractable tannin concentrations of the CF1 pre-

fermentation pressing treatment wines increased significantly at three months post 

pressing (Figure 5.3). Differences in tannin concentrations were significantly higher 

in the CF2 saignée treated wines when measured at three months post pressing 

(Figure 5.4). Even when compared to previous studies, it is difficult to attribute the 

treatment effects to these significant increases in total extractable tannin 

concentration over time, because they are not shared in the same treatment 

application in either the CF1 or CF2 trials.  

Malolactic fermentation (MLF) was conducted in the 2019 Cabernet franc 

wines due to the high titratable acidity (TA g/L) concentrations at harvest, which 

remained at high concentrations post-fermentation. MLF is the conversion of malic 

acid into lactic acid by lactic acid bacteria (LAB). It is a winemaking method used to 

reduce the concentration of the sharp-tasting malic acid to softer tasting lactic acid 

(Waterhouse et al., 2016b). This is due to differing pKA values and conversion of the 

reactive diacid into a less reactive monoacid. Cañas et al. (2015) compared co-
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inoculation of LAB with yeast during fermentation with sequential inoculation (adding 

LAB to finished wine), to see if total tannin concentrations were affected by MLF. 

Using MCP to analyse the total tannin concentrations, the authors found that neither 

sequential inoculation nor co-inoculation with LAB altered the total tannin 

concentrations in Cabernet franc wines (144.97 g/L and 146.00 g/L, respectively). 

The co-inoculation method was more successful in producing more lactic acid (1.06 

g/L) than the sequential inoculation (0.97 g/L), which is something to consider if 

malic acid concentrations are particularly high. Unfortunately, the Cañas et al. (2015) 

investigation did not include fermentations without MLF. Therefore, there was no 

control to compare the tannin concentrations, but this was not the predominant 

objective of the study. The application of MLF used in our trials in 2019 was a 

differentiating factor in the winemaking over the two years of winemaking trials but 

considering the literature and knowing the complexity of tannin accumulation, 

extraction, and stability, it is safe to assume the impact would be negligible on tannin 

concentrations in our wines. The higher acid concentrations and changes resulting 

from MLF in the 2019 wines would likely be observed in sensory evaluation results.  

 Analysing the 2019 Cabernet franc total extractable tannins after three months in 

storage revealed a significant increase in tannin concentrations in the CF1 saignée 

wines. To find no difference in tannin concentrations in the combined pre-

fermentation pressing + saignée treatments, in both the CF1 and CF2 treatment 

wines, is unexpected. In other studies, saignée has been found to have minimal 

effects on total tannin concentrations, but positive and negative effects on 

anthocyanins and colour stability, depending on the volume of juice removed 

(Harbertson et al., 2009; Budic et al., 2017; Gawel et al., 2001). In our study 14% of 

the total juice volume was removed pre-fermentation and no immediate effects post 
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fermentation after pressing were found. The literature suggests the proportion of 

juice removed by saignée has been demonstrated to impact tannin concentration 

inconsistently (Gawel et al., 2001; Harbertson et al., 2009; Budic et al., 2017). In 

contrast to our study, Harbertson et al. (2009) found that saignée treatments of 

Merlot grapes produced higher wine tannin concentrations compared to the control. 

A 16% juice removal (low) saignée treatment produced higher concentrations of 

tannins than 32% juice removal (high) saignée treatment. Cabernet franc results in 

our study do not support this previous research, likely due to differences in grape 

variety and other factors discussed previously. It was estimated that low saignée 

fermentation extracted 45% of skin tannin and 17% of seed tannins, but in high 

saignée treatments, less skin tannin 33% and greater seed 22% tannins were 

extracted (Harbertson et al., 2009). In another study, Gawel et al. (2001) used two 

different Shiraz vineyard sites to compare 10% and 20% saignée treatments to a 

control trial. The saignée treatments had higher concentrations of phenolic 

compounds post-fermentation, and after 6 months in storage. Phenolic 

concentrations between the 10% and 20% saignée treatments were more 

pronounced after 6 months aging compared to the control in wines from one site, but 

a difference between the treatments was not observed. In the other site, the 

significant differences observed between treatments post-fermentation were no 

longer apparent following a decrease in phenolic compounds during aging, 

demonstrating the equilibrium effect suggested by Sparrow et al. (2016a). Unlike the 

results reported by Harbertson et al. (2009), differences between saignée treatments 

on total tannin content was not observed. The site comparison in the Gawel et al. 

(2001) study reflects the outcomes of our saignée trails in the grapes harvested from 

two different Cabernet franc sites and reinforces site differences as a leading factor 
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in resulting tannin and phenolic content in wine. Gawel et al. (2001) also reported no 

significant impact of anthocyanin concentrations when comparing the saignée 

treatments to the control wines. The effect on anthocyanins is variable when 

comparing the volume of juice removed but is probably also variety dependent. 

