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2. EXECUTIVE SUMMARY  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3. PROBLEM IDENTIFICATION AND OBJECTIVES 

There exists, at present, a lack of knowledge on the manner in which microclimate conditions 

and grape ripeness levels affect the phenolic compound levels in grapes and wine. Different 

groups of phenolic compounds are present in grapes and ultimately in wine, including phenolic 

acids (benzoic acids and cinnamic acids), cinnamic acid esters, flavonols, flavanols and 

anthocyanins. Gawel (1988) & Ribéreau-Gayon et al. (2001), assert that phenolic compounds 

are the major constituents of grapes and wine and have an effect on certain properties, such as 

colour, mouth feel characteristics, and taste. The manipulation of the levels of phenolic 

compounds in grapes during ripening and through the application of viticulture practices is a 

useful tool to optimise wine phenolic content and thereby improve wine quality. In this 

investigation, the use of carefully planned and controlled vineyard layout, allowed the 

researcher to study in a controlled environment, the effect of microclimate conditions and grape 

ripeness on phenolic composition of grapes. In other words, the controlled winemaking from 

Objectives & Rationale 
The objective of the project is to determine the optimal ripeness of South African Shiraz grapes in terms of their phenolic content. A 
second objective, which is part of a doctoral degree, is the grape Ripeness and Microclimate Effects on the Phenolic Composition of 
Grapes and Wine (Vitis vinifera L.cv. Shiraz/101-14 Mgt). There appears to be a lack of scholarship regarding the changes of individual 
phenolic concentrations over ripeness of South African grown Shiraz grapes. It appears that grape ripeness and different row 
orientations of canopies effect the phenolic concentrations of Shiraz grapes.  
The knowledge of individual grape phenolic compound concentrations over grape ripeness can provide answers to questions such as: 
1. At which stage of grape ripening are individual phenolic compound concentrations optimal?  
2. Does grape colour correlate with optimal phenolic concentrations?   
3. How does the optimal phenolic concentration in the grapes correlate with the phenolic concentrations of wine and with overall wine 
quality?  
 
Methods 

• Experimental work was conducted at the ARC’s experimental farm in Robertson, where variables such as rootstock of the 
vine, clone of the vine, canopy management and general viticultural practices were kept constant. Ambient temperatures, 
annual rainfall and prevailing wind were monitored.  

• Shiraz grapes were harvested at three different ripeness levels (approx. 22°B, 24°B and 26°B) from four different row 
orientations from both sides of the canopy over four consecutive vintages (2008, 2009, 2010, 2011).  

• Shiraz grape skins were lyophilized and subjected to chemical extraction prior to chemical analysis.  

• Wines were produced from the corresponding harvested grapes.  

• Twenty-five individual phenolic compounds were quantified in Shiraz grape skin and Shiraz wine samples by means of a 
liquid chromatographic method. 

• Titratable acidity and pH were also measured in the wine samples.  

• Wines were also subjected to sensory analyses. 
 
Key Results 
The results point to the effect of different treatments, i.e. row orientation/light intensity have on the phenolic compound concentrations of 
Shiraz grapes and Shiraz wine. 
Trends and patterns relating to treatment and phenolic concentrations, including sensory data were evident in the results.  
The results show that certain treatments (light intensities/row direction) have an effect on the phenolic compound concentration of 
Shiraz grapes and wine including sensory attributes. 
 
Conclusion/Discussion 
Phenolic compound concentrations of Shiraz grapes are affected by light interception or light exposure (microclimate/row orientation). 
Grapevines planted to a NS and an E-W row orientation are conducive to increased flavanol concentrations. This implicates row 
orientation, training systems and pruning techniques. The level of light exposure to grapevines planted to a NE-SW and a NW-SE row 
orientation seems optimum for grape development in terms of anthocyanin concentrations (colour pigments) and ultimately improved 
wine quality. This however relates to a specific grape cultivar, i.e. Vitis vinifera L. cv. Shiraz/101-14 Mgt), terroir and specific wine style.  
Research is needed to aid our understanding of the relationships among vine phenology, light intensity (microclimate), diurnal 
temperature, vine row orientation and wine quality. The knowledge of the phenolic compound concentration differences of experimental 
Shiraz wine and the phenolic concentration association with grape cultivar is important in oenology, because the phenolic 
concentrations can be controlled through vineyard practices and this can lead to optimal ripeness of phenols and a desired wine style.  
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these grapes and sensory evaluation of the wines provided data on the effect of phenolic 

composition (i.e. also microclimate) on eventual wine sensory characteristics of South African 

Shiraz grapes. 

In light of the problem identification, the primary corresponding scientific research question, 

which guided this research, is how do microclimate conditions and grape ripeness levels affect 

the phenolic composition of grapes and the eventual sensory characteristics of wine? This links 

up with the optimal ripeness of South African Shiraz grapes. 

Furthermore, the knowledge of individual grape phenolic compound concentrations during 

grape ripening as a function of microclimate conditions may provide answers to questions such 

as: 

1. How do grape ripeness levels and microclimate conditions affect individual 

phenolics? 

2. Do individual phenolic concentrations correlate with optimal ripeness indices such as 

TSS (glucose & fructose), titratable acidity, and pH? 

3. Does grape colour correlate with optimal phenolic compound concentrations?  

4. How does the optimal phenolic compound concentration correlate with the general 

sensory properties of wine?  

The aim of this investigation was to use a carefully planned and controlled vineyard layout, 

which allowed the researcher to study in a controlled manner, the effect of microclimate 

conditions (light intensity) and grape ripeness on phenolic composition of grapes. In addition, 

controlled winemaking from these grapes, and sensory evaluation of the wines provided data on 

the effect of phenolic composition (i.e. microclimate) on eventual wine sensory characteristics of 

South African Shiraz grapes. 

South Africa’s main red wine grape cultivars compete with overseas markets and are ranked 

among the best in the world. One contributing factor to the quality of South African wines is the 

diverse climatic conditions of the wine producing areas of South Africa. This advantage can be 

promoted in marketing South African wines abroad. In this regard, the variation in climatic 

parameters and microclimatic conditions are expected to exert an effect on the phenolic 

composition of grapes and wines and ultimately on the sensory properties such as mouth feel, 

astringency, bitterness, body and overall quality of wine.  

Data on individual phenolics of Shiraz grapes during ripening can be applied to optimise 

viticultural practices to produce wines of desired characteristics. In addition, microclimatic 

conditions (light intensity) and vineyard layout can have an effect on the individual phenolic 

concentrations in Shiraz grapes. Knowledge on the effect of these parameters on grape and 

wine phenolic composition would prove invaluable to winemakers. Moreover, it is important that 
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all aspects of grape and wine quality be considered. Additionally, the relationships between 

phenolic contents and other grape and wine quality parameters, such as wine sensory attributes 

(aroma, astringency) shall also be reported on. According to the available published literature, 

no in-depth study into the phenolic profiles of South African Shiraz grapes, which have been 

subjected to different row orientations (microclimates/different light intensities), has been 

undertaken.  

The scientific results evolved from this project contribute to knowledge concerning the effect of 

row orientation (microclimate/light intensity) on the phenolic profiles of Shiraz grapes at different 

stages of ripening. Relationships between sensory properties of wine, phenolic composition of 

grapes and wine and row orientation were established. It allows informed selection of viticultural 

and oenological practices. Applied practices resulted in improved Shiraz wines and wines of 

specific character, which leads consumer preference. 

