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ABSTRACT 

The research findings presented in this thesis describe some of the interactions that can take place 

between the climate and the endogenous metabolism of Vitis vinifera. Leaf plucking is a 

traditional vineyard management tool commercially used to mediate microclimates, optimize 

environmental stress exposure and minimise pathogenicity among vines. Bioactives play an 

important role in wine and contribute heavily to the quality and sensory attributes of the product. 

Pinot Noir (PN) and Sauvignon Blanc (SB) grapes from Canterbury, New Zealand were 

macerated to produce juice and wine used in this study. Pulsed Electric Field (PEF) treatment is 

a relatively new food processing method that induces electropermeabilization in the berry skins, 

promoting leaching and consequently extraction of vacuole bound bioactives. The main objective 

of this study was to investigate the individual and combined effects of leaf plucking and PEF 

processing over various maceration times, as a means of manipulating the bioactive content in 

grape juice and wine. The results of this study showed the application of a PEF treatment 

following crushing of the berries has the ability to regulate extraction of a variety of phenolics, 

such as the anthocyanins in PN, and the phenolic acids in SB. Microfermentation of the juice was 

carried out to produce a corresponding wine and the resultant analysed. Juice samples from PN 

treated grapes were also shown to increase Caco-2 cell viability following a peroxide stress 

exposure. It was shown that various levels of leaf plucking (field treatment) had less of an impact 

than PEF processing on many of the biochemical and quality parameters measured. The results 

of this study also indicate a varied response to the field treatment effect on the vitamin C content, 

antioxidant capacity and on the colour intensity in PN juice. The PN wine production was deemed 

unsuccessful due to poor berry quality and reduced yield. The SB juice samples showed a 

different response to the field treatment with respect to soluble sugar and vitamin C content. It 

was shown that SB wine made from PEF treated grapes required a shorter maceration period of 

1.5 hours as opposed to 12 hours to reach similar levels of extracted phenolic compounds. 

Variation between the two cultivars was evident, primarily due to cultivar determined differences 

in berry morphology and physiology. It was therefore appropriate to present the two cultivars 

separately and independently of one another. An increase in the bioactive compound levels in 

juice and wine products has been shown to increase health promoting properties and improve the 

quality of red wines, while helping to reduce the risk of microbial contamination and spoilage of 

white wines. The local and international wine industry shows consistent economic growth. The 

optimization of leaf plucking and PEF processing has the commercial potential to modernize the 

wine industry, encourage exclusivity, and promote the quality of the final product.  
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1.1 General Introduction 

From an economic perspective, grapes are considered one of the most important fruit crops 

worldwide with over 70% of the world’s grape production used for winemaking (Conde et al. 

2007). In New Zealand alone the wine industry is worth $1.42 billion (New Zealand Winegrowers 

2013; New Zealand Winegrowers 2014; New Zealand Winegrowers 2015). Winemaking 

includes a variety of management techniques and processes that, together with terroir, produce 

distinct characteristics and dynamic sensory profiles in the final product (Seguin 1986; Leeuwen 

et al. 2004). Grape wines are made using the Vitis genus, often using the species vinifera, of 

which there are thousands of cultivars (Conde et al. 2007). The different grape cultivars possess 

specific qualities that may be enhanced when grown under certain environmental or physical 

conditions.  Their distinct biochemical compositions may be promoted in certain climates. These 

interactions between the external and internal environment and the resulting heterogeny are the 

primary drivers of exclusivity of some wine brands(Francis et al. 2005). The specificity or rarity 

of desired traits and conditions promotes complexity and commercial potential of the final 

product.  

Viticultural practices aim to maximize wine quality by utilizing the terroir to establish distinct 

regional and varietal characteristics and more recently maximise bioactive content as it is an 

indicator of quality (Agati et al. 2007; Styger et al. 2011). Timing of all practises is crucial as 

there is always potential for the actions to impact on the final product by altering the regulation 

of bioactive synthesis pathways (Diago et al. 2010). An increase in bioactive compound levels 

has been shown to improve the quality of red wines, while helping to reduce the risk of microbial 

contamination and spoilage of white wines (Zhao et al. 2009; Saw et al. 2011; González-

Rompinelli et al. 2013; Abca et al. 2014). Spatial and temporal variations in climate have been 

shown to impact biochemical compositions of grape berries (Leeuwen et al. 2004). To utilize the 

benefits of climate some management techniques such as leaf plucking are employed. Leaf 

plucking has been applied in the wine industry for many years, initially as a natural means of 

reducing vine susceptibility to disease by increasing aeration (Jacometti et al. 2007; Tardaguila 

et al. 2010). Additionally leaf plucking increases UV exposure inducing a natural plant stress 

response, which helps to increase the total bioactive content and ultimately wine quality (Lee et 

al. 2013; Pena-Olmos et al. 2013). The antimicrobial properties of bioactives in grapes can act as 

preservatives reducing reliance on SO2 that has been shown to have adverse effects on human 

health (Waterhouse 2002; McCann et al. 2007; Fernández-Mar et al. 2012; González-Rompinelli 

et al. 2013). These techniques have the capacity to increase the quality and nutritional value of 

wine.  



Chapter 1  From Vine to Wine 

3 

 

1.2 Field Management 

Terroir is described as an interactive ecosystem between cultivar, climate, and viticultural 

practices (Seguin 1986; Leeuwen et al. 2004). Terroir directly or indirectly affects every aspect 

of winemaking and production beginning with the establishment, growth and development of the 

grape vines (Leeuwen et al. 2004). A high level of variation exists within the wine industry due 

to inter-annual variation in terroir resulting in distinct vintages and qualities at a regional, national 

and global scale. Variation exists in bioactive content in response to terroir and processing,  

creating heterogeny at various levels,  from individual grape berries and clusters to whole 

vineyards (Lund et al. 2006; Ali et al. 2011). A variety of field management and processing 

methods are employed to ensure consistent quality across vintages. Timing of all practises is 

critical as it may impact on the final product by altering the regulation of bioactive synthesis and 

extraction (Diago et al. 2010). An increase in bioactives is directly correlated with a higher 

quality product as the presence of bioactives has been shown to reduce the risk of microbial 

contamination and spoilage, increase nutritional value, and improve quality parameters such as 

colour and total antioxidant capacity (Zhao et al. 2009; Saw et al. 2011; González-Rompinelli et 

al. 2013; Abca et al. 2014). 

1.2.1 Cultivar 

Cultivars exhibit specific qualities and sensory attributes that continue through to the final 

product. The addition of grape berry skin contributes significantly to the quality of wine produced  

The physical and chemical characteristics of the skins vary between cultivars along with the 

potential to synthesize and accumulate bioactives  (Segade et al. 2011). Skin thickness varies 

among cultivars and affects the rate of leaching during maceration.  Red grapes such as PN tend 

to have comparatively thinner skins to other red and white cultivars such as SB (S. Y. Leong, 

Burritt, et al. 2016). PN grapes have been shown to respond positively to increased UV exposure 

by increasing bioactive synthesis in epidermal tissues (Price et al. 1995; Downey et al. 2006).  

The variation in bioactive levels between red and white cultivars is obvious as white wines 

possess approximately 40 mg of bioactives per standard glass compared to 200mg in red cultivars 

(Waterhouse 2002).  
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1.2.2 Climate 

Each cultivar of Vitis vinifera poses a variety of desirable characteristics and traits best suited to 

specific climates and regions that promote desired phenologies for specific types of wines. 

Canterbury is an established NZ wine region producing world renowned high quality award 

winning wines. Vineyards located here have the benefit of free draining stony soils, a cool climate 

that reduces pathogenicity and warm winds that reduce risk of frost. It is a maritime region that 

is suitable for both PN and SB cultivars.  

 

The composition of soil is a known contributor to both sugar, pH and bioactive content of grape 

juice (Leeuwen et al. 2004; Conde et al. 2007). Moderate water deficit prior to véraison (berry 

ripening) has been shown to promote early shoot growth and rapid ripening. Consequently this 

reduces grape berry size and pH leading to higher concentrations of sugar and bioactives 

(Leeuwen et al. 2004). The water status can vary between and within vineyards and is determined 

by both climate (precipitation, drought), soil composition and soil water holding ability (Leeuwen 

et al. 2004). Water status can be a limitation on vine growth if sufficient irrigation is not possible 

in dryer climates (Risco et al. 2014). Soil minerals are essential for growth and development of 

grape berries as they can affect their quality by altering pH levels within the must and 

consequently pH sensitive bioactive concentrations (Crozier et al. 2009; Conde et al. 2007; 

Davies et al. 2006). Excessive concentrations of metals in soils has been shown to accumulate in 

the berries increasing their pH leading to a higher incidence of oxidative damage, microbial 

contamination and wine discolouration (Davies et al. 2006; Hopfer et al. 2015).  

1.2.3 Viticultural Practises 

To utilize cultivar and climate, management techniques such as leaf plucking are applied. The 

application of leaf plucking, although old-fashioned, has a vast array of benefits that promote 

vine health, bioactive accumulation, and healthy grape berry development. Leaf plucking is a 

means of managing pathogenicity by increasing aeration and optimizing berry cluster 

microclimates (Jacometti et al. 2007; Tardaguila et al. 2010). Additionally it promotes bioactive 

content synthesis, increases antimicrobial integrity, temperature, airflow, canopy exposure and 

decreases humidity among the vines (Poni et al. 2006; Tardaguila et al. 2010; Lee et al. 2013). 

Excessive removal of leaves too early can alter the biochemical composition and assimilate 

movement impacting taste, aroma and quality of juice and wine (Price et al. 1995; Bergqvist et 

al. 2001; Poni et al. 2006; Diago et al. 2010; Tardaguila et al. 2010). Similarly the practise may 

be redundant with growth of new young leaves resulting in re-shading (Tardaguila et al. 2010; 

Lee et al. 2013; Pena-Olmos et al. 2013).  
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Early leaf plucking has been shown to impact grape berry size and weight resulting in larger 

berries and skin (Tardaguila et al. 2010). Skin growth can be further maximized for bioactive 

storage by optimizing grape cluster climate (Tardaguila et al. 2010). Leaf selection also has to be 

considered as the removal of larger mature leaves may affect availability of essential nutrients to 

the vine and berries (Hunter et al. 1990). Over plucking can reduce photosynthesis of entire vines 

resulting in lower sugar concentrations in berries and excessively decreased yields (Hunter et al. 

1990; Poni et al. 2006). On the other hand, if vines are over plucked and grapes overexposed they 

can become several degrees warmer than the atmospheric temperature reducing synthesis of 

temperature sensitive bioactives such as anthocyanins and vitamin C (Price et al. 1995; Bergqvist 

et al. 2001; Leeuwen et al. 2004; Poni et al. 2006; McGhie et al. 2007; Leong et al. 2012a). 

Studies have shown that UV exposure increases bioactive production, reducing damage by 

absorbing radiation and free radicals (Price et al. 1995; Downey et al. 2006). It is an efficient 

stress response that poses a mechanism for manipulation to maximize bioactive synthesis to 

persist throughout winemaking.  

 

Degrees brix is commonly used in the wine industry to estimate sugar content of grape must in 

the field and throughout winemaking (Ball 2006; Trought et al. 2011). Wineries apply this 

method to comply with their predetermined targets of biochemical composition to ensure 

maximum and desired sensory attributes (Trought et al. 2011).  The use of brix˚ also reduces the 

effects of interannual variation as specific sugar concentrations are indicative of harvest times 

that vary between vintages and cultivars. The desired degree of brix often falls into the range 

between 17-25˚Bx depending on cultivar. PN is often harvested around 22˚Bx and SB around 

20˚Bx (Ball 2006; Kemp et al. 2011). Employing target brix values is essential as sugars act as 

precursors for sensory contributing compounds during fermentation, therefore require monitoring 

throughout vine growth, grape processing and winemaking (Loscos et al. 2007; Pena-Olmos et 

al. 2013). A study found that following leaf plucking, the concentration of residual sugars in wine 

was higher than no pluck wine (Pena-Olmos et al. 2013). However this is not always the case as 

Tardaguila et al. (2010) showed  that leaf pluck had little effect on soluble solids of leaf plucked 

vines, attributed to changes in leaf-fruit ratio. 
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1.3 Berry Metabolism 

The interactions between the external and internal environment and heterogeny between regions 

all contribute to the onset and length of all developmental stages from budbreak through to 

harvest (Jones & Davis 2000; Jones et al. 2005). Natural variations in berry metabolism occur 

throughout development in response to environmental cues, hormones, and climatic stressors. 

These contribute to sensory attributes such as colour, skin turgidity, size, and flavour of wine 

(Conde et al. 2007; Martinez De Toda et al. 2013). Grape berries are sensitive to their 

environment and often respond to stressors early in their development while still 

photosynthetically active (Young et al. 2015). Manipulation of microclimates has been shown to 

alter responses and their subsequent metabolite products (Cramer et al. 2007; Young et al. 2015). 

Ripening is accompanied by an increased rate of bioactive synthesis such as vitamin C and 

anthocyanins, as the rapid developmental stage requires the expression of genes that inadvertently 

produce ROS (Agati et al. 2007; Cruz-Rus et al. 2010).   

 

Bioactives are secondary metabolites produced by higher plants to aid survival by reducing 

damage from internal and external stresses such as UV radiation, pathogen attack and oxidative 

stress (Gonzalez et al. 2003; Seeram 2008; Del Rio et al. 2010; Slewinski 2013; Folmer et al. 

2014; Nile et al. 2014). Due to a large variety of bioactive compounds and comparatively high 

concentrations in grape berries, they undoubtedly pose immense human health benefits (Liu 

2003; Folmer et al. 2014; Nile et al. 2014). The most prominent qualities are their ability to 

increase antioxidant potential and reduce oxidative stress (Heim et al. 2002; Manach et al. 2005; 

Boivin et al. 2007; Jensen et al. 2008; Seeram 2008; Paredes-López et al. 2010).  

 

Phenolics are a major bioactive group found in high concentrations in berries. The major 

phenolics are split into two groups, flavonoids and non-flavonoids (Conde et al. 2007; Borges et 

al. 2010; Saw et al. 2011). Most promote wellbeing by having antioxidant, antimicrobial, 

antimutagenic, anti-inflammatory, anti-carcinogenic, anti-neurodegenerative, chelating, 

cardioprotective and anti-ageing properties (Wang et al. 2005; Duthie et al. 2006; Jensen et al. 

2008; Seeram 2008; Folmer et al. 2014; Nile et al. 2014). Synergy among bioactives is common 

as they can interact with each other altering  these properties (Hidalgo et al. 2010; Fernández-

Mar et al. 2012; Folmer et al. 2014). Phenolics are capable of modulating gene expression and 

inducing or inhibiting signalling pathways that play roles in regulating healthy cell function 

(Boivin et al. 2007; Seeram 2008). Many of these pathways interact with one another inducing a 

cascading effect (Zikri et al. 2009; Adams et al. 2010; Folmer et al. 2014).  
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Additionally, there are volatile and non-volatile compounds that are attributed with creating an 

abundance of subtle and complex flavours and aromas to be harnessed throughout winemaking. 

The highest concentrations of these bioactives are found in the skin and seeds of grapes and some 

in small quantities in flesh (Ebeler 2001; Boussetta et al. 2009).  

1.3.1 Flavonoids  

Flavonoids are secondary plant phenolics of which there are thousands that have been described 

(Forkmann et al. 2001; Heim et al. 2002; Martins et al. 2011).  All flavonoids consist of multiple 

aromatic rings with varying numbers of hydroxyl groups (OH) (Waterhouse 2002). The defining 

structure is the three ring system that contains an aromatic ring (A) and a single bond ring (B) 

that are both bonded to a central pyrian ring (C) that contains oxygen (Figure 1-1) (Waterhouse 

2002; Ghasemzadeh et al. 2011). The different classes of flavonoids are defined by variations in 

oxidation states and substitutions that occur on ring C while individual compound types are 

identified by variation of substitutions on ring B (Heim et al. 2002; Waterhouse 2002; Ali et al. 

2010). The degradation and increase of OH groups of some larger flavonoids may lead to a higher 

antioxidant potential of the resultant smaller compounds and an increase in overall bioactivity 

(Heim et al. 2002).   

 

 

 

1.3.1.1 Flavonols 

Flavonols are found in varying concentrations in grape vine leaves and berry skin (Price et al. 

1995). These compounds exist in their glycoside structure and their bioprotective potential is 

influenced by the placement and amount of OH groups located on the molecule (Folmer et al. 

2014). Flavonols  also have anti-inflammatory, chelating and cardioprotective properties 

(Hollman et al. 1995; Hollman et al. 1997; Folmer et al. 2014). Studies have shown a relationship 

between the structure and activity of flavonols and their absorption potential (Crozier et al. 2009; 

Park et al. 2010). Glycosylated compounds such as quercetin, myricetin, and kaempferol have a 

lower antioxidant capacity as they are heavily hydrophilic and cannot be absorbed passively in 

the small intestines. However they can hydrolyzed in the small intestines then absorbed into the 

bloodstream (Crozier et al. 2009; Del Rio et al. 2010). 

Figure 1-1: Generic flavonoid structure of which conjugation and polymerization produces various classes of 

phenolics found in grape vines, grape berries, and wines. Adapted from (Heim et al. 2002). 
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Quercetin and ellagic acid have also been shown to exhibit synergistic qualities that improve 

bioactivity with other bioactives such as resveratrol, a stilbenoid, found in red grapes.  

Resveratrol can help reduce oxidative stress, lipid peroxidation, inflammation and consequently 

cellular damage (Corder et al. 2003; Mertens-Talcott et al. 2005; Paredes-López et al. 2010; 

Fernández-Mar et al. 2012; Nile et al. 2014). Flavonols have been established to be in high 

concentrations in red wines contributing to pigmentation and are known to have a positive 

response to increased UV exposure acting as a sunscreen to berries (Price et al. 1995; Gómez-

Alonso et al. 2007; Forester et al. 2009). Concentrations of flavonols in white wines are often 

undetectable due to the low or no content in berry skin (Forester et al. 2009; Herbst-Johnstone et 

al. 2011).  

1.3.1.2 Flavanols 

Flavanols are the most abundant compounds in grapes and wine of which the most prevalent are 

catechin, its epimer epicatechin and their hydroxylated forms gallocatechin and epigallocatechin. 

They can be polymerized into proanthocyanidins and are found in relatively high concentrations 

in grapes (Waterhouse 2002; Crozier et al. 2009; Folmer et al. 2014). The polymerization 

increases their antioxidant capacity and consequently health promoting potential (Folmer et al. 

2014). These phenolics are at their highest concentrations in berry seeds and skin but are also 

found in vine stems and leaves at various concentrations (Moreno-Arribas et al. 2009). Flavanols 

are common in red wines as they persist well throughout the winemaking processes and increase 

throughout ageing due to the addition of sulphites (Waterhouse 2002; Ali et al. 2010). Red wines 

typically have concentrations ranging between 500-1500 mg/L while white wines have a 

significantly lower content of 10-50mg/L (Waterhouse 2002).  

1.3.1.3 Anthocyanins 

Anthocyanins are some of the most abundant bioactives that are responsible for giving plants red, 

purple and blue colours, as in red grapes (Bagchi et al. 2004; McGhie et al. 2007). In plants, 

anthocyanins contribute significantly to pollination and seed dispersal by attracting pollinators, 

and protect plants from a variety of external and internal stresses such as climate and infection 

(Forkmann et al. 2001; Heim et al. 2002; Nakayama et al. 2003; Wrolstad 2004; Ghasemzadeh 

et al. 2011). Anthocyanins are made up of glycosylated anthocyanidin units which themselves 

are strong ROS scavengers and apoptosis promoters (Bagchi et al. 2004). This is due their ability 

to activate glutathione related antioxidants which are the primary defence mechanism against 

hydrogen and oxygen radicals (Masella et al. 2005).  
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The efficiency of anthocyanin bioactivity has been shown to be affected by the degree of 

acylation and glycosylation (Nakayama et al. 2003; Folmer et al. 2014). These structural changes 

can improve solubility, membrane permeability, absorption of the compounds, and bioactivity 

(Nakayama et al. 2003; Brownmiller et al. 2008; Tarara et al. 2008; He et al. 2010). Acylated 

anthocyanins may be more appropriate for use in biotechnology as they persist longer when 

exposed to stress compared to other phenolics (Howard et al. 2012). Anthocyanin profiles vary 

among red cultivars, PN grapes have a variety of anthocyanins of which many persist throughout 

winemaking giving the wine its deep red colour and contributing to its perception of quality. 

 

 

 

 

 

 

 

1.3.2 Non-flavonoids 

1.3.2.1 Phenolic Acids 

Phenolic acids are also secondary metabolites produced to decrease cellular damage, maintain 

healthy growth, and increase survival (Ali et al. 2010; Borges et al. 2010; Ghasemzadeh et al. 

2011). They possess similar health promoting properties and can be antioxidant, anti-

inflammatory and anti-carcinogenic (Ghasemzadeh et al. 2011; Folmer et al. 2014; Nile et al. 

2014). Any flavonoid metabolites not absorbed may be cleaved by gut microflora and the 

resulting aglycones undergo ring fission producing phenolic acids (Duthie et al. 2006; Crozier et 

al. 2009; Del Rio et al. 2010). Phenolic acids can be either benzoic or cinnamic acids of which 

both usually exist as esters or glycosides but still vary in structure. (Ghasemzadeh et al. 2011; 

Folmer et al. 2014). Some of the most common phenolic acids are found in various concentrations 

in red and white wines including PN and SB, including gallic acid, protochatechuic acid, 

coumaric acid, and vanillic acid, they possess high antioxidant potential and (Gómez-Alonso et 

al. 2007; Crozier et al. 2009; Ghasemzadeh et al. 2011; Nile et al. 2014).  

 

  

Figure 1-2: Structures of the major classes of flavonoids; flavonol, flavanol, and anthocyanidin. Retrieved from 

http://www.emolecules.com/cgi-bin/search 

Flavonol                    Flavanol                    Anthocyanidin  
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Figure 1-4: Biosynthetic pathway from phenylalanine to various classes of phenolics commonly found in grapevines, 

grape berries, and wines. Adapted from (Ali et al. 2010) 

  Hydroxybenzoic Acid                  Coumaric Acid                      Vanillic Acid Figure 1-3:Structures of some example phenolic acids; hydroxybenzoic acid, coumaric acid, and vanillic acid. 

Retrieved from http://www.emolecules.com/cgi-bin/search. 
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1.4 Wine Processing 

1.4.1 Crushing & Maceration 

Once grapes are harvested, clusters are destemmed and crushed. Crushing promotes physical cell 

disruption and membrane rupture releasing juices and bioactives (Lund et al. 2006). Maceration 

is the soaking and softening of the grapes creating the must which promotes the leaching of 

bioactives from the skins and seeds (Ebeler 2001; Boussetta et al. 2009). The length of this period 

varies between white and red wines from hours to days respectively. Throughout maceration 

sugar concentration and pH are adjusted to maximize flavour, body, colour and sweetness of the 

wine while promoting ideal fermenting conditions (Ebeler 2001). White whites at this stage are 

at higher risk of spoilage and browning than reds as they possess fewer bioactives with 

antioxidant and antimicrobial properties (Conde et al. 2007). The longer the contact between 

grape juice, skin and seeds during processing the higher the rate of bioactive extraction and colour 

development (Price et al. 1995; Ebeler 2001; Boussetta et al. 2009). Pectinases are often added 

to musts to maximize extractability of desired compounds. For white wines, pectinase is often 

added prior to fermentation to promote leaching of aroma contributing compounds. Red grapes 

often have a combination of pectinase and cellulose that aid skin cell wall breakdown increasing 

leaching of colour and aroma contributing compounds (Moreno-Arribas et al. 2009). During this 

time the must is also pressed, separating the solid pomace from the juice. 

1.4.2 Fermentation 

The fermentation period varies in length but is often 3-5 weeks depending on cultivar. 

Throughout this period sugar and pH are also monitored as the sugar can be depleted by the yeast 

and pH altered by biochemical reactions such as anaerobic respiration (Ebeler 2001). 

Preservatives are added in this period if not previously during maceration. SO2 is the most 

commonly used preservative in the wine industry acting as an antioxidant with selective 

antimicrobial and anti-browning properties (Osborne et al. 2006; González-Rompinelli et al. 

2013; Abca et al. 2014; Schneider et al. 2014). Storage of wines during fermentation can vary 

between traditionally used barrels and stainless steel cylinders to the glass wine bottles 

themselves (Wang et al. 2015). 
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1.4.3 Clarification & Bottling 

Following fermentation the wine is aged as desired and clarified to further remove any remaining 

suspended solids such as grape skin and yeast cell aggregates (Brownmiller et al. 2008; Vitalini 

et al. 2014). Clarification is crucial especially for white wines as any solids may appear cloudy 

and alter the colour of the product. Fining and filtering agents can be added that promote further 

precipitation and aggregation of suspended solids (Waterhouse 2002; Crozier et al. 2009). The 

wine is then bottled and aged further, or is ready for consumption (Wang et al. 2015). 
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1.5 Wine Metabolism 

Throughout the entire winemaking process interactions are constantly occurring via grape and 

yeast metabolites altering the chemical composition and consequently the sensory attributes of 

the final product (Ali et al. 2010). There are four types of aromas of wines that develop 

throughout vine growth and grape processing; varietal which is dependent on genotype, pre-

fermentative which develops during processing, fermentative which is produced during 

fermentation by the interactions with yeast, lactic acid and bacteria which is also when alcohol is 

produced, and finally post-fermentative which occurs while the wine is ageing and developing 

its final bouquet (Ebeler 2001; Francis et al. 2005; Loscos et al. 2007; Vitalini et al. 2014). The 

texture of wine is equally as important. Compounds originating from the grapes and yeast such 

as polysaccharides, glycoproteins, and glycerol contribute to the viscosity, smoothness, and 

mouthfeel of the wine (Styger et al. 2011; Ali et al. 2010). 

1.5.1 Flavour & Aroma 

Volatile and non-volatile compounds are primarily responsible for the aromas and flavours 

consumers encounter (Francis et al. 2005; Conde et al. 2007). As is common with other 

bioactives, synergism exists between these compounds as they interact collectively contributing 

to the dynamic flavours, aromas, and overall sensory attributes of wines (Francis et al. 2005; 

Styger et al. 2011). Non-volatile compounds contribute predominantly to flavour and are often 

perceived as being sweet, salty, sour, and bitter while volatiles are responsible for a vast array of 

aromas (Francis et al. 2005). Hundreds of compounds may be present in a single glass of wine 

but not all are aromatically active or contribute to the perception of the wine (Francis et al. 2005; 

Styger et al. 2011; Vitalini et al. 2014). In general, many bioactives, primarily flavonoids 

contribute a bitter, sharp or astringent sensation (Ebeler 2001; Puértolas et al. 2009). The quality 

of wine has been shown to have a direct relationship with the metabolite content of the vines, of 

which both primary and secondary metabolites can be used to predict and manipulate the sensory 

attributes (Ali et al. 2010). Volatile compounds are produced during berry development and can 

be affected by postharvest storage and viticultural practices (Nile et al. 2014). Wine aroma is 

dependent on thousands of volatile compounds such as acetyls, alcohols, esters, aldehydes, 

ketones, terpenoids and fatty acids, and their interactions with each other (Loscos et al. 2007; 

Styger et al. 2011; Vitalini et al. 2014). Aroma contributing compounds are also mainly found in 

the skin, seeds, and juice of berries that vary in composition and concentration between cultivars 

(Vitalini et al. 2014).  
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1.5.2 Yeast & Fermentation 

Some naturally present compounds in grape juice are transformed into aroma or flavour 

contributing compounds via yeast metabolism and enzyme production. Primary and secondary 

metabolites contributing to flavour may also be synthesized from simple compounds such as 

amino acids and sugars. Yeast is responsible for producing acetaldehyde, a by-product of 

fermentation that is a volatile flavour and colour stability contributing compound (Osborne et al. 

2006). The addition of yeast such as Saccharomyces cerevisiae enables a variety of various 

biochemical interactions that contribute to the sensory attributes of wine and can also induce the 

volatilization from precursors and conjugates (Lund et al. 2006; Swiegers et al. 2007; Styger et 

al. 2011). Fermentation is an anaerobic biochemical reaction that transforms sugars into alcohols 

and carbon dioxide (Moreno-Arribas et al. 2009). Fermentation contributes significantly to the 

distinct sensory characteristics of wines as the yeast is capable of biotransforming some grape 

juice phenolics into alternative flavour and aroma active compounds, or by inducing the synthesis 

of metabolites (Styger et al. 2011). Formation of alcohols is at its highest at the end of 

fermentation but must be monitored as excessive production risks degradation of aromatic 

compounds. The most common alcohol in wine is ethanol, the production and concentration of 

which is influenced by environmental factors; sugar, temperature, yeast strain, enzyme activity, 

and oxygen availability (Ali et al. 2010). Alcohols contribute significantly to the sensory 

perception of wine by affecting stability during processing (Ali et al. 2010). Methanol is also 

found in crushed grapes and is similarly influenced by varietal and processing factors (Ali et al. 

2010). Oxidation of methanol leads to toxic formaldehyde and formic acid production and has to 

be monitored during processing (Ali et al. 2010).  

1.5.3 Preservatives 

Sulphites provide a broad spectrum pathogen defence by reducing membrane integrity and 

inhibiting regulatory protein functions of microbes (Giraud et al. 2012). Negative alterations in 

aroma are often due to volatile sulphur compounds such as thiols that characteristically present 

unpleasant odours similar to rotten egg, gas and garlic and on the other hand fruity aromas such 

as passionfruit and grapefruit (Swiegers et al. 2007). Additionally SO2 may impact on the sensory 

perception and characteristics of wines as it can alter pH equilibriums by reacting or binding to 

volatile compounds such as acetaldehyde reducing its volatility and the antioxidant and 

antimicrobial potential of the SO2 as well as producing sulphur odours (Osborne et al. 2006; 

Conde et al. 2007). Some yeasts are more resistant to the negative implications of SO2 allowing 

for a more controlled fermentation (Moreno-Arribas et al. 2009).  There is controversy with SO2 

use as it has been deemed harmful for regular consumption.  
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It is capable of inducing allergies, respiratory discomfort, fatigue, skin irritation, binding to 

proteins, mutagenesis and carcinogenesis and is undergoing strict restrictions around the world 

(Osborne et al. 2006; Giraud et al. 2012; González-Rompinelli et al. 2013; Abca et al. 2014; 

Schneider et al. 2014).  

 
 

  



Chapter 1  From Vine to Wine 

16 

 

1.6 Pulsed Electric Field 

PEF is a relatively new technique with comparatively low running costs (Toepfl et al. 2006; 

Donsì, Ferrari & Pataro 2010). It can be used on liquid and semi-liquid products as a replacement 

for alternative food processing methods such as thermal using heat or freezing (Cserhalmi et al. 

2006; Zhao et al. 2009). PEF helps maintain freshness and nutritional value while minimising 

colour and flavour loss, it decreases enzyme activity promoting preservation and distribution 

increasing product shelf life (Cserhalmi et al. 2006; Vervoort et al. 2011). PEF has been 

determined as a mechanism for increasing metabolite production and extractability suggesting 

commercial potential in the wine industry (Saw et al. 2011; González-Rompinelli et al. 2013; 

Abca et al. 2014). PEF applies a short, rapidly pulsed, electric field for a selected duration of time 

between two electrodes on a liquid submerged sample (Zhao et al. 2009; Abca et al. 2014). PEF 

acts by disrupting cellular membranes causing electroporation which induces permeabilization 

of the plasma and intracellular membranes (Donsì, Ferrari & Pataro 2010; Puértolas et al. 2010). 

Membrane pore formation results in a loss of cell integrity and the release of cellular contents 

leading to leaching (Toepfl et al. 2006; Puértolas et al. 2009). The reversibility of electroporation 

is dependent on the intensity of the PEF treatment; irreversible treatment is suitable for 

antimicrobial purposes while reversible treatment induces a stress response promoting synthesis, 

extractability and leaching of bioactives (Figure 1-5) (Donsì, Ferrari & Pataro 2010). 

 

PEF has been applied to a variety of products with many studies focusing on fruit juices. A study 

testing the effects of PEF on the flavour of citrus juice following treatment found that the PEF 

treated juice had a lower browning index and loss in flavour of just 16% compared to a 61% loss 

of flavour in a heat treated juice (Cserhalmi et al. 2006). The same study also found no differences 

in quality parameters pH, brix˚ or viscosity between the non-treated and PEF treated juice. No 

variation in quality parameters is highly beneficial, as the processing does not affect product 

quality perception. A reduction in browning poses benefits for white wines that run a higher risk 

of oxidation and spoilage than reds. PEF has also been shown to increase grape juice yield and 

colour retention due to membrane permeabilization (Toepfl et al. 2006). PEF is an effective mode 

of processing for wines. It has been shown to improve juice recovery and quality as well as 

accelerate leaching of phenolics from both red and white grapes (Soliva-Fortuny et al. 2009; 

Donsì, Ferrari & Pataro 2010). Puértolas et al. (2009) showed that PEF treatment increased 

extraction of bioactives by increasing membrane permeabilization. It has also been shown that 

this increase in bioactive content is maintained through fermentation, bottling and storage.  
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Alternative applications of PEF in the winemaking industry exist that recycle by-products from 

the winemaking process (Toepfl et al. 2006). The application of PEF on secondary metabolite 

rich by-products such as grape skins poses an environmentally friendly mechanism of utilizing 

and reducing waste by producing natural food colorants, preservatives and supplements (Corrales 

et al. 2008; Boussetta et al. 2009; Fernández-Mar et al. 2012). This is also beneficial for wineries 

to employ as it cuts waste costs while providing an additional avenue of income.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1-5: Permeabilization of cells following PEF treatment showing the typical electric field strength and energy 

input required for various applications. Adapted from Toepfl et al. (2006). 
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1.7 Industry Applications & Aims 

NZ currently has 673 wine producing vineyards that all contribute to its highly regarded 

winemaking reputation. The Annual Winegrowers Reports (2013-2015) stated the NZ wine 

industry is now worth over $1.4 billion of which over $700 million contributes directly to GDP. 

Since 2006 the value of wine exports has almost tripled, and 2008 this export volume has more 

than doubled (New Zealand Winegrowers 2013; New Zealand Winegrowers 2014; New Zealand 

Winegrowers 2015). PEF processing is a viable option for winemakers as it comes with no strict, 

costly, or time consuming regulations to comply with maintaining the exclusivity that drives 

much of the local and international industry (Puértolas et al. 2010) 

 

Traditional winemaking promotes extraction of a variety of grape bioactives, however it may be 

further enhanced by optimizing field management and processing techniques (Donsì, Ferrari, 

Fruilo, et al. 2010). As previously mentioned, various degrees of leaf plucking can be used to 

increase UV exposure promoting ideal bioactive production (Lee et al. 2013; Pena-Olmos et al. 

2013). Combined with PEF processing, leaf pluck can be used to shorten maceration time, 

increase juice yield, colour development, and bioactive leaching (Puértolas et al. 2010). 

Therefore, producing a higher quality product, with increased nutritional value, within a shorter 

maceration period, from the same harvest.  

 

The vast array of interactions between all facets of vine growth, grape processing and 

winemaking highlight the need for monitoring, further understanding of the biochemistry, 

metabolism and how contributors can be manipulated to achieve the highest quality product. The 

study proposes a new combination of techniques that promotes maximum yield, quality and 

exclusivity of NZ wines, which the increase in economic value is bound to reflect. Many studies 

compare the quality of wines resulting from leaf plucked and non-plucked vines, however this 

research aims to determine the combined effects of leaf plucking and PEF processing on PN and 

SB juice and wine. It is hypothesized that the higher the degree of leaf pluck the stronger the 

stress response, which, combined with PEF, will optimize extractability, increasing bioactive 

concentrations and thus total antioxidant capacity. Maceration time is believed to have an impact, 

however this will be dependent on the type of bioactive extracted, its rate of degradation and 

sensitivity to the environment.  
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The outcome of this research has great economic value as New Zealand’s highest exported wine 

is SB at 86.5% (New Zealand Winegrowers 2015). Additionally, NZ PN also has a world 

renowned reputation. The grapes used for this study originate from Canterbury, a commercially 

viable wine region of NZ. A PN was the first gold medal award winner for this region back in 

1982, emphasizing the relevance and commercial potential of this study as it aims to improve 

and increase exclusivity of the NZ wine industry. Combined with the health promoting qualities 

of bioactives, enjoying a glass of wine will become not only well deserved but that much better 

for you (Genesis. 27:28; 1 Timothy 5:23). 
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2 Materials & Methods 

 

 

 

  

The Pulsed Electric Field (PEF) generation unit (top left) and treatment chamber (top right). Macerated 

Pinot Noir (bottom left) and Sauvignon Blanc (bottom right) grapes in the PEF treatment chamber. 
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2.1 Field & Processing 

2.1.1 Field 

 

2.1.1.1 Cultivar & Climate 

In this study, a 2015 Vitis vinifera vintage of PN and SB from the Lincoln University research 

vineyard in Canterbury was used. Climatic conditions were monitored throughout the veraison 

period with no irregular conditions logged that may have impacted the results.  

