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ABSTRACT 

 
Rotundone was identified recently as the sesquiterpene responsible for the potent 

black pepper aroma in Vitis vinifera L. Syrah grapes and wine. Although the New Zealand 

wine industry is dominated at present by Sauvignon blanc and Pinot noir, many wineries have 

chosen to use Syrah as their flagship wine indicating the importance of the cultivar to the 

country. New Zealand Syrah has become known for producing desirable wines with elevated 

levels of black pepper aromas, more prominent than in wines from other regions or countries, 

and was anecdotally variable between vintages and blocks. Thus a need was identified to 

examine the black pepper aroma in Syrah and determine what vineyard and winery factors 

may contribute to the levels of rotundone in the final wines and if commercially viable 

management options were available.  

To that end, a three-season vineyard investigation took place researching selected 

viticultural management inputs; fruit exposure, timing of fruit exposure, crop load adjustment 

in addition to berry ripening stage, vine vegetative vigour level and clonal material. Fruit 

from the remaining blocks were monitored throughout fermentation in commercial size 

stainless steel and oak fermenters. In addition single cluster fermentations were conducted 

from the same fruit. A survey of commercially bottled Syrah wines was conducted from 

wines produced in New Zealand, France, Australia and The United States of America. 

Finally, the juice and wine matrix of Syrah was analysed for its functional food qualities and 

to investigate factors that may prove beneficial for inclusion in the diet.  

Rotundone was indeed present in New Zealand Syrah at some of the highest values 

recorded to date. Wines from France also had rotundone levels above the perception 

threshold, while lower values were seen in wines from The United States of America and 

Australia. Clonal material was the strongest determining factor of rotundone concentration in 
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Syrah. Strong trends were found with timing of leaf removal, where changes made after 

veraison were more important than beforehand. Fermentation was shown to extract rotundone 

more rapidly in the early stages and varied with fruit source. Micro-fermentations were found 

to produce high levels of rotundone, but also showed a high degree of variability.  

The juice and wine of Syrah grapes were found to show positive antioxidant activities. 

Both juice and wine had mild to moderate inhibitory activities against COX-1 and -2 in 

addition to lipid peroxidation.  Furthermore, human tumour cell lines showed moderate levels 

of inhibition from both Syrah juice and wine. There was no difference between the juice and 

wine on the basis of tumour type indicating that the biotransformation occurring during 

fermentation did not alter the functional food quality of Syrah.  

It has been demonstrated that selected vineyard environmental and management 

factors, along with fermentation factors, influence the concentration of rotundone in New 

Zealand Syrah. Syrah has also been identified as containing beneficial functional food 

components relevant to the human diet. These findings support enhancing the growth and 

production of Syrah in New Zealand, and the beneficial properties of its chemical profiles. 
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1.1 Introduction 

World wine consumption was 24.3 billion litres in 2012 (1) making it one of the most 

important beverages on earth behind water, tea, beer and coffee. The value of the global wine 

industry is about to reach US$300 billion in the next few years and has an international 

economic impact many orders of magnitude higher. The global area under cultivated vines is 

7,528,000 ha and accounts for 0.48% of the arable land area of earth (2). The grapevine is 

planted as an economic commodity in almost every country, and has been cultivated for 

nearly ten thousand years (3). In this vast expanse, a wine must stand out from the 

competition for the right reasons in order to have a chance of recognition, and more 

importantly desirability in such a large market. The Noble cultivar Syrah is one such grape 

prized for its seemingly unique spicy black pepper aroma that compliments the wine and is 

well suited to match many different types of cuisine. The black pepper aroma in Syrah comes 

from an obscure chemical compound rotundone (4, 5). This new information gave rise to the 

demand for research into exactly what impact rotundone had, and if or how it could be 

managed in the vineyard and winery to understand this new chemical entity more thoroughly. 

Prior to this identification in Syrah, rotundone had only been reported once in literature (6) as 

one of several sesquiterpenoids in the oil of Cyperus rotundus a perennial sedge also known 

as the most invasive weed on earth (7). 

 

Rotundone is a C15 bicyclic sesquiterpene responsible for providing the ‘black pepper’ 

aroma to a number of culinary plants and wine grapes (4). It has been identified as the 

compound responsible for the pepper aromas in Syrah (Shiraz) grapes and wine that were for 

many years important to the flavour profile of the wines but of unknown origin. Little 

research has been done on rotundone worldwide despite the interest of producers and 

consumers. This lack of research compared to other chemical compounds in wine such as 
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colour-producing anthocyanins, has prevented understanding of how rotundone performs or 

can be managed in grapes or wine to improve quality or add value to the final product. 

 

Syrah is one of the older cultivars used in common production around the world today 

and most often associated as a premium quality red wine prized for its depth of colour, tannin 

structure and spicy flavours. Its popularity is high because it is very versatile and known for 

consistently producing wines of exceptional quality. The versatility of Syrah is almost 

second-to-none as it can grow well in cooler climates where it produces lighter to medium 

bodied red wines with spicy, floral, fruity notes, or in warmer climates where the wines are 

bold, powerful and dark. In many places, between two and five per cent of Viognier, a white 

grape is often blended with Syrah at various stages of production to allow for lifted floral, 

fruity notes while adding structure and counter-intuitively colour density through 

copigmentation to the wine. 

 

In New Zealand the importance of Syrah has become quickly apparent in its relatively 

short history (8). The production has increased from 69 to 2,240 tonnes per vintage over the 

last 16 years, and that growth shows great potential to continue. Prices for Syrah grapes are 

also increasing and in 2013 the average price was NZ$2,327/tonne compared to 

NZ$1,558/tonne for Sauvignon blanc, the most popular and well known cultivar produced in 

New Zealand (9). In addition, more New Zealand wineries are using Syrah as their 

icon/flagship wine. This icon status requires an enormous amount of fine tuning and research 

to ensure the product is consistently at peak quality and desirability, especially as icon wines 

retail in excess of NZ$100 per 750mL bottle for which consumers expect a magnificent wine.  
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As wine is a complex organoleptic matrix of chemical compounds, knowledge of how 

to manage impact compounds is paramount to the consumer appreciation, implied value of 

the final product and even brand loyalty. Techniques in the vineyard and winery are known to 

directly impact the levels of these many chemical compounds in grapes and wine which 

directly contributes to both local and global success. 

 

1.2 The Grapevine 

Grapes (Vitis  spp.) are one of the most widely planted horticultural crops on earth 

(10), with planted area around 7.528 million hectares worldwide, and some of that planted 

area producing 252 million hectolitres of wine (OIV, 2012) it is clearly an important 

economic crop the world over. They are reported to have originated in Transcaucasia 

although significant debate exists (3, 11, 12) not to mention innumerable unsubstantiated 

myths. Evidence of wine production from grapes was presented by Patrick McGovern and 

colleagues at the University of Pennsylvania, from six unearthed potsherds (figure 1.1) dating 

back 7,000 years, found in a “kitchen” area of a mud-brick building in Hajji Firuz Tepe 

which was a Neolithic village in the northern Zagros Mountains of Iran (13), and to date this 

is the oldest evidence of grape fermentation for use by humans.  
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Figure 1.1 One of six potsherds found at Hajji Firuz Tepe in Iran containing the remains of 

7,000-year-old wine (Source: The University of Pennsylvania Museum). 

 
Over the last few thousand years, grapevines have increased in popularity and use. 

Ancient peoples have taken grapevines and cuttings with them as they moved to new lands 

and established new civilisations. Over time this has led to new cultivars and clones via non-

selective breeding, and more recently scientific breeding programs. 

 

1.3 Vitis vinifera L. Syrah 

V. vinifera L. Syrah (Figure 1.2) is a vine grown for the high quality red wines 

produced from its fruit. It is described as a sensitive, low fertility cultivar that is relatively 

late to break bud. Syrah produces cylindrical bunches with densely packed blue-black oval 

berries that can be tough despite the relatively thin skin thickness (14-16). The leaves of 

Syrah vines are identified by the light-coloured fur on the underside of the leaves which are 

orbicular with a bullate appearance separated by five lobes and accompanied by a semi-

closed petiolar sinus (14, 15). Wines of Syrah grapes are one of the bigger, more tannic, well-

structured wines best suited to warmer climates. The wine is dark and rich, complex and 
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elegant with violets, smoke and plum notes in most regions. When produced in cooler 

climates Syrah wines exhibit additional delicious savoury, peppery notes (14, 17, 18). 

 

1.3.1 International origins of Syrah 

As for other cultivars of wine grape, there lies much controversy in the origins and 

parentage of Syrah, until recently. The strong suggestions for the birthplace of Syrah were 

Sicily, Iran and the Rhone Valley of France (11). Bowers and colleagues of the University of 

California at Davis and Montpellier identified the genetic parents of Syrah, and in so doing 

could suggest the geographical origin for Syrah based on the only known location for the 

parents (11). “Dureza” (red skinned with ‘spicy aroma’) from Ardèche and “Mondeuse 

blanche” (white) from Savoy have been identified as the parents of Syrah (11) – two obscure 

grapes from South Eastern France (19). It was also discovered that Pinot noir is a 3° relative 

ancestor of Syrah (20), making Syrah another of the noblest grape cultivars in the world.  
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Figure 1.2 V. vinifera L. Syrah vines at Craggy Range Vineyards in Hawke’s Bay, New 

Zealand showing leaves, shoots and clusters at veraison. 

 

  

1.3.2 Modern distribution of Syrah 

Syrah is one of the more popular cultivars on earth and as such can be found planted 

in a number of countries around the world. France, where Syrah is known to have originated 

from (11) has the largest plantings as shown in table 1.1. New Zealand, Australia, United 

States of America, Italy, Spain, Chile and Argentina are also prime producers of the Noble 
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grape. This diverse set of locations around the globe produce a large variety of resulting wine 

styles from lighter softer early drinking, to more robust complex and well-structured wines. 

 

Table 1.1 Syrah planted area (ha) of selected countries (21). 

Country Planted Area of Syrah (ha) 

France 67,592 

Australia 42,000 

Argentina 12,000 

South Africa 9,800 

USA 7,780 

Chile 2,500 

New Zealand 2,240 

Italy 1,040 

World Total 180,000 

 

 

1.3.3 Syrah in New Zealand 

The importation of Syrah into New Zealand was traced by Dr Paul White who 

discovered that James Busby was responsible for the importation of Syrah between 1835 and 

1840 (8). Although not planted commercially until 1896 where it was first used at Te Mata 

Estate in Hawke’s Bay, it fell again into disuse between 1900 and 1984 (8). In 1984 Dr Alan 

Limmer planted Syrah in a small block on his property for evaluation, and interest grew from 

there. 
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Since then, Syrah is fast becoming an important wine grape cultivar grown in New 

Zealand for the production of red table wine. Production of the noble Rhone cultivar in New 

Zealand has increased from 69 tonnes in 1997 to 2,240 tonnes in 2013, an increase of 3,246% 

during that period. Producing area increased from 10 hectares in 1993 to 384 hectares in 

2013, an increase of 3,840% during that time (9). The largest production area for Syrah in 

New Zealand is the Hawke’s Bay region where the more unique wines are grown on deep 

alluvial Greywacke gravels, referred to as the “Gimblett Gravels” growing region (22). 

Viticulturally speaking, the vegetative and reproductive vigour of vines in this region can be 

easier to manage due to reduced soil water holding capacity and nutrient uptake abilities (15). 

However, this growing area experiences significant topsoil variation, leading to vegetative 

vigour differences in small areas, and increasing the challenge of vineyard management. This 

balance between vegetative and reproductive vigour is well documented (23-30) to impact 

both fruit and wine quality directly by changing myriad of flavour and aroma compounds 

(and pre-cursors) found in the fruit at harvest. 

The most noticeable stylistic character of Hawke’s Bay Syrah wine is the pungent 

black pepper aroma that is predominant in both fruit and wines. This desirable aroma has 

recently been investigated by the Australian Wine Research Institute (AWRI) who identified 

rotundone as the chemical compound responsible for the peppery aroma in grapes, wine and a 

number of culinary herbs and spices (4, 5, 31). Additionally, the AWRI group are responsible 

for determining methodologies that quantify rotundone in grapes and wine, particularly with 

Syrah as the main substrate (4, 5).  

The link between vineyard, viticulture and final wine aroma compounds is the most 

crucial and often overlooked concept in the production of wines around the world. The 

chemical pre-cursors and aroma active compounds found in grapes are a critical difference 

between objectionable and magnificent wines produced from said fruit. Although wine is 
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known to have been produced for thousands of years (32, 33), it is only recently that 

consumer awareness of aroma/flavour and individual subjective “quality” attributes have 

been established or discussed. Furthermore, these chemical details of aroma compounds have 

only recently become quantifiable in wines due to the development of GC-MS equipment and 

methodologies to accurately and precisely analyse the concentration of important compounds 

in grapes and wine. 

 

1.4 Berry Growth and Ripening 

The growth of a V. vinifera grape berry is one set of stages in the life cycle of the vine 

(34-36). It begins when the botanically perfect flower is fertilised and the ovary begins to 

produce berries at fruitset. This stage has been described as one the of the most important 

determinants of final yield by May (2004) and Iland et al (2011) (36, 37). This was 

demonstrated by Bowen and Kliewer (1990) who found that for Cabernet Sauvignon, yields 

of three clones were variable by 59% and 70% over two seasons when flowering was 

considered. Further, they found that addition of the percentage fruitset data increased the 

variability in final yield by 83% and 99% for the two years (38). It is well known that older 

vines possess more root mass and woody tissue for nutrient acquisition and carbohydrate 

storage which can improve the performance of processes including fruitset (39). This link 

between carbohydrate levels and yield has been further supported to impact inflorescence and 

flower number negatively in Chardonnay (40). 
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Figure 1.3 Grapevine (Vitis vinifera L.) inflorescence prior to flowering at Maryvale 

Vineyard in Marlborough, 21 November 2013. 

 

Yield is an extremely important component of the entire process as it impacts 

perceived quality, volume of fruit or wine to sell and income of growers. The path to final 

yields experienced is extremely detailed with a myriad of complex chemical reactions and 

transformations occurring simultaneously throughout berry ripening (37).  

 

Berry ripening is the phase of the vine’s annual cycle between berry set (modified 

Eichhorn and Lorenz growth stage 27) and harvest (modified E-L stage 38) (35) – the timing 

of this stage is a stylistic choice of the viticulturist and winemaker and may depend on the 

environmental or operational factors limiting the harvest date. Recently, some authors 

including Iland et al (2011), propose berry development be described by two distinct phases: 

berry formation and berry ripening (37). In addition they suggest that berry growth, usually 
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divided into three stages, be divided into four: pre-veraison growth, the lag phase, post-

veraison growth and late-ripening shrinkage (37).  

 

Berry ripening is usually measured in ‘days after flowering’ (or anthesis) and often 

considered only as the stage between veraison and harvest (modified E-L stage 34 and 38) 

(35). Figure 1.4 provides an overview of some of the many physiological factors occurring 

throughout the berry ripening phase. As demonstrated, berry development as a function of 

weight occurs in three distinct stages (omitting the fourth proposed ‘shrinkage’ stage) also 

referred to as the ‘double sigmoid’ that results from a figure of berry size over time (41). 

 

In stage I berry growth, cells are going through a period of rapid enlargement causing 

a physical change in size and weight of the berry. At this stage, seeds, flesh and skin develop. 

An increase in tartaric, malic and other minor organic acids in addition to accumulation of 

flavan-3-ols and other phenolic compound groups occur at this time. Berries are green, hard 

and bitter, preventing their consumption prior to seed maturation (17, 37, 42, 43). 

 

In stage II, commonly referred to as the ‘lag phase’, cells are dividing which results in 

almost no outwardly noticeable differences. Internally however, a great many reactions and 

transformations are occurring, and at this point berries are said to have arrived at veraison. 

(10, 18, 37, 41). Veraison is an arbitrary point almost unique to grape berry development, 

characterised by a number of visible and compositional changes occurring very rapidly. 

Major changes at veraison include colour change, translucency, softening of the berry, sugar 

importation, flavour and aroma compound development and seed maturation (18, 41, 44).  
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Stage III berry growth, often referred to as simply ‘ripening’, ‘engustment’ or even 

‘final swell’ is the last major stage which concludes with harvesting fruit for wine production. 

During this stage berries resume high rates of growth from cell enlargement, reduction in 

acid, accumulation of sugars, and on-going increases in aroma, colour and flavour 

compounds (18, 41, 42, 44). The end of this stage is the point of harvest, although that is not 

a precise physiological date due to the many external variables on which harvest relies, most 

notably wine style, weather conditions and harvest or processing constraints.  

 

Further, the proposed stage IV of berry ripening (37) also referred to as ‘over-ripe’, 

‘berry shrinking’ or ‘hang-time’ is the later part of stage III ripening. The stage is 

characterised by a loss of turgor pressure in the berry and a continuation of respiration, water 

loss and an increase in solute concentrations. McCarthy and Coombe (1999) found that 

weight loss of attached Syrah berries was 0.46% per day and that this value did not differ 

between year or treatment (45). However, Rogiers et al (2004) noted the weight loss of 

shrinking berries was not due to increased respiration, but more to do with reduction in 

vascular flows to the berry (46). The purposeful use of the proposed ‘stage IV’ or hang-time 

is often found in cool climate Pinot noir production but most notably, the more advanced 

stages are used in the production of raisins or ice wines (37). This over-ripe condition of 

berries yields detrimental results of lower anthocyanins and more developed flavour 

compounds considered ‘jammy’ in wine production so care in production decisions must be 

exercised. 

 

 



Chapter One: Introduction and Review of Literature 
 

14 
 

 

Figure 1.4 Overview of berry development showing the berry size and colour relative to 

accumulation of constituents including; soluble solids (°Brix), anthocyanins, tannins and the 

rates of phloem and xylem flow (Diagram by Jordan Koutroumandis, Winetitles). 
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Figure 1.5 The grape berry showing nomenclature (left) and distribution of chemical 

compounds used in winemaking (right) (Diagram by Jordan Koutroumandis, Winetitles). 

 

 

1.5 Rotundone 
 

1.5.1 Chemical compound 

Rotundone (figure 1.6) is a C15 oxygenated bicyclic sesquiterpene recently identified 

as the impact aroma compound responsible for the black pepper aroma character in Shiraz 

(Vitis vinifera L. Syrah) grapes and wine (4, 5, 47). The compound itself has not been known 

for long, originally reported in nature by Kapadia et al in 1967 (6), after extraction from 

Cyperus rotundus and infrequent mention since then has appeared in the literature (42, 44, 

48-51) or patents (52-54), none of which are reports in Vitis species. Rotundone is a single 

compound in the major group of sesquiterpenes which are a relatively small class of 

isoprenoids in plants (55).  It has a molecular weight of 218.33 g mol-1, a density of 0.968 

g/cm3, a boiling point of 330.15 °C and a polar surface area of 17.07 Å2 (56). 
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Figure 1.6 The chemical structure of Syrah-derived bicyclic sesquiterpene, (-)-rotundone. 

IUPAC Name: (3S,5R,8S)-3,8-dimethyl-5-prop-1-en-2-yl-3,4,5,6,7,8-hexahydro-2H-azulen-

1-one 

 

1.5.2 Chemical group 

Rotundone is a sesquiterpene, which together with mono-, and di-terpenes are classed 

as secondary isoprenoids (57). Isoprenoids are extremely abundant and comprised of many 

types of compounds with an incredible number of vital plant processes or factors attributed to 

them, all of which are initiated from isoprene units (55, 58).  The isoprenoids are divided into 

two major groups of natural compounds: terpenoids and steroids (58), the latter of which is 

not the focus of this research. 

Terpenoids are divided into eight classes as presented in table 1.2 based on the 

number of isoprene units (groups of five carbon atoms) in their skeletal structure. The current 

figure of confirmed, identified structures of terpenoids is in excess of 55,000 and that number 
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has been almost doubling each decade – more astounding is that most are found in plants 

(59).  

 

Table 1.2 Classification chart of terpenoids based on chemical composition (58). 

 

 

Many terpenoids are vital in the biosynthesis of primary and secondary metabolites in 

plants. Examples of important primary metabolites include plant growth regulators such as 

abscisic acid, gibberellic acid and cytokinin; beta-carotene; and cortisol. Secondary 

metabolites include equally important compounds that provide somewhat different functions 

in plants. Plant defence is a common role of terpenoids (50). Examples include the 

monoterpenes geraniol, linalool, nerol and limonene; sesquiterpenes like farnesol, nerolidol, 

germacrene, and the newly identified rotundone. 

 

In grapes, monoterpenes are known to be responsible for a myriad of aromas in a 

group of cultivars unfortunately referred to as “aromatics”. As a result, much research has 

been undertaken in addition to non-scientific review. These “aromatic” cultivars include; V. 

Classification No. of carbon atoms No. of isoprene units 
Hemiterpenoids 5 1 
Monoterpenoids 10 2 
Sesquiterpenoids 15 3 
Diterpenoids 20 4 
Sesterterpenoids 25 5 
Triterpenoids 30 6 
Tetraterpenoids 40 8 
Polyterpenoids >40 >8 
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vinifera L. Riesling, Gewürztraminer, Pinot Gris, Viognier and Muscat, and are characterised 

by the elevated levels of monoterpenes compared to other V. vinifera L. cultivars, they are not 

chemically aromatic (18, 37) nor are they the only cultivars that produce aroma-active 

compounds.  There are two distinct types of monoterpenes in grapes, the precursors are called 

“potential volatile terpenes” (PVT) and the terminal compounds they hydrolyse to called 

“free volatile terpenes” (FVT), the latter of which provides an odour (37, 51). 

OH

1 2

OH

3 4

OH OH

 

Figure 1.7 Examples of grape-derived monoterpenes. 1. Geraniol, 2. Linalool, 3. 

Nerol, 4. Citronellol. ChemBio Office 2013. 
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In 1982, Williams and colleagues isolated a number of disaccharide glycosides of 

nerol, linalool and geraniol in Muscat of Alexandria and Riesling (then called “Rhine 

Riesling”) grapes (60). Since then much interest has been imparted onto the presence and 

management options to align with their sensorial attributes in grapes. 

 

Sesquiterpenes in grapes were largely ignored until the excitement of rotundone 

discovery in Shiraz (Syrah) in 2008 (4, 5). However reports exist of sesquiterpenes in 

grapevine flowers where they are said to be pollinators (61), and other parts where they 

provide certain defence mechanisms. Work of Martin et al (2009) showed that flowers of V. 

vinifera L. Cabernet Sauvignon inflorescences emitted volatile sesquiterpenes in the early 

morning on the days flowers were open. The sesquiterpenes (+)-valencene, E,E-α-farnesene, 

and (-)-7-epi-α-selinene were responsible for most of the volatile composition from the 

flowers (61). 

 

1.5.3 Biosynthesis 

The biosynthetic pathway of rotundone is currently the subject of intense research 

now that rotundone has been identified as an important compound not only in grapes and 

wine but other plant types as well (4). As such rotundone is most likely, although not 

confirmed to be another of the plethora compounds produced from the mevalonate pathway 

which has been extensively studied (57, 62-70) and importantly forms the precursors for 

many of the compounds required for plant processes. 
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The mevalonate pathway (figure 1.9) is found throughout nature and produces an 

enormous number of intermediate and terminal compounds in plants and animals (68, 71), 

many of which are found in Vitis species. Mevalonate acid (3-methyl-3,5-dihydroxypentanoic 

acid) was first identified in 1956 by the Folkers research group (72, 73), a discovery which 

has been fundamental to the investigation of terpenoid biosynthesis since then. In addition, 

mevalonate acid was determined to be a major precursor for other compounds (74), work 

which eventually led to the current view of the mevalonate pathway. There is also a non-

mevalonate pathway referred to as the mevalonate independent pathway.  

In the late nineteenth century Wallach and colleagues produced the isoprene rule, 

which states that terpenoids were created by bonding two units of isoprene (2-methyl-1,3 

butadiene) in a head-to-tail fashion (75). Later Ruzicka revised the isoprene rule thus creating 

the biogenic isoprene rule which states that all terpenoids come from active isoprene 

(isopentenyl diphosphate (52, 55). 

This isopentenyl diphosphate is the universal precursor compound for all terpenoid 

syntheses. It can be produced via either the mevalonate – (54, 76) or non-mevalonate (77, 78) 

pathways along with its isomer dimethylallyl diphosphate. It is important to note that most 

organisms use only mevalonate or non-mevalonate pathways to produce the isopenteyl 

diphosphate. Fungi and animals use the mevalonate pathway (62, 68, 79) and bacteria use the 

non-mevalonate pathway. Plants however are different, as they are able to use both pathways 

simultaneously although in different plant parts - the mevalonate pathway is used in the 

cytosol and the non-mevalonate pathway in the plastids (67, 69, 78).  
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Figure 1.8 The biosynthetic reaction steps in the production of geranyl pyrophosphate 

as required for sesquiterpene biosynthesis (80). 
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Figure 1.9 The Mevalonate pathway in the production of terpenoids in plants starting 

with mevalonate acid (MVA) (80). 
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1.5.4 Occurrence in nature 

Prior to the identification in Syrah grapes and wine (5), rotundone was discovered in 

Nutgrass (Cyperus rotundus) (6), a noxious weed originally used for landscaping and in 

traditional Chinese medicines (81).  Since then, there had been few reports of rotundone in 

literature until the work of the Australian Wine Research Institute was published in 2008 (4, 

5), thus relatively little information exists. The findings of the plant survey conducted are 

presented in table 1.2. 

 

Table 1.3 Concentration of rotundone (ng/kg) in Shiraz (Syrah) compared with selected 
culinary herbs and spices (4). 

Common Name Scientific Name Rotundone Concentration 
(ng/kg) 

White pepper Piper nigrum 2025 

Black pepper Piper nigrum 1200 

Nut Grass Cyperus rotundus 920 

Marjoram Origanum majorana 208 

Rosemary Rosmarinus officinalis 86 

Saltbush Atriplex cinerea 37 

Geranium Pelargonium 
alchemiloides 

25 

Thyme Thymus vulgaris 5 

Basil Ocimum basillicum 4 

Oregano Origanum vulgare 1 

Syrah grapes Vitis vinifera 0.62 

Syrah wine Vitis vinifera 0.15 
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1.5.5 Rotundone in Syrah 

Due to the novel nature of rotundone work in grapes, research to date has focused on 

the impact vineyard conditions and viticulture management inputs have on the concentration 

in fruit at harvest, along with limited fermentation extraction research. Initial investigations 

into the impact of viticulture on rotundone concentration in grapes and wine have been 

carried out by several groups around the globe, namely The Australian Wine Research 

Institute, in Adelaide, Australia (4, 5), The Fondazione Edmund Mach and The University of 

Milan, in Italy (82) and that of our group at The University of Auckland in New Zealand (83-

85) along with several other groups who have initiated projects.  

 

Research into fermentation extraction of rotundone from the skins of fruit (82) found 

that only around 10% of the rotundone found in skins of Vespolina grapes was extracted into 

the fermentation matrix, and further that barely 5-7% of the rotundone found in grape berries 

was present in final bottled wine (82). These authors attributed the low yield of grape-derived 

rotundone to the hydrophobicity  (predicted Log Kow = 4.98) of the compound in the wine 

solution of approximately 12% ethanol, further reductions in rotundone yield prior to bottling 

were attributed to processing factors commonly used in the wine industry, such as filtration 

and clarification treatments (82). In early work from our laboratory, using Syrah fruit grown 

in the Hawke’s Bay region of New Zealand, we demonstrated that rotundone concentration 

increases from about two weeks post-veraison and remains stable right through to 

commercial harvest after which point concentration of berry constituents is impacted by berry 

shrivel rather than biosynthesis or transportation. 
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1.6 Vineyard Management 

 

1.6.1 Terroir 

Viticulture literature is rife with the term “terroir”, a French term that has no 

equivalent translation in English (86), yet is esoterically touted as responsible for myriad 

wine chemical compound and sensory differences by academics, industry and consumers 

alike. The approach to defining “terroir” in English provides a long list of terms ranging from 

soil, climate and vine (86-91), through to more abstract ideas such as the feelings of vineyard 

workers (88). Despite the arbitrary nature of these definitions and confusion amongst 

producers and consumers alike, many of the tangible factors can be directly linked to 

qualitative and quantitative aspects of a final wine (91). Bauer and colleagues from DLR-

Rheinpfalz in Germany found that through sensory studies, wines were noticeably different, 

and could be grouped into aroma classes based on the bedrock of the vineyard from whence 

the fruit came – sandstone, loam loess, rotliegend, slate and limestone (87). Further, the same 

group, were able to separate wine samples by vintage based on organoleptic properties (87).  