 

4. DETAILED REPORT 

a. PERFORMANCE CHART (for the duration of the project) 

Milestone Target Date 
Extension 

Date 
Date 

completed 

1. International literature 
searches on the 
polyphenol/phenolic content 
of Shiraz grapes and wine.  
 

2. International literature 
search on extraction 
methods for phenolics in 
grapes 

June 
2008/2009/2010/2011* 
 
 
 
 
June 2008 

 *Literature 
review is an 
ongoing 
process 
because 
updated 
results on the 
phenolic 
content of 
grapes and 
wine are 
continuously 
published 

3. Validate extraction method 
for grape samples. Validate 
quantification method for 
individual phenolics (HPLC) 
for grape and wine samples 

July 2008/2009/2010/2011.  Method is 
validated on 
an annual 
basis.-In-
house 
validation 

4. Submit progress report to 
Winetech 

July 2008/2009/2010/2011.  Progress 
report 
submitted 
annually 

5. Collection of grape samples 
(Viticulture division). 
Preparing grape samples. 
Quantification of individual 
phenolic compound 
concentrations of Shiraz 

August 
2008/2009/2010/2011 

 Analysis is 
performed 
every year 
after grape 
harvest of the 
specific year 
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grape skin samples 

6. Sensorial evaluation of 
experimental Shiraz wines  

August/September 
2008/2009/2010/2011 

 Annual 
tasting of 
experimental 
wines for four 
consecutive 
vintages 

7. Collection of wine samples 
(NVB wine Cellar). 
Preparing wine samples. 
Quantification of individual 
phenolic compound 
concentrations of collected 
Shiraz wine samples 

October 
2008/2009/2010/2011 

 Wines are 
analysed on 
an annual 
basis for four 
consecutive 
vintages 

8. Summation of chemical and 
sensory data for grapes 
and wine samples 

December 
2008/2009/2010/2011 

 Summation of 
data is on an 
annual basis 

9. Submit consolidated 
chemical and sensory data 
of grape and wine samples 
of four vintages for 
multivariate analyses 

November 2015  January 2016 

10. Submit application for 
extension of project 

March 2012 March 2013  

11. Submit application for 
extension of project 

March 2013 March 2014  

12. Submit application for 
extension of project 

March 2014 January 2016  

13. Final report to Winetech January 2016   

10. Journal publication(s) – final 
milestone  

Two manuscripts in the 
form of peer-reviewed 
papers shall be submitted 
for possible publication, i.e. 
SAJEV and Food 
Chemistry-September 
2016.  

  

 
 

b) WORKPLAN (MATERIALS AND METHODS) 

Workplan 

The decision to implement a quantitative inquiry was justified on the premise that one needs to 

answer the research question quantitatively, by means of the collection of numerical data, the 

statistical analysis of the raw data and the interpretation thereof. The research method was 

based on the quantitative analyses of phenolics in Shiraz grapes and wine to study the effect of 

row direction (microclimate/light intensity) and grape ripeness levels on phenolic compound 

concentrations. 

A literature review guided and underpinned this research investigation. The literature review 

addressed international as well as South African literature pertaining to grape and wine phenolic 
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content. The focus was on the effect of row orientation (microclimate/light intensity) and grape 

ripeness levels on phenolic content of grapes and wine. Different analytical techniques used to 

quantify the relevant variables (i.e. phenolics) as well as statistical methods used to interpret 

data were reviewed. 

Experimental site 

The ARC experimental farm in the Robertson area is the research site. The vineyard is 

designed to represent four different row orientations (microclimate/different light intensities) of 

Shiraz grapes with 101-14 Mgt rootstock. The vines are trained on a vertical shoot position 

trellising system. There are five replicates for each treatment (row orientations). Consecutive 

vintages (2008, 2009, 2010 and 2011) of grapes were harvested at three different ripeness 

levels (22°B, 24°B and 26°B) with four different row orientations from both sides of the canopy. 

Row orientation is considered as treatment. Grape vines were planted to north-west, east-west, 

northeast-southwest and northwest-southeast direction. 

Grape and wine samples 

Grape and wine samples emanating from an existing Winetech funded project (WW 

1220/000231) were used in this investigation. Winetech project WW 0829 (000144) functions in 

collaboration with Winetech project WW 1220/000231. Chemical analyses of the grape and 

wine samples were conducted at the ARC’s Infruitec-Nietvoorbij Wine Technology laboratories 

in Stellenbosch as well as at the Department of Chemistry and Polymer Science at the 

University of Stellenbosch.  

Sample analysis 

Ninety grape samples per season and thirty wine samples per season were subjected to a 

reversed phase (RP) high-performance liquid chromatographic (HPLC) method with photo diode 

array detection. This method was used for the routine analysis of grape and wine samples. 

Additionally, HPLC coupled to mass spectrometric detection was used for the confirmation of 

the quantified phenolic compounds in the grapes and wine samples. The focus was on high-

efficiency analysis to provide detailed information on phenolic content of one grape and one 

wine sample. 

Sensory evaluation of wine 

Shiraz wines were subjected to sensory evaluation. The sensory evaluation of wine samples 

comprised an essential part of this study, particularly concerning the correlation of the chemical 

data with the sensory data. A panel of trained wine judges, which comprise representatives of 

the wine industry (winemakers) and staff members of the ARC, Infruitec-Nietvoorbij, were used 

in this study. These panel-members are used on a regular basis to taste experimental wines 

emanating from projects funded by the wine industry. Colour, aroma intensity, fruitiness, 

spiciness, jammy aroma, concentrate intensity, alcohol intensity, tannin intensity, acidity, mouth 
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feel, finish persistence, and overall quality, which correlate with phenolic compound 

concentrations, were established for all the wines.  

Fieldwork 

• The fieldwork formed part of Winetech project WW 1220/000231. Lyophilised grape skin 

samples collected from the Infruitec-Nietvoorbij Viticulture division. The grape skin samples 

were process at the Wine Technology division.  

• The wine samples form part of Winetech project WW 1220/000231. Shiraz wines collected 

from the Nietvoorbij wine cellar and submitted to the Wine Technology division for chemical 

analyses. 

Data Analysis  

Analysis of variance (ANOVA) and principal component analysis (PCA) 

Data from the sensory evaluation were subjected to analysis of variance, which is a statistical 

method to establish whether significant differences between treatments (row orientations) for a 

specific variable (measurement) exist. Data from Shiraz grape skin samples and wine samples 

emanating from the application of a high-performance liquid chromatographic technique 

(chemical) as well as wine sensory data of each ripeness level (22°Brix, 24°Brix, and 26°Brix) 

were subjected to analysis of variance (ANOVA) using General Linear Models Procedure 

(PROC GLM) of SAS software (Version 9.2; SAS Institute Inc., Cary, USA). Shapiro-Wilk test 

was performed on the standardized residuals from the model to test for normality (Shapiro and 

Wilk, 1965). Fisher’s least significant difference was calculated at the 5% level to establish the 

effects of row orientation (treatment/microclimate/light intensities) at each of the grape ripeness 

levels on the phenolic compound concentrations. Furthermore, panel reliability was tested to 

ensure consensus between judges.  

Principal component analysis (PCA) is a multivariate dimension-reducing statistical method to 

identify data patterns as well as similarities and dissimilarities among (row orientations) and 

variables. It uses orthogonal transformation to convert a set of observations of possibly 

correlated variables into a set of values of linearly uncorrelated variables called principal 

components. The number of principal components is less than or equal to the number of original 

variables. This transformation is defined in such a way that the first principal component has the 

largest possible variance (that is, accounts for as much of the variability in the data as possible), 

and each succeeding component in turn has the highest variance possible under the constraint 

that it be orthogonal to (i.e. uncorrelated with) the preceding components. Principal component 

analysis (PCA) with the correlation matrix was conducted using XLStat (Version 7.5.2, 

Addinsoft, New York, USA). 

 

http://en.wikipedia.org/wiki/Orthogonal_matrix
http://en.wikipedia.org/wiki/Correlation_and_dependence
http://en.wikipedia.org/wiki/Variance
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Amended work-plan 

The accumulated data from Winetech project WW 0829 (000144) formed part of a doctoral 

thesis at Stellenbosch University. The accumulated data and information were written as six 

separate chapters for the doctoral thesis. 

c) RESULTS AND DISCUSSION 

Results are reported in mg/L for phenolic compounds, °Brix as grape ripeness levels and 

percentages for sensory attributes. The data included in this final report reflects the work that 

was done for the last eight years. Experimental Shiraz grapes and wine samples for four 

consecutive seasons were analysed for their phenolic compounds using a liquid 

chromatographic technique. An accumulated number of three hundred and sixty grape samples 

and one hundred and twenty wines samples were analysed for their phenolic compound.  

Shiraz wine (1 sample) and Shiraz grape (1 sample) were also subjected to mass spectrometry 

analysis (LC-ESI-MS) to confirm the phenolic compounds which were quantified in the wines by 

means of liquid chromatography diode array detection (RP-HPLC-DAD). The analyses were 

done under the supervision of Prof André de Villiers (Dept. Chemistry and Polymer Science) at 

the University of Stellenbosch.  