Budic et al. (2017) applied a 10% saignée treatment on Teran grapes that resulted in 

lower anthocyanin concentrations than the control wines. Harbertson et al. (2009) 

observed much greater anthocyanin extraction and concentrations in all saignée 

wines made with Merlot. Further colorimetric analysis of the 2019 wines will provide 

an opportunity for comparison to these previous findings.  Budic et al. (2017) 

quantified the tannin extractions and found that saignée treatments produced higher 

total tannin concentrations (346 mg/L) when compared to the control (289 mg/L), 

which support our findings in both CF1 and CF2 saignée trials. The authors found 

that saignée was more effective than cold pre-fermentation maceration and just as 

effective as pre-fermentative and post fermentative heat treatments. 

  Our results demonstrate pre-fermentation pressing is not effective in 

increasing tannin concentrations in wine or as an alternative to ACE technology. 

Saignée treatments were shown to have some impact in CF1 trial wines, but this was 

not reflected in the CF2 trials. Analysing the wines as they age may reveal more 

treatment effects, which we observed in our 2018 trial wines.  

The theory that a loss of tannin concentration occurs during wine making can 

be tested further through chemical analysis and categorizing the tannins extracted 

during fermentation. Colorimetric analysis and sensory evaluations of the wines will 

allow more comparisons to previous literature, thus establishing further 

understanding of the possible treatment effects in Cabernet franc wines grown in the 

Niagara Peninsula in 2019.  
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Chapter 6. Discussion and Conclusions  
 

Knowledge of grape tannin concentration and composition at harvest and 

understanding about how to best manage tannins during winemaking, is important 

for improving red wine quality in cooler climates.  

The pre-harvest monitoring of total extractable tannin concentrations in the skins and 

seeds from six different Cabernet franc vineyards in the Niagara Peninsula wine 

region will contribute to a database that will provide historical and categorical 

information on grape tannins linked directly to the grape variety, site location and 

seasonal variations. Winemakers can use this data to guide harvesting and 

fermentation decisions as understanding potential total extractable tannin 

concentrations in the grapes may require different methods of extraction, depending 

on the desired wine style. In years with low grape tannin concentrations, using 

extended maceration pre- and post-fermentation may extract more of the potential 

extractable tannins (Ghanem et al., 2019). In years when grape seed tannin 

concentration is high, it may be beneficial to press the wine off the skins and seeds 

before the end of alcoholic fermentation, reducing the impact of seed tannin 

extraction on the wine (Lee et al., 2008).  

With every season of monitoring, the data specific to Cabernet franc grown in 

the Niagara Peninsula are updated and augmented to create a varietal ‘fingerprint’ 

unique to the region and climate of Southern Ontario. These data can then be 

compared to global data on the variety, which will further the understanding of the 

Cabernet franc grape (variety) and the growing conditions that impact in tannin 

biosynthesis and accumulation. Barbeau et al. (1998) evaluated Cabernet franc in 

the Loire region of France. They postulated 15 years-worth of data would be required 

before they could confidently identify what was an ‘average’ year and how the data 
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could be linked to the differences in growth, leaf size and productivity, which were 

also attributed to different locations.  

Total extractable seed tannin concentrations in CF1 and CF2 were 

significantly higher in 2018 when compared to 2019. This indicates poor seed 

maturity development in 2018 not allowing for a hardened seed coat to form, 

resulting in higher seed tannin extraction. Across all sites, there was a variation of 

extractable seed tannin concentrations (200 - 825 µg/berry), which could be 

attributed to climatic variation, cultural variations, or variability of sites across the 

Niagara Peninsula. Comparing the skin and seed tannin concentrations at harvest 

over multiple years can provide us with a snapshot of the possible impact climate, 

weather events and specific growth conditions have on the accumulation of skin 

tannin and maturity development of grape seeds. Skin tannin levels at harvest 

across all sites showed less variability than seed tannins at harvest in 2018, 

observations which were inversed in 2019 (Appendix vi). This demonstrates the 

seasonal variability across the Niagara Peninsula wine region, and the importance of 

grape tannin development monitoring.  

The results of this investigation demonstrate seed maturity and development 

is an important consideration when growing and harvesting Cabernet franc in the 

Niagara Peninsula. The risk of harvesting grapes with insufficient seed maturity has 

the potential to over-extract undesirable amounts of seed tannin into the wine that 

would have a negative impact on wine quality. Our investigations reinforce the need 

for continuous seasonal monitoring of grape tannins to provide a representative 

profile of the grape varieties grown in the Niagara Peninsula. TanninAlert facilitates 

access to these data, providing on-hand, real time data of skin and seed total 

extractable tannin concentrations in the leading red grape varieties grown in the 
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Niagara Peninsula wine region. These data are important, not only for growers and 

winemakers of Niagara, but also to progress the academic understanding of growing 

Cabernet franc grapes in a cool climate.  