Recent work of Scheiner and colleagues in modelling impacts of terroir on IBMP in 

final wines, found that vine vigour was positively correlated with IBMP accumulation, while 

increased herbaciousness was better correlated with lower vine water status (92), it is well 

known that both vine vigour and water status are impacted directly by soil and subsoil 

chemistry, texture and structure (18, 37, 93, 94). Scacco and colleagues, during an 

investigation of soil salinity in vineyards found that grape and wine composition of the 

Sicilian cultivar Nero d’Avola was influenced (95). In their work, Scacco et al were able to 
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demonstrate that primary aroma compounds such as terpenes and C13-Norisoprenoids were 

different at different levels of soil salinity (95). 

 

 

1.6.2 Canopy management 

The term ‘canopy management’ was introduced in the late 1980’s and later published 

by Dr. Richard Smart in a practical handbook (96) for blending science and commercial 

viticulture to  improve resulting wine quality. Grapevine canopy management techniques 

include such practices as: shoot thinning, leaf thinning, cluster thinning, shoot positioning, 

shoot trimming and crop load adjustment – all seasonal cultural controls for improving the 

microclimate of each vine (18, 96-99). The differences in both severity and timing of these 

management options are the ‘art’ of managing vines to express the best of the fruit in each 

situation. 

 

Over the last few decades canopy management has received much attention especially 

in the New World growing regions where it has been extensively investigated in most 

winegrowing areas (30, 39, 96-110). Thus, grapevine canopies must be carefully managed as 

the changes can directly impact final fruit and wine quality (96). As every factor in 

viticulture, the canopy must be in balance, and this will correspond to the environment 

surrounding the individual vine – vines must have sufficient leaf area and shoots to ripen the 

fruit they bear, without so many that clusters of fruit are shaded resulting in poor ripening and 

health (39), or so few that clusters become sunburnt and split (108). 

 

The grapevine canopy is an important vineyard factor for winemaking. Numerous 

chemical reactions in the fruit throughout ripening are affected by canopy density and 
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distribution which ultimately impacts the relationship between sunlight interception and berry 

temperature (108), two components of terroir that directly affect berry metabolism and final 

composition (24, 25, 94, 108, 111-113). 

 

Table 1.4 Optimal values for grapevine canopy factors to ensure best possible growth 

in most circumstances (96). 
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1.6.3 Clones of Syrah 

A “clone” is plant material of the same cultivar with slightly different physical 

characteristics which exist as the result of biological mutation to adapt to new climates and 

physical conditions. As an example Pinot noir is one of the least resistant V. vinifera L. 

species to this biological mutation which results in the myriad of Pinot noir clones available 

to growers today (114). Clones may perform differently in the vineyard based on season or 

location (115), it is suggested to plant multiple clones so as to ensure each year there is 

enough desirable fruit to blend in the winery (116).  

 

Regarding clones of Syrah, evidence suggests 622 individual clones exist in the 

Rhone Valley conservatory (117, 118), yet only a small number of these are reported to be 

useful for producing great Syrah – some of which are grown in New Zealand. Hawke’s Bay 

growers report several clones that perform well include; 470, 174, Hermitage, Grippat A/B, 

and Chave (although ‘Mass Selection’ clone is also commonly included (119). However, 

Mass Selection is by no means a clone – quite the opposite – it is a selection of the best 

performing vines in a given area, which in New Zealand include much historical plant 

collections for premium vineyards (63). 
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Table 1.5 Clones of Syrah used for the production of wine in New Zealand with general 

viticulture, disease tolerance and flavour profile as experienced in national vineyards (15, 64, 

65). 

Syrah Clone Viticulture Disease Tolerance Flavour Profile 

ENTAV-INRA® 470 

Vigourous, 
productive with 

typical loose, conical 
clusters 

Relatively tolerant, 
although somewhat 
fragile berry skin 

Intense black pepper, 
plum, herbal and 

spice 

ENTAV-INRA® 
524 

Productive, medium 
to large conical loose 

clusters 

Relatively disease 
tolerant 

Pepper, dark fruit and 
spice 

Baileys Medium productivity, 
long loose bunches Good Bright, sweet plum, 

less pepper or spice 

Stonecroft 
Smaller clusters, 

lower yields, some 
have GLRaV-3 

Moderate 
Good flavours of 

sweet fruit and more 
structure 

Chave 

Good productivity, 
longer loose clusters, 

requires crop load 
management 

Relatively tolerant 
yet thinner skins 
which can be a 

problem 

Sweet, bright intense 
pink peppercorn, 

dark berry and plums 

Grippat A Large loose clusters More evaluation 
required 

More evaluation 
required 

Grippat B Very large clusters More evaluation 
required Better than Grippat A 

MS04012 

Vigourous, 
productive with large 
long, loose bunches. 
Potential for uneven 

ripening 

Fragile skin but loose 
bunches to aid 

control. Requires 
careful monitoring 

Plum and black 
fruits, less pepper. 

Acid and sugar 
balance well 

 

 

1.7 Oenology of V. vinifera L. Syrah 

 1.7.1 Syrah wine styles 

 There is much debate and historical reference to the differences between ‘Syrah’ and 

‘Shiraz’ wines. Indeed both wines are made from Syrah grapes; however the difference exists 

in defining the wine styles produced when the fruit is grown in warmer or cooler regions. In 

the very warm winegrowing regions of Australia and South Africa the term ‘Shiraz’ is used 

by the winegrowers and consumers to describe the very full bodied, fruit-forward powerful 
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red wines that result. Conversely, in cooler regions such as France and New Zealand, the 

wines produced are labelled ‘Syrah’ as this cooler climate fruit will produce wines with 

pungently spicy black/white pepper on the nose with more subtle red fruit than a Shiraz 

(120). Typically as a result of the cooler climates the Syrah style wines are lower in ethanol 

and thus do not provide such a powerful mouth feel as do Shiraz style wines. 

 

 1.7.2 Wine chemical constituents 

Wine is composed of a very large number of chemical compounds (18). However, 

many are in such small amounts as to make no difference to the wine other than contributing 

the matrix. The main chemical compound in wine is water, followed by ethanol and sugars. 

The remaining three percent contains the entire quotient of colour, flavour, aroma and 

structure compounds found in wine and delineate the myriad of differences between cultivars. 

Some of these compounds are extracted from the raw grape product, while a great number of 

compounds are produced throughout the fermentation and aging stages. 

 

1.7.3 Wine aroma compounds 

Much interest in researching aroma compounds of wine exists and as a result many 

different methods of quantifying these compounds have been utilised. Currently only a small 

fraction of the overall wine aroma profile is quantified and understood with some authors 

suggesting over 500 chemical compounds that have been isolated and identified in wines 

(18). At least 160 of these are ester compounds (18). However, only a handful of these 500 

wine aroma compounds contribute to the overall wine aroma profile alone, as they 

individually are below perception thresholds, yet in combination can be extremely significant 

(18). This is a phenomenon known as the matrix. The following table lists different aroma 

compounds in wine along with descriptors and thresholds for each (table 1.6).  
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Table 1.6: Key odourants found in several red wines by gas chromatography, their chemical 

identity, olfactory description and perception threshold as in red wine medium (121, 122). 

 

Chemical 
Group 

Chemical Identity Olfactory Description Olfactory 
Perception 
Threshold 

(µg/L) 
Carbonyl 

compounds 
   

 Acetoine  150,000 
 2, 3-butanedione  100 
 Furfural   14,100 
 5-hydroxymethylfurfural  100,000 
 5-methylfurfural  20,000 
 phenylacetaldehyde Floral, honey 1 
 β-damascenone Baked apple 0.05 
 α-ionone  2.6 
 β-ionone  0.09 
 Syringaldehyde  50,000 
    

Ester 
Compounds 

   

 Ethyl-2-methylpropanoate  15 
 Ethyl-2-methylbutyrate  18 
 Ethyl-3-methylbutyrate  3 
 Ethyl cyclohexanoate Licorice, anise 0.001 
 Ethyl-2-methylpentanoate  0.003 
 Ethyl-4-methylpentanoate  0.010 
 Ethyl butyrate  20 
 Ethyl hexanoate Fruity, anise 14 
 Ethyl octanoate  580 
 Ethyl decanoate  200 
 Ethyl-3-hydroxybutyrate  20,000 
 Ethyl furoate  16,000 
 Ethyl lactate  154,000 
 Diethyl succinate  200,000 
 (E)-Ethyl cinnamate Honey, cinnamon 1.10 
 Ethyl dihydrocinnamate Floral, pollen, flowers 1.6 
 Methyl vanillate  200 
 Ethyl vanillate Vanilla, honey 990 
 Ethyl acetate  12,270 
 Butyl acetate  1,800 
 Isobutyl acetate  1,600 
 Isoamyl acetate  30 
 Phenylethyl acetate Roses, honey, tobacco 250 
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Alcohol 
Compounds 

 1-butanol  150,000 
 isobutanol  40,000 
 Isoamyl alcohol  30,000 
 Benzyl alcohol  200,000 
 1-hexanol Grass 8,000 
 (Z)-3-hexanol Grass 400 
 (E)-2-hexenol Green 8,000 
 β-phenylethyl alcohol Roses 14000 
 Furfuryl alcohol  2,000 
 Methionol   1,000 
 2-phenylethanol Honey, rose, spice, lilac 10,000 
    

Volatile 
Phenols 

   

 guaiacol Smoky, hospital, medicine 9.5 
 Eugenol   Clove, honey 5 
 (E)-isoeugenol Floral 6 
 4-vinylphenol  180 
 4-vinylguaiacol Clove, curry 40 
 4-ethylphenol Bitumen, leather 440 
 4-ethylguaiacol Leather, phenol, spice, clove 33 
 4-propylguaiacol   
 2, 6-dimethoxyphenol  570 
 4-allyl-2, 6-dimethoxyphenol  1,200 
 m-cresol Leather, spicy 68 
 o-cresol  31 
 Vanillin  Vanilla, honey 995 
 Acetovanillone   1,000 
    

Terpene 
Compounds 

   

 α-terpineol  250 
 β-citronellol  100 
 linalool Floral, muscat 25 
 geraniol  20 
    

Lactone 
Compounds 

   

 (Z)-whiskey lactone Coconut 67 
 δ-octalactone  400 
 δ-decalactone   
 γ-butyrolactone  35,000 
 γ-nonalactone  30 
 γ-decalactone Spicy, wood, phenolic 400 
 (E)-whiskey lactone  790 
 1-octen-3-one Mushroom  
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Acid 
Compounds 

 Propanoic acid  8,100 
 Butyric acid Cheese 173 
 2-methylpropanoic acid  50 
 2-methylbutyric acid Cheese 33 
 3-methylbutyric acid Cheese 33 
 Hexanoic acid  420 
 Octanoic acid  500 
 Decanoic acid  1,000 
 Benzoic acid  1,000 
 Acetic acid Vinegar  
 2-Phenylacetic acid Honey, floral 1000 
    

Pyrazine 
Compounds 

   

 3-isopropyl-2-
methoxypyrazine 

Pepper, earthy  

 3-sec-butyl-2-
methoxypyrazine 

Pepper, earthy  

 3-isobutyl-3-
methoxypyrazine 

Pepper, earthy  

 2-acetylpyrazine Burnt bread  
    

Thiol 
Compounds 

   

 2-methyl-3-furanthiol Meaty, onion  
 2-furanmethanethiol Coffee, toasted  
 Octanal + furfuryl ethyl ether Lemon, ethanol  
 sotolon spicy  

 

 

1.8 Methods Used to Evaluate Functional Food Quality 

1.8.1 General introduction 

A functional food is a concept rather than a tangible entity. Functional foods are 

constantly being reviewed and new products identified as containing biologically active 

chemical constituents that improve human health, nutrition or prevent certain diseases. A 

functional food is essentially a normal food item that has been shown through scientific 

research to contain an additional beneficial function to improve human health, reduce the risk 

of chronic diseases in addition to common nutritional benefits. Many functional food 
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discoveries have risen from investigations into plants used in traditional medicines, folklore 

and local foods not in mainstream use.  

 

Once a particular compound has been identified as beneficial, it can be enhanced, 

added or consumed alone to produce reported benefits. Poulsen (1999) has divided functional 

food production into four main groups: a) adding more of a compound already present in the 

product, b) adding a beneficial compound not found in the product, c) substituting a more 

active/beneficial compound, or d) removing a component that is harmful (123). There are 

many examples of each in mainstream use, the most commonplace of which is the addition of 

vitamin D (D2) to milk products and vitamin C to juice and baking products. 

 

Many functional food components are antioxidants – compounds which actively 

inhibit oxidation of compounds – and can occur in products or become added to products for 

their abilities. Oxidation of lipids is a major concern in food quality as it produces off-

flavours and can eliminate the nutritional benefits of food products (57, 124). Antioxidants 

act by inhibiting free radical chain reactions affected by scavenging these free radicals. The 

most effective antioxidant must be safe, effective at low doses, stable and impart no colour, 

flavour or aroma to a product (57) in many items these antioxidant capacities are performed 

by polyphenolic compounds such as tocopherols, flavonoids and anthocyanins to name a few. 
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Figure 1.10 Selected major synthetic and natural antioxidants (1) BHA; 2) BHT; 3) 

TBHQ; 4) Anthocyanin; 5) Vitamin C. ChemBio Office 2013. 
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The scientific evaluation of plant products as functional foods requires a number of 

specialist and often expensive analyses. In the first instance analyses for concentration and 

identification such as HPLC, GC-MS and PTLC are performed followed by techniques to 

analyse biological activity of said compounds such as Lipid Peroxidation (LPO), 

Cyclooxygenase enzyme inhibition (COX 1 & 2), and later testing on cancerous tumour cells 

(in vitro). However difficult and expensive, these analyses can be reliable and result in the 

ability to more accurately isolate compounds of interest for further processing. A number of 

techniques are in current use, and many more are being evaluated.  

 

1.8.2 MTT Assay 

MTT is a yellow compound [3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium 

bromide] which is reduced by mitochondrial enzymes to insoluble formazan, which is purple 

in colour through a standard redox reaction. The assay has been extensively used for over 50 

years with early reports from 1962 (49).  

The MTT assay in its current form (figure 1.11) has been evaluated for its ability to 

perform the same function as the lipid peroxidation inhibitory assay in the determination of 

antioxidant potential of pure compounds and plant extracts with several advantages (125). 

This assay is cheaper and faster than other antioxidant assays and has the potential for high 

throughput of a large number of samples and possibility of mechanising these processes 

which make it extremely attractive to industry. Further, the MTT assay is better than Lipid 

Peroxidation assay as MTT reduces the risk of a false positive. In several reports (125-127), 

the MTT assay is used to screen crude extracts and compounds for antioxidant potential and 

ensure only the more active and noteworthy candidates advance to more complex and 

expensive analyses such as lipid peroxidation, cyclooxygenase enzyme inhibition and human 

tumour cell inhibitory analyses. 
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Figure 1.11 The MTT assay showing reduction of yellow MTT to insoluble purple 

formazan as used in the determination of antioxidant activity of plant derived pure 

compounds (125). 

 

1.8.3 Cyclooxygenase 1/2/3 

Cyclooxygenase (COX) is an enzyme that is responsible for a number of important 

functions including the formation of prostanoids (biological mediators) such as 

prostaglandins, prostacyclin and thromboxane from arachidonic acid (58). COX is more 

formally known as prostaglandin-endoperoxide synthase (PGHS) and its inhibition can 

reduce or eradicate inflammation and pain (128). It’s inhibition was first published as an 

important impact of drugs like aspirin in 1971 by Vane (129) where he observed that the 

main mode of action of NSAIDS was to inhibit COX, thereby yielding benefits experienced. 

Since then an incredible amount of research has been focused on the ability of compounds to 

inhibit COX activity. The prostaglandins produced by this reaction are found throughout the 

human body and in animals, and central to the inflammation response and regulates cell 

function in addition to wound healing, nerve growth, kidney function, blood clotting and 

immune responses (130).  
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In 1991, another form of cyclooxygenase (now known as COX-2) was discovered  

that shared 59% amino acid identity with prostaglandin synthase from sheep (72). This was 

an incredibly important discovery in functional biology as COX-2 is central to many 

abnormal cell activities. The classification differences between COX-1 and COX-2 are 

considered physiological and pathological, whereby COX-1 is constitutive and present in 

almost every cell under normal conditions, however COX-2 is induced – not normally found 

in cells – and often as a result of inflammation (58). COX-2 up-regulates genes responsible 

for cancer, metastasis type-2 diabetes, apoptosis and Alzheimer's disease to name a few, 

which ensures considerable interest in its inhibition.  

 

COX-3 a variant of COX-1 was discovered in 2002. It was found to be selectively 

inhibited by analgesic and antipyretic drugs such as acetaminophen, and potently inhibited by 

non-steroidal anti-inflammatory drugs (73). It was discovered because of a disparity between 

resulting benefits of acetaminophen where COX-2 inhibition could explain its analgesic and 

antipyretic functions, but not its anti-inflammatory abilities. However, COX-3 is not 

functional in humans and unlikely to play any role in human prostaglandin synthesis. 

 

 

1.8.4 Lipid Peroxidation Assay 

Lipid peroxidation is the degradation of unsaturated lipid to lipid peroxide by free 

radicals removing electrons and causing oxidative damage to cells, affecting their structure 

and function. In humans, increased lipid peroxidation is involved in several diseases 

including atherosclerosis, diabetes, cardiovascular and respiratory conditions thus the ability 

to minimise it is of great interest. Complete lipid peroxidation occurs in three stages; a) 
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initiation, b) propagation and c) termination. In the NADPH-dependant pathway, lipid 

peroxidation occurs in two steps; initiation and propagation (74) where the ADP-perferryl ion 

catalyses the initiation, and the propagation stage requires the lipid hydroperoxides created in 

the first stage and is responsible for 90% of the lipid peroxides in nature. 
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1.9 Research Objectives 

 The objectives of this research were to further investigate the impact of the newly 

identified sesquiterpene aroma active compound rotundone in Syrah grapes and wine. The 

chemistry of Syrah grapes and wine were then further investigated for bioactive compounds 

and efficacy as functional foods for human consumption. 

To achieve these broad goals, a series of experimental procedures were undertaken in 

Syrah blocks on the Gimblett Gravels vineyard of Craggy Range Vineyards in Hawke’s Bay, 

New Zealand. Further experimental work was undertaken on fermentations in the Craggy 

Range winery also in Hawke’s Bay, New Zealand. The resulting fruit, juice and wine were 

then analysed at the laboratories of The Australian Wine Research Institute in Urrbrae, 

Australia and Michigan State University in The United States of America. 

Specifically, the research goals were to: 

a) Determine concentrations of rotundone in New Zealand Syrah grapes and wine 

b) Investigate the ripening phase of Syrah berries to provide more information about the 

concentration of rotundone and its presence in grapes as a starting point for further 

experimental design 

c) Examine if common viticulture management techniques could be used to manage 

levels of rotundone in Syrah grapes at harvest in order that growers may add value to 

products by providing a more consistent flavour between variable vintages and 

regions 

d) Explore the fermentation phase of winemaking in an effort to provide winemakers 

with information that will enable them to extract more or less rotundone into the wine 

matrix to better suit consumer demands and maintain or manage wine quality 
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e) Search for and extract chemical compounds to analyse the ability and the extent of 

Syrah grapes and wine to act as functional foods using bioactivity tests and provide 

information that enhances the value of these products 
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CHAPTER TWO 

 

Rotundone presence during ripening in Syrah fruit 

2.1  Abstract 

2.2  Introduction 

2.3  Experimental 

2.4  Results and Discussion 

2.5  Conclusions 

 
 

 

 

This chapter has been published as: 

Logan, G. A., Siebert, T. E., Creasy, G. L., Kilmartin, P. A. (2011) The peppery 

sesquiterpene rotundone increases rapidly post-veraison in Vitis vinifera L. berries. 

GiESCO 17:531-533 
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2.1 Abstract 

Syrah is becoming more important in the New Zealand wine industry, largely due to 

distinct black pepper characters in the commercial wines. This black pepper aroma has 

recently been attributed to the presence of rotundone. To date, little is known about rotundone 

in grapes and wine, and whether vineyard management techniques may impact upon levels 

found in finished wines. Consequently, this research was designed to investigate rotundone in 

Syrah fruit during berry ripening as a starting point for further viticultural experiments. Over 

a two-season period, 64 spur-pruned vines planted on silt alluvial gravel soils in the Hawkes 

Bay of New Zealand were chosen in a replicated design, and managed uniformly throughout 

the growing seasons. At veraison, a complete leaf removal was imposed in the fruiting zone, 

and apical clusters were removed, consistent with local viticulture practice. Sampling 

occurred every fourteen days between modified E-L growth stages 30-38, and consisted of 

two, three-cluster samples per ‘bay’ of four vines. Samples were immediately frozen in liquid 

nitrogen and stored at -20°C until being transported frozen to Adelaide for analyses at the 

Australian Wine Research Institute. Samples were analysed for rotundone using previously 

published GC-MS methodologies (4, 5). In both 2009 and 2010 growing seasons, the data 

indicated that the rotundone concentration in the berries was low through berry softening 

(stage 36) and then rapidly increased eight-fold over a 14 day period. The concentration of 

rotundone then remained stable right through to the commercial harvest (stage 38). These 

results indicate a physiological response of rotundone during ripening and provide the 

groundwork for future research into the impact of vineyard management techniques on the 

rotundone concentration and potential black pepper character in finished wines.  
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2.2 Introduction 

Wines produced from the noble red Vitis vinifera L. cultivar Syrah grown in the Gimblett 

Gravels region of New Zealand are starting to gain international popularity largely due to 

their distinctive black pepper aromas. This black pepper aroma in Syrah wines has recently 

been chemically identified (5), by researchers at the Australian Wine Research Institute, as 

the obscure sesquiterpene, rotundone (figure 2.1). Rotundone is a bicyclic sesquiterpene 

found in many plants and fruits (5), which until recently had not been a focus of wine 

research.  

 

Research to date has shown that rotundone is a potent key aroma compound in Syrah, 

with a sensory threshold of just 16 ng/L in red wine (5). After the recent identification of 

rotundone in grapes and wine (4) it was discovered that the concentration or rotundone in 

Syrah grapes and resulting wines varies considerably between vintages and vineyards, 

leading to questions of rotundone management. Therefore this research was established to 

investigate rotundone concentrations throughout ripening to determine if a physiological 

stage was important in the biosynthesis of rotundone, and one that could later be used to 

identify specific vineyard management techniques and useable tools in the management of 

rotundone in the fruit at harvest. 
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 Figure 2.1 The chemical structure of rotundone, the bicyclic sesquiterpene responsible for 

black and white pepper aromas in Syrah and other plants. ChemBio Office 2013. 

 

2.3 Experimental 

2.3.1 Vineyard site  

This experiment was conducted over two seasons on Syrah vines at Mission Estate 

and Craggy Range Vineyards located in the Gimblett Gravels winegrowing region of New 

Zealand (39° 35‟ 55.86” S; 176° 45‟ 25.10” E; and 39° 35‟ 56.93” S; 176° 43‟ 56.23” E 

respectively). The mature Syrah vines were planted on 3309 Courderc (V. riparia x V. 

rupestris) rootstock into silt alluvial gravel soils, and trained onto a bilateral cordon spur, 

vertical shoot positioning system with a maintained grass sward in the inter-row areas. Soils 

are all deep alluvial sandy greywacke gravels – and these give rise to the name of the 

growing area the “Gimblett Gravels”, a growing area for wine grapes in the Hawke’s Bay 

region on the eastern North Island. These gravel soils are free draining and well suited to 
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grapevine cultivation, however they heat up and cool down quickly and have low levels of 

plant-essential nutrients. The experimental areas were established using a modified complete 

block design. Modifications were made to the selection of vines based on identified levels of 

vegetative vigour, with “medium vigour” vines selected to avoid effects of vine biological 

activity among other known impacts. This selection was made using Normalised Difference 

Vegetation Index (NDVI) techniques and trunk circumference data, and confirmed by eye 

during establishment of the replicates. Sixty four vines in total were identified for use in the 

experiment each year which began in 2009 at Mission Estate Vineyard and continued in 2010 

at Craggy Range Vineyards nearby. 

 

2.3.2 Vineyard management  

All vines were managed uniformly throughout the block, consistent with local 

vineyard management practice for Syrah. Vines were drip-irrigated when required, monitored 

for pest and disease activity, and appropriate fungicides and pesticides were used when 

required in accordance with Sustainable Winegrowing New Zealand (SWNZ) protocols. 

Cultural management practices included sward mowing, weed removal, “bud-rubbing” 

(removal of buds from rootstock : scion graft union), shoot positioning, shoot, leaf and cluster 

thinning followed by whole canopy trimming, each performed at appropriate timings. The 

leaf removal, imposed at veraison, consisted of 100% removal of leaves in the fruiting zone. 

Cluster thinning was also imposed at this time and consisted of the removal of apical clusters 

to leave one cluster per shoot, also at veraison. All management inputs, apart from mowing, 

spraying and canopy trimming, were performed by hand. 
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2.3.3 Data collection 

Environmental conditions were recorded at a local weather station (Harvest 

Electronics Live Monitoring, Masterton, New Zealand), <1km from the Syrah blocks, and 

button-type temperature loggers were placed in aerated white cups in the fruiting zone for the 

entirety of the trial. 

 

 

 

2.3.4 Sampling 

This research was based on cluster sampling to provide further sub-samples and to 

maintain consistency with commercial practice. A sample consisted of three clusters removed 

randomly from each of the three replicates of eight vines, every 14 days, between modified 

E-L growth stages 30 and 38. Samples were then frozen in liquid nitrogen, transported to the 

freezer and stored at -20°C until being transported by air packed in dry ice to Adelaide for 

analyses at the Australian Wine Research Institute. Once in Adelaide they were immediately 

transferred to another freezer and stored at -20°C until being processed for rotundone 

analyses. 

 

2.3.5 Analytical Methodologies 

Syrah cluster samples were analysed using previously published methodologies for 

determination of rotundone concentration in grape berries (4). These methodologies utilise 

Solid Phase Extraction followed by Solid Phase Micro-Extraction and Gas Chromatography-

Mass Spectrometry in Selective Ion Mode for rotundone with deuterated rotundone as an 

internal standard. These methods are accurate, precise (3% RSD in grapes), sensitive (limit of 

quantitation = 0.5 ng/L) and linear across the calibration range (R2=0.999) (4, 5). 
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2.4 Results and Discussion 

 

2.4.1 Vineyard and environment 

An abridged version of the weather data collected in our experimental vineyard areas 

on the Gimblett Gravels growing region is presented in Table 2.1. Vintage 2010 was warmer 

on average, although it was marked by lower peak temperatures, with a higher rainfall total 

than in 2009. In comparison to the 2010 vintage, based on these data, vines were subjected to 

higher natural temperatures during the 2009 growing season, and, rainfall was low which 

may have contributed to increased levels of aroma compounds in the vines (131). The 

calculated Growing Degree Day total was ≈30% lower in the 2009 growing season. Although 

not a perfect system of measurement on its own (132), these data demonstrate a large 

difference in the ability of vines to ripen fruit between the two seasons, comparable to various 

previous research findings (89, 131, 133-135). 

 

Table 2.1 Vineyard weather data for the 2009 and 2010 growing seasons (1 September – 30 

April) showing mean temperature, rainfall and Growing Degree Days (GDD). 