Shiraz grape phenolic data subjected to analysis of variance  

Data represents grape samples from four consecutive vintages. Twenty-four phenolic 

compounds were quantified in the grape samples, i.e. three flavanols, five flavonols, four 

phenolic acids, and twelve anthocyanin glucosides, including their acetylated and 

coumaroylated derivatives. Tables 1-3 list the average phenolic compound concentrations of 

anthocyanins (delphinidin-, cyanidin-, petunidin-, peonidin- and malvidin-3-O-glucosides, 

including their acetylated and coumaroylated derivatives), flavanols [(+)-catechins, (-)-

epicatechins and epigallocatechin-3-gallate], flavonols (quercetin-3-O-rhamnoside, quercetin-3-

β-glucopyranoside, quercetin, quercetin-3-O-rutinoside, and Kaempferol) and phenolic acids 

(caffeic-, p-coumaric-, ferulic- and gallic acid) quantified in lyophilised grape skin samples. The 

principal monomer compound for flavanols in Shiraz grape skin samples was (+)-catechin, 

followed by (-)-epicatechin.  

Malvidin-3-O-glucosides, including acetylated and coumaroylated derivatives of malvidin, were 

the principal anthocyanins present in the grapes, followed by peonidin-3-O-glucosides. Caffeic 

acid was the principal phenolic acid present in grape skin and quercitrin the principal flavonol. 
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Grapes harvested at ca. 22°Brix 

Table 1 lists the average phenolic compound concentrations of Shiraz grapes harvested at ca. 

22°Brix ripeness level. Grapes were harvested from four different row orientations 

(microclimates).  

Among the chemical compositional variables quantified, a number of significant phenolic 

compound concentration differences were observed. Catechin and epigallocatechin-3-gallate 

concentrations were higher in grapes harvested from NE-SW and NW-SE row orientations, 

compared to grapes harvested from N-S and E-W row orientation. 

The lowest total flavanol concentrations were present in grapes harvested from N-S and E-W 

row orientations. Significant differences in flavanol concentrations were observed among 

treatments (N-S and E-W versus NE-SW and NW-SE), particularly epigallocatechin-3-gallate. 

Grapes harvested from NW-SE and NE-SW row orientations contained the highest 

concentrations of isoquercitrin and kaempferol, whereas quercetin and quercitrin were highest 

in grapes originating from NS and E-W row orientations. Caffeic acid was highest in grapes 

harvested from N-S and E-W row orientations.  

Ferulic- and gallic acid proved highest in grapes originating from NE-SW and NW-SE row 

orientations. Monomeric anthocyanins showed highest concentrations in grapes originating from 

NE-SW and NW-SE row orientations, except for petunidin-3-O-glucoside, which was highest in 

grapes originating from N-S and E-W row orientations. Grapes harvested from NW-SE and NE-

SW row orientations proved highest in acetylated and coumaroylated anthocyanins, except for 

peonidin-3-O-(6-O-acetyl) glucoside, which was highest in grapes harvested from N-S and E-W 

row orientations.  
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TABLE 1 

Average phenolic compound concentrations (mg/L) of Shiraz grapes, showing effect of row 

orientation and grape ripeness levels; Shiraz grapes harvested at ca. 22°Brix. Data represents 

grape samples collected over four consecutive vintages. 

 

MEASURED VARIABLES 

TREATMENT (ROW ORIENTATION) 

1N-S  2E-W 3NE-SW  4NW-SE 

 CONCENTRATION (mg/L) 

(+)-Catechin 5.165b* 5.395b a 5.627a 5.406b a 

(-)-Epicatechin 5.157b a 5.346a 4.995b 5.218b a 

Epigallocatechin-3-O-gallate 1.085b 1.853c 2.647a 2.691a 

Quercetin-3-O-glucoside (isoquercitrin) 1.581c 1.735c 3.137a 2.757b 

Quercetin 5.346b 4.994b 4.704b 4.692b 

Kaempferol 1.519b 1.489b 1.958a 1.581b 

Quercetin-3-O-rutinoside (Rutin) 0.603a 0.608a 0.552a 0.635a 

Quercetin-3-O-rhamnoside (Quercitrin) 5.449c 7.823a 5.549c 6.744b 

Caffeic acid 27.484b 37.525a 36.946a 26.118b 

p-Coumaric acid 30.031b a 32.032a 27.636b 26.245c 

Ferulic acid 5.131b 4.192c 7.638a 5.245b 

Gallic acid 1.141b 1.547a 1.698a 1.595a 

Delphinidin-3-O-glucoside 5.621c 5.158a 6.986b 5.632c 

Cyanidin-3-O-glucoside 1.923b 2.152ba 2.293a 2.214a 

Petunidin-3-O-glucoside 9.959b 11.613b 8.871a 7.434c 

Peonidin-3-O-glucoside 11.232c 14.871b 14.712b 17.027a 

Malvidin-3-O-glucoside 85.487b c 99.407b a 114.166a 80.139c 

Delphinidin-3-O-(6-O-acetyl) glucoside 1.968b 2.154b a 2.346a 2.267b a 

Petunidin-3-O-(6-O-acetyl) glucoside 5.092b 4.945b 3.294c 4.683a 

Peonidin-3-O-(6-O-acetyl) glucoside 13.019a 12.286a 10.818a 9.275a 

Malvidin-3-O-(6-O-acetyl) glucoside 29.819b 29.891b 40.751a 45.779a 

Delphinidin-3-O-(6-O-p-coumaroyl) glucoside 7.131c 8.896b 10.191a 9.247b a 

Petunidin-3-O-(6-O-p-coumaroyl) glucoside 7.551b 7.524b 8.757a 8.367a 

Malvidin-3-O-(6-O-p-coumaroyl) glucoside 22.722a 23.803a 31.381b 31.614b 

1N-S = North-South; 2E-W = East-West; 3NE-SW = Northeast-Southwest; 4NW-SE = Northwest-Southeast; *Different super indexes a, 

b and c on the same line indicate significant differences in the content of the compound among the different treatments according to 

Fischer t test with LSD at p=0.05. 
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Grapes harvested at ca. 24°Brix 

Table 2 lists the average phenolic compound concentrations of Shiraz grapes harvested at ca. 

24°Brix ripeness levels, subjected to four different treatments (row orientations/microclimate).  

The highest concentrations of (+)-catechins and epigallocatechin-3-gallates were recorded in 

grapes harvested from NE-SW and NW-SE row orientations. Highest concentrations of (-)-

epicatechin were recorded in grapes originating from N-S and E-W row orientations. Differences 

in flavanol, i.e. (+)-catechin, (-)-epicatechin and epicatechin-3-O-gallate concentrations were 

statistically significant (ANOVA) in grapes originating from N-S and E-W versus NE-SW and 

NW-SE row orientations. 

 Grapes harvested from NW-SE and NE-SW row orientations were highest in isoquercitrin and 

quercetin. Kaempferol proved highest in grapes originating from E-W and N-S row orientations. 

Significant differences in concentrations were not observed for rutin and quercitrin in grapes 

originating from all four row orientations. 

Phenolic acid concentration differences proved significant among grapes originating from the 

different row orientations. Caffeic acid specifically proved to be significantly different among the 

for row orientations, showing the highest concentrations in grapes originating from NW-SE row 

orientation.  

Anthocyanin glucosides, i.e. cyanidin-, petunidin- and peonidin-3-O-glucosides were highest in 

grapes harvested from NE-SW and NW-SE row orientations. Delphinidin-3-O-glucoside showed 

no significant differences among treatments, whereas malvidin-3-O-glucoside showed highest 

concentrations in grapes originating from N-S row orientations but no significant differences 

among the four treatments. Peonidin-3-O-(6-O-acetyl) glucosides proved higher in grapes 

originating from N-S and E-W row orientations, compared to grapes originating from NE-SW 

and NW-SE row orientations. However, no significant differences were observed among the 

four treatments for acetylated anthocyanins. Delphinidin-3-O-(6-O-p-coumaroyl) glucosides 

showed slightly higher concentrations in grapes harvested from NE-SW and NW-SE row 

orientations, compared to grapes originating from E-W and N-S row orientations. Malvidin-3-O-

(6-O-p-coumaroyl) glucosides were highest in grapes originating from NE-SW row orientations. 

However, anthocyanin concentrations in grapes originating from all four row orientations 

showed minimal concentration differences.  
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TABLE 2 

Average phenolic compound concentrations (mg/L) of Shiraz grapes showing effect by row 

orientation and grape ripeness levels; Shiraz grapes harvested at ca. 24°Brix. Data represents 

grape samples collected over four consecutive vintages. 