Cabernet franc grapes grown in different locations of the Niagara Peninsula 

need to be managed differently to control the tannin extractions in the wines. 

Observed trends over time suggest treatments have an influence on the behaviour of 

tannin polymerisation and stability but are site specific. This suggests that Cabernet 

franc varietal wines can be produced using low pressure treatments without 

compromising the concentration of total tannins. This may contribute to improved 

wine quality. 

Different press fractions are often separated by winemakers, who value the 

free-run fraction (wine that drains freely from the fermented grapes) above the wine 

that is pressed out of the fermented grapes. Press fractions are also thought to have 

varying degrees of quality, based upon taste and tannin perception, with the final 

hard-pressed fraction (pressed at the highest pressure) deemed to be of lesser 

quality. Winemakers sometimes choose to age these different fractions separately, 

using them for different styles of wine or create blends from the various fractions. 

Our sensory evaluation results show that press fractions have little influence on the 

liking and acceptance of Cabernet franc red wines made in Niagara.  

The suspected loss of tannins during wine making in the 2019 study made it 

challenging to compare the results to previous literature. Although, some clear 

connections between grape ripeness and tannin extraction and stability were made, 

similar to the study by Nel et al. (2014). Evaluating results against the literature 

indicates tannin quality and perception have a lot to do with the reactivity of tannins 

during fermentation and during storage, supporting the need for further investigation 
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using sensory evaluations of the 2019 wines. For future sensory evaluations it may 

be more suitable to use a panel of people from the wine industry, whose expertise 

and judgment may be more suited to evaluating research wines which are not oak 

aged and are only a few months old.  

Ripeness levels in Niagara Peninsula Cabernet franc grapes do not reach the 

potential alcohol levels seen in warmer climates, meaning the risk of over-extracting 

seed tannins in this way is minimal. However, lack of seed maturity poses a risk of 

over extracting the seed tannin due to under-ripeness, and a lack of a hard, lignified 

seed coat. Suggestions for future winemaking investigations would be to evaluate 

methods associated with early tannin extraction during fermentation to avoid 

extracting these tannins.  

In answer to the questions in Chapter 3: Does skin tannin increase, and seed 

tannin decrease as Cabernet franc grapes mature from veraison to harvest? We 

have demonstrated that skin tannin concentrations in Cabernet franc grapes tend to 

increase, before declining as grapes reach maturity, and seed tannin extractability 

does decline as grape maturity increases. Secondly, do Cabernet franc skin and 

seed values at harvest vary among sites in the Niagara Peninsula, and from vintage 

to vintage? We have seen that skin and seed tannin values in Cabernet franc are 

variable among sites and are variable across two vintages. These data require 

additional vintage skin and seed values for comparison to identify if seasonal 

variation is a factor in the variable tannin concentrations. More information of the 

vineyard site conditions, and viticultural practices is required to evaluate the 

differences in tannin values across the six vineyard locations.  

To answer the questions in Chapter 4: Do different post-fermentation pressing 

treatments affect total extractable tannin concentrations? We demonstrated different 
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pressure treatments do not impact the total extractable tannin concentrations post-

fermentations but pressing wine at higher pressures may impact tannin stability. In 

answer to the second question: Will there be a correlation between various pressing 

treatments and consumer preferences as determined by sensory evaluations? No 

preference was identified among 132 consumers between wines pressed at higher 

pressures and wines made without pressing treatments.  

The questions being addressed in Chapter 5 were: Does pre-fermentation 

pressing of grape berries increase the total extractable tannin concentrations in 

wine? We found pre-fermentation pressing treatments had no impact on tannin 

concentrations in wines when compared to the control. The second question asked if 

the increased ratio of grape berries to juice via saigneé increase total extractable 

tannin concentrations in wine? We found no evidence that saigneé treatments 

impact total extractable tannin concentrations in Cabernet franc wines compared to 

the control. Possible treatment impacts may be revealed in the 2019 wines with an 

additional third wine tannin measurement, as was observed in the 2018 wines. 
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Difference and preference testing of red wines for TanninAlert. 
 
Department/Institute: Brock University, Department of Biological Science/Cool 
Climate Oenology and Viticulture Institute 
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The Research Study: 
 

The main objective of this project is to improve Ontario red wine quality, by ensuring 
grape phenolic ripeness is incorporated into harvest decisions, and to identify the 
best tannin management techniques during winemaking for Pinot noir, Cabernet 
franc, Cabernet sauvignon and Gamay grapes at variable skin and seed tannin 
levels. Chemical, sensory and consumer preference analysis of research wines with 
both a consumer panel and Ontario winemakers to determine which techniques 
produced wines with highest consumer appeal.  
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The Procedure: 
 
You are invited to participate in this study!  
 