Season 
Maximum 

Temperature 
(°C) 

Mean 
Temperature 

(°C) 

Rainfall 
(mm) 

GDD 
(Base 10°C) 

2009 38.8 13.4 388 970.5 
2010 33.3 13.7 770 1384.4 

 

 

2.4.2 Rotundone 

In 2009 at the Mission Estate Vineyard on Mere Road in Hawke’s Bay, the 

concentration of rotundone in berries remained low (≈7 ng/kg) until three to four weeks post-

veraison. After this time, rotundone concentration was found to have increased substantially 
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(≈43 ng/kg) over a two-week period (figure 2.2). Following this notable increase, the 

rotundone concentration remained relatively unchanged up until the point of commercial 

harvest, when it reached 54 ng/kg. The slight increase in the two weeks before harvest may 

have been caused by the berry shrivel and subsequent weight loss (figure 2.2) resulting from 

reduced water in the berry, and thus a general increase in the concentration of the remaining 

berry constituents (46). 

 

 

Figure 2.2 Rotundone concentration (ng/kg) of Syrah grown at Mission Estate sampled every 

14 days between pre-veraison and harvest, displayed with soluble solids (°Brix) and berry 

weight (g x 10). 

 

2.4.3 Seasonal Variation 

During the 2010 growing season at Craggy Range Vineyard on Mere Road in 

Hawke’s Bay, the concentration of rotundone in the Syrah berries followed a similar initial 
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pattern to that of the 2009 ripening data, but not the rapid accumulation after veraison (figure 

2.3). At the outset of the research, anecdotal evidence suggested a large vintage variation 

between the ‘pepperiness’ of the wines (61). This measured rotundone concentrations during 

ripening and at harvest confirms this observation. This finding has considerable implications 

for the vineyard management of rotundone, as it does for other aroma compounds. The data 

indicates that rotundone management is inherently seasonal, as many other chemical 

compounds in grapes. It is likely that vineyard managers will need to manage their vines 

carefully, based on weather forecasts and previous knowledge of the region, to produce 

grapes with a desired level of peppery rotundone. It is extremely common and well 

documented that seasonal differences change almost every factor in the resulting fruit and 

even wine(35, 39, 86, 91, 94, 105, 136, 137). As these data demonstrate, the newly identified 

aroma impact compound rotundone is clearly responsive and sensitive to changes in the 

growing environment. The accumulation of rotundone in the berries sometime after veraison 

has not been documented before and suggests it may be possible to utilise post-veraison 

vineyard management inputs to alter the speed or degree of rotundone accumulation in fruit. 

The timing of most of the accumulation in these data coincides with the application of several 

canopy management inputs such as leaf removal and fruit thinning. 
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Figure 2.3 Comparison of rotundone concentration (ng/kg) from ‘pre-veraison’ to harvest 

between Syrah grown at Mission Estate Vineyard on Mere Road in Hawke’s Bay during 

2009, and that of Craggy Range Vineyard, also of Mere Road, during the 2010 season. 

 

 

2.5 Conclusions 

 These results indicate a physiological response of rotundone during ripening, which 

upon further research may suggest what, if any vineyard management or environmental 

factors can be attributed for these noted seasonal differences, in addition to environmental 

impacts due to fruit ripening. At present this research is in progress and results will be 

presented in the future. 
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CHAPTER THREE 

 

Vineyard Management Impacts on Rotundone 

3.1  Abstract 

3.2  Introduction 

3.3  Experimental 

3.4  Results and Discussion 

3.5   Conclusion 
 

 

 
This chapter has been formatted for publication as: 

Logan, G. A., Siebert, T. E., Solomon, M. R., Creasy, G. L., Kilmartin, P. A. (2014) 

Vineyard management and clone impact rotundone concentration in V. vinifera L. 

Syrah fruit at harvest. Journal of Agricultural and Food Chemistry. 
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3.1 Abstract 

 

The oxygenated bicyclic sesquiterpene rotundone was recently identified as the black 

pepper impact aroma compound in Syrah grapes and wine, and in selected culinary plants. 

Syrah wines from the Hawke’s Bay growing region of New Zealand have become more 

popular recently due in part to the presence of strong black pepper aromas on the nose and 

pallet. Further anecdotal evidence from growers led to the demand to determine if common 

viticulture management techniques can be utilized to manage levels of rotundone in the fruit 

at harvest. Five local management inputs were selected: Crop load, Fruit Exposure, Timing of 

Leaf Removal, Clonal Selection and Level of Vine Vegetative Vigour. These factors were 

investigated separately in randomized blocks of Vitis vinifera L. Syrah vines grafted on 

Courderc 3309 rootstock, otherwise managed uniformly in accordance with local practice. 

Cultivars were also investigated for rotundone. Fruit samples were taken thrice from each 

replicate throughout the ripening stages. Cooler vintages tended to show higher 

concentrations of rotundone, with important influences also seen due to clone selection with 

differences between individual clones. Levels of vine vegetative vigour produced varying 

results, while neither crop load nor fruit exposure impacted rotundone concentration at 

harvest. Cabernet Franc and Syrah had the highest concentrations of rotundone in this 

research. These results support the importance of pre-planting options of site and clone 

selection, while indicating that other vineyard management inputs do not negatively impact 

upon rotundone concentrations. Selected cultivars of wine grapes were also sampled for 

rotundone concentration. The new information can be used to better manage vineyards for 

desirable aroma compounds in a non-detrimental manner. 
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3.2 Introduction 

 

The Vitis vinifera L. Syrah grape originates from the Northern Rhone Valley in 

France (11), and has become increasingly popular in New Zealand since commercial planting 

started in the 1980s. One of the stylistic differences of New Zealand Syrah wines noted by 

growers, wine writers and consumers has been elevated levels of pungent black pepper 

aromas in the fruit and wines produced. Black pepper is one of the most important spices on 

earth and has been cultivated and traded for thousands of years. The chemical compound 

responsible for the black pepper aroma in Shiraz fruit and wines was identified in 2008 as the 

oxygenated bicyclic sesquiterpene rotundone (Figure 3.1) (4, 5). To date, little evidence or 

literature exists of rotundone in the natural world although it is known that black (and white) 

pepper is sourced from the unripe fruit of Piper nigrum L., and that another plant, Cyperus 

rotundus L., more commonly known as Nutgrass, also contains rotundone (4).  Rotundone is 

only one of a myriad sesquiterpene compounds found in nature, although it is one of the least 

understood. It is known to exist in the same chemical form in black and white pepper, 

common culinary herbs and other plants, albeit at very different concentrations (4). In grapes 

it exists in extremely small amounts – parts-per-billion in fruit (5, 82), and yet due to its 

potency (4, 7, 17) provides a strong and noticeable aroma in some wines, which lift and 

compliment other spicy, savory characters in addition to providing a point of difference to 

Syrah wines. 

 

Sesquiterpenes perform vital roles in flowers and flowering (138), not to mention fruit 

aromatic constituents (139), and even plant defense mechanisms (7, 140). It is likely that 

rotundone may respond similarly based on previous work showing responses to vintage 

variations and increases during berry ripening phases (83). Sesquiterpenes are a large group, 
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closely related to monoterpenes and essential oils, all of which provide potent, pungent and 

prolonged impact aromas and flavors to the product in which they are contained. 

 

O

 

Figure 3.1 Chemical structure of rotundone ((3S,5R,8S)-3,8-dimethyl-5-prop-1-en-2-yl-

3,4,5,6,7,8-hexahydro-2H-azulen-1-one)) (5). 

 

 

Grape- and fermentation-derived flavor and aroma compounds are critically important 

in the production of wines as they are responsible for most differences and quality parameters 

of acceptability between wines. These compounds exist in a matrix and it is almost 

impossible to replicate the intricate blend of compounds to yield palatable results. Rotundone 

is one of the notable impact compounds in wine grapes (45), particularly Syrah (5), and much 

work has been conducted on impact compounds in other cultivars namely; terpenes in Muscat 

(141), Riesling (8) and Gewurztraminer (9), thiols in Sauvignon blanc (142), 

methoxypyrazines in Cabernet Franc (22) and Sauvignon blanc (16), and esters in Pinot noir. 

To date there has been little research on rotundone in grapes and very little understanding as 

to the impact of viticultural management practices. 
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Viticulture management inputs have been studied extensively for many years in the 

pursuit of understanding more on the linkages between modifications to the vine and 

resulting fruit quality for wine production.  Factors shown to prove useful in annual 

management systems to alter final wine quality and aroma compounds include crop load 

management (27), fruit zone leaf removal (105), shoot positioning (35), shoot thinning (143), 

irrigation management (144, 145), nutrition management (145) and timing of selected 

management inputs (34), to name but a few. In addition, there are pre-planting management 

selections known to have a marked influence on vine macro-climate and the resulting fruit 

and wine quality, such as geology, topography, climate, aspect and soil chemistry. 

 

Canopy management techniques have been extensively investigated to determine their 

importance in vine performance, fruit health and quality for wine production (96, 99, 146). 

The important factor to consider is overall vine balance, as many canopy management 

techniques are considered remedial techniques for unbalanced vines planted in unsuitable or 

marginal environments. Regardless, these canopy management techniques are used 

extensively throughout the wine industry and are so commonplace that research into the 

impacts of individual inputs is widespread and highly desirable. Thus an understanding of 

potential impacts of these common management techniques on fruit and wine quality is vital 

to ensure optimum outcomes and competitive edges are attained and explored. 

 

The need to understand rotundone in Syrah grapes and how it performs throughout the 

season is paramount to determine how vineyard management inputs can be used to manage 

levels of rotundone in fruit and wines of Syrah grapes in the production of Syrah wines of 

optimal quality. To that end, several vineyard management inputs have been investigated for 

their impact on rotundone concentration in Syrah fruit grown in the Hawke’s Bay region of 
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New Zealand throughout the berry ripening phase to harvest, and over three years. These 

include fruit-zone leaf removal, crop load per vine, vine vegetative vigor, clonal selection and 

timing of leaf removal. 

 

3.3 Experimental 

 

 3.3.1 Plant material 

 Vines used in the experiment were all Vitis vinifera L. Syrah grafted on Courderc 

3309 rootstocks. These vines were planted in 1998 and trained to a spur-pruned bilateral 

cordon with a vertical shoot positioned (VSP) canopy. The scion ‘clone’ is known as ‘Mass 

Select’ – a mass selection of suitable stock consistent with Syrah traits originating from one 

vine collection in New Zealand, and therefore not a true clone. With the exception of the 

‘clone’ experiment, this was used to maintain consistency with local practice and availability 

of large areas for experimental establishment on the same rootstock. The vineyard and blocks 

were selected based on availability and willingness of the owners to have a large uniform 

vineyard and a vast array of viticulture techniques applied. Vines were selected based on 

uniform, moderate vegetative vigor characteristics to minimize variation where possible, 

except in the case of the ‘vegetative vigor’ investigations where vines of ‘higher’ and ‘lower’ 

vegetative vigor were selected based on trunk circumference, Point Quadrat Analyses (PQA) 

(96) and confirmed by visual inspection of plant and soil. 

 

 3.3.2 Vineyard 

 The experimental site was Craggy Range Vineyards in the Gimblett Gravels growing 

area of Hawke’s Bay in New Zealand, located at 39°59’ S; 176°73’ E. The site consisted of 

deep to very deep alluvial greywacke river gravels and small amounts of topsoil in places. 
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The site was favourable for vine management, very poor in both water holding capacity and 

nutrition, thus regular commercial amelioration was required for optimal performance. Vines 

were planted in rows 2.0 meters apart, with 1.5 meter spacing between vines (3,334 

vines/hectare), and trained onto the single-curtain VSP trellis with the fruiting wire 1.2 

meters above the ground. Inter-row management consisted of sparse blended grasses mown 

regularly to maintain a suitable height. The treatment areas for all experimental factors were 

established in randomized blocks of ten rows each consisting of three 12-vine panels in a 

row, each replicated three times across the block in a 3 x 3 style which included at least eight 

guard vines and two guard rows between treatments. Each set of treatments for individual 

experimental factors was established in a separate ten-row area, all within the main 

commercial vineyard block. 

 

 3.3.3 Environmental and plant measurements 

 Throughout the research, environmental data was recorded using a private weather 

station (Harvest Electronics Live Monitoring, Masterton, New Zealand), in the middle of the 

vineyard area and sent remotely to a protected website, monitored and downloaded directly 

(www.harvest.com). Parameters measured included air temperature, soil temperature, canopy 

temperature, precipitation, humidity, wind speed, leaf wetness, dew point, and calculated 

Bacchus Botrytis Risk, Growing Degree Days (GDD) and Richardson Chill Units (RCU). 

Measurements were taken every ten minutes and uploaded to the main data set, then 

downloaded in Microsoft Excel format. Vine stages were delineated using the modified 

Eichhorn and Lorenz (EL) growth stages of grapevine (29). Canopy density was measured 

using point quadrant analysis (PQA) (27). This was performed in early February once the 

canopies were complete to EL growth stage 32 (bunch closure). The PQA measurements 

were taken at ten-centimetre intervals across the entire 12-vine panel in each replicate of 
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every treatment (27). The Point Quadrat used in these measurements was a 0.5 meter-long 

piece of thin welding rod 2.5 mm in diameter. The canopy surface area was calculated 

according to the method of Smart and Robinson (1991) and used the following measurements 

from the experimental block: 2.0 m between rows, 1.4 m high canopy and 0.3 m canopy 

width. All vines in the fruit exposure treatments were measured for differences in 

Photosynthetically Active Radiation (PAR) between fruiting zones using an AccuPAR LP-80 

ceptometer (Decagon Devices, Pullman, WA). The PAR measurements were taken on 26 

March 2010 using the methodology detailed by King et al. (30). Trunk circumferences (cm) 

were measured 10 cm above the graft union to determine level of vegetative vigour between 

all vines in the experimental areas. 

 

 3.3.4 Viticulture management inputs 

 Five selected management techniques were identified based on the literature and local 

vineyard management. Fruit exposure, cluster number, clonal selection, timing of fruit zone 

leaf removal and vine vegetative vigour level were factors investigated separately throughout 

the work. In addition, during the 2009 harvest period, individual larger samples were taken 

from selected wine grape cultivars to investigate rotundone concentration for comparison 

with the levels found in Syrah. 

The fruit exposure treatments were as follows: fruit zone leaves left on (0% Leaf Removal), 

all fruit zone leaves removed (100% Leaf Removal), and all fruit zone leaves removed and 

artificial (50%) shade cloth applied in the fruit zone (100% Leaf Removal and Shade). 

Crop load treatments were: Full crop load (100% or 4.5 kg/metre), Half crop load (50% or 

2.3 kg/ metre) and Light crop load (10% or 0.4 kg/metre). 

Syrah clones compared were: Mass Select (MS), Chave and Dijon 470. 
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The Timing of Leaf Removal treatments included a full fruit zone leaf removal (150 mm high 

section) at the following growth stages: Pre-Flowering (stage 17), Pre-Bunch Closure (stage 

31) and Veraison (stage 35). Vine Vegetative Vigour treatments consisted of: Higher-, and 

Lower Vegetative Vigour Vines selected using trunk circumferences, PQA and visual 

confirmation.  

 

Aside from the aforementioned experimental factors, the vineyard blocks were all 

treated uniformly with regard to management inputs. These included standard commercial 

operations of herbicide, fungicide and insecticide applications, mowing, graft union bud 

removal, foliage wire movements, shoot positioning, fruit thinning, leaf removal, irrigation, 

fertilizer application, summer pruning, bird net application in the fruit zone and winter 

pruning each year. The experiments were undertaken to provide a basis for practical, 

commercial application in the future. Thus, the trial blocks had treatments imposed with as 

many of the normal viticultural inputs in place so that the results would be reproducible in a 

commercial vineyard under normal operational conditions. 

 

  

3.3.5 Fruit sampling 

 Regardless of the experimental treatment, all vines were sampled uniformly at three 

distinct stages of berry development in 2011 and 2012: Veraison (stage 35), Mid-Engustment 

(stage 37) and Commercial Harvest (stage 38).  Veraison samples were taken on 4 February 

2011 and 13 February 2012; Mid-Engustment samples were taken on 13 March 2011 and 25 

March 2012; Commercial Harvest samples were taken on 6 April 2011 and 15 April 2012. In 

2010, all treatments were only sampled at commercially determined harvest on 22 April 

2010. The fruit samples for cultivar comparisons were taken in 2009. 
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From each treatment replicate across all experimental factors, a cluster sample of ≈ 

300 grams of fruit was removed randomly from across the vines in the replicate, frozen in 

liquid nitrogen and packed into individually sealed plastic ‘Zip-Lock’ bags, transported on 

dry ice and stored at -20°C until required for chemical analyses. 

 

 3.3.6 Laboratory analyses 

 Each 300 g sample was initially sub-sampled into 100 g aliquots, prepared, extracted 

and analysed for rotundone concentration using methodologies as previously described (5) 

except for the gas chromatography (GC) column, where a DB-35ms (35% phenyldimethyl 

polysilphenylene-siloxane phase) capillary column of 60 m length, 0.25 mm I.D. and 0.25 

µm film thickness (df) was used and the carrier gas (helium) flow rate was 1.4 mL/min in 

constant flow mode. These methodologies included standard skin extractions techniques of 

maceration, sonication, centrifugation and filtration. Solid phase extraction (SPE) was 

performed using polystyrene-divinylbenzene (PS-DVB) cartridges and samples were then 

prepared for solid phase microextraction (SPME) and GC-mass spectrometry (GC-MS) in 

selective ion mode (SIM) for rotundone with d5-rotundone was used as internal standard. In 

2012, multidimensional GC-MS was utilised such that an Agilent Technologies 7890A gas 

chromatograph (GC) was fitted with a Deans switch microfluidic plate, a flame ionization 

detector (FID) and coupled to an Agilent 5975C mass selective detector (MSD). The GC was 

also equipped with a Gerstel MPS2 XL multi-purpose sampler and cryotrap system (CTS2). 

The instrument was controlled with Agilent G1701EA ChemStation software in conjunction 

with Gerstel Maestro software (version 1.4.8.14). The fused silica capillary column set 

consisted of a VF-35ms (35% phenyldimethyl polysilphenylene-siloxane phase) first 

dimension (1D) column of 30m length, 0.25mm I.D. and 0.25µm film thickness (df), with a 

VF-200ms (trifluoropropyl methyl polysiloxane) second dimension (2D) column of 30m 
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length, 0.25mm I.D. and 0.25µm df, and a restrictor column of 0.7m length and 0.1mm I.D. 

The 2D column was connected with a fused silica universal straight connector (Supelco, 

Sigma-Aldrich, Sydney, Australia) to a retention gap of 1 m length and 0.25 mm I.D. which 

was positioned within the cryotrap. The carrier gas was helium (Ultra High Purity, BOC, 

Adelaide, Australia), in constant pressure mode with the 1D column head pressure at 46.5 psi 

and the 2D column at 34.95 psi. The SPME parameters remained the same as previously 

published methodologies (5) The oven temperature was started at 80 °C, held at this 

temperature for 1 min., then increased to 210 °C at 5 °C/min, cooled to 130 °C at 15 °C/min 

and held at 130 °C for 3 min, then increased to 210 °C at 5 °C/min and then increased to 

280 °C at 20 °C/min, and held for 10 min. The MS transfer line was held at 250 °C. The 

cryotrap was cooled to 0 °C with liquid N2 and held at 0 °C as the 0.6 min heart-cut from the 

1D column was transferred to the retention gap of the 2D column and while the oven was 

cooled to 130 °C, then the cryotrap temperature was increased to 300 °C at 20 °C/s and held 

at 300 °C for 1 min. The MS was operated in positive EI mode at 70 eV with simultaneous 

SIM and scanning over a mass acquisition range of 35–280 m/z; for SIM determination of 

rotundone with d5-rotundone as internal standard the ions monitored were: m/z 147, 161, 163, 

203, 208, 211, 218, 223 and 226, dwell time 25 ms each. The target ions were typically m/z 

218 for rotundone and m/z 223 for d5-rotundone, with the ions 203 and 208 m/z used as 

qualifiers. The data was analysed with Agilent G1701DA ChemStation software. These 

methods are accurate, precise (3% RSD in grapes), sensitive (limit of quantitation = 0.5 ng/L) 

and linear across the calibration range (R2=0.999) (5). 
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3.3.7 Statistical analyses 

 Statistical analyses of data was performed using IBM SPSS (version 20) Armonk, 

New York. The data analyses included a two-way Analyses of Variance (ANOVA) and Least 

Significant Difference (LSD) to test for statistically significant differences at the α = 0.05 

level or less. 

 

3.4 Results and discussion 

 

 3.4.1 Vineyard climate 

 During the three years, data was collected using the private weather station on the 

vineyard, within 200 meters of the experimental vines, as displayed in Table 1. The data 

shows that 2011 was a warmer season than either 2010 or 2012 and experienced higher 

maximum, mean (p<0.001) and minimum temperatures along with more calculated GDD and 

total precipitation. The 2012 growing season was the coolest and driest year which 

accumulated the fewest GDD over the three year period. The long term average presented in 

Table 3.1 show that the vineyard site is accustomed to warmer air temperatures than 

experienced in 2012, and less precipitation than experienced in the 2010 or 2011 seasons 

(p<0.05). In addition, the 2012 vintage had a higher mean leaf wetness (p<0.001) and 

calculated Bacchus Botrytis risk (p<0.001), both of which may have been exacerbated by 

slightly lower temperatures, mild winds and periodic light rainfall. 
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 Table 3.1 Meteorological data from the Craggy Range Vineyard experimental site in 

Hawke’s Bay, New Zealand over the three year period 2010 – 2012 and presented with the 

long term average (LTA). Data with the same lower case letter do not differ significantly (p ≤ 

0.05), data with the same upper case letter do not differ significantly (p ≤ 0.01). 

 

Vintage GDD 

Maximum 

Temperature 

(°C) 

Mean 

Temperature 

(°C) 

Minimum 

Temperature 

(°C) 

Precipitation 

(mm) 

Mean 

Wind 

Speed 

(km/h) 

Humidity 

(%) 

Leaf 

Wetness 

(%) 

Bacchus 

Botrytis 

cinerea 

Risk 

 

LTA 1304 34.3 14.1 -2.5 752 5.1 77 NA NA  

2010 1384 33.3 13.7B -3.0 991Ab 4.5A 73Aa NA NA  

2011 1527 33.8 14.3C -2.3 1031B 5.6C 80B 4A 0.1A  

2012 1234 30.5 13.6A -2.8 735Aa 5.1B 78Ab 6B 0.2B  

 

 

3.4.2 Vine measurements 

 Point Quadrat Analyses (PQA) were performed each year to investigate differences 

between treatment areas for leaf removal and vegetative vigor factors. The results presented 

in Table 3.2 show that for the vines in the fruit exposure research, after fruit zone leaf 

removal, the 100% removal treatment had 53.8% gaps, a leaf layer number of 0.0, no interior 

leaves and 19.3% interior clusters, compared to 3.6% gaps, leaf layer number of 1.8, 23.3% 

interior leaves and 28.6% interior clusters in the control vines (0% leaf removal canopy). 

Results for the vegetative vigor work showed that vines used as the ‘lower’ vegetative vigor 

treatment had 29.1% gaps, a leaf layer number of 0.8, 2.2% interior leaves and 13.0% interior 

clusters. This is consistent with the extreme leaf removal treatment imposed on the fruit zone 

to determine the impact of vineyard leaf removal. Vines in the ‘higher’ vegetative vigor 

treatment had 1.5% gaps, a leaf layer number of 2.8, 38.8% interior leaves and 68.2% interior 

clusters. The optimum values for the PQA results as determined by Smart and Robinson 

(1991), suggest that these vines were not at the lowest or highest levels of vegetative vigor 
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classified, nor would they be considered the highest or lowest levels found in the region 

(147). However, they do represent a separation between levels of vegetative vigor for the 

purposes of this research. 

 

Table 3.2 Point Quadrat Analyses performed in the fruit zone of vines after leaf removal 

(LR) treatments in the fruiting zone of differential exposure experiments, and before 

defoliation in vegetative vigor experiment performed in the Craggy Range Vineyard 

experimental site in Hawke’s Bay, New Zealand (96). 

 

 

AFTER DEFOLIATION BEFORE DEFOLIATION 

 
 

0% LR 100% LR LOW HIGH OPTIMUM 

  EXP EXP VIGOR VIGOR VALUES 

% Gaps:  3.6 53.8 29.1 1.5 20 - 40 

Leaf Layer Number: 1.8 0.0 0.8 2.8 1.0 - 1.5 

% Interior Leaves 23.3 0.0 2.2 38.8 < 10 

% Interior Clusters 28.6 19.3 13.0 68.2 < 40 

 

 

Canopy ceptometry was completed for vines in the fruit exposure treatments in order 

to determine if a PAR light intensity difference existed between the three leaf removal and 

shade treatments. As recommended by King et al. (2012), these measurements were taken 

within one hour of solar noon on a clear day to obtain the most accurate results. These data, 

presented in Table 3.3 show that ambient light intensity means were between 1435 and 1455 

µmol m-2s-1, and that artificial shade cloth covered vines were receiving only 225 µmol m-2s-1 

in the fruit zone, compared to 530 µmol m-2s-1 in the no leaf removal treatment fruit zone, and 

681 µmol m-2s-1 when leaves were removed and fruit was fully exposed to the environment. 

This approach to cover the fruit-zone of vines in a separate treatment was applied to 

distinguish the impact of biological shade from leaves and the other physiological functions 
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of those leaves. It is important to note that this technique requires the measurements taken 

directly horizontal to the canopy. However, vine leaves are almost never perfectly horizontal, 

nor do they remain in one place. Throughout the day and season, leaves move in response to 

wind and mechanical factors, and leaf blades are not flat causing different intensities and 

PAR levels on different parts of the leaf, as described in Smart (1991). Further, when canopy 

measurements are taken in the fruit zone, in this case the lower 20% of the vertical canopy, 

the impact of upper leaves must be considered, as grapevine leaves are highly efficient at 

absorbing incumbent sunlight causing leaves below to receive very small amounts of 

transmitted light (136). In grapevines, the light saturation point for photosynthetic activity is 

achieved at around 800 µmol m-2s-1 and the light compensation point (the amount of light 

intensity where photosynthetic and respiration rates are even) is between 15 and 30 µmol m-

2s-1 (approximately 33% and 1% of full sunlight respectively) (148). This indicates that vines 

in the treatment, while receiving ambient light in excess of the saturation point, had values 

were below saturation levels and yet were receiving adequate light intensity to function.  

 

Table 3.3 Photosynthetically Active Radiation (PAR) data (µmol m-2s-1) from the fruit 

exposure treatment areas in the Craggy Range Vineyard experimental site in Hawke’s Bay, 

New Zealand over the three year period 2010 – 2012 using an AccuPAR LP-80 Ceptometer. 

 

  
PAR 

Leaf Removal and  Shadecloth 
  

PAR 

Leaf Removal with  

No Shade 

  
PAR 

No Leaf Removal 

 
Ambient Canopy Difference 

 
Ambient Canopy Difference 

 
Ambient Canopy Difference 

Mean 1455 225 1230 
 

1435 681 753 
 

1450 530 920 

SD 94 138 181   26 315 340   163 499 473 
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Canopy surface area measurements were performed and calculated to determine 

exposed canopy surface area per hectare for the purposes of intercepting sunlight and fruit 

yield potential, as detailed in Smart and Robinson (1991).  The experimental vines were all 

planted to the same dimensions: 2.0 m between rows, 1.5 m between vines, and trained to 

produce a (trimmed) canopy height of 1.4 m and a width of 0.3 m, which resulted in a 

calculated canopy surface area of 15,500 m2/ha. This is 5,500 m2/ha below the optimal value 

for VSP trained vineyard canopy surface areas (21,000 m2/ha) as suggested by Smart and 

Robinson (1991) taking mechanization into consideration. Thus vines in the experimental 

vineyard are considered not to have the ability to produce the highest possible yields per unit 

area. However, the goal of modern, ‘ultra-premium’ wine producers is not to maximize yields 

but rather to balance vine vegetative structures, with that of the fruit, for the production of 

maximum possible fruit quality in a given vineyard. These parameters for fruit quality are 

based on a combination of aroma, flavour, mouth feel and colour compounds in addition to 

soluble solids, acids and water content, all of which are factors in production and harvest 

decisions at the vineyard and used in this research. Moreover, this philosophy of fruit yield 

volumes can be taken to agricultural production extremes and some growers actively attempt 

to produce ‘low yielding’ vines (0.5 – 2.0 kg/vine), as they believe it produces superior 

quality. However, as vines can produce excessive canopies, this leads to increased levels of 

vegetative vigour at the expense of fruit quality in some vineyards (27, 39, 149).  