 

MEASURED VARIABLES 

TREATMENT (ROW ORIENTATION) 

1N-S 2E-W 3NE-SW 4NW-SE 

 CONCENTRATION (mg/L) 

(+)-Catechin 5.801a* 5.099c 5.432b 5.207c b 

(-)-Epicatechin 5.315b a 5.493a 5.089b 5.167b 

Epigallocatechin-3-O-gallate 1.483c 2.082b 2.689a 2.802a 

Quercetin-3-O-glucoside (Isoquercitrin) 1.469c 1.951b 2.561a 2.678a 

Quercetin 5.455c 5.859b 6.044b 6.713a 

Kaempferol 1.721c 1.546a 1.311b 1.314b 

Quercetin-3-O-rutinoside (Rutin) 0.657b a 0.644b a 0.626b 0.709a 

Quercetin-3-O-rhamnoside (Quercitrin) 6.445c 7.161b 6.604c b 7.532a 

Caffeic acid 25.593c 29.551b 25.131d 32.231a 

p-Coumaric acid 34.315a 28.322b 34.908a 25.259c 

Ferulic acid 4.858c 7.059a 5.406b 7.018a 

Gallic acid 1.865c 1.639a 1.726a 1.371b 

Delphinidin-3-O-glucoside 2.224a 2.013a 2.023a 2.113a 

Cyanidin-3-O-glucoside 2.667a 1.932b 2.393a 2.485a 

Petunidin-3-O-glucoside 7.883c 9.369b 9.421b 11.322a 

Peonidin-3-O-glucoside 14.062a 14.333a 14.901a 14.843a 

Malvidin-3-O-glucoside 95.344a 79.913b 87.852b 97.515a 

Delphinidin-3-O-(6-O-acetyl) glucoside 2.259a 2.013b 2.071b a 2.116b a 

Petunidin-3-O-(6-O-acetyl) glucoside 3.191a 3.116a 3.339a 3.183a 

Peonidin-3-O-(6-O-acetyl) glucoside 12.241a 12.532a 11.628b 11.636a 

Malvidin-3-O-(6-O-acetyl) glucoside 29.901a 28.221a 27.154a 29.241a 

Delphinidin-3-O-(6-O-p-coumaroyl) glucoside 7.341a 7.027a 7.712a 7.828a 

Petunidin-3-O-(6-O-p-coumaroyl) glucoside 11.638a 12.424b 11.487a 11.376a 

Malvidin-3-O-(6-O-p-coumaroyl) glucoside 24.676a 20.385a 20.958b 21.199a 

1N-S = North-South; 2E-W = East-West; 3NE-SW = Northeast-Southwest; 4NW-SE = Northwest-Southeast; *Different super indexes a, 

b, c and d on the same line indicate significant differences in the content of the compound among the different treatments according 

to Fischer t test with LSD at p=0.05. 
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Grapes harvested at ca. 26°Brix 

Table 3 lists the average phenolic compound concentrations of Shiraz grapes harvested at ca. 

26°Brix ripeness levels, subjected to four different treatments (row orientations/microclimate). 

Higher concentrations of (+)-catechins, and epgallocatechin-3-O-gallate were recorded in 

grapes harvested from N-S and E-W row orientations, compared to grapes harvested from NE-

SW and NW-SE row orientations. Differences in flavanol concentrations were statistically 

significant among the grapes originating from the four different row orientations 

(treatments/microclimate).  

Isoquercitrin concentrations were highest in grapes originating from NE-SW and NW-SE row 

orientations, whereas quercitrin were highest in grapes originating from N-S and E-W row 

orientations. Kaempferol proved significantly different in grapes originating from all four row 

orientations. 

Caffeic- and ferulic acid concentrations proved significantly different among grapes originating 

from the four row orientations, whereas p-coumaric- and gallic acid concentrations showed no 

significant differences in grapes.  

Cyanidin-, petunidin- and malvidin-3-O-glucosides proved higher in grapes originating from NE-

SW and NW-SE row orientations, compared to grapes originating from E-W and N-S 

orientations. Notable petunidin-, peonidin-, malvidin-, and delphinidin-3-O-(6-O-acetyl) glucoside 

concentration differences were observed in grapes originating from the four row orientations 

with malvidin-3-O-(6-O-acetyl) glucosides reaching the highest concentrations in grapes 

harvested from NW-SE row orientations. Grapes originating from N-S row orientations had the 

highest delphinidin-3-O-(6-O-acetyl) glucoside concentrations. Delphinidin-, petunidin- and 

malvidin-3-O-(6-O-p-coumaroyl) glucoside showed highest concentrations in grapes originating 

from a NE-SW and a NW-SE orientation.  
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TABLE 3 

Average phenolic compound concentrations (mg/L) of Shiraz grapes showing effect of row 

orientation and grape ripeness levels; Shiraz grapes harvested at ca. 26°Brix. Data represents 

grape samples collected over four consecutive vintages. 

 

MEASURED VARIABLES 

TREATMENT (ROW ORIENTATION) 

1N-S 2E-W 3NE-SW 4NW-SE 

 CONCENTRATION (mg/L) 

(+)-Catechin 5.686a* 5.425b 5.435b 5.144c 

(-)-Epicatechin 5.381a 5.162b 5.231b a 5.264b a 

Epigallocatechin-3-O-gallate 2.255c 2.611c 1.491a 1.992b 

Quercetin-3-O-glucoside (Isoquercitrin) 1.634c 1.621c 3.568a 2.904b 

Quercetin 6.414b 6.017c 7.351a 6.671b 

Kaempferol 1.223d 1.681b 1.448c 2.019a 

Quercetin-3-O-rutinoside (Rutin) 0.621b a 0.591b 0.641b a 0.647a 

Quercetin-3-O-rhamnoside (Quercitrin) 7.114c b 7.559b 6.631c 5.699a 

Caffeic acid 31.957a
 25.843c 27.652d 29.039b 

p-Coumaric acid 26.235a 26.827a 26.772a 26.268a 

Ferulic acid 6.214b 7.171a 6.305b 5.227c 

Gallic acid 1.634b 1.711b 1.666b 2.237a 

Delphinidin-3-O-glucoside 2.052a 1.943ba 1.843ba 1.742b 

Cyanidin-3-O-glucoside 2.282a 2.004b 2.539a 2.401a 

Petunidin-3-O-glucoside 6.011c 7.802b 11.299a 9.097c 

Peonidin-3-O-glucoside 17.277a 18.793a 17.064a 14.645b 

Malvidin-3-O-glucoside 79.508b 80.354b 88.162a 90.754a 

Delphinidin-3-O-(6-O-acetyl) glucoside 2.058a 1.948b a 1.885b a 1.747b 

Petunidin-3-O-(6-O-acetyl) glucoside 4.172b 3.709c 4.884a 4.251b a 

Peonidin-3-O-(6-O-acetyl) glucoside 12.634a 10.141b 13.531c 12.979a 

Malvidin-3-O-(6-O-acetyl) glucoside 33.716c 32.459c 52.508b 60.983a 

Delphinidin-3-O-(6-O-p-coumaroyl) glucoside 8.262b 8.292b 12.171a 13.697a 

Petunidin-3-O-(6-O-p-coumaroyl) glucoside 9.687a 7.275c 11.557b 11.859a 

Malvidin-3-O-(6-O-p-coumaroyl) glucoside 27.812c 20.951c 32.401b 39.507a 

1N-S = North-South; 2E-W = East-West; 3NE-SW = Northeast-Southwest; 4NW-SE = Northwest-Southeast; Different super indexes a, 

b, c and d on the same line indicate significant differences in the content of the compound among the different treatments according to 

Fischer t test at p=0.05. 



Minnaar 15 

This document is confidential and any unauthorised disclosure is prohibited 
  
Version 2015 

 

Shiraz grape phenolic data subjected to principal component analysis 

Principal component analysis is applied to study the relationships among phenolic compounds 

and treatments (row orientations). Separation of four different treatments achieved using a 

selected set of variables (measurements) common to the four treatments. The first two principal 

components. (PC1/F1 and PC2/F2) account for most of the variation in the data. The 

relationship between the treatments (row orientations) which are represented by the factor 

scores and the variables represented by the factor loadings were then plotted in the two 

dimensional space created by the first two principal components and called a biplot. (Figs. 1-3). 

Clustering of the factors and loadings indicates correlation between treatments and variables 

thus displaying similar properties. Factors and/or loadings opposite or at right angles to each 

other indicate that specific properties are used to describe different characteristics. All variables 

were included in the analysis. Table 4 lists the abbreviations of the phenolic compound 

variables used in the biplots.  