 

Table 2-1:Averages of minimum and maximum temperature (˚C), precipitation (mm) and radiation (MJ/m2) 

throughout the veraison period at Lincoln University, Canterbury (2015). 

 

 

 

 

 

 

 

 

  

 Temperature (˚C) Precipitation 

(mm) 

Radiation 

(MJ/m2)  minimum maximum 

February 11.1 22.7 0.7 20.8 

March 11.2 20.3 1.3 14.3 

April 9.2 18.0 2.6 9.4 

Figure 2-1: Map showing location of Lincoln University where the research vineyard is located. Insert shows location 

of the Canterbuy region on the South Island, New Zealand. 
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2.1.1.2 Field Treatment & Harvest 

Commercially, the removal of 50% of leaves is standard practice. In this study vines were 

subjected to various degrees of leaf plucking to investigate any biochemical implications of 

deviating from this standard. Full pluck vines had lateral leaves and all fruiting zone leaves 

removed. 50% pluck vines had lateral leaves and every second fruiting zone leaf removed. No 

pluck vines had lateral leaves removed only. Grapes were manually harvested 17th-18th April 

2015 at approximately 22.4˚Bx (PN) and 19.0˚Bx (SB). All samples were transported chilled to 

the University of Otago and stored at 8˚C to ensure minimal compositional changes over the 10-

day processing period.  

2.1.2 Processing 

2.1.2.1 Equipment 

The PEF machine and system is composed of a generation unit (ELCRACK-HVP 5, German 

Institute of Food Technologies, Quakenbrück, Germany), a treatment chamber, a suitable product 

handling system and a set of monitoring and controlling devices. The batch treatment chamber 

(100-mm length × 80-mm width × 50-mm height, 400-mL capacity) consisting of two parallel 

stainless steel electrodes (5 mm width) separated by a distance of 80 mm. Square wave bipolar 

pulses were applied as commonly used on grapes and wine products and monitored online with 

oscilloscope (Model UT2025C, UniTrend Group, China) (Soliva-Fortuny et al. 2009; Puértolas 

et al. 2010; Abca et al. 2014). 

2.1.2.2 Pre-Treatment 

Samples were manually de-stemmed, PN berries separated into 100g samples and SB separated 

into 200g samples then stored in zip lock plastic bags. They were macerated individually by 

rolling a 5 kg tin over the bag then transferred into the PEF treatment chamber for processing. 

2.1.2.3 PEF Processing  

All PEF treatments were at a pulse frequency of 50Hz, pulse width of 20µs and electric field 

strength of approximately 1.5-1.6kV/cm with a pulse number of 1033 lasting 20 seconds similar 

to Fincan et al. (2004) who applied field strength of 1 kV/cm. All treatments were conducted at 

room temperature. The specific energy input for each PEF treated sample was calculated using 

the equation Wspec(KJ/kg) = Wp·n/m (Donsì, Ferrari, Fruilo, et al. 2010; Donsì, Ferrari & Pataro 

2010). 
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Wspec = specific energy input (in KJ/kg) 

Wp (in KJ) = the energy per pulse applied 

n = the number applied 

m = the sample weight (kg)  

 

There is a large amount of variation in PEF parameter control as it is still a new technique, 

however the chosen values here have been tested on preliminary samples and appear suitable for 

the aims of this study (Leong et al. 2015; S. Leong et al. 2016). The temperature and conductivity 

of samples were measured pre and post PEF treatment to monitor any significant spikes that may 

affect the results. 

Table 2-2: Average temperature (˚C) and conductivity (µs/cm) of Pinot Noir and Sauvignon Blanc juice samples during 

processing and Pulsed Electric Field energy (kJ/kg) applied ± SE (n=120). 

 

 

 

2.1.2.4 Post-Treatment 

Following treatment all samples (berry and juice) were individually sealed inside 250 mL 

autoclaved polycarbonate containers with polypropylene screw caps (LabServ, Thermo Fisher 

Scientific, Victoria, Australia) to avoid any compositional degradation of polyphenols and 

oxidation. The PN juice samples were steeped in darkness at 8°C for five different maceration 

time periods; 0, 1, 2, 3 and 7 days then sampled by manually sieving the juice from the berries. 

SB juice samples were steeped in darkness at 8°C for six different maceration time periods and 

juice sampled after 0, 1.5, 3, 6, 12 and 24 hours following PEF. Collected juice samples were 

weighed and brix˚ measured using a handheld refractometer (Krüss Optronic, Hamburg, 

Germany) to deduce the total soluble solids. Controls were also steeped under the same 

conditions and sampled at the same maceration time periods.  

2.1.2.5 Juice Sample Storage 

All juice samples were then separated into 1.7ml centrifuge tubes then frozen using liquid 

nitrogen and stored at -80˚ C until further analysis (Donsì, Ferrari, Fruilo, et al. 2010; Puértolas 

et al. 2010). Conductivity was measured using an electrical conductivity meter (Cyber Scan 

CON11). Each PN condition was independently conducted in quadruplet (n=4) and SB in 

quintuplet (n=5) for each maceration time period. 

 

  

 Temperature (˚C) Conductivity (µs/cm) PEF Energy 

 pre Post pre post kJ/kg 

PN 12.09 ± 0.97 22.58 ± 0.22 3.55 ± 0.13 4.76 ± 0.13 115.33 ± 1.35 

SB 11.46 ± 0.17 19.00 ± 0.15 3.05 ± 0.05 3.88 ± 0.13 73.17 ± 0.31 
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2.2 Winemaking 

2.2.1 Micro-fermentation 

2.2.1.1 Pre-Microfermentation 

Half the PN grapes were macerated and stored for 7 days (non-treated) and the remaining 

macerated, treated with PEF in 100 g batches and steeped for 2 days prior to juicing. Juicing was 

performed manually by squeezing pulp in cheese cloth to extract as much juice as possible. 

Similarly, half the SB grapes were macerated and stored for 12 hours (non-treated) and the 

remaining macerated, treated in 200g batches, stored for 1 hour then juiced. The variation in 

maceration times between non-treated and PEF treated juice is due to the hypothesis that PEF 

processing reduces maceration time (Leong et al. 2015).  

2.2.1.2 Microfermentation 

Micro-fermentation was completed at Lincoln University from 30th April to 26th May (PN) and 

1st May to 25th May (SB). The aim was to mimic, as closely as possible, industry standard 

fermentation and investigate PEF effects from juice to wine. The juices were inoculated with 

Yeast Fermicru PDM at 25g/HL and supplemented with diammonium phosphate at 50mg/L to 

promote cell viability. Fermentation was initiated at 24˚C then maintained at ambient 12˚C (day) 

and 7˚C (night). On completion of fermentation potassium metabisulphite at 70mg/L was added 

acting as a stabilizer, then wine chilled to 4˚C. Prior to bottling, gross lees were raked off and 

wine filtered to remove any suspended particulars. Throughout microfermentation pH and brix˚ 

were monitored and final values noted for comparison to initial juice measurements collected 

before and after shipping. Titratable acidity (TA g/l), residual sugars (RS g/l) and final alcohol 

percentage (Alc %) were also measured. The samples were shipped chilled, back to Otago 

University for compositional biochemical analysis. SB wine microfermentation was deemed 

successful, however PN wine microfermentation was not totally up to commercial standard due 

to an unexpectedly lower harvest and juice yield and consequently smaller microfermentation 

chambers. Nonetheless, all wine was tested throughout the study. 
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Table 2-3: Average values of quality parameters; soluble sugars (˚Bx), pH, Titratable Acids (g/l), Residual Sugars 

(g/l) & Alcohol (%) of Pinot Noir & Sauvignon Blanc juice, wine, and analysed wine samples of all non-treated and 

PEF treated samples.  

  

 

  

PN Juice 30/4/15 Finished Wine 26/5/15 Analysed Wine 

 ˚Bx pH TA g/l RS g/l pH TA g/l Alc % ˚Bx pH 

Full- Non-treated 21.30 3.58 6.40 4.00 3.54 6.70 15.15 8.20 3.46 

Full- PEF 21.75 3.60 6.80 2.60 3.58 6.60 13.78 8.20 3.56 

50%- Non-treated 22.32 3.51 6.70 4.05 3.51 7.30 16.20 9.20 3.39 

50%- PEF 22.10 3.59 6.60 1.20 3.55 6.65 13.59 7.80 3.50 

No- Non-treated 22.15 3.48 6.60 5.60 3.55 7.10 16.35 9.00 3.46 

No- PEF 21.64 3.56 8.10 3.95 3.53 7.20 14.90 8.80 3.50 

SB Juice 1/5/15 Finished Wine 22/5/15 Analysed Wine 

 ˚Bx pH TA g/l RS g/l pH TA g/l Alc % ˚Bx pH 

Full- Non-treated 18.11 3.00 10.80 0.23 3.01 10.00 10.25 6.40 3.05 

Full- PEF 18.11 3.15 10.80 0.38 3.17 9.70 10.23 6.40 3.13 

50%- Non-treated 18.21 2.98 10.40 0.53 3.02 9.90 11.05 6.80 3.01 

50%- PEF 18.15 3.11 10.80 0.63 3.14 9.90 11.30 6.80 3.20 

No- Non-treated 19.49 3.01 10.60 0.43 3.16 9.90 11.30 6.80 3.05 

No- PEF 19.43 3.19 11.30 0.43 3.18 9.50 11.15 6.90 3.30 
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2.3 Sample Analysis 

2.3.1 Reagents & Chemicals  

Sodium hydroxide (NaOH) and EDTA were obtained from BDH Chemicals (Poole, England). 

TCEP-HCl, DPPH and sodium dodecyl sulphate (SDS) were obtained from Sigma Aldrich (St. 

Louis, USA). Formic acid (98–100 %) was obtained from Riedelde Haen (Seelze, Germany) and 

methanol of HPLC grade was obtained from Fischer Scientific (Leicester- shire, England). Folin-

Ciocalteu reagent and MPA were purchased from Merck KGaA (Darmstadt, Germany). Unless 

otherwise stated, all reagents and chemicals were of analytical grade and deionised water was 

used in the entire study. Authentic anthocyanin and phenolics standards of purity more than 95% 

were purchased from Extrasynthese (Genay, France). L-AA standard was purchased from Unilab 

(Auckland, New Zealand). 

2.3.2 Juice Yield 

All samples were sieved and juice manually extracted. All PEF treated PN juice sample weights 

were standardized to 100g and all SB juice to 200g. The average standardized weight from PEF 

treated replicates was used for the average weight of non-treated samples for each treatment and 

maceration time. 

2.3.3 Vitamin C (L-Ascorbic Acid) 

Vitamin C content of PN and SB juice and wine was quantified as total L-AA after a pre-column 

reduction according to the method of Leong & Oey (2012). One part of the grape juice was added 

with three parts of cold extraction buffer (5% MPA containing 1mM EDTA that was adjusted to 

pH4.4). Samples were centrifuged at room temperature at 21,000 g for 2 minutes then filtered 

(0.45µm cellulose acetate syringe filter 13 mm diameter) (Raylab, Auckland, New Zealand). For 

total L-AA one part of the sample extract was mixed with two parts of reducing agent solution 

(2.5mM TCEP-HCl dissolved in 5 % MPA containing 1 mM EDTA that was adjusted to pH 5.3). 

The total L-AA content was determined using a reversed-phase PhenoSphere NEXT C18 column 

(250 × 4.6 mm id, 5-μm particle size, Phenomenex) at 25°C fitted with a guard column (4 × 

3.0mm id; Phenomenex) on an Agilent 1200 system (Massachusetts, USA). The pre-column 

reduction using TCEP was conducted at 4˚C for at least 8 hours. The injection volume was 50 

μL. The elution was conducted isocratically for 30 min using a mixture of 90 % formic acid 

(0.1%) and 10% methanol. The flow rate was 0.8 mL/min. The L-AA was identified based on 

peak purity using a DAD and retention time between 4.2 and 4.3 min.  
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The quantification was conducted at 245 nm using an external standard solution of L-AA based 

on peak area ranging between 1 and 100 μg/mL. 

2.3.4 Total Antioxidant Capacity using DPPH 

Total Antioxidant capacity of PN and SB juice and wine was investigated using DPPH assay. 

DPPH is an in vitro assay commonly used on berries to indicate the antioxidant capacity by 

showing the rate of radical neutralization (Paredes-López et al. 2010; Vinholes et al. 2014).The 

assay was run using a microplate reader (Synergy 2, BioTek Instruments, Vermont, USA) at a 

temperature of 25˚C, and agitated for 10 seconds before reading the absorbance. Gen5 data 

analysis software (BioTek Instruments, Vermont, USA) was used to attain the results. 10% DPPH 

solution was made up with 0.2 mM in 100% methanol and DPPH (molecular weight 394.32 

g/mol). Clear 96-well plates were used (Greiner Bio-One GmbH, Frickenhausen, Germany). All 

juice and wine samples were centrifuged at room temperature at 21,000 g for 2 minutes then 

diluted with methanol at a 1:1 ratio. For PN and SB juice 100μL of the extract was then added 

into a plate with 100µL DPPH (10%) solution (1:1). PN and SB wine samples were at a ratio of 

1:3 with 50µL of sample and 150µL of DPPH (10%) solution. The decrease in absorbance at 516 

nm was followed for 60 min and recorded. The absorbance measured at 516 nm against methanol 

with DPPH was applied as a control for each plate. The antioxidant capacity was expressed as 

the percentage of DPPH inhibition when the decrease in absorbance reached a plateau. The 

absorbance was read after 45 minutes of incubation of the PN juice, 30 minutes of SB juice and 

15 minutes of both PN and SB wine once a plateau became consistent. The percentage of DPPH 

remaining was calculated = (Absorbance of sample after incubation / Absorbance of sample for 

control at time = 0) x 100. This process is commonly used for flavonoids and other phenolics 

allowing for comparisons with alternative studies (Soliva-Fortuny et al. 2009; Vallverdu et al. 

2012; Vinholes et al. 2014). 

2.3.5 Total Phenolics using Folin-Ciocalteu 

Total phenolic content of PN and SB juice and wine was investigated using Folin-Ciocalteu 

assay. All juice and wine samples were centrifuged at room temperature at 21,000 g for 2 minutes 

then diluted with methanol at a 1:1 ratio. For PN and SB juice and wine analysis a 1:1:1 ratio was 

used. 50μL of Folin-Ciocalteu reagent (10 %) was added into a 96 well plate (Greiner Bio-One 

GmbH, Frickenhausen, Germany) with 50μL of juice extract followed by 50μL of sodium 

carbonate (7.5%w/v). The mixture was mixed well, covered to limit the exposure to light and 

incubated at 25 ± 2 °C for 60 minutes.  
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The absorbance of the mixture was read at 765 nm using a microplate reader (Synergy 2, BioTek 

Instruments, Vermont, USA) with a Gen5 data analysis software (BioTek Instruments, Vermont, 

USA). Gallic acid solution with different concentrations ranging between 0.01 and 0.1 mg/mL 

was used to prepare external standard curve for quantification of total phenolics content.  The 

assay also conveys a measure for total antioxidant capacity by showing the total reducing capacity 

of samples as gallic acid equivalents.   

2.4 Statistical Analysis 

One-way ANOVA for multiple comparisons were performed along with Post Hoc Tukey’s HSD 

tests. An ANOVA was used to compare the concentrations of all PEF treated samples and non-

treated samples to one another irrespective of leaf treatment or maceration time. Alternative 

separate ANOVA’s were applied to all non-treated and to all PEF treated samples to determine 

variation due to leaf treatment, irrespective of maceration time. Post Hoc Tukey’s HSD tests were 

performed on non-treated and PEF treated samples separately to show if variation due to leaf 

treatment was present, irrespective of maceration time. Tukey’s HSD tests were also individually 

performed on each leaf treatment to show variation due to maceration time. All analysis was 

performed on juice and wine samples. Different letters indicate statistically significant variation 

(p=<0.05). All statistical analysis was performed using SPSS Statistics version 20 (IBM 

Corporation, New York, USA).  
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Lincoln University research vineyard (left) and Pinot Noir grape cluster on the day of harvest (right). 
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3.1 Introduction 

Traditional vine management tools such as leaf plucking optimize berry cluster microclimates, 

increase UV exposure, and promote healthy vine growth and berry development (Leeuwen et al. 

2004; Jacometti et al. 2007; Tardaguila et al. 2010). The synthesis of many bioactives in grape 

berries has been shown to be influenced by the external environment, in particular UV exposure 

that induces stress responses initiating phenolic synthesis and accumulation (Lee et al. 2013; 

Pena-Olmos et al. 2013). The comparatively higher phenolic content of red grapes as opposed to 

white grapes is obvious in their darker skin that holds the majority of phenolics (Waterhouse 

2002). During winemaking maximum phenolic extraction is promoted, however this requires 

extended periods of maceration that has quality compromising risks associated with it. PEF 

processing has been shown to induce electropermeabilization increasing both the efficiency and 

the rate of phenolic extraction, consequently this may help reduce maceration time and risk of 

spoilage (Toepfl et al. 2006; Donsì, Ferrari & Pataro 2010; Puértolas et al. 2010; Saw et al. 2011). 

In addition, an increase in phenolic content reduces the risk of spoilage, increases nutritional 

value, and improves quality parameters such as colour intensity and total antioxidant capacity 

(Zhao et al. 2009; Saw et al. 2011; González-Rompinelli et al. 2013; Abca et al. 2014).  

The effects of both PEF and leaf plucking have been individually studied investigating a variety 

of parameters within these techniques. However, the combination of different degrees of leaf 

plucking (field treatment) and a PEF treatment has never been documented. The main objective 

of this chapter was to investigate both the individual and combined effects of different degrees 

of leaf plucking and a PEF treatment on PN juice and wine. Juice monitoring occurred over a 7 

day maceration period and sampled at five different time points. For winemaking, juice not 

subjected to PEF treatment underwent 7 days of maceration while PEF treated juice underwent a 

2 day maceration. The reduced maceration period was used to test the effectiveness of PEF 

processing for wine production of equal or greater quality than a control sample within a shorter 

maceration period. Quality parameters including juice yield, soluble sugar content, and colour 

intensity were measured. Biochemical parameters including vitamin C, and total phenolic 

content, total antioxidant capacity, anthocyanin concentrations, and cell viability were 

investigated.  
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3.2 Methods 

3.2.1 Colour Intensity 

The colour intensity of PN juice and wine was calculated as the sum of absorbance values at 

wavelengths of 420, 520 and 620 nm incorporating blue, green and red zones of the spectrum 

(Luengo et al. 2014). Samples were centrifuged at room temperature at 21,000g for 2 minutes 

and measured in a 1-cm path length cuvette using UV/visible spectrophotometer (Ultrospec 3300 

Pro, Amersham Biosciences, Sweden).  

3.2.2 Anthocyanin Profile using HPLC 

A profile of PN juice and wine was determined using HPLC following a method described by 

Chaovanalikit & Wrolstad, (2004) with modifications and Leong et al., (2016). Samples were 

extracted in acidified methanol at a 1:1 ratio, centrifuged at 21,000g for 2 minutes at room 

temperature, filtered (0.45µm cellulose acetate syringe filter 13 mm diameter) (Raylab, 

Auckland, New Zealand), transferred into HPLC amber vials and placed into the autosampler at 

4˚C. The system was equipped with a reversed-phase Synergi Hydro column (250 × 4.6 mm i.d., 

4μm particle size, Phenomenex, USA) at 25˚C fitted with a C18 guard column (4 × 3.0 mm i.d.; 

Phenomenex) on an Agilent 1200 system. The mobile phase was composed of 100% HPLC grade 

methanol (solvent A) and a mixture of 1% v/v formic acid, 5% v/v acetic acid and 5% v/v 

methanol in deionised water (solvent B). The elution conditions were as follows: 0–5 min, 0% 

A; 5–20 min, 0–95% A; 20– 25 min, 95–40% A; and 25–35 min, 40–0% A. The flow rate was 

1ml/min with a total elution time of 35 minutes and an injection volume of 20µL. Peaks of the 

profile were used to identify anthocyanins and quantify using an external calibration curve 

consisting of the anthocyanins malvidin-3-O-glucoside, delphinidin-3-O-glucoside, cyanidin-3-

O-glucoside and petunidin-3-O-glucoside. Of the four tested anthocyanins, in PN wine, 

Malvidin-3-O-Gluscoside only was identified.  

Table 3-1: Anthocyanin profile development and compound identification of Pinot Noir juice samples using High 

Pressure Liquid Chromatography. Delphinidin-3-O-Glucoside, Cyanidin-3-O-Glucoside, Petunidin-3-O-Glucoside, 

and Malvidin-3-O-Glucoside with their respective retention times and quantification wavelengths shown. 

 

 

 

  

Compound Name Retention Time (min) Wavelength(nm) 

Delphinidin-3-O-Glucoside 13.75 520 

Cyanidin-3-O-Glucoside 14.40 520 

Petunidin-3-O-Glucoside 14.70 520 

Malvidin-3-O-Glucoside 15.20 520 
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3.2.3 Juice Cell Culture Experiments using Caco-2 Cells 

3.2.3.1 Simulated in vitro Human Gastrointestinal Digestion 

PN juice samples from days 0, 3 and 7 were analysed using Caco-2 Cells. Three replicates per 

treatment and maceration time were used (n=9). In vitro digestion to simulate human gastric and 

intestinal digest in human body was carried out as outlined by Glahn et al. (1998) with minor 

modifications. The frozen grape juice was thawed at room temperature for 15 min and the pH 

adjusted to 2 using HCl (0.1 M). Subsequently, 1mLof 40mg/mL pepsin in HCl (0.1 M) was 

added and the mixture was incubated for 1 h at 37 °C in a ProBlot hybridisation oven (Labnet 

International, New Jersey, USA) at a constant shaking rate of 55 strokes per min to mimic 

digestion in human stomach. Then, NaHCO3 (1 M) was added drop wise to raise the pH of the 

digest to between 5 and 5.5. A 5 mL aliquot of simulated intestinal digestion fluid consisting of 

NaHCO3 (1 M), pancreatin (2 mg/mL) and bile salts (12 mM) was added into the mixture. The 

mixture was further incubated for 2 h at 37 °C in a hybridisation oven, shaken at a rate of 55 

strokes per min to simulate the human small intestine during digestion. NaOH (1 M) solution was 

added to the digest to raise the pH to 7.4. The volume of the mixture was brought to 40 mL with 

120 mM NaCl. The mixture was then filtered through Whatman grade 1 filter paper (LabServ, 

Auckland, New Zealand) and stored in 15 mL centrifuge tubes at −80 °C. Prior to use the mixture 

was thawed at room temperature and ultrafiltered using Vivaspin 500 (10,000 MWCO) 

ultrafiltration units (Sartorius Stedim Biotech GmbH, Gottingen Germany), according to the 

manufacturer’s instructions, to remove digestive enzymes prior to incubation with the Caco-2 

cells.  

Figure 3-1: Example of Pinot Noir juice anthocyanin profile with the four identification peaks as shown by arrows. 

Delphinidin-3-O-Glucoside at 13.75mins, Cyanidin-3-O-Glucoside at 14.40mins, Petunidin-3-O-Glucoside at 14.70 

minutes, and Malvidin-3-O-Glucoside at 15.20mins. 
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3.2.3.2 Cell Culture Experiments Using Caco-2 Cell Lines 

Caco-2 cells (HTB-37, ATCC) were cultured in Dulbecco’s modified Eagle’s medium (DMEM) 

(Gibco), supplemented with 1% non-essential amino acids, 1% L-glutamine, 20% heat-

inactivated fetal bovine serum (FBS) (Gibco), 100 units/ml of penicillin and 100 μg/ml of 

streptomycin (Sigma-Aldrich) in 50 cm2 plastic flasks (JET BIOFIL). Cells were cultured in a 

5% CO2 atmosphere at 37°C and the culture medium was replaced every 2–3 days. Cells were 

sub-cultured at weekly intervals after reaching approximately 80% confluence and were used 

between passages 27 and 32. 

3.2.3.3 Cell Viability MTT assay 

Caco-2 cells were trypsinized (0.5% Trypsin-EDTA, Gibco) and transferred to flat bottom 96-

well tissue culture plates (Greiner Bio-one) at a seeding density of 104 cells per well and allowed 

to grow for 5 days under the conditions detailed above. The culture medium was removed and 

replaced with medium diluted digests (25% v/v digest to 75% v/v medium) and the cells were 

incubated for a further 24 hours. The culture medium was removed and the cells were then 

washed with fresh culture medium without FBS. Cells were then exposed to a 0 or 250uM TBH, 

in fresh culture medium without FBS, for 45 minutes. The MTT assay was used to measure cell 

viability. After treatment of the Caco-2 cells the culture medium was removed and the cells were 

washed with fresh culture medium without FBS. Cells were then incubated with 0.5 mg/ml MTT, 

in culture medium without FBS, for 4 h at 37 °C in a 5% CO2 atmosphere. The medium was 

removed and the formazan crystals were dissolved in 10% SDS in 0.01 M HCl. The absorbance 

was then measured at 570 nm using a Perkin Elmer (Wallac Victor) 1420 multi-label counter. 

Cell viability is expressed as a % of the untreated cells value. 

3.2.3.4 Cellular Redox Status Assay (DCF Assay) 

Oxidative stress was quantified in cells by the DCF assay according to Wang & Joseph, (1999) 

with minor modifications. Caco-2 cells were trypsinized (0.5% Trypsin-EDTA, Gibco) and 

transferred to black/clear-bottom flat bottom 96-well plates (Greiner Bio-one) at a seeding 

density of 104 cells per well and allowed to grow for 7 days under the conditions detailed above. 

The culture medium was removed and replaced with fresh medium containing the diluted digests 

and the cells were incubated for a further 24 hours. The culture medium was then removed and 

the cells were washed with fresh culture medium without FBS and then washed again with PBS 

(pH 7.3). Cells were then incubated for 30 min in PBS (pH 7.0) containing dichlorofluorescein 

diacetate (50uM, dissolved in DMSO: 0.5%), and then incubated with TBH (250uM) in PBS, for 

45 min.  
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The increase in fluorescence, caused by oxidation of the non-fluorescent product 

dichlorofluorescein to DCF by intracellular ROS, was measured at 0 and 45 min in the microplate 

reader detailed above. All light sensitive steps we conducted at low light in the absence of direct 

light. 
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3.3 Results & Discussion 

3.3.1 Juice Yield 

3.3.1.1 Effect of PEF Treatment on Juice Yield  

Differences in juice yield were shown with PEF treated berries producing significantly greater 

juice yields (p=0.046), irrespective of leaf treatment and maceration time (Table 3-8). As 

previously documented, an increase in juice yield following PEF was hypothesized, and  this is 

attributed to the disruption of cellular membranes increasing the leaching and transport of juices 

from within the solid material (Toepfl et al. 2006; Puértolas et al. 2009). For maximum and 

consistent juice extraction, PEF processing is recommended (Toepfl et al. 2006; Delsart et al. 

2014; S. Y. Leong, Burritt, et al. 2016). The quality of juice from alternative PEF treated red 

wine cultivars such as Cabernet Sauvignon, Merlot, and PN have been shown to be of higher 

quality and nutritional value as opposed to traditionally made wines (Delsart et al. 2014; Leong 

et al. 2015; Gomonov 2016; S. Leong et al. 2016).  

3.3.1.2 Effect of Field Treatment on Juice Yield  

Field treatment, irrespective of maceration time had no impact on juice yield of both non-treated 

and PEF treated samples, (p=0.548, p=0.375 respectively) (Table 3-9, Table 3-10). Post Hoc tests 

showed some difference among non-treated juice samples with full pluck samples producing the 

lowest juice yield, followed by 50% pluck, then no pluck with the highest yield (See Appendix 

A-1). This result may be due to the condition of the berries. Variation in the condition of grape 

berries was observed with some PN grapes, particularly full pluck berries, showing evidence of 

withering and raisining. Post Hoc tests showed PEF treated samples were not affected by field 

treatments suggesting that the application of a PEF treatment regulated juice extraction (See 

Appendix A-1). Commercially this indicates that leaf plucking is not required to gain the benefits 

of PEF processing for optimum juice extraction.  

3.3.1.3 Effect of Maceration Time on Juice Yield  

PEF treated samples with juice extracted at day 0 had a significantly higher juice yield than non-

treated samples (Figure 3-2). This initial rapid release is in line with literature as PEF induces 

electroporation increasing the rate of leaching (Toepfl et al. 2006; Donsì, Ferrari & Pataro 2010; 

Puértolas et al. 2010). For the remainder of the maceration time no differences were shown in 

juice yield.  
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Commercially, maceration is performed to maximize bioactive and juice extraction, hence 

differences over the total maceration period was hypothesized to be higher (Ebeler 2001; 

Boussetta et al. 2009). No pluck samples were the most consistent over maceration times with 

PEF treated samples maintaining a similar juice yield from day 0 through all the maceration 

periods.   
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Figure 3-2: Average juice yield of Pinot Noir per field treatment (A=Full pluck, B=50% pluck, C=No pluck) and 

maceration time, ± SE (n=4). Colourless bars are non-treated samples, shaded bars are Pulsed Electric Field 

treated samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix A-1) (p=0.05).  
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3.3.2 Soluble Sugars 

Soluble sugars were monitored throughout the trial and showed no differences between non-

treated and PEF treated juice (p=0.757), irrespective of leaf treatment (Table 3-8). The result is 

desirable as it shows PEF and field treatment did not impact on the sugar content of grape berries 

and juices that may have effects further down the line during winemaking (Abca et al. 2014). 

Non-treated samples and PEF treated samples also showed no differences in soluble sugar content 

due to leaf treatment (p=0.112, p=0.660 respectively) (Table 3-9, Table 3-10). Post Hoc tests 

showed some differences in sugar content between leaf treatments of non-treated samples with 

full pluck having the lowest and 50% pluck the highest (See Appendix A-2). The lack of 

processing effects on the sugar content highlights the commercial viability of PEF treatment 

without compromising alternative sugar reliant processes such as fermentation or risking negative 

sensory implications (Waterhouse 2002; Moreno-Arribas et al. 2009; Pena-Olmos et al. 2013). 

In this instance, field treatment did not have a significant effect on soluble sugar content (Table 

3-2). This is not uncommon as alternative factors such as leaf-fruit ratio have been shown to 

provide a uniform soluble sugar content (Tardaguila et al. 2010). 

Table 3-2: Average Pinot Noir juice soluble sugar (˚Bx) content, ± SE, per field treatment (Full pluck, 50% pluck, No 

pluck) (n=20). Asterisk above field treatments indicates statistical significance between non-treated & Pulsed Electric 

Field treated juice samples from one-way ANOVA’s (p=0.05). Asterisk next to a field treatment indicates statistical 

significance within each processing method from Tuckey’s HSD tests (See Appendix A-2) (p=0.05). 

 

 

 

 

 

  

PN Juice (˚Bx) Non-treated PEF 

Full   21.30 ± 0.38* 21.75 ± 0.52 
50% 22.32 ± 0.55 22.10 ± 0.50 
No 22.15 ± 0.41 21.64 ± 0.40 
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3.3.3  Vitamin C (L-Ascorbic Acid) 

3.3.3.1 Effect of PEF Treatment on Vitamin C in Juice 

The concentrations of vitamin C among non-treated and PEF treated samples did not vary 

comparatively (p=0.293), irrespective of field treatment and maceration time (Table 3-8). Little 

change has been documented previously with Vallverdu et al., (2012) also showing no increase 

in vitamin C synthesis as a result of PEF treatment. Similarly in this study, the presumed 

increased electroporation and leaching following PEF processing did not appear to impact on 

vitamin C content (Toepfl et al. 2006; Howard et al. 2012). Differences were only present in 50% 

plucked PEF treated juice suggesting that leaf pluck, not PEF processing exerted a stronger effect 

on vitamin C.  

3.3.3.2 Effect of Field Treatment on Vitamin C in Juice 

A strong leaf pluck effect was shown on non-treated samples irrespective of maceration time 

(p=<0.001) (Table 3-9) suggesting that non-treated samples required further processing to extract 

the same levels of vitamin C. These differences in vitamin C concentrations coincide with the 

three field treatments (full pluck, 50% pluck, and no pluck) and their varying light exposures the 

impact vitamin C synthesis and degradation (Cruz-Rus et al. 2010; Leong et al. 2012b). Excessive 

light exposure induces plant stress responses prompting expression of genes responsible for 

synthesis of antioxidant compounds such as vitamin C (Cramer et al. 2007; Vallverdu et al. 2012; 

Chabert et al. 2014). This stress response is evident and supported by Post Hoc tests that showed 

no pluck juice samples had the lowest concentrations of vitamin C while 50% pluck and full 

pluck juice showed a significant increase (See Appendix A-3). Among PEF treated samples, leaf 

treatment irrespective of maceration time had no effect showing that PEF may reduce the impact 

of leaf plucking (p=0.118) (Table 3-10). However, Post Hoc tests showed differences with no 

pluck again having the lowest concentration (See Appendix A-3). This result among non-treated 

and PEF treated juice samples shows that leaf plucking exerts a stronger effect on vitamin C 

concentrations than PEF processing. It is also clear that any leaf plucking increases vitamin C 

synthesis irrespective of the degree of leaf removal. 

3.3.3.3 Effect of Maceration Time on Vitamin C in Juice 

The initial rapid release of vitamin C at days 0, 1 & 2 is likely to be affected by mechanical 

barriers such as membranes and the berry skin (Romero-Cascales et al. 2005; Leong et al. 2015). 

Because of the thin skin, the rate of extraction was at its’ maximum at these maceration time 

points (S. Y. Leong, Burritt, et al. 2016).  
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All leaf plucking treatments caused a decline in the concentration of vitamin C at day 3 with PEF 

treated juice samples yielding significantly less than the non-treated samples (Figure 3-3).  The 

exhibited decline over time was expected as there is often a high degradation rate of vitamin C 

(Leong et al. 2012a). Multiple studies have found that, although concentrations unchanged, 

vitamin C persisted longer following PEF treatment as well as increased shelf life as opposed 

alternative methods of food processing (Elez-Martínez et al. 2006; Cortes et al. 2008; Vervoort 

et al. 2011). As this study was run for 7 days it can only be speculated that PEF would have also 

increased vitamin C persistence, however this does present an area for further research.  

3.3.3.4 Vitamin C levels in Wine 

Vitamin C content in wine is often very low or undetectable, but it can be used as an additive to 

fight of wine oxidation (Chinnici et al. 2013; Barril et al. 2016). Vitamin C among non-treated & 

PEF treated wine showed significant differences (p=0.001), irrespective of leaf treatment (Table 

3-11). Differences in vitamin C were hypothesized to be higher in PEF treated samples due to the 

shorter maceration time and hence a slower degradation rate. However, wine samples from PEF 

treated grapes yielded on average lower levels of vitamin C (Table 3-3). On the other hand, non-

treated samples possessing higher concentrations may also be due to the 7 day maceration time 

promoting maximum leaching. Leaf treatment had no effect on wine samples from non-treated 

grapes (p=0.192) (Table 3-12), however it did affect the vitamin C levels in PEF treated wine 

(p=0.029) (Table 3-13). Post Hoc tests showed wine from PEF treated grapes subjected to any 

leaf plucking had significantly lower levels of vitamin C than no pluck wine samples (See 

Appendix A-3). In future, PEF treated juice for winemaking should be macerated for longer to 

ascertain if any effect on vitamin C occurs such as an increase in leaching and concentration, or 

persistence.  
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Table 3-3: Average total L-AA content of Pinot Noir wine, per field treatment (Full pluck, 50% pluck, No pluck) ± SE 

(n=6). Asterisk above field treatments indicates statistical significance wine samples made from non-treated & Pulsed 

Electric Field treated juice using one-way ANOVA’s (p=0.05). Asterisk next to a field treatment indicates statistical 

significance within each processing method from Tuckey’s HSD tests (See Appendix A-3) (p=0.05). 

 

 

 

 

 

  

Total L-AA (mg/L) * Non-treated PEF 

Full 1.12 ± 0.01 0.98 ± 0.02 

50% 1.24 ± 0.01 1.00 ± 0.01 

No 1.15 ± 0.02   1.08 ± 0.00* 
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Figure 3-3: Average total L-AA content of Pinot Noir juice per field treatment (A=Full pluck, B=50% pluck, C=No 

pluck) and maceration time, ± SE (n=4). Colourless bars are non-treated samples, shaded bars are PEF treated 

samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix A-3) (p=0.05). 
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3.3.4 Antioxidant Capacity using DPPH Assay 

3.3.4.1 Effect of PEF Treatment on Antioxidant Capacity of Juice 

Regarding total antioxidant capacity, no differences between non-treated and PEF treated juice 

samples were evident, irrespective of leaf treatment or maceration time (p=0.132) (Table 3-8). It 

was hypothesized that PEF processing would significantly increase the total antioxidant capacity 

as demonstrated in alternative studies (Soliva-Fortuny et al. 2009; Zhao et al. 2009; Donsì, Ferrari 

& Pataro 2010). Although this was found to be not the case, it is in line with another study of PN 

grapes following PEF processing suggesting the result may be PN cultivar specific (S. Y. Leong, 

Burritt, et al. 2016). The reason for lack of differences is unclear as a positive correlation between 

total antioxidant capacity and PEF processing has been established, primarily due to the naturally 

present phenolics such as catechin, epicatechin, quercetin, rutin and resveratrol (Puértolas et al. 