 

Further, the planting density was 3,334 vines per hectare, which yields a canopy 

surface area of 4.65 m2 per vine, assuming full cover. As presented by Smart and Robinson 

(96), grapevines usually require about 12 cm2 of leaf per gram of fruit produced in order to 

ripen that fruit. Using this calculation, the Syrah vines in the experimental vineyard would be 
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expected to yield about 3.8 kg of fruit each, whereas typical yields in this vineyard are often 

between 2.8 and 3.5 kg per vine to allow for soil type and the variability of environmental 

factors between vintages. 

 

Trunk circumferences were measured for vines in the treatment areas to further 

determine relative levels of vegetative vigour between them, (Table 3.4). It was found that 

vines in the higher vegetative vigour treatments had a mean trunk circumference of 161.8 mm 

(SD 13.3 mm), compared to 120.4 mm (SD 17.6 mm) for lower vigour vines in the 

experimental block, and the effect between means was p=0.061. However, this suggests both 

limitations in the commercial selection of vegetative zones without further techniques such as 

EM-38 soil maps or NDVI (Normalized Difference Vegetative Index) canopy mapping and 

supports the notion of using several parameters to delineate zones for wine production based 

on vegetative vigour levels of the vines. Despite this, trunk circumferences have been used as 

a delineator of vegetative vigour zones in previous research (26, 150), and it is becoming 

more accepted as a factor in local vineyard management techniques.  
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Table 3.4 Trunk circumferences (mm) for vines in the vegetative vigour, leaf removal, fruit 

exposure and crop load treatments at Craggy Range Vineyard, Hawke’s Bay, New Zealand. 

The circumference was measured 300 mm above ground (clear of graft union). 

 

  High Low No 
Pre-

Flowering 
Flowering 

Pre-Bunch 

Closure 
Veraison 0% 100% 

100% 

+SHADE 
100% 50% 10% 

(mm) Vigor Vigor LR LR LR LR LR EXP EXP EXP CROP CROP CROP 

 
  

  
    

  

  

  

  Mean 161.8 120.4 167.5 153.6 160.1 159.8 160.4 163.6 163.7 157.7 150.1 149.4 150.8 

Standard 

Deviation 
13.3 17.6 12.3 14.5 14.6 7.4 10.2 12.9 13.7 12.1 12 12.3 11.3 

 

 

 3.4.3 Rotundone 

  3.4.3.1 Vintage variation in rotundone concentration 

 The concentration of rotundone was analysed in berries at the commercially 

determined harvest date in 2010, 2011 and 2012 (Figure 3.2), and at three stages of berry 

development in 2011 and 2012 (veraison, mid-engustment and harvest) (Figure 3.3). 

Differences were seen in the amount of rotundone produced at harvest between years. The 

fruit harvested in the 2012 vintage showed more than three times higher concentrations of 

rotundone across all of the experiments and treatments than either 2010 or 2011 (p<0.001). 

However, the first two years (2010 and 2011) of the research did not produce different 

concentrations of rotundone in the fruit at harvest (p=0.740). Throughout berry ripening 

rotundone increased from below the limits of quantitation, and differences between vintages 

were again clear (Figure 3.3).  This shows not only vintage variation at harvest but a different 

rate of rotundone accumulation throughout the three stages sampled. It is worth noting that 

the data was more uniform in 2010 and 2011, while in 2012, when concentrations were high, 

the data were found to have increased standard deviations, and suggest a higher degree of 

variability between vines in the cooler year. The difference between vintages on the basis of 
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rotundone suggests that there is an impact of vintage, and one of temperature, heat units 

during that season on rotundone concentration of fruit, regardless of vineyard management 

inputs. This adds weight to the need for management techniques to moderate levels of 

rotundone and pepperiness in wines across vintages to produce a more reliable product for 

consumers.  
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Figure 3.2 Rotundone concentration (ng/kg) in Syrah fruit at commercial harvest in 2010 

(top), 2011 (middle) and 2012 (lower) for selected management input factors: Cropload, Fruit 

Exposure, Leaf Removal Timing, Clone and Level of Vegetative Vigor at Craggy Range 

Vineyards in Hawke’s Bay, New Zealand. 
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Caputi et al (4) also found a strong vintage variation (p<0.001) between fruit and 

wines of Vespolina grown in Italy. In the cooler year they found higher concentrations of 

rotundone in the fruit which concurs with our present study.  The differences between years 

in the work of Caputi et al (2012) (2.77 and 1.42 µg/kg in 2009 to 5.44 and 3.67 µg/kg in 

2010) were 2.0- and 2.6-fold increases, and our research resulted in more than three-fold 

increases experienced in New Zealand Syrah fruit (vintage means: 50.5 ng/kg in 2010, 53.2 

ng/kg in 2011 compared to 163.2 ng/kg in 2012). However, very high levels of rotundone 

were shown in fruits of Vespolina grapes, well in excess of Syrah levels experienced (4). The 

different substrate, environmental and cultural conditions between the Italian work and that 

presented here may have contributed to these differences. Also, differing analytical methods 

were applied: in this New Zealand Syrah trial, a wine-like ethanol level was used to extract 

rotundone from the berries (3) whereas in the Italian Vespolina trial, a more exhaustive 

extraction with acetone was used (4).  
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Figure 3.3 Rotundone concentration (ng/kg) in Syrah fruit at Veraison, Mid-Engustment and 

Harvest stages during 2011 (upper) and 2012 (lower) for Fruit Exposure comparisons; full 

fruit-zone leaf removal (100% LR), full fruit-zone leaf removal and artificial shade cover 

(100% LR + SH), and no leaf removal (0% LR). 
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The impact of temperature on grape composition is well documented (37-39), 

including sesquiterpenes, and has been implicated for producing different levels of rotundone 

in wines (2, 4). The 2012 vintage, which produced higher levels of rotundone, had a lower 

mean temperature (p<0.001) and fewer calculated Growing Degree Days (GDD) (1234 

compared to 1384 or 1527 and a long term mean of 1,304), both of which can contribute to 

changing the growing environment and marginalizing the ability of vines to ripen the fruit. 

Some sesquiterpenes have been implicated as a stress response in plants, and if the cooler 

year and lighter soils are considered in this case, these can contribute to mild stress in the 

vine. Recently, Bourtsoukidis and colleagues (40) suggested that sesquiterpene synthesis was 

not only a stress response to environmental impacts, but that both temperature and ozone 

stress in particular were important. They found that in less polluted atmospheric conditions, 

sesquiterpene synthesis was correlated to temperature, albeit increasing sesquiterpene 

volatilization with an increase in temperature(40). However, in this research we did not 

measure volatilization of rotundone from the fruit during ripening, but the actual 

concentration left in the fruit at harvest. Syrah grapes produced in cooler years may contain 

higher concentrations of rotundone due to lower rates of volatilization and vice versa. 

 

  3.4.3.2 Impact of cultivar on rotundone 

 During the first vintage (2009), samples of different grape cultivars were taken and 

analysed for rotundone concentration to give a reference point for the importance of 

rotundone in Syrah, and to determine if any other locally grown wine grape cultivars 

contained rotundone. These results are presented in Table 3.5 and show that rotundone was 

present in the fruit of several other commonly grown cultivars in the region, and at a wide 
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range of levels. The discovery of rotundone in these cultivars has not been reported 

previously, especially the surprisingly high levels found in Cabernet Franc as compared to 

Syrah. Although as this part of the study was only from one vintage, further investigation is 

warranted to confirm the regularity of rotundone forming in Cabernet Franc. In the Gimblett 

Gravels growing region, Syrah wines are generally found to produce the most peppery 

flavours despite our discovery of higher levels of rotundone in local Cabernet Franc, and that 

of Vespolina grapes in Italy (4). However, as reported by Wood et al (2008) (4) several other 

culinary plants were found to contain rotundone in nature, many of these as key aroma 

constituents. Before 2008, rotundone in nature was only mentioned in nut grass (Cyperus 

rotundus) (41), nagarmotha (C. scariosus) (42), and in agarwood (Aquilaria agallocha) (43, 

44), all of which have been credited as traditional medicines. Therefore, rotundone may be 

more important in nature and exist in more plants than currently known. In addition, this 

highlights the importance of fully utilizing blending options and considering the spicy 

components that rotundone may add to the blend when constructing red wine blends that 

include Cabernet Franc. 

 

Table 3.5 Rotundone concentration (ng/kg) found in the fruit of selected wine grape cultivars 

grown in Hawke’s Bay, New Zealand during vintage 2009. 

Cultivar Rotundone Concentration (ng/kg) 

Cabernet Franc 243 

Syrah 13 - 300 

Zinfandel 30 

Merlot 18 

Sangiovese 16 

Malbec 7 

Pinotage 6 

Montepulciano 6 

Chambourcin 5 

Cabernet Sauvignon 5 

Sauvignon blanc n.d. 
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3.4.3.3 Clone of Syrah and rotundone 

 The clone of Syrah was found to be one of the strongest differences in this research. 

The newly planted clone in New Zealand ‘Dijon 470’ was found to contain 116 ng/kg in 2010 

and 134 ng/kg in 2011, the highest levels of rotundone in all years (p<0.001), when compared 

to ‘Chave’ at 72 ng/kg in 2010 and 100 ng/kg in 2011 (p=0.017), and to ‘Mass Select’ 

(p<0.001) clones, which had concentrations as low as 13 ng/kg in 2010 and 28 ng/kg in 2011. 

The difference at harvest was distinctive (103-106 ng/kg rotundone) and when compared to 

the sensory perception threshold for rotundone in red wine solutions (16 ng/L), meaning that 

the differences between clones would be highly noticeable in the final wines. Moreover, the 

importance of using several clones of Syrah or many other wine grapes is highlighted here. 

Not only can clones be used to buffer vintage variation and colour differences (45), but now 

the importance of clonal blending to manage (increase or decrease) concentrations of 

rotundone in the final wine can be shown. 

 

  3.4.3.4 Fruit exposure and rotundone 

 The removal of leaves from the fruiting zone of wine grapes has been studied 

extensively. During the 2010 – 2012 growing seasons, we found varying results for the 

impact of fruit exposure on rotundone concentrations in Syrah (Figure 3.2). In the first years 

it appeared that a difference may have been emerging. However, overall there were no 

differences between rotundone concentrations for 100% leaf removal (p=0.758) and full fruit 

zone leaf removal with artificial shade cover (p=0.401), when compared to full leaf cover (no 

leaf removal) treatments. This was somewhat unexpected as previous work with 

sesquiterpenes suggested that destruction of some leaves through herbivore damage resulted 

in increased levels of sesquiterpenes, thought to be a stress response (151). It is worth noting 
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that although many leaves were removed and canopies were completely void of leaves in the 

fruit zone, the actual surface area and percentage leaves removed may not have been enough 

to eliminate this response, especially considering the annual nature of these treatments in 

local vineyard management. Moreover, temperature has been suggested as one factor likely 

responsible for different levels of rotundone in wine grapes, and for larger, more dense 

canopies there can be a major temperature difference between shaded and exposed berries. 

Perhaps in this case, the ‘shaded’ vines were not dense enough to elicit a noticeable response. 

In addition, the work of Bourtsoukidis and colleagues (40) demonstrated how light levels had 

no impact on sesquiterpene volatilization or lack thereof in a Central European spruce forest. 

If this is true for rotundone volatilization in Syrah, then the current vineyard management 

techniques that remove leaves and open the canopy up to enhance ripening for fruit may not 

have any impact, detrimental or otherwise on rotundone concentrations at harvest as found in 

this research. 

 

  3.4.3.5 Crop load and rotundone 

 In this work, extreme crop load techniques were employed, far in excess of 

commercial practice for reducing crop load or cluster number per vine at the low end to 

determine if any differences could be found. The vines in this research have already been 

shown to be smaller and less dense than others in the Hawke’s Bay region, and thus ‘full 

crop’ cluster numbers are potentially lower. When comparing 4.5 (100%), 2.3 (50%) and 0.4 

(10%) kg/metre on the basis of rotundone concentration in fruit over the three vintages, we 

found no differences between 10% crop (p = 0.760) or 50% crop (p = 0.367) and the full 

100% of naturally set crop vines. This may be due to the fact these cluster numbers were not 

at all high when compared to local Syrah vines, due to the management decisions for smaller, 

more balanced vines suitable to the alluvial gravel soils and low rainfall experienced in the 
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region. It could therefore be suggested that the ‘full crop’ treatment may not have been high 

enough to create stress within the plant, previously indicated as a stimulant toward higher 

levels of rotundone, nor would we have seen the full spectrum of yield levels and responses. 

However, the results provide useful information to those who use cluster thinning techniques 

in the hope of improving other fruit constituents, that it will not impact potentially desirable 

levels of rotundone in the fruit. 

 

 

  3.4.3.6 Rotundone and timing of leaf removal 

 When the impact of altering the stage of vine development at which commonly 

applied fruit zone leaf removal was imposed, it was found that differences in rotundone levels 

existed between treatments.  However, when pre-flowering (EL stage 17) leaf removal and 

flowering stages (EL stage 25) were compared to no leaf removal treatments, the rotundone 

levels were not different in the fruit at harvest (p = 0.272 and 0.488 respectively). This may 

in part be explained by previous work indicating that veraison (EL stage 35) is an important 

phase for rotundone accumulation in fruit, suggesting that earlier stages of vine growth and 

berry development may not have as much of an impact on rotundone as they do on other 

compounds. In all our research, rotundone levels prior to veraison are either at trace levels or 

completely absent from the fruit (46). At the pre-bunch closure stage (EL stage 31) leaf 

removal treatments, the results indicated that this stage of leaf removal might be important 

for further investigation with more vintages and vineyards when compared to no leaf removal 

(p=0.087). When comparing veraison (EL stage 35) leaf removal to the no leaf removal 

control, veraison removal was found to be higher overall (p=0.023), further indicating the 

impact of management factors on the vine at the highly important stage of development. 
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  3.4.3.7 Vine Vegetative Vigour Level and Rotundone 

 Vineyard variability is one of the most important and difficult factors in New Zealand 

vineyards. As soils and plants are not uniform, changes exist throughout a block or site, 

which can lead to extreme differences in the vegetative vigour of the vines, where some areas 

produce smaller and much larger vine biomass in small areas. Previous research has shown 

marked effects on fruit and wine quality arising from these site changes and prompted this 

research. In comparing vines with ‘higher’ and ‘lower’ levels of vegetative vigour, an initial 

trend toward higher concentrations in lower vigour vines was seen at first. However once all 

seasons had been considered, no differences were observed between the concentration of 

rotundone in fruit of higher and lower vigour vines (p=0.189). However, it is worth noting 

that the vines used in this work were not the highest or lowest vegetative vigour levels found 

in the region. 

 

 

3.5 Conclusions 

This research has added a significant amount of information to the body of knowledge 

required for managing rotundone in the vineyard. Our results have demonstrated the 

importance of key considerations when planting, harvesting and blending to obtain optimum 

levels of rotundone to produce desired black pepper characters in final wines. These factors 

impact all vineyard and winery operations from pre-purchase to annual management. 

Decisions of where to plant a vineyard, what vines to select and how to manage them are 

known to impact final wine composition, ‘quality’ and now rotundone levels in addition to a 

myriad of other compounds – all of which contribute to consumer acceptance and financial 

viability. Further we have highlighted the extent to which rotundone differs between seasons 

to produce highly variable results in the wine, suggesting that some vintages may produce 
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more rotundone-driven wines than others which would rely on other chemical aroma 

compounds as lead properties in wines. This continues to provide challenges to viticulturists 

and enologists when attempting to produce a consistent product for consumers each year. 

When the concentration of rotundone in different cultivars is considered, we can also suggest 

vintage variation between wines made from other local grapes and the challenges this 

continues to present these wine styles and even consistency of ‘icon’ wines. Understanding 

that rotundone differs between vintages and cultivars may also benefit blending options by 

presenting winemakers with further tools to assist blending decisions.  

  

With a knowledge of rotundone concentration at differing levels in grapes, it is 

necessary to investigate the impacts of later stages in the processing of Syrah grapes and 

production of the wines to determine if changes found in grapes can be experienced in wines, 

as suggested for Vespolina (4) or if the plethora of chemical reactions attributed to 

fermentation and aging of wine may further impact variability of rotundone, especially in the 

Hawke’s Bay region of New Zealand, quickly building a reputation for highly desirable 

Syrah wines. 

 

  



Chapter Four: Fermentation Impacts on Rotundone and other constituents in Syrah 
 

81 
 

 

CHAPTER FOUR 

 

Fermentation Impacts on Rotundone in Syrah 

4.1  Abstract 

4.2  Introduction 

4.3  Experimental 

4.4  Results and Discussion 

4.5  Conclusion 

 

 

 

 
This chapter has been formatted for publication in Journal of Agricultural and Food 

Chemistry as: 

 Logan, G. A., Siebert, T. E., Barter, S., Herbst-Johnson, M., Kilmartin, P. A. 

Fermentation and region of origin impacts on concentration of rotundone and other important 

aroma compounds in Vitis vinifera L. Syrah. 
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4.1 Abstract 

The oxygenated bicyclic sesquiterpene rotundone was recently identified as the 

compound responsible for producing black pepper aromas in V. vinifera L. Syrah. Previous 

research has identified environmental and plant based impacts on the levels of rotundone in 

grapes produced under various commercial management practices. Thus an investigation of 

fermentation and a survey of finished commercial wines are paramount to understanding 

whether impacts in the vineyard may contribute to differing levels in the finished wine. Four 

stainless steel and two oak commercial fermentations were sampled regularly throughout 

ethanolic fermentation to determine changes in rotundone concentration and extraction from 

the berry skin into the wine. Further, an analysis of fruit variation was conducted by 

fermenting individual clusters of fruit in coffee plunger pots. Lastly, 52 commercial Syrah 

wines from New Zealand, Australia, France and The United States of America were analysed 

for rotundone and other aroma compounds. Rotundone concentration was higher in two of the 

four stainless steel fermentations and in commercial wines from New Zealand. Single-cluster 

fermentations produced the highest levels of rotundone to date, despite a high variation 

between clusters, and lower monoterpene concentrations. French wines showed generally 

higher levels of fatty acids, lower ester production and a reliance on monoterpenes. 

Australian and USA wines had lower levels of monoterpene compounds. There is potential to 

construct a Syrah finger print with the inclusion of wines produced over several seasons and 

from more regions around the globe. 

 

 

  



Chapter Four: Fermentation Impacts on Rotundone and other constituents in Syrah 
 

83 
 

4.2 Introduction 

The Vitis vinifera L. Syrah grape originates from the Northern Rhone Valley in 

France (11), and has become increasingly popular in New Zealand as a premium red table 

wine due in part to the pronounced black pepper characters it possesses. The black pepper 

aroma was recently identified in Syrah and culinary plants as the sesquiterpene rotundone 

hitherto known only in the Cyperus rotundus sedge grass (6). Rotundone is found in the 

exocarp of the berries of certain cultivars and its concentration varies considerably between 

plant materials, vineyards and vintages. Importantly, rotundone is incredibly potent - its 

sensory perception threshold is just 16 ng/L in red wine (4, 5), and levels in New Zealand 

Syrah are higher than most regions from almost nothing to well over 300 ng/L. Thus a small 

change in vineyard practice, microclimate or plant material may have considerable impact on 

the potency of black pepper aromas in the fruit.  

 

In the Gimblett Gravels, growers produce only a few hundred hectares of Syrah, yet it 

is often used as a winery flagship or icon wine, and as a result receives much attention in the 

vineyard. Vines are grown on two-cane or bilateral cordon-spur VSP canopies and planted on 

selected low vegetative vigor-capacity rootstocks into low fertility gravel soils. Common 

management inputs in the region include fruit-zone leaf removal, canopy trimming, crop load 

adjustment, shoot spacing, shoot thinning and bird net application.  

 

However, consumers never taste the fruit, so it is important to know if changes 

initiated in the vineyard contribute to differences in the concentration of rotundone in 

commercial wines. In fact consumers may prefer differing levels of pepperiness, and hence 

rotundone in their wines, so different wine labels within the same portfolio may be needed, 

related to different production techniques and levels of pepperiness. As rotundone is found in 
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the skin of the Syrah grape berry, it is vital to understand the relationship between berry and 

wine throughout the fermentation process. 

Fermentation of V. vinifera L. fruit is an incredibly intricate process with many 

chemical reactions occurring simultaneously during the transformation of grape soluble 

sugars into ethanol and carbon dioxide. Ultimately red wine production requires the 

extraction of colour, flavor and aroma compounds from the skins and seeds of berries in 

suitable amounts to result in desirable wines. Each compound or class of compounds can 

behave differently throughout this process, with some extracted initially during crushing of 

the berries, some accumulating slowly with time in an aqueous medium , others are formed as 

a direct result of yeast activity, and still more as the ethanol concentration rises during 

fermentation. Moreover, some compounds may be lost due to volatilisation throughout the 

process. 

In this research we track rotundone in commercial Syrah winemaking from initial 

berry crushing, through fermentation in open top stainless steel and oak cuvees, to the point 

where the wine is separated from the skins. Further, an investigation of single bunch 

fermentations were completed to compare wine aroma levels with commercially made wines.  

This enabled cluster variability to be investigated, and a selection of commercially available 

finished wines from different international locations to be surveyed. 

 

4.3 Experimental 

 

 4.3.1 Plant material 

 Fruit used in these fermentations was sourced from V. vinifera L. Syrah blocks at 

Craggy Range Vineyards on the Gimblett Gravels, Hawke’s Bay, New Zealand located at 

39°59’ S; 176°73’ E.  Fruit from different blocks were kept separate for fermentation. The 
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fruit was hand-harvested in 2011 at commercially selected stages of ripeness based on 

winemaking decisions, and transported a very short distance to the winery site. 

 

 

 

 4.3.2 Commercial winery processing and fermentation 

 Fruit arriving at the winery was passed over a vibrating sorting table to manually 

eliminate any green or damaged fruit and material other than grapes (MOG). Fruit was then 

passed through a crusher / de-stemmer to remove berries from the rachis. However, the 

crushing rollers were removed to prevent berries being crushed at this point. The fruit was 

transported in bins, with approximately 300 kg in each, and tipped into four square stainless 

steel open-top fermentation tanks and two round oak cuvees. Fermentations of ~ 5 tons were 

separated based on vineyard fruit block source, which include different clone/rootstock 

combinations. Tanks had mesh screens placed over the open top to prevent fruit flies 

producing ethyl acetate in the wines. Three times per day fruit in the stainless steel tanks 

were mixed to prevent skins drying at the top (resulting from CO2 lifting berries and skins), 

by plunging the skins down with a hand-operated pneumatic plunger. Twice per day the oak 

cuvees had ‘de le stage’ performed, in which the liquid was completely removed from the 

tank and returned by irrigating over the top of the skins. These techniques were repeated 

continually until the point of ‘cap sink’, the point at which the level of CO2 being produced 

by the fermentation no longer raised the skins to the top of the tank, a maceration time of 

around 21 days. The wine was then drained through a screen to separate it from the remaining 

solids – skins, seeds and debris, and pumped using inert gas to settle and age in oak barrels. 
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 4.3.3 Sampling 

 Throughout the fermentations, 350 mL samples were taken daily from each tank by 

gently lowering a specially designed sampling sieve/collector through a hole in the cap and 

collecting the liquid. The sample was taken from approximately the middle of the liquid in 

the tank space to ensure uniformity and avoid exacerbating the extraction near the skins. 

Containers were then frozen in dry ice and stored at -20°C until analysis. 

 

 

 4.3.4 Single bunch fermentations 

 Single bunches of Syrah were selected at random from the basal position of vines in 

the Craggy Range Vineyards experimental area. Samples were sealed in separate Ziploc bags 

and chilled to 5°C to emulate commercial production. Fruit was removed from the rachii, 

sealed in plastic bags, crushed by hand and transferred to individual commercially 

manufactured coffee plungers. Inoculation was completed using Saccharomyces cerevisiae 

bayanus strain Lalvin EC-1118 (Lallemand Inc., Montréal, QC, Canada) at label rates. 

Micro-fermentations of single clusters in coffee plungers were allowed to complete 

fermentation in temperature-controlled storage with a set point of 15°C. Each day cap 

management by plunging was completed using the plunger in the lid of the fermenter. The 

entire cap was submersed five times, during which time the plunger was left on top of the cap 

awaiting further use and to avoid dehydration of the skins. Fermentation took eleven days to 

complete, at which time the wines were decanted off gross solids into sterile sample vials and 

allowed to settle out overnight at -4°C, before being decanted off the solid lees into sterile 

sample vials. No post-fermentation maceration took place due to concerns over excessive 

oxidation of the very small batches. The wine samples were then separated into three 

fractions for separate analyses of: (a) rotundone, (b) esters and other aroma compound, and 
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(c) primary constituents. Samples (a) and (b) were immediately transferred to frozen (-20°C) 

storage where they remained until analysis. Sample (c) was stored at 4°C prior to analyses of 

the primary constituents. All samples were centrifuged at 10,000 rpm for ten minutes and 

filtered through 0.45µm single-use syringe filters prior to further analyses. 

 

 4.3.5 International Syrah wine survey 

 In an effort to further explore the chemical profile of Syrah wines from New Zealand, 

and how their seemingly special organoleptic qualities compare to Syrah wines from other 

international locations, a random selection of at least ten bottles of commercially produced 

Syrah (or Shiraz) wines were collected from commercial wine stores. Wines were selected 

across price-points and from the main Syrah-producing areas of the relevant country of 

origin. In this research, 11 wines from Australia, 10 from France and 12 from The United 

States of America were selected to compare with 19 wines produced in New Zealand. 

 

 4.3.6 Rotundone analyses 

 Each 300 g sample was initially sub-sampled into 100 g aliquots, and analysed for 

rotundone concentration using methodologies previously described (5), except for the gas 

chromatography (GC) column, where a DB-35ms (35% phenyldimethyl polysilphenylene-

siloxane phase) capillary column of 60 m length, 0.25 mm I.D. and 0.25 µm film thickness 

(df) was used and the carrier gas (helium) flow rate was 1.4 mL/min in constant flow mode. 