 

TABLE 4 

List of abbreviations and the explanations as it appears in figures 1-6. 

ABBREVIATION = EXPLANATION  ABBREVIATION = EXPLANATION 

Cat = (+)-Catechin 

EGCG = Epigallocatechin 3-O-gallate 

Caff = Caffeic acid 

Fer = Ferulic acid 

Iso Q = Isoquercitrin 

Gall = Gallic acid 

DelGluc = Delphinidin 3-O-glucoside 

PetGluc = Petunidin 3-O-glucoside 

MalGluc = Malvidin 3-O-glucoside 

PetGlucAc = Petunidin 3-O-(6-O-acetyl) glucoside 

MalGlucAc = Malvidin 3-O-(6-O-acetyl) glucoside  

PetGlucCoum = Petunidin 3-O-(6-O-p-coumaroyl) glucoside 

Epic = (-)-Epicatechin 

Qr = Quercitrin 

p-Coum = p-Coumaric acid 

Rut = Rutin 

Qc = Quercetin 

Keam = Kaempferol 

Cy Gluc = Cyanidin 3-O-glucoside 

PeoGluc = Peonidin 3-O-glucoside 

DelGlucAc = Delphinidin 3-O-(6-O-acetyl) glucoside 

PeoGlucAc = Peonidin 3-O-(6-O-acetyl) glucoside 

DelGlucCoum = Delphinidin 3-O-(6-O-p-coumaroyl) glucoside 

MalGlucCoum = Malvidin 3-O-(6-O-p-coumaroyl) glucoside 

 

Shiraz grapes harvested at ca. 22°Brix-all variables in PCA biplot 

Principal component analysis (Fig.1) for grape phenolic compound variables was applied to the 

percentage in weight of each phenolic compound in relation to the total content of the measured 

phenolics. Principal component analysis yielded two principal components (PC1 and PC2) with 

eigenvalues higher than three, explaining 36.33% of the total variance in the data in the first two 

dimensions (PC1 and PC2) with 21.64% and 14.69% explained by PC1 and PC2, respectively. 

Association and correlation occurred mostly in PC1.  
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Variables measured in grape samples harvested from E-W and N-S row orientations formed a 

cluster and were correlated with treatment. Grapes originating from these two row orientations 

(treatments/microclimates) were high in p-coumaric acid (phenolic acid), quercitrin, and rutin 

(flavonols).  

Grapes originating from NE-SW row orientations proved highest in (+)-catechin, (-)-epicatechin, 

epigallocatechin-3-gallate (flavanols), caffeic-, gallic-, ferulic acid (phenolic acids), isoquercitrin, 

quercetin, kaempferol (flavonols), delphinidin-3-O-glucoside, petunidin-3-O-glucoside, malvidin-

3-O-glucoside, malvidin-3-O-(6-O-acetyl) glucoside, petunidin-3-O-(6-O-p-coumaroyl) glucoside, 

cyanidin-3-O-glucoside, peonidin-3-O-glucoside, delphinidin 3-O-(6-O-acetyl)-glucoside, 

peonidin-3-O-(6-O-acetyl) glucoside, delphinidin-3-O-(6-O-p-coumaroyl) glucoside and malvidin-

3-O-(6-O-p-coumaroyl) glucoside (anthocyanins). Petunidin-3-O-(6-O-acetyl) glucoside was 

highest in grapes originating from NW-SE row orientations. Correlation and association were 

evident between grapes harvested from NE-SW row orientations and anthocyanins, flavanols 

and phenolic acids. 
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FIGURE 1 

PCA biplot showing the positioning of the 12 row orientation treatments relative to the chemical 

variablesPCA biplot of relative positions and loadings of 22 variables used in PCA for Shiraz 

grapes harvested at ca. 22°Brix from N-S, E-W, NE-SW and NW-SE row orientations. 

Shiraz grapes harvested at ca. 24°Brix-all variables in PCA biplot 

Principal component analysis (Fig. 2) for grape phenolic compound variables applied to the 

percentage in weight of each phenolic compound in relation to the total content of phenolics. 

Principal component analysis yielded two principal components (PC1 and PC2) with 

eigenvalues higher than three, explaining 38.3% of the total variance in the data in the first two 

dimensions (PC1 and PC2) with 22.14% and 16.16% explained by PC1 and PC2, respectively.  

Grapes harvested from N-S and E-W row orientations proved low in most phenolics, except for 

(+)-catechin, (-)-epicatechin and p-coumaric acid. Grapes originating from NW-SE row 

orientations showed highest concentrations in epigallocatechin-3-O-gallate (flavanols), caffeic-, 

ferulic-, and gallic acid (phenolic acids), petunidin-3-O-glucoside, petunidin-3-O-(6-O-p-

coumaroyl) glucoside, petunidin-3-O-glucoside (anthocyanins), quercitrin, quercetin, kaempferol 

and isoquercitrin (flavonols). Grapes harvested from NE-SW row orientations proved highest in 

(-)-epicatechin, rutin, peonidin-3-O-glucoside, delphinidin-3-O-(6-O-p-coumaroyl) glucoside, 

malvidin-3-O-(6-O-p-coumaroyl) glucoside, delphinidin-3-O-glucoside, malvidin-3-O-glucoside, 

malvidin-3-O-(6-O-acetyl) glucoside and peonidin-3-O-(6-O-acetyl) glucoside concentrations. 

These results correlate with the ANOVA results where grapes originating from NE-SW and NW-

SE row orientations were highest in flavonols, phenolic acids, and anthocyanins. Correlation 

between variables and treatment were evident in grapes originating from NE-SW and NW-SE 

row orientations. 
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FIGURE 2 

PCA biplot showing the positioning of the 12 row orientation treatments relative to the chemical 

variablesof 22 variables used in PCA for Shiraz grapes harvested at ca. 24°Brix from N-S, E-W, 

NE-SW and NW-SE row orientations. 

Shiraz grapes harvested at ca. 26°Brix-all variables in PCA biplot 

Principal component analysis (Fig. 3) for grape phenolic compound variables was applied to the 

percentage in weight of each compound in relation to the total content of the measured 

phenolics. Principal component analysis yielded two principal components (PC1 and PC2) with 

eigenvalues higher than three, explaining 36.03% of the total variance in the data in the first two 

dimensions (PC1 and PC2) with 23.40% and 12.63% explained by PC1 and PC2, respectively. 

Variables measured in grapes harvested from E-W row orientations once again proved lowest in 

all variables.  
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Grapes harvested from NW-SE row orientations proved highest in quercitrin, Kaempferol 

(flavonols), caffeic acid, gallic acid, (phenolic acids), (-)-epicatechin, malvidin-3-O-(6-O-

coumaroyl) glucoside, malvidin-3-O-(6-O-acetyl) glucoside and petunidin-3-O-(6-O-p-

coumaroyl) glucoside. Grapes harvested from NE-SW row orientations showed highest values 

in epigallocatechin-3-gallate, quercitrin, isoquercitrin, petunidin-3-O-glucoside, and petunidin-3-

O-(6-O-acetyl) glucoside.  

Grapes harvested from N-S row orientations were highest in ferulic acid, (+)-catechin, malvidin-

3-O-glucoside, delphinidin-3-O-glucoside, peonidin-3-O-glucoside and peonidin-3-(6-O-acetyl) 

glucoside. 

 

 
 

FIGURE 3 

PCA biplot showing the positioning of the 12 row orientation treatments relative to the chemical 

variables for Shiraz grapes harvested at ca. 26°Brix from N-S, E-W, NE-SW and NW-SE row 

orientations. 
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Analysis of variance showing effect of treatment on total soluble solids (TSS/°Brix) 

Analyses of variance showed that the total soluble solids (TSS), measured in degrees Brix 

determined in the grapes at a given time were not significantly different (ANOVA) among the 

four treatments (Table 5). However, notable differences in the TSS of grapes originating from 

the four different row orientations were observed. At the proposed 22°Brix ripeness level, 

grapes harvested from NW-SE row orientations proved highest in total soluble solids, whereas 

grapes harvested from E-W row orientations showed lowest sugar accumulation. This trend was 

also observed at the proposed 24°Brix ripeness level. Grapes harvested at the proposed 

ripeness level of ca. 26°Brix, showed a similar trend, compared to grapes harvested at ca. 

22°Brix and ca. 24°Brix, except for grapes harvested from N-S row orientations, which proved 

highest in TSS.  

 

TABLE 5 

Average values of total soluble solids measured in Shiraz grapes as affected by row orientation 

(microclimate). 