2009; Donsì, Ferrari & Pataro 2010; López-Giral et al. 2015; Zhang et al. 2015; S. Y. Leong, 

Burritt, et al. 2016). Like the aforementioned phenolics, anthocyanins show a positive response 

to PEF processing, and also arise from the phenylalanine pathway (Ali et al. 2010). An increase 

in anthocyanin content may limit alternative phenolic production and accumulation, or induce 

undesirable synergistic reductions in antioxidant capacity (Hidalgo et al. 2010). Hidalgo et al. 

(2010) showed a significant reduction in antioxidant capacity while using the DPPH assay when 

pairing individual anthocyanins with other phenolics such as catechin and quercetin as opposed 

to an alternative assay such as FRAP. Studies also show inconsistencies in DPPH results of 

various anthocyanins suggesting this assay may not be the most precise method for determining 

total antioxidant capacity (Kähkönen et al. 2003; Hidalgo et al. 2010; S. Y. Leong, Burritt, et al. 

2016). 

3.3.4.2 Effect of Field Treatment on Antioxidant Capacity of Juice 

Field treatment was shown to impact the total antioxidant capacity of non-treated samples 

(p=0.031), irrespective of maceration time (Table 3-9). Post Hoc tests supported this variation 

showing full pluck had the lowest total antioxidant capacity and no pluck the highest (See 

Appendix A-4). Again, this was not the hypothesized result as increased UV exposure due to leaf 

plucking was expected to increase antioxidant capacity. There were no differences in antioxidant 

capacity of PEF treated juice samples in response to leaf plucking (p=0.414), irrespective of 

maceration time (Table 3-10). Post Hoc tests showed no differences in total antioxidant capacity 

between PEF treated juice samples in response to leaf treatment irrespective of maceration time 

(See Appendix A-4).  
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Therefore, it is believed that PEF processing eliminated the effects of leaf plucking and 

standardized any differences in antioxidant activity present among non-treated samples. Due to 

the discrepancies of this assay and the anthocyanin content of the PN juice samples, there is 

concern over the accuracy of these results. An explanation may be that the high stress in the 

vineyard of full pluck samples ultimately reduces antioxidant capacity. High field stress increases 

ROS production consequently inducing bioactive synthesis to help maintain healthy berry 

function (Diago et al. 2010; Lee et al. 2013; Folmer et al. 2014; Nile et al. 2014). Antioxidant 

capacity consequently decreases as radicals are neutralized, reducing antioxidant capacity of 

some bioactives but not their concentrations (Masella et al. 2005). Similarly, no pluck juice 

samples may have possessed the highest reserves of bioactives still able to function as 

antioxidants as they were exposed to the lowest degree of field stress prior to maceration. The 

theory stresses that it is not just the concentrations of bioactives that contributes to antioxidant 

capacity, but their bioavailability and functionality as radical neutralizers (Price et al. 1995; 

Masella et al. 2005; Downey et al. 2006; McGhie et al. 2007).  

3.3.4.3 Effect of Maceration Time on Antioxidant Capacity of Juice 

It was hypothesized that the total antioxidant capacity would show differences at day 0 due to 

increased electroporation, directly following PEF treatment, that remains persistent over 7 days 

of maceration. Full pluck juice samples showed no differences in antioxidant capacity until day 

7 at which time PEF treated juice samples showed a significant increase (Figure 3-4). The 50% 

pluck PEF treated samples peaked at day 0 followed by a reduction in antioxidant capacity until 

day 7, after which non-treated juice samples also peaked with similar capacity. No pluck juice 

samples showed no differences between non-treated and PEF treated antioxidant capacities. As 

leaf plucked treatments experienced higher UV exposure, an increase at day 7 suggests a higher 

or more prevalent initial bioactive content or a stable base level present (Lee et al. 2013; Pena-

Olmos et al. 2013). Bioactive leaching is expected to continue beyond 7 days of maceration, 

therefore there is potential that the antioxidant capacity may increase further. Some doubt over 

these results is due to the unpredictability of the assay.  

3.3.4.4 Antioxidant Capacity in Wine 

Antioxidant capacity among wine samples from non-treated and PEF treated grapes showed no 

differences (p=0.364), irrespective of leaf treatment (Table 3-11). Non-treated wine showed leaf 

treatment had no effect on antioxidant capacity (p=0.393) (Table 3-12) while PEF treated wine 

was shown to be impacted (p=0.020) (Table 3-13).  
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Post Hoc tests showed that wine from 50% pluck PEF treated grapes had a significantly higher 

antioxidant capacity than any other treatment (Table 3-4) (See Appendix A-4). Further insight 

into the effects on wine antioxidant capacity is required as positive leaf pluck and PEF responses 

have been documented, showing potential for commercial optimization (Price et al. 1995; 

Downey et al. 2006; Pena-Olmos et al. 2013; Cholet et al. 2014) 

 

 

.   
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Table 3-4: Average antioxidant capacity as shown as percentage of DPPH of Pinot Noir wine, per field treatment 

(Full pluck, 50% pluck, No pluck) ± SE (n=6). Asterisk above field treatments indicates statistical significance wine 

samples made from non-treated & Pulsed Electric Field treated juice using one-way ANOVA’s (p=0.05). Asterisk next 

to a field treatment indicates statistical significance within each processing method from Tuckey’s HSD tests (See 

Appendix A-4) (p=0.05). 

 

 

 

 

 

  

DPPH (%) Non-treated PEF 

Full 67.40 ± 3.79 68.26 ± 3.27 

50% 69.06 ± 3.07   89.10 ± 1.71* 

No 77.40 ± 3.50 71.98 ± 2.00 
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Figure 3-4: Average antioxidant capacity as shown as percentage of DPPH of Pinot Noir juice per field treatment 

(A=Full pluck, B=50% pluck, C=No pluck) and maceration time, ± SE (n=4). Colourless bars are non-treated samples, 

shaded bars are PEF treated samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix 

A-4) (p=0.05). 
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3.3.5 Total Phenolics using Folin-Ciocalteu Assay 

3.3.5.1 Effect of PEF Treatment on Total Phenolics of Juice 

No differences in the total phenolic content among non-treated and PEF treated juice samples 

was shown (p=0.051), irrespective of leaf treatment and maceration time (Table 3-8). This was 

unexpected as literature shows PEF processing increases grape juice and wine phenolic content 

(Puértolas et al. 2009; El Darra et al. 2016; S. Y. Leong, Burritt, et al. 2016). However, synergism 

among bioactives is common and has been shown to affect assay results (Hidalgo et al. 2010; 

Fernández-Mar et al. 2012; Folmer et al. 2014). Synergy among bioactives contributes to 

antioxidant capacity, often increasing biofunctionality. This high phenolic content has been 

directly linked to increased bioprotectivity of Caco-2 cells and the promotion of health following 

consumption (Kaldas et al. 2003; Crozier et al. 2009; Xia et al. 2010; Biasi et al. 2013; Folmer et 

al. 2014; Nile et al. 2014). 

3.3.5.2 Effect of Field Treatment on Total Phenolics of Juice 

Non-treated and PEF treated juice samples were not affected by field treatment (p=0.664, 

p=0.400 respectively), regardless of maceration time (Table 3-9, Table 3-10). Post Hoc tests 

showed no effect of leaf pluck on both non-treated and PEF treated samples, however both 

exhibited the same trend with no pluck samples having the lowest and full pluck samples the 

highest phenolic content (See Appendix A-5). Many studies that have investigated the effects of 

leaf plucking have focused on timing of leaf plucking and the effects on phenolic content. 

However, confounding results are common and instead highlight the unpredictability of 

interactions that occur between the exogenous environment and the berry metabolism (Jones & 

Davis 2000; Jones et al. 2005). Poni et al. (2006) found that leaf plucking increased the total 

phenolic content of grape berries, but in contrast overexposure has been shown to increase berry 

temperature reducing synthesis of temperature sensitive phenolics (Price et al. 1995; Bergqvist 

et al. 2001; McGhie et al. 2007; Tarara et al. 2008). The lack of differences in this study suggests 

that PEF eliminated the apparent influence of environmental stress induced by leaf plucking and 

regulated phenolic extraction.  

3.3.5.3 Effect of Maceration Time on Total Phenolics of Juice 

All field treatments displayed a similar trend reaching maximum concentrations of phenolics 

following 1-2 days of maceration (Figure 3-5). The phenolic content in all non-treated juice 

samples drastically decreased at day 3, suggesting a comparatively faster rate of degradation.  
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The 50% pluck samples showed the least differences between non-treated and PEF treated juice 

samples. The 50% pluck PEF treated samples yielded significantly higher levels of phenolics at 

day 3, followed by a decrease to levels similar to that of non-treated samples. Both full pluck and 

no pluck samples showed treatment variation at days 2, 3, and 7 with PEF treated samples having 

the greatest concentrations of phenolics. In addition, the phenolic concentrations of all non-

treated samples decreased at day 7 to the levels of original day 0 concentrations. However, PEF 

treated samples became similar to the phenolic content present at day 3. The differences were 

consistent across days 3 and 7. This suggests that PEF processing reduced the rate of, or 

susceptibility to degradation leading to increased phenolic persistence, as has been found with 

vitamin C (Elez-Martínez et al. 2006; Cortes et al. 2008; Vervoort et al. 2011).  

3.3.5.4 Total Phenolics in Wine 

Phenolic composition between juice and wine varies due to compositional changes throughout 

winemaking (Waterhouse 2002; Ginjom et al. 2011). Differences in phenolic levels among wine 

samples made from non-treated and PEF treated grapes was shown (p=0.006), irrespective of leaf 

treatment (Table 3-11). Wine from non-treated grapes possessed higher average total phenolic 

contents (Table 3-5). This result is believed to be due to the maceration period of 7 days, as 

opposed to 2 days of PEF treated grapes. The phenolic content of wine from PEF treated grapes 

has been shown to persist longer than non-treated wine throughout ageing, displaying persistence 

of health promoting bioactives (Puértolas et al. 2009; Cholet et al. 2014; Gomonov 2016). Field 

treatment was shown to have no impact wine from non-treated grapes (p=0.615) (Table 3-12) but 

showed an effect on PEF treated wine (p=0.004) (Table 3-13). Post Hoc tests showed differences 

across all three field treatments with 50% pluck wine samples possessing the lowest total phenolic 

content and full pluck the highest (See Appendix A-5). Hunter et al. (1991) found that vines 

subjected to plucking were rated higher for cultivar character and quality than no pluck wines, 

despite no major differences in berry phenolic content. The increase in quality may be attributed 

to synergistic bioactivity among phenolics such as quercetin and other bioactives such as 

resveratrol, both prevalent in PN wine (Price et al. 1995; Gómez-Alonso et al. 2007; Forester et 

al. 2009).  
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Table 3-5: Average phenolic content of Pinot Noir wine, per field treatment (Full pluck, 50% pluck, No pluck) ± SE 

(n=6). Asterisk above field treatments indicates statistical significance wine samples made from non-treated & Pulsed 

Electric Field treated juice using one-way ANOVA’s (p=0.05). Asterisk next to a field treatment indicates statistical 

significance within each processing method from Tuckey’s HSD tests (See Appendix A-5) (p=0.05). 

 

 

 

 

 

 

  

Total Phenolics (mg/L) * Non-treated PEF 

Full 786.83 ± 08.90 755.08 ± 17.97* 

50% 764.85 ± 10.34 613.62 ± 14.81* 

No 780.83 ± 12.67 673.03 ± 15.60* 
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Figure 3-5: Average phenolic content of Pinot Noir juice per field treatment (A=Full pluck, B=50% pluck, C=No 

pluck) and maceration time, ± SE (n=4). Colourless bars are non-treated samples, shaded bars are PEF treated 

samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix A-5) (p=0.05). 
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3.3.6 Anthocyanin Profile  

3.3.6.1 Effect of PEF Treatment on Anthocyanins  

The electropermeabilization following PEF affects both cellular and vacuole membranes that 

house many phenolics promoting anthocyanin leaching and extraction (Romero-Cascales et al. 

2005; Cholet et al. 2014). Irrespective of leaf treatment and maceration time, a significant 

difference in petunidin-3-O-glucoside, delphinidin-3-O-glucoside, cyanidin-3-O-glucoside and 

malvidin-3-O-glucoside concentrations between non-treated and PEF treated juice samples was 

shown (p=0.001, p=<0.001, p=<0.001 and p=<0.001 respectively) (Table 3-8). These results 

are in strong support of alternative studies that show an increase anthocyanin content following 

PEF treatment (Puértolas et al. 2009; Donsì, Ferrari, Fruilo, et al. 2010; Saw et al. 2011; Delsart 

et al. 2014; Luengo et al. 2014; S. Y. Leong, Burritt, et al. 2016). Increased anthocyanin content 

has been shown to promote Caco-2 cell viability, promoting cell survival and persistence by 

reducing oxidative damage (Leong et al. 2015; S. Y. Leong, Burritt, et al. 2016; S. Y. Leong, 

Oey, et al. 2016).  

3.3.6.2 Effect of Field Treatment on Anthocyanins 

3.3.6.2.1 Petunidin-3-O-Glucoside 

Petunidin-3-O-Glucoside levels in non-treated and PEF treated juice samples were not affected 

by field treatment, (p=0.265, p=0.750 respectively), irrespective of maceration time (Table 3-9, 

Table 3-10). Post Hoc tests showed non-treated juice samples were not affected by leaf plucking, 

however PEF treated samples were (See Appendix A-6). No pluck samples had the lowest 

concentrations and full pluck samples the highest, congruent with their respective degrees of UV 

exposure. 

3.3.6.2.2 Delphinidin-3-O-Glucoside 

Delphinidin-3-O-Glucoside levels in non-treated and PEF treated juice samples were not affected 

by field treatment irrespective of maceration time (p=0.934, p=0.902 respectively) (Table 3-9, 

Table 3-10). Post Hoc tests also showed no differences due to leaf treatment among both non-

treated and PEF treated juice samples irrespective of maceration time (See Appendix A-7). Full 

pluck samples possessed the greatest anthocyanin concentrations.  
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3.3.6.2.3 Cyanidin-3-O-Glucoside 

Cyanidin-3-O-Glucoside levels in non-treated and PEF treated juice samples were not affected 

by field treatment irrespective of maceration time (p=0.905, p=0.741 respectively) (Table 3-9, 

Table 3-10). Post Hoc tests also showed no differences due to leaf treatment among non-treated 

juice samples, irrespective of maceration time (See Appendix A-8).  

3.3.6.2.4 Malvidin-3-O-Glucoside 

Malvidin-3-O-Glucoside levels in non-treated and PEF treated juice samples were not affected 

by field treatment irrespective of maceration time (p=0.790, p=0.671 respectively) (Table 3-9, 

Table 3-10). Post Hoc tests showed non-treated juice samples were not affected by leaf plucking, 

however PEF treated samples were, with no pluck samples having the lowest content and full 

pluck samples the highest (See Appendix A-9).  

3.3.6.3 Summary 

PEF treated samples showed some differences with full pluck samples having the highest 

anthocyanin concentrations due to increased UV exposure. The little to no differences in response 

to increased UV exposure shows that PEF exerts a stronger force on anthocyanin content than 

leaf plucking. This is an interesting result as leaf removal and its inadvertent effects, such as 

increasing temperature, have been shown to increase anthocyanin synthesis and concentrations 

(Pascual-Teresa et al. 2007; Tarara et al. 2008; Xu et al. 2011). Additionally, it has been shown 

that the concentration of anthocyanins within grape berries can be enhanced by the presence of 

high sugar levels (Dai et al. 2014). Exposure to high concentrations of sucrose, fructose or 

glucose increases anthocyanin concentration and the rate of production in whole detached grape 

berries due to the regulation of some sugar signalling regulatory genes being altered in response 

to the higher sugar concentrations (Dai et al. 2014). Dai et al. (2014) found that a gene responsible 

for hexokinase a phosphorylating enzyme often induced during grape berry ripening and involved 

in anthocyanin production was upregulated, as glucose is a substrate for this enzyme this was not 

surprising (Gambetta et al. 2010). 

3.3.6.4 Effect of Maceration Time on Anthocyanin release 

In general, PN juice showed an increasing trend in anthocyanin release with maceration time. 

Petunidin-3-O-glucoside was the least abundant anthocyanin in the juice samples. No differences 

in concentrations was evident over the maceration times until day 7 (Figure 3-6). Of the non-

treated juice, full pluck samples increased significantly. PEF treated samples increased in 
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anthocyanins at day 7, displaying significantly higher concentrations than non-treated juice. 

Delphinidin-3-O-glucoside levels in non-treated juice samples were similar to PEF treated 

samples until day 7 (Figure 3-7). After 7 days of maceration PEF treated samples increased 

significantly. Cyanidin-3-O-glucoside in non-treated juice samples were highest following 7 days 

of maceration, equivalent to PEF treated samples on days 1 (Figure 3-8). PEF treated juice 

showed an increasing trend in anthocyanin release with longer maceration time. Malvidin-3-O-

glucoside was the highest liberated anthocyanin. Treatment variation became evident at day 1 of 

sampling with PEF juice samples yielding anthocyanins present at a concentration statistically 

similar to that of non-treated samples at day 7 (Figure 3-9).  

3.3.6.5 Anthocyanins in Wine 

Anthocyanins play an important role in red wines, initially contributing to the visual perception 

of quality, and promoting colour stability throughout ageing (Tarara et al. 2008; Luengo et al. 

2014). All the anthocyanins found in juice are normally present in PN wine at varying 

concentrations with Malvidin-3-O-glucoside the most prevalent and characteristic for the cultivar 

(Romero-Cascales et al. 2005; Lee et al. 2013; S. Y. Leong, Burritt, et al. 2016). It was the only 

anthocyanin detected in this wine. Despite the stunted harvest and unideal microfermentation, 

concentrations of the anthocyanin were not too dissimilar to other studies that showed 

concentrations varying between 0mg/L and 140 mg/L (Tarara et al. 2008; Lee et al. 2013; S. Y. 

Leong, Burritt, et al. 2016). Malvidin-3-O-Glucoside concentration in wine was shown to be 

affected by PEF treatment (p=0.016) (Table 3-11) as well as leaf treatment in wine from non-treated 

and PEF treated grapes (p=<0.001, p=0.001 respectively) (Table 3-12, Table 3-13). Post Hoc tests 

showed non-treated 50% pluck grapes produced wine with the highest concentration of Malvidin-

O-Glucoside followed by no pluck, then full pluck with the lowest levels (See Appendix A-9).  

Anthocyanin biofunctionality is strongly affected by the degree of glycosylation and external 

factors such as pH and temperature (McGhie et al. 2007; Hidalgo et al. 2010). In this instance, 

the high UV exposure is likely to have increased cluster microclimate temperatures impacting on 

synthesis or polymerization (Poni et al. 2006; Tardaguila et al. 2010; Lee et al. 2013). In contrast 

to the hypotheses and result presented in the published literature, PEF treated wine yielded 

significantly less anthocyanins overall, with the highest content in 50% pluck, non-treated wine 

(Table 3-6). The unpredictability of these results is again presumed to be due to the unideal 

condition of berries and microfermentation. Anthocyanin structures can be rearranged in 

response to pH which can also alter their absorbability (Crozier et al. 2009). This instability 

makes them difficult to study in vitro and may explain some inconsistencies experienced in this 
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study. It is also plausible that alcohol content and polymerisation of anthocyanin units may have 

obstructed accurate HPLC analysis, interfering with the adsorbent material.  
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3.3.6.5.1 Petunidin-3-O-Glucoside 
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Figure 3-6: Average Petunidin-3-O-Glucoside concentrations of Pinot Noir juice per field treatment (A=Full pluck, 

B=50% pluck, C=No pluck) and maceration time, ± SE (n=4). Colourless bars are non-treated samples, shaded bars 

are PEF treated samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix A-6 

(p=0.05). 
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3.3.6.5.2 Delphinidin-3-O-Glucoside 
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Figure 3-7: Average Delphinidin-3-O-Glucoside concentrations of Pinot Noir juice per field treatment (A=Full pluck, 

B=50% pluck, C=No pluck) and maceration time, ± SE (n=4). Colourless bars are non-treated samples, shaded bars 

are PEF treated samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix A-7) 

(p=0.05). 
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3.3.6.5.3 Cyanidin-3-O-Glucoside 
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Figure 3-8: Average Cyanidin-3-O-Glucoside concentrations of Pinot Noir juice per field treatment (A=Full pluck, 

B=50% pluck, C=No pluck) and maceration time, ± SE (n=4). Colourless bars are non-treated samples, shaded 

bars are PEF treated samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix A-8) 

(p=0.05). 
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3.3.6.5.4 Malvidin-3-O-Glucoside 

Table 3-6: Average Malvidin-3-O-Glucoside concentrations of Pinot Noir wine, per field treatment (Full pluck, 50% 

pluck, No pluck) ± SE (n=6). Asterisk above field treatments indicates statistical significance wine samples made from 

non-treated & Pulsed Electric Field treated juice using one-way ANOVA’s (p=0.05). Asterisk next to a field treatment 

indicates statistical significance within each processing method from Tuckey’s HSD tests (See Appendix A-9) (p=0.05). 

 

 

 

 

 

 

  

Malvidin-3-O-Glucoside* Non-treated PEF 

Full 38.92 ± 1.06*   51.03 ± 0.85* 

50%  82.63 ± 0.77* 32.93 ± 1.07 

No 74.13 ± 1.32* 29.15 ± 0.63 
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Figure 3-9: Average Malvidin-3-O-Glucoside concentrations of Pinot Noir juice per field treatment (A=Full pluck, 

B=50% pluck, C=No pluck) and maceration time, ± SE (n=4). Colourless bars are non-treated samples, shaded bars 

are PEF treated samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix A-9) 

(p=0.05). 
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3.3.7 Colour Intensity 

3.3.7.1 Effect of PEF Treatment on Colour Intensity  

A significant difference in colour intensity between non-treated and PEF treated juice samples 

was shown, irrespective of leaf treatment and maceration time (p<0.001) (Table 3-8). Generally, 

PEF treated samples exhibited stronger colour intensity than non-treated samples. This result is 

in line with other studies that have shown an increase in the detection of colour contributing 

bioactives such as anthocyanins and flavanols following PEF processing (Delsart et al. 2014; 

López-Giral et al. 2015; S. Y. Leong, Burritt, et al. 2016).  

3.3.7.2 Effect of Field Treatment on Colour Intensity 

Non-treated juice samples were not affected by field treatment irrespective of maceration time 

(p=0.403) (Table 3-9). PEF treated juice samples showed some differences irrespective of 

maceration time (p=0.040) (Table 3-10). Post Hoc tests showed leaf plucking had no impact on 

non-treated samples, however this treatment did affect the colour intensity of PEF treated samples 

(See Appendix A-10). Juice samples from both leaf plucking treatments had significantly higher 

colour intensities than no pluck samples. This variation suggests that PEF processing heightens 

the leaf pluck effect and that, regardless of the degree of leaf removal, promotes synthesis of 

colour contributing bioactives. This result supports other studies as UV exposure induces 

synthesis of phenolics such as anthocyanins and flavonols that act as sunscreen and absorb 

harmful UV radiation (Price et al. 1995; Gómez-Alonso et al. 2007; Forester et al. 2009; Delsart 

et al. 2014). Both non-treated and PEF treated samples showed the same trend, with no pluck 

juice samples having the lowest colour intensities, followed by full pluck, then 50% pluck 

samples with the highest colour intensities.  

3.3.7.3 Effect of Maceration Time on Colour Intensity 

Any differences in colour intensity found across all juice samples due to maceration time was 

minor. All treatments yielded their highest colour intensities after 7 days of maceration (Figure 

3-10). Full pluck samples increased significantly from day 0 to day 7. The 50% pluck samples 

showed no differences in response to maceration time. Differences were evident only among no 

pluck samples at days 1 and 3 when non-treated samples had lower colour intensities than PEF 

treated juice samples. These minor differences, and trend, is unlike that of the anthocyanin 

concentrations in the juice, suggesting that other factors contribute to determination of colour 

intensity, such as turbidity, assimilates and precipitation within samples. The juice samples 

demonstrate visual differences in colour intensity (Figure 3-11).  
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Although this was not shown to be statistically different, from a sensory viewpoint, the perceived 

colour may be more important than actual values for consumers.  

3.3.7.4 Colour Intensity of Wine 

Wine from non-treated grapes showed no differences compared to the wine from PEF treated 

grapes (p=0.335) (Table 3-7, Table 3-11). This result emphasizes the effectiveness of PEF 

processing and its ability to reduce maceration time yet achieve a similar colour intensity, as 

shown in Figure 3-12. Although this result does not support measured wine anthocyanin 

concentrations, it is understood that phenolic acids and flavonols also contribute to colour, 

therefore anthocyanin content cannot be strictly used as an indicator of colour (Gómez-Alonso 

et al. 2007; Delsart et al. 2014). During ageing, a reduction in colour intensity naturally occurs, 

however it is exacerbated with the addition of sulphite preservatives. Delsart et al. (2014) showed 

that with consistent preservative concentrations, colour intensity increased following PEF 

treatment highlighting the commercial viability of PEF. Leaf plucking has been shown to increase 

berry skin pigmentation and consequently improving berry and wine colour (Waterhouse 2002; 

Lee et al. 2013; Pena-Olmos et al. 2013). In this instance, wine from non-treated grapes was 

shown to not be influenced by any field treatment (p=0.642) (Table 3-12), however wine made 

from PEF treated grapes were (p=<0.001) (Table 3-13). Post Hoc tests also showed this 

difference with 50% pluck wine displaying the lowest colour intensity among PEF treated 

samples (See Appendix A-10). In this instance, this result is thought to be due to the non-

homogeny of PN microfermentation.  
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Table 3-7: Average colour intensity of Pinot Noir wine, per field treatment (Full pluck, 50% pluck, No pluck) ± SE 

(n=6). Asterisk above field treatments indicates statistical significance between non-treated & Pulsed Electric Field 

treated wine samples from one-way ANOVA’s (p=0.05). Asterisk next to a field treatment indicates statistical 

significance within each processing method from Tuckey’s HSD tests (See Appendix A-10) (p=0.05). 

 

 

 

 

 

 

 

  

Colour Intensity Non-treated PEF 

Full 0.88 ± 0.01 0.99 ± 0.02 

50% 0.89 ± 0.02   0.56 ± 0.02* 

No 0.97 ± 0.06 0.91 ± 0.03 

Figure 3-10: Colour intensity of Pinot Noir juice per field treatment (A=Full pluck, B=50% pluck, C=No pluck) and 

maceration time, ± SE (n=4). Colourless bars are non-treated samples, shaded bars are PEF treated samples. Letters 

demonstrate statistical variation from Tukey’s HSD tests (See Appendix A-10) (p=0.05). 
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A-Day 1 

         Full Pluck          50% Pluck           No Pluck 

       PEF      Non         PEF       Non        PEF      Non  

B-Day 2 

C-Day 3 

D-Day 7 

 

A 

Full Pluck 

    PEF treated                  Non-treated 

B 

50% Pluck 

    PEF treated              Non-treated 

C 

No Pluck 

        PEF treated           Non-treated 

 

Figure 3-11: Raw colour of Pinot Noir juice samples prior 

to centrifuging and filtering. A, B, C and D correspond to 

maceration days 1, 2, 3, and 7 respectively. Individual 

replicates per treatment shown. 

Figure 3-12: 1 of 2 bottles of Pinot Noir wine 

used for analysis of all field treatments (A-full, 

B-50%, and C- no pluck).  
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3.3.8 Cell Culture Experiments using Caco-2 Cells 

3.3.8.1 Effect of PEF Treatment on Cell Viability  

3.3.8.1.1 MTT Assay 

No initial PEF effect was shown among juice samples prior to TBH stress exposure (p=0.074), 

irrespective of field treatment or maceration time (See Appendix A-11). Following TBH 

exposure, differences comparing non-treated and PEF treated juice samples was shown with PEF 

samples exhibiting a significant increase in cell viability (p=0.023), irrespective of field treatment 

or maceration time (Table 3-8). Increase in viability suggests an increase in health promoting 

properties of the juice samples due to a reduction of TBH induced oxidative stress. 

3.3.8.1.2 DCF Assay 

No PEF effect was shown among juice samples not exposed to TBH (p=0.802), irrespective of 

field treatment or maceration time (See Appendix A-12). Following TBH exposure, differences 

comparing non-treated and PEF treated juice samples was shown with PEF treated samples 

exhibiting a lower incidence of oxidative damage (p=<0.001) (Table 3-8). This shows that PEF 

treated juice does in fact have a higher antioxidant capacity than non-treated juice due to the 

reduced prevalence of ROS. 

3.3.8.2 Effect of Field Treatment on Cell Viability 

3.3.8.2.1 MTT Assay 

No differences among both non-treated and PEF treated samples due to field treatment 

irrespective of maceration time was shown prior to TBH stress exposure, (p=0.865, p=0.938 

respectively) (See Appendix A-11). Post Hoc tests confirmed no field treatment effect prior to 

TBH stress exposure for either non-treated and PEF treated samples (See Appendix A-11). 

Following TBH stress exposure, irrespective of maceration time, no differences in cell viability 

among non-treated and PEF treated samples was shown, in response to field treatments (p=0.719, 

p=0.863 respectively) (Table 3-9, Table 3-10). Post Hoc test showed no leaf pluck effect on non-

treated and PEF treated juice samples following TBH exposure, eliminating the need for leaf 

plucking (See Appendix A-11). This result also shows that PEF processing has a stronger impact 

on phenolics that promote cell viability and increased the extraction of some compounds such as 

anthocyanins. This may be directly correlated with increased antioxidant and health promoting 

potential (Leong et al. 2015; S. Leong et al. 2016). 
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3.3.8.2.2 DCF Assay 

No differences were shown due to field treatment among non-treated and PEF treated samples 

(p=0.537, p=0.185) respectively, prior to TBH stress exposure was shown due to field treatment, 

regardless of maceration time (See Appendix A-12). Post Hoc tests confirmed that field treatment 

did not have an impact prior to TBH stress exposure (See Appendix A-12). Following TBH stress 

exposure, no differences among both non-treated and PEF treated juice samples due to field 

treatment was shown, (p=0.598, p=0.817) respectively, regardless of maceration time (Table 3-9, 

Table 3-10). Post Hoc tests confirmed that field treatment had no effect (See Appendix A-12). 

Similar to cell viability, these lack of differences further confirm that PEF processing is capable 

of regulating the release of health promoting bioactives, and therefore, eliminating the need for 

leaf plucking. 

3.3.8.3 Effect of Maceration Time on Cell Viability 

3.3.8.3.1 MTT Assay 

TBH stressed samples showed an increase in viability at day 7, which interestingly is congruent 

with anthocyanin concentrations that inhibit oxidative damage. All PEF treated TBH stressed 

samples showed significantly higher viability than non-treated stressed juice samples following 

7 days of maceration. PEF treated, 50% and no pluck stressed samples showed an increase in 

viability from day 3 (Figure 3-13). This result shows that PEF treatment inadvertently provided 

a higher degree of bioprotectivity to the cells, and appears to show an increasing trend with 

maceration time. This has also been demonstrated using Merlot grape juice that showed 

reductions in maceration time while displaying similar bioprotectivity of Caco-2 cells (Leong et 

al. 2015). 

3.3.8.3.2 DCF Assay 

TBH stressed samples displayed differences at some maceration times (Figure 3-14). Full pluck, 

stressed, PEF treated samples at day 0 had a slightly reduced incidence of oxidative damage 

compared to non-treated juice. This was maintained through day 3 and 7 at which point non-

treated samples also showed a reduction in oxidative damage. Both the 50% and no pluck, 

stressed, PEF treated samples had no differences at day 0, however both showed a reduction at 

day 3. At day 7, the levels in both non-treated and PEF treated samples became similar. These 

results suggest that PEF processing increased the bioprotective capacity of juice samples and 

subsequently the rate of cells recovery or reduced the actual generation of DCF reactive peroxyl 

radicals in response to TBH (Wang et al. 1999; Wan et al. 2014).  
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3.3.8.4 Summary 

Both assays displayed a positive Caco-2 cell response to PEF processing and maceration time, 

with no impact from field treatments. These results show promise as oxidative stress contributes 

significantly to the development of a variety of diseases among plants and animals such as 

cardiovascular disease, and diabetes (Paolisso et al. 1996; Evans et al. 2003; Ceriello et al. 2004; 

Nile et al. 2014). ROS damage cells by oxidizing proteins and DNA, and induces the self-

proliferative process of lipid peroxidation (Bagchi et al. 2004; Borges et al. 2010). Protein 

oxidation leads to degradation, denaturing and may impact metabolic pathways due to a loss of 

enzymatic. DNA damage leads to mutations and can progress to cancer (Bagchi et al. 2004; 

Borges et al. 2010). Phenolics can be bioprotective and are capable of reducing inflammation, 

regulating signalling pathways, and inducing the production of detoxifying enzymes (Duthie 

2007; Seeram 2008; Nile et al. 2014). The increased bioprotectivity as shown by increased cell 

viability and reduced prevalence of radicals emphasizes that extractability is not optimal using 

traditional crushing and maceration methods. Therefore, it is clear that optimization using PEF 

treatment allows for maximum extraction, and ultimately maximum bioprotectivity, within a 

reduced maceration period. This has commercial potential with the aim of producing high quality, 

nutritionally richer wines.  
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Figure 3-13: Average cell viability of Caco-2 cells of Pinot Noir juice, prior to and following TBH and juice 

exposure, per field treatment (A=Full pluck, B=50% pluck, C=No pluck) and maceration time, ± SE (n=3). Letters 

demonstrate statistical variation from Tukey’s HSD tests (p=0.05). 
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Figure 3-14: Average fluorescence of Caco-2 cells of Pinot Noir juice, prior to and following TBH and juice 

exposure, per field treatment (A=Full pluck, B=50% pluck, C=No pluck) and maceration time, ± SE (n=3). 

Letters demonstrate statistical variation from Tukey’s HSD tests (p=0.05). 
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Table 3-8: ANOVA on concentrations of selected parameters of Pinot Noir juice comparing processing (non-treated 

and PEF treated) of PN juice samples, irrespective of leaf treatment & maceration time. All analysis was one-way 

ANOVA with processing the fixed factor. 

 

Parameter  SS df MS F Sig. 

Juice Yield 

Between Groups 157.260 1 157.260 4.061 .046 

Within Groups 4569.692 118 38.726    

Total 4726.952 119       

Soluble Sugars 

Between Groups .261 1 .261 .096 .757 

Within Groups 321.193 118 2.722    

Total 321.455 119       

Total LAA 

Between Groups 1.601 1 1.601 1.117 .293 

Within Groups 169.133 118 1.433    

Total 170.734 119       

DPPH 

Between Groups 144.471 1 144.471 2.303 .132 

Within Groups 7402.697 118 62.735    

Total 7547.168 119       

Phenolics (FC 

Assay) 

Between Groups 503207.366 1 503207.366 3.875 .051 

Within Groups 15322823.435 118 129854.436    

Total 15826030.801 119       

Petunidin-3-O-

Glucoside 

Between Groups 23.212 1 23.212 10.694 .001 

Within Groups 256.136 118 2.171    

Total 279.348 119       

Delphinidin-3-O-

Glucoside 

Between Groups 878.970 1 878.970 18.655 <.001 

Within Groups 5559.677 118 47.116    

Total 6438.647 119       

Cyanidin-3-O-

Glucoside 

Between Groups 324.041 1 324.041 23.968 <.001 

Within Groups 1595.302 118 13.520    

Total 1919.343 119       

Malvidin-3-O-

Glucoside 

Between Groups 69254.919 1 69254.919 35.606 <.001 

Within Groups 229514.142 118 1945.035    

Total 298769.061 119       

Colour Intensity 

Between Groups 17.041 1 17.041 21.338 <.001 

Within Groups 94.238 118 .799    

Total 111.280 119       

Cell Viability 

(MTT Assay) 

Between Groups 808.907 1 808.907 5.480 .023 

Within Groups 7676.074 52 147.617     

Total 8484.981 53       

Cell Viability 

(DCF Assay) 

Between Groups 9255.481 5 1851.096 23.156 <.001 

Within Groups 3837.111 48 79.940     

Total 13092.593 53       
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Table 3-9: ANOVA on concentrations of selected parameters of Pinot Noir juice comparing field treatments among 

non-treated samples only, irrespective of maceration time. All analysis was one-way ANOVA with leaf treatment 

as the fixed factor. 

 

 

 

 

 

  

Parameter  SS df MS F Sig. 