The whole session will last approximately 90 minutes. If you agree to participate in this 
study, we will ask you to complete the following activities for the red wine samples: 
 
1. Preference test on 12-14 wine samples. Participants will be asked to taste each 
sample and rate their degree of liking on a line scale anchored from dislike extremely 
to like extremely and to describe the red wine sample by checking off attributes from 
a list of terms.  
 
2. Answer a questionnaire to record demographic data, attitude and beliefs regarding 
red wines for the purpose of better understanding the participants. 
All wines must be spit out (expectorated) into spittoons and no wine is to be swallowed 
during the sessions. At the end of the session, you will take a breathalyser test to 
ensure that your blood alcohol content is below the legal limit (BAC: 0.05, 5%) for 
driving.  
 
You will be compensated for your time as described in the payment for participation. 
If you would like to find out more about the samples you see today, we would be more 
than happy to provide you with the information once the study is complete. 
 
POTENTIAL RISKS AND DISCOMFORTS 
The expected risks are no greater than those encountered in normal daily food and 
beverage consumption. If you know that wines or alcohol cause you discomfort or you 
are allergic to them please do not partake in this study. Water is at your disposal.  
 
Participants must be of legal drinking age (19 years old or older) with proper 
identification. You must not have consumed any other alcohol on the day of the study 
or be knowingly pregnant. You must not be taking prescription or non-prescription 
medication for which the label instructions or a medical professional have advised 
against alcohol consumption. You should not participate if you have any other medical 
reason for abstaining from alcohol. 
 
POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
Information collected by this study will help us to have a better understanding the 
consumer perceptions of red wine. 
 
PAYMENT FOR PARTICIPATION 
We will provide a $20 gift card (various sources) for participating in a 90 minute 
session. 
 
All participants must bring photo identification i.e. passport or driving license, with 
them on the day of each sensory analysis session they attend. These will be 
checked upon arrival by the PI and Co-PI, to ensure that participants are over 19 
years of age in accordance with Canadian law, Vineland Research and Innovation 
Centre research ethics, and the Brock University’s Research Ethics Board 
guidelines.  

 



 149 

All wines will be spat out into spittoons and no wine is swallowed during sensory 
evaluation training and data collection sessions. Therefore, it is important to know that 
volume spat out by each participant will be measured against the wine volumes 
provided after each session to ensure no wine is consumed by anyone. This is 
standard practice in CCOVI sensory analysis. If anyone is observed consuming 
alcohol they will be removed from the study immediately. You will be tested with a 
BACtrak BT-S35 breathalyser in order to ensure that they are below the legal alcohol 
limit (0.05 or 5%). If you arrived at Vineland Research and Innovation Centre on a 
personal motor vehicle with a G1, G2, M1, or M2 license must have a blood alcohol 
concentration of 0 or (i) provide evidence of an alternative means of transportation or 
(ii) travel with a fully licensed driver with 4 years or more of driving experience and a 
blood alcohol concentration below 0.05. If anyone has consumed alcohol and are 
confirmed to be intoxicated following a breathalyser test, PI or Co-PI, will arrange for 
a taxi cab, at the participants expense, as an alternative form of transport. 
 
Benefits/Risks 
 
Benefits: 
 
Using unsuitable winemaking techniques can lead to lower extractable phenolic 
concentrations (tannins) and consequently, unfavourable characteristics in the final 
wine such as less fruity flavours, lighter colour, and more green (bitter) aromas. Due 
to this, sensory and consumer analysis is required over several years of this project 
to allow for accurate winemaking recommendations to provide the necessary tools 
for Ontario’s winemakers to make informed decisions on best tannin management 
practices. By volunteering in this study, participants will be contributing to the 
growing body of data that will support the improvement of red wine quality in Ontario.  
 
Risks: 
 
Participants must not be allergic to any ingredients in the product(s) to be consumed 
i.e. alcohol, sugar, wheat, gluten.  
 

• Participants must be of legal drinking age (19 years or older) with proper 
identification. You must not have consumed any other alcohol on the day of the 
study or be knowingly pregnant. Must not be knowingly allergic to alcohol or 
any ingredients used in the production of sparkling wine including wheat, 
cheese or milk. It is worth noting that no milk, wheat or cheese products have 
been used during winemaking of these research wines but they do contain 
alcohol, sugar, sulfur dioxide (30ppm), and yeast was used to ferment the grape 
juice but as the wines were filtered yeast has been removed. You must not be 
taking prescription or non-prescription medication for which the label 
instructions or a medical professional have advised against alcohol 
consumption or have any other medical reason for abstaining from alcohol.  
 