These methodologies included standard skin extractions techniques of maceration, sonication, 

centrifugation and filtration. Solid phase extraction (SPE) was performed using polystyrene-

divinylbenzene (PS-DVB) cartridges and samples were then prepared for solid phase micro 

extraction (SPME) and GC-mass spectrometry (GC-MS) in selective ion mode (SIM) for 

rotundone with d5-rotundone as internal standard. In 2012, multidimensional GC-MS was 
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utilised, in which an Agilent Technologies 7890A gas chromatograph (GC) was fitted with a 

Deans switch microfluidic plate, a flame ionization detector (FID) and coupled to an Agilent 

5975C mass selective detector (MSD). The GC was also equipped with a Gerstel MPS2 XL 

multi-purpose sampler and cryotrap system (CTS2). The instrument was controlled with 

Agilent G1701EA ChemStation software in conjunction with Gerstel Maestro software 

(version 1.4.8.14). The fused silica capillary column set consisted of a VF-35ms (35% 

phenyldimethyl polysilphenylene-siloxane phase) first dimension (1D) column of 30 m 

length, 0.25 mm I.D. and 0.25 µm film thickness (df), with a VF-200ms (trifluoropropyl 

methyl polysiloxane) second dimension (2D) column of 30 m length, 0.25 mm I.D. and 0.25 

µm df, and a restrictor column of 0.7 m length and 0.1 mm I.D. The 2D column was 

connected with a fused silica universal straight connector (Supelco, Sigma-Aldrich, Sydney, 

Australia) to a retention gap of 1 m length and 0.25 mm I.D., which was positioned within the 

cryotrap. The carrier gas was helium (Ultra High Purity, BOC, Adelaide, Australia), in 

constant pressure mode with the 1D column head pressure at 46.5 psi and the 2D column at 

34.95 psi. The SPME parameters remained the same as previously published methodologies 

(5). The oven temperature was started at 80 °C, held at this temperature for 1 min., then 

increased to 210 °C at 5 °C/min, cooled to 130 °C at 15 °C/min and held at 130 °C for 3 min, 

then increased to 210 °C at 5 °C/min and then increased to 280 °C at 20 °C/min, and held for 

10 min. The MS transfer line was held at 250 °C. The cryotrap was cooled to 0 °C with liquid 

N2 and held at 0 °C as the 0.6 min heart-cut from the 1D column was transferred to the 

retention gap of the 2D column and while the oven was cooled to 130 °C. Then the cryotrap 

temperature was increased to 300 °C at 20 °C/s and held at 300 °C for 1 min. The MS was 

operated in positive EI mode at 70 eV with simultaneous SIM and scanning over a mass 

acquisition range of 35–280 m/z. For SIM determination of rotundone with d5-rotundone as 

internal standard, the ions monitored were: m/z 147, 161, 163, 203, 208, 211, 218, 223 and 



Chapter Four: Fermentation Impacts on Rotundone and other constituents in Syrah 
 

89 
 

226, with a dwell time of 25 ms each. The target ions were typically m/z 218 for rotundone 

and m/z 223 for d5-rotundone, and the ions 203 and 208 m/z were used as qualifiers. The data 

was analysed with Agilent G1701DA ChemStation software. These methods are accurate, 

precise (3% RSD in grapes), sensitive (limit of quantitation = 0.5 ng/L) and linear across the 

calibration range (R2=0.999) (5). 

 

4.3.7 Primary constituent analyses 

All wine samples were analysed for primary constituents (ethanol, total acidity, 

volatile acidity, malic acid, pH and residual sugar) using Fourier transform infrared 

spectroscopy (FossWineScan FT 120; Foss, Hillerød, Denmark) located at Pernod Ricard 

Winemakers’ Tamaki bottling plant in Auckland. The WineScan is calibrated regularly to 

analyse commercial bottling samples of this nature for export certification, and international 

wines. The following parameters are typically calibrated: ethanol, total acidity, volatile 

acidity, pH and residual sugar. 

The finished wines were settled, decanted off any sediment, centrifuged to remove 

solids and filtered through 0.45µm syringe filters. The samples were then transferred to 50 

mL WineScan vials and analysed in duplicate. 

 

4.3.8 SPME GC-MS analyses 

Selected aroma compounds in Syrah experimental and commercial wines were 

analysed using previously published SPME-GC-MS methods for higher alcohols, terpenes, 

C6-alcohols and fatty acids (152-155) using an Agilent Technologies 7890A GC System 

coupled to an inert XL mass selective detector model 5975C (Santa Clara, CA, USA). The 

Syrah wine samples were prepared in duplicate from bottles, centrifuged and filtered through 

0.45 µm syringe filters and transferred to 20 mL glass SPME vials with 9.0 mL of Milli-Q 
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water, 3.5 g NaCl and internal standards. The internal standards added to the wine samples 

included: d5-ethyl butanoate, d3-3-methylbutylacetate, d5-ethyl hexanoate, d3-n-hexyl acetate, 

d5-ethyl octanoate, d3-2-phenylethyl acetate and DL-3-octanol for esters; d3-(+/-)-linalool for 

norisoprenoid terpenes; 3-methyl-d2-alcohol, 2-phenyl-d5-alcohol and DL-3-octonol for 

alcohols; d11-n-hexyl alcohol for C6 compounds; DL-3-octanol and 4-decanol for fatty acids; 

and ethyl-4-acetyl benzoate for cinnamates. The vials were then purged with argon and sealed 

immediately with a silicone seal and metal screw cap. All vials were then loaded onto an auto 

sampler tray (Gerstel GmbH & Co., Mülheim an der Ruhr, Germany) which was loaded onto 

the Gerstel agitator for extraction and analyses. The extraction and analyses then proceeded 

in a similar way to that of (152), where incubation of samples occurred at 45°C while stirring 

at 350 rpm for five minutes, followed by a 30 minute extraction using a 1 cm, 23-GA, 60 µm 

Carbowax fibre (Dow Chemical Company, Midland, MI, USA). The extracts were then 

injected into the gas chromatograph and separated on a 30 m x 0.320 mm x 0.25 µm HP-1MS 

column and 30 m x 0.320 mm x 0.25 µm HP-INNOWax-fused silica capillary column 

(Agilent Technologies, Santa Clara, CA, USA) in tandem. The injection port was 250°C, the 

carrier gas was helium delivered at 15.2 L/min and 41 kPa, and the column flow was 1.2 

L/min. Data was translated, analysed and calculated using MassHunter Workstation software 

(Agilent Technologies, Santa Clara, CA, USA). Manual peak integrations were performed on 

all samples and target compounds, and these areas divided by the peak areas for internal 

standards, and concentrations calculated from regression equations of internal standards 

(table 4.1). 
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Table 4.1 Identification ions, retention time, calibration range, regression equation and 

correlation coefficient for SPME-GC-MS for aroma active compounds analysed in this 

research. 

Aroma Compounds Ions Retention 
Time (min) 

Calibration Range (µg/L) Regression 
Equation 

Correlation 
Coefficient Minimum Maximum 

Ester Compounds 
(µg/L)             

ethyl isobutyrate 43, 71, 116, 88 9.5 5.01 400.6 y = 685.88x+0.8353 0.9995 
ethyl butanoate 71, 88, 101 11.7 9.19 735.0 y = 608.11x+0.0954 0.9997 

ethyl isovalerate 88, 85, 115 14.4 1.04 82.98 y = 130.83x+0.4371 0.9995 

ethyl hexanoate 88, 99, 101 24.8 21.35 1708 y = 749.05x-0.82 0.9994 
ethyl octanoate 88, 101, 127 39.5 32.15 2572 y = 286.89x-4.3374 0.9994 
ethyl decanoate 88, 101, 155 52.4 7.60 607.8 y = 140.45x+9.721 0.9988 

ethyl dodecanoate 88, 101, 183 63.9 1.09 86.93 y = 54.01x+2.8561 0.9955 
isobutyl acetate 43, 56, 73 10.5 7.84 627.1 y = 747.61x+3.0446 0.9996 

isoamyl acetate 70, 55, 87 16.4 80.43 6434 y = 1107.9x-19.289 0.9992 

hexylacetate 56, 61, 84 26.2 20.89 1671 y = 1690x-5.0582 0.9997 
cis-3-hexenyl acetate 43, 67, 82 26.6 2.73 218.4 y = 790.59x+1.2456 0.9997 
β-phenylethyl acetate 104, 43, 91 50.1 6.24 499.1 y = 310.2x-3.8191 0.9995 

diethyl succinate 101, 129, 73 43.6 212.23 16979 y = 23221x+26.586 0.9993 
C13-norisoprenoids 
(µg/L)             

β-damascenone 69, 121, 190 54.2 0.08 15.50 y = 7.6776x+0.1734 0.9988 
α-ionone 121, 136, 192 56.5 0.08 16.97 y = 6.5246x+0.1379 0.9992 
β-ionone 177, 178, 192 60.4 0.09 17.57 y = 5.5788x+0.1758 0.9988 

Terpenes (µg/L)             
linalool 71, 93, 121 37 0.15 29.68 y = 38.241x-7.438 0.9994 

α-terpineol 59, 93, 121 44.7 0.29 58.69 y = 48.568x-0.1503 0.9994 
β-citronellol 41, 69, 82, 123 48.1 0.20 40.30 y = 49.672x+0.0807 0.9994 

geraniol (trans-
geraniol) 69, 41, 93, 123 51.5 0.32 64.19 y = 82.884x+6.355 0.9989 

Higher Alcohols 
(µg/L)             

isobutanol 43, 41, 74 9.7 1888.14 113288 y = 100320x-145.55 0.9994 
1-butanol 56, 31, 41 11.7 330.22 19813 y = 64150x-30.494 0.9997 

isoamylalcohol 55, 42, 70 14.9 3337.92 200275 y = 34459x-2537.7 0.999 
       

methionol 106, 61, 58 30.2 12.04 722.5 y=9677.7x - 1189.7 0.9996 

phenylethyl alcohol 91, 92, 122 51.9 1920.29 115217 y = 9677.7x-1189.7 0.9996 

Alcohols (µg/L)             
hexanol 56, 43, 69 23.3 124.42 24884 y = 785.68x-199.79 0.9995 

Fatty Acids (µg/L)             
hexanoic acid 60, 73, 87 49 1.17 93.49 y = 1.9532x+1.1538 0.9965 

dodecanoic acid 60, 73, 200 79 0.73 58.26 y = 3.4921x-0.1049 0.9929 

benzaldehyde 77, 106, 105 31.7 1.04 62.36 y = 113x-1.9143 0.9983 
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 4.3.9 Statistical analyses 

 Statistical analyses of data were performed using Microsoft Excel (Microsoft 

Corporation, Redmond, WA, USA) to produce means and standard deviations for all data. 

IBM SPSS (version 20) (IBM Corporation, Armonk, NY, USA) was used for further analyses 

which included Analyses of Variance (ANOVA) and Least Significant Difference (LSD) to 

test for statistically significant differences at the α = 0.05 level or less. 

 

4.4 Results and discussion 

 

 4.4.1 Rotundone in Syrah during commercial fermentation 

 Rotundone concentration was analysed for commercial-scale fermentations 

proceeding at Craggy Range Vineyards in Hawke’s Bay using Syrah fruit at commercial 

ripeness from the remaining crop in the experimental blocks onsite after experimental 

samples were removed.  Commercial-scale fermentations were used in this research to 

maintain a realistic approach at the scale at which most of the world’s fermentations are 

conducted, to ensure data collected is useful to the wine industry. The larger scale also 

avoided the excessive oxidation normally associated with micro-fermentations and hand 

picking of grapes (142), especially of red wines in contact with the fruit. Figure 4.1 shows 

rotundone concentration over time starting on the first day of fermentation (Day 1), through 

to the last day of fermentation when the wine was drained off the skins. The end of 

fermentation was determined by the winemaker onsite, and thus each fermentation was 

managed separately and was not drained on the same day. However, the main underlying goal 

of this research was to present commercially realistic results that work in conjunction with 

real-world scenarios to enhance the usefulness of the data. 
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 The levels of rotundone concentration obtained in the Syrah wines were amongst the 

highest recorded to date, especially for open top fermenters (OT) 6 and 8, where 268 and 180 

ng/L were recorded during the last stages of fermentation. These levels are exceptionally 

noteworthy considering rotundone has a perception threshold of 16 ng/L in red wine, making 

these levels ≈17-, and ≈11-fold increases on that value, and indicating an exceptionally 

pungent black pepper aroma throughout fermentation and present in finished wines. This was 

immediately apparent upon entering the open-top fermentation room for sampling.  

 In addition, none of the fermentations began with a rotundone concentration of 0 

ng/L, that is most likely explained due to the processing methods that breaks the skin of the 

berry releasing compounds into the juice. Grapes upon entering the winery were sorted and 

then underwent mechanical stem removal. Some fermentation batches will also have berries 

crushed before transferring the entire fruit lot to the fermentation vessels – all of which are 

structurally damaging to berry integrity. As rotundone is found in berry skins, this result is to 

be expected and the level of rotundone found at the outset of fermentation can be a 

combination of vineyard factors, such as clone of Syrah and management inputs, but also of 

processing methods in the winery.  
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Figure 4.1 Daily rotundone concentration (ng/L) and soluble solids (°Brix) in four 30 ton 

capacity open top (OT) stainless steel fermentation vessels (OT2, 4, 6 and 8), between 

initiation and completion of ethanolic fermentation of V. vinifera L. Syrah. Error bars shown 

at 95% confidence interval. 
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 To provide a point of reference and add another type of fermentation vessel, daily 

fermentation samples were also taken from two oak cuvees at the Craggy Range Winery. 

Figure 4.2 shows the daily results of rotundone concentration throughout the fermentation in 

the oak cuvees. Interestingly, the initial concentration in both oak-vessel fermentations Cuvee 

1 and 2 (C1 and C2) were 30.6 and 28.0 ng/L, respectively, compared to 38.9, 48.3, 161.1 

and 114.4 ng/L at the initiation of fermentation with the stainless steel samples. However, 

this highlights the differences between not only the fermentation vessels, but more 

importantly the fruit source (clone and management inputs) as previously reported, and the 

processing method and its impact on the structural integrity of the berry. Fruit fermented in 

the oak cuvees were sourced from blocks containing the Mass Selection (MS) of clones 

which have already been shown to contain lower levels of rotundone in the fruit. Moreover, 

this fruit was handled less abrasively and berries were not crushed before fermentation. Both 

of these factors may have contributed to the lower levels of rotundone concentration at the 

beginning and the end of fermentation. By the end of fermentation, these two fruit lots C1 

and C2 produced 119.6 and 120.6 ng/L of rotundone respectively in the wines. This level is 

still well above perception the threshold for rotundone in red wine (16 ng/L), and despite 

these fermentations in oak cuvees providing some of the lowest levels of rotundone in all of 

the experimental wines.   
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Figure 4.2 Daily rotundone concentration (ng/L) and soluble solids (°Brix) in two 15 ton 

capacity open top (OT) oak commercial fermentation cuvees (Cuvee 1 and 2), between 1-12 

days from initiation of ethanolic fermentation of V. vinifera L. Syrah. Error bars shown at 

95% confidence interval. 
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 4.4.2 Rotundone in Syrah micro-fermentations  

When considering fermentation and the inherent variation between fruit lots, it was 

decided to investigate the fruit source further. Single cluster fermentations have been used 

recently to investigate variation between clusters on the basis of position and in relation to 

vineyard management inputs. Despite the possibility of excessive oxidation of phenolic 

compounds and lack of industrial application, it was decided that information gained from 

single cluster fermentations would give research-scale results and provide further information 

into fruit variation. Here single cluster fermentations were used to investigate aroma 

extraction, and to test how representative individual clusters are in determining rotundone 

concentration of a larger fruit lot. 

Rotundone concentration in wine produced from individual Syrah clusters is 

presented in Figure 4.3, and shows a wide variation between fermentations from 108 to 455 

ng/L in the final wines. The mean of all clusters was 263 ng/L, but the standard deviation was 

105 ng/L. This result is particularly interesting as all clusters were taken from the same clone, 

planted on the same rootstock grown in the same soil type within a relatively small 

geographical area that was exposed to identical management techniques including cluster 

exposure. These results highlight the extent of variation between individual clusters of 

grapes, and suggest that other factors may be involved in the concentration of rotundone in 

the fruit at harvest. Moreover, results indicate the importance of fermentation as a possible 

source of variability, particularly with smaller grape lots, despite viticultural and sampling 

factors remaining identical. One variable that was not able to be controlled in the single-

cluster approach was the skin to juice ratio. It is possible that not all clusters had similar skin 

to juice ratios, however it was decided to maintain the integrity of fermenting the entire 

clusters individually, and that modifications to the skin : juice ratio would void results. To 
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determine if fruit weight had an impact on rotundone concentration, the berries were weighed 

before fermentation. The nine clusters of Syrah had a mean weight of 282 g and a standard 

deviation of 55 g. When berry fresh weight on each cluster was considered, there was no 

correlation between rotundone concentration and berry weight, negative or otherwise. This 

adds further complexity to the possible reasons of the high variation between individual 

clusters for levels of rotundone and prevents any general conclusions about rotundone in 

larger fruit lots.  The results also stress the importance of using commercial scale 

fermentations in research studies involving red wine aromas. 

 

 

Figure 4.3 Rotundone concentration (ng/L) in wines produced from individual clusters of 

Syrah grapes grown in Hawke’s Bay, New Zealand. Error bars are shown at one standard 

deviation from the mean. 
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  4.4.2.1 Esters and other aroma-active compounds 

 Wines from single-cluster fermentations were analysed using SPME-GC-MS 

techniques to investigate the resulting aroma profiles. The results, presented in table 4.1, 

again show the high degree of variation between the clusters. In many cases, the aroma 

compounds presented here from the single cluster fermentations are below published 

perception threshold values. However, it is likely these compounds will contribute to the 

overall aroma matrix and may enhance or mute the aroma qualities of other compounds in the 

wines as compounds such as β-damascenone are known to supress or enhance perception of 

other compounds (156). A number of compounds were found above their respective sensory 

perception threshold values: ethyl butanoate (fruity), ethyl hexanoate (fruity), ethyl octanoate 

(sour apple), β-damascenone (tea, roses, honey), β-ionone (dark berry fruit, violets), linalool 

(muscat, spicy, floral), isoamyl alcohol (cheese, banana), phenylethyl alcohol (roses) and 

hexanoic acid (leafy, woody, varnish). There compounds can contribute a pronounced impact 

on the aroma of the resulting wines. 

 

Ethyl butanoate with a perception threshold of 20 µg/L, was found at around 134 

µg/L, and at this level the contribution of general fruity aromas to the matrix could be 

somewhat pronounced. However, due to the fermentation size, it was not possible to 

investigate the sensory properties of the wines. Ethyl hexanoate was also found at high levels 

in the single bunch ferments. The mean produced in all wine samples was 117 µg/L and the 

reported sensory perception threshold is 20 µg/L, indicating that a further fruity aroma should 

be rather noticeable in these wines. In addition, ethyl octanoate known to produce sour apple 

aromas was found in the samples (mean = 97 µg/L) at levels above sensory perception 

threshold (5 µg/L). The presence of β-damascenone is to be expected in red wines, yet it was 

only found at around 0.7 µg/L in these Syrah wines (threshold = 0.05 – 0.14 µg/L), so it is 
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not as abundant in this Syrah as in other wines, however it may have an impact on the 

perception of other compounds. An interesting result, β-ionone, which produces a distinct 

violet aroma with dark berry fruit notes, was found at 0.2 µg/L, twice the aroma perception 

threshold of 0.09 µg/L. This indicates that part of the Syrah aroma profile of dark fruits and 

violets could be attributed to β-ionone.  Linalool is a prominent terpene in many wines and 

provides a spicy, floral which can be very strong in some wines. Here, means of single cluster 

ferments produced linalool at 59 µg/L several times the perception threshold of 15 µg/L, 

suggesting that these wines would have a noticeable contribution from linalool. Isoamyl 

alcohol was also identified in the wine samples by SPME-GCMS at 182,363 µg/L and when 

compared to the perception threshold of 30,000 µg/L the wines could have had a note of 

cheese, or over ripe banana aromas if sensory studies were performed. Another floral 

compound phenylethyl alcohol was found in these Syrah wines at 47,692 µg/L over the 

sensory perception threshold of 14,000 µg/L, which could contribute a rose-like aroma to 

these wines. Finally hexanoic acid was also identified at 2,041 µg/L which is also many times 

its aroma perception threshold in a red wine matrix of 420 µg/L and this would impart a leafy 

wood and possible varnish note to the wines. 

 

Levels of the aroma compounds found here are mostly consistent with published 

literature for red wines of Syrah. Some such as linalool and hexanoic acid were higher, yet 

most were lower than found in finished commercial wines likely due to the scale of the 

ferments, and the fact all of these single cluster fermentations were freshly fermented and 

were thus very young, which would not have allowed time to complete synthesis of some 

aroma compounds. Lower levels of some aroma compounds have been found previously with 

hand-harvested small scale fermentations (155) . Further, isoamyl acetate was lower in single 

bunch fermentations (12 µg/L) than levels found in Shiraz wines of Australian origin (465-
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508 µg/L) (157) suggesting more of the banana-like aroma would be evident in the wines 

analysed by the authors. The hexyl acetate was higher in the Hawke’s Bay fruit used in single 

cluster fermentations than in the same Australian report where 56 µg/L was found compared 

to only 5 µg/L in Australian wines (157).  

 

Notwithstanding, these results highlight the nature and magnitude of the variation 

between clusters and between the single cluster fermentations and that of larger scale 

commercial fermenters on the resulting aroma profiles. Therefore it is not suitable to draw 

general conclusions of large-scale and commercial fermentations from these single-cluster 

fermentation results. It can be concluded that in order to ensure reproducible and relevant 

results all fermentations should be of a scale and size similar to those where the information 

is being used. Means of single-cluster or micro-fermentations, even replicated nine times, 

will not provide suitable data to apply to commercial fermentations. 
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Table 4.2 Mean, standard deviation (SD) and range of concentrations of selected aroma 

active compounds positively identified in wine produced from single cluster fermentations of 

V. vinifera L. Syrah (121, 158-161). 

 

Aroma Compounds 
Single Cluster Fermentations Perception 

Mean SD Min Max Threshold 

Ester Compounds (µg/L)      
ethyl isobutyrate 44.4 10.6 28.0 64.8 15a 
ethyl butanoate 133.6 42.2 71.5 220.8 20a 
ethyl isovalerate 4.7 1.5 2.3 7.1 3b 
ethyl hexanoate 117.7 37.2 31.5 181.9 14b 
ethyl octanoate 96.8 80.0 42.6 366.4 5b 
ethyl decanoate 21.4 16.7 12.3 69.5 200b 

ethyl dodecanoate 9.4 5.3 5.9 23.7  
isobutyl acetate 4.8 1.7 3.9 11.6 1600b 
isoamyl acetate 12.2 11.1 0 32.3 30b 

hexylacetate 56.8 3.3 50.8 64.8 700c 
cis-3-hexenyl acetate 1.8 0.6 1.4 2.7  
β-phenylethyl acetate 32.5 9.2 15.9 49.4 250a 

diethyl succinate 282 145 166 721 200,000c 
C13-norisoprenoids (µg/L)      

β-damascenone 0.7 0.2 0.4 1.1 0.05a 
α-ionone 0.2 0.2 0.1 0.6 2.6b 
β-ionone 0.2 0.0 0.2 0.3 0.09b 

Terpenes (µg/L)      
linalool 59.3 1.1 56.2 61.4 15a 

α-terpineol 0.4 0.3 0.1 1.3 250b 
β-citronellol 1.4 0.7 0.4 3.1 100a 

geraniol (trans-geraniol) 12.1 6.7 8.0 30.4 20b 
Higher Alcohols (µg/L)      

isobutanol 37,911 10,724 18,896 58,152 40,000b 
1-butanol 464 125 332 708 150,000d 

isoamylalcohol 182,363 31,210 131,303 232,108 30,000b 
methionol 776.2 203.4 417.9 1,087 1,000e 

phenylethyl alcohol 47,692 14,202 31,866 81,988 14,000b 
Alcohols (µg/L)      

hexanol 1,606 128 1,230 1,743 8,000b 
Fatty Acids (µg/L)      

hexanoic acid 2,042 1,086 1,105 5,303 420b 
dodecanoic acid 527 214 305 798  
benzaldehyde 0.5 4.3 0 12.6 2,000b 
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4.4.3 International Syrah wine survey  

In order to compare the profile New Zealand Syrah wines to those produced in other 

major Syrah-producing countries, an analytical survey of primary wine constituents, 

rotundone (the potent sesquiterpene in Syrah aroma profiles), esters, C6-compounds, nor-

isoprenoids, terpenes, fatty acids, cinnimates and higher alcohols was conducted on 54 

commercial wines. 

 

  4.4.3.1 Primary constituent analyses of international Syrah wines 

Syrah wines from four different countries underwent analyses of primary constituents 

including: ethanol (%), total acidity (g/L), volatile acidity (g/L), pH and residual sugar (g/L) 

using Foss WineScan (Foss Analytical, Hilleroed, Denmark) to investigate if differences 

existed. Table 4.2 shows the results of the primary chemical constituents in Syrah wines from 

New Zealand, The United States, France and Australia.  Residual sugar was the most variable 

component in these wines ranging from 1.04 g/L in one of the New Zealand wines, to 7.32 

g/L in one of the Australian Syrah (Shiraz) wines (data not shown). The Syrah wines from 

France had the lowest levels of residual sugar (2.16 ± 0.69 g/L), and wines from Australia 

had the highest levels of residual sugar (4.06 ± 1.64 g/L), followed by The United States of 

America (3.42 ± 1.64 g/L). The residual sugar levels reported are all below the level where a 

wine would be classified as ‘dry’ in terms of sugar (<5 g/L), although it is worth noting that 

the groups of wines analysed from Australia and The United States of America would likely 

have some minor impact from sugar on the palette. The mean ethanol concentration of Syrah 

wines was 13.54 ± 0.38% in wines from The United States of America, 13.53 ± 0.89% in the 

Australian wines, while the French wines had 13.48 ± 0.87% ethanol and the New Zealand 

Syrah wines had the lowest levels of ethanol among the experimental wines at 13.16 ± 

0.50%. 
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Total acidity, and was found to be 6.14 ± 0.43 g/L in the New Zealand wines, which 

was similar to the levels in the experimental wines. The Australian wines showed 5.97 ± 0.32 

g/L, 5.91 ± 0.41 in the USA wines, and 5.05 ± 0.41 g/L of total acidity in the French wines. 

Volatile acidity was similar across all of the, which is positive considering commercial wines 

have legal limits for volatile acidity and none of these wines were near the thresholds 

imposed by export and importing authorities. Levels of pH across all the wines were 

consistent, with the Syrah wines which typically having a pH around 3.60. Means for all 

countries ranged between pH 3.48 ± 0.09 in the Australian wines to pH 3.68 ± 0.11 in wines 

from The United States of America.  
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Table 4.3 A summary of primary constituent analyses of Syrah wines from selected countries 

of origin. Data presented as average values of 10-19 wines per country analysed in duplicate 

WineScan analyses with standard deviation from the mean. 

 

 

4.4.3.2 Rotundone concentration of international Syrah wines 

The concentration of rotundone was analysed in 47 commercial wines from New 

Zealand (14 wines), Australia (11 wines), France (10 wines) and The United States of 

America (12 wines). Although rotundone has been analysed in wines of New Zealand, 

Australia and some other countries before, this is the first report of such a comparative 

international survey. When investigating the impact of rotundone on the aroma profiles of 

New Zealand wines, it is imperative to survey wines from other international locations to 

determine if the levels of rotundone found in New Zealand Syrah wines are exceptional or 

simply performing in a similar way to those from other countries. The regions selected 

represent some of the more important for Syrah production on a commercial scale, and where 

Wine Origin Ethanol (%) Total acidity 
(g/L) 

Volatile 
acidity (g/L) pH Residual 

sugar (g/L) 

New 
Zealand 

13.16 ± 0.50 6.14 ± 0.43 0.64 ± 0.11 3.59 ± 0.09 2.35 ± 0.63 

United 
States of 
America 

13.54 ± 0.38 5.91 ± 0.41 0.61 ± 0.06 3.68 ± 0.11 3.42 ± 1.64 

France 13.48 ± 0.87 5.05 ± 0.41 0.56 ± 0.08 3.62 ± 0.06 2.16 ± 0.69 

Australia 13.53 ± 0.89 5.97 ± 0.32 0.61 ± 0.15 3.48 ± 0.09 4.06 ± 1.64 
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wines were readily available for purchase in sufficient numbers to ensure a reliable survey 

could be undertaken.  

As Figure 4.4 demonstrates, the concentration of rotundone in Syrah wines from New 

Zealand, Australia, France and The United States of America varied considerably. The 

variation between country of origin in this work is such that several were below the sensory 

perception threshold, and indicate that some Australian wines would not have a strong black 

pepper aroma. The rotundone concentration in Syrah wines from New Zealand had a mean of 

46.7 ng/L and standard deviation of 22.6 ng/L, and the range was 17.2 ng/L to 90.3 ng/L. 