Juice Yield 

Between Groups 72.918 2 36.459 .607 .548 

Within Groups 3421.902 57 60.033    

Total 3494.820 59       

Soluble Sugars 

Between Groups 11.945 2 5.973 2.271 .112 

Within Groups 149.902 57 2.630    

Total 161.847 59       

Total LAA 

Between Groups 10.766 2 5.383 11.697 <.001 

Within Groups 26.232 57 .460    

Total 36.997 59       

DPPH 

Between Groups 409.306 2 204.653 3.703 .031 

Within Groups 3149.804 57 55.260    

Total 3559.110 59       

Phenolics (FC 

Assay) 

Between Groups 115334.008 2 57667.004 .413 .664 

Within Groups 7963748.993 57 139714.895    

Total 8079083.001 59       

Petunidin-3-O-

Glucoside 

Between Groups .215 2 .108 1.359 .265 

Within Groups 4.516 57 .079    

Total 4.732 59       

Delphinidin-3-

O-Glucoside 

Between Groups .153 2 .076 .068 .934 

Within Groups 64.002 57 1.123    

Total 64.154 59       

Cyanidin-3-O-

Glucoside 

Between Groups .804 2 .402 .100 .905 

Within Groups 229.691 57 4.030    

Total 230.494 59       

Malvidin-3-O-

Glucoside 

Between Groups 343.601 2 171.801 .236 .790 

Within Groups 41447.755 57 727.154    

Total 41791.356 59     

Colour 

Intensity 

Between Groups 1.437 2 .718 .924 .403 

Within Groups 44.297 57 .777    

Total 45.734 59       

Cell Viability 

(MTT Assay) 

Between Groups 46.519 2 23.259 .334 .719 

Within Groups 1670.889 24 69.620     

Total 1717.407 26       

Cell Viability 

(DCF Assay) 

Between Groups 246.519 2 123.259 .525 .598 

Within Groups 5638.000 24 234.917     

Total 5884.519 26       
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Table 3-10: ANOVA on concentrations of selected parameters of Pinot Noir juice comparing field treatments among 

Pulsed Electric Field treated samples only, irrespective of maceration time. All analysis was one-way ANOVA with 

leaf treatment as the fixed factor. 

 

Parameter  SS df MS F Sig. 

Juice Yield 

Between Groups 36.334 2 18.167 .997 .375 

Within Groups 1038.538 57 18.220    

Total 1074.872 59       

Soluble Sugars 

Between Groups 2.308 2 1.154 .419 .660 

Within Groups 157.038 57 2.755    

Total 159.346 59       

Total LAA 

Between Groups 9.564 2 4.782 2.224 .118 

Within Groups 122.572 57 2.150    

Total 132.136 59       

DPPH 

Between Groups 117.064 2 58.532 .895 .414 

Within Groups 3726.522 57 65.378    

Total 3843.586 59       

Phenolics (FC 

Assay) 

Between Groups 229350.856 2 114675.428 .932 .400 

Within Groups 7014389.579 57 123059.466    

Total 7243740.435 59       

Petunidin-3-O-

Glucoside 

Between Groups 2.525 2 1.263 .289 .750 

Within Groups 248.879 57 4.366    

Total 251.404 59       

Delphinidin-3-

O-Glucoside 

Between Groups 19.933 2 9.966 .104 .902 

Within Groups 5475.590 57 96.063    

Total 5495.523 59       

Cyanidin-3-O-

Glucoside 

Between Groups 34.597 2 17.298 .741 .481 

Within Groups 1330.211 57 23.337    

Total 1364.808 59       

Malvidin-3-O-

Glucoside 

Between Groups 2610.698 2 1305.349 .402 .671 

Within Groups 185112.088 57 3247.580    

Total 187722.786 59       

Colour Intensity 

Between Groups 8.706 2 4.353 6.234 .004 

Within Groups 39.798 57 .698    

Total 48.504 59       

Cell Viability 

(MTT Assay) 

Between Groups 72.667 2 36.333 .148 .863 

Within Groups 5886.000 24 245.250     

Total 5958.667 26       

Cell Viability 

(DCF Assay) 

Between Groups 60.667 2 30.333 .139 .871 

Within Groups 5227.333 24 217.806     

Total 5288.000 26       
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Table 3-11: ANOVA on concentrations of selected parameters of Pinot Noir wine comparing processing (non-treated 

and PEF treated) of PN wine samples, irrespective of leaf treatment. All analysis was one-way ANOVA with processing 

the fixed factor. 

 

 

Table 3-12:ANOVA on concentrations of selected parameters of Pinot Noir wine comparing field treatments among 

non-treated samples only. All analysis was one-way ANOVA with leaf treatment as the fixed factor. 

 

 

 

Table 3-13: ANOVA on concentrations of selected parameters of Pinot Noir wine comparing field treatments among 

Pulsed Electric Field treated samples only. All analysis was one-way ANOVA with leaf treatment as the fixed factor. 

Parameter  SS df MS F Sig. 

Total LAA 

Between Groups .077 1 .077 20.389 .001 

Within Groups .038 10 .004    

Total .114 11     

DPPH 

Between Groups 72.082 1 72.082 .904 .364 

Within Groups 797.650 10 79.765    

Total 869.732 11     

Phenolics (FC 

Assay) 

Between Groups 28061.986 1 28061.986 12.383 .006 

Within Groups 22661.283 10 2266.128    

Total 50723.269 11     

Malvidin-3-O-

Glucoside 

Between Groups 2231.145 1 2231.145 8.304 .016 

Within Groups 2686.775 10 268.678    

Total 4917.920 11     

Colour Intensity 

Between Groups .025 1 .025 1.026 .335 

Within Groups .248 10 .025    

Total .274 11       

Parameter  SS df MS F Sig. 

Total LAA 

Between Groups .015 2 .007 3.007 .192 

Within Groups .007 3 .002    

Total .022 5     

DPPH 

Between Groups 115.017 2 57.509 1.296 .393 

Within Groups 133.124 3 44.375    

Total 248.141 5     

Phenolics (FC 

Assay) 

Between Groups 550.351 2 275.175 .573 .615 

Within Groups 1439.977 3 479.992    

Total 1990.327 5     

Malvidin-3-O-

Glucoside 

Between Groups 2149.001 2 1074.501 298.090 <.001 

Within Groups 10.814 3 3.605    

Total 2159.815 5     

Colour Intensity 

Between Groups .012 2 .006 .515 .642 

Within Groups .034 3 .011    

Total .046 5       

Parameter  SS df MS F Sig. 

Total LAA 

Between Groups .014 2 .007 14.233 .029 

Within Groups .002 3 .001    

Total .016 5     

DPPH 

Between Groups 509.038 2 254.519 18.867 .020 

Within Groups 40.471 3 13.490    

Total 549.509 5     

Phenolics (FC 

Assay) 

Between Groups 20181.412 2 10090.706 61.837 .004 

Within Groups 489.545 3 163.182    

Total 20670.956 5     

Malvidin-3-O-

Glucoside 

Between Groups 521.954 2 260.977 156.396 .001 

Within Groups 5.006 3 1.669    

Total 526.960 5     

Colour Intensity 

Between Groups .202 2 .101 300.528 <.001 

Within Groups .001 3 .000    

Total .203 5       
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3.4 Conclusions 

PEF processing had a positive effect on PN juice regarding juice extraction, soluble sugar content, 

anthocyanin concentrations, colour intensity, and cell viability, irrespective of leaf treatment and 

maceration time. These results are in line with literature and are in support of commercial PEF 

application in the winemaking industry. The field treatment allows for an additional avenue of 

manipulation and was shown to impact on non-treated and PEF treated juice samples differently 

across parameters. Sampling over various maceration times allowed for monitoring, allowing us 

to account for any potential leaching trends. Insight into maceration time is imperative for 

industry application and it was shown that a reduction from 7 days of non-treated samples to 2 

days of PEF treated samples may be sufficient for bioactive extraction. However, wine results 

were compromised as microfermentation was unable to be executed to industry standard due to 

the inconsistencies in grape berry quality.  

 

Juice extraction was increased due to PEF treatment within a shorter maceration time, with no 

implications from field treatment. Although no differences in juice yield were evident due to leaf 

pluck, other parameters showed environmental sensitivity. Vitamin C synthesis was positively 

influenced by any degree of leaf pluck while PEF processing is believed to increase persistence 

over maceration time. An increase in vitamin C concentration and persistence contributes to total 

antioxidant capacity of grape juice and subsequently poses a variety of commercial benefits, 

primarily a higher quality product. A combination of both leaf plucking and PEF processing is 

deemed appropriate for manipulating vitamin C concentrations to account for both synthesis and 

persistence. A definitive conclusion on vitamin C in PN wine was unable to be made, although 

PEF appeared to reduce the vitamin C content, the importance of this is low due to the inherently 

low quantities in all wines. PEF processing was shown to eliminate any leaf pluck effect on 

antioxidant capacity that was present among non-treated juice samples. However, 

uncharacteristically, no increase in antioxidant capacity was shown in response to PEF 

processing.  

 

Synergy makes it difficult to define variable effects on phenolic content. In this case none of the 

variable appeared to have an effect on total phenolic content of PN juice, but PN wine showed a 

reduction in phenolic content due to PEF processing and differences across all field treatments. 

Further insight is imperative to develop a full phenolic profile and account for vintage specificity 

and account for microfermentation inconsistencies. 
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Anthocyanins are some of the most commonly present phenolics in red grapes and concentrations 

are known to be strongly impacted by terroir. Additionally, concentrations of various 

anthocyanins have been shown to be affected by PEF treatment, the combined effects however 

have never been reported. It was shown that, like antioxidant capacity, PEF treatment eliminated 

any field treatment effect maximizing extraction over maceration time. Although in this instance, 

PN wine was not up to industry standard, it is believed that an increase in anthocyanin content in 

juice will persist throughout winemaking resulting in a higher quality product. This study shows 

that PEF processing can promote uniformity in anthocyanin concentrations, therefore reducing 

or eliminating the need for leaf plucking. Colour intensity is used as a quality indicator and is 

strongly influenced by anthocyanin content. In line with anthocyanin results, PEF treated juice 

showed higher colour intensities, and therefore apparent quality of product. With the exception 

of the PEF treated, 50% pluck wine samples, products with 2 days of maceration developed 

colour similar to non-treated wines macerated for 7 days. This demonstrates the commercial 

applicability of PEF processing and its’ capability to produce an industry standard wine, of equal 

or higher quality. Leaf pluck was also shown to have an effect among PEF treated juice samples. 

This is believed to be due to electropermeabilization exacerbating the environmental influence 

on colour contributing phenolics. Therefore, for optimum colour intensity a combination of leaf 

pluck and PEF treatment is recommended. 

 

The collective increase in phenolics poses nutritional benefits to consumers as they possess an 

array of health promoting properties by modulating gene expression and reducing oxidative 

stress. This was clearly emphasized in the study showing successful uptake of bioactives by 

Caco-2 cells resulting in increased cell viability due to PEF processing. The increase in 

bioprotectivity brings forward a new avenue for commercialization by proposing the idea of 

naturally healthier, nutritionally enhanced wines while highlighting the combined efficacy of 

microclimate manipulation and PEF processing for winemaking. 
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Harvested Sauvignon Blanc grapes (above). Berry clusters displaying field treatment variation 

(below). From left to right; full pluck, 50% pluck, no pluck. 
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4.1 Introduction 

Traditional vine management tools such as leaf plucking optimize berry cluster microclimates, 

increase UV exposure and help to promote healthy vine growth and berry development (Leeuwen 

et al. 2004; Jacometti et al. 2007; Tardaguila et al. 2010). The synthesis of many bioactive 

compounds in grape berries has been shown to be influenced by the external environment, in 

particular UV exposure that induces stress responses initiating phenolic synthesis and 

accumulation (Lee et al. 2013; Pena-Olmos et al. 2013). During winemaking maximum phenolic 

extraction is promoted, however this requires extended periods of maceration that has quality 

compromising risks associated with it. PEF processing has been shown to induce 

electropermeabilization increasing both efficiency and the rate of phenolic extraction. 

Consequently this may help reduce maceration time and the risk of spoilage (Toepfl et al. 2006; 

Donsì, Ferrari & Pataro 2010; Puértolas et al. 2010; Saw et al. 2011). However, little investigation 

into this aspect has been made on white wine grapes due to their naturally low phenolic content. 

An increase in phenolic content could reduce the risk of oxidation and spoilage, of white wines. 

It may also increase nutritional value of wine and enhance quality parameters such as total 

antioxidant capacity (Zhao et al. 2009; Saw et al. 2011; González-Rompinelli et al. 2013; Abca 

et al. 2014).  

 

The main objective of the work detailed in this chapter was to investigate both the individual and 

combined effects of different degrees of leaf plucking (field treatment) and a PEF treatment on 

SB juice and wine. Juice monitoring occurred over a 24 hour maceration period and sampled at 

six different time points. For winemaking, juice not subjected to PEF treatment underwent 12 

hours of maceration while PEF treated juice underwent 1.5 hour maceration. The reduced 

maceration period was used to test the effectiveness of PEF processing for wine production of 

equal or greater quality within a shorter maceration period. Quality parameters including juice 

yield, and soluble sugar content were measured. Biochemical parameters including vitamin C, 

total phenolic content and total antioxidant capacity were investigated. In addition, a phenolic 

profile was developed of both juice and wine. Visually, differences were evident during harvest 

and processing that showed variation in cluster size, berry size and skin properties such as 

firmness, texture and pigmentation. The quality of microfermentation of SB was up to industry 

standard and showed commercial potential, therefore the volatile composition of wine was also 

investigated and the preliminary results presented. White wines such as SB have not typically 

been investigated with respect to phenolics and the influence of PEF, therefore this study provides 

a novel alternative showcasing any effects of leaf plucking and PEF treatment.    
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4.2 Methods 

4.2.1 Juice Phenolic Profile Analysis using HPLC 

A phenolic profile of SB juice was determined using the HPLC method described by Herbst-

Johnstone et al. (2011) with some modifications. Samples from two maceration times were used, 

1.5 hours for PEF treated samples and 12 hours for non-treated samples. Juice samples were 

centrifuged at room temperature at 21,000g for 2 minutes, filtered (0.45µm cellulose acetate 

syringe filter 13 mm diameter, Raylab, Auckland, New Zealand) transferred into 2 ml HPLC 

amber vials and placed into the autosampler at 4˚C. The system was equipped with a reverse-

phase Phenomenex Luna C18 column (250 x 4.6 mm i.d., 5μm particle size) at 25°C fitted with 

a guard column (4 × 3.0mm id; Phenomenex, USA) on an Agilent 1200 system completed with a 

diode array detector.  The mobile phase was composed of deionised water (solvent A), acetic acid 

solution (5%v/v) (solvent B) acetonitrile (solvent C). The flow rate was at 0.8ml/min with a total 

elution time of 90 minutes and an injection volume of 20µL. Peaks of the profile were used to 

identify individual phenolics using a DAD and the retention times measured at 280nm, 320nm, 

365nm, and 520nm. An external calibration curve was used to quantify the only detectable 

flavonoids; a hydroxycinnamic acid (p-coumaric acid) and hydroxybenzoic acids (vanillic acid, 

p-hydroxybenzoic acid). Three replicates per treatment were used (n=3). 

Table 4-1: Identified phenolic compounds; p-coumaric acid, vanillic acid, p-hydroxybenzoic acid and their respective 

retention times and quantification wavelengths. 

 

 

 

4.2.2 Wine Phenolic Profile Analysis using HPLC 

Phenolic analysis of SB wine was performed offsite at Lincoln University. The premises routinely 

perform wine phenolic analysis and have a developed method using HPLC, of which all 

particulars provided are detailed in this section. A Shimadzu LCMS 2010 equipped with a system 

controller CBM-20A, Pump A LC-20AD, Pump B LC-20AD, autosampler SIL-20AC and a PDA 

detector SPD-M20A was used. A Grace Davison, Ultima C18 (250mmx2.1mm, 5µm, 25°C) 

column was used. An isocratic mixture was 0.2% acetic acid in deionized water and methanol 

with 0.2% acetic acid was run 0.4ml/min with a total elution time of 80 minutes. The injection 

volume was 10.00µl. Samples were maintained at 4°C during analysis.  

Compound Name Retention Time (min) Wavelength(nm) 

p-coumaric acid 28.45 280 

vanillic acid 44.70 280 

p-hydroxybenzoic acid 59.30 280 
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External calibration curves were used to determine and quantify compounds with injection 

volumes ranging from 0mg/L to 50mg/L. Data analysis was performed on the four most abundant 

compounds; protochatechuic acid, p-hydroxybenzoic acid, catechin, and epicatechin. Two bottle 

replicates were used per treatment with 2 replicates per individual bottle (n=4). 

 

Table 4-2: Identified phenolic compounds; gallic acid, protochatechuic acid, p-hydroxybenzoic acid, catechin, 

epigallocatechin, vanillic acid, caffeic acid, syringic acid, epicatechin, p-coumaric acid, ferulic acid, epicatechin 

gallate, rutin, quercetin and their respective retention times and quantification wavelengths using HPLC. Performed 

offsite at Lincoln University. 

 

 

 

 

 

 

 

 

4.2.3 Wine Volatile Analysis using GCMS 

SB wine was analysed using GCMS to determine a volatile profile. Each sample consisted of 8 

mL of wine and 2.5 g analytical grade NaCl; 31% of the total solution, placed into headspace 

vials (Phenomenex Verex, 23 x 46mm, 10ml, bevelled edge, flat bottomed, clear 33). All 

headspace analyses were conducted using SPME fibre. Analyses were carried out on an Agilent 

6890N GC coupled to an Agilent 5975B VL MSD (with triple-axis detector) with samples 

introduced by a PAL RSI 85 auto sampler. The sample was incubated for 5 min at 40 ˚C (agitator 

on, 250 rpm), then for 40 min at 40 ˚C (agitator off), with exposure of the SPME fibre (at a depth 

of 30 mm). The SPME fibre was a Supelco Grey, 1cm, 50/30um, StableFlex (DVD/CAR/PDMS). 

The inlet was at 230˚C and the injection (to a depth of 40mm) was in splitless mode for 2 min, 

followed by a purge flow of 50 ml/min until 5min. The fibre then had a post desorption condition 

in the back inlet at 270 ˚C with a flow of 50 ml/min for a further 5 min. The carrier gas of helium 

1 ml/min (26 cm/sec) was under constant flow mode. Separation was achieved using a Zebron 

ZB-Wax 60 m, 320 um d, 0.5um df. The oven program started with a hold of 5 min at 50 ˚C, then 

heat rate of 4 ˚C/min to 180 ˚C, then a heat rate of 15 ˚C/min to 230 ˚C with a hold for 10 min. 

The MSD was operated under scan mode 30-300 amu. The fibre was checked for carryover of 

compounds by running both a blank with 5% ethanol and an empty vial. For data collection an 

initial area reject of 1 was used with an initial peak width of 0.020, shoulder detection was off 

and the initial threshold was set at 17.5. Three bottle replicates were tested per treatment with 3 

replicates per individual bottle (n=9).   

Compound Name Retention Time (min) Wavelength (nm) 

Gallic acid 5.52 280 

Protochatechuic acid 9.54 280 

p-Hydroxybenzoic acid 14.86 280 

Catechin 15.39 280 

Epigallocatechin 15.96 230 

Vanillic acid 19.57 280 

Caffeic acid 21.83 280 

Syringic acid 24.28 280 

Epicatechin 26.71 280 

p-Coumaric acid 33.24 280 

Ferulic acid 37.96 320 

Epicatechin gallate 37.30 280 

Rutin 47.96 280 

Quercetin 52.96 280 
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4.3 Results & Discussion 

4.3.1 Juice Yield 

4.3.1.1 Effect of PEF Treatment on Juice Yield 

Juice yield, as hypothesized, was strongly affected by PEF processing (p<0.001) irrespective of 

leaf treatment and maceration time (Table 4-10, Table 4-10). Post Hoc tests showed PEF treated 

samples had higher average juice yields compared to non-treated (See Appendix B-1). These 

results emphasize that PEF processing alone is capable of increasing juice extraction from grapes. 

PEF processing is an established processing method for maximizing juice extraction and has been 

shown to increase SB juice extraction as well as juice quality (Toepfl et al. 2006; Puértolas et al. 

2009; Donsì, Ferrari & Pataro 2010; Luengo et al. 2015). 

4.3.1.2 Effect of Field Treatment on Juice Yield 

Irrespective of maceration time, field treatment had no effect on juice yield obtained from non-

treated and PEF treated grapes (p=0.417, p=0.318 respectively) (Table 4-11, Table 4-12). Post 

Hoc tests also showed no differences between the two sample types (See Appendix B-1). Among 

non-treated and PEF treated samples, no pluck samples had the lowest average juice yield, 

followed by full pluck samples, and then 50% pluck samples. The lack of difference suggests that 

to maximize the juice yield, leaf plucking of vines is not required. The results are in contrast to 

the hypothesis as it was believed that no pluck samples could have a greater juice yield due to the 

development of larger berries with smaller skin to flesh ratios. It is therefore speculated that due 

to berry variation, a 200g sample of full pluck grapes was different to a 200g sample of no pluck 

grapes, with the latter consisting of fewer berries. Variation in berry size and weight has been 

documented in response to leaf plucking, resulting in a reduction in cluster and total yield (Poni 

et al. 2006). Consequently, this may have resulted in a much more uniform juice yield. Future 

research should consider both total sample weight and berry number. 

4.3.1.3 Effect of Maceration Time on Juice Yield 

Maceration time had no effect on juice yield of both non-treated and PEF treated samples (Figure 

4-1). This lack of an effect may be attributed to the thicker skin of SB grapes, which requires 

stronger mechanical crushing or an extended maceration period for full extraction. Alternatively, 

no change may be due to the rapid rate of leaching induced by PEF, which showed that maximum 

juice extraction occurs directly following PEF processing (Toepfl et al. 2006; Delsart et al. 2014; 

Gomonov 2016).   
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Figure 4-1: Average juice yield of Sauvignon Blanc per field treatment (A=Full pluck, B=50% pluck, C=No pluck) 

and maceration time, ± SE (n=5). Colourless bars are non-treated samples, shaded bars are Pulsed Electric Field 

treated samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix B-1) (p=0.05).  
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4.3.2 Soluble Sugars 

Non-treated and PEF treated juice did not vary with respect to ˚Brix values (p=0.878) ( 

Table 4-3, Table 4-10). No differences in sugar content due to PEF treatment has been shown in 

previous research and is commercially desirable, as soluble sugar content is used as a quality 

parameter throughout the winemaking process (Donsì, Ferrari & Pataro 2010; Abca et al. 2014). 

Insufficient sugar concentrations can result in incomplete fermentation affecting production of 

certain compound types such as alcohols and acids (Moreno-Arribas et al. 2009; Styger et al. 

2011). This ultimately compromises the quality of the final product and sensory perception. Field 

treatment was shown to affect soluble sugar levels in both non-treated and PEF treated juice 

(p=0.001, p=0.010 respectively) (Table 4-11, Table 4-12). Post Hoc tests showed no pluck 

samples had significantly higher ˚brix values than any subjected to leaf plucking (See Appendix 

B-2). Leaf plucking has been shown to reduce the soluble sugar content of grape berries by 

reducing assimilate movement during berry development and ripening as well as delaying the 

onset of ripening (Diago et al. 2010; Tardaguila et al. 2010; Martinez De Toda et al. 2013; Parker 

et al. 2015). Therefore, no leaf removal may reduce the berry ripening phase, allowing for earlier 

harvest and reduced risk of exposure to adverse environmental conditions.  

 

Table 4-3: Average Sauvignon Blanc juice soluble sugar (˚Bx) content, ± SE, per field treatment (Full pluck, 50% 

pluck, No pluck) (n=20). Asterisk above field treatments indicates statistical significance between non-treated & Pulsed 

Electric Field treated juice samples from one-way ANOVA’s (p=0.05). Asterisk next to a field treatment indicates 

statistical significance within each processing method from Tuckey’s HSD tests (See Appendix B-2) (p=0.05). 

 

 

 

 

 

  

SB Juice (˚Bx) Non-treated PEF 

Full 18.11 ± 0.81 18.11 ± 0.50 

50% 18.21 ± 0.42 18.15 ± 0.41 

No   19.49 ± 0.29*   19.43 ± 0.39* 
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4.3.3 Vitamin C (L-Ascorbic Acid) 

4.3.3.1 Effect of PEF Treatment on Vitamin C in Juice 

Differences in vitamin C content between non-treated and PEF treated juice samples was not 

detected (p=0.119), irrespective of leaf treatment and maceration time (Table 4-10). This result 

demonstrates that PEF processing does not increase vitamin C extraction, but perhaps promotes 

its’ persistence as shown in alternative studies (Elez-Martínez et al. 2006; Cortes et al. 2008; 

Vervoort et al. 2011; Vallverdu et al. 2012). Persistence determines shelf life, and in this case 

may affect wine ageing (Moreno-Arribas et al. 2009; Barril et al. 2016). No effect from PEF 

processing on comparatively vitamin C rich citrus fruit juices has also been shown (Cserhalmi et 

al. 2006). This suggests that the initial natural content present in grape berries is irrelevant when 

it comes to determining potential PEF effects.  

4.3.3.2 Effect of Field Treatment on Vitamin C in Juice 

Irrespective of maceration time, both non-treated and PEF treated juice samples were influenced 

by field treatment (p=0.037, p=0.030 respectively) (Table 4-11, Table 4-12). Post Hoc tests 

showed significant differences among non-treated samples that indicated full plucking of leaves 

significantly increased Vitamin C concentrations (See Appendix B-3) (Cruz-Rus et al. 2010; 

Leong et al. 2012b). Differences between PEF treated samples showed an increase in ascorbic 

acid concentration with increased leaf plucking, suggesting that PEF processing may exacerbate 

the environmental influence on vitamin C synthesis and/or persistence. Alternatively, as no pluck 

berries appeared larger and heavier, proportionately less skin was present per sample (200g). As 

the skin possesses the majority of bioactives, the higher levels of vitamin C accumulation in the 

full pluck samples could have been due to a higher skin surface area to flesh ratio resulting in the 

most environmental exposure and increased environmental stress (Ebeler 2001; Boussetta et al. 

2009).  

4.3.3.3 Effect of Maceration Time on Vitamin C in Juice 

Maceration time showed an effect on vitamin C content (Figure 4-2). A general increasing trend 

is present until 12 hours of maceration of full pluck samples, and at 6 hours in 50% and no pluck 

samples. Additionally, full pluck samples maintained higher concentrations of vitamin C 

throughout all maceration times. An increase in vitamin C synthesis and persistence may be 

attributed to the increased UV exposure rather than PEF processing (Cruz-Rus et al. 2010; Leong 

et al. 2012b). The relatively slow rate of leaching may be due to the characteristically thick skin 

of SB berries (Moreno-Arribas et al. 2009; Segade et al. 2011; S. Y. Leong, Burritt, et al. 2016). 
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Interestingly, the high light exposed and therefore most stressed full pluck samples exhibited 

faster leaching, as well as the highest overall Vitamin C content. These results are indicative of 

an interaction between an environmental stressor and an endogenous cellular response (Cramer 

et al. 2007; Cruz-Rus et al. 2010; Young et al. 2015). Vitamin C levels increase throughout the 

progression of berry development peaking once full ripeness is reached (Young et al. 2015). These 

levels can also be altered depending on microclimate that affects regulation of pathways 

responsible for synthesis (Cruz-Rus et al. 2010; Young et al. 2015). 

4.3.3.4 Vitamin C levels in Wine 

The vitamin C content varied significantly between non-treated and PEF treated wines (p=0.032), 

irrespective of leaf treatment (Table 4-13). Leaf treatment had no effect on vitamin C 

concentrations on wine made from both non-treated and PEF treated juice (p=0.518, p=0.715 

respectively) (Table 4-14, Table 4-15). Post Hoc tests confirmed the lack of difference between 

treatments but showed that full pluck samples had the lowest vitamin C concentrations, in contrast 

to the juice results (See Appendix B-3). Vitamin C has been shown to reduce the rate of spoilage 

and browning, and is a known additive, primarily for white wines (Peng et al. 1998; Chinnici et 

al. 2013; Barril et al. 2016). It has the ability to remove oxygen responsible for spoilage and 

browning during ageing and storage, consequently extending the storage life of wines (Peng et al. 

1998; Barril et al. 2016). Additionally, vitamin C promotes the development of yellow tones 

associated with ageing white wines, an indicator of a good quality product (Moreno-Arribas et al. 

2009; Barril et al. 2016). 
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Table 4-4: Average total L-AA content of Sauvignon Blanc wine, per field treatment (Full pluck, 50% pluck, No pluck) 

± SE (n=6). Asterisk above field treatments indicates statistical significance between wine samples made from non-

treated & Pulsed Electric Field treated juice using one-way ANOVA’s (p=0.05). Asterisk next to a field treatment 

indicates statistical significance within each processing method from Tuckey’s HSD tests (See Appendix B-3) (p=0.05). 

 

 

 

 

 

  

Total L-AA (mg/L) * Non-treated PEF 

Full 0.0003 ± 0.00 0.0004 ± 0.00 

50% 0.0003 ± 0.00 0.0004 ± 0.00 

No 0.0004 ± 0.00 0.0005 ± 0.00 
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Figure 4-2: Average total L-AA content of Sauvignon Blanc juice per field treatment (A=Full pluck, B=50% pluck, 

C=No pluck) and maceration time, ± SE (n=5). Colourless bars are non-treated samples, shaded bars are PEF treated 

samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix B-3) (p=0.05). 
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4.3.4 Antioxidant Capacity using DPPH Assay 

4.3.4.1 Effect of PEF Treatment on the Antioxidant Capacity of Juice 

The antioxidant capacity of SB juice showed significant differences among non-treated and PEF 

treated juice samples (p=<0.001), irrespective of leaf treatment and maceration time (Table 4-10). 

It was hypothesized that antioxidant capacity would increase in response to PEF processing 

however it was found that this was not the case with these samples (Soliva-Fortuny et al. 2009; 

Zhao et al. 2009; Donsì, Ferrari & Pataro 2010). Cultivar specific responses to PEF have been 

documented, however the significantly lower bioactive content of white cultivars makes it 

difficult to distinguish what factors directly influence total antioxidant capacity (Waterhouse 

2002). The unexpected reduction in antioxidant capacity of PEF treated samples may be indicative 

of a rapid rate of bioactive degradation, pro-oxidant synergy, or inconsistencies associated with 

the DPPH assay (Heim et al. 2002; Kähkönen et al. 2003; Hidalgo et al. 2010). 

4.3.4.2 Effect of Field Treatment on Antioxidant Capacity of Juice 

Irrespective of maceration time, no field treatment effect was shown among both non-treated and 

PEF treated juice samples, (p=0.851, p=802 respectively) (Table 4-11, Table 4-12). Post Hoc tests 

confirmed that leaf treatment had no impact on antioxidant capacity of juice samples irrespective 

of maceration time (See Appendix B-4). The lack of environmental impact was unexpected as the 

variation in UV exposure shows a strong correlation with bioactive production antioxidant 

potential (Diago et al. 2010; Lee et al. 2013; Folmer et al. 2014; Nile et al. 2014). However, the 

comparatively lower bioactive content of white grapes may be a limiting factor for antioxidant 

synthesis potential, ultimately minimising an environmental response. In addition, small 

concentrations impact on analytical detection and quantification.  

4.3.4.3 Effect of Maceration Time on Antioxidant Capacity of Juice 

Maceration time proved to be an unpredictable variable in this study (Figure 4-3). Juice sampled 

after 0, 1.5, and 3 hours of maceration exhibited little to no difference in response to PEF 

processing. The remaining PEF samples following 6, 12 and 24 hours of maceration displayed a 

significant and consistent decrease in antioxidant capacity. Non-treated full pluck juice was 

similar in response excluding the 12 hour samples that spiked unexpectedly. The antioxidant 

capacity of non-treated 50% pluck samples persisted until 12 hours then dropped, similar to the 

PEF treated samples. Non-treated no pluck samples showed the most antioxidant persistence 

throughout all maceration times.  
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The general declining trend in antioxidant capacity is indicative of degradation that may be 

attributed to the rapid rate of juice and bioactive recovery, and phenolic oxidation (Waterhouse 

2002; K. J. Olejar et al. 2015). 

4.3.4.4 Antioxidant Capacity of Wine 

The antioxidant capacity of the wine did not vary between non-treated and PEF grapes (p=0.702), 

irrespective of leaf treatment (Table 4-13). Non-treated samples were not affected by leaf 

treatment with all plucks having similar antioxidant capacities (p=0.843) (Table 4-14). Post Hoc 

tests showed no significant differences among non-treated samples, but contrasted with the 

hypothesis as full pluck wine samples possessed the lowest antioxidant capacities (Table 4-5)  

(See Appendix B-4). Wine from PEF treated juice showed differences in response to field 

treatment (p=0.033) (Table 4-15). Post Hoc tests showed full pluck wine had the lowest 

antioxidant capacity and no pluck the highest (See Appendix B-4). This may be due to the high 

levels of UV stress increasing ROS production leading to secondary metabolite synthesis, which 

then act to neutralize radicals, ultimately reducing bioactive bioavailability and functionality 

(Masella et al. 2005; Downey et al. 2006; McGhie et al. 2007; Lee et al. 2013; Folmer et al. 2014). 
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Table 4-5: Average antioxidant capacity as shown as percentage of DPPH of Sauvignon Blanc wine, per field treatment 

(Full pluck, 50% pluck, No pluck) ± SE (n=6). Asterisk above field treatments indicates statistical significance wine 

samples made from non-treated & Pulsed Electric Field treated juice using one-way ANOVA’s (p=0.05). Asterisk next 

to a field treatment indicates statistical significance within each processing method from Tuckey’s HSD tests (See 

Appendix B-4) (p=0.05). 

 

 

 

 

 

  

DPPH (%) Non-treated PEF 

Full 113.77 ± 3.39   105.28 ± 4.26* 

50% 118.46 ± 4.68 118.77 ± 1.96 

No 118.77 ± 6.94 121.54 ± 3.28 
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Figure 4-3: Average antioxidant capacity as shown as percentage of DPPH of Sauvignon Blanc juice per field 

treatment (A=Full pluck, B=50% pluck, C=No pluck) and maceration time, ± SE (n=5). Colourless bars are non-

treated samples, shaded bars are PEF treated samples. Letters demonstrate statistical variation from Tukey’s HSD 

tests (See Appendix B-4) (p=0.05). 
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4.3.5  Total Phenolics using Folin-Ciocalteu Assay 

4.3.5.1 Effect of PEF Treatment on Total Phenolics in Juice 

The phenolics extracted from white grapes come predominantly from berry flesh, and require a 

shorter maceration time, minimising the chance for phenolic oxidation and consequently 

browning (Waterhouse 2002; Moreno-Arribas et al. 2009; K. J. Olejar et al. 2015). Therefore, the 

optimisation of phenolic extraction poses a variety of commercial and consumer health benefits. 

An increase in phenolic extraction following PEF processing has been shown using Chardonnay 

grapes suggesting a cultivar or vintage specific response (Leeuwen et al. 2004; Boussetta et al. 

2009). Due to cultivar diversity and the naturally low content in white grapes, little research has 

been conducted on PEF effects on phenolics. In this study, PEF processing did not affect total 

phenolic content (p=0.149), irrespective of leaf treatment and maceration time (Table 4-10). 

Therefore, further insight is imperative, with the application of alternative assays and 

investigation into the phenolic profile. 

4.3.5.2 Effect of Field Treatment on Total Phenolics in Juice 

Irrespective of maceration time, field treatment had no effect on both non-treated and PEF treated 

juice samples (p=0.797, p=0760 respectively), as supported by Post Hoc tests (Table 4-11, Table 

4-12) (See Appendix B-5). Both exhibited the same trend with 50% pluck samples yielding the 

lowest phenolic content, and full pluck the highest. No significant differences suggests a cultivar 

or vintage specific response as shown in other studies due to environmental and biochemical 

interactions (Hidalgo et al. 2010; Pena-Olmos et al. 2013; Folmer et al. 2014; El Darra et al. 

2016). The seasonal heterogeny of vine and berry microclimates influences the biosynthesis of 

many phenolics that can help mitigate cellular stress and damage, but this makes it difficult to 

determine individual factor contributions (Gonzalez et al. 2003; Seeram 2008; Del Rio et al. 2010; 

Xu et al. 2011). This is further complicated by the characteristically low phenolic content of SB 

grapes (Waterhouse 2002; Kenneth J Olejar et al. 2015).  

4.3.5.3 Effect of Maceration Time on Total Phenolics in Juice 

Total phenolics over maceration time showed little to no differences in response to PEF 

processing (Figure 4-4). The figure displays a consistent trend across all field treatments with 

differences emerging following 24 hours of maceration for full pluck and 50% pluck samples 

with PEF treated samples displaying a higher total phenolic content. This differences may be due 

to a reduction in phenolic oxidation and degradation resulting in an increase in persistence as has 

been demonstrated in other fruit juices (Cortes et al. 2008; Vervoort et al. 2011).  
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Various methods of maceration, such as cryogenic maceration, have also been shown to increase 

phenolic content, presumably due to the decreased rate of degradation (K. J. Olejar et al. 2015; 

Kenneth J Olejar et al. 2015). 