 

PREDICTED  

RIPENESS LEVELS 

TOTAL SOLUBLE SOLIDS 

TREATMENT (ROW ORIENTATION) 

N-S1 E-W2 NE-SW3 NW-SE4 

22°B5 22.52°Be6 22.21°Be 22.75°Be 23.28°Bd e 

24°B 24.50°Bc d 24.13°Bc d 24.81°Bc 25.21°Bb c 

26°B 27.33°Ba 26.24°Ba b 26.84°Ba 26.66°Ba 

1N-S = North-South; 2E-W = East-West; 3NE-SW = Northeast-Southwest; 4NW-SE = Northwest-Southeast; 5°B = Degrees Brix; 

6Different super indexes a, b, c, d and e on the same line indicate significant differences in the content of the compound among the 

different treatments according to analysis of variance (p < 0.05). 

 

Shiraz wine phenolic data subjected to analysis of variance 

Tables 6-8 list the average phenolic compound concentration (mg/L), including pH and titratable 

acidity (TA) of experimental Shiraz wines made from grapes harvested at three different 

ripeness levels, i.e. ca. 22°Brix, ca. 24°Brix and ca. 26°Brix, originating from N-S, E-W, NE-SW 

and NW-SE row orientations (treatments/microclimate). Data represents analysis from four 

consecutive vintages (2008, 2009, 2010, and 2011). Twenty-four individual phenolic compounds 

were quantified, i.e. three flavanols, five flavonols, four phenolic acids and twelve anthocyanin 

glucosides, including acetylated and coumaroylated anthocyanins. 

 



Minnaar 21 

This document is confidential and any unauthorised disclosure is prohibited 
  
Version 2015 

 

Grapes harvested at ca. 22°Brix 

Titratable acidity and pH showed no significant differences in wine samples among the four 

treatments (Table 6). Wines made from grapes harvested from N-S and E-W row orientations 

proved higher in (+)-catechin and epigallocatechin-3-gallate, whereas wines made from grapes 

harvested from NE-SW and NW-SE row orientations showed highest concentrations in (-)-

epicatechin. 

Flavonol concentrations were highest in wines originating from grapes harvested from NE-SW 

row orientations. Quercetin-3-O-rhamnoside (i.e. quercitrin) was highest in wines made from 

grapes harvested from E-W row orientations.  

Phenolic acids, i.e. p-coumaric-, caffeic-and ferulic acids were highest in wines originating from 

NE-SW and NW-SE row orientations, whereas gallic acid was highest in wines made from 

grapes harvested from N-S and E-W row orientations. Significant differences between the four 

treatments noted for p-coumaric acid. Wines made from grapes harvested from NW-SE row 

orientations proved highest in malvidin-3-O-glucoside and petunidin-3-O-glucoside, whereas 

delphinidin-3-O-glucoside and peonidin-3-O-glucoside were highest in wines made from grapes 

harvested from N-S and E-W row orientations. Acetylated anthocyanins were highest in wines 

made from grapes harvested from NE-SW and NW-SE row orientations. However, significant 

differences between treatments were not evident. Delphinidin-3-O-(6-O-p-coumaroyl) glucoside 

and malvidin-3-O-(6-O-p-coumaroyl) glucoside were highest in wine made from grapes 

harvested from NE-SW and NW-SE row orientations.  
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TABLE 6 

Average values of phenolic compound concentrations (mg/L), including pH and titratable acidity 

(TA) of experimental Shiraz wines as affected by row orientation and grape ripeness levels. 

Shiraz grapes harvested at ca. 22°Brix. Data represents wine samples of grapes collected over 

four consecutive vintages. 

 

 

MEASURED VARIABLES 

TREATMENT (ROW ORIENTATION) 

1N-S 2E-W 3NE-SW 4NW-SE 

CONCENTRATION (mg/L) 

pH 3.79a* 3.76b a 3.63b 3.79a 

Titratable acidity 5.42a 5.65a 4.66b 5.29b a 

(+)-Catechin 6.536a 6.529a 6.414a 5.873a 

(-)-Epicatechin 7.011a 5.411c 8.281b 8.821b 

Epigallocatechin-3-O-gallate 4.269a 4.381b 4.222a 4.072a 

Quercetin-3-O-glucoside (isoquercitrin) 0.784b 0.896b 1.377a 1.352a 

Quercetin 1.884b 1.795b 2.348a 1.393c 

Kaempferol 1.832a 1.748c 2.561b 1.781c 

Quercetin-3-O-rutinoside (Rutin) 1.083b a 0.981b 1.343a 0.869b 

Quercetin-3-O-rhamnoside (Quercitrin) 14.401b 16.772c 16.443a 15.292b a 

Caffeic acid 35.822a 34.875c 38.495b  41.401d 

p-Coumaric acid 25.183c 21.249d 32.492b 35.595a 

Ferulic acid 5.101b 5.269b 5.612a 5.436b 

Gallic acid 4.551a 4.198b a 3.818b c 3.586c 

Delphinidin-3-O-glucoside 2.462a 2.058b 2.042b 2.156c 

Cyanidin-3-O- glucoside 1.339a 1.314a 1.311a 1.296a 

Petunidin-3-O- glucoside 4.327b c 4.901b a 3.956c 5.597a 

Peonidin-3-O- glucoside 4.281b 5.538a 4.035b 3.768b 

Malvidin-3-O- glucoside 70.833b 80.949b 100.469a 109.475a 

Delphinidin-3-O-(6-O-acetyl) glucoside 1.769b 2.561a 2.349a 2.333a 

Petunidin-3-O-(6-O-acetyl) glucoside 2.722b 3.049b 3.406a 3.319a 

Peonidin-3-O-(6-O-acetyl) glucoside 6.8118b 5.134c 8.095a 8.597a 

Malvidin-3-O-(6-O-acetyl) glucoside 40.536b 37.409c 45.561a 48.336a 

Delphinidin-3-O-(6-O-p-coumaroyl) glucoside 1.093a 1.477b 2.714 c 2.538c 

Petunidin-3-O-(6-O-p-coumaroyl) glucoside 2.094b a 2.555a 1.741b 1.634b 

Malvidin-3-O-(6-O-p-coumaroyl) glucoside 17.896b 17.107b 18.351a 18.589a 

1N-S = North-South; 2E-W = East-West; 3NE-SW = Northeast-Southwest; 4NW-SE = Northwest-Southeast; *Different super indexes a, 

b, c and d on the same line indicate significant differences in the content of the compound among the different treatments according to 

ANOVA (p < 0.05). 

 

Grape harvested at ca. 24°Brix 

Significant differences were observed for titratable acidity among the four treatments whereas 

pH were not significantly different (Table 7). Wines made from grapes originating from E-W and 

N-S row orientations were higher in (+)-catechin and (-)-epicatechin concentrations, compared 



Minnaar 23 

This document is confidential and any unauthorised disclosure is prohibited 
  
Version 2015 

 

to wines made from grapes harvested from NE-SW and NW-SE row orientations. 

Epigallocatechin-3-O-gallate was highest in wines made from grapes originating from E-W and 

NE-SW row orientations. 

Flavonol concentrations in wine proved significantly different among the four treatments. 

Quercetin-3-glucosides (isoquercitrin), quercetin-3-O-rutinoside (rutin) and kaempferol 

concentrations were highest in wines made from grapes harvested from NE-SW and NW-SE 

row orientations. Quercetin-3-O-rhamnoside (quercitrin) was highest in wines made from grapes 

originating from NW-SE row orientations. 

Wines made from grapes harvested from NE-SW and NW-SE row orientations proved highest in 

delphinidin-3-O-glucoside, petunidin-3-O-glucoside, and malvidin-3-O-glucoside. Peonidin-3-O-

glucoside was highest in wines made from grapes harvested from NE-SW row orientations. 

Cyanidin-3-O-glucoside was slightly higher in wines made from grapes harvested from E-W row 

orientations, compared to wines made from grapes originating from N-S, NE-SW and NW-SE 

row orientations. 

Acetylated anthocyanins, i.e. petunidin-3-O-(6-O-acetyl) glucoside, peonidin-3-O-(6-O-acetyl) 

glucoside and malvidin-3-O-(6-O-acetyl) glucoside proved higher in wines made from grapes 

harvested from NE-SW and NW-SE row orientations, compared to wines made from grapes 

originating from N-S and E-W row orientations. Delphinidin-3-O-(6-O-acetyl) glucoside was 

slightly higher in wines made from grapes originating from N-S row orientations, compared to 

wines made from grapes harvested from E-W, NE-SW and NW-SE row orientations. 