• If an allergic reaction still occurs, the facilities where the experiments will take 
place (sensory facility at Vinland Research and Innovation Centre) is equipped 
with an EpiPen, which will be used according to instructions. During the study 
sessions, the PI and Co-PI, will be present to ensure protocol compliance and 
will a fully-charged cell phone to call 911 and campus security if an emergency 
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is to occur. There are no options for a less risky alternative, as wine must be 
tasted in order to conduct this study.  

 
Criteria for Participation: 
To participate, you: 

i. Must be of legal drinking age (19 years or older with proper identification) 
ii. Must not have consumed any other alcohol on the day of the study 
iii. Must not be knowingly pregnant 
iv. Must not be allergic to alcohol or any ingredients in the wine (i.e. yeast, sugar, 

sulphur dioxide (30ppm) and yeast) 
v. Must not be taking prescription or non-prescription medication for which the 

label instructions or a medical professional have advised against alcohol 
consumption 

vi. Must not have any other medical reason for abstaining from alcohol or be 
knowingly allergic to alcohol 

vii. Only those that have consumed alcohol previously and not shown an allergic 
reaction can participate in this study.  

 
This study involves wine tasting and all samples must be spat out or they will be 
removed from the study. Any data collected from a participant who wishes to withdraw 
at any stage of the study may do so and all 3-digit code keys destroyed along with any 
personal information. There will be no consequences for the participant if they 
withdraw. There is no penalty if participants wish to withdraw after the study is 
completed and the personal 3-digit code key identifier and personal details will be 
destroyed but sensory data acquired from the relevant sensory evaluation session will 
remain. If participants wish to withdraw after the study is completed please contact 
Belinda Kemp bkemp@brocku.ca with your 3-digit code and she will remove all 
personal information straight away upon your request. An electronic copy of all data 
will be retained indefinitely in case the data needs to be re-analysed (whether for 
publishing or correctional purposes). However, personal identifiers (your 3-digit code) 
will be destroyed after data collection is complete. The researcher plans to have a pool 
of 15 people, based on participant availability to ensure that there will be a minimum 
of 5 participants per session. Participation, non-participation and withdrawal from the 
study will not affect your standing at Brock University. Any postgraduates, 
undergraduates, and Faculty members that are colleagues of Belinda Kemp or 
managed by her are under no pressure to participate.  
 
Responsibilities: 
 
Once you have contacted us with your interest in participation, we will email you a 
copy of the consent form for you to review and ensure that you meet the eligibility 
criteria. You may then bring a hard copy already signed, with you, or you can sign a 
copy of the consent form upon your arrival, prior to beginning testing. You are 
responsible for attending all sessions that you agree to and have confirmed to attend 
of the difference and preference testing (total 90 minutes). The consent form that you 
will sign in the first session will be applicable to the second session and consent 
concepts will be reviewed when you attend the second session. You will need to bring 
photographic identification with you to each session you attend.  
 
Publication of Results 

mailto:bkemp@brocku.ca
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It is expected that the results of this study will be presented in a scientific journal, trade 
articles and industry conferences. Please feel free to contact Dr Belinda Kemp 
(bkemp@brocku.ca) at any time should any questions arise, or for information on the 
progress or results of the study. Results from the studies will be made available to 
participants via the CCOVI lecture series and all participants will be invited to attend 
via posters and emails to staff and students but the lectures can also be viewed online 
and are promoted on Twitter, then afterwards loaded onto the CCOVI Outreach 
website for viewing by everyone.  
Links to these lectures can be found here: https://brocku.ca/ccovi/outreach-
services/ccovi-lecture-series.   
 
Confidentiality 
Participants first and last names will be required to check identification and eligibility 
for the study (participants must be over the age of 19) and assigned a 3-digit numerical 
code key secured by the PI. Participant names will not be required or be retained once 
data collection is complete and will be changed to participant 1, participant 2 etc. Any 
data collected from a participant who wishes to withdraw at any stage of the study may 
do so and all 3-digit code keys destroyed along with any personal information in the 
form of the signed consent form. There will be no consequences for any participant 
that wished to withdraw. There is no penalty if you wish to withdraw once the study is 
completed and your personal 3-digit code key identifier and personal details will be 
destroyed. However, any sensory data acquired from the relevant sensory evaluation 
session will be retained. 
If you wish to withdraw after the study is completed please contact Belinda Kemp 
bkemp@brocku.ca with your 3-digit code and she will remove all personal information 
straight away. An electronic copy of all data will be retained indefinitely in case the 
data needs to be re-analysed (whether for publishing or correctional purposes). All 
data will be confidential. Paper consent forms will be stored under lock and key for 7 
years. Electronic data will be stored in under a password protected file accessible to 
Dr Kemp, Dr Bowen and Leah de Felice Renton. There will be no identifying 
information that will link you to your data, in any publication or presentation of data. 
Data might be used in the future if new statistical sensory analysis methods or software 
become available that was not accessible at the time of the original study, or to 
compare wines made from the same treatments several years later to compare the 
effects of bottle aging on wine flavor differences.  
Ethics Clearance: 
 
This program has been reviewed and received ethics clearance through the Research 
Ethics Board at Brock University #FILE: 18-223 - KEMP (previously 13-150). If you 
have any comments or concerns about your rights as a research participant, please 
contact the Research Ethics Office at (905) 688-5550 Ext. 3035, reb@brocku.ca. 
  