4.3.5.4 Total Phenolics in Wine 

Analysis of wine samples showed no differences among non-treated and PEF treated samples 

(p=0.711) (Table 4-13). Leaf treatment did not affect the total phenolic contents of wine from 

both non-treated and PEF treated juice (p=0.954, p=0.830 respectively) (Table 4-14, Table 4-15). 

Post Hoc tests confirmed no leaf treatment effect (See Appendix B-5). Full pluck samples had the 

highest total phenolics contents among all wines suggesting that high light exposure did in fact 

promote the synthesis of phenolics (Price et al. 1995; Downey et al. 2006; Pena-Olmos et al. 2013; 

Lee et al. 2013). The lack of differences between the total phenolic content of samples highlights 

the efficacy of PEF processing for maximizing extraction within a shorter 1.5hour maceration 

period, as opposed to a non-treated 12hour maceration time (Table 4-6).  
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Table 4-6: Average phenolic content of Sauvignon Blanc wine, per field treatment (Full pluck, 50% pluck, No pluck) ± 

SE (n=6). Asterisk above field treatments indicates statistical significance between wine samples made from non-

treated & Pulsed Electric Field treated juice using one-way ANOVA’s (p=0.05). Asterisk next to a field treatment 

indicates statistical significance within each processing method from Tuckey’s HSD tests (See Appendix B-5) (p=0.05). 

 

 

 

 

 

 

  

Total Phenolics (mg/L) Non-treated PEF 

Full 312.53 ± 47.65 341.56 ± 35.68 

50% 298.51 ± 41.02 275.77 ± 44.50 

No 277.65 ± 43.49 331.53 ± 54.79 
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Figure 4-4: Average phenolic content of Sauvignon Blanc juice per field treatment (A=Full pluck, B=50% pluck, 

C=No pluck) and maceration time, ± SE (n=5). Colourless bars are non-treated samples, shaded bars are PEF treated 

samples. Letters demonstrate statistical variation from Tukey’s HSD tests (See Appendix B-5) (p=0.05). 
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4.3.6 Phenolic Profile Analysis using HPLC 

4.3.6.1 Effect of PEF Treatment on Phenolics of Juice 

4.3.6.1.1 p-Coumaric Acid 

Hydroxycinnamic acid is one of the few phenolic acids that is found at comparatively high 

concentrations in white wines compared to red wines, at approximately double the concentration 

(Rodríguez-Delgado et al. 2001; Waterhouse 2002; Lorrain et al. 2013). No differences in p-

coumaric acid were found between non-treated and PEF treated SB juice (p=0.402), irrespective 

of leaf treatment (Table 4-10). This shows that PEF processed juice after 1.5 hours of maceration 

yielded a similar concentration of p-coumaric acid as a non-treated sample following 12 hours of 

maceration. PEF processing has been shown to increase p-coumaric acid concentration and 

persistence (Agcam et al. 2014). In its’ free form, p-coumaric acid and other cinnamates have an 

astringent and bitter taste, however they are found at low concentrations in wines and directly 

contribute little to the sensory profile (Waterhouse 2002). P-coumaric acid plays a larger role as 

a precursor for volatile formation during fermentation, therefore the similar concentrations in PEF 

treated juice samples suggests the production of a similar wine within a shorter maceration time 

(Moreno-Arribas et al. 2009; Styger et al. 2011).   

4.3.6.1.2 Vanillic Acid 

There were differences in vanillic acid concentrations between non-treated and PEF treated juice 

samples (p=<0.001), irrespective of leaf treatment (Table 4-10). PEF significantly increased the 

synthesis of vanillic acid (Rodríguez-Delgado et al. 2001; Waterhouse 2002; Lorrain et al. 2013). 

PEF treatment of orange juice has also been shown to increase the concentration and persistence 

of vanillic acid along with other phenolic acids (Agcam et al. 2014). During fermentation and 

ageing, strong aroma contributing phenolic aldehydes such as vanillin can be produced (Walton 

et al. 2003; Loscos et al. 2007; Moreno-Arribas et al. 2009). An increase in vanillic acid due to 

PEF processing may promote the synthesis of vanillin that poses a multitude of benefits to the 

product. Vanillin is known to have antimutagenic, antimicrobial, bioprotective, and preservative 

properties (Walton et al. 2003). Additionally, fermentation and ageing in oak barrels has been 

shown to promote vanillin production suggesting the barrels themselves hold precursors (Loscos 

et al. 2007; Styger et al. 2011).  
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4.3.6.1.3 p-Hydroxybenzoic Acid 

Similar to other phenolic acids, p-hydroxybenzoic acid has little to no direct effect on the flavour 

or aroma of wine, however its potential conjugation into aroma contributing compounds 

highlights the eventual sensory significance it may have (Moreno-Arribas et al. 2009; Ali et al. 

2010; Paredes-López et al. 2010; Styger et al. 2011). No differences in p-hydroxybenzoic acid 

were shown between non-treated and PEF treated juice samples (p=0.537), irrespective of leaf 

treatment (Table 4-10). This shows that PEF processed juice, after 1.5 hours of maceration yields 

a similar concentration as non-treated samples following 12 hours of maceration.  

4.3.6.1.4 Total Phenolic Content 

Hydroxybenzoic and hydroxycinnamic acids are naturally synthesized in grape berries and stored 

in vacuoles, therefore are susceptible to electropermeabilization, explaining the positive response 

to PEF processing of all detected phenolics (Boussetta et al. 2009; Donsì, Ferrari, Fruilo, et al. 

2010; Ali et al. 2011). Despite differences in the levels of vanillic acid, no differences in total 

phenolic content was shown among non-treated and PEF treated juice samples (p=0.630), 

irrespective of leaf treatment (Table 4-10). This shows that PEF processed juice, after 1.5 hours 

of maceration, yielded a similar total content as non-treated samples following 12 hours of 

maceration (Table 4-7). PEF treatment has been shown to increase concentration and persistence 

of a variety of phenolic acids, similar to that of vitamin C (Elez-Martínez et al. 2006; Cortes et al. 

2008; Vervoort et al. 2011; Agcam et al. 2014).  

4.3.6.2 Effect of Field Treatment on Phenolics of Juice 

4.3.6.2.1 p-Coumaric Acid 

P-coumaric acid is naturally present in grape berries as esters of tartaric acid which has been 

shown to be enhanced by the timing of leaf plucking, rather than intensity of pluck (Waterhouse 

2002; Lee et al. 2013). In this instance, field treatment was shown to have no impact on 

concentrations of p-coumaric acid in both non-treated and PEF treated juice samples (p=0.593, 

p=0.925 respectively) (Table 4-11, Table 4-12). Post Hoc tests also showed no leaf pluck impact 

with all leaf treatments yielding similar concentrations from both non-treated and PEF treated 

juice samples (See Appendix B-6).  

 



Chapter 4  Sauvignon Blanc 

90 

 

4.3.6.2.2 Vanillic Acid 

Field treatment had no impact on the concentrations of vanillic acid both non-treated and PEF 

treated juice samples, (p=0.997, p=0.408 respectively) (Table 4-11, Table 4-12). Post Hoc tests 

confirmed no environmental impact with all three leaf plucking treatments yielding similar 

quantities (See Appendix B-7). These results suggest that PEF promotes extraction while leaf 

plucking promotes synthesis. 

4.3.6.2.3 p-Hydroxybenzoic Acid 

Field treatment was shown to have no impact on concentrations of both non-treated and PEF 

treated juice samples, (p=0.886, p=0.621 respectively) (Table 4-11, Table 4-12). Post Hoc tests 

confirmed no differences in response to leaf treatment among non-treated and PEF treated juice 

samples (See Appendix B-8). Once again these results suggest that PEF exerts a stronger effect 

than field treatments. 

4.3.6.2.4 Total Phenolic Content 

Leaf treatment was shown to have no impact on total phenolic content on non-treated and PEF 

treated juice samples, (p=0.900, p=0.608 respectively) (Table 4-11, Table 4-12). Post Hoc tests 

showed no effect, non-treated and PEF treated juice samples had the lowest total phenolic content 

in 50% pluck samples, followed by full pluck, and no pluck with the highest total phenolic content 

(See Appendix B-9). These results were not as hypothesized as increased UV exposure is an 

established promoter of bioactive synthesis (Jacometti et al. 2007; Tardaguila et al. 2010; Lee et 

al. 2013; Pena-Olmos et al. 2013).  

4.3.6.3 Phenolics in Wine 

4.3.6.3.1 p-Hydroxybenzoic Acid 

P-hydroxybenzoic acid is one of the most common hydroxybenzoic acids, it is found in both free 

form and as ethyl or methyl esters in wine, hence its persistence from juice may have sensory 

implications for wine (Moreno-Arribas et al. 2009; Ali et al. 2010). It was not affected by PEF 

processing (p=0.293) (Table 4-13) or by field treatment; wine from non-treated grapes (p=0.136) 

(Table 4-14), wine from PEF treated grapes (p=0.110) (Table 4-15). Post Hoc tests confirmed no 

differences between leaf treatments but showed full pluck wine samples yielded the lowest 

concentrations (See Appendix B-10). As well as increasing the rate of extraction, PEF processing 

has also been shown to increase persistence of p-hydroxybenzoic acid (Agcam et al. 2014).  
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4.3.6.3.2 Protochatechuic Acid 

Protochatechuic acid is one of the most prevalent hydroxybenzoic acids in wines in both free form 

and ester (Martins et al. 2011; Agcam et al. 2014). The release protochatechuic acid was affected 

by PEF processing (p=0.001) with PEF treated wine yielding significantly greater concentrations 

(Table 4-13). Field treatment had no effect on both non-treated and PEF treated wine (p=0.214, 

p=0.259 respectively) (Table 4-14, Table 4-15). Post Hoc tests confirmed no leaf treatment effect 

and showed that both non-treated and PEF treated wines had the lowest concentrations in full 

pluck wine, followed by 50% pluck, and the highest in no pluck wine (See Appendix B-11).  

4.3.6.3.3 Catechin 

Catechin is the most prevalent flavanol in white wines, contributing bitterness and astringency to 

the flavour and mouthfeel (Ebeler 2001; Moreno-Arribas et al. 2009). Non-treated and PEF 

treated wine showed differences in concentration (p=0.006), irrespective of leaf treatment (Table 

4-13). Field treatment impacted wine from both non-treated and PEF treated grapes (p=0.001, 

p<0.001 respectively) (Table 4-14; Table 4-15). Post Hoc tests showed non-treated wine 

concentrations were impacted by leaf treatment with all three leaf plucking treatments producing 

wines with various concentrations of catechin (See Appendix B-12). Wine from PEF treated 

grapes was also affected, full pluck wine samples showed a significant drop in catechin 

concentrations. The cause of this is unknown and may be due to microfermentation conditions 

rather than increased UV exposure. Alternatively, as few phenolics are found in their free form 

within the berry and wine, this esterification makes it difficult to determine and quantify 

compounds as changes in molecular size and weight can alters detection and purity.  

4.3.6.3.4 Epicatechin 

PEF processing had a significant effect on wine samples with wine from PEF treated grapes 

possessing higher concentrations of epicatechin (p<0.001) (Table 4-13). Non-treated and PEF 

treated wine was also affected by field treatment (p=0.110, p=<0.001), respectively (Table 4-14, 

Table 4-15). Post Hoc tests showed non-treated no pluck wine samples had a significant increase 

in epicatechin (See Appendix B-13). Wine from PEF treated grape samples showed the same 

trend as non-treated wine, however at significantly higher concentrations. The 50% pluck wine 

samples had the lowest concentrations, followed by full pluck, and no pluck with the highest. This 

result shows that PEF alone is can facilitate maximising epicatechin concentrations. An increase 

in epicatechin has nutritional benefits as this compound been shown to possess bioprotective 

properties (Forester et al. 2009; Jara-Palacios et al. 2015). 
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4.3.6.3.5 Total Phenolic Content 

Total phenolic content showed no differences among non-treated and PEF treated wine (p=0.302) 

(Table 4-13). Field treatment also had no effect on non-treated wine (p=0.189) (Table 4-14), but 

had some impact on wine made from PEF treated grapes (p=0.018) (Table 4-15). Post Hoc tests 

showed differences among wine samples from PEF treated grapes, however this result is 

attributed solely to full pluck samples having a significantly lower total phenolic content due to 

the low catechin levels (See Appendix B-14). The low phenolic content in SB is as expected, and 

the lack of differences further highlights the applicability of PEF for maximizing extractability 

and leaching (Table 4-8).  
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Table 4-7:Individual phenolic average concentrations and average total phenolic content found in Sauvignon Blanc 

juice samples per treatment, ± SE (n=3). Asterisk above field treatments indicates statistical significance between non-

treated & Pulsed Electric Field treated samples from one-way ANOVA’s (p=0.05). Asterisk next to a field treatment 

indicates statistical significance within each processing method from Tukey HSD tests (See Appendix B-6, B-7, B-8, B-

9) (p=0.05). 

 

 

 

 

 

 

 

 

Table 4-8: Top four individual phenolic average concentrations and average total phenolic content found in Sauvignon 

Blanc wine samples per treatment, ± SE (n=4). Asterisk above field treatments indicates statistical significance wine 

samples made from non-treated & Pulsed Electric Field treated juice using one-way ANOVA’s (p=0.05). Asterisk next 

to a field treatment indicates statistical significance within each processing method from Tukey HSD tests (See 

Appendix B-10, B-11, B-12, B-13, B-14) (p=0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

p-Coumaric Acid (mg/L) Non-treated PEF 

Full 2.70 ± 1.11 2.85 ± 0.07 

50% 2.99 ± 0.38 2.64 ± 0.65 

No 3.44 ± 0.37 2.79 ± 0.14 

Vanillic Acid (mg/L) * Non-treated PEF 

Full 0.44 ± 0.06 0.70 ± 0.07 

50% 0.44 ± 0.08 0.68 ± 0.03 

No 0.44 ± 0.05 0.77 ± 0.04 

p-Hydroxybenzoic Acid (mg/L) Non-treated PEF 

Full 6.19 ± 2.11 6.49 ± 0.64 

50% 5.24 ± 0.63 5.70 ± 0.71 

No 6.01 ± 1.25 7.00 ± 1.31 

Total (mg/L) Non-treated PEF 

Full 9.33 ± 1.67 10.04 ± 1.69 

50% 8.67 ± 1.39 9.02 ± 1.46 

No 9.94 ± 1.63 10.56 ± 1.84 

p-Hydroxybenzoic Acid (mg/L) Non-treated PEF 

Full 0.13 ± 0.02 0.26 ± 0.05 

50% 0.83 ± 0.39 0.30 ± 0.01 

No 0.30 ± 0.04 2.21 ± 1.15 

Protochatechuic Acid (mg/L) * Non-treated PEF 

Full 0.51 ± 0.05 0.91 ± 0.11 

50% 0.64 ± 0.02 0.98 ± 0.19 

No 0.81 ± 0.19 1.22 ± 0.04 

Catechin (mg/L) * Non-treated PEF 

Full 7.64 ± 0.07*   0.60 ± 0.01* 

50% 8.91 ± 0.03* 8.12 ± 0.06 

No 9.98 ± 0.46* 7.81 ± 0.12 

Epicatechin (mg/L) * Non-treated PEF 

Full 0.59 ± 0.01 1.10 ± 0.02 

50% 0.59 ± 0.02   0.97 ± 0.02* 

No   0.71 ± 0.04* 1.13 ± 0.01 

Total (mg/L) Non-treated PEF 

Full   9.33 ± 0.07  3.68 ± 0.10* 

50% 11.53 ± 0.48 10.73 ± 0.17 

No 13.00 ± 1.06 12.91 ± 0.94 
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4.3.7 Wine Volatile Profile Analysis using GCMS 

The genotype determines aspects of the bouquet and sets the precedent for the sensory attributes 

and chemical composition of the final wine (Ebeler 2001; Moreno-Arribas et al. 2009; Vitalini et 

al. 2014).  Volatile analysis was conducted to ascertain a profile, this research is currently 

underway and preliminary results from 2 of the 3 bottle replicates are discussed. In addition to 

volatile analysis, a sensory trial has been conducted. The major chemical constituents of SB were 

terpenoids, alcohols, organic acids, and esters, with the remainder made up of other organic 

compounds such as aldehydes, ketones, fatty acids, and sulphur derived compounds (Loscos et 

al. 2007; Styger et al. 2011; Vitalini et al. 2014).  

 

Terpenoids are secondary metabolites that influence the sensory profile of wine, and are 

considered part of the varietal bouquet as they are often conjugated into esters (Waterhouse 2002; 

Moreno-Arribas et al. 2009). Terpenoids and other phenolic esters such as vanillins and 

cinnamates, contribute to the aromatic perception of wines prompting numerous aromas such as 

woody, tobacco, spice, honey, and a vast array of floral notes (Francis et al. 2005; Loscos et al. 

2007; Moreno-Arribas et al. 2009). Fermentation and the final alcohol content of wines influences 

mouthfeel, flavour, and aroma (Ebeler 2001; Waterhouse 2002; Moreno-Arribas et al. 2009; 

Styger et al. 2011). High levels of ethanol have been shown to promote green herbaceous aromas 

and flavours while suppressing sweet, fruity, tropical tones (Ebeler 2001; Ali et al. 2010; Styger 

et al. 2011). Acids are formed throughout the entire process and react with alcohols during 

fermentation creating esters, which may revert back and forth until an equilibrium is reached 

(Moreno-Arribas et al. 2009; Styger et al. 2011). Hexanoic, octanoic and decanoic acids are the 

main acids to exist in wines contributing a sweat, cheese, fat like aroma, in this case octanoic and 

decanoic acids were the major constituents (Francis et al. 2005; Moreno-Arribas et al. 2009; 

González-Rompinelli et al. 2013). 

 

In the field, grape berries synthesize relatively few esters, with most of those that are synthesized 

being phenolic esters. However, these are synthesized at such low concentrations that they directly 

contribute little to the final product (Waterhouse 2002; Lorrain et al. 2013; Styger et al. 2011). 

Esters are produced throughout the entire winemaking process, some are cultivar derived but the 

majority are yeast strain dependant and are produced during fermentation and ageing (Waterhouse 

2002; Ali et al. 2010; Lorrain et al. 2013; González-Rompinelli et al. 2013). Wines have two types 

of esters; ethyl and acetate, of which both were abundant in this study’s SB wine. Both types of 

esters contribute sweet, fruity, sticky aromas (Loscos et al. 2007; Styger et al. 2011). However 

too many esters can be overpowering and can be a sign of spoilage (Loscos et al. 2007; Styger et 

al. 2011).  
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Up to 160 different esters can be found in wine and in this study, 22-25 esters have so far been 

identified in each treatment making up 75%-80% of the total SB composition. This result excludes 

non-treated full pluck wine that possessed 17 esters making up 67% of the total composition (Ali 

et al. 2010). A substantial percentage of the total composition is currently undetermined with just 

89% accounted for, followed by PEF treated full pluck wine at 97%. This result varies to other 

treatments that have 98%-99% of their total composition accounted for. It also suggests that full 

plucking of leaves exerted an effect that was then regulated by PEF processing. The 50% pluck 

and no pluck wines did not appear to differ in substituents. Again, this highlights the commercial 

viability of PEF as the volatile profile was not negatively implicated due to the reduced 

maceration time of 1.5 hours compared to 12 hours. The percentage of total composition showed 

no statistical differences in response to field treatment or PEF processing of terpenoids, alcohols, 

organic acids, and esters (Table 4-9). 

 

Analysis into individual types of esters, the remaining unidentified compounds and their 

respective sensory potential is imperative to determine any field or PEF effects that may 

compromise, maintain, or improve quality. As with other bioactives, synergism between 

phenolics and volatiles is prevalent and difficult to account for, therefore this research requires 

on-going investigation (Moreno-Arribas et al. 2009).  

 

Table 4-9: Averages of percentage of total composition of Sauvignon Blanc wine from 2 bottle replicates and 3 

analytical replicates per treatment (n=6). Asterisk indicates statistical significance wine samples made from non-

treated & Pulsed Electric Field treated juice using one-way ANOVA’s (See Appendix B-15) (p=0.05).  

 

 

  

Compound 

Type 

Full Pluck 50% Pluck No Pluck 

Non-treated PEF Non-treated PEF Non-treated PEF 

Terpenoids 0.84% 0.25% 0.12% 0.15% 0.11% 0.14% 

Alcohols 13.22% 15.15% 14.69% 15.58% 13.85% 14.49% 

Acids 5.36% 6.01% 5.38% 5.56% 5.20% 4.80% 

Esters 67.40% 75.28% 78.84% 77.38% 79.60% 79.06% 

Total 86.83% 96.69% 99.03% 98.66% 98.76% 98.49% 
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Table 4-10: ANOVA on concentrations of selected parameters of Sauvignon Blanc juice comparing processing (non-

treated and PEF treated) of PN juice samples, irrespective of leaf treatment & maceration time All analysis was one-

way ANOVA with processing the fixed factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Parameter  SS df MS F Sig. 

Juice Yield 

Between Groups 582.844 1 582.844 15.233 <.001 

Within Groups 6810.808 178 38.263   

Total 7393.651 179    

Brix 

Between Groups 214.558 11 19.505 9.086 <.001 

Within Groups 360.639 168 2.147   

Total 575.197 179    

Total LAA 

Between Groups 50.217 1 50.217 2.460 .119 

Within Groups 3633.220 178 20.411   

Total 3683.437 179    

DPPH 

Between Groups 1886.040 1 1886.040 21.624 <.001 

Within Groups 15525.408 178 87.221   

Total 17411.448 179    

Phenolics (FC 

assay) 

Between Groups 68361.762 1 68361.762 2.097 .149 

Within Groups 5802496.672 178 32598.296   

Total 5870858.434 179    

Vanillic Acid 

Between Groups .350 1 .350 45.365 <.001 

Within Groups .123 16 .008   

Total .473 17    

p-Hydroxybenzoic 

Acid 

Between Groups 1.439 1 1.439 .399 .537 

Within Groups 57.738 16 3.609   

Total 59.177 17    

p-Coumaric Acid 

Between Groups .365 1 .365 .742 .402 

Within Groups 7.870 16 .492   

Total 8.235 17    

Total Phenolics 

(HPLC) 

Between Groups 1.417 1 1.417 .242 .630 

Within Groups 93.709 16 5.857   

Total 95.126 17    
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Table 4-11: ANOVA on concentrations of selected parameters of Sauvignon Blanc juice comparing field treatments 

among non-treated samples only, irrespective of maceration time. All analysis was one-way ANOVA with leaf 

treatment as the fixed factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Parameter  SS df MS F Sig. 

Juice Yield 

Between Groups 57.753 2 28.877 .884 .417 

Within Groups 2841.385 87 32.660    

Total 2899.139 89       

Brix 

Between Groups 35.273 2 17.636 7.376 .001 

Within Groups 208.016 87 2.391    

Total 243.289 89       

Total LAA 

Between Groups 96.121 2 48.060 3.433 .037 

Within Groups 1217.963 87 14.000    

Total 1314.084 89       

DPPH 

Between Groups 24.973 2 12.486 .162 .851 

Within Groups 6705.582 87 77.076    

Total 6730.555 89       

Phenolics (FC 

assay) 

Between Groups 16942.43 2 8471.214 .227 .797 

Within Groups 3241416.8 87 37257.665   

Total 3258359.2 89    

Vanillic Acid 

Between Groups .000 2 .000 .003 .997 

Within Groups .079 6 .013     

Total .079 8       

p-Hydroxybenzoic 

Acid 

Between Groups 1.585 2 .792 .123 .886 

Within Groups 38.521 6 6.420     

Total 40.105 8       

p-Coumaric Acid 

Between Groups .827 2 .414 .571 .593 

Within Groups 4.347 6 .725     

Total 5.175 8       

Total Phenolics 

(HPLC) 

Between Groups 2.408 2 1.204 0.107 .900 

Within Groups 67.328 6 11.221   

Total 69.736 8    
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Table 4-12 ANOVA on concentrations of selected parameters of Sauvignon Blanc juice comparing field treatments 

among Pulsed Electric Field treated samples only, irrespective of maceration time. All analysis was one-way ANOVA 

with leaf treatment as the fixed factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Parameter  SS df MS F Sig. 

Juice Yield 

Between Groups 101.781 2 50.891 1.162 .318 

Within Groups 3809.888 87 43.792    

Total 3911.669 89       

Brix 

Between Groups 33.644 2 16.822 4.908 .010 

Within Groups 298.188 87 3.427    

Total 331.832 89       

Total LAA 

Between Groups 179.962 2 89.981 3.660 .030 

Within Groups 2139.175 87 24.588    

Total 2319.137 89       

DPPH 

Between Groups 44.622 2 22.311 .222 .802 

Within Groups 8750.231 87 100.577    

Total 8794.853 89       

Phenolics (FC 

assay) 

Between Groups 16007.73 2 8003.866 0.275 .760 

Within Groups 2528130 87 29058.96   

Total 2544137 89    

Vanillic Acid 

Between Groups .011 2 .006 1.045 .408 

Within Groups .033 6 .005     

Total .044 8       

p-Hydroxybenzoic 

Acid 

Between Groups 2.586 2 1.293 .516 .621 

Within Groups 15.046 6 2.508     

Total 17.633 8       

p-Coumaric Acid 

Between Groups .069 2 .034 .079 .925 

Within Groups 2.626 6 .438     

Total 2.695 8       

Total Phenolics 

(HPLC) 

Between Groups 3.662 2 1.831 .541 .608 

Within Groups 20.311 6 3.385     

Total 23.973 8       
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Table 4-13:ANOVA on concentrations of selected parameters of Sauvignon Blanc wine comparing processing (non-

treated and PEF treated) of SB wine samples, irrespective of leaf treatment & maceration time All analysis was one-

way ANOVA with processing the fixed factor. 

Parameter  SS df MS F Sig. 

Total LAA 

Between Groups .000 1 .000 6.163 .032 

Within Groups .000 10 .000    

Total .000 11     

DPPH 

Between Groups 9.784 1 9.784 .155 .702 

Within Groups 629.643 10 62.964    

Total 639.426 11     

Phenolics (FC 

assay) 

Between Groups 1206.316 1 1206.316 .145 .711 

Within Groups 83239.497 10 8323.950    

Total 84445.813 11     

p-Hydroxybenzoic 

Acid 

Between Groups 1.520 1 1.520 1.162 .293 

Within Groups 28.770 22 1.308    

Total 30.290 23     

Protochatechuic 

Acid 

Between Groups .866 1 .866 13.208 .001 

Within Groups 1.443 22 .066    

Total 2.310 23     

Catechin 

Between Groups 66.600 1 66.600 9.228 .006 

Within Groups 158.784 22 7.217    

Total 225.384 23     

 Between Groups 1.144 1 1.144 200.847 <.001 

Epicatechin Within Groups .125 22 .006    

 Total 1.269 23       

Total Phenolics 

(HPLC) 

Between Groups 14.279 1 14.279 1.187 .302 

Within Groups 120.328 10 12.033    

Total 134.607 11       
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Table 4-14: ANOVA on concentrations of selected parameters of Sauvignon Blanc wine comparing field treatments 

among non-treated samples only, irrespective of maceration time. All analysis was one-way ANOVA with leaf 

treatment as the fixed factor. 

Parameter  SS df MS F Sig. 

Total LAA 

Between Groups .000 2 .000 .825 .518 

Within Groups .000 3 .000    

Total .000 5     

DPPH 

Between Groups 31.424 2 15.712 .181 .843 

Within Groups 260.363 3 86.788    

Total 291.787 5     

Phenolics (FC 

assay) 

Between Groups 1232.195 2 616.097 .047 .954 

Within Groups 39055.646 3 13018.549    

Total 40287.841 5     

p-Hydroxybenzoic 

Acid 

Between Groups 1.052 2 .526 2.509 .136 

Within Groups 1.887 9 .210    

Total 2.940 11     

Protochatechuic 

Acid 

Between Groups .188 2 .094 1.841 .214 

Within Groups .459 9 .051    

Total .646 11     

Catechin 

Between Groups 10.979 2 5.490 19.027 .001 

Within Groups 2.597 9 .289    

Total 13.576 11     

 Between Groups .036 2 .018 7.734 .011 

Epicatechin Within Groups .021 9 .002    

 Total .057 11       

Total Phenolics 

(HPLC) 

Between Groups 13.637 2 6.818 3.058 .189 

Within Groups 6.690 3 2.230    

Total 20.327 5       

 

 

Table 4-15: ANOVA on concentrations of selected parameters of Sauvignon Blanc wine comparing field treatments 

among Pulsed Electric Field treated samples only, irrespective of maceration time. All analysis was one-way ANOVA 

with leaf treatment as the fixed factor. 

Parameter  SS df MS F Sig. 

Total LAA 

Between Groups .000 2 .000 .376 .715 

Within Groups .000 3 .000    

Total .000 5     

DPPH 

Between Groups 302.863 2 151.432 12.983 .033 

Within Groups 34.992 3 11.664    

Total 337.856 5     

Phenolics (FC 

assay) 

Between Groups 5025.535 2 2512.767 .199 .830 

Within Groups 37926.122 3 12642.041    

Total 42951.656 5     

p-Hydroxybenzoic 

Acid 

Between Groups 10.014 2 5.007 2.849 .110 

Within Groups 15.815 9 1.757    

Total 25.830 11     

Protochatechuic 

Acid 

Between Groups .207 2 .103 1.577 .259 

Within Groups .590 9 .066    

Total .797 11     

Catechin 

Between Groups 144.985 2 72.493 2923.413 <.001 

Within Groups .223 9 .025    

Total 145.208 11     

 Between Groups .059 2 .029 26.939 <.001 

Epicatechin Within Groups .010 9 .001    

 Total .068 11       

Total Phenolics 

(HPLC) 

Between Groups 93.240 2 46.620 20.687 .018 

Within Groups 6.761 3 2.254    

Total 100.001 5       
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4.4 Conclusions  

PEF processing had a positive effect on SB grapes with respect to juice extraction, soluble sugar 

content and phenolic content, irrespective of leaf treatment or maceration time. These results are 

in line with literature highlighting PEF applicability across various cultivars. The application of 

field treatments of varying degrees of leaf pluck allowed for berry microclimate manipulation that 

was shown to affect non-treated and PEF treated juice samples, similarly involving soluble sugar 

and vitamin C content. Sampling over various maceration times allowed for monitoring, 

accounting for any potential leaching trends. It was shown that reducing a 12 hour maceration 

period of non-treated samples to 1.5 hours of PEF treated samples allowed for similar extraction 

of phenolics. This was further confirmed by SB wine phenolic profile analysis that also showed 

similar rates of extraction.  

 

PEF processing alone is adequate for maximizing juice recovery ensuring higher production of 

high quality juice from the same harvest yield. PEF treatment had no effect on sugar contents, 

showing that PEF is commercially viable without negatively implicating this quality parameter. 

Monitoring sugar content is imperative as sugars contribute to fermentation, ageing, and 

consequently sensory perception of the wine. As hypothesized, it was shown that leaf plucking 

reduced soluble sugar content of SB juice. 

 

In the field, vitamin C aids oxidative stress recovery of grape vines and berries, increases total 

antioxidant capacity and ultimately may improve bioprotectivity. However, during processing 

vitamin C is readily degraded due to its’ sensitivity to various environmental factors such as 

temperature and pH. The importance of vitamin C in wine is uncertain, as it is present at very low 

concentrations. In future, insight into the effects of increased concentrations throughout 

fermentation and ageing is required, to further determine sensory implications. Additionally, the 

combined effects of preservatives and vitamin C have been inconsistent and pose an interaction 

for further investigation and optimization.  

 

The contrast between juice and wine antioxidant capacity shows that juice may not always be 

indicative of the final product. SB juice exhibited a negative quantitative response to PEF 

processing in regards to total antioxidant capacity, however this result is unlike those in literature 

and requires further investigation. Wine results highlight the commercial applicability of PEF 

processing for quality wine production as a shorter maceration period did not hinder antioxidant 

capacity. Additionally, as in the juice, wine was not affected by the environment in response to 

leaf plucking. This suggests that PEF processing alone can be optimized to ensure maximum 
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bioactive extraction promoting higher antioxidant capacity within a shorter maceration period. 

Ultimately a reduction in maceration time reduces the risk of spoilage and reliance on additives, 

contributing to microbial and colour stability, while ensuring extraction of bioprotective 

phenolics. The total phenolic content (FC assay) showed little to no differences in response to 

field treatment, PEF processing, nor a logical trend over maceration time. Due to the odd trend 

across maceration times, these results are being interpreted comparatively rather than 

quantitatively. The wine results coincided with the juice results showing that field treatment did 

not influence the content. However, it is difficult to determine if PEF processing, maceration time, 

or combined effects impacted on total phenolic values as juice results showed little to no 

differences at the wine equivalent maceration times of 1.5 hours and 12 hours. Nonetheless, the 

reduced maceration period and similar content shows that an extended maceration period is 

unnecessary for phenolic extraction during SB wine production. 

 

The phenolic profile of SB juice and wine showed PEF processing induced a positive response 

within a shorter maceration time. The phenolic profiles suggest that PEF processing has a 

generally positive effect on the extraction of phenolic acids and flavanols. It is believed that an 

increased rate of extraction is responsible for bioactives that showed no field treatment effect, 

rather than synthesis that is a symptom of UV exposure. All the identified phenolics are 

characteristically present in grape juice and wine. The immediate contribution of phenolic acids 

and flavanols to the perception of white wines is limited due to low concentrations, however many 

phenolics act as precursors and are transformed or conjugated becoming aroma active. The ester 

content is implicated by the types of phenolics in grape berries as many compounds types such as 

phenolic acids can become conjugated into esters. Therefore, the sufficient extraction of phenolic 

acids within a shorter maceration time following PEF processing would allow for a normal rate 

of esterification without impacting significantly on the aromatic profile. Alternative phenolic 

compounds may be present, however at very low undetectable concentrations. Additionally, some 

selectivity of extraction may occur as has been previously noted in other cultivars. Preliminary 

results showed PEF processing allowed for similar extraction rates of sensory contributing 

compounds or their precursors despite the reduced maceration period. This allowed for the 

development of similar compound types and percentages of total composition. The collective 

increase in phenolics reduces the risk of wine spoilage and potentially the reliance on sulphites, 

as well as poses nutritional benefits to consumers. These results ultimately display the combined 

efficacy of microclimate manipulation and PEF processing for winemaking and the benefits at a 

reduced maceration period. 
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5.1 Summary of Findings 

The research findings presented in this thesis describe some of the interactions that can take place 

between the exogenous vineyard environment such as climate, and the implications these 

interactions have on the endogenous metabolism of Vitis vinifera. This study aims to investigate 

the individual and combined effects of leaf plucking and PEF processing during maceration of 

PN and SB juice and wine. This research has potential within the wine industry, presenting options 

for new methods of management and processing that if adopted could boost productivity, quality, 

and consumer appeal. It must be emphasized that red and white juice and wine are not directly 

comparable to one another, therefore each product type requires variation in management and 

processing methods to optimize their potential for the development of a quality product. 

Differences among cultivars is morphologically obvious, this variation continues physiologically 

and has been demonstrated in this study and in literature. PN berries have comparatively thin 

skins to alternative varieties and are therefore effective at displaying the potential impacts of both 

leaf pluck and PEF treatment (Price et al. 1995; Downey et al. 2006; S. Y. Leong, Burritt, et al. 

2016). The PN grapes possess dark pigmented skin rich in anthocyanins, but have white flesh 

similar to that of white grapes. SB berries have thicker skins, white skin and flesh, and 

significantly lower levels of synthesized and accumulated bioactives (Waterhouse 2002; Segade 

et al. 2011). These differences are considered constant as they are genetically determined. Within 

cultivars, however, vintage specificity and plasticity is continuous and determines much of the 

variations characteristic of certain locations and vintages (Bokulich et al. 2014; Roullier-Gall et 

al. 2014; Young et al. 2015). 

5.1.1 Effect of PEF Treatment 

It was hypothesized that PEF processing will optimize extractability and leaching of the 

phenolics, consequently increasing bioactive concentrations and thus total antioxidant capacity. 

However, it was uncertain if this effect would be as prevalent in SB samples as in PN samples, 

due to the low phenolic content. PEF has similar effects on PN and SB samples regarding juice 

extraction, soluble sugar content of the juice, and their respective phenolic profiles; the 

anthocyanins profile of PN and the phenolic profile of SB. In addition, PN juice showed increased 

colour intensity and bioprotectivity of Caco-2 cells. However, a downfall of this study was the 

quality of the PN harvest used in this study that affected the microfermentation step and 

compromised the validity of the PN wine results. In contrast, the microfermentation of the SB 

wine was up to industry standard and the wine exhibited positive responses to PEF treatment with 

regard to vitamin C content, p-hydroxybenzoic acid, protochatechuic acid, and epicatechin. A 

significant drop in the catechin concentrations of SB wine samples was deemed unexpected and 

inconsistent, requiring further investigation.  
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This result may be due to the variation in microfermentation chambers or the wine bottles 

themselves, alternatively it may be a discrepancy that occurred during analysis. Further analysis 

using a metabolomics approach is being conducted.  