These values are all well below some of the other concentrations analysed in Syrah wines 

from Hawke’s Bay in our other reports (>150 ng/L), and yet all values were above the 

sensory perception threshold for rotundone in red wine (16 ng/L). Therefore all Syrah wines 

from New Zealand in this survey should have a strong black pepper aroma on the nose. By 

contrast, the wines surveyed from Australia had rotundone concentrations between 1.4 and 

9.0 ng/L with a mean of 2.9 ng/L and standard deviation of 2.2 ng/L. These values all fell 

below the sensory perception threshold for rotundone and it is likely these wines do not have 

any noticeable black pepper aroma. Wines from The United States of America contained 4.4 

ng/L of rotundone on average, with a standard deviation of 4.4 ng/L and a range of 1.1 to 

16.0 ng/L. Like the wines from Australia, all of these wines were below the sensory 

perception threshold for rotundone in red wine (16 ng/L), with the exception of one wine that 

had a rotundone concentration in Syrah equal to that of the sensory perception threshold, 

which may suggest black pepper could be noticeable in this wine. Lastly, the wines from 

France resulted in rotundone levels of 27.5 ng/L (mean) with standard deviation of 32.4 ng/L 

and a range of 4.4 to 111 ng/L. It is worth noting that only one Syrah wine from France 

produced a very high level of rotundone in this survey (111 ng/L) and that it was nearly three 

times the next highest concentration (40.2 ng/L).  If this data point was removed from the set, 
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then the average would be 18.2 ng/L with a standard deviation of 14.5 ng/L. It can be 

deduced that rotundone is an important compound contributing to the overall aroma of 

French Syrah wines, but in many wines it will not be a dominating aroma compound. 

Moreover, it adds weight to the anecdotal evidence of seasonal mean and maximum 

temperature having an influence over the volatilisation of sesquiterpenes from the berries 

during ripening. This is because both the New Zealand and French locations have 

consistently lower mean and maximum temperatures during the growing season, particularly 

compared to those of Australia and the United States. 

 

 

Figure 4.4 Rotundone concentration in selected commercial Syrah (Shiraz) wines from New 

Zealand, Australia, France and The United States of America. Data presented as country 

means, with error bars are drawn at one standard deviation from the mean. 
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4.4.3.3 Esters and other aroma compounds in international Syrah wines 

 In addition to analyses of rotundone and the basic chemistry of the surveyed wines, a 

SPME-GC-MS profile of the wine samples was completed to investigate the levels of other 

aroma compounds in Syrah such as esters, C13 norisoprenoids, terpenes, alcohols, fatty acids, 

thiols and methoxypyrazines. The results are presented in Tables 4.3 (New Zealand and 

Australian wines) and 4.4 (wines from France and The United States of America) for the 47 

wines. In all cases the compounds presented here were detected in most wines, although the 

occasional compound was not detected in some wines. Neither 3-mercaptohexyl acetate or 4-

mercapto-4-methylpentan-2-one were detected in any of the Syrah wines. Some of the 

compounds quantified were present at or above the sensory perception thresholds presented 

in the literature. Moreover, some of the compounds exhibited a wide range, which indicates 

the level of variability between wines and how important individual growing and 

fermentation factors are at all steps of the production of a wine. This high level of variation is 

also indicative of the intricate nature of wine aroma compounds in the wine matrix and hints 

at the importance of the odour activity value (OAV) to give an idea of the potency of these 

compounds. 

 

In the survey of commercial Syrah wines from four countries, thirty three aroma 

active compounds were consistently and accurately identified using SPME-GCMS from the 

forty seven finished wines. Most were consistent with red wine values and many found at 

similar levels to current work in Syrah (157, 162). Many were found above threshold levels 

as determined in tables 4.3 and 4.4 indicating the fruity aroma contribution to the profile of 

the wine should be noticeable and in the case of some compounds more prominent on the 

nose, adding to the black pepper aroma levels established earlier. Levels of ester compounds 

were generally found to be higher in Syrah from Australia and The United States of America 
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which is consistent with warmer ripening periods and anecdotal evidence of wine aroma 

profiles. The Syrah wines from New Zealand and France were less reliant on ester 

compounds, a factor that is consistent with cooler climate fruit and expected styles from those 

regions. β-damascenone was found above sensory perception threshold levels in almost every 

sample where wines of New Zealand and Australia had a mean of 0.3 µg/L, and wines of 

France and The United States of America had 0.2 µg/L on average which is much lower than 

1.2 – 2.2 µg/L identified in the recent work on Shiraz (157). Recent evidence suggests that 

unlike the rose-like aroma once associated with it, β-damascenone may actually enhance 

some fruity aromas and mask herbaceous aromas and perform the role of a secondary 

compound rather than a primary aroma-active substance in wine (156). Linalool, which 

imparts a spicy muscat type aroma to a wine above 15 µg/L (158) was found to contribute to 

the Syrah wine aroma around 3.5-fold times this level in most samples. Wines of Australian 

origin in general had 56 µg/L, Syrah from New Zealand and France had 57 µg/L, and the 

wines surveyed from The United States of America were found to contain 60 µg/L on 

average. This is interesting to note monoterpenes levels in Syrah due to the documented 

elevation of sesquiterpene rotundone in the same wines (4, 5, 82, 85, 163).  Linalool was 

identified at levels in excess of those reported in recent Shiraz work (13 – 15 µg/L) (157). 

The other terpenes identified were not found at levels in excess of the sensory perception 

threshold, however, with the exception of geraniol. Isobutanol and isoamylalcohol were 

found at levels many times the sensory perception threshold in most wines indicating that a 

distinct contribution of pleasant wine-like aromatic constituents and cheesy banana peel 

aromas respectively are part of these profiles. It is worth noting that isobutanol is considered 

an important part of wine aroma at elevated levels (164). Methionol levels in New Zealand, 

France and USA Syrah wines were higher than found in Australian samples. All of the 

samples produced levels of methionol at levels above sensory perception thresholds with the 
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exception of a few Australian wines. This result is similar to (157) where methionol was 

identified as the tenth most abundant aroma active compound in two Shiraz wines, indicating 

that wines of Syrah can expect prominent levels of a cooked potato and somewhat vegetal 

aroma on the nose. Interestingly phenylethyl alcohol too was found consistently above 

sensory thresholds in most of the wines surveyed. The pleasant rose-like aroma produced by 

this higher alcohol is likely a strong contributor to the noted floral aroma component in Syrah 

wines. The levels reported here are many times above the perception threshold, especially in 

wines from The United States of America where levels exceed 17-fold the threshold 

indicating a prominent rose-like aroma would be expected in these wines. Hexanol, noted for 

bourbon-like aromas, ws not found at levels where its aroma would be prominent, although it 

is possible in some wines that it may contribute to the overall aroma. Hexyl acetate was also 

found at higher levels in wines from The United States of America (47 µg/L), New Zealand 

(66 µg/L) and both France and Australia at 70 µg/L – compared to levels reported by (157) of 

around 5 µg/L. Further, hexanoic acid was found above sensory perception threshold levels in 

most wines surveyed, often at 4-6 times the 420 µg/L threshold, and on average, more than 

15-fold the threshold in wines from the USA indicating that a sweaty, waxy and fatty aroma 

would be noticeable in the wines surveyed. The common thiols found in Sauvignon blanc 

were also investigated, 3-mercaptohexanol (3MH), was found in all regions sampled and 

most wines. 3MH has a sensory perception threshold of 60 ng/L in wine and normally 

identified in Sauvignon blanc around 1,000 – 2,000 ng/L but often identified in Marlborough 

Sauvignon blanc wines at levels of more than 3,500 ng/L (159). IN Syrah 3MH was found at 

modest levels ranging between 527 ng/L in Australian wines, 547 ng/L in New Zealand 

Syrah, 670 ng/L in French wines and 1023 ng/L on average in Syrah grown in The United 

States of America. These levels are well above sensory perception thresholds and would be 

contributing to a grapefruit and passion fruit aroma in the wine, likely adding an element of 
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citrus and sweet fruit to the wines. However, two other key thiols were not detected in Syrah 

wines; 3-mercaptohexyl acetate (3MHA), and 4-mercapto-4-methylpentan-2-one (4MMP). 

There is likely no impact of box tree, broom or cat urine aromas attributed to these thiol 

compounds (159). Methoxypyrazines are usually considered unripe characters in most wines 

as they degrade during berry ripening and add green pepper and general green vegetal 

characters to wines with the exception of Sauvignon blanc where they are somewhat 

desirable in the Marlborough style wines. Both 2-methoxy-3-isobutylpyrazine (IBMP) and 2-

secbutyl-3-methoxypyrazine (SBMP) were found in all wines yet well below sensory 

perception thresholds of 2 ng/L. However 2-methoxy-3-isopropylpyrazine (IPMP) was found 

above the sensory perception threshold of 2 ng/L in many of the wines where it can 

contribute undesirable green aromas to wines. Fortunately for these Syrah wines it is found at 

levels only slightly above the threshold indicating that while the aroma would be noticeable it 

would not be strong or overpowering in the wines sampled, likely adding an element of 

complexity to Syrah. 
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Table 4.4 Mean, standard deviation (SD) and range of concentrations of selected aroma 

active compounds in wine of V. vinifera L. Syrah from a survey of New Zealand and 

Australia (121, 158-161). 

  

Aroma Compounds 
New Zealand Australia Perception 

Mean SD Min Max Mean SD Min Max Threshold 
Ester Compounds 
(µg/L)          

ethyl isobutyrate 253.6 69.4 159.8 476.0 309.2 87.1 185.0 534.5 15a 
ethyl butanoate 162.4 44.6 96.4 283.8 270.7 56.3 173.9 366.0 20a 
ethyl isovalerate 28.6 7.9 16.8 55.6 37.1 8.4 24.8 55.0 3b 
ethyl hexanoate 121.7 35.5 59.1 195.9 176.9 47.8 77.2 281.5 14b 
ethyl octanoate 105.7 55.8 40.1 267.4 170.5 50.6 94.8 274.0 5b 
ethyl decanoate 31.6 19.0 15.5 95.1 47.9 15.4 27.0 69.2 200b 

ethyl dodecanoate 9.7 3.7 4.6 19.8 59.0 77.4 10.9 260.9  isobutyl acetate 9.0 6.3 4.5 29.9 7.0 3.3 4.7 18.7 1600b 
isoamyl acetate 10.8 6.7 0 25.3 23.7 8.4 4.8 38.9 30b 

hexylacetate 66.6 10.3 54.0 89.0 70.7 11.4 55.3 103.5 700c 
cis-3-hexenyl acetate 2.8 0.8 1.4 4.4 2.1 0.7 1.3 4.3  β-phenylethyl acetate 40.2 7.5 23.7 52.2 45.6 19.4 12.7 90.6 250a 

diethyl succinate 42,084 27,130 15,706 101,913 107,726 50,310 44,066 225,987 200,000c 
C13-norisoprenoids 
(µg/L)          

β-damascenone 0.3 0.0 0.2 0.4 0.3 0.1 0.2 0.5 0.05a 
α-ionone 0.2 0.0 0.1 0.3 0.3 0.1 0.2 0.4 2.6b 
β-ionone 0.3 0.1 0.2 0.5 0.3 0.0 0.3 0.4 0.09b 

Terpenes (µg/L)          linalool 57.0 1.5 50.9 59.1 56.4 1.6 53.5 59.7 15a 
α-terpineol 1.2 0.8 0.5 4.7 1.1 0.3 0.7 1.7 250b 

β-citronellol 0.5 0.3 0.1 1.2 0.3 0.5 0.1 2.6 100a 
geraniol (trans-

geraniol) 18.2 9.9 7.3 49.8 26.3 9.0 14.3 39.0 20b 
Higher Alcohols 
(µg/L)          

isobutanol 77,301 21,923 19,452 124,614 55,718 13,736 35,312 85,207 40,000b 
1-butanol 1,793 532.5 1,084 3,301 2,225 231.3 1,852 2,642 150,000d 

isoamylalcohol 320,287 59,546 182,758 431,946 297,229 46,227 206,635 385,600 30,000b 
methionol 7,156 15,333 - 61,319 2,925 714.1 1,663 4,218 1,000e 

phenylethyl alcohol 63,100 22,276 25,511 123,093 49,672 12,145 33,283 70,679 14,000b 
Alcohols (µg/L)          hexanol 1,410 117 1,067 1,613 1,326 100 1,051 1,452 8,000b 
Fatty Acids (µg/L)          hexanoic acid 2,135 555 1,112 3,144 2,171 1,001 1,105 4,135 420b 

dodecanoic acid 800 786 305 2,483 398 104 305 580  Thiols (ng/L)          
3-mercaptohexanol 547 288 102 1257 527 121 368 765 60c 
3-mercaptohexyl 

acetate <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 4c 
4-mercapto-4-

methylpentan-2-one <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 0.8c 
Methoxypyrazines 
(ng/L)          
2-methoxy-3-
isobutylpyrazine 0.86 0.36 0.38 1.50 0.25 0.07 0.12 0.35 2c 

2-methoxy-3-
isopropylpyrazine 2.19 1.95 0.0 8.22 3.48 0.56 2.48 4.44 2c 

2-secbutyl-3-
methoxypyrazine 0.45 0.22 0.13 0.76 0.28 0.08 0.12 0.40  
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Table 4.5 Mean, standard deviation (SD) and range of concentrations of selected aroma 

active compounds in wine of V. vinifera L. Syrah from a survey of France and The United 

States of America (121, 158-161). 

 

  

Aroma Compounds 
France United States of America Perception 

Mean SD Min Max Mean SD Min Max Threshold 

Ester Compounds 
(µg/L)          

ethyl isobutyrate 219.3 68.3 89.3 341.0 200.1 82.0 97.8 445.4 15a 
ethyl butanoate 201.2 40.4 150.5 310.9 192.7 60.2 102.4 330.1 20a 
ethyl isovalerate 24.1 8.5 10.9 43.9 26.8 10.8 13.4 50.7 3b 
ethyl hexanoate 161.1 58.3 91.6 329.2 198.7 122.8 80.1 552.2 14b 
ethyl octanoate 261.0 101.8 164.7 498.0 349.5 202.3 137.6 770.5 5b 
ethyl decanoate 49.4 18.7 27.5 90.3 41.7 15.6 16.8 65.1 200b 

ethyl dodecanoate 22.8 8.3 9.1 42.1 3.4 0.1 3.2 3.6  isobutyl acetate 6.7 4.7 4.6 26.1 6.1 1.6 4.5 10.6 1600b 
isoamyl acetate 7.0 15.0 0 42.0 29.3 18.3 2.8 65.8 30b 

hexylacetate 69.9 11.9 51.8 96.5 46.9 14.1 28.2 74.9 700c 
cis-3-hexenyl acetate 1.6 0.6 1.4 4.3 1.7 0.2 1.4 2.0  
β-phenylethyl acetate 13.8 14.4 0 34.6 1,474 1,163 17.4 5,427 250a 

diethyl succinate 45,469 17,414 23,360 87,820 17,426 4,788 9,755 28,339 200,000c 
C13-norisoprenoids 

(µg/L)          
β-damascenone 0.2 0.0 0.2 0.3 0.2 0.0 0.2 0.4 0.05a 

α-ionone 0.2 0.0 0.1 0.2 0.1 0.0 0.1 0.1 2.6b 
β-ionone 0.3 0.1 0.2 0.4 0.3 0.0 0.3 0.4 0.09b 

Terpenes (µg/L)          Linalool 57.4 4.1 49.6 63.7 60.1 3.2 52.5 69.0 15a 
α-terpineol 0.7 0.5 0.3 2.6 1.1 0.3 0.5 1.7 250b 

β-citronellol 0.2 0.1 0.1 0.4 0.7 0.3 0.2 1.3 100a 
geraniol (trans-

geraniol) 26.7 10.5 15.8 48.4 19.4 8.2 8.8 35.8 20b 

Higher Alcohols 
(µg/L)          

Isobutanol 73,714 22,175 33,383 104,574 55,329 12,220 33,027 77,378 40,000b 
1-butanol 2,027 481.9 889.2 2,936 3,048 962.3 2,115 5,502 150,000d 

isoamylalcohol 272,380 55,067 178,517 378,809 219,050 34,208 165,618 271,520 30,000b 
Methionol 14,456 21,542 3,334 86,160 12,931 14,105 3,019 50,764 1,000e 

phenylethyl alcohol 45,955 15,565 22,663 77,333 250,976 112,665 70,355 457,843 14,000b 
Alcohols (µg/L)          Hexanol 1,434 126 1,089 1,687 1,492 224 1,148 1,907 8,000b 

Fatty Acids (µg/L)          hexanoic acid 1,815 667 1,111 3,052 6,432 1,583 3,920 9,506 420b 
dodecanoic acid 637 667 305 2,692 367 36 305 418  

Thiols (ng/L)          
3-mercaptohexanol 670 240 369 1085 1023 602 388 2717 60c 

3-mercaptohexyl 
acetate 

<LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
4c 

4-mercapto-4-
methylpentan-2-one 

<LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 
0.8c 

Methoxypyrazines 
(ng/L)          

2-methoxy-3-
isobutylpyrazine 0.61 0.43 0.17 1.26 0.38 0.24 0.0 0.89 2c 

2-methoxy-3-
isopropylpyrazine 0.05 0.10 0.0 0.24 0.21 0.44 0.0 1.51 2c 

2-secbutyl-3-
methoxypyrazine 0.42 0.33 0.13 1.27 0.36 0.20 0.02 0.68  
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4.5 Conclusions 

Syrah wines have been analysed to determine the impacts of fermentation on 

rotundone and other aroma compounds, and to investigate profiles of wines from different 

international origins to establish comparative values for rotundone and other aroma 

compounds in the finished wines. In commercial fermentations of Syrah, rotundone was 

found in some of the highest levels to date and increased at varying rates from the point of 

berry maceration through to the separation of marc and wine at the end of fermentation. 

Additionally Syrah wines fermented in two of the four stainless steel open top fermenters 

produced higher levels of rotundone than those fermented in the commercial-scale oak 

cuvees. This indicated that fruit source in addition to other factors such as processing 

techniques contribute an important function in rotundone concentration in final wines and 

continues to support the importance of vineyard factors. 

 

The single-cluster fermentations highlighted a large variation between individual 

clusters for rotundone, where levels were the highest in research-scale fermentations to date, 

and for other aroma compounds where the level of variation was often very high. Twenty 

nine aroma compounds were quantified in single cluster fermentations, mostly esters and 

other compounds that can contribute to the aroma of newly fermented wines. Using these 

data it is not recommended to rely on results of single cluster or small fermentation lots as a 

measure of the results expected for a larger scale fermentation of a wider vineyard lot.  

 

When comparing Syrah from four international locations, levels of ethanol, total 

acidity, pH, volatile acidity and residual sugar were all within standard limits for commercial 

wines. The rotundone concentration was highest in Syrah wines from New Zealand, followed 

by France, The United States of America and Australia. Although levels of rotundone were 
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not different between New Zealand and France, a trend of higher levels was indicated over 

Syrah wines produced in The United States of America or Australia, possibly due to the 

warmer growing climate and different clones of Syrah produced. In aroma profiling 

commercial Syrah wines, it was found that wines from The United States of America and 

Australia had higher levels of ester compounds in general. This could be due to clonal 

material or a warmer growing climate producing slightly riper fruit before fermentation. 

Levels of C13 norisoprenoids were low in all wines yet some were above sensory perception 

thresholds and may have imparted a slight aroma or interacted with other aroma perceptions, 

particularly in the case with β-damascenone. The wines all had similar levels of 

monoterpenes except for geraniol which was higher in French and Australian wines. In all 

wines hexanol was detected at levels below sensory perception thresholds suggesting it is not 

an important component in Syrah wines, and hexanoic acid should have been noted in all 

Syrah wines especially in The United States of America where levels were higher than in 

other countries. Thiols and methoxypyrazines were identified in most Syrah wines despite 

many present at below-threshold levels, compounds such as IPMP were at levels where they 

would have impacted the aroma of the wine. Although some trends were noted, especially 

those for rotundone extraction and concentration in Syrah wines, an increased profile that 

extends to more Syrah-producing countries and over vintages must be completed in order to 

extend the usefulness of the data presented here and achieve a chemical finger print for Syrah 

wines. 
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Functional Food Properties of Syrah Juice and Wine 
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This chapter has been formatted for submission to the Journal of Agricultural and Food 

Chemistry as: 

 Logan, G. A.; Zhang, C. R.; Kilmartin, P. A.; Nair, M. G. (2014) Functional Food 

Quality of Juice and Wine from New Zealand Vitis vinifera L. Syrah Grapes.  
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5.1 Abstract 

Red wine made from Vitis vinifera L. Syrah grapes is widely consumed around the 

globe. Wine is a fermentation product of grape containing colour, flavour, aroma and 

phenolic compounds. Significant health claims are attributed to moderate wine consumption, 

made famous through proposals surrounding the French Paradox. Many of the beneficial 

impacts of fruit juices include antioxidant activity. Lyophilised residue from Syrah juice and 

wine were evaluated for their antioxidant capacity using the MTT assay. Juice residues 

produced results between 0.018 and 0.354 AU, meanwhile the positive control vitamin C was 

0.502, and TBHQ was 0.514 AU. Syrah juice and wine extracts were also found to inhibit 

cyclooxygenase (COX-1, and -2) and lipid peroxidation (LPO) enzymatic activities at 

100 µg/mL. Syrah juices inhibited COX-1 by 32-37% and COX-2 by 30-38%, while Syrah 

wine inhibited COX-1 and -2 by 33% each.  LPO was inhibited between 48-71% by juices, 

and 42% by wine extracts. The active compounds in Syrah juices at commercial harvest 

inhibited the growth of gastric (AGS), prostate (DU-145), prostate (LNCaP), colon (HCT-

116), breast (MCF-7) and lung (NCI-H460) human tumour cell lines by 39, 38, 37, 46, 31 

and 44% respectively. Meanwhile, the extract of Syrah finished wine inhibited the growth of 

AGS, DU-145, LNCaP, HCT-116, MCF-7 and NCI-H460 tumour cell lines by 44, 40, 41, 48, 

33 and 45%, while Adriamycin (positive control) inhibited growth by 76, 56, 59, 72, 54 and 

54% respectively. No differences were found between juice and wine on the basis of tumour 

cell growth inhibition, suggesting fermentation does not alter the quality of functional food 

components in Syrah.  
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5.2 Introduction 

The Vitis vinifera L. Syrah grape is planted widely throughout the world for the 

production of red wines that has been consumed by humans for thousands of years for 

religious or cultural purpose, as part of the diet or alone. Red wine has been studied for its 

beneficial properties and impact on the human diet (165-167). The most famous of which is 

the relationship between wine and the Mediterranean diet (168), where wine is suggested to 

have a beneficial impact on the cardiovascular system despite a high-fat diet – the French 

Paradox (169-172).  

 

As a complex chemical mixture, wine is composed of hundreds of different chemical 

compounds, many of which are phenolic compounds that contain the most extensively 

studied properties in many plant types. Water, ethanol and sugars account for the greatest 

volume of a table wine at ≈80%, ≈12% and ≈3% respectively. The remaining ≈3% account 

for all the other compounds responsible for colour, flavor, mouth-feel and the structure of a 

wine. Prior to fermentation, grape juice may contain 25-30% sugar, which is noteworthy 

when considering dietary impact. Anthocyanins comprise the most noticeable group of 

compounds in red wine responsible for the range of red colouration from light pink in rosé 

style wines through to deep royal purple hues in Syrah. The anthocyanins have been 

extensively studied (173-180) and are known to be very beneficial compounds (181-189). 

However very little evidence exists of the Syrah juice or wine matrix and their ability or lack 

thereof to contribute to specific important antioxidant or enzymatic inhibition functions in the 

human body.  

 

Of particular interest to the antioxidant and anti-inflammatory activities of Syrah juice 

and wine is the impact of biotransformation on the compounds contained in the Syrah berries 
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during fermentation, to identify what impact, if any fermentation will have on the functional 

food properties of Syrah. Moreover an analysis of doses of Syrah juice or wine will be 

presented to unearth desirable levels of consumption to receive the benefits reported. 

 

Syrah juice and wine extracts from fruit grown in Hawke’s Bay, New Zealand. were 

examined using previously published methods for cyclooxygenase (190) and lipid 

peroxidation inhibitory (191) activities, and selected tumor cell proliferation inhibitory 

abilities (192)  in an approach to investigate the functional food properties of Syrah. 

 

5.3 Materials and Methods 

 

 5.3.1 Safety 

 There were no safety concerns. 

  

5.3.2 Plant Material and commercial fermentations 

 The Vitis vinifera L. Syrah grapes, juice samples and wines were produced at Craggy 

Range Vineyards in Hawke’s Bay, New Zealand. Fruit samples were removed from vines at 

14-day intervals during the ripening phase, and on the day of commercial harvest. Samples 

were taken at berry crushing and throughout the ethanolic fermentation transformation from 

juice to wine. Fermentation took place in four stainless steel open-top fermenters, and two 

oak cuvees at the commercial winery, Craggy Range. Grapes were processed by a de-

stemmer/crusher to remove unwanted rachii and other plant trash (leaves, shoots or tendrils) 

that would otherwise contribute excessive herbaceous flavors to the wine. The resulting 

‘must’ was transferred to commercial ‘open-top’ square stainless steel tanks with a volume of 

25 tons. The entire crushed grape was present throughout the fermentation as is standard for 
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red wine fermentation to ensure colour, flavor and aroma compound extraction from the 

skins, seeds and pulp of the berry into the wine matrix. Fermentations were preceded by a 

cold-soak where the grapes were allowed to undergo aqueous extraction while fermentation 

was prevented / minimized. Fermentations then proceeded over a 12-18-day period during 

which daily plunging took place. Plunging forces berry skins back down through the liquid to 

ensure they remain moist and available for extraction after the CO2 has lifted them to the 

surface. In some cases this was achieved by ‘rack and return’ where liquid is removed and 

sprayed back over the top of the fermentation. This was followed by post-fermentation 

maceration – time where the wine and ‘must’ is allowed to remain in contact for additional 

extraction of compounds. 

 

 5.3.3 Juice preparation 

Syrah grape samples were collected at 14-day intervals throughout fruit ripening 

starting from the same Hawkes’s bay site, before veraison (unripe green berries) until the 

commercial harvest. Grape clusters were frozen immediately by submersion in liquid 

nitrogen, inserted into sterile Ziploc bags, transported a short distance and stored in a 

standard chest freezer at -20°C. Three months later, samples were packed into dry ice and 

transported by air to Michigan State University’s Bioactive Natural Products and 

Phytoceuticals Laboratory for analyses. Frozen fruit samples (≈50 g subsample of a 350 g 

main sample) were thawed at room temperature, macerated individually for two minutes with 

a hand blender while submerged in 20 mL of 100% methanol without separating skins, seeds 

or juice. Samples were then centrifuged at 10,000 rpm, and methanol decanted off the solid 

pulp. The methanol was removed under vacuum and crude methanol extracts rehydrated with 

25mL water, transferred to individual sample vials and frozen at -20°C overnight before 

dehydration by lyophilisation. 
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 5.3.4 Wine Preparation 

The same fruit lot from the Syrah blocks was followed through processing into 

fermentation vessels. Sampling occurred through fermentation at daily intervals from each of 

the fermenters. Samples were collected by inserting a purpose-built sampling tube into the 

fermenter, through the cap of skins and into the middle of each fermentation, whereupon the 

liquid was allowed to enter the sampling device and removed from the fermentation. Each 

sample was sieved to remove gross solids immediately, centrifuged later to remove 

suspended solids and then frozen by immersing sample vials into dry ice. The samples were 

moved by frozen transport to the Bioactive Natural Products and Phytoceuticals Laboratory at 

Michigan State University and stored at -20°C until analyses. Ethanol and water were 

removed from each wine sample by rotary evaporation and transferred into sample trays, 

frozen to -20°C and lyophilised. 

 

5.3.5  MTT Antioxidant Assay 

The extracts were prepared in DMSO (10 mg/mL). The positive controls (vitamin C 

and tert-butyl hydroquinone (TBHQ)) were prepared in DMSO (1 mg/mL). The MTT (Figure 

5.1) (1 mg/mL) was dissolved in water. An aliquot of 180 μL of MTT solution and 20 μL of 

test extracts solution were vortexed in a capped glass vial (2 mL) for 1 min. An aliquot of 190 

μL of MTT solution and 10 μL of standard control solution were vortexed in a capped glass 

vial (2 mL) for 1 min. To these was added DMSO (200 μL), and the solution was vortexed 

again. The reaction mixture was then incubated at 37 °C for 24 h. An aliquot (200 μL) of the 

reaction mixture was pipetted to a 96-well cell culture plate, and the absorbance was tested at 

570 nm on a Bio-Tek Elx800 universal microplate reader (Bio-Tek Instruments, Inc., 

Winooski, VT, USA). Each sample was assayed in duplicate. 
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Figure 5.1 Mechanism of the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) assay (125). 