Delphinidin-3-O-(6-O-p-coumaroyl) glucoside, petunidin-3-O-(6-O-p-coumaroyl) glucoside and 

malvidin-3-O-(6-O-p-coumaroyl) glucoside were highest in wines made from grapes originating 

from NE-SW and NW-SE row orientations. Significant differences were observed between 

treatments for coumaroylated anthocyanins. 
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TABLE 7 

Average values of phenolic compound concentrations (mg/L), including pH and titratable acidity 

(TA) of experimental Shiraz wines as affected by row orientation and grape ripeness levels. 

Shiraz grapes harvested at ca. 24°Brix. Data represents wine samples of grapes collected over 

four consecutive vintages. 

 

MEASURED VARIABLES 

TREATMENT (ROW ORIENTATION) 

1N-S 2E-W  3NE-SW  4NW-SE 

 CONCENTRATION (mg/L) 

pH 4.07a 3.99a 4.32b 4.29b 

Titratable acidity 5.03a 5.31b 4.89c 4.82d 

(+)-Catechin 6.566a 6.331a 6.138a 5.141b 

(-)-Epicatechin 7.794a 7.009b 6.991b 6.363b 

Epigallocatechin-3-O-gallate 1.399b 2.328a 1.545b 1.401b 

Quercetin-3-O-glucoside (isoquercitrin) 1.459d 1.101c 1.643b 2.433a 

Kaempferol 0.854b 0.976b 1.441a 1.361a 

Quercetin 4.088a 3.666d 2.918b 2.491c 

Quercetin-3-O-rutinoside (Rutin) 1.173b 1.342b a 1.465a 1.559a 

Quercetin-3-O-rhamnoside (Quercitrin) 16.807a 17.772a 17.131b 18.428c 

Caffeic acid 35.359b 31.855c 41.089a 26.689d 

p-Coumaric acid 37.958b 27.859c 30.747c 47.733a 

Ferulic acid 4.501b 7.687a 4.171c 4.866b 

Gallic acid 2.632a 2.287a 1.551b 1.534b 

Delphinidin-3-O-glucoside 2.193b 2.822a 3.292a 3.157a 

Cyanidin-3-O- glucoside 1.115b 1.303a 1.274a 1.182b a 

Petunidin-3-O- glucoside 4.615b 5.277b a 5.399b a 5.806a 

Peonidin-3-O- glucoside 5.423b a 5.509b a 5.956a 4.525b 

Malvidin-3-O- glucoside 81.759a 80.435a 91.486a 89.841a 

Delphinidin-3-O-(6-O-acetyl) glucoside 2.209a 1.664b 1.591b 1.381b 

Petunidin-3-O-(6-O-acetyl) glucoside 2.981b 3.176b 3.418b 4.351a 

Peonidin-3-O-(6-O-acetyl) glucoside 7.162a 7.207a 7.555a 7.833a 

Malvidin-3-O-(6-O-acetyl) glucoside 38.634b 42.721b a 44.042b a 48.973a 

Delphinidin-3-O-(6-O-p-coumaroyl) glucoside 2.054c 2.698b 3.194a 3.203a 

Petunidin-3-O-(6-O-p-coumaroyl) glucoside 2.261c 3.203c 4.047b 5.242a 

Malvidin-3-O-(6-O-p-coumaroyl) glucoside 16.024c 20.734b 22.284b 27.012a 

1N-S = North-South; 2E-W = East-West; 3NE-SW = Northeast-Southwest; 4NW-SE = Northwest-Southeast; *Different super indexes a, 

b, c and d on the same line indicate significant differences in the content of the compound among the different treatments according 

to ANOVA (p < 0.05). 
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Grapes harvested at ca. 26°Brix 

Titratable acidity and pH values were not significantly different in the analysed wines (Table 8). 

Higher concentrations of flavanols, i.e. (+)-catechin and epigallocatechin-3-gallate were 

recorded in wines made from grapes harvested from N-S and E-W row orientations, compared 

to wines made from grapes harvested from NE-SW and NW-SE row orientations. Wines made 

from grapes harvested from NE-SW and NW-SE row orientations proved highest in (-)-

epicatechin.  

Flavonol concentrations proved highest in wines made from grapes harvested from NE-SW and 

NW-SE row orientations, particularly, quercetin, Kaempferol, rutin and quercitrin. Isoquercitrin 

proved highest in wine made from grapes harvested from N-S and E-W row orientations. 

Wines made from grapes harvested from NE-SW and NW-SE row orientations showed highest 

concentrations of caffeic acid. Wines made from grapes originating from E-W row orientations 

proved highest in ferulic- and gallic acid, whereas p-coumaric acid was highest in wines made 

from grapes originating from N-S row orientations. 

Anthocyanin glucosides were highest in wines made from grapes harvested from NE-SW and 

NW-SE row orientations, except for delphinidin-3-O-glucoside who was highest in wines made 

from grapes originating from E-W and NE-SW row orientations. Significant differences were 

evident among certain treatments. 

Acetylated anthocyanin concentrations, i.e. delphinidin-3-O-(6-O-acetyl) glucoside, petunidin-3-

O-(6-O-acetyl) glucoside, peonidin-3-O-(6-O-acetyl) glucoside and malvidin-3-O-(6-O-acetyl) 

glucoside once again proved and highest in wines made from grapes originating from NE-SW 

and NW-SE row orientations. The coumaroylated anthocyanins, i.e. delphinidin-3-O-(6-O-p-

coumaroyl) glucoside, petunidin-3-O-(6-O-p-coumaroyl) glucoside and malvidin-3-O-(6-O-p-

coumaroyl) glucoside showed increased concentrations in wines made from grapes harvested 

from NE-SW and NW-SE row orientations, compared to wines made from grapes harvested 

from N-S and E-W row orientations. Significant differences were observed among the 

treatments for both acetylated and coumaroylated anthocyanins. 
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TABLE 8 

Average values of phenolic compound concentrations (mg/L), including pH and titratable acidity 

(TA) of experimental Shiraz wines as affected by row orientation and grape ripeness levels. 

Shiraz grapes harvested at ca. 26°Brix. Data represents wine samples of grapes collected over 

four consecutive vintages. 

 

MEASURED VARIABLES 

TREATMENT (ROW ORIENTATION) 

1N-S 2E-W  3NE-SW  4NW-SE 

 CONCENTRATION (mg/L) 

pH 4.07a 3.98a 4.35a 4.25a 

Titratable acidity 5.13a 5.41a 4.98a 4.94a 

(+)-Catechin 7.485a 7.748a 6.651b 6.908b 

(-)-Epicatechin 6.853b 7.081b 8.493a 8.064a 

Epigallocatechin-3-O-gallate 3.836b 3.619b 2.606a 2.438a 

Quercetin-3-O-glucoside (isoquercitrin) 0.228c 0.352c 1.561a 1.293b 

Quercetin 3.581b 3.491b 5.851a 4.976a 

Kaempferol 2.913c 3.283a 4.272b 4.803a 

Quercetin-3-O-rutinoside (Rutin) 0.741b 0.719b 0.795a 0.851a 

Quercetin-3-O-rhamnoside (Quercitrin) 6.283b 6.269b 7.727a 6.954b 

Caffeic acid 27.589b 26.244b 37.765a 36.419a 

p-Coumaric acid 53.518a 49.467b a 45.308b 49.601b a 

Ferulic acid 2.945b 3.636a 2.639b 3.281a 

Gallic acid 3.973c 5.023a 4.871 b a 4.431b c 

Delphinidin-3-O-glucoside 1.599b 2.129a 1.863a 1.236c 

Cyanidin-3-O- glucoside 2.055b 1.316c 2.841b 2.406a 

Petunidin-3-O- glucoside 6.683b 7.107b 8.135a 7.926a 

Peonidin-3-O- glucoside 5.611a 4.935a 6.022a 5.807a 

Malvidin-3-O- glucoside 100.763c 128.027b 134.808 a 138.281a 

Delphinidin-3-O-(6-O-acetyl) glucoside 1.542b 1.856b 2.701a 2.876a 

Petunidin-3-O-(6-O-acetyl) glucoside 2.913b 2.721b 3.545a 3.477a 

Peonidin-3-O-(6-O-acetyl) glucoside 8.932b 8.751b 10.477a 10.491a 

Malvidin-3-O-(6-O-acetyl) glucoside 54.884b 58.028b 73.211a 74.568a 

Delphinidin-3-O-(6-O-p-coumaroyl) glucoside 2.51bc 2.999c 4.047b 4.851a 

Petunidin-3-O-(6-O-p-coumaroyl) glucoside 1.727b c 1.824 b 2.307 a 2.337a 

Malvidin-3-O-(6-O-p-coumaroyl) glucoside 27.913 d 36.475c 44.463a 38.068b a 

1N-S = North-South; 2E-W = East-West; 3NE-SW = Northeast-Southwest; 4NW-SE = Northwest-Southeast; *Different super indexes a, b, 

c and d on the same line indicate significant differences in the content of the compound among the different treatments according to 

ANOVA (p < 0.05). 
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Shiraz wine phenolic data subjected to principal component analysis 

Principal component analysis applied to discriminate among treatment differences and examine 

treatment effects on the phenolic composition including titratable acidity (TA) and pH of 

experimental Shiraz wines. Principal component analysis also applied to examine relationships 

among variables and treatments. Separation of wines among the four different treatments 

achieved a selected set of variables from the measurements common to the four treatments 

(Figs 4-6).  

