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Abstract: 
Context and purpose of the study ‐ Grape ripening is a process driven by the interactions between 
grapevine genotypes and environmental factors. Grape composition is largely responsible for the 
production and final concentrations of most wine aroma compounds even though many compounds in 
wines (aromatic and non‐aromatic) are substantially transformed during fermentation and wine ageing. 
The aim of this study was to investigate if a common pattern in grape/wine flavour plasticity related to 
ripening exists irrespective of a grape growing region. A further aim was to identify and highlight 
compounds present in Shiraz grapes and wines in which plasticity is directly related to grape ripening 
and is consistent over several vintages.  
 
Material and methods ‐ Commercial vineyards of Shiraz were chosen in two Australian wine 
geographical indication (GI) regions: Griffith (warm to hot climate) and Orange (temperate to 
temperate‐warm climate). In these vineyards, own rooted vines were grown under drip irrigation, and 
trellised to a sprawling training system and in vertical shoot positioning for Orange. Sequential harvests 
were performed using berry sugar accumulation as a physiological indicator of grape maturity.  At each 
harvest date, triplicates of 100 berries were collected and frozen in liquid nitrogen in the field for later 
chemical analyses. Approximately 60 kg of grape per replicate were randomly harvested at each harvest 
date and small scale vinifications carried out.  
Amino acids in grapes were analysed by high performance liquid chromatography (HPLC) coupled to 

fluorescence detector. Grape volatiles analyses were performed with gas chromatography coupled to 

mass detection (GC‐MS).  Juice was analysed for set of parameters relating to the technical maturity of 

grapes (total soluble solids, titratable acidity and pH) and yeast assimilable nitrogen was measured. 

Wine aromatic compounds were quantitated by HS‐SPME‐GC‐MS. Descriptive sensory evaluation with 

predefined descriptors was conducted approximately six months after bottling.  

Results ‐ Irrespective of the macro and meso climates, differences in both grape and wine chemical 
analyses and wine sensory description produced a clear separation of samples according to the harvest 
stage. Shiraz wines from the first harvest (H1) were associated with red fruit descriptors and higher 
perception of acidity. Wines from the third harvest (H3) were correlated with dark fruit characters and a 
higher alcohol. Later harvest dates resulted in higher concentrations of some amino acids in the Shiraz 
grapes, with higher alcohol acetates, ethyl esters (ethyl propanoate and ethyl butyrate) of short chain 
fatty acids and dimethyl sulphide in the wines. Conversely, concentrations of (Z)-3‐hexenol, ethyl 
isobutyrate, ethyl leucate and ethyl dihydrocinammate were lower in these wines compared to earlier 
harvest dates. Observed trends were significant and consistent across two vintages and two different 
GIs. From the plateau of berry sugar accumulation, no direct nexus was observed between berry sugar 
concentration and grape and wine flavour evolution. This study also demonstrated a common evolution 
of Shiraz grapes, influencing the chemical and sensory properties of the subsequent wine.  
Keywords: Grapevine, Australia, Shiraz, warm and temperate climates, sequential harvests, fruit and 
wine composition, sensory analyses.  
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1. Introduction 
 
The association of agricultural products to a provenance or specific region (terroir) that imparts a typical 

and unique sensorial profile is an important concept for high value products.  Increasing consumer 

demand and interest for foods and wines associated with, and which identify with specific regions and 

places of production, are evident, and are important economic and marketing factors for product 

differentiation and uniqueness (Charters et al.,  2017).   

Wine style depends principally on grape composition which is largely determined by cultivars, abiotic 

factors, grapevine physiology and cultural practices. Differences in grape composition pertaining to site 

arise from vines adapting to different biotic and abiotic environments (Tonietto and Carbonneau 2004), 

which in turn influence vine physiology and ultimately berry composition (Deloire et al.,  2008).   

Harvest decision is largely determined by a range of objective measures of grape maturity (e.g. °Brix, 

titratable acidity and colour), however these indices do not provide information about the aromatic 

potential of the grapes or the resulting wine flavour profiles (Calderon‐Orellana et al. 2014; Deloire, 

2014; Bindon et al., 2013). The aims of this study, across two Australian GIs (Riverina and Orange), were 

to determine: i) if a common pattern in grape/wine flavour plasticity related to grape ripening exists 

irrespective of a grape growing region, ii) if commonalities in flavour evolution exists across vintages and 

iii) to identify and highlight compounds present in grapes and wines which are directly related to grape 

ripening while practising sequential harvest.   

2. Material and methods 
 
Plant material and growing conditions 
 
The experiment was conducted in 2014 and 2015 in NSW, Australia, in two distinctively different grape 
growing regions. Griffith (G) is classified as warm to hot grape growing region, according to Huglin index, 
whereas Orange (O) is a temperate (950m above sea level) to temperate‐warm (650m above sea level). 
Griffith is characterized by a flat terrain and secure water supply, enabling it to maintain a 15% share of 
the total Australian grape production. Two commercial Shiraz vineyards were selected in Griffith in 
season 2014, and in 2015 two additional Shiraz vineyards were also utilised; G1, G2, G3 and G4, 
respectively. Two Shiraz vineyards were also selected in O for experimentations in the 2015 season; O1 
and O2, respectively.  Shiraz vines were own rooted, grown under drip irrigation, and trellised to a 
sprawling system in Griffith. In Orange vines were trellised to vertical shoot positioning. During the 
season mesoclimatic temperatures, stem water potential and soil moisture were monitored to help 
characterise vineyard conditions.  
 