 

5.3.6 Lipid peroxidation inhibitory assay 

 The lipid peroxidation inhibition (LPO) assay was carried out by using large 

unilamellar vesicles (LUVs) (191). The phospholipid 1-stearoyl-2-linoleoyl-sn-glycero-3-

phosphatidylcholine (SLPC) (1 mg) in CHCl3 and fluorescent probe 3-[p-(6-phenyl)-1, 3, 5-

hexatrienyl] phenylpropionic acid (DPH-PA) (1 mg) were dissolved in dimethylformamide 

(DMF) (1 mL) in a flask and evaporated under vacuum to remove the solvent. To the 

resulting residue, morpholinic propane sulphonic acid buffer (MOPS) was added, freeze–

thawed and extruded for 28 times (Avestin Inc., Ottawa, ON, Canada) to yield large 

unilamellar vesicles (LUVs). The extract (100 μg/mL in DMSO) and positive controls (BHA, 

BHT, and TBHQ at 1.802, 2.204 and 1.662 µg/mL in DMSO) were tested for lipid 

peroxidation (LPO) inhibitory activities by using fluorescence spectroscopy on a Turner 

model 450 fluorometer (Barnstead/Thermolyne Corp., Dubuque, IA, USA) according to the 

reported procedure. The peroxidation was initiated by the addition of 20 μL of FeCl2•4H2O 

(0.5 mM) to the assay mixture [HEPES (100 μL), 1 M NaCl (200 μL), N2-sparged Millipore 

water (1.64 mL), DMSO or test sample (20 μL)] and 20 μL of large unilamellar vesicles 
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suspension. The fluorescence was monitored at 0, 1, and 3 min and every 3 min thereafter up 

to 21 min. The decrease in fluorescence intensity over time (21 min) indicated the rate of 

peroxidation. Each sample was assayed in duplicate, and the percent inhibition was calculated 

with respect to DMSO control. 

 

5.3.7 Cyclooxygenase-1 and -2 inhibitory assay 

The COX-1 and -2 enzyme (prepared from ram seminal vesicles and insect cells 

cloned with human COX-2 enzyme, respectively, in the Michigan State laboratory) inhibitory 

effects of test samples were measured by monitoring the initial rate of O2 uptake using an 

Instech micro oxygen chamber and electrode (Instech Laboratories) attached to a YSI model 

5300 biological oxygen monitor (Yellow Springs Instrument, Inc.) at 37 °C following the 

published procedure (193). The test extracts and controls were dissolved in DMSO. The test 

samples (6 μL) were initially added to the chamber full of assay buffer (Tris 1 mM phenol 

buffer, 600 μL, pH 7) and hemoglobin (17 μg). COX-1 or COX-2 enzyme (20 μL) was then 

added and incubated for 2 min. Arachidonic acid (10 μL of solution at 1 mg/mL) was added 

to initiate the reaction. The data were recorded using QuickLog for Windows data acquisition 

and control software (Strawberry Tree Inc., Sunnyvale, CA, USA). Each sample was tested in 

duplicate, and the percent inhibition calculated with respect to DMSO control. The extracts 

were tested at 100 μg/mL concentration. The positive controls, commercial aspirin, celebrex, 

naproxen, and ibuprofen were tested at 108, 1, 15, and 12 μg/mL, respectively. The varying 

concentrations of positive controls used were to yield a 50–100% COX enzyme inhibitory 

activity by the non-steroidal anti-inflammatory agents (NSAIDs). Each sample was tested for 

its COX activity in duplicate. 
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 5.3.8 Tumour cell proliferation assay 

 The juice and wine extracts (100 μg/mL) and standard control (1.5 μg/mL) were 

assayed for tumor cell growth inhibition as per published method (192). AGS (gastric), DU-

145 and LNCaP (prostate), HCT-116 (colon), MCF-7 (breast), and NCI-H460 (lung) human 

tumor cells were cultured in RPMI-1640 medium containing penicillin–streptomycin (10 

units/mL of penicillin and 10 μg/mL of streptomycin) and 10% fetal bovine serum (FBS). 

The samples and standards were dissolved in DMSO and diluted with media so as to obtain 

the desired concentration and <0.2% final concentration of DMSO as. Aliquots of 100 μL of 

test compounds were added to each well containing the test tumor cell line and further 

incubated for 48 h. After incubation, an aliquot (25 μL) of MTT solution (5 mg MTT 

dissolved in 1 mL of phosphate-buffered saline solution) was added and the plates incubated 

for 3 h at 37 °C after wrapping it with aluminum foil. The medium was removed from each 

well and cells treated with DMSO (200 μL). The plates were then shaken and optical density 

was measured using a microplate reader at 570 nm. Adriamycin was used as positive control 

in this assay. The samples were assayed in triplicate and three independent experiments were 

carried out to calculate percent inhibition. 

  

5.3.9 Chemical profile of juice and wine by HPLC 

The anthocyanin profile of both Syrah juice and wine residue samples was conducted 

as per previous reports (192, 194, 195) using Capcell Pak C18 column 4.6 x 150 mm with 5 

µm pore size (Shiseido, Japan). Peaks were detected at 520 nm on a PDA (Waters Associates, 

Milford, MA) and a solvent gradient system was used. Solvent A was 99.9% water and 0.1% 

TFA. Solvent B was 50.4% water, 48.5% acetonitrile and 1% acetic acid. The gradient started 

at 80% solvent A and 20% solvent B, moved to 40% and 60% respectively by 26 minutes, 
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and returned to 80% solvent A and 20% solvent B by 30 minutes using a run time of 40 

minutes at 0.75 mL per minute. 20µL of each sample was injected into the solvent system. 

Total anthocyanin and phenolic compound concentration was calculated from area under the 

chromatographic peaks and quantified based on an eight-point cyanidin-3-O-glucoside 

standard curve (R2 = 0.9988). The cyanidin-3-O-glucoside standard was prepared by serial 

dilution from concentration of 50 to 0.39 µg/mL each of which were injected three times and 

the calibration curve constructed using means and standard deviations. Each sample was 

injected twice and the mean taken for the calculation of concentration. 

 

5.3.10 HPLC-QTOF Analyses 

Complete profiling of polar metabolites in Syrah juice and wine was conducted using 

reverse phase high resolution mass spectrometry (Quadrupole Time of Flight - QTOF) in 

(Electrospray Ionisation – ESI) negative ionisation mode. The analyses were completed by 

the South Australian Metabolomics Facility at The Australian Wine Research Institute in 

Urrbrae, Australia. 

 

 5.3.10.1 Sample preparation 

Both juice and wine samples were thawed at room temperature from previously 

described samples. Samples were loaded onto conditioned solid phase extraction (SPE) 

polymeric reverse-phase cartridges (60 mg / 3 mL), washed with a 2% solution of methanol, 

dried under vacuum for ten minutes and eluted with 100% methanol. The methanol was 

evaporated and samples dissolved in 25 µL of solvent B (2% formic acid, 2% Milli-Q water, 

40% acetonitrile and 56% methanol) and 75 µL of solvent A (2% formic acid, 0.5% methanol 

and 97.5% Milli-Q water). 
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 5.3.10.2 Chemical analyses 

Chemical separation was performed using an Agilent 1200SL HPLC coupled to a 

Bruker microTOFQ-II. The sample injection volume was 5 µL with an initial flow rate of 

0.22 mL/minute through a reverse phase C18 column at 30°C. The mass spectrometer was 

operated in ESI negative ionisation at 200°C with a capillary voltage of 2,500, a nebuliser 

pressure of 2.0 Bar, a dry gas flow of 6.0 L/minute, mass range of 50 – 1,650 m/z and an 

acquisition rate of 2.0 hertz. The calibration solution was 5 mM sodium hydroxide, 0.2% 

formic acid in 50% 2-propanol. 

 

 5.3.10.3 Mass calibration 

A solution of sodium formate was introduced during LCMS analyses using an in-line 

post-column switching valve and sample loop. Using Bruker’s DataAnalyses (4.0) software, 

mass spectra were calibrated in the range 90-1000 m/z from the sodium formate clusters 

using an enhanced quadratic algorithm. Resulting spectra were matched to a spectral library 

at Metabolomics Australia. 

 

 5.3.10.4 XCMS for non-targeted analyses 

The m/z files were processed in a 64-bit Linux environment using the R scripting 

language (3.1) and BioConductor packages XCMS and CAMERA. Extracted Ion 

Chromatograms (EIC’s) were constructed for each sample. A non-linear retention time 

alignment algorithm (obiwarp) was used to group similar peaks across samples. Missing data 

was filled by reintegrating the EIC’s within the relevant time domain of the relevant peak 

group. Total Ion Chromatograms (TIC’s) were generated from the retention time aligned 

data.  



Chapter Five: Functional Food Properties of Syrah 
 

127 
 

5.4 Results and Discussion 

 Syrah wine is produced from Vitis vinifera L. Syrah grapes. Having originated in 

France as a product of Dureza and Mondeuse Blanche, Syrah is now produced in almost 

every winegrowing country on earth although more widely planted in France (67,592 Ha), 

Australia (as Shiraz) (42,000 Ha), Argentina (12,000 Ha), South Africa (9,800 Ha) and The 

United States of America (7,780 Ha). Although only 2,240 hectares are planted in New 

Zealand (of 35,182 total), Syrah wines are becoming an icon for wineries who regularly elect 

to produce Syrah their flagship wine. The wine is desirable due to the depth of flavours and 

complexity of aromas, high tannin profile, and interesting nuances – one of which is a distinct 

black pepper aroma recently identified as the bicyclic sesquiterpene rotundone (5). Our 

previous work has shown Syrah wines produced in New Zealand contain some of the highest 

levels of rotundone found in Syrah, making it noteworthy and desirable (84, 85). 

 

One standard serve of drinking alcohol is 10 g ethanol, thus pour size and volume 

differ greatly among wines based on the sugar concentration of the fruit and ethanol 

percentage in final wine. This directly impacts the concentration of functional food 

compounds in the wine, and the total amount consumed. Consumers mostly purchase wine in 

750 mL bottles, regardless of type and this volume mostly contains 7-8 standard serves. It is 

often reported that two standard serves of red wine with a meal are very beneficial (196); 

however, the reasons for this recommendation have not been fully examined. The Syrah wine 

samples used here from Craggy Range Vineyards in Hawke’s Bay contained 4.2 g 

compounds other than water and ethanol per 100 mL or 31.5 g per bottle. This includes 

sugars, acids and phenolic compounds in the case of both juice and wine. 
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Further, concentration of functional phenolic compounds vary widely between light-

bodied white wines, such as Sauvignon blanc and full-bodied red wines such as Tannat or 

Cabernet Sauvignon, and both growing location and fermentation extraction regimes dictate 

the type and amount of compounds extracted. Therefore, results presented here apply to 

Syrah wines grown in Hawke’s Bay, New Zealand under the conditions reported. 

  

 

5.4.1 MTT antioxidant assay 

 The MTT assay (Figure 5.1) was used as a first-round analysis of antioxidant capacity 

by redox reaction of test samples. It is a relatively fast, economical and reliable assay to 

screen extracts and compounds for further analyses of functional food activities (125). The 

purple pigment formazan is produced in the presence of the reducing agent from the yellow 

MTT and the absorbance measured at 570 nm, the greater the absorbance, the more effective 

the reducing agent in the test extract or compound. 

 

A large selection of grape, juice and wine extracts were initially tested using both 

methanol and ethyl acetate as separate solvents to prepare test extracts. Methanol extracts of 

grape berries throughout ripening yielded increased absorbance values in response to MTT, 

compared to previous sampling dates, starting with immature green berries at 0.0195 AU, 

then progressing through fortnightly-sampled ripening states to 0.354 AU in mature berries at 

harvest. The positive controls Vitamin C (VC) and TBHQ were 0.502 and 0.514 AU 

respectively. The indication is that while immature berries were slightly active, the samples 

closer to the commercial harvest date were more effective antioxidants. Crude grape extracts 

contain a variety of phenolic compounds that increase in diversity toward ripening as 

compounds responsible for colour (anthocyanins), flavour (vary with cultivar) and structure 
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(mainly tannins) in the fruit/wine complete biosynthetic pathways and peak before 

senescence. Therefore the data concurs with both synthesis of phenolic compounds (46, 105, 

108) and their importance as antioxidants (125, 166, 197, 198) in natural plant extracts. 

However, ethyl acetate extracts did not produce the same trend, despite extracts from 

immature berries at earlier stages of ripening producing almost ten-fold increases on 

methanol extracts. Ethyl acetate extracts of immature berries at fortnightly intervals were not 

different (0.171, 0.167, 0.161 and 0.154 AU respectively), and mature berries at harvest 

(0.159 AU). These results did not indicate strong trends of antioxidant capacity at 500 ppm in 

the maturing fruit of Syrah, although the mature fruit sample was investigated further due to 

its commercial significance (data not shown). Results of this phase were used as the basis for 

selecting useful candidates for further functional food analyses. 

Crude extract of Syrah juice before fermentation transformation resulted in 

absorbance of 0.354 AU and wine extract after fermentation yielded 0.079 AU under the 

MTT testing conditions (Figure 5.2). Although both results were lower than that of Vitamin C 

and TBHQ, they were still encouraging as ae basis for further analyses, and despite the low 

activity of the crude wine extract the capabilities of wine were investigated further. From this 

point forward, results will be presented to compare the Syrah juice before fermentation 

transformation, and that of finished wine after fermentation, to highlight the impact of 

biotransformation on Syrah activity, profile and functional food quality. 
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Figure 5.2 MTT antioxidant assay results (absorbance values at 570nm) of V. vinifera L. 

Syrah juice and wine at 500 µg/mL with positive controls Vitamin C (VC) and TBHQ. 

Vertical bars represent ±SD of two data points.  

 

 

5.4.2 Lipid peroxidation inhibitory assay 

The lipid peroxidation inhibition of the Syrah juice and wine extracts was determined. 

Both Syrah juice and wine extracts showed an ability to inhibit lipid peroxidation. The juice 

extract demonstrated inhibition at 58%, while this was lowered to 43% inhibition in wine. 

This change is likely attributed to the retention of anthocyanins and other important phenolic 

compounds in the berry skin during and after fermentation. Juice and wine inhibition was 

encouraging especially when compared to commercial antioxidants BHA, BHT and TBHQ 
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which resulted in 83, 88 and 92% lipid peroxidation inhibition, respectively (Figure 5.3). This 

suggests that it is likely under normal fermentation conditions, where an aqueous solution 

gradually becomes ethanolic, and the temperature range is tightly controlled (≈30 ± 5°C for 

most red wines around the world), that not all active functional compounds are being 

extracted from the grape berries regardless of developmental stage. The results also indicate 

that winery waste products contain a plethora of useful, functional compounds that should be 

collected and processed further to add value to wine production or offset costs.  

 

 

 

 

Figure 5.3 Lipid peroxidation inhibitory activities of V. vinifera L. Syrah juice and freshly 

fermented wine at 100 µg/mL with positive controls BHA, BHT and TBHQ. Vertical bars 

represent ±SD of two data points. 
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5.4.3 Cyclooxygenase inhibitory assay 

 The extracts of Syrah juice and final wine exhibited mild COX-1 (32 and 33% 

respectively) and COX-2 (33 and 33% respectively) inhibition, as presented in Figure 5.4. 

When compared to COX-1 and -2 inhibitory activity of non-steroidal anti-inflammatory 

drugs (NSAIDs) Aspirin (59 and 27%), Ibuprofen (53 and 43%), Celebrex (24 and 93%) and 

Naproxen (81 and 54%), the juice and wine extracts of V. vinifera L. Syrah showed similar 

inhibitory activities. This suggests that the biotransformation from juice to wine via ethanolic 

fermentation had not impacted the functional food quality of the Syrah matrix. Moreover the 

level of COX-2 inhibition in juice and wine of Syrah is interesting as it exceeded that of 

aspirin, and was comparable to that of ibuprofen and at this concentration, and was only 

about 15% behind the capability of Naproxen. However, Celebrex inhibits COX-2 at a level 

far in excess of Syrah. This lends further data to the idea that Syrah and other red wines and 

grapes are useful functional food components and when consumed regularly could directly 

assist in inhibiting COX enzyme activities, and therefore reduce or delay inflammatory 

conditions. 

 

Moreover, both juice and wine produced from Syrah grapes had similar functional 

food components and abilities. However the impact of sugar (in juice) and ethanol (in wine) 

in the diet must be considered, and informed moderation encouraged as part of a balanced 

nutrition regime. 
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Figure 5.4 Cyclooxygenase activities of V. vinifera L. Syrah juice and freshly fermented 

wine at 100 µg/mL with positive controls Aspirin, Ibuprofen, Celebrex and Naproxen. 

Vertical bars represent ±SD of two data points. 

 

 

5.4.4 Tumour cell proliferation assay   

 The juice produced from Syrah grape berries at commercial harvest, and wine 

resulting from alcoholic fermentation of the same fruit lot, were investigated for their 

inhibitory activity against a range of human tumour cell lines; AGS (gastric), DU-145 

(prostate), LNCaP (prostate), HCT-116 (colon), MCF-7 (breast) and NCI-H460 (lung). There 

was no difference of inhibition levels between Syrah juice and wine for each of the cancer 

cell types studied. This is an important finding as wine is generally considered to contain a 
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great number of compounds formed during fermentation, and more so than juices. However, 

previous research into Cabernet Sauvignon has found that grape-derived compounds can be 

useful functional food components for activities such as selective COX-2 inhibition and 

insulin secretion (166), leading to the suggestion that many of our results here may be due to 

grape-derived compounds. It is noteworthy to consider the functional food properties of 

Syrah juice could be overshadowed by the high glycaemic index of juice prepared from wine 

grapes. 

 At 100 ppm, a crude extract of Syrah juice at commercial harvest time and wine 

inhibited the growth of human tumour cells AGS by 39 and 44%, DU145 by 38 and 40%, 

LNCaP by 37 and 41%, HCT-116 by 46 and 48%, MCF-7 by 31 and 33%, and NCI-H460 by 

44 and 45% respectively (Figure 5.5). These levels were similar to crude extracts (at 100 

µg/mL) and individual compounds (at 25 µg/mL) in coriander as reported by (126), where 

inhibition of the same carcinoma lines was between 8 and 32%, and the authors found no 

differences between roasted and raw seed extracts, suggesting the biotransformation of 

heating in coriander seeds had no impact on the functional food quality of coriander. This is 

consistent with the results presented here with the fermentation of Syrah juice. 
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Figure 5.5 Tumour cell proliferation inhibition activities of Syrah Juice and resulting Syrah 

Wine against human AGS (gastric carcinoma), DU-145 (prostate carcinoma), LNCaP 

(prostate carcinoma), HCT-116 (colon carcinoma), MCF-7 (breast carcinoma) and NCI-H460 

(lung carcinoma) cancer cell lines. Syrah juice and wine extracts were tested at 100 μg/mL. 

Adriamycin (1.5 μg/mL) was used as a positive control. 

 

 

5.4.5 HPLC Profile of juice and wine 

 The profile of Syrah juice and wine was analysed using HPLC to determine the 

anthocyanin and phenolic compound concentrations in the samples. Total concentrations 

were calculated using a cyanidin-3-glucoside standard curve (R2 = 0.9988). 
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Total anthocyanin concentrations in the Syrah juice and wine samples were analysed 

by the described reversed-phase HPLC techniques. Anthocyanins are the building block 

pigments for colour in red wines, and are important antioxidants in nature. The -3-O-

monoglucosides of (1) delphinidin-, (2) cyanidin-, (3) petunidin-, (4) peonidin- and (5) 

malvidin- are responsible for the greatest proportion of colour in young red wines of V. 

vinifera L. cultivars, such as Cabernet Sauvignon, Merlot, Carmenere and the currently 

reported Syrah.  
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Number Anthocyanin R1 R2 
1 Delphinidin OH OH 
2 Cyanidin OH H 
3 Petunidin OCH3 OH 
4 Peonidin OCH3 H 
5 Malvidin OCH3 OCH3 

 

Figure 5.6 Anthocyanins found in extracts of V. vinifera L. Syrah juice and wine. 
ChemBioDraw Ultra 12.0. 
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Table 5.1 Anthocyanin concentration of V. vinifera L. Syrah juice and wine (mg/mL). 

 

Anthocyanin Retention Time 
(min) 

Juice Wine 

Delphinidin 17.34 0.080 ± 0.005 0.133 ± 0.013 
Cyanidin 19.93 0.028 ± 0.003 0.021 ± 0.007 
Petunidin 21.32 0.085 ± 0.009 0.207 ± 0.012 
Peonidin 23.14 0.134 ± 0.017 0.241 ± 0.022 
Malvidin 23.99 0.358 ± 0.044 1.180 ± 0.042 

Total  0.685 1.782 
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Figure 5.7 HPLC profiles of (a) Syrah juice (520 nm); (b) Syrah wine (520 nm); (c) Syrah 

juice (254 nm); (d) Syrah wine (254 nm). 
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Wine grapes of V. vinifera L. cultivars contain five monoglucosidic anthocyanins 

(Figure 5.6) that produce the deep velvet purple-red colour in the glass. However, the colour 

is pH dependant and may change from a light red at low levels (pH 2.6-2.8) to a deep blue-

purple near pH 4 depending on composition of anthocyanins and pH (199). The profile of 

anthocyanins in Syrah juice (Figure 5.7a) and wine (Figure 5.7b) showed a similar profile of 

monoglucoside anthocyanins between the pre-, and post-fermentation stages. The total 

concentration of monoglucosidic anthocyanins in the juice was 685 mg/L and in the freshly 

fermented wine was 1,782 mg/L. The juice stage most likely retained a significant proportion 

of anthocyanins in the skins of grape berries, which are extracted by both berry crushing at 

processing and during ethanolic fermentation in contact with skins. This relationship has 

already been reported for anthocyanins in wine grapes (195), and yet there are a number of 

factors that result in extraction limitations and final wine colour including copigmentation 

and cofactors (199). Therefore anthocyanin concentration is constantly changing in wine 

solution and this represents a single point in time yet representative of anthocyanin available 

to act as antioxidants – one of their important functions (200). 

Total phenolic compound concentration in Syrah juice was 2,840 mg/L and in freshly 

fermented wine 6,380 mg/L. Again, this trend of increasing levels of phenolic compounds 

found in the wine after fermentation and extraction from skins is to be expected due to the 

short time of extraction into the juice medium and the longer time, and more abrasive 

structural degradation of berry skin cells that allow for enhanced extraction rates. Levels of 

phenolic compounds in wine vary considerably based on the cultivar and growing location 

(which can include climate impacts), and yet the phenolic compounds contribute very 

important antioxidant qualities and thus levels in the beverage consumed are fundamental to 

the delivery of functional food compounds. 
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5.4.6 QTOF MS/MS profile of juice and wine 

 To further identify individual metabolites, particularly proanthocyanidins in juice and 

wine samples, non-targeted reverse-phase high-resolution mass spectrometry was conducted 

at Metabolomics Australia at The Australian Wine Research Institute. Three profiles were 

obtained in negative ESI ionisation mode, one from Syrah juice, another from the wine 

fermented in stainless steel, and the third sample of Syrah wine fermented in an oak cuvee. 

An overlaid total ion chromatogram is presented in Figure 5.9.  

As demonstrated in (201), the use of electrospray ionisation quadrupole time of flight 

mass spectrometry (ESI-QTOF-MS) is very effective at identifying flavan-3-ol 

monoglucosides in red wine. The use of MS/MS allows for the discovery of more detail 

surrounding the identification and characterisation of these monoglucosidic 

proanthocyanidins in wine. This allows us to delve deeper into the chemical profile of Syrah 

and compare the effect of biotransformation of fermentation between the juice and wine state 

and highlight similarities and differences between the profiles.  

Table 5.2 illustrates selected compounds identified in the profiles of Syrah juice and 

wine. Using the wine compound peak library at Metabolomics Australia, it was possible to 

identify compounds in the juice profile and wine. In the first instance, the number of 

compounds identified in wine fermented in stainless steel were higher than the juice profile, 

which is to be expected as fermentation is an incredibly intricate biotransformation involving 

hundreds of reactions. The high number of compounds also indicates the complexity of a 

juice or wine solution.   
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Caftaric acid tr = 17.0 min (peak 1, 13) was found to be less abundant in the wine than 

in the juice and yet the abundance in the oak fermented wine (data not shown) was similar to 

the juice, indicating a loss in the biotransformation of juice to wine. There was a large loss of 

coutaric acid tr = 19.2 min (peak 2, 14) in the biotransformation of ≈120-fold the juice 

concentration. Resveratrol tr = 98.6 min (peak 11, 23) was also found to be less abundant in 

the wine than in the juice. Conversely, increased abundances were produced during 

fermentation for caffeic acid tr = 29.4 min (peak 3, 15), catechin tr = 32.6 min (peak 4, 16), 

epicatechin tr = 63.6 min (peak 5, 17) and quercetin tr = 109.8 min (peak 12, 24). During the 

biotransformation catechin increased nearly 4-fold, epicatechin increased more than 5-fold 

and quercetin increased nearly 8-fold. This is particularly interesting as these compounds 

have positive functional food qualities and are considered beneficial to human health. This 

also indicates that Syrah juice and wine both contain many of the same types of functional 

compounds, albeit at different levels, and support antioxidant results presented above 

indicating no difference between the activities of juice or wine matrices.  

Regarding the anthocyanins, all five of the -3-O-glucosides known to exist in both 

juice and wine were identified. Table 5.2 and 5.3 present the retention times and both 

calculated and measured m/z ratios for these compounds. Cyanidin-3-O-glucoside tr = 85.3 

min (peak 7, 19), peonidin-3-O-glucoside tr = 93.5 min (peak 9, 21) and malvidin-3-O-

glucoside tr = 95.2 min (peak 10, 22) were all identified at reduced levels resulting from 

fermentation. However both delphinidin-3-O-glucoside tr = 72.7 min (peak 6, 18) and 

petunidin-3-O-glucoside tr = 93.0 min (peak 8, 20) were found at higher levels in the wine as 

compared to juice, in fact, petunidin-3-O-glucoside was found to be many times higher in 

wine. This could be due to enhanced extraction or more likely enhanced synthesis from 

precursors in the wine and conditions favouring the delphinidin side of the anthocyanin 

biosynthetic pathway. These confirm trends presented in Table 5.1 showing higher 
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concentrations of both delphinidin- and petunidin-3-O-glucoside in the wine solution. 

Additionally from an anthocyanin biosynthetic view, these are to be expected as delphinidin-

3-O-glucoside is a primitive pigment and petunidin-3-O-glucoside is a terminal pigment in 

the anthocyanin biosynthetic pathway. Therefore, the transition to delphinidin-3-O-glucoside 

from precursors continues to produce the terminal pigments malvidin-3-O-glucoside and the 

herein favoured petunidin-3-O-glucoside.  

The compounds identified (table 5.2) in Syrah juice and wine by ESI-QTOF-MS 

comprise the bulk of flavanol-3-ols in wine and responsible for some of the mouth feel (202), 

bitterness (203), structure and texture components in a wine. Moreover, these identified 

compounds include many well-known structures such as catechin, epicatechin, resveratrol 

and quercetin that improve the quality of foods and are considered beneficial to human health 

(204-211). 
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Figure 5.8 Flavonols found in wine of V. vinifera L. fruit.  

 

 

Figure 5.9 Mass spectra of delphinidin-3-O-glucoside at m/z 463.0879 with a retention time 

of 72.7 minutes in Syrah juice. 
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Figure 5.10 Mass spectra of cyanidin-3-O-glucoside at m/z 447.0942 with a retention time of 

85.3 minutes in Syrah juice. 