Consent: 
 
The purpose of the research has been explained to me, including the potential 
risks/discomforts associated with the research. I have also been given the opportunity 
to ask questions about the research and received satisfactory answers, and know that 
I may continue to ask questions and receive satisfactory answers throughout the 
study. 

mailto:bkemp@brocku.ca
https://brocku.ca/ccovi/outreach-services/ccovi-lecture-series
https://brocku.ca/ccovi/outreach-services/ccovi-lecture-series
mailto:bkemp@brocku.ca
mailto:reb@brocku.ca
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I understand that I am free to withdraw my participation in the research at any time 
up until data is analysed and my 3-digit code key identifier is destroyed and that if I 
do I will not be subjected to any penalty or discriminatory treatment. I understand I 
may decline to answer any questions or participate in any component of the study. I 
also understand my participation in this project is on a voluntary basis, and no 
remuneration will be provided by Brock University in exchange for my participation. 
 
I understand that any information or personal details gathered in the course of this 
research about me are confidential and that neither my name nor any other identifying 
information will be used or published without my written permission.  
 
This study has been reviewed and cleared by the Brock University Research Ethics 
Board. 
I understand that if I have any complaints or concerns about this research I can 
contact: 
Research Ethics Officer, Office of Research Services, Brock University, Ph: 905 688 
5550, ext: 3035; reb@brocku.ca 
 
I consent to participate in the current study where my anonymized data will be 
kept indefinitely for the purposes outlined in the consent form above: 
 

☐ Yes 

☐ No 

 
I consent to the use of my anonymized data in future studies, outside the scope 
of the current study (e.g., re-analysis with new statistical methods, to answer 
new research questions, etc.). I understand that this consent form will be kept 
for 7 years. 

☐ Yes 

☐ No (my data will only be kept for the purposes of the current study) 

 
Signature:  
................................................................…...................................................................
.. 
 
 
Date:......................................................................………............................................. 

  

mailto:reb@brocku.ca
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Appendix iii. 
All wines for Week 1 Consumer Testing, with Flight order (#): 

o FreeA_CF_Fielding and FreeC_CF_Fielding as a warm-up sample.  

 
1. Con_CF_Fielding (Blend 

(50:50) of ConB_CF_Fielding 

and ConC_CF_Fielding) 

2. Low_CF_Fielding (Blend 

(50:50) of LowA_CF_Fielding 

and LowB_CF_Fielding) 

3. High_CF_Fielding (Blend 

(50:50) of HighB_CF_Fielding 

and HighC_CF_Fielding) 

4. Con_CF_Lawrie (Blend (50:50) 

of ConA_CF_Lawrie and 

ConB_CF_Lawrie) 

5. Low_CF_Lawrie (Blend (50:50) 

of LowA_CF_Lawrie and 

LowB_CF_Lawrie) 

6. Free_CF_Lawrie (Blend (50:50) 

of FreeA_CF_Lawrie and 

FreeC_CF_Lawrie) 

7. HighA_CF_Lawrie 

8. ConC1_CS 

9. T1b_CS 

10. T2b_CS 

11. T3b_CS 

 

# Wine Code 
Flight # 
on Oct 

15 

Flight # 
on Oct 

16 

Flight # 
on Oct 

16 

Flight # on 
Nov 5/6 

0 
warm-up: FreeA_CF_Fielding  

(use FreeC_CF_Fielding when run 
out ) 

458 n/a n/a n/a n/a 

1 Con_CF_Fielding  384 1 3 2 3 

2 Low_CF_Fielding 831 1 3 2 3 

3 High_CF_Fielding 167 1 3 2 3 

4 Con_CF_Lawrie 604 2 1 3 2 

5 Low_CF_Lawrie 503 2 1 3 2 

6 Free_CF_Lawrie 275 2 1 3 2 

7 HighA_CF_Lawrie 795 2 1 3 2 

8 ConC1_CS 148 3 2 1 1 

9 T1b_CS 870 3 2 1 1 

10 T2b_CS 936 3 2 1 1 

11 T3b_CS 720 3 2 1 1 
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All wines for Week 2 Consumer Testing, with flight order (#): 

o Con3_Pinot Noir and Con1_Pinot Noir as warm up sample. 
 