Harvest dates for vineyards were determined from the point where sugar accumulation per berry 
reached a plateau or slowed down, with the first harvest (H1), second harvest (H2) and third harvest 
(H3) picked at 12, 18 and 24 days respectively from this juncture, as summarised by Figure 1. At each 
harvest date, 100 berry grape samples were collected and immediately frozen in liquid nitrogen. 
Approximately 60 kg of grapes per replicate were randomly harvested at each harvest date and small 
scale vinifications performed.  
 
Both grapes and wines were analysed using a range of analytical measurement techniques and sensory 
evaluation was performed on the finished wines. The analytical and sensory methods are described in 
Suklje et al., 2014; 2017.  
 
Data sets for multiblock analysis were constructed for specific explanatory factors (EF) by partitioning 
selected samples from the entire sample set to create balanced ANOVA designs. Data analysis was 
conducted using the AComDim method (Bouveresse et al. 2011) for balanced ANOVA designs for EF: 
harvest date (levels H1, H2 & H3); vineyard (levels G1 and G2) and vintage (levels V2014 & 2015).  All 
multivariate analysis was conducted in Matlab version 7.14.0.739 (The Mathworks, Natick, MA, U.S.A.).  
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3. Results and discussion 
 
Wine sensory evaluation revealed clear differences in wine style according to harvest (Figure 2) with 
sensory attribute ratings consistently rated in terms of differences for vineyard site and harvest time.  
Figure 2 illustrates sensory ratings for the Griffith and Orange vineyard (vineyard 2).  Other vineyards for 
each location were rated similarly (data not shown). A clear sensory profile of higher acidity, red fruit 
and lower perception of alcohol is evident for early harvested fruit.  Attributes of dark fruit, astringency 
and higher perceived alcohol are features of the later harvested wines. 
 
AComDim models show a common clustering of samples according to the explanatory factor Harvest 
with clearly separate confidence intervals (circles) regardless of vintage (Figure 3, H1 and H2), region or 
site (Figure 4, H1, H2 and H3).   A common pattern in grape/wine flavour plasticity related to grape 
ripening exists for Shiraz irrespective of vintage, grape growing region and vineyard management. 
 
Regional and vineyard influences on wine style are important factors for winegrowers seeking to 
differentiate products based upon unique terroirs. Identification of specific grape berry composition due 
to site is challenging and requires a longitudinal study over several growing seasons.  In this preliminary 
investigation a clear separation of samples according to both region and vineyard is evident (Figure 3).  
Grape components that influenced sample separation were berry amino acids; generally higher in 
Griffith samples; berry monomeric anthocyanins (higher in Orange samples); wine acetate esters higher 
and terpenes lower in Griffith wines.  
 
Irrespective of the grape growing region, samples could be clearly grouped according to the harvest 
date, Figure 4. Unsurprisingly, concentrations of glucose and fructose increased with delayed harvest 
dates, which resulted in wines with higher alcohol content. Other compounds contributing to the 
separation of samples were some amino acids (proline, γ‐aminobutyric acid, isoleucine) which were at 
higher concentrations in the H3 grapes compared to grapes from H1. Some higher alcohol acetates as 
well as dimethyl sulfide were higher in wines from H3 while (Z)‐3‐hexenol, ethyl isobutyrate and ethyl 
leucate were lower in these wines. (Z)‐3‐hexenolwas the only C6‐alcohol, a group of compounds known 
to contribute to green herbaceous notes of wines made from early harvest (Kalua and Boss 2009), to be 
affected by grape maturity in this study. Dimethyl sulfide is known to contribute to dark fruit character 
in red wine (Lytra et al. 2014) and has been previously reported as marker of wines made with late 
maturity grapes (Dagan 2006). Interestingly, even though esters are principally produced by yeast during 
fermentation, final wine concentrations were influenced by grape maturity as recently reported 
(Antalick et al. 2015).  
 
4. Conclusions 
 
This study clearly demonstrated that irrespective of the macro and meso climates, differences in both 
Shiraz grape and wine chemical analyses and wine sensory description produced a clear separation of 
samples according to the harvest stage. Observed trends were significant and consistent across vintages 
and different GIs from Australia (Griffith and Orange wine regions). From the plateau of berry sugar 
accumulation, no direct nexus was observed between berry sugar concentration and grape and wine 
flavour evolution. This study also demonstrated a common evolution of Shiraz grapes, influencing the 
chemical and sensory properties of the subsequent wine.  
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Figure 1: Sequential harvest of Shiraz is done according to the berry sugar loading method (Deloire, 
2014). The stages called “fresh fruit” and “mature fruit” are generally reached respectively 12 and 24 
days after the plateau of berry sugar accumulation.   
 
 
 

 

 
Figure 2: Spider graphs representing mean ratings for sensory attributes in wines made from grapes 
harvested at different predicted harvest maturity. H1, H2 and H3 refer to harvest date 1, 2 and 3, 
respectively. G1 and G2 refer to the experimental vineyards located in Griffith and O1 and O2 refers to 
the experimental vineyards located in Orange. 
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Figure 3: ACOMDIM model of grape berry composition, wine sensory and wine composition with 
samples coded for G1 and G2 vineyards for the 2014 and 2015 growing seasons.  Ellipses represent the 
95% confidence interval for each harvest (Harvest 1 & Harvest 3).    
 

 
 
Figure 4: ACOMDIM analyses conducted on grape berry, juice, wine and wine sensory results for the 
2015 growing season. A: Separation of samples according to the harvest date (Harvest 1, Harvest 2 & 
Harvest 3) for Shiraz vineyards in Orange and Griffith. Ellipses represent 95% confidence interval for 
each ANOVA explanatory factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 