 

 

Figure 5.11 Mass spectra of malvidin-3-O-glucoside at m/z 491.1208 with a retention time of 

95.2 minutes in Syrah juice. 
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Table 5.2 ESI (negative mode) mass product ions (m/z) and identification of major 

compounds of interest in Syrah juice and wine. 

 Juice  Wine (SS) 

Compound 
Retention 

Time 
(min) 

m/z 
(observed) 

m/z 
(theoretical) 

Peak 
Number  

Retention 
Time (min) 

m/z 
(observed) 

m/z 
(theoretical) 

Peak 
Number 

Caftaric acid 17 179.0343 179.035 1  17.1 179.035 179.035 13 

Coutaric acid 19.2 295.0463 295.0459 2  19.2 295.0469 295.0459 14 

Caffeic acid 29.4 179.0344 179.035 3  29.2 179.0353 179.035 15 

Catechin 32.6 289.072 289.0718 4  32 289.074 289.0718 16 

Epicatechin 63.6 289.0715 289.0718 5  62.7 289.0746 289.0718 17 

Delphinidin-3-O-glucoside 72.7 463.0879 463.0882 6  71.9 463.0894 463.0882 18 

Cyanidin-3-O-glucoside 85.3 447.0944 447.0933 7  84.9 447.0926 447.0933 19 

Petunidin-3-O-glucoside 93 477.1053 477.1038 8  91 477.1034 477.1038 20 

Peonidin-3-O-glucoside 93.5 461.1106 461.1089 9  93.4 461.1082 461.1089 21 

Malvidin-3-O-glucoside 95.2 491.1208 491.1195 10  95.1 491.1186 491.1195 22 

Resveratrol 98.6 227.0723 227.0714 11  98.5 227.0721 227.0714 23 

Quercetin 109.8 301.0353 301.0354 12  109.7 301.0365 301.0354 24 
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Figure 5.12 Total ion chromatogram of Syrah juice for m/z 85.0605 – 1654.3951 obtained by 

Q-TOF LC/MS. Time scale in minutes on the x-axis; base peak intensity on the y-axis. 
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Figure 5.13 Total ion chromatogram of Syrah wine fermented in stainless steel for m/z 

85.0605 – 1654.3951 obtained by Q-TOF LC/MS. Time scale in minutes on the x-axis; base 

peak intensity on the y-axis.  
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5.5 Conclusions 

This research has demonstrated the antioxidant, anti-inflammatory and human tumour 

cell proliferation inhibition abilities of juice and wine of V. vinifera L. Syrah.  Further, 

analyses of anthocyanin concentrations before and after the biotransformation of fermentation 

were made, as were metabolite profiles for proanthocyanidins in the samples to investigate 

important compounds. During initial extractions it was shown that commercially prepared 

wine of Syrah contained 4. 2g per 100mL standard serve of compounds other than water or 

ethanol. This is noteworthy when considering assays reported here described useful levels of 

activity at 100-500 ppm.  

 

Results showed that both juice and wine produced from Syrah grapes grown in 

Hawke’s Bay, New Zealand produced positive antioxidant activity using the MTT assay and 

that levels of juice activity at 500 µg/mL were 0.354 AU, almost comparable to that of 

vitamin C (0.502 AU) and TBHQ (0.514 AU), and wine resulted in 0.079 AU. Lipid 

peroxidation inhibition was measured at 100 µg/mL and yielded 58% for juice and 43% for 

wine compared to positive controls of commercial antioxidants BHA (83%), BHT (88%) and 

TBHQ (92%). Cyclooxygenase inhibitory assays for COX-1 and COX-2 inhibition showed 

mild levels of inhibition in Syrah juice and wine that is comparable to commercial NSAIDs 

and commercial antioxidants. Syrah juice inhibited COX-1 and COX-2 enzymatic activity by 

32 and 33%, while Syrah wine inhibited these activities by 33 and 33% respectively. In some 

cases, these levels surpassed the levels of inhibition exhibited by commercial drugs as in the 

case of COX-2 inhibitory activity of Aspirin which was 27%, and that of COX-1 inhibition 

by Celebrex of 24%, however, these are not used in this capacity. In this research it has also 

been demonstrated that juice and wine of Syrah provided some inhibition of selected human 
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tumour cell lines. Using juice and wine respectively at 100 ppm each, inhibition of human 

tumour cell lines was exhibited in gastric (39 and 44%), prostate (DU-145) (38 and 40%), 

prostate (LNCaP) (37 and 41%), colon (46 and 48%), breast (31 and 33%) and lung (44 and 

45%) cancer cells in this research. Moreover, it was noted that no difference existed between 

the inhibitory abilities of either juice or wine on the basis of cancer cell type which is 

particularly useful information to those on certain ethanol-, or glucose-restricted diets as they 

both provide inhibition at levels which are not different.  

 

The biotransformation of Syrah juice to wine via ethanolic fermentation and 

extraction of compounds from the skins and seeds of berries yielded increases in 

anthocyanins and total phenolic compounds, and in some cases these increases may have 

contributed to increases in antioxidant potential of wine over juice. However, in several 

cases, such as human tumour cell inhibition there was no difference, suggesting that 

compounds such as catechin, epicatechin, or quercetin-3-O-glucuronide, which did not differ 

after fermentation and were found in higher proportions, may contribute significantly to the 

antioxidant functions reported here.  

 

It is possible under standard commercial wine fermentation practices that not all of 

the functional compounds are being extracted into wine. In this case it would be useful to 

further process these winery wastes (berry skins, seeds and pulp separated from wine and 

discarded as compost or waste after fermentation) as natural sources of highly beneficial 

functional food compounds with beneficial qualities. Despite the loss in winery waste, juice 

and wine of Syrah have been shown to contain mild to moderate levels of antioxidant, anti-

inflammatory and anti-tumour cell proliferation abilities and as such should be considered for 

inclusion in the human diet. Further, these results suggest that Syrah juice and wine do not 
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differ in their ability to provide very good functional food qualities and therefore both equally 

beneficial to human health. 
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Conclusions 

6.1  General Conclusions 

6.2  Recommendations for Future Research 
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6.1 Conclusions 

 

The V. vinifera L. Syrah grape grown in New Zealand was recently identified as a 

cultivar that contains rotundone, a compound which produces a black pepper aroma in both 

the fruit and wine. At the outset of the research, anecdotal evidence suggested that the black 

pepper aroma varied considerably between wines from different regions, sub-regions and 

even blocks. It was also noted by growers and producers that each vintage the black pepper 

aroma intensity in fruit and wines were different. As a result, growers and producers of Syrah 

wines in New Zealand were becoming increasingly interested in fine tuning their Syrah wines 

by understanding more about this seemingly unique note in the aroma profile, what it is, how 

it performs in different regions and how to manage it to both increase or decrease the potency 

of the often strong aroma in the Syrah wines. At the same time as these investigation requests 

were forthcoming from producers, the Australian Wine Research Institute had determined 

and identified the source of black pepper aromas in Syrah (Shiraz) fruit and wine as the 

sesquiterpene compound rotundone. Prior to this identification in Syrah grapes and wines, 

rotundone had sparse accounts in literature that were mainly investigating Cyperus rotundus 

commonly known as Nutgrass. Importantly, it was discovered that rotundone is an extremely 

potent aroma compound as the black pepper aroma was found to have a sensory perception 

threshold of 8 ng/L in pure water and 16 ng/L in a red wine medium, indicating that even 

slight changes to the concentration of rotundone in berries and extracted into wines would 

have a pronounced impact on the wine profile. Therefore changes at each stage of production 

needed close examination to isolate possible manageable impacts on rotundone, in addition to 

those impacts that were unable to be managed effectively.  
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Therefore research was conducted to examine rotundone in the Syrah grape and 

determine what occurred to the levels of rotundone during ripening. Then to investigate if 

economically viable and common commercial viticulture management inputs could influence 

the concentration of rotundone in grapes at harvest. Moreover, once grapes were harvested, it 

was important to investigate how conventional New Zealand Syrah fermentation practices 

influenced the extraction and final concentration of rotundone in commercial wine, and how 

those levels compared to Syrah wine produced in other international locations. Lastly, Syrah 

juice and wine was explored for functional food quality to determine the likely impacts of 

Syrah as an antioxidant, anti-inflammatory or inhibitor of human tumour cell line growth in 

an effort to increase the value and notoriety of New Zealand Syrah wine. 

 

Initially it was discovered that rotundone increased during the later ripening phase of 

Syrah berries. The level of rotundone was not detected in green fruit sampled prior to the pea-

size stage, and in all samples the first detection was at very low levels (≈ 7 ng/kg) just before 

the important physiological stage veraison. It was not until three to four weeks after veraison 

was complete that the concentration of rotundone in the fruit increased eight-fold rapidly in a 

two-week period and remained largely unchanged from that point until the commercial 

harvest. Some increases in concentration were found in later ripening stages, however, those 

were likely attributed to the berry shrivel experienced as berries began senescence processes. 

The similar trend of an increase in rotundone concentration after veraison occurred in the 

second season, although at a different rate overall, and continued to increase until the point of 

commercial harvest. The second season was warmer than the first both by way of a higher 

mean temperature, and by higher Growing Degree Days, which was thought to account for 

more volatilisation of sesquiterpenes from berry skins leading to lower levels in warmer 

years, which the data presented support for the Syrah and sites sampled during the research. 
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As rotundone was found to increase after veraison and produce higher levels in cooler years, 

this can suggest that it may be possible to use post-veraison management inputs as a way to 

impact levels of rotundone in the final grapes at harvest, especially those techniques which 

impact temperature in the fruit zone such as commonly practiced leaf removal or managing 

the selection of fruit from higher or lower vigour growing sites which directly impacts the 

microclimate experienced by fruit. Further, results of varying levels of rotundone between 

seasons add weight to the theory that seasonal climatic conditions, particularly temperature 

do have an influence on the concentration of rotundone in the fruit at harvest.  

 

Next, a variety of selected commonly used vineyard management inputs were 

investigated, in addition to pre-planting site and plant material impacts to further attempt to 

explain the anecdotal differences in pepperiness of Syrah. Vintage variation was again 

highlighted as a strong difference between levels of rotundone in fruit at harvest. Syrah 

grapes in the coolest season had three times the rotundone concentration of the warmer years 

again strengthening the likelihood of strong environmental impact of processes such as 

volatilisation of volatile compounds from berries. However, it was noted the standard 

deviation for the higher levels of rotundone in the cooler year were higher, the initial sign of 

variability of rotundone and possible impacts from other factors at this point. In an attempt to 

identify the relative levels of rotundone in other common V. vinifera cultivars, a survey was 

conducted. It was found that of the samples in the same season, Cabernet Franc produced a 

higher concentration of rotundone than all other cultivars surveyed. Syrah was the second-

highest, followed by Zinfandel, Merlot and Sangiovese all at above-threshold concentrations. 

Other cultivars found to contain rotundone albeit present below the sensory perception 

threshold included; Malbec, Pinotage, Montepulciano, Chambourcin and Cabernet 

Sauvignon. No rotundone was detected in Sauvignon blanc. These data showed that although 
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Cabernet Franc in this case was found to contain twice the rotundone of Syrah, it has not been 

known for the very potent and prominent levels anecdotally experienced by producers, judges 

and consumers in Syrah. Further, the variation in levels of rotundone between cultivars was 

shown to be interesting from a research standpoint, and useful from a wine production 

position, especially for phases such as blending in red wine production. Moreover, clonal 

selection of specific plant material within a cultivar is widely used around the globe 

anecdotally to increase complexity, flavor and nuances in a wine.  

 

As a starting point for further evaluation, three clones of Syrah were compared on the 

basis of rotundone levels at harvest. Results showed that clonal material was one of the 

strongest influences on rotundone concentration. Syrah clone ‘Dijon 470’ produced the 

highest rotundone levels in all years and was nearly double the concentration of other clones. 

The ‘Chave’ clone tested, anecdotally considered to produce the most peppery wines 

contained high levels of rotundone, yet these levels were just over half that found in ‘Dijon 

470’. The New Zealand industry standard ‘MS’ or Mass Selection of clones, yielded the 

lowest levels of rotundone just above sensory perception threshold. These differences found 

between clonal material indicate the importance of pre-planting decisions and the use of 

mixed clones to manage levels of rotundone among many other compounds in final blends or 

to produce distinct differences between wine labels or price points for a consumer.  

 

The practice of removing leaves from the fruit zone is commonplace in most 

commercial vineyards. It is undertaken to increase exposure of fruit to more sunlight, warmer 

temperatures and increased air movement with the main goal of reducing fungal disease 

infection and improving the synthesis of desirable compounds in the fruit leading the higher 

quality wines. Over the three-year period no differences in rotundone concentration were 
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found between treatments with no leaf removal (100% natural leaves retained), 100% fruit-

zone leaf removal (no leaves retained near clusters), and 100% fruit-zone leaf removal with 

artificial shade cloth cover applied to the fruit-zone. Moreover, the timing of management 

inputs is under increasing scrutiny as they can have a pronounced impact on resulting 

changes. The timing of leaf removal in the fruit zone was compared for several stages of 

development. It was found that differences in rotundone concentration existed based on the 

timing of leaf removal. Pre-bunch closure and veraison leaf removal timings were found to be 

important whereas pre-flowering and flowering stages were not. This corroborates results 

found where rotundone exists at trace, or non-detectible levels in the fruit before veraison. It 

also highlights the ability to impose pre-flowering leaf removal to manage other compounds 

without impacting rotundone. Although unexpected, these results are useful in that they 

identify to growers that by removing leaves for other purposes, they will not influence levels 

of rotundone in grapes at harvest, allowing greater flexibility to manage other components 

without affecting rotundone. The next major factor of vineyard management investigated was 

crop load as it is a commonly applied technique to manage ‘quality’ of resulting fruit. Despite 

the importance placed on crop load management for other factors, rotundone concentration 

was not found to be different between the extreme levels used in this work. Full, naturally set 

crop, half crop and ten percent of full crop levels are normally expected to yield differences 

in the ability of a vine to ripen fruit and produce chemical compounds, however even at these 

extreme levels rotundone did not differ suggesting that crop load management when targeting 

some constituents can continue in the knowledge it will not produce different levels of 

rotundone in the fruit.  

 

One of the most important management issues in New Zealand viticulture is the high 

variation between levels of vegetative vigour primarily based on geologically young soils and 
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locations of vineyard plantings near and on old riverbeds. In comparing the levels of 

rotundone between fruit of vines with ‘higher’ and ‘lower’ levels of vegetative vigour an 

initial trend of higher rotundone concentration in lower vigour vines emerged, although when 

all years were taken into account, no differences were observed for rotundone. This was 

unexpected as most constituents measured in fruit do differ on the basis of vegetative vigour 

level, but it does add weight to selective harvesting on the basis of vigour level for other 

desirable compounds without impacting the level of rotundone at the same time.  

 

It is important to note that one of the most important factors for managing rotundone 

levels were due to pre-planting factors – site selection and clonal material, and that once 

planted, the annual commercial management practices, while important had less of an impact 

on the rotundone levels at harvest. This is extremely important to industry as land selection 

and planting are extremely expensive and very difficult to modify later in the life of a 

vineyard. 

 

The fermentation phase of winemaking was examined to determine rotundone 

extraction from the berry skins and concentrations in resulting wine. In these commercial 

fermentations, the levels of rotundone found were some of the highest to date suggesting that 

either levels of rotundone are highest at the point wine is drained from the skins, or that the 

vintage and fruit lot produced more rotundone than ever before. It is likely a combination of 

the two with a strong emphasis on the winemaking process and stage of sampling at the end 

of fermentation prior to ageing or further processing. Rotundone was found in all cases to 

increase in concentration throughout fermentation, more quickly at the beginning and more 

slowly near the end of fermentation. It is likely that much of the grape-sourced rotundone was 

physically extracted from the berry skin at the point of berry crushing, which was elevated by 
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the regular maceration of the marc with the liquid, and then the rate slowed as the 

concentration in skins was close to that found in the liquid. The slower rate of rotundone 

extraction from the berry skin later in fermentation may also indicate the skins were nearly 

devoid of rotundone or that water in the juice medium is a better solvent for extracting 

rotundone than the low concentration ethanolic solution later in the fermentation. In addition, 

the rate of increases experienced for rotundone concentration was different between 

fermentation vessels. This can be attributed to unintentional different treatment of cap 

maceration in either severity or timing as these were completed by hand. Further it could 

again add weight to the link between vineyard variation, crop management and microclimate. 

Single cluster fermentations were also completed using coffee plungers as micro-scale 

open top fermenters. In every aspect, there was a high degree of variability between clusters 

which in the first instance highlights that it is imperative to include full commercial-scale 

fermentations in wine research, especially when investigating aroma compounds in red wines 

and not to rely on results of small scale batches. Twenty nine other aroma compounds were 

identified in the single cluster fermentations many of which were around the sensory 

perception threshold. Importantly the levels of variation between clusters was such that for 

most compounds identified, it is not recommended to make general conclusions of specific 

compounds based on these very small fermentation volumes, and this supports the results for 

rotundone analyses of these samples as well. 

 

To further explore the importance of rotundone and other compounds in the profile of 

New Zealand Syrah wines, a survey of commercially prepared wines from four distinct 

international locations was completed. Within the wines sampled, levels of ethanol, total 

acidity, pH, volatile acidity and residual sugar were all within standard limits for finished 

wine of Syrah grapes. Interestingly no differences were found between primary constituents 



Chapter Six: Conclusions 
 

159 
 

in the wines of New Zealand, Australia, France and The United States of America, although a 

trend for higher residual sugar in wines from Australia was identified. Trends were also 

becoming apparent in the total acidity of French wines which was generally seen as lower 

than wines of other regions. Moreover, levels of pH which is very important for colour and 

microbial stability in addition to flavor profile were trending upward in wines of France and 

The United States of America while more target values were found in wines of New Zealand 

and Australia. 

 

Rotundone levels across the commercial wines surveyed from around the world 

produced rather different results. Wines surveyed from New Zealand contained the highest 

levels of rotundone of any grouping with mean values nearly three times that of the French 

wines. Both Australia and The United States of America produced wines with the lowest 

levels of rotundone in this work – many of the values were below the sensory perception 

threshold and tasters would not expect to find pronounced rotundone in the wine. The wines 

from France contained rotundone at levels around the sensory perception threshold indicating 

that black pepper aromas provided by rotundone would be noticeable but not very potent in 

the matrix. In the end, wines from New Zealand were found to contain levels of rotundone as 

experienced throughout this research – above the published sensory perception threshold in 

almost every single example and many contained rotundone far in excess of what would be 

considered a contributing note of black pepper in the wine, leading toward a prominent and 

potent spicy black pepper aroma in the Syrah wines. 

 

 The Syrah survey wines were analysed using SPME-GCMS techniques and twenty 

nine compounds were identified and quantified in each. The profiles of wines of New 

Zealand, Australia, France and The United States of America were similar for many 
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compound classes, although some differences existed. The ester group in general was more 

abundant in wines from Australia and The United States of America as compared to New 

Zealand or France indicating that growing conditions or plant material could be more aligned 

in the vineyard, or that some of the fermentation conditions such as temperature or yeast may 

have been similar. β-damascenone was found above sensory perception threshold levels in 

almost every sample although levels were not extremely high, thus it may have enhanced 

some of the fruity aromas and masked a little of the greener, possibly less-ripe characters of 

other compounds. Linalool, was found to contribute to the Syrah wine aroma in most samples 

likely providing an added spicy, floral fruity note to support the rotundone, however other 

monoterpenes were not abundant. Geraniol was identified at levels where it may be 

contributing to the aroma matrix, otherwise monoterpenes identified were at similar low 

levels in most wines. Methionol levels in New Zealand, France and The United States of 

America Syrah wines were higher than levels found in Australian samples adding to the 

complex differences found in Syrah from many different areas. Levels of phenylethyl alcohol 

were consistently above sensory thresholds in most wines thus noticeable in most and likely a 

strong contributor to the noted floral aroma component in the profiles of Syrah wines. These 

factors combined produce a general profile of Syrah wines from four countries where it is 

prominently grown. The wines are generally similar with several important differences that 

aid in distinguishing the profile of Syrah between major international growing locations – the 

most important difference, rotundone can in general indicate differences between most 

locations and support anecdotal evidence that Syrah wines produced in New Zealand have a 

more spicy, black pepper aroma and may rely on other spicy, floral and fruity notes presented 

here to further separate wines. 
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When the juice and wine of New Zealand Syrah in this research was examined for 

functional food quality parameters, it was found to be a useful antioxidant and in selected 

applications of lipid peroxidation, cyclooxygenase and human tumour cell proliferation 

inhibition. Commercially prepared Syrah wine was found to contain 4.2 g per 100 mL serve 

of compounds other than water or ethanol. This is an interesting dose when compared to the 

levels used to achieve results reported in the assays of 100-500 ppm. Both juice and wine 

produced from Syrah gave positive antioxidant activity with the MTT assay, and the activity 

of Syrah juice at 500 µg/mL were nearly comparable to the result of vitamin C and TBHQ in 

this assay. The MTT assay was also used successfully as a screening tool for other samples 

that would not have performed well in the selected assays.  

 

The lipid peroxidation inhibition of Syrah juice and wine was measured at 100 µg/mL 

against commercial antioxidants BHA, BHT and TBHQ. The juice gave 58% inhibition of 

lipid peroxidation while wine gave 43% inhibition. These are interesting results that indicate 

a moderate level of usefulness of Syrah juice and wine in lipid peroxidation, although not as 

strong as BHA (83%), BHT (88%) and TBHQ (92%).  

 

Cyclooxygenase enzyme inhibition is a very important characteristic when measuring 

functional food quality due to the impact of COX-1 and COX-2 in the human body. Both 

Syrah juice and wine showed positive yet mild levels of inhibition of both COX-1 and -2 at 

levels comparable to commercial those of NSAIDs. Syrah juice inhibited COX-1 and COX-2 

enzymatic activity by 32 and 33%, while Syrah wine inhibited these activities by 33 and 33% 

respectively. It is noteworthy that the levels presented here are greater than some of the 

commercial drugs: COX-2 inhibition of Aspirin and COX-1 inhibition of Celebrex, but these 

commercially prepared medications are not targeted not prescribed for those activities. 
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Additionally, the human tumour cell proliferation inhibition of Syrah juice and wine 

was examined. At 100 ppm, Syrah juice inhibited gastric, prostate (DU-145), prostate 

(LNCaP), colon, breast and lung human tumour cell line proliferation by 39, 38, 37, 46, 31 

and 44% respectively. Syrah wine resulted in slightly elevated levels of inhibition for the 

above tumour cell lines of 44, 40, 41, 48, 33 and 45%. Noteworthy is that although elevated, 

there was no difference between Syrah juice and wine on the basis of tumour type. This is a 

good result and useful information considering the incredible amount of reactions and 

transformations occurring during ethanolic fermentation of glucose in juice to ethanol in 

wine. This is very useful information for patients on certain diets considering high levels of 

simple sugars in the juice, and ethanol in wine. 

 

The biotransformation of Syrah juice to wine yielded increases to total phenolic 

compounds and anthocyanins in addition to a myriad of other less abundant compounds. 

However, as some assays produced results that were not different between juice and wine, 

this suggests that compounds that were not impacted, in addition to some useful antioxidant 

compounds decreasing while others increased, were likely to be responsible for these positive 

activities in the juice or wine state. Moreover, in excess of 10,000 peaks were quantified in 

each of the juice and wine profiles of Syrah using QTOF MS-MS and many of these were 

identified from the wine-compound peak library at metabolomics Australia. These more 

detailed scans indicate the depth and breadth of the compounds, many of which may 

contribute to overall functional food quality in one way or another. The five major 

anthocyanins in juice and wine were identified in addition to other important and well known 

antioxidant compounds in natural product chemistry. This indicates the impact that wine can 

have as a functional food and illustrates the many types of compounds that are present in the 
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chemical profile of Syrah. As a result of this investigation both juice and wine of Syrah 

grapes has been found to be equally as useful and important as quality functional foods, and 

either or both can be beneficial when included in the human diet. 
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6.2 Recommendations for Future Work 

 

Results in this work have identified viticultural changes, oenological impacts and 

functional food qualities of Syrah grapes and wine. The next step is to identify further 

environmental impacts upon the growth of Syrah and the link between rotundone and other 

plant processes to better understand the role growing location has on rotundone.  

 

Due to exciting results with clonal material and strong trends with other viticultural 

management inputs, research should be expanded to include a greater number of clones, and 

newer clones planted more recently, as those clones investigated in this work were found to 

be one of the strongest factors available for management, aside from the environment. Due to 

the extremely high cost of vineyard purchase and planting, it is imperative to make correct 

and commercially sensible choices of site and plant material. It is possible to change clonal 

material and even cultivar after planting although it takes several years of lost crops (income) 

and very expensive removal and replanting work to execute any major changes. Thus more 

work into what levels of rotundone different clonal material produce is paramount to 

understanding and selecting the most suitable Syrah vines for the market and wine style being 

produced. 

 

Importantly, the reoccurring theme throughout the results was one of environmental 

impacts on the final concentration of rotundone in the fruit at harvest. Therefore, the stages of 

investigating rotundone should include more growing sites as these will add immeasurable 

value to the literature for growers not producing Syrah on the Gimblett Gravels growing 

region, as has been used in this research. New techniques developed for separating the 

impacts of bunch temperature and light should be employed to ascertain under artificial 
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conditions what or if a major controlling factor for enhanced rotundone management is. The 

environmental impacts should also expand to include topography, aspect, slope and altitude 

as these can directly determine sun angle of incidence, drainage, air movement and 

temperature. 

 

An expansion of fermentation impacts on rotundone extraction and concentration 

research should be conducted to continue to identifying specific factors that may manage 

rotundone levels without directly altering other major components in the Syrah aroma, flavor 

and structure profile. If identified, these could add to the vineyard-specific management of 

rotundone to maintain a more consistent wine between warmer and cooler years, sites and 

even between clonal materials available. Specifically, processing methods, fermentation 

temperature and maceration timing and severity are three major factors that need further 

investigation regarding the extraction of berry components. Processing research should 

include whole bunch fermentations, those with whole berries removed from rachis (de-stem 

without crushing) and thoroughly macerated berries (de-stem and crush). Temperature could 

be very low temperature fermentations (<10°C) through to very warm fermentations (>35°C) 

maintained throughout the fermentation or modified at specific time points to determine a 

balance between extraction into the liquid and possible volatilisation of rotundone from the 

fermenter. Maceration can be modified from almost no cap movement (under research 

conditions only due to cap hardening), a permanently submerged cap, light and heavy 

maceration, cap irrigation and complete de la stage (complete removal of liquid from the 

fermenter followed by returning liquid into the fermenter) as each technique will result in 

more information on fermentation management techniques available to winemakers and what 

levels of rotundone can be expected in the final wine. 
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Given the positive and very encouraging results of both juice and wine of Syrah 

grapes in antioxidant assays and their ability to act as a functional food, further examination 

of these products is to be encouraged. Syrah juice is not a product available to most 

consumers and other so-called ‘juice’ grape cultivars are grown to produce juice based on 

other reasons such as juice yield. It is recommended therefore that juice of other wine grapes 

be examined as hitherto unknown beneficial functional food qualities should be expected. 

Further, these should be compared to those results of currently available grape and other fruit 

juices. This will add much value to the market for consumers who wish to gain benefits 

reported here, without consuming wine for any number of dietary reasons. Moreover, the 

functional food qualities of Syrah wines should be compared to the profiles of other wine 

grapes, especially those with known or anecdotally high levels of phenolic compounds. There 

are a plethora of wine grape cultivars not in common usage for which great benefits could be 

identified if the information was made available through research. This information could 

help with nutrition and understanding of the great benefits of foods with abilities to act as 

beneficial foods for inclusion in the diet and advancing nutrition and human health globally. 

 

As Syrah wine has been found to be a useful component in the human diet, the next 

stage is to examine the benefits of Syrah and red wine consumption to that of beer, spirits and 

no alcohol in the diet. Further, the other processes attributed to COX-1 and -2 activity along 

with lipid peroxidation processes should be evaluated in vivo to determine how effective 

these wine compounds with ethanol/water as the solvent medium are at inhibiting these 

processes on a larger scale and incorporated into the human diet. 
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