5.1.2 Effect of Field Treatment 

It was hypothesized that the field treatments of varying levels of leaf pluck would affect the rate 

of phenolic synthesis by promoting the production of secondary metabolites with increasing UV 

exposure (Diago et al. 2010; Lee et al. 2013; Folmer et al. 2014; Nile et al. 2014). However, it 

was shown that the field treatment had a lesser impact than PEF processing on many of the 

biochemical and quality parameters measured. PN juice showed a varied field treatment effect on 

the vitamin C and antioxidant capacity of non-treated samples and on the colour intensity of the 

PEF treated samples. Inconsistencies arose again in the results for the PN wine. As mentioned 

earlier, this has been attributed to the less than ideal grape harvest used and the non-viable 

representation of PN berries for wine production. All SB juice samples showed sensitivity to the 

field treatment with respect to soluble sugar and vitamin C content. The SB wine samples 

displayed more varied results, highlighting the differences in the levels of catechin and 

epicatechin in non-treated wine samples. The total antioxidant capacity, levels of catechin and 

epicatechin and the total phenolic content of PEF treated wine samples were also affected. These 

results were suggestive of PEF processing exacerbating field effects, providing an additional 

avenue for future investigation. In addition, manipulation in the field can be used to prompt 

bioactive production helping to reduce reliance on exogenous elicitors that have been shown to 

inadvertently negatively affect the sensory profile of wine (Vitalini et al. 2014). 

5.1.3 Effect of Maceration Time 

Maceration time was hypothesized to display leaching trends of vacuole held compounds. 

Maceration time is also influenced by the berry skin thickness, the compounds sensitivity to the 

environment and rates of compound degradation. PN and SB juice and wine were expected to 

display similar leachate responses due to electropermeabilization at their respective maceration 

periods. The potential of a reduction in maceration time while producing quality wine shows great 

commercial promise. The aim of sampling across various maceration times of juice samples was 

to highlight the effects of PEF processing on extraction and leaching. This proved difficult as 

analytical inconsistencies arose, questioning the applicability of applied assays for this aim. It is 

believed that further investigation using alternative antioxidant assays such as ORAC and FRAP, 

and the continuation of anthocyanin and phenolic profile developments will allow for clarification 

of leaching trends (Hidalgo et al. 2010; Vervoort et al. 2013). The variation in the maceration 

periods of non-treated and PEF treated juice used for microfermentation was to emphasize the 

efficiency of PEF processing for wine production.  
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SB wine displayed this ideally, with all individual phenolic compounds of PEF treated juice and 

wine reaching concentrations similar to or higher than their respective non-treated samples. 

However, these results excluded the catechin concentrations of full pluck PEF treated wine; an 

anomaly in this case believed to be due to inconsistencies during analysis.  

5.2 Discussion 

The most difficult aspect of any investigation into grape vine management and winemaking is 

identifying the synergistic interactions occurring between environmental and metabolic 

constituents and how they contribute to the sensory profile. Phenolic interactions are difficult to 

account for as many of these compounds can not only interact with one another, but transform 

within the phenylalanine metabolic pathway (Ali et al. 2010). In this study, some unpredictability 

in results arose. An interesting result was the variation in total antioxidant capacity between PN 

and SB wine, where SB had a greater total antioxidant capacity. This is in contrast to literature as 

PN is rich in anthocyanins that contributes heavily to antioxidant capacity, while SB is 

characteristically low in antioxidant contributing bioactives (Waterhouse 2002; Bagchi et al. 

2004; Segade et al. 2011; S. Y. Leong, Burritt, et al. 2016). Although this result may be due to 

PN berry quality or analytical inconsistencies, this finding requires further investigation as it may 

be a novel discovery, displaying positive responses of SB to PEF treatment. As has been 

documented with vitamin C, PEF treatment of fruit juices increases the concentration and 

persistence of phenolic acids and flavanols commonly found in both white and red wines 

(Vallverdu et al. 2012; Agcam et al. 2014; Zhang et al. 2015). This indicates that although PEF 

application on white wine cultivars has at this time never been trialled, many of the physiological 

parameters susceptible to electropermeabilization are present.  

 

Vitamin C possesses some preservative properties that see it frequently used as an additive in a 

variety of foods, including wines to reduce oxidation, browning, spoilage and undesirable colour 

changes (Peng et al. 1998; Vallverdu et al. 2012; Chinnici et al. 2013; Zhang et al. 2015). Some 

studies have shown reduced oxidation and spoilage rates among white wines when applying a 

combination of sulphite preservatives and vitamin C (Peng et al. 1998). This synergy may have 

contributed to the rise in the antioxidant capacity of SB juice to wine following microfermentation 

and coupled with the addition of the preservative agent potassium metabisulphite. The overall 

effect of PEF processing on vitamin C content may be deemed commercially insignificant as the 

low concentrations of vitamin C play no known role in contributing towards the final wine product 

(Cruz-Rus et al. 2010). However, increased persistence of vitamin C levels has the potential to 

stave off oxidation during bottling and ageing (Zhang et al. 2015). The application of phenolic 

preservatives as replacements for sulphites or combinations thereof, have also been demonstrated 

to be effective.  
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González-Rompinelli et al. (2013) showed the reduced usage of SO2 supplemented with phenolic 

extracts was sufficient for normal wine production and ageing, without negatively implicating 

quality or sensory parameters.  

 

The collective contribution of phenolics is believed to be more influential than individual 

compounds on quality parameters, along with bioprotectivity and sensory attributes in grape juice 

and wine (Ali et al. 2011; Styger et al. 2011; Forester et al. 2009). PN and SB wine vary 

characteristically in colour, body, flavour, aroma, texture, and mouthfeel (Waterhouse 2002; 

Moreno-Arribas et al. 2009; Styger et al. 2011). PN wines tend to have dark berry flavours and 

aromas associated with cherries, blackcurrant and plums, while SB wine is much lighter with 

notes of grass, gooseberries and green apples. PEF treatment has been shown to have no negative 

implications on the sensory contributing compounds or attributes of various red wines prior to 

and following extended periods of ageing (Abca et al. 2014; Delsart et al. 2014; Puértolas et al. 

2010). The SB wine preliminary volatile analysis is in line with red wine, as no significant 

difference in the levels of sensory contributing compounds were shown. This is a significant 

finding and shows potential for commercial PEF application on both red and white wine cultivars. 

 

New Zealand wine has an exponentially growing successful industry, with a world renowned 

reputation (New Zealand Winegrowers 2013). However, that growth and success is strongly 

affected by the quality and size of the annual harvest. Recently, a total yield reduction of 27% 

from 2014 has been predicted to have negative implications in 2016 (New Zealand Winegrowers 

2014; New Zealand Winegrowers 2015). Although many negative vintage specific factors are 

unavoidable, PEF processing can be used to minimise loss in juice yield for winemaking, helping 

to lessen economic loss. Not only is an increase in juice recovery from the same yield desirable 

in industry, PEF processing is also directly related to the promoting quality of the final product 

and can help compensate for losses elsewhere in the process (Soliva-Fortuny et al. 2009; Donsì, 

Ferrari & Pataro 2010). Finally, the addition of PEF processing to traditional vine management 

methods will promote exclusivity within the industry, and provide a new avenue of consumer 

appeal by providing nutritionally richer wine.  
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5.3 Future Directions 

This study provided a novel collection of variables, findings and conclusions, that combined form 

an industry focused preliminary study. Further investigation will allow researchers, vineyards and 

the entirety of the wine industry to build on the current knowledge of winemaking and to optimize 

the commercialization of a combined processing approach incorporating field management and 

PEF processing. The continued development of the phenolic profile of various cultivars and 

vintages will help to identify specific responses to various conditions and stressors, as well as 

account for vintage specificity. As previously mentioned, variation in viticulture and winemaking 

is unavoidable, therefore continuation of this approach of research is imperative with a variety of 

vintages required to effectively determine the combined impacts of leaf plucking and PEF 

processing. The use of volatile and sensory analyses will continue to prove valuable in 

determining and improving consumer appeal. These types of studies will also support 

investigations into the metabolism of grape vines and berries and effects of processing on the final 

product. An aspect of focus may be the development of naturally present tartaric esters that act as 

precursors for many sensory contributing compounds. Additional information regarding 

bioprotectivity and the effectiveness of naturally enriched wines should be attained by measuring 

enzymatic antioxidant biomarkers following stress exposure. 

 

 

 

 



  References 

109 

 

References 

Abca, E.E. & Evrendilek, G.A., 2014. Processing of Red Wine by Pulsed Electric Fields with 

Respect to Quality Parameters. Journal of Food Processing and Preservation, pp.1–10.  

Adams, L.S., Phung, S., Yee, N., Seeram, N.P., Li, L. & Chen, S., 2010. Blueberry 

phytochemicals inhibit growth and metastatic potential of MDA-MB-231 breast cancer 

cells through modulation of the phosphatidylinositol 3-kinase pathway. Cancer research, 

70(9), pp.3594–605. 

Agati, G., Meyer, S., Matteini, P. & Cerovic, Z.., 2007. Assessment of Anthocyanins in Grape 

(Vitis vinifera L.) Berries Using a Noninvasive Chlorophyll Fluorescence Method. Journal 

of agricultural and food chemistry, 55, pp.1053–1061. 

Agcam, E., Akyildiz, A. & Evrendilek, G.A., 2014. Comparison of phenolic compounds of 

orange juice processed by pulsed electric fields (PEF) and conventional thermal 

pasteurisation. Food Chemistry, 143, pp.354–361.  

Ali, K., Maltese, F., Choi, Y.H. & Verpoorte, R., 2010. Metabolic constituents of grapevine and 

grape-derived products. Phytochemistry Reviews, 9, pp.357–378. 

Ali, K., Maltese, F., Toepfer, R., Choi, Y.H. & Verpoorte, R., 2011. Metabolic characterization 

of Palatinate German white wines according to sensory attributes, varieties, and vintages 

using NMR spectroscopy and multivariate data analyses. Journal of Biomolecular NMR, 

49, pp.255–266. 

Bagchi, D., Sen, C.K., Bagchi, M. & Atalay, M., 2004. and Anti carcinogenic Properties of a 

Novel Anthocyanin Rich Berry Extract Formula. Biochemistry, 69(1), pp.75–80. 

Ball, D.W., 2006. Concentration Scales for Sugar Solutions. Journal of Chemical Education, 

83(10), pp.1489–1491.  

Barril, C., Rutledge, D.N., Scollary, G.R. & Clark, A.C., 2016. Ascorbic acid and white wine 

production: a review of beneficial versus detrimental impacts. Australian Journal of Grape 

and Wine Research.  

Bergqvist, J., Dokoozlian, N. & Ebisuda, N., 2001. Sunlight Exposure and Temperature Effects 

on Berry Growth and Composition of Cabernet Sauvignon and Grenache in the Central 

San Joaquin Valley of California. American Journal of Enology & Viticulture, 52(1), 

pp.3–9. 

Biasi, F. et al., 2013. Phenolic compounds present in Sardinian wine extracts protect against the 

production of inflammatory cytokines induced by oxysterols in CaCo-2 human enterocyte-

like cells. Biochemical pharmacology, 86(1), pp.138–145.  

Boivin, D., Blanchette, M., Barrette, S., Moghrabi, A. & Béliveau, R., 2007. Inhibition of 

cancer cell proliferation and suppression of TNF-induced activation of NFkappaB by 

edible berry juice. Anticancer research, 27(2), pp.937–48.  

Bokulich, N. a, Thorngate, J.H., Richardson, P.M. & Mills, D. a, 2014. Microbial biogeography 

of wine grapes is conditioned by cultivar, vintage, and climate. Proceedings of the 

National Academy of Sciences of the United States of America, 111(1), pp.139–148.  

Borges, G., Degeneve, A., Mullen, W. & Crozier, A., 2010. Identification of flavonoid and 

phenolic antioxidants in black currants, blueberries, raspberries, red currants, and 

cranberries. Journal of agricultural and food chemistry, 58(7), pp.3901–9.  

 

 



  References 

110 

 

Boussetta, N., Lebovka, N., Vorobiev, E., Adenier, H., Bedel-Cloutour, C. & Lanoisellé, J.-L., 

2009. Electrically assisted extraction of soluble matter from chardonnay grape skins for 

polyphenol recovery. Journal of agricultural and food chemistry, 57(4), pp.1491–7.  

Brownmiller, C., Howard, L.R. & Prior, R.L., 2008. Processing and storage effects on 

monomeric anthocyanins, percent polymeric color, and antioxidant capacity of processed 

blueberry products. Journal of food science, 73(5), pp.72–79.  

Ceriello, A. & Motz, E., 2004. Is oxidative stress the pathogenic mechanism underlying insulin 

resistance, diabetes, and cardiovascular disease? The common soil hypothesis revisited. 

Arteriosclerosis, thrombosis, and vascular biology, 24(5), pp.816–23.  

Chabert, P., Auger, C., Pincemail, J. & Schini-Kerth, V., 2014. Systems Biology of Free 

Radicals and Antioxidants. Systems Biology of Free Radicals and Antioxidants, pp.2305–

2323.  

Chaovanalikit, A. & Wrolstad, R.., 2004. Total Anthocyanins and Total Phenolics of Fresh and 

Processed Cherries and Their Antioxidant Properties. Food Chemistry, 69(1), pp.0–5. 

Chinnici, F., Sonni, F., Natali, N. & Riponi, C., 2013. Oxidative evolution of (+)-catechin in 

model white wine solutions containing sulfur dioxide, ascorbic acid or gallotannins. Food 

Research International, 51(1), pp.59–65.  

Cholet, C. et al., 2014. Structural and biochemical changes induced by pulsed electric field 

treatments on cabernet sauvignon grape berry skins: Impact on cell wall total tannins and 

polysaccharides. Journal of Agricultural and Food Chemistry, 62, pp.2925–2934. 

Conde, C., Silva, P., Fontes, N., Dias, A.C.P., Tavares, R.M., Sousa, M.J., Agasse, A., Delrot, 

S. & Gerós, H., 2007. Biochemical Changes throughout Grape Berry Development and 

Fruit and Wine Quality. Food, 1(1), pp.1–22. 

Corder, R., Crozier, A. & Kroon, P.., 2003. How genius can smooth the road to publication. 

Nature, 426, p.119.  

Corrales, M., Toepfl, S., Butz, P., Knorr, D. & Tauscher, B., 2008. Extraction of anthocyanins 

from grape by-products assisted by ultrasonics, high hydrostatic pressure or pulsed electric 

fields: A comparison. Innovative Food Science & Emerging Technologies, 9(1), pp.85–91.  

Cortes, C., Esteve, M.J. & Frigola, A., 2008. Effect of refrigerated storage on ascorbic acid 

content of orange juice treated by pulsed electric fields and thermal pasteurization. 

European Food Research and Technology, 227(2), pp.629–635. 

Cramer, G.R. et al., 2007. Water and salinity stress in grapevines: Early and late changes in 

transcript and metabolite profiles. Functional and Integrative Genomics, 7(2), pp.111–134. 

Crozier, A., Jaganath, I.B. & Clifford, M.N., 2009. Dietary phenolics: chemistry, bioavailability 

and effects on health. Natural product reports, 26(8), pp.1001–43.  

Cruz-Rus, E., Botella, M.A., Valpuesta, V. & Gomez-Jimenez, M.C., 2010. Analysis of genes 

involved in l-ascorbic acid biosynthesis during growth and ripening of grape berries. 

Journal of Plant Physiology, 167(9), pp.739–748.  

Cserhalmi, Z., Sass-Kiss, Á., Tóth-Markus, M. & Lechner, N., 2006. Study of pulsed electric 

field treated citrus juices. Innovative Food Science & Emerging Technologies, 7(1–2), 

pp.49–54.  

Dai, Z.W., Meddar, M., Renaud, C., Merlin, I., Hilbert, G., Delrot, S. & Gomès, E., 2014. Long-

term in vitro culture of grape berries and its application to assess the effects of sugar 

supply on anthocyanin accumulation. Journal of experimental botany. 

 

 



  References 

111 

 

El Darra, N., Turk, M.F., Ducasse, M.A., Grimi, N., Maroun, R.G., Louka, N. & Vorobiev, E., 

2016. Changes in polyphenol profiles and color composition of freshly fermented model 

wine due to pulsed electric field, enzymes and thermovinification pretreatments. Food 

Chemistry, 194, pp.944–950.  

Davies, C., Shin, R., Liu, W., Thomas, M.R. & Schachtman, D.P., 2006. Transporters expressed 

during grape berry (Vitis vinifera L.) development are associated with an increase in berry 

size and berry potassium accumulation. Journal of experimental botany, 57(12), pp.3209–

16.  

Delsart, C., Cholet, C., Ghidossi, R., Grimi, N., Gontier, E., Gény, L., Vorobiev, E. & Mietton-

Peuchot, M., 2014. Effects of Pulsed Electric Fields on Cabernet Sauvignon Grape Berries 

and on the Characteristics of Wines. Food and Bioprocess Technology, pp.1–13. 

Diago, M.P., Vilanova, M. & Tardaguila, J., 2010. Effects of Timing of Manual and Mechanical 

Early Defoliation on the Aroma of Vitis vinifera L . Tempranillo Wine. American Journal 

of Enology & Viticulture, 61(3), pp.382–391. 

Donsì, F., Ferrari, G., Fruilo, M. & Pataro, G., 2010. Pulsed electric field-assisted vinification of 

aglianico and piedirosso grapes. Journal of agricultural and food chemistry, 58(22), 

pp.11606–11615.  

Donsì, F., Ferrari, G. & Pataro, G., 2010. Applications of Pulsed Electric Field Treatments for 

the Enhancement of Mass Transfer from Vegetable Tissue. Food Engineering Reviews, 

2(2), pp.109–130.  

Downey, M.O., Dokoozlian, N.K. & Krstic, M.P., 2006. Cultural Practice and Environmental 

Impacts on the Flavonoid Composition of Grapes and Wine : A Review of Recent 

Research. American Journal of Enology & Viticulture, 57(3), pp.257–268. 

Duthie, G.., 2007. Berry Fruits. Mol. Nutr. Food Res, 51, p.643. 

Duthie, S.J., Jenkinson,  a M., Crozier, A., Mullen, W., Pirie, L., Kyle, J., Yap, L.S., Christen, 

P. & Duthie, G.G., 2006. The effects of cranberry juice consumption on antioxidant status 

and biomarkers relating to heart disease and cancer in healthy human volunteers. 

European journal of nutrition, 45(2), pp.113–122.  

Ebeler, S.E., 2001. Analytical Chemistry: Unlocking the Secrets of Wine Flavor. Food Reviews 

International, 17(1), pp.45–64.  

Elez-Martínez, P., Soliva-Fortuny, R.C. & Martín-Belloso, O., 2006. Comparative study on 

shelf life of orange juice processed by high intensity pulsed electric fields or heat 

treatment. European Food Research and Technology, 222(3–4), pp.321–329. 

Evans, J.L., Goldfine, I.D., Maddux, B.A. & Grodsky, G.M., 2003. Perspectives in Diabetes. 

Diabetes, 52, pp.1–8. 

Fernández-Mar, M.I., Mateos, R., García-Parrilla, M.C., Puertas, B. & Cantos-Villar, E., 2012. 

Bioactive compounds in wine: Resveratrol, hydroxytyrosol and melatonin: A review. Food 

Chemistry, 130(4), pp.797–813.  

Fincan, M., DeVito, F. & Dejmek, P., 2004. Pulsed electric field treatment for solid–liquid 

extraction of red beetroot pigment. Journal of Food Engineering, 64(3), pp.381–388. 

Folmer, F., Basavaraju, U., Jaspars, M., Hold, G., El-Omar, E., Dicato, M. & Diederich, M., 

2014. Anticancer effects of bioactive berry compounds. Phytochemistry Reviews, 13(1), 

pp.295–322.  

Forester, S.C. & Waterhouse, A.L., 2009. Metabolites Are Key to Understanding Health Effects 

of Wine Polyphenolics. The Journal of nutrition, pp.1824–1831. 

Forkmann, G. & Martens, S., 2001. Metabolic engineering and applications of flavonoids. 

Current Opinion in Biotechnology, 12(2), pp.155–160.  



  References 

112 

 

Francis, I.L. & Newton, J.L., 2005. Determining wine aroma from compositional data. 

Australian Journal of Grape and Wine Research, 11(2), pp.114–126.  

Gambetta, G. a, Matthews, M. a, Shaghasi, T.H., McElrone, A.J. & Castellarin, S.D., 2010. 

Sugar and abscisic acid signaling orthologs are activated at the onset of ripening in grape. 

Planta, 232(1), pp.219–34.  

Ghasemzadeh, A. & Ghasemzadeh, N., 2011. Flavonoids and phenolic acids: Role and 

biochemical activity in plants and human. Journal of Medicinal Plants Research, 5(31), 

pp.6697–6703.  

Ginjom, I., D’Arcy, B., Caffin, N. & Gidley, M., 2011. Phenolic compound profiles in selected 

Queensland red wines at all stages of the wine-making process. Food Chemistry, 125(3), 

pp.823–834.  

Giraud, E., Ivanova, A., Gordon, C.S., Whelan, J. & Considine, M.J., 2012. Sulphur dioxide 

evokes a large scale reprogramming of the grape berry transcriptome associated with 

oxidative signalling and biotic defence responses. Plant, cell & environment, 35(2), 

pp.405–417.  

Gómez-Alonso, S., García-Romero, E. & Hermosín-Gutiérrez, I., 2007. HPLC analysis of 

diverse grape and wine phenolics using direct injection and multidetection by DAD and 

fluorescence. Journal of Food Composition and Analysis, 20(7), pp.618–626.  

Gomonov, S. V., 2016. 1st World Congress on Electroporation and Pulsed Electric Fields in 

Biology, Medicine and Food & Environmental Technologies. IFMBE Proceedings, 53(Wc 

2015), pp.243–246.  

Gonzalez, E.M., de Ancos, B. & Cano, M.P., 2003. Relation between bioactive compounds and 

free radical-scavenging capacity in berry fruits during frozen storage. Journal of Science 

Food and Agriculture, 83, pp.722–726. 

González-Rompinelli, E.M., Rodríguez-Bencomo, J.J., García-Ruiz, A., Sánchez-Patán, F., 

Martín-Álvarez, P.J., Bartolomé, B. & Moreno-Arribas, M.V., 2013. A winery-scale trial 

of the use of antimicrobial plant phenolic extracts as preservatives during wine ageing in 

barrels. Food Control, 33(2), pp.440–447. 

He, J. & Giusti, M.M., 2010. Anthocyanins: natural colorants with health-promoting properties. 

Annual review of food science and technology, 1, pp.163–187.  

Heim, K.E., Tagliaferro, A.R. & Bobilya, D.J., 2002. Flavonoid antioxidants: chemistry, 

metabolism and structure-activity relationships. The Journal of nutritional biochemistry, 

13(10), pp.572–584.  

Herbst-Johnstone, M., Nicolau, L. & Kilmartin, P.A., 2011. Stability of varietal thiols in 

commercial sauvignon blanc wines. American Journal of Enology and Viticulture, 62(4), 

pp.495–502. 

Hidalgo, M., Sanchez-Moreno, C. & de Pascual-Teresa, S., 2010. Flavonoid-flavonoid 

interaction and its effect on their antioxidant activity. Food Chemistry, 121(3), pp.691–

696.  

Hollman, P.C.., van Trijp, J.M.., Buysman, M.N.C.., v.d. Gaag, M.S., Mengelers, M.J.., de 

Vries, J.H.. & Katan, M.B., 1997. Relative bioavailability of the antioxidant flavonoid 

quercetin from various foods in man. FEBS Letters, 418(1–2), pp.152–156.  

Hollman, P.C.., de Vries, J.H.., van Leeuwen, S.., Mengelers, M.J.. & Katan, M.B., 1995. 

Absorption of dietary quercetin glycosides and quercetin in healthy ileostomy volunteers. 

American Journal of Clinical Nutrition, 62, pp.1276–1282. 

 

 



  References 

113 

 

Hopfer, H., Nelson, J., Collins, T.S., Heymann, H. & Ebeler, S.E., 2015. The combined impact 

of vineyard origin and processing winery on the elemental profile of red wines. Food 

chemistry, 172, pp.486–96.  

Howard, L.R., Prior, R.L., Liyanage, R. & Lay, J.O., 2012. Processing and storage effect on 

berry polyphenols: challenges and implications for bioactive properties. Journal of 

agricultural and food chemistry, 60(27), pp.6678–6693.  

Hunter, J.., Villiers, O.T. De & Watts, J.., 1991. The Effect of Partial Defoliation on Quality 

Characteristics of Vitis vinifera L. cv. Cabernet Sauvignon Grape s. II. Skin Color, Skin 

Sugar, and Wine Quality. American Journal of Enology & Viticulture, 42(1), pp.13–18. 

Hunter, J.J. & Visser, J.H., 1990. The Effect of Partial Defoliation on Growth Characteristics of 

Vitis vinifera L . cv . Cabernet Sauvignon II . Reproductive Growth. South African 

Journal of Enology and Viticulture, 11(1), pp.26–32. 

Jacometti, M. a., Wratten, S.D. & Walter, M., 2007. Management of understorey to reduce the 

primary inoculum of Botrytis cinerea: Enhancing ecosystem services in vineyards. 

Biological Control, 40(1), pp.57–64.  

Jara-Palacios, M.J., Hernanz, D., Cifuentes-Gomez, T., Escudero-Gilete, M.L., Heredia, F.J. & 

Spencer, J.P.E., 2015. Assessment of white grape pomace from winemaking as source of 

bioactive compounds, and its antiproliferative activity. Food Chemistry, 183, pp.78–82. 

Jensen, G.S., Xianli, W., Patterson, K., Barnes, J., Carter, S.G., Scherwitz, L., Beaman, R., 

Endres, J.R. & Schauss, A.G., 2008. In Vitro and in Vivo Antioxidant and Anti-

inflammatory Capacities of an Antioxidant-Rich Fruit and Berry Juice Blend . Results of a 

Pilot and Crossover Study. J. Agric. Food Chem, 56, pp.8326–8333. 

Kähkönen, M.P., Heinämäki, J., Ollilainen, V. & Heinonen, M., 2003. Berry anthocyanins: 

Isolation, identification and antioxidant activities. Journal of the Science of Food and 

Agriculture, 83(14), pp.1403–1411. 

Kaldas, M.I., Walle, U.K. & Walle, T., 2003. Resveratrol transport and metabolism by human 

intestinal Caco-2 cells. The Journal of pharmacy and pharmacology, 55(3), pp.307–312.  

Lee, J. & Skinkis, P. a, 2013. Oregon “Pinot noir” grape anthocyanin enhancement by early leaf 

removal. Food chemistry, 139(1–4), pp.893–901.  

Leeuwen, C. Van, Friant, P., Choné, X., Tregoat, O., Koundouras, S. & Dubourdieu, D., 2004. 

Influence of Climate , Soil , and Cultivar on Terroir. American Journal of Enology & 

Viticulture, 55(3), pp.207–217. 

Leong, S., Oey, I. & Burritt, D., 2016. Pulsed Electric Field Technology Enhances Release of 

Anthocyanins from Grapes and Bioprotective Potential anaginst Oxidative Stress. 1st 

World Congress on Electroporation and Pulsed Electric Fields in Biology, Medicine and 

Food & Environmental Technologies, 53(Wc 2015).  

Leong, S.Y., Burritt, D. & Oey, I., 2015. Effect of Combining Pulsed Electric Fields with 

Maceration Time on Merlot Grapes in Protecting Caco-2 Cells from Oxidative Stress. 

Food and Bioprocess Technology.  

Leong, S.Y., Burritt, D. & Oey, I., 2016. Evaluation of the anthocyanin release and health-

promoting properties of Pinot Noir grape juices after pulsed electric fields. Food 

Chemistry, 196, pp.833–841.  

Leong, S.Y. & Oey, I., 2012a. Effect of endogenous ascorbic acid oxidase activity and stability 

on vitamin C in carrots (Daucus carota subsp. sativus) during thermal treatment. Food 

Chemistry, 134(4), pp.2075–2085.  

Leong, S.Y. & Oey, I., 2012b. Effects of processing on anthocyanins, carotenoids and vitamin C 

in summer fruits and vegetables. Food Chemistry, 133(4), pp.1577–1587.  



  References 

114 

 

Leong, S.Y., Oey, I. & John, D., 2016. Pulsed electric field improves the bioprotective capacity 

of purées for different coloured carrot cultivars against H2O2 -induced oxidative damage. 

Food Chemistry, 196, pp.654–664.  

Liu, R.H., 2003. Health benefits of fruit and vegetables are from additive and synergistic 

combinations of phytochemicals. The American journal of clinical nutrition, 78(3 Suppl), 

p.517S–520S.  

López-Giral, N., González-Arenzana, L., González-Ferrero, C., López, R., Santamaría, P., 

López-Alfaro, I. & Garde-Cerdán, T., 2015. Pulsed electric field treatment to improve the 

phenolic compound extraction from Graciano, Tempranillo and Grenache grape varieties 

during two vintages. Innovative Food Science & Emerging Technologies.  

Lorrain, B., Ky, I., Pechamat, L. & Teissedre, P.L., 2013. Evolution of analysis of polyhenols 

from grapes, wines, and extracts. Molecules, 18(1), pp.1076–1100. 

Loscos, N., Hernandez-Orte, P., Cacho, J. & Ferreira, V., 2007. Release and formation of 

varietal aroma compounds during alcoholic fermentation from nonfloral grape odorless 

flavor precursors fractions. Journal of agricultural and food chemistry, 55(16), pp.6674–

6684.  

Luengo, E., Alvarez, I. & Raso, J., 2015. Pulsed electric fields: a technology for improving 

phenolic extraction in red wines. Australian Wine and Viticulture Journal, (C), pp.17–21. 

Luengo, E., Franco, E., Ballesteros, F., Álvarez, I. & Raso, J., 2014. Winery Trial on 

Application of Pulsed Electric Fields for Improving Vinification of Garnacha Grapes. 

Food and Bioprocess Technology, 7, pp.1457–1464. 

Lund, S.T. & Bohlmann, J., 2006. The molecular basis for wine grape quality--a volatile 

subject. Science (New York, N.Y.), 311(February), pp.804–805. 

Manach, C., Williamson, G., Morand, C., Scalbert, A. & Rémésy, C., 2005. Bioavailability and 

bioefficacy of polyphenols in humans. I. Review of 97 bioavailability studies. The 

American journal of clinical nutrition, 81(1 Suppl), p.230S–242S.  

Martinez De Toda, F. & Balda, P., 2013. Delaying berry ripening through manipulating leaf 

area to fruit ratio. Vitis, 52(4), pp.171–176. 

Martins, S., Mussatto, S.I., Martínez-Avila, G., Montañez-Saenz, J., Aguilar, C.N. & Teixeira, 

J. a, 2011. Bioactive phenolic compounds: production and extraction by solid-state 

fermentation. A review. Biotechnology advances, 29(3), pp.365–73.  

Masella, R., Di Benedetto, R., Varì, R., Filesi, C. & Giovannini, C., 2005. Novel mechanisms of 

natural antioxidant compounds in biological systems: involvement of glutathione and 

glutathione-related enzymes. The Journal of nutritional biochemistry, 16(10), pp.577–86.  

McCann, D. et al., 2007. Food additives and hyperactive behaviour in 3-year-old and 8/9-year-

old children in the community: a randomised, double-blinded, placebo-controlled trial. 

Lancet, 370(9598), pp.1560–7.  

McGhie, T.K. & Walton, M.C., 2007. The bioavailability and absorption of anthocyanins: 

towards a better understanding. Molecular nutrition & food research, 51(6), pp.702–13.  

Mertens-Talcott, S.U. & Percival, S.S., 2005. Ellagic acid and quercetin interact synergistically 

with resveratrol in the induction of apoptosis and cause transient cell cycle arrest in human 

leukemia cells. Cancer letters, 218(2), pp.141–51.  

Moreno-Arribas, M.V. & Polo, M.C., 2009. Wine Chemistry and Biochemistry M. V. Moreno-

Arribas & M. C. Polo, eds., New York, NY: Springer New York.  

Nakayama, T., Suzuki, H. & Nishino, T., 2003. Anthocyanin acyltransferases: specificities, 

mechanism, phylogenetics, and applications. Journal of Molecular Catalysis B: 

Enzymatic, 23(2–6), pp.117–132.  



  References 

115 

 

New Zealand Winegrowers, 2013. New Zealand Winegrowers Annual Report. 

New Zealand Winegrowers, 2014. New Zealand Winegrowers Annual Report. 

New Zealand Winegrowers, 2015. New Zealand Winegrowers Annual Report.  

Nile, S.H. & Park, S.W., 2014. Edible berries: bioactive components and their effect on human 

health. Nutrition (Burbank, Los Angeles County, Calif.), 30(2), pp.134–44.  

Olejar, K.J., Fedrizzi, B. & Kilmartin, P.A., 2015. Antioxidant activity and phenolic profiles of 

Sauvignon Blanc wines made by various maceration techniques. Australian Journal of 

Grape and Wine Research, 21(1), pp.57–68. 

Olejar, K.J., Fedrizzi, B. & Kilmartin, P.A., 2015. Influence of harvesting technique and 

maceration process on aroma and phenolic attributes of Sauvignon blanc wine. Food 

chemistry, 183, pp.181–9.  

Osborne, J.P., Dubé Morneau, A. & Mira de Orduña, R., 2006. Degradation of free and sulfur-

dioxide-bound acetaldehyde by malolactic lactic acid bacteria in white wine. Journal of 

applied microbiology, 101(2), pp.474–479.  

Paolisso, G. & Giugliano, D., 1996. Oxidative stress and insulin action: is there a relationship? 

Diabetologia, 39, pp.357–363. 

Paredes-López, O., Cervantes-Ceja, M.L., Vigna-Pérez, M. & Hernández-Pérez, T., 2010. 

Berries: improving human health and healthy aging, and promoting quality life--a review. 

Plant foods for human nutrition, 65(3), pp.299–308.  

Park, H.M. et al., 2010. Extract of Punica granatum inhibits skin photoaging induced by UVB 

irradiation. International journal of dermatology, 49(3), pp.276–82.  

Parker, B.A.K., Hofmann, R.W., Leeuwen, C. Van, Mclachlan, A.R.G. & Trought, M.C.T., 

2015. Investigating the consequences of trimming and crop removal on soluble solids and 

titratable acidity for Sauvignon Blanc and Pinot Noir. Wine & Viticulture Journal, pp.40–

42. 

Pascual-Teresa, S. & Sanchez-Ballesta, M.T., 2007. Anthocyanins: from plant to health. 

Phytochemistry Reviews, 7(2), pp.281–299.  

Pena-Olmos, J.., Casierra-Posada, F. & Herzberg, M., 2013. Effect of Partial Grapevine 

Defoliation ( Vitis vinifera ) on Wine Quality. Revista Facultad Nacional de Agronomía 

Medellín, 66(1), pp.6891–6898. 

Peng, Z., Duncan, B., Pocock, K. f. & Sefton, M. a., 1998. The effect of ascorbic acid on 

oxidative browning of white wines and model wines. Australian Journal of Grape and 

Wine Research, 4(3), pp.127–135.  

Poni, S., Casalini, L., Bernizzoni, F., Civardi, S. & Intrieri, C., 2006. Effects of Early 

Defoliation on Shoot Photosynthesis, Yield Components, and Grape Composition. 

American Journal of Enology & Viticulture, 57(4), pp.397–407. 

Price, S.F., Breen, P.J., Valladao, M. & Watson, B.T., 1995. Cluster Sun Exposure and 

Quercetin in Pinot noir Grapes and Wine. Am. J. Enol. Vitic., 46(2), pp.187–194. 

Puértolas, E., Saldaña, G., Alvarez, I. & Raso, J., 2010. Effect of pulsed electric field processing 

of red grapes on wine chromatic and phenolic characteristics during aging in oak barrels. 

Journal of agricultural and food chemistry, 58(4), pp.2351–2357.  

Puértolas, E., Saldaña, G., Condón, S., Alvarez, I. & Raso, J., 2009. A comparison of the effect 

of macerating enzymes and pulsed electric fields technology on phenolic content and color 

of red wine. Journal of food science, 74(9), pp.647–652.  

 



  References 

116 

 

Del Rio, D., Borges, G. & Crozier, A., 2010. Berry flavonoids and phenolics: bioavailability 

and evidence of protective effects. The British journal of nutrition, 104, pp.S67-90.  