1. T1a_Pinot Noir 

2. T2a_Pinot Noir 

3. T2b_Pinot Noir 

4. T2c_Pinot Noir 

5. T3a_Pinot Noir 

6. Con2_Pinot Noir 

7. T1b_Gamay 

8. T2c_Gamay 

9.  T3b_Gamay 

10.  Con1_Gamay 

11.  Con3_Gamay 

 

# Wine Code 
Flight # 
on Oct 30 

Flight # 
on Oct 31 

Flight # 
on Nov 1 

Flight # 
on Nov 6 

0 
warm-up: Con3_Pinot Noir 
(use Con1_Pinot Noir when run 
out ) 

231 n/a n/a n/a n/a 

1 T1a_Pinot Noir 361 1 2 1 2 

2 T2a_Pinot Noir 675 1 2 1 2 

3 T2b_Pinot Noir 509 1 2 1 2 

4 T2c_Pinot Noir 928 1 2 1 2 

5 T3a_Pinot Noir 724 1 2 1 2 

6 Con2_Pinot Noir 129 1 2 1 2 

7 T1b_Gamay 426 2 1 2 1 

8 T2c_Gamay 597 2 1 2 1 

9 T3b_Gamay 862 2 1 2 1 

10 Con1_Gamay 638 2 1 2 1 

11 Con3_Gamay 271 2 1 2 1 
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Appendix iv. 
 

 

Appendix v. 
Table 1. Analysis of pH in 2019 CF1 trail wines pre- and post-malolactic fermentation 
(MLF). An increase in pH occurred from an average of 3.5pH to 3.7pH. Differences 
were analysed using Student’s t-test with a confidence set at 95% (p < 0.1)*, (p < 
0.05)**, (p < 0.001)*** 

Treatment Pre-MLF Post-MLF Student’s t-test 

CONTOL 3.4 ±0.06 3.61 ±0.07 ** 

T1 3.51 ±0.01 3.80 ±0.02 *** 

T2 3.53 ±0.05 3.78 ±0.52 *** 

T3 3.50 ±0.00 3.75 ±0.01 *** 

 

Table 2.  Analysis of titratable acidity (TA) in 2019 CF1 trail wines pre- and post-
malolactic fermentation (MLF). Concentrations were reduced by an average of 2.12 
g/L, from 9.33g/L to 7.21g/L. Differences were analysed using Student’s t-test with a 
confidence set at 95% (p < 0.1)*, (p < 0.05)**, (p < 0.001)*** 

Treatment Pre-MLF Post-MLF Student’s t-test 

CONTOL 9.50 ± 0.06 7.85 ± 0.23 *** 

T1 9.30 ±0.30 7.24 ± 0.21 *** 

T2 9.12 ± 0.05 7.03 ± 0.21 *** 

Table 1. Press fraction analysis of total extractable wine tannin concentrations of CF1 trial 
wines. ANOVA and Tukey’s (HSD) post-hoc tests were applied to identify differences in 
total extractable tannin concentrations between the two press fractions and the final blend. 
Rows displaying the same lower case letter represent no significant differences (p < 0.05).  

CF1  Treatment average Tannin (µg/ml)  

Treatment NO PRESS FRACTION PRESS FRACTION FINAL BLEND 

NO PRESS  372 ± 45a 372 ± 45a 372 ± 45a 

1.0BAR  302 ± 47a 343 ± 50a 329 ± 41a 

1.5BAR  355 ± 66a 341 ± 40a 300 ± 61a 

2.0BAR  319 ± 37a 314 ± 50a 350 ± 55a 

Table 2. Press fraction analysis of total extractable wine tannin concentrations of CF2 trial 
wines. ANOVA and Tukey’s (HSD) post-hoc tests were applied to identify differences in 
total extractable tannin concentrations between the two press fractions and the final blend. 
Rows displaying the same lower case letter represent no significant differences (p < 0.05). 

CF2 Treatment average Tannin (µg/ml)  

Treatment NO PRESS FRACTION PRESS FRACTION FINAL BLEND 

NO PRESS  288 ± 21a 288 ± 21a 288 ± 21a 

1.0BAR  305 ± 31a 285 ± 35a 264 ± 41a 

1.5BAR  250 ± 25a 270 ± 32a 271 ± 25a 

2.0BAR  212 ± 35a 228 ± 23a 221 ± 26a 
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T3 9.42 ± 0.17 7.48 ± 0.36 *** 

 

Table 3. Analysis of acetic acid in 2019 CF1 trail wines pre- and post-malolactic 
fermentation (MLF). Concentrations of acetic acid increased by an average 0.12 g/L, 
from 0.18 g/L to 0.30 g/L. Differences were analysed using Student’s t-test with a 
confidence set at 95% (p < 0.1)*, (p < 0.05)**, (p < 0.001)*** 