Risco, D., Pérez, D., Yeves,  a., Castel, J.R. & Intrigliolo, D.S., 2014. Early defoliation in a 

temperate warm and semi-arid Tempranillo vineyard: vine performance and grape 

composition. Australian Journal of Grape and Wine Research, 20(1), pp.111–122.  

Rodríguez-Delgado, M.A., Malovaná, S., Pérez, J.P., Borges, T. & García Montelongo, F.J., 

2001. Separation of phenolic compounds by high-performance liquid chromatography 

with absorbance and fluorimetric detection. Journal of Chromatography A, 912(2), 

pp.249–257. 

Romero-Cascales, I., Ortega-Regules, A., Lopez-Roca, J., Fernandez-Fernandez, J. & Gomez-

Plaza, E., 2005. Differences in anthocyanin extractability from grapes to wines according 

to variety. American Journal Of Enology And Viticulture, 56(3), pp.212–219.  

Roullier-Gall, C., Boutegrabet, L., Gougeon, R.D. & Schmitt-Kopplin, P., 2014. A grape and 

wine chemodiversity comparison of different appellations in Burgundy: vintage vs terroir 

effects. Food chemistry, 152, pp.100–7.  

Saw, N.M.M.T., Riedel, H., Cai, Z., Kütük, O. & Smetanska, I., 2011. Stimulation of 

anthocyanin synthesis in grape (Vitis vinifera) cell cultures by pulsed electric fields and 

ethephon. Plant Cell, Tissue and Organ Culture (PCTOC), 108(1), pp.47–54.  

Schneider, M., Türke, A., Fischer, W.-J. & Kilmartin, P. a, 2014. Determination of the wine 

preservative sulphur dioxide with cyclic voltammetry using inkjet printed electrodes. Food 

chemistry, 159, pp.428–432. 

Seeram, N.P., 2008. Berry Fruits for Cancer Prevention : Current Status. J. Agric. Food Chem, 

56, pp.630–635. 

Segade, S.R., Giacosa, S., Gerbi, V. & Rolle, L., 2011. Berry skin thickness as main texture 

parameter to predict anthocyanin extractability in winegrapes. LWT - Food Science and 

Technology, 44(2), pp.392–398.  

Seguin, G., 1986. “Terroirs” and pedology of wine growing. Experientia, 42, pp.861–873. 

Slewinski, T.L., 2013. Using evolution as a guide to engineer kranz-type c4 photosynthesis. 

Frontiers in plant science, 4(July), p.212.  

Soliva-Fortuny, R., Balasa, A., Knorr, D. & Martín-Belloso, O., 2009. Effects of pulsed electric 

fields on bioactive compounds in foods: a review. Trends in Food Science & Technology, 

20(11–12), pp.544–556.  

Styger, G., Prior, B. & Bauer, F.F., 2011. Wine flavor and aroma. Journal of industrial 

microbiology & biotechnology, 38(9), pp.1145–1159.  

Swiegers, J.H. & Pretorius, I.S., 2007. Modulation of volatile sulfur compounds by wine yeast. 

Applied Microbiology and Biotechnology, 74, pp.954–960. 

Tarara, J.M., Lee, J., Spayd, S.E. & Scagel, C.F., 2008. Berry temperature and solar radiation 

alter acylation, proportion, and concentration of anthocyanin in Merlot grapes. American 

Journal of Enology and Viticulture, 59(3), pp.235–247. 

Tardaguila, J., Toda, F.M. De, Poni, S. & Diago, M.P., 2010. Impact of Early Leaf Removal on 

Yield and Fruit and Wine Composition of Vitis vinifera L . Graciano and Carignan. 

American Journal of Enology & Viticulture, 61(3), pp.372–381. 

Toepfl, S., Mathys,  a., Heinz, V. & Knorr, D., 2006. Review: Potential of High Hydrostatic 

Pressure and Pulsed Electric Fields for Energy Efficient and Environmentally Friendly 

Food Processing. Food Reviews International, 22(4), pp.405–423.  

 



  References 

117 

 

Trought, M.C.T. & Bramley, R.G.V., 2011. Vineyard variability in Marlborough, New Zealand: 

characterising spatial and temporal changes in fruit composition and juice quality in the 

vineyard. Australian Journal of Grape and Wine Research, 17(1), pp.79–89.  

Vallverdu, A., Oms-oliu, G., Odriozola-serrano, I., Mar, R., Mart, O. & Elez-mart, P., 2012. 

Effects of Pulsed Electric Fields on the Bioactive Compound Content. Journal of 

agricultural and food chemistry, 60, pp.3126–3134. 

Vervoort, L., Grauwet, T., Njoroge, D.M., Van der Plancken, I., Matser, A., Hendrickx, M. & 

Van Loey, A., 2013. Comparing thermal and high pressure processing of carrots at 

different processing intensities by headspace fingerprinting. Innovative Food Science & 

Emerging Technologies, 18, pp.31–42.  

Vervoort, L., Van der Plancken, I., Grauwet, T., Timmermans, R.A.H., Mastwijk, H.C., Matser, 

A.M., Hendrickx, M.E. & Van Loey, A., 2011. Comparing equivalent thermal, high 

pressure and pulsed electric field processes for mild pasteurization of orange juice. 

Innovative Food Science & Emerging Technologies, 12(4), pp.466–477.  

Vinholes, J., Gonçalves, P., Martel, F., Coimbra, M. a & Rocha, S.M., 2014. Assessment of the 

antioxidant and antiproliferative effects of sesquiterpenic compounds in in vitro Caco-2 

cell models. Food chemistry, 156, pp.204–211.  

Vitalini, S., Ruggiero, A., Rapparini, F., Neri, L., Tonni, M. & Iriti, M., 2014. The application 

of chitosan and benzothiadiazole in vineyard (Vitis vinifera L. cv Groppello Gentile) 

changes the aromatic profile and sensory attributes of wine. Food chemistry, 162, pp.192–

205.  

Walton, N.J., Mayer, M.J. & Narbad, A., 2003. Vanillin. Phytochemistry, 63(5), pp.505–515. 

Wan, H., Liu, R., Sun, H., Yu, X., Li, Y., Cong, Y. & Liu, D., 2014. Caco-2 cell-based 

Antioxidant Activity of 36 Vegetables Commonly Consumed in China. Journal of Food 

and Nutrition Research, 2(2), pp.88–95.  

Wang, H. & Joseph, J.A., 1999. Quantifying cellular oxidative stress by dichlorofluorescein 

assay using microplate reader11Mention of a trade name, proprietary product, or specific 

equipment does not constitute a guarantee by the United States Department of Agriculture 

and does not imp. Free Radical Biology and Medicine, 27(5–6), pp.612–616.  

Wang, S.Y., Feng, R., Lu, Y., Bowman, L. & Ding, M., 2005. Inhibitory effect on activator 

protein-1, nuclear factor-kappaB, and cell transformation by extracts of strawberries 

(Fragaria x ananassa Duch.). Journal of agricultural and food chemistry, 53(10), pp.4187–

4193.  

Wang, X.-Q., Su, H.-N., Zhang, Q.-H. & Yang, P.-P., 2015. The effects of pulsed electric fields 

applied to red and white wines during bottle ageing on organic acid contents. Journal of 

Food Science and Technology, 52(January), pp.171–180. 

Waterhouse, A.L., 2002. Wine phenolics. Annals of the New York Academy of Sciences, 957, 

pp.21–36.  

Wrolstad, R.., 2004. Interaction of Natural Colors with Anthocyanin Pigments — Bioactivity 

and Coloring Properties. Food Chemistry & Toxicology, 69(5), pp.419–425. 

Xia, E.-Q., Deng, G.-F., Guo, Y.-J. & Li, H.-B., 2010. Biological activities of polyphenols from 

grapes. International journal of molecular sciences, 11(2), pp.622–646.  

Xu, C., Zhang, Y., Zhu, L., Huang, Y. & Lu, J., 2011. Influence of growing season on phenolic 

compounds and antioxidant properties of grape berries from vines grown in subtropical 

climate. Journal of agricultural and food chemistry, 59(4), pp.1078–1086.  

 

 



  References 

118 

 

Young, P., Eyeghe-Bickong, H.A., du Plessis, K., Alexandersson, E., Jacobson, D.A., Coetzee, 

Z.A., Deloire, A. & Vivier, M.A., 2015. Grapevine plasticity in response to an altered 

microclimate: Sauvignon Blanc modulates specific metabolites in response to increased 

berry exposure. Plant Physiology.  

Zhang, Z.-H., Zeng, X.-A., Brennan, C., Brennan, M., Han, Z. & Xiong, X.-Y., 2015. Effects of 

Pulsed Electric Fields (PEF) on Vitamin C and Its Antioxidant Properties. International 

Journal of Molecular Sciences, 16(10), pp.24159–24173.  

Zhao, W., Yang, R., Wang, M. & Lu, R., 2009. Effects of pulsed electric fields on bioactive 

components, colour and flavour of green tea infusions. International Journal of Food 

Science & Technology, 44(2), pp.312–321.  

Zikri, N.N., Riedl, K.M., Wang, L.-S., Lechner, J., Schwartz, S.J. & Stoner, G.D., 2009. Black 

raspberry components inhibit proliferation, induce apoptosis, and modulate gene 

expression in rat esophageal epithelial cells. Nutrition and cancer, 61(6), pp.816–826.  

 

 

  



Appendix A  PN 

119 

 

Appendix A- Pinot Noir 

A-1: Juice Yield 

Table 1: Tukey (HSD) on maceration time and juice yield with 

control and PEF juice samples of all field treatments (A-full, B-
50%, C-no pluck). Numbers under ‘Time’ represent maceration 

period in days, letter ‘C’ represents control non-treated juice 

samples. 

Table 2: Tukey (HSD) on field treatment (full, 50% & no 

pluck) and juice yield of non-treated (A) and PEF 

treated (B) juice samples, irrespective of maceration 

time. 

A-  Full pluck- Juice Yield (g/100g) 

Tukey HSDa,b     

Time N 
Subset 

a b c d 

C-0 4 38.27    

0 4  46.29   

C-1 4  47.74   

1 4  52.27 52.27  

3 4   55.59 55.59 

C-2 4   55.65 55.65 

C-7 4   56.88 56.88 

7 4   57.45 57.45 

2 4   57.52 57.52 

C-3 4    59.52 

Sig.  1.000 .142 .274 .653 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 8.353. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

 
 

A- Non-treated - Juice Yield (g/100g) 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

FULL 20 51.61  

50% 20 52.04 52.04 

NO 20  54.14 

Sig.  .908 .116 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 10.598. 

a. Uses Harmonic Mean Sample Size = 20.000. 

B- PEF- Juice Yield (g/100g) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

FULL 20 53.82 

50% 20 55.18 

NO 20 55.66 

Sig.  .071 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 6.572. 

a. Uses Harmonic Mean Sample Size =20.000. 

B- 50% pluck- Juice Yield (g/100g) 

Tukey HSDa,b     

Time 
N Subset 

 a b c d 

C-0 4 37.17    

0 4  48.29   

C-1 4  51.89 51.89  

7 4   55.65 55.65 

C-2 4   56.05 56.05 

C-7 4   56.56 56.56 

3 4   56.68 56.68 

1 4   57.19 57.19 

2 4    58.08 

C-3 4    58.56 

Sig.  1.000 .598 .133 .826 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 6.414. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

C- No pluck- Juice Yield (g/100g) 

Tukey HSDa,b   

Time 
N Subset 

 a b 

C-0 4 44.29  

1 4  52.37 

0 4  52.63 

C-1 4  53.25 

7 4  57.12 

C-2 4  57.30 

C-3 4  57.69 

3 4  57.87 

C-7 4  58.15 

2 4  58.33 

Sig.  1.000 .287 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 10.987. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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A-2: Soluble Sugar 

Table 3: Tukey (HSD) on maceration time and soluble 

sugar content with control and PEF juice samples of 

all field treatments (A-full, B-50%, C-no pluck). 
Numbers under ‘Time’ represent maceration period 

in days, letter ‘C’ represents control non-treated juice 

samples. 

Table 4: Tukey (HSD) on field treatment (full, 50% & no pluck) and 

soluble sugar content of non-treated (A) and PEF treated (B) juice 

samples, irrespective of maceration time. 

A-Full pluck- Soluble Sugar (Bx˚) 

Tukey HSDa,b    

Time N 
Subset 

a b c 

C-7 4 19.70   

7 4 20.15 20.15  

3 4 20.60 20.60  

0 4 20.85 20.85  

C-2 4 21.20 21.20  

C-3 4 21.35 21.35  

C-0 4 21.80 21.80  

2 4 22.05 22.05  

C-1 4  22.45 22.45 

1 4   25.10 

Sig.  .132 .150 .059 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 1.258. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

A- Non-treated- Soluble Sugar (Bx˚) 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

FULL 20 21.30  

NO 20 22.15 22.15 

50% 20  22.32 

Sig.  .055 .883 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 1.271. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 

B- PEF- Soluble Sugar (Bx˚) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

NO 20 21.64 

FULL 20 21.75 

50% 20 22.10 

Sig.  .473 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 1.529. 

a. Uses Harmonic Mean Sample Size = 20.000. 
 

B- 50% pluck- Soluble Sugar (Bx˚) 

Tukey HSDa,b   

Time 
N Subset 

 a b 

C-7 4 20.05  

C-0 4 21.05 21.05 

7 4 21.05 21.05 

3 4 21.80 21.80 

1 4 22.30 22.30 

2 4 22.40 22.40 

C-3 4 22.50 22.50 

0 4 22.95 22.95 

C-2 4  23.90 

C-1 4  24.10 

Sig.  .111 .080 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 1.812. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

C- No pluck- Soluble Sugar (Bx˚) 

Tukey HSDa,b   

Time 
N Subset 

 a b 

C-7 4 19.95  

7 4 20.20  

0 4 21.55 21.55 

3 4 21.55 21.55 

1 4 21.90 21.90 

C-1 4 22.25 22.25 

C-3 4 22.50 22.50 

C-0 4  22.85 

2 4  23.00 

C-2 4  23.20 

Sig.  .052 .481 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 1.130. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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A-3: Vitamin C 

Table 5: Tukey (HSD) on maceration time and Vitamin C with control 

and PEF juice samples of all field treatments (A-full, B-50%, C-no 

pluck). Numbers under ‘Time’ represent maceration period in days, 
letter ‘C’ represents control non-treated juice samples. 

 

Table 6: Tukey (HSD) on field treatment (full, 

50% & no pluck) and Vitamin C of non-treated 

(A) and PEF treated (B) juice samples. 
 

A- Non-treated Juice- Total LAA (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

NO 20 6.07  

50% 20  6.73 

FULL 20  7.10 

Sig.  1.000 .077 

Means for groups in homogeneous subsets 
are displayed. Based on observed means. The 

error term is Mean Square(Error) = .274. 

a. Uses Harmonic Mean Sample Size = 
20.000. 

 

B- PEF Juice- Total LAA (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

NO 20 5.84  

50% 20  6.63 

FULL 20  6.74 

Sig.  1.000 .901 

Means for groups in homogeneous subsets 
are displayed. Based on observed means. 

 The error term is Mean Square(Error) = 

.591. 

a. Uses Harmonic Mean Sample Size = 
20.000. 

 

 

Table 7: Tukey (HSD) on field treatment (full, 
50% & no pluck) and Vitamin C of non-treated 

(A) and PEF treated (B) wine samples. 

 
 

A- Non-Treated Wine- Total LAA (Mg/L) 

Tukey HSDa,b    

Pluck N 
Subset 

a 

FULL 2 1.1200 

NO 2 1.1450 

50% 2 1.2350 

Sig.  .194 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = .002. 

a. Uses Harmonic Mean Sample Size = 2.000. 

 

B- PEF Wine- Total LAA (Mg/L) 

Tukey 
HSDa,b     

Pluck N 
Subset 

a b 

50% 4 .965   

FULL 4 .980   

NO 4  1.075 

Sig.  .795 1.000 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. The 
error term is Mean Square(Error) = .001. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

A- Full pluck- Total LAA (Mg/L) 

Tukey HSDa,b   

Time N 
Subset 

a b 

3 4 5.43  

7 4 5.88 5.88 

C-7 4 6.46 6.46 

C-2 4 6.79 6.79 

C-0 4  7.20 

1 4  7.45 

0 4  7.46 

C-1 4  7.46 

2 4  7.47 

C-3 4  7.57 

Sig.  .201 .051 

Means for groups in homogeneous subsets are displayed. Based on 

observed means. The error term is Mean Square(Error) = .495. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

B- 50% pluck- Total LAA (Mg/L) 

Tukey HSDa,b      

Time 
N Subset 

 a b c d e 

7 4 5.03     

3 4 5.41 5.41    

C-7 4 6.11 6.11 6.11   

C-2 4 6.32 6.32 6.32 6.32  

1 4  6.64 6.64 6.64  

C-1 4  6.71 6.71 6.71  

C-3 4   7.01 7.01  

2 4   7.13 7.13  

C-0 4    7.50  

0 4     8.94 

Sig.  .074 .075 .280 .133 1.000 

Means for groups in homogeneous subsets are displayed.  Based on 

observed means. The error term is Mean Square(Error) = .319. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

 

C- No pluck- Total LAA (Mg/L) 

Tukey HSDa,b     

Time 
N Subset 

 a b c d 

3 4 3.95    

7 4 4.43 4.43   

C-7 4 5.48 5.48 5.48  

C-2 4  5.64 5.64  

C-1 4  5.95 5.95  

C-3 4   6.36 6.36 

2 4   6.49 6.49 

1 4   6.53 6.53 

C-0 4   6.94 6.94 

0 4    7.81 

Sig.  .096 .102 .130 .138 

Means for groups in homogeneous subsets are displayed. Based on 
observed means. The error term is Mean Square(Error) = .482. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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A-4: Antioxidant Capacity 

Table 8: Tukey (HSD) on maceration time and total antioxidant capacity 

control and PEF juice samples of all field treatments (A-full, B-50%, C-

no pluck). Numbers under ‘Time’ represent maceration period in days, 
letter ‘C’ represents control non-treated juice samples. 

 

Table 9: Tukey (HSD) on field treatment (full, 50% 

& no pluck) and total antioxidant capacity of non-

treated (A) and PEF treated (B) juice samples. 
 

A- Non-treated Juice Total Antioxidant 

Capacity (%) 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

FULL 20 26.75  

50% 20 30.58 30.58 

NO 20  33.10 

Sig.  .242 .534 

Means for groups in homogeneous subsets are 

displayed.  Based on observed means. 

 The error term is Mean Square(Error) = 55.260. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 

B- PEF Juice- Total Antioxidant Capacity (%) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

NO 20 30.36 

FULL 20 33.27 

50% 20 33.38 

Sig.  .125 

Means for groups in homogeneous subsets are 
displayed.  Based on observed means. 

 The error term is Mean Square(Error) = 22.000. 

a. Uses Harmonic Mean Sample Size = 20.000. 
 

 
Table 10: Tukey (HSD) on field treatment (full, 50% 

& no pluck) and total antioxidant capacity of non-

treated (A) and PEF treated (B) wine samples. 
 

A- Non-Treated Wine Total Antioxidant 

Capacity (%) 

Tukey HSDa,b    

Pluck N 
Subset 

a 

FULL 4 67.3962 

50% 4 69.0597 

NO 4 77.4033 

Sig.  .405 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 

44.375. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

A- PEF Wine Total Antioxidant Capacity (%) 

Tukey HSDa,b     

Pluck N 
Subset 

a b 

FULL 4 68.2632   

NO 4 71.1977   

50% 4  89.1036 

Sig.  .729 1.000 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 

13.490. 

a. Uses Harmonic Mean Sample Size = 2.000. 
  

A- Full pluck- Total Antioxidant Capacity (%) 

Tukey HSDa,b   

Time N 
Subset 

a b 

C-0 4 19.85  

C-7 4 27.01  

C-1 4 27.10  

C-3 4 29.06  

1 4 29.27  

3 4 29.46  

2 4 30.25  

0 4 30.55  

C-2 4 30.72  

7 4  46.79 

Sig.  .160 1.000 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) 

=28.796. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

 

B- 50% pluck- Total Antioxidant Capacity (%) 

Tukey HSDa,b     

Time N 
Subset 

a b c d 

C-0 4 19.94    

1 4 26.86 26.86   

C-2 4 27.74 27.74 27.74  

3 4 27.87 27.87 27.87  

C-1 4 29.36 29.36 29.36  

C-3 4  30.62 30.62  

2 4  31.19 31.19  

0 4   37.50 37.50 

7 4    43.49 

C-7 4    45.23 

Sig.  .077 .889 .059 .243 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 

17.117. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

C- No pluck- Total Antioxidant Capacity (%) 

Tukey HSDa,b    

Time N 
Subset 

a b c 

C-0 4 17.53   

C-3 4 22.81   

3 4 24.16   

0 4 25.85   

7 4 28.09 28.09  

2 4 29.83 29.83  

C-7 4 30.95 30.95  

C-2 4  35.77 35.77 

C-1 4   40.59 

1 4   43.89 

Sig.  .141 .193 .107 

Means for groups in homogeneous subsets are displayed. 
 Based on observed means. 

 The error term is Mean Square(Error) = 15.422. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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A-5: Total Phenolics 

Table 11: Tukey (HSD) on maceration time and total phenolics 

control and PEF juice samples of all field treatments (A-full, B-

50%, C-no pluck). Numbers under ‘Time’ represent maceration 
period in days, letter ‘C’ represents control non-treated juice 

samples. 

Table 12: Tukey (HSD) on field treatment (full, 50% & 

no pluck) and total phenolics of non-treated (A) and PEF 

treated (B) juice samples. 
 

A- Non-treated Juice- Total Phenolics (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

NO 20 841.25 

50% 20 910.79 

FULL 20 946.90 

Sig.  .646 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 139714.895. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 
 

B- PEF Juice- Total Phenolics (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

NO 20 971.24 

50% 20 1001.40 

FULL 20 1114.84 

Sig.  .404 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 123059.466. 

a. Uses Harmonic Mean Sample Size = 20.000. 
 

 

Table 13: Tukey (HSD) on field treatment (full, 50% & 
no pluck) and total phenolics of non-treated (A) and PEF 

treated (B) wine samples. 

 

A- Non-treated Wine- Total Phenolics (Mg/L) 

Tukey HSDa,b    

Pluck N 
Subset 

a 

50% 4 764.1931 

NO 4 780.8538 

FULL 4 786.8265 

Sig.  .609 

Means for groups in homogeneous subsets are 

displayed.  Based on observed means. The error term 
is Mean Square(Error) = 479.992. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

 

 

B- PEF Wine- Total Phenolics (Mg/L) 

Tukey 
HSDa,b      

Pluck N 
Subset 

a b c 

50% 4 613.6178    

NO 4  673.0306   

FULL 4   755.0768 

Sig.  1.000 1.000 1.000 

Means for groups in homogeneous subsets are 

displayed.  Based on observed means. 
 The error term is Mean Square(Error) = 163.182. 

a. Uses Harmonic Mean Sample Size = 2.000. 

 
 

 

 
 

 

A- Full pluck- Total Phenolics (Mg/L) 

Tukey HSDa,b     

Time N 
Subset 

a b c d 

C-0 4 606.53    

0 4 613.74    

C-7 4 630.96    

C-3 4 694.70    

3 4  968.29   

7 4  985.36   

C-1 4   1379.54  

1 4   1380.17  

C-2 4   1422.76  

2 4    1626.66 

Sig.  .642 1.000 .993 1.000 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means.  The error term is Mean 
Square(Error) = 4116.879. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

 

B- 50%l pluck- Total Phenolics (Mg/L) 

Tukey HSDa,b     

Time N 
Subset 

a b c d 

C-0 4 558.61    

0 4 566.44 566.44   

C-7 4 590.25 590.25   

C-3 4 680.92 680.92   

7 4  790.39 790.39  

3 4   939.63  

1 4    1279.94 

C-2 4    1326.61 

C-1 4    1397.55 

2 4    1430.59 

Sig.  .695 .051 .437 .424 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means.  The error term is Mean 
Square(Error) = 8659.482. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

C- No pluck- Total Phenolics (Mg/L) 

Tukey HSDa,b     

Time N 
Subset 

a b c d 

C-0 4 477.33    

0 4 503.17    

C-7 4 612.95    

C-3 4 626.42    

3 4  792.27   

7 4  861.02   

C-2 4   1225.13  

C-1 4   1264.43  

1 4   1280.72 1280.72 

2 4    1419.00 

Sig.  .050 .851 .952 .087 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean 

Square(Error) = 3821.281. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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A-6: Petunidin-3-O-Glucoside 

Table 14: Tukey (HSD) on maceration time and Petunidin-3-O-

Glucoside control and PEF juice samples of all field treatments 

(A-full, B-50%, C-no pluck). Numbers under ‘Time’ represent 
maceration period in days, letter ‘C’ represents control non-

treated juice samples. 

Table 15: Tukey (HSD) on field treatment (full, 50% & no 

pluck) and Petunidin-3-O-Glucoside of non-treated (A) and 

PEF treated (B) juice samples. 
 

A- Non-treated juice- Petunidin-3-O-glucoside (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

NO 20 .02 

50% 20 .08 

FULL 20 .17 

Sig.  .059 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = .039. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 
 

 

 

B- PEF juice- Petunidin-3-O-glucoside (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

NO 20 .76  

50% 20 .90 .90 

FULL 20  1.25 

Sig.  .675 .129 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = .300. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 

A- Full Pluck- Petunidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b    

Time N 
Subset 

a b c 

0 4 0.00   

1 4 0.00   

C-0 4 0.00   

C-1 4 0.00   

C-2 4 0.00   

C-3 4 0.00   

2 4 0.00   

3 4 0.00   

C-7 4  .83  

7 4   6.23 

Sig.  1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed.  

Based on observed means. The error term is Mean 
Square(Error) = .087. 

a. Uses Harmonic Mean Sample Size = 4.000. 

 

 

B- 50% Pluck- Petunidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b   

Time 
N Subset 

 a b 

0 4 0.00  

1 4 0.00  

C-0 4 0.00  

C-1 4 0.00  

C-2 4 0.00  

C-3 4 0.00  

2 4 0.00  

3 4 0.00  

C-7 4 .41  

7 4  4.52 

Sig.  .992 1.000 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean 
Square(Error) = .355. 

a. Uses Harmonic Mean Sample Size = 4.000. 

 

 

C- No Pluck- Petunidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b   

Time 
N Subset 

 a b 

0 4 0.00  

1 4 0.00  

C-0 4 0.00  

C-1 4 0.00  

C-2 4 0.00  

C-3 4 0.00  

2 4 0.00  

3 4 0.00  

C-7 4 .10  

7 4  3.78 

Sig.  1.000 1.000 

Means for groups in homogeneous subsets are displayed. 
Based on observed means. The error term is Mean 

Square(Error) = .066. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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A-7: Delphinidin-3-O-Glucoside 

Table 17: Tukey (HSD) on maceration time and Delphinidin-

3-O-Glucoside control and PEF juice samples of all field 

treatments (A-full, B-50%, C-no pluck). Numbers under 
‘Time’ represent maceration period in days, letter ‘C’ 

represents control non-treated juice samples. 

Table 18: Tukey (HSD) on field treatment (full, 50% & no 

pluck) and Delphinidin-3-O-Glucoside of non-treated (A) and 

PEF treated (B) juice samples. 
 

A- Non-treated juice-Delphinidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

NO 20 .28 

FULL 20 .32 

50% 20 .40 

Sig.  .931 

Means for groups in homogeneous subsets are displayed.  
Based on observed means. The error term is Mean 

Square(Error) = 1.146. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 
 

 

 

B- PEF juice-Delphinidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

NO 20 5.09 

0% 20 5.66 

FULL 20 6.49 

Sig.  .535 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 17.121. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 

A- Full Pluck- Delphinidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b   

Time N 
Subset 

a b 

0 4 0.00  

C-0 4 0.00  

C-1 4 0.00  

C-2 4 0.00  

C-3 4 .38  

C-7 4 1.23  

3 4 1.60  

2 4 1.67  

1 4 1.99  

7 4  27.19 

Sig.  .966 1.000 

Means for groups in homogeneous subsets are displayed. 

Based on observed means.  The error term is Mean 
Square(Error) = 5.464. 

a. Uses Harmonic Mean Sample Size = 4.000. 

 

 

B- 50% Pluck- Delphinidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b   

Time 
N Subset 

 a b 

0 4 0.00  

C-0 4 0.00  

C-1 4 0.00  

C-2 4 0.00  

C-3 4 .89  

1 4 1.02  

C-7 4 1.12  

3 4 2.23  

2 4 2.23  

7 4  22.85 

Sig.  .999 1.000 

Means for groups in homogeneous subsets are displayed. 

Based on observed means. The error term is Mean 
Square(Error) = 17.350. 

a. Uses Harmonic Mean Sample Size = 4.000. 

 

 

C- No Pluck- Delphinidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b   

Time 
N Subset 

 a b 

0 4 0.00  

C-0 4 0.00  

C-1 4 0.00  

C-2 4 0.00  

C-3 4 .43  

C-7 4 .97  

1 4 1.49  

2 4 2.13  

3 4 2.24  

7 4  19.57 

Sig.  .890 1.000 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 4.587. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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A-8: Cyanidin-3-O-Glucoside 

Table 19: Tukey (HSD) on maceration time and Cyanidin-3-O-

Glucoside control and PEF juice samples of all field treatments 

(A-full, B-50%, C-no pluck). Numbers under ‘Time’ represent 
maceration period in days, letter ‘C’ represents control non-

treated juice samples. 

Table 20: Tukey (HSD) on field treatment (full, 50% & no 

pluck) and Cyanidin-3-O-Glucoside of non-treated (A) 

and PEF treated (B) juice samples. 
 

A-Non-treated juice- Cyanidin-3-O-Glucoside(Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

50% 20 1.00 

NO 20 1.05 

FULL 20 1.27 

Sig.  .654 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = .922. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 
 

B- PEF juice- Cyanidin-3-O- Glucoside (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

NO 20 3.83 

50% 20 3.88 

FULL 20 5.47 

Sig.  .050 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 4.537. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 
 

 
 

A- Full Pluck- Cyanidin 3-O-Glucoside (Mg/L) 

Tukey HSDa,b     

Time N 
Subset 

a b c d 

0 4 0.00    

C-0 4 0.00    

C-1 4 0.00    

C-2 4 .31    

C-3 4 .49    

2 4 2.47 2.47   

1 4 3.11 3.11 3.11  

C-7 4  5.54 5.54  

3 4   7.45  

7 4    14.30 

Sig.  .510 .528 .122 1.000 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean 
Square(Error) = 4.188. 

 

B- 50% Pluck- Cyanidin 3-O-Glucoside (Mg/L) 

Tukey HSDa,b    

Time 
N Subset 

 a b c 

0 4 0.00   

C-0 4 0.00   

C-1 4 0.00   

C-2 4 0.00   

C-3 4 .77 .77  

1 4 1.28 1.28  

2 4 2.43 2.43  

C-7 4  4.23  

3 4  4.46  

7 4   11.22 

Sig.  .617 .117 1.000 

Means for groups in homogeneous subsets are displayed. 

Based on observed means.  The error term is Mean 

Square(Error) = 2.995. 

a. Uses Harmonic Mean Sample Size = 4.000. 
  

C- No Pluck- Cyanidin 3-O-Glucoside (Mg/L) 

Tukey HSDa,b     

Time 
N Subset 

 a b c d 

0 4 0.00    

C-0 4 0.00    

C-1 4 0.00    

C-2 4 .19    

C-3 4 1.27    

1 4 1.57 1.57   

2 4 2.28 2.28 2.28  

C-7 4  3.81 3.81  

3 4   4.09  

7 4    11.23 

Sig.  .077 .090 .284 1.000 

Means for groups in homogeneous subsets are displayed. 

Based on observed means.  The error term is Mean 
Square(Error) = 1.005. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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A-9: Malvidin-3-O-Glucoside 

Table 21: Tukey (HSD) on maceration time and Malvidin-3-O-Glucoside 

control and PEF juice samples of all field treatments (A-full, B-50%, C-no 

pluck). Numbers under ‘Time’ represent maceration period in days, letter 
‘C’ represents control non-treated juice samples. 

Table 22: Tukey (HSD) on field treatment (full, 50% & 

no pluck) and Malvidin-3-O-Glucoside of non-treated (A) 

and PEF treated (B) juice samples. 

 
 

A- Non-treated- Malvidin-3-O-glucoside (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

FULL 20 27.60 

NO 20 29.31 

50% 20 33.31 

Sig.  .193 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 

104.664. 

a. Uses Harmonic Mean Sample Size = 20.000. 

B- PEF- Malvidin-3-O-glucoside (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

NO 20 71.57  

50% 20 75.64 75.64 

FULL 20  87.15 

Sig.  .769 .135 

Means for groups in homogeneous subsets are 
displayed.  Based on observed means. 

 The error term is Mean Square(Error) 

=345.455. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 

Table 23: Tukey (HSD) on field treatment (full, 50% & 

no pluck) and Malvidin-3-O-Glucoside of non-treated (A) 
and PEF treated (B) wine samples. 

 

A- Non-treated Malvidin-3-O-glucoside (Mg/L) 

Tukey HSDa,b    

Pluck N 
Subset 

a b c 

FULL 4 38.9173    

NO 4  74.1322   

50% 4   82.634 

Sig.  1.000 1.000 1.000 
Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 3.605. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

 

B- PEF Malvidin-3-O-glucoside (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a b 

NO 4 29.9049   

50% 4 32.9347   

FULL 4  51.0305 

Sig.  .192 1.000 

Means for groups in homogeneous subsets are 
displayed.  Based on observed means. 

 The error term is Mean Square(Error) = 1.669. 

a. Uses Harmonic Mean Sample Size = 2.000. 
  

A- Full pluck- Malvidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b      

Time N 
Subset 

a b c d e 

0 4 0.00     

C-0 4 0.00     

C-1 4 12.29     

C-2 4 21.45     

C-3 4 32.44 32.44    

1 4  66.06 66.06   

C-7 4   71.81   

2 4   76.26   

3 4    118.44  

7 4     174.97 

Sig.  .104 .082 .992 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 
 Based on observed means. The error term is Mean Square(Error) = 

221.857. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

 

 

B- 50% pluck- Malvidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b      

Time 
N Subset 

 a b c d e f 

0 4 0.00      

C-0 4 0.00      

C-1 4 20.81 20.81     

C-2 4 30.29 30.29     

C-3 4 36.44 36.44 36.44    

1 4  55.10 55.10 55.10   

2 4   71.91 71.91 71.91  

C-7 4    78.99 78.99  

3 4     104.67  

7 4      146.51 

Sig  .096 .140 .114 .577 .181 1.000 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 
273.097. 

a. Uses Harmonic Mean Sample Size = 4.000. 

 
 

C- No pluck- Malvidin-3-O-Glucoside (Mg/L) 

Tukey HSDa,b      

Time 
N Subset 

 a b c d e 

0 4 0.00     

C-0 4 0.00     

C-1 4 15.66 15.66    

C-2 4 22.94 22.94    

C-3 4  38.16 38.16   

1 4  44.18 44.18   

2 4   63.51 63.51  

C-7 4   69.77 69.77  

3 4    94.62  

7 4     155.54 

Sig.  .351 .121 .060 .068 1.000 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 
180.224. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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A-10: Colour Intensity 

Table 24: Tukey (HSD) on maceration time and Colour Intensity 

control and PEF juice samples of all field treatments (A-full, B-50%, 

C-no pluck). Numbers under ‘Time’ represent maceration period in 
days, letter ‘C’ represents control non-treated juice samples. 

 

Table 25: Tukey (HSD) on field treatment (full, 50% 

& no pluck) and Colour Intensity of non-treated (A) 

and PEF treated (B) juice samples. 
 

A- Non-treated juice- Colour Intensity 

Tukey HSDa,b  

Pluck N 
Subset 

a 

NO 20 2.13 

FULL 20 2.35 

50% 20 2.51 

Sig.  .249 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = .544. 

a. Uses Harmonic Mean Sample Size = 20.000. 

 

B- PEF juice- Colour Intensity 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

NO 20 2.60  

FULL 20  3.12 

50% 20  3.53 

Sig.  1.000 .100 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = .383. 

a. Uses Harmonic Mean Sample Size = 20.000. 
 

 

Table 26: Tukey (HSD) on field treatment (full, 50% 
& no pluck) and Colour Intensity of non-treated (A) 

and PEF treated (B) wine samples. 

 

A- Non-treated Wine- Colour Intensity 

Tukey HSDa,b    

Pluck 
N 

Subset 

a 

FULL 4 .8760 

50% 4 .8870 

NO 4 .9745 

  .663 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = .011. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

 

B- PEF Wine- Colour Intensity 

Tukey HSDa,b    

Pluck N 
Subset 

a b 

50% 4 .5645   

NO 4  .9115 

FULL 4  .9850 

Sig.  1.000 .056 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = .000. 

a. Uses Harmonic Mean Sample Size = 2.000. 

 

 
 

A- Full pluck- Colour Intensity 

Tukey HSDa,b    

Time N 
Subset 

a b c 

C-0 4 1.69   

C-2 4 1.88 1.88  

0 4 2.01 2.01  

C-1 4 2.25 2.25 2.25 

C-7 4 2.94 2.94 2.94 

1 4 2.98 2.98 2.98 

C-3 4 3.00 3.00 3.00 

3 4 3.09 3.09 3.09 

2 4  3.51 3.51 

7 4   4.01 

Sig.  .240 .102 .060 

Means for groups in homogeneous subsets are displayed. Based 

on observed means. The error term is Mean Square(Error)=.558. 

a. Uses Harmonic Mean Sample Size = 4.000. 

 

 

B- 50% pluck- Colour Intensity 

Tukey HSDa,b    

Time 
N Subset 

 a b c 

C-2 4 1.91   

C-3 4 2.19   

C-1 4 2.41 2.41  

C-0 4 2.72 2.72 2.72 

1 4 2.80 2.80 2.80 

2 4 2.98 2.98 2.98 

3 4 3.10 3.10 3.10 

C-7 4 3.31 3.31 3.31 

0 4  4.15 4.15 

7 4   4.63 

Sig.  .310 .099 .050 

Means for groups in homogeneous subsets are displayed. Based 

on observed means. The error term is Mean Square(Error) =.626. 

a. Uses Harmonic Mean Sample Size = 4.000. 
  

C- No pluck- Colour Intensity 

Tukey HSDa,b    

Time 
N Subset 

 a b c 

C-0 4 1.58   

C-1 4 1.82 1.82  

C-2 4 1.85 1.85  

C-3 4 1.92 1.92  

0 4 1.93 1.93  

2 4 2.42 2.42 2.42 

3 4  2.72 2.72 

1 4  2.82 2.82 

7 4   3.12 

C-7 4   3.49 

Sig.  .251 .099 .063 

Means for groups in homogeneous subsets are displayed. Based 

on observed means. The error term is Mean Square(Error)=.207. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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A-11: Cell Viability (MTT Assay) 

  

Table 27: Tukey (HSD) on maceration time and Cell viability 

prior to TBH stress exposure using MTT assay comparing 
control and PEF juice samples of all field treatments (A-full, B-

50%, C-no pluck). Numbers under ‘Time’ represent maceration 

period in days, letter ‘C’ represents control non-treated juice 
samples. 

Table 28: Tukey (HSD) on maceration time and Cell viability 

following TBH stress exposure using MTT assay comparing 
control and PEF juice samples of all field treatments (A-full, B-

50%, C-no pluck). Numbers under ‘Time’ represent maceration 

period in days, letter ‘C’ represents control non-treated juice 
samples. 

A-Full pluck Cell Viability 

Tukey HSDa,b  

Time N 
Subset 

1 

C-7 3 99.0000 

C-3 3 100.6667 

3 3 102.6667 

7 3 110.6667 

0 3 114.6667 

C-0 3 118.0000 

Sig.  .083 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. The 

error term is Mean Square(Error) =58.056. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

A-Full pluck Cell Viability 

Tukey HSDa,b   

Time N 
Subset 

1 2 

C-3 3 49.6667  

0 3 50.6667  

C-0 3 54.3333  

3 3 58.3333  

C-7 3 67.0000 67.0000 

7 3  80.3333 

Sig.  .064 .208 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 43.778. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

B- 50% pluck Cell Viability 

Tukey HSDa,b  

Time N 
Subset 

1 

C-0 3 101.3333 

C-3 3 102.6667 

3 3 104.0000 

7 3 106.6667 

0 3 117.3333 

C-7 3 119.3333 

Sig.  .056 

Means for groups in homogeneous subsets are 

displayed.  Based on observed means.  The 
error term is Mean Square(Error) = 44.778. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

B- 50% pluck Cell Viability 

Tukey HSDa,b   

Time N 
Subset 

1 2 3 

C-0 3 48.3333   

C-3 3 48.3333   

0 3 48.6667   

3 3 55.0000 55.0000  

C-7 3  65.6667 65.6667 

7 3   78.6667 

Sig.  .691 .250 .115 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

The error term is Mean Square(Error) = 31.111. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

C- No pluck Cell Viability 

Tukey HSDa,b  

Time N 
Subset 

1 

C-3 3 100.6667 

7 3 105.3333 

3 3 108.0000 

0 3 110.6667 

C-7 3 111.0000 

C-0 3 114.6667 

Sig.  .724 

Means for groups in homogeneous subsets are 

displayed.  Based on observed means.  The 
error term is Mean Square(Error) = 149.056. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

C- No pluck Cell Viability 

Tukey HSDa,b   

Time N 
Subset 

1 2 

0 3 50.0000  

C-3 3 51.3333  

C-0 3 53.0000  

C-7 3 58.6667  

3 3 61.3333 61.3333 

7 3  83.0000 

Sig.  .599 .076 

Means for groups in homogeneous subsets are 

displayed. Based on observed means.  The error 

term is Mean Square(Error) = 73.000. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Table 29: ANOVA on Cell viability prior to TBH stress exposure using MTT assay comparing control non-treated and PEF juice 
samples irrespective of field treatment, non-treated juice with field treatments, and PEF samples with field treatments. 

 

Cell Viability (MTT Assay) 

Prior to TBH stress exposure 
SS df MS F Sig. 

Non-treated vs 

PEF 

Between Groups 963.926 5 192.785 2.160 .074 

Within Groups 4284.222 48 89.255   

Total 5248.148 53    

Non-treated vs 

Field treatment 

Between Groups 38.741 2 19.370 .146 .865 

Within Groups 3180.000 24 132.500   

Total 3218.741 26    

PEF vs Field 
treatment 

Between Groups 10.667 2 5.333 .064 .938 

Within Groups 1992.000 24 83.000   

Total 2002.667 26    
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Table 30: Tukey (HSD) on field treatment (full, 50% & 

no pluck) and Cell viability using MTT assay prior to 

TBH stress exposure of non-treated (A) and PEF 
treated (B) juice samples. 

Table 31: Tukey (HSD) on field treatment (full, 50% & 

no pluck) and Cell viability using MTT assay following 

TBH stress exposure of non-treated (A) and PEF treated 
(B) juice samples. 

 

A- Non-treated juice- Cell viability  

Tukey HSDa,b   

Field N 
Subset 

1 

Full 9 105.8889 

50% 9 107.7778 

No 9 108.7778 

Sig.  .794 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. The error 

term is Mean Square(Error) = 88.667. 

a. Uses Harmonic Mean Sample Size = 9.000. 
  

A- Non-treated juice- Cell viability 

Tukey HSDa,b   

Field N 
Subset 

1 

50% 9 54.1111 

No 9 54.3333 

Full 9 57.0000 

Sig.  .746 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 69.620. 

a. Uses Harmonic Mean Sample Size = 9.000. 

 

B- PEF juice- Cell viability 

Tukey HSDa,b   

Field N 
Subset 

1 

No 9 108.0000 

Full 9 109.3333 

50% 9 109.3333 

Sig.  .946 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 79.259. 

a. Uses Harmonic Mean Sample Size = 9.000. 

B- PEF juice- Cell viability 

Tukey HSDa,b   

Field N 
Subset 

1 

50% 9 60.7778 

Full 9 63.1111 

No 9 64.7778 

Sig.  .582 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 70.889. 

a. Uses Harmonic Mean Sample Size = 9.000. 
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A-12: Cell Viability (DCF Assay) 

Table 32: Tukey (HSD) on maceration time and Cell viability 

prior to TBH stress exposure using DCF assay comparing 

control and PEF juice samples of all field treatments (A-full, B-
50%, C-no pluck). Numbers under ‘Time’ represent maceration 

period in days, letter ‘C’ represents control non-treated juice 

samples. 

Table 33: Tukey (HSD) on maceration time and Cell viability 

following TBH stress exposure using DCF assay comparing 

control and PEF juice samples of all field treatments (A-full, B-
50%, C-no pluck). Numbers under ‘Time’ represent maceration 

period in days, letter ‘C’ represents control non-treated juice 

samples. 

A-Full pluck Cell Viability 

Tukey HSDa,b   

Time N 
Subset 

1 

7 3 57.6667 

C-0 3 62.3333 

C-3 3 68.3333 

C-7 3 68.3333 

3 3 69.3333 

0 3 71.6667 

Sig.  .116 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 36.333. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

A-Full pluck Cell Viability 

Tukey HSDa,b   

Time N 
Subset 

1 2 

7 3 80.6667  

C-7 3 86.0000  

3 3 86.6667  

0 3 102.3333 102.3333 

C-3 3  115.3333 

C-3 3  118.3333 

Sig.  .145 .396 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 96.111. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

B- 50% pluck Cell Viability 

Tukey HSDa,b   

Time N 
Subset 

1 

0 3 59.0000 

C-7 3 60.6667 

3 3 61.6667 

7 3 64.3333 

C-3 3 65.0000 

C-0 3 67.6667 

Sig.  .744 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 60.222. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

B- 50% pluck Cell Viability 

Tukey HSDa,b   

Time N 
Subset 

1 2 

7 3 75.6667  

C-7 3 85.6667 85.6667 

3 3 91.0000 91.0000 

C-0 3  106.0000 

C-3 3  106.6667 

0 3  108.0000 

Sig.  .340 .079 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 78.667. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

C- No pluck Cell Viability 

Tukey HSDa,b   

Time N 
Subset 

1 

C-0 3 66.6667 

0 3 67.0000 

7 3 67.0000 

C-7 3 67.0000 

3 3 68.3333 

C-3 3 69.0000 

Sig.  .985 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 19.611. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

C- No pluck Cell Viability 

Tukey HSDa,b   

Time N 
Subset 

1 2 

7 3 83.6667  

C-7 3 86.6667  

3 3 89.0000  

0 3 108.0000 108.0000 

C-0 3 108.3333 108.3333 

C-3 3  119.3333 

Sig.  .060 .675 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = 86.556. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

 

Table 34: ANOVA on Cell viability prior to TBH stress exposure using DCF assay comparing control non-treated and PEF juice 
samples irrespective of field treatment, non-treated juice with field treatments, and PEF samples with field treatments. 

 
 

Cell Viability (DCF Assay) 

Prior to TBH stress exposure 
SS df MS F Sig. 

Non-treated vs 

PEF 

Between Groups 99.278 5 19.856 .463 .802 

Within Groups 2059.556 48 42.907   

Total 2158.833 53    

Non-treated vs 
Field treatment 

Between Groups 44.222 2 22.111 .639 .537 

Within Groups 830.444 24 34.602   

Total 874.667 26    

PEF vs Field 

treatment 

Between Groups 166.889 2 83.444 1.814 .185 

Within Groups 1103.778 24 45.991   

Total 1270.667 26    
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Table 30: Tukey (HSD) on field treatment (full, 

50% & no pluck) and Cell viability using DCF 

assay prior to TBH stress exposure of non-
treated (A) and PEF treated (B) juice samples. 

 

Table 31: Tukey (HSD) on field treatment (full, 50% & 

no pluck) and Cell viability using DCF assay following 

TBH stress exposure of non-treated (A) and PEF treated 
(B) juice samples. 

A- Non-treated juice- Cell viability 

Tukey HSDa,b  

field N 

Subset 

1 

2.00 9 64.4444 

1.00 9 66.3333 

3.00 9 67.5556 

Sig.  .510 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. The 

error term is Mean Square(Error) = 34.602. 

a. Uses Harmonic Mean Sample Size = 9.000. 
 

A- Non-treated juice- Cell viability 

Tukey HSDa,b  

field N 

Subset 

1 

2.00 9 99.4444 

3.00 9 104.7778 

1.00 9 106.5556 

Sig.  .185 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 67.259. 

a. Uses Harmonic Mean Sample Size = 9.000. 
 

B- PEF juice- Cell viability 

Tukey HSDa,b  

field N 

Subset 

1 

2.00 9 61.6667 

1.00 9 66.2222 

3.00 9 67.4444 

Sig.  .189 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. The 

error term is Mean Square(Error) = 45.991. 

a. Uses Harmonic Mean Sample Size = 9.000. 
 

B- PEF juice- Cell viability 

Tukey HSDa,b  

field N 

Subset 

1 

1.00 9 89.8889 

2.00 9 91.5556 

3.00 9 93.5556 

Sig.  .736 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 106.963. 

a. Uses Harmonic Mean Sample Size = 9.000. 
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Appendix B- Sauvignon Blanc 

B-1: Juice Yield 

Table 1: Tukey (HSD) on maceration time and juice yield with control and 
PEF juice samples of all field treatments (A-full, B-50%, C-no pluck). Numbers 

under ‘Time’ represent maceration period in hours, letter ‘C’ represents 

control non-treated juice samples. 

Table 2: Tukey (HSD) on field treatment (full, 
50% & no pluck) and juice yield of non-treated 

(A) and PEF treated (B) juice samples, 

irrespective of maceration time. 

 

A-  Full pluck- Juice Yield (g/200g) 
Tukey HSDa,b     

Time N 
Subset 

a b c 

C-24 5 95.92    

24 5 96.24 96.24   

C-3 5 99.17 99.17   

C-1.5 5 100.48 100.48 100.48 

1.5 5 102.80 102.80 102.80 

C-12 5 103.43 103.43 103.43 

12 5 103.67 103.67 103.67 

C-0 5 104.44 104.44 104.44 

3 5 105.98 105.98 105.98 

0 5 108.12 108.12 108.12 

C-6 5  108.67 108.67 

6 5   112.09 

Sig.  .073 .062 .106 

Means for groups in homogeneous subsets are displayed. Based on observed means. 

The error term is Mean Square(Error) = 34.459. 

a. Uses Harmonic Mean Sample Size = 5.000. 

A- Non-treated - Juice Yield (g/200g) 
Tukey HSDa,b   

Pluck N 
Subset 

a 

NO 30 100.83 

FULL 30 102.02 

50% 30 102.78 

Sig.  .204 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 19.194. 

a. Uses Harmonic Mean Sample Size = 30.000. 

 

 

B- PEF- Juice Yield (g/200g) 
Tukey HSDa,b   

Pluck N 
Subset 

a 

NO 30 104.64 

FULL 30 104.82 

50% 30 106.98 

Sig.  .236 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 30.511. 

a. Uses Harmonic Mean Sample Size = 30.000. 
 

B- 50% pluck- Juice Yield (g/200g) 
Tukey HSDa,b     

Time N 
Subset 

a b c 

C-24 5 98.52    

C-3 5 100.17 100.17   

C-1.5 5 100.77 100.77   

24 5 101.50 101.50   

C-12 5 103.37 103.37 103.37 

0 5 105.35 105.35 105.35 

C-0 5 105.58 105.58 105.58 

12 5  107.57 107.57 

C-6 5  108.28 108.28 

3 5  108.30 108.30 

1 5  108.36 108.36 

6 5   110.79 

Sig.  .237 .093 .182 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 16.591. 

a. Uses Harmonic Mean Sample Size = 5.000. 
 

 

C- No pluck- Juice Yield (g/200g) 
Tukey HSDa,b       

Time N 
Subset 

a b c d e 

C-3 5 95.27      

C-0 5 96.69 96.69     

3 5 98.34 98.34 98.34    

C-12 5 98.82 98.82 98.82 98.82   

24 5 99.83 99.83 99.83 99.83   

C-1.5 5 102.53 102.53 102.53 102.53 102.53 

C-24 5 102.75 102.75 102.75 102.75 102.75 

0 5 104.42 104.42 104.42 104.42 104.42 

1 5  105.83 105.83 105.83 105.83 

12 5   107.29 107.29 107.29 

C-6 5    108.95 108.95 

6 5     112.12 

Sig.  .146 .146 .167 .069 .105 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 23.507. 

a. Uses Harmonic Mean Sample Size = 5.000. 

  



Appendix B  SB 

134 

 

B-2: Soluble Sugar 

Table 3: Tukey (HSD) on maceration time and soluble sugar content 
with control and PEF juice samples of all field treatments (A-full, B-

50%, C-no pluck). Numbers under ‘Time’ represent maceration 

period in hours, letter ‘C’ represents control non-treated juice 
samples. 
 

Table 4: Tukey (HSD) on field treatment (full, 50% & no 
pluck) and soluble sugar content of non-treated (A) and 

PEF treated (B) juice samples, irrespective of 

maceration time. 

A-Full pluck- Soluble Sugar (Bx˚) 
Tukey HSDa,b   

Time N 
Subset 

a 

3 5 16.52 

12 5 16.72 

C-12 5 16.80 

C-3 5 17.24 

C-0 5 18.20 

0 5 18.32 

6 5 18.52 

C-24 5 18.56 

C-6 5 18.60 

1 5 19.12 

C-1.5 5 19.26 

24 5 19.48 

Sig.  .270 

Means for groups in homogeneous subsets are displayed. Based on 

observed means. The error term is Mean Square(Error) = 3.065. 

a. Uses Harmonic Mean Sample Size = 5.000. 
 

A- Non-treated- Soluble Sugar (Bx˚) 
Tukey HSDa,b    

Pluck N 
Subset 

a b 

FULL 30 18.11   

50% 30 18.21   

NO 30  19.49 

Sig.  .958 1.000 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. The error term 

is Mean Square(Error) = 2.037. 

a. Uses Harmonic Mean Sample Size = 30.000. 

 

 

B- PEF- Soluble Sugar (Bx˚) 
Tukey HSDa,b    

Pluck N 
Subset 

a b 

FULL 30 18.11   

50% 30 18.15   

NO 30  19.43 

Sig.  .993 1.000 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. The error term 

is Mean Square(Error) = 1.381. 

a. Uses Harmonic Mean Sample Size = 30.000. 
 

B- 50% pluck- Soluble Sugar (Bx˚) 
Tukey HSDa,b      

Time N 
Subset 

a b c d 

12 5 14.88     

3 5 15.92 15.92    

C-12 5 16.40 16.40 16.40   

C-3 5  18.00 18.00 18.00 

C-24 5   18.32 18.32 

C-0 5   18.40 18.40 

0 5    18.92 

C-1.5 5    18.92 

1 5    19.12 

C-6 5    19.24 

6 5    19.68 

24 5    20.36 

Sig.  .572 .146 .186 .057 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 1.217. 

a. Uses Harmonic Mean Sample Size = 5.000. 
 

C- No pluck- Soluble Sugar (Bx˚) 
Tukey HSDa,b    

Time N 
Subset 

a b 

12 5 17.88   

3 5 17.92   

C-6 5 18.28   

C-3 5 19.28 19.28 

C-12 5 19.36 19.36 

0 5 19.48 19.48 

C-0 5 19.56 19.56 

C-24 5 19.72 19.72 

24 5  20.28 

1 5  20.32 

6 5  20.68 

C-1.5 5  20.72 

Sig.  .097 .378 

Means for groups in homogeneous subsets are displayed. Based on 

observed means. The error term is Mean Square(Error) = .845. 

a. Uses Harmonic Mean Sample Size = 5.000. 
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B-3: Vitamin C 

Table 5: Tukey (HSD) on maceration time and Vitamin C with control 
and PEF juice samples of all field treatments (A-full, B-50%, C-no 

pluck). Numbers under ‘Time’ represent maceration period in hours, 

letter ‘C’ represents control non-treated juice samples. 
 

Table 6: Tukey (HSD) on field treatment (full, 50% & no 
pluck) and Vitamin C of non-treated (A) and PEF treated 

(B) juice samples. 
 

A- Full pluck- Total LAA (Mg/L) 

Tukey HSDa,b       

Time N 
Subset 

a b c d e 

0 5 8.34      

C-0 5 9.84 9.84     

1 5 10.92 10.92 10.92    

C-1.5 5 12.34 12.34 12.34 12.34   

C-24 5 14.97 14.97 14.97 14.97 14.97 

3 5 15.77 15.77 15.77 15.77 15.77 

C-3 5 15.90 15.90 15.90 15.90 15.90 

C-6 5  16.74 16.74 16.74 16.74 

C-12 5  17.34 17.34 17.34 17.34 

24 5   18.13 18.13 18.13 

6 5    20.22 20.22 

12 5     21.75 

Sig.  .092 .097 .129 .066 .189 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 14.065. 

a. Uses Harmonic Mean Sample Size = 5.000. 
 

A- Non-treated Juice- Total LAA (Mg/L) 

Tukey HSDa,b    

Pluck N 
Subset 

a b 

50% 30 12.25   

NO 30 12.41   

FULL 30  14.52 

Sig.  .969 1.000 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. 

 The error term is Mean Square(Error) = 6.399. 

a. Uses Harmonic Mean Sample Size = 30.000. 

 

B- PEF Juice- Total LAA (Mg/L) 

Tukey HSDa,b    

Pluck N 
Subset 

a b c 

NO 30 12.39   

50% 30  14.11  

FULL 30   15.85 

Sig.  1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean 

Square(Error) = 7.637. 

a. Uses Harmonic Mean Sample Size = 30.000. 

 
 

Table 7: Tukey (HSD) on field treatment (full, 50% 

& no pluck) and Vitamin C of non-treated (A) and 

PEF treated (B) wine samples. 

A- Non-Treated Wine- Total LAA (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

FULL 4 .0003 

50% 4 .0003 

NO 4 .0004 

Sig.  .495 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 4.09E-009. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

B- PEF Wine- Total LAA (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

FULL 4 .0004 

NO 4 .0004 

50% 4 .0005 

Sig.  .732 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 7.09E-009. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

B- 50% pluck- Total LAA (Mg/L) 

Tukey HSDa,b        

Time N 
Subset 

a b c d e f 

C-0 5 7.49       

0 5 7.86       

C-1.5 5 9.89 9.89      

1 5 11.24 11.24 11.24     

C-3 5  12.15 12.15 12.15    

C-24 5  12.57 12.57 12.57    

3 5   14.29 14.29 14.29   

24 5   14.29 14.29 14.29   

C-12 5    15.63 15.63   

C-6 5    15.79 15.79 15.79 

12 5     16.98 16.98 

6 5      20.00 

Sig.  .139 .597 .402 .170 .589 .060 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 3.905. 

a. Uses Harmonic Mean Sample Size = 5.000. 
 

C- No pluck- Total LAA (Mg/L) 

Tukey HSDa,b        

Time N 
Subset 

a b c d e f 

0 5 7.52       

C-0 5 7.87 7.87      

1 5 9.29 9.29 9.29     

C-1.5 5 9.56 9.56 9.56     

24 5  11.38 11.38     

3 5  11.48 11.48     

C-24 5   12.23 12.23    

C-3 5   12.38 12.38 12.38   

12 5    15.95 15.95 15.95 

C-12 5     16.12 16.12 

C-6 5      16.28 

6 5      18.72 

Sig.  .787 .079 .218 .063 .059 .367 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 3.084. 

a. Uses Harmonic Mean Sample Size = 5.000. 
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B-4: Antioxidant Capacity 

Table 8: Tukey (HSD) on maceration time and total antioxidant 
capacity control and PEF juice samples of all field treatments (A-full, 

B-50%, C-no pluck). Numbers under ‘Time’ represent maceration 

period in hours, letter ‘C’ represents control non-treated juice 
samples. 

 

Table 9: Tukey (HSD) on field treatment (full, 
50% & no pluck) and total antioxidant 

capacity of non-treated (A) and PEF treated 

(B) juice samples. 

A- Full pluck- Total Antioxidant Capacity (%) 
Tukey HSDa,b      

Time N 
Subset 

a b c d 

24 5 11.36     

6 5 12.44     

12 5 14.00     

C-6 5 16.07 16.07    

C-24 5 18.53 18.53    

0 5 20.07 20.07 20.07   

C-0 5 21.04 21.04 21.04   

1 5 22.89 22.89 22.89   

C-1.5 5  27.53 27.53 27.53 

3 5   31.57 31.57 

C-3 5   32.00 32.00 

C-12 5    35.82 

Sig.  .084 .088 .064 .479 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 32.012. 

a. Uses Harmonic Mean Sample Size = 5.000. 
 

A- Non-treated Juice Total Antioxidant 
Capacity (%) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

NO 30 23.88 

50% 30 24.51 

FULL 30 25.17 

Sig.  .751 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 47.839. 

a. Uses Harmonic Mean Sample Size = 30.000. 

 

B- PEF Juice- Total Antioxidant Capacity 

(%) 
Tukey HSDa,b  

Pluck N 
Subset 

a 

NO 30 17.07 

50% 30 18.33 

FULL 30 18.72 

Sig.  .642 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 50.420. 

a. Uses Harmonic Mean Sample Size = 30.000. 

 

 

 

Table 10: Tukey (HSD) on field treatment (full, 

50% & no pluck) and total antioxidant capacity of 
non-treated (A) and PEF treated (B) wine samples 

A- Non-Treated Wine Total Antioxidant 

Capacity (%) 
Tukey HSDa,b   

Pluck N 
Subset 

a 

FULL 4 113.7711 

50% 4 118.4638 

NO 4 118.7729 

Sig.  .860 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 86.788. 

a. Uses Harmonic Mean Sample Size = 2.000. 

 

A- PEF Wine Total Antioxidant Capacity (%) 
Tukey HSDa,b    

Pluck N 
Subset 

a b 

FULL 4 105.2773   

50% 4 118.7711 118.7711 

NO 4  121.5418 

Sig.  .058 .723 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. The error term 

is Mean Square(Error) = 11.664. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

B- 50% pluck- Total Antioxidant Capacity (%) 
Tukey HSDa,b     

Time N 
Subset 

a b c 

24 5 11.20    

6 5 12.07 12.07   

12 5 13.87 13.87   

0 5 15.54 15.54   

C-24 5 16.12 16.12   

C-0 5 18.81 18.81 18.81 

C-12 5 19.45 19.45 19.45 

1 5 21.17 21.17 21.17 

C-3 5 28.07 28.07 28.07 

C-1.5 5  29.21 29.21 

C-6 5   35.41 

3 5   36.16 

Sig.  .082 .073 .066 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 68.155. 

a. Uses Harmonic Mean Sample Size = 5.000. 
 

C- No pluck- Total Antioxidant Capacity (%) 
Tukey HSDa,b      

Time N 
Subset 

a b c d 

6 5 10.69     

24 5 11.37 11.37    

12 5 13.26 13.26 13.26   

0 5 15.65 15.65 15.65 15.65 

100 5 17.70 17.70 17.70 17.70 

1 5 21.25 21.25 21.25 21.25 

C-24 5 22.54 22.54 22.54 22.54 

C-12 5 23.77 23.77 23.77 23.77 

C-1.5 5  25.84 25.84 25.84 

C-6 5  26.16 26.16 26.16 

C-3 5   27.24 27.24 

3 5    30.22 

Sig.  .138 .054 .085 .062 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 47.223. 

a. Uses Harmonic Mean Sample Size = 5.000. 
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B-5: Total Phenolics (FC Assay) 

Table 11: Tukey (HSD) on maceration time and total phenolics control and PEF 
juice samples of all field treatments (A-full, B-50%, C-no pluck). Numbers under 

‘Time’ represent maceration period in h, letter ‘C’ represents control non-treated 

juice samples. 
 

Table 12: Tukey (HSD) on field treatment (full, 
50% & no pluck) and total phenolics of non-

treated (A) and PEF treated (B) juice samples. 

A- Full pluck- Total Phenolics (Mg/L) 

Tukey HSDa,b       

Time N 
Subset 

a b c d e 

C-3 5 136.83      

C-1.5 5 190.29 190.29     

3 5 193.82 193.82     

C-12 5 203.79 203.79     

1 5 211.06 211.06     

0 5 277.49 277.49 277.49    

C-0 5 325.39 325.39 325.39    

12 5  349.63 349.63    

C-24 5   462.32 462.32   

6 5    558.86 558.86 

24 5     691.90 

C-6 5     727.72 

Sig.  .086 .250 .100 .883 .182 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 8608.558. 

a. Uses Harmonic Mean Sample Size = 5.000. 
 

A- Non-treated Juice- Total Phenolics 
(Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

50% 30 307.70 

NO 30 327.90 

FULL 30 341.06 

Sig.  .782 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 47.839. 

a. Uses Harmonic Mean Sample Size = 30.000. 

 

A- Non-treated Juice- Total Phenolics 
(Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

50% 30 347.82 

NO 30 365.30 

FULL 30 380.46 

Sig.  .739 

Means for groups in homogeneous subsets are 

displayed.\ Based on observed means. 

 The error term is Mean Square(Error) = 47.839. 

a. Uses Harmonic Mean Sample Size = 30.000. 

 

Table 13: Tukey (HSD) on field treatment (full, 
50% & no pluck) and total phenolics of non-

treated (A) and PEF treated (B) wine samples. 
 

A- Non-treated Wine- Total Phenolics (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

NO 4 277.6548 

50% 4 298.5149 

FULL 4 312.5346 

Sig.  .951 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 13018.549. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

B- PEF Wine- Total Phenolics (Mg/L) 
Tukey HSDa,b   

Pluck N 
Subset 

b 

50% 4 275.7704 

NO 4 331.5291 

FULL 4 341.5625 

Sig.  .837 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 12642.041. 

a. Uses Harmonic Mean Sample Size = 2.000. 
  

 

B- 50%l pluck- Total Phenolics (Mg/L) 

Tukey HSDa,b        

Time N 
Subset 

a b c d e f g 

C-3 5 128.66        

C-1.5 5 137.09        

3 5 188.46 188.46       

1 5 193.74 193.74       

C-12 5  246.26 246.26      

12 5   328.05 328.05     

0 5    336.44     

C-0 5    352.91 352.91    

C-24 5     430.65 430.65   

6 5      507.73 507.73 

24 5       532.49 

C-6 5       550.62 

Sig.  .246 .413 .051 .996 .078 .083 .812 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 1426.017. 

a. Uses Harmonic Mean Sample Size = 5.000. 

C- No pluck- Total Phenolics (Mg/L) 

Tukey HSDa,b      

Time N 
Subset 

a b c d 

C-3 5 142.30     

C-1.5 5 145.95     

3 5 156.97     

1 5 209.80 209.80    

C-12 5  297.77 297.77   

C-0 5  301.09 301.09   

0 5  312.74 312.74   

12 5   355.81   

C-24 5    485.05 

24 5    573.63 

6 5    582.86 

C-6 5    595.21 

Sig.  .728 .153 .873 .096 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. The error term is Mean Square(Error) = 3021.220. 

a. Uses Harmonic Mean Sample Size = 5.000. 
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B-6: p-Coumaric Acid 

Table 13: Tukey (HSD) on field treatment (full, 50% & no pluck) and p-coumaric acid concentration of non-
treated (A) and PEF treated (B) juice samples. 

A- Non-treated juice- p-coumaric acid (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

FULL 3 2.7043 

50% 3 2.9883 

NO 3 3.4407 

Sig.  .570 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = .725. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

B- PEF juice - p-coumaric acid (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

50% 3 2.6400 

NO 3 2.7923 

FULL 3 2.8467 

Sig.  .923 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = .438. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

B-7: Vanillic Acid 

Table 14: Tukey (HSD) on field treatment (full, 50% & no pluck) and vanillic acid concentration of non-treated 

(A) and PEF treated (B) juice samples. 

A- Non-treated juice- vanillic acid (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

FULL 3 .4367 

NO 3 .4367 

50% 3 .4433 

Sig.  .997 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = .013. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

B- PEF juice - vanillic acid (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

50% 3 .6833 

FULL 3 .7033 

NO 3 .7667 

Sig.  .406 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = .005. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

B-8: p-Hydroxybenzoic Acid 

Table 15: Tukey (HSD) on field treatment (full, 50% & no pluck) and p-hydroxybenzoic acid concentration of non-
treated (A) and PEF treated (B) juice samples. 

 

A- Non-treated juice- p-hydroxybenzoic acid (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

50% 3 5.2400 

NO 3 6.0600 

FULL 3 6.1867 

Sig.  .893 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 6.420. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

B- PEF juice - p-hydroxybenzoic acid (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

50% 3 5.6967 

FULL 3 6.4867 

NO 3 7.0000 

Sig.  .599 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 2.508. 

a. Uses Harmonic Mean Sample Size = 3.000. 

B-9: Juice Total Phenolics (HPLC) 

Table 16: Tukey (HSD) on field treatment (full, 50% & no pluck) and total phenolic content of non-treated 

(A) and PEF treated (B) juice samples. 

A- Non-treated juice- Total Phenolics (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

50% 3 8.6700 

FULL 3 9.3300 

NO 3 9.9367 

Sig.  .891 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 11.221. 

a. Uses Harmonic Mean Sample Size = 3.000. 
 

 

B- PEF juice - Total Phenolics (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a 

50% 3 9.0233 

FULL 3 10.0367 

NO 3 10.5600 

Sig.  .591 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 3.385. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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B-10: p-Hydroxybenzoic Acid (Wine) 

Table 17: Tukey (HSD) on field treatment (full, 50% & no pluck) and p-hydroxybenzoic acid concentration of non-
treated (A) and PEF treated (B) wine samples. 

A- Non-treated wine- p-hydroxybenzoic acid (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

FULL 4 .1325 

NO 4 .3000 

50% 4 .8275 

Sig.  .135 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = .210. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

B- PEF wine - p-hydroxybenzoic acid (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

FULL 4 .2550 

50% 4 .3000 

NO 4 2.2150 

Sig.  .147 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = 1.757. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

B-11: Protochatechuic Acid (Wine) 

Table 18: Tukey (HSD) on field treatment (full, 50% & no pluck) and protochatechuic acid concentration of non-

treated (A) and PEF treated (B) wine samples. 

A- Non-treated wine- protochatechuic acid (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

FULL 4 .5125 

50% 4 .6400 

NO 4 .8175 

Sig.  .191 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = .051. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

B- PEF wine - protochatechuic acid (Mg/L) 

Tukey HSDa,b  

Pluck N 
Subset 

a 

FULL 4 .9100 

50% 4 .9825 

NO 4 1.2175 

Sig.  .258 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 
 The error term is Mean Square(Error) = .066. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

B-12: Catechin (Wine) 

Table 19: Tukey (HSD) on field treatment (full, 50% & no pluck) and catechin concentration of non-treated (A) and PEF 
treated (B) wine samples. 

A- Non-treated wine- catechin (Mg/L) 

Tukey HSDa,b    

Pluck N 
Subset 

a b c 

FULL 4 7.6350   

50% 4  8.9075  

NO 4   9.9750 

Sig.  1.000 1.000 1.000 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = .289. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

B- PEF wine - catechin (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

FULL 4 .5950  

NO 4  7.8100 

50% 4  8.1175 

Sig.  1.000 .052 

Means for groups in homogeneous subsets are 
displayed. Based on observed means. 

 The error term is Mean Square(Error) = .025. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

B-13: Epicatechin (Wine) 

Table 20: Tukey (HSD) on field treatment (full, 50% & no pluck) and epicatechin concentration of non-treated (A) and 

PEF treated (B) wine samples. 

A- Non-treated wine- epicatechin (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

50% 4 .5875  

FULL 4 .5900  

NO 4  .7050 

Sig.  .997 1.000 

Means for groups in homogeneous subsets are displayed. 

 Based on observed means. 

 The error term is Mean Square(Error) = .002. 

a. Uses Harmonic Mean Sample Size = 4.000. 
 

B- PEF wine - epichatechin acid (Mg/L) 

Tukey HSDa,b   

Pluck N 
Subset 

a b 

50% 4 .9675  

FULL 4  1.0950 

NO 4  1.1300 

Sig.  1.000 .335 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = .001. 

a. Uses Harmonic Mean Sample Size = 4.000. 
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B-14: Wine Total Phenolics (HPLC) 

Table 21: Tukey (HSD) on field treatment (full, 50% & no pluck) and total phenolic content of non-treated (A) and PEF 
treated (B) wine samples. 

 

A- Non-treated wine- Total Phenolics (Mg/L) 

Tukey HSDa,b   

Pluck N 

Subset 

1 

1 4 9.3350 

2 4 11.5250 

3 4 13.0050 

Sig.  .174 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. The error term is 

Mean Square(Error) = 2.230. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

B- PEF wine- Total Phenolics (Mg/L) 

Tukey HSDa,b   

Pluck N 

Subset 

1 2 

1 4 3.6750  

2 4  10.7350 

3 4  12.9100 

Sig.  1.000 .425 

Means for groups in homogeneous subsets are 

displayed. Based on observed means. 

 The error term is Mean Square(Error) = 2.254. 

a. Uses Harmonic Mean Sample Size = 2.000. 
 

 

B-15: Wine Volatile Profile  

Table 22: ANOVA on average percentage of total composition of the four main compound types of non-treated and PEF 
wine samples with processing the fixed factor.  

 

 SS df MS F Sig. 

Terpenoids 

Between Groups .047 1 .047 .523 .509 

Within Groups .358 4 .089   

Total .405 5    

Acids 

Between Groups .031 1 .031 .161 .709 

Within Groups .768 4 .192   

Total .798 5    

Alcohols 

Between Groups 1.995 1 1.995 4.721 .096 

Within Groups 1.691 4 .423   

Total 3.686 5    

Esters 

Between Groups 5.762 1 5.762 .229 .657 

Within Groups 100.604 4 25.151   

Total 106.366 5    
 

 

 

 

 