Treatment Pre-MLF Post-MLF Student’s t-test 

CONTOL 0.14 ±0.0 0.21 ±0.04 *** 

T1 0.20 ±0.02 0.37 ±0.07 *** 

T2 0.19 ±0.02 0.24 ±0.01 *** 

T3 0.17 ±0.02 0.39 ±0.02 *** 

 

Table 4. Analysis of pH in 2019 CF2 trail wines pre- and post-malolactic fermentation 
(MLF). An increase in pH occurred from an average of 3.3pH to 3.5pH Differences 
were analysed using Student’s t-test with a confidence set at 95% (p < 0.1)*, (p < 
0.05)**, (p < 0.001)*** 

Treatment Pre-MLF Post-MLF Student’s t-test 

CONTOL 3.29 ±0.02 3.48 ±0.02 *** 

T1 3.28 ±0.03 3.47 ±0.04 *** 

T2 3.33 ±0.03 3.54 ±0.04 *** 

T3 3.36 ±0.03 3.60 ±0.02 *** 

 
 

Table 5. Analysis of titratable acidity (TA) in 2019 CF2 trail wines pre- and post-
malolactic fermentation (MLF). Concentrations reduced by average of 2.52g/L, 
from 10.60g/L  to 8.0 g/L.  Differences were analysed using Student’s t-test with a 
confidence set at 95% (p < 0.1)*, (p < 0.05)**, (p < 0.001)*** 

Treatment Pre-MLF Post-MLF Student’s t-test 

CONTOL 10.85 ±0.22 8.34 ± 0.10 *** 

T1 11.15 ±0.18 8.90 ± 0.45 *** 

T2 10.76± 0.56 8.31 ± 0.46 *** 

T3 10.04 ± 0.53 7.83± 0.25 *** 

 

Table 6. Analysis of acetic acid in 2019 CF2 trail wines pre- and post-malolactic 
fermentation (MLF). Concentrations increased by an average of 0.06 g/L, from 0.15 
g/L to 0.21g/L. Differences were analysed using Student’s t-test with a confidence 
set at 95% (p < 0.1)*, (p < 0.05)**, (p < 0.001)*** 

Treatment Pre-MLF Post-MLF Student’s t-test 

CONTOL 0.18 ±0.01 0.19 ±0.01 ns 

T1 0.15 ±0.01 0.20 ±0.01 *** 

T2 0.17 ±0.02 0.21 ±0.02 ** 

T3 0.18 ±0.06 0.22 ±0.05 ns 
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Appendix vi. 

 
Figure 1. 2018 Total extractable skin tannin (µg/berry) concentrations during ripening across six 
vineyard sites in the Niagara wine region: Site 1., Four Mile Creek; Site 2., Four Mile Creek; Site 
3., Lincoln Lakeshore; Site 4.,Twenty Mile Bench; Treatment Site CF1, Lincoln Lakeshore; 
Treatment Site CF2, Four Mile Creek. Each line represents total extractable skin tannin 
concentrations (epicatechin equivalents ug/berry) and error bars show standard error (SE) of the 
mean of three biological replicates and three technical replicates. 
 
 

 
Figure 2. 2018 total extractable seed tannin (µg/berry) concentrations during ripening across four 
vineyard sites in the Niagara wine region: Site 1., Four Mile Creek; Site 2., Four Mile Creek; Site 
3., Lincoln Lakeshore; Site 4.,Twenty Mile Bench; Treatment Site CF1, Lincoln Lakeshore; 
Treatment Site CF2, Four Mile Creek. Each line represents total extractable skin tannin 
concentrations (epicatechin equivalents ug/berry) and error bars show standard error (SE) of the 
mean of three biological replicates and three technical replicates.  
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Figure 3. 2019 total extractable seed tannin (µg/berry) concentrations during ripening across four 
vineyard sites in the Niagara wine region: Site 1., Four Mile Creek; Site 2., Four Mile Creek; Site 
3., Lincoln Lakeshore; Site 4.,Twenty Mile Bench; Treatment Site CF1, Lincoln Lakeshore; 
Treatment Site CF2, Four Mile Creek. Each line represents total extractable skin tannin 
concentrations (epicatechin equivalents ug/berry) and error bars show standard error (SE) of the 
mean of three biological replicates and three technical replicates 
 
 

 
Figure 4.  2019 total extractable seed tannin (µg/berry) concentrations during ripening across 
four vineyard sites in the Niagara wine region: Site 1., Four Mile Creek; Site 2., Four Mile Creek; 
Site 3., Lincoln Lakeshore; Site 4.,Twenty Mile Bench; Treatment Site CF1, Lincoln Lakeshore; 
Treatment Site CF2, Four Mile Creek. Each line represents total extractable skin tannin 
concentrations (epicatechin equivalents ug/berry) and error bars show standard error (SE) of the 
mean of three biological replicates and three technical replicates 
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