Shiraz wines made from grapes harvested at ca. 22°Brix-all variables in PCA biplot 

Principal component analysis for chemical variables (phenolic compounds) including TA and pH 

was applied to the percentage in weight of each compound in relation to the total content of the 

measured variables (Fig. 4). Principal component analysis yielded two principal components 

with eigenvalues higher than five, explaining 42.65% of the total variance in the data in the first 

two dimensions (PC1 and PC2) with 28.35% and 14.03% explained by PC1 and PC2, 

respectively. Separation occurred in both PC1 and PC2. 

Wines made from grapes harvested from N-S row orientations clustered and correlated with 

measured variables were high in (+)-catechin, Kaempferol and gallic acid, whereas wines made 

from grapes harvested from E-W row orientations formed a cluster (correlated) and were only 

high in petunidin-3-O-(6-O-p-coumaroyl) glucoside and peonidin-3-O-glucoside. These wines 

also showed the highest pH and TA values. Wine made from grapes originating from E-W row 

orientations proved lowest in all variables measured. 

Wines made from grapes originating from NE-SW and NW-SE row orientations formed one 

cluster, indicating that the wines were similar in terms of phenolic compounds and correlated. 

However, wines made from grapes originating from NW-SE row orientations were highest in 

epigallocatechin-3-gallate, malvidin-3-O-glucoside, and petunidin-3- O-(6-O-acetyl) glucoside. 

Wine made from grapes originating from NE-SW row orientations were highest in most 

phenolics, i.e. quercetin, (-)-epicatechin, delphinidin-3-O-(6-O-p-coumaroyl) glucoside, malvidin-

3-O-(6-O-p-coumaroyl) glucoside, quercitrin, caffeic acid, cyanidin-3-O-glucoside, rutin, 

peonidin-3-O-(6-O-acetyl) glucoside, ferulic acid, isoquercitrin and p-coumaric acid. These 

variables differentiated wines made from grapes originating from N-S/E-W row orientations and 

NE-SW/NW-SE row orientations. Wines made from grapes harvested at ca. 22°B ripeness level 

revealed that NE-SW and NW-SE row orientations had an effect on the phenolic variables, 

particularly the anthocyanins.  
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FIGURE 4 

Vector diagrams (PCA biplot) of relative positions and loadings of 26 variables used in PCA for 

experimental Shiraz wines from grapes harvested at ca. 22°Brix from N-S, E-W, NE-SW and 

NW-SE row orientations. 

Shiraz wines made from grapes harvested at ca. 24°Brix-all variables in PCA biplot 

Principal component analysis (Fig. 5) for the chemical variables (phenolic compounds) including 

pH and titratable acidity (TA) was applied to the percentage in weight of each compound in 

relation to the total content of the variables. Principal component analysis yielded two principal 

components with eigenvalues higher than five explained 40.70% of the total variance in the data 

in the first two dimensions (PC1 and PC2) with 26.15% and 14.55% explained by PC1 and PC2, 

respectively. Separation occurred in both PC1 and PC2.  

Wines made from grapes harvested from E-W row orientations proved highest in gallic acid, 

quercitrin, epigallocatechin-3-gallate, ferulic acid, petunidin-3-O-(6-O-p-coumaroyl) glucoside, 

and cyanidin-3-O-glucoside. These wines were also high in titratable acidity. Flavanols, i.e. (+)-
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catechin, (-)-epicatechin, rutin, Kaempferol (flavonols), caffeic acid, delphinidin-3O-glucoside 

and peonidin-3-O-glucoside proved highest in wines made from grapes harvested from N-S row 

orientations. These wines showed highest values in two out of the three flavanols measured. 

The effect of treatment (i.e. row orientation) on the phenolic compounds measured is evident in 

wines made from grapes harvested from NW-SE row orientations.  

Delphinidin-3-O-(6-O-p-coumaroyl) glucoside, delphinidin-3-O-(6-O-acetyl) glucoside, malvidin-

3-O-glucoside, malvidin-3-O-(6-O-acetyl) glucoside, malvidin-3-O-(6-O-p-coumaroyl) glucoside, 

petunidin-3-O-glucoside, petunidin 3-O-(6-O-acetyl) glucoside, peonidin-3-O-(6-O-acetyl) 

glucoside, p-coumaric acid and isoquercitrin were highest in wines made from grapes 

originating from NW-SE row orientations. These wines also had the highest pH values. It is 

interesting to note that wines made from NW-SE row orientations at ca. 24°Brix proved highest 

in malvidin.  

Malvidin is the principal anthocyanin in grapes and its contribution to wine colour is the highest. 

Wines made from grapes harvested from NE-SW row orientations grouped with wines made 

from grapes originated from N-S row orientations in terms of quercetin and caffeic acid. 
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FIGURE 5 

Vector diagrams (PCA biplot) of relative positions and loadings of 26 variables used in PCA for 

experimental Shiraz wines from grapes harvested at ca. 24°Brix from N-S, E-W, NE-SW and 

NW-SE row orientations. 

 

Shiraz wines made from grapes harvested at ca. 26°Brix-all variables in PCA biplot 

Principal component analysis for the chemical variables (phenolic compounds) including pH and 

titratable acidity was applied to the percentage in weight of each compound in relation to the 

total content of the variables (Fig. 6). Principal component analysis yielded two principal 

components with eigenvalues higher than five explaining 42.35% of the total variance in the 

data in the first two dimensions (PC1 and PC2) with 22.73% and 19.62% explained by PC1 and 

PC2, respectively. Separation occurred in both PC1 and PC2.  

Wines made from grapes harvested from NE-SW row orientations proved highest in delphinidin-

3-O-glucoside, peonidin-3-O-glucoside, delphinidin-3-O-(6-O-acetyl) glucoside, peonidin-3-O-(6-
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O-acetyl) glucoside, petunidin-3-O-(6-O-acetyl) glucoside, quercetin and rutin. Wines made from 

grapes harvested from E-W and NW-SE row orientations were both high in caffeic acid, ferulic 

acid, (-)-epicatechin, malvidin-3-O-glucoside and Kaempferol. Flavanols, i.e. (+)-catechin, (-)-

epicatechin and epigallocatechin-3-gallate were highest in wines made from grapes originating 

from E-W row orientations. These compounds are responsible for wine astringency. Wines 

made from grapes harvested from N-S row orientations were highest in titratable acidity and pH 

but low in most phenolic compounds. 

 

 

FIGURE 6 

Vector diagrams (PCA biplot) of relative positions and loadings of 26 variables used in PCA for 

experimental Shiraz wines from grapes harvested at ca. 26°Brix from N-S, E-W, NE-SW and 

NW-SE row orientations. 

Indication of grape optimal ripeness (°Brix) in terms of phenolic content 

Grape optimal ripeness is usually determined by the measurement of sugar (TSS), acid 

balance, glucose/fructose ratio, and pH. Phenolic compound concentrations have also been 
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used for grape optimal ripeness indicators (Bisson, 2001; Zoecklein, 2006). According to Bisson 

(2001) and Zoecklein (2006), qualitative as well as and quantitative measurements of phenolic 

compounds can be used as grape optimal ripeness indices. Increases in certain phenolic 

compound concentration have been associated with an increase in grape maturity. Total 

anthocyanin concentrations in particular, have been associated with grape optimal ripeness. 

Botes (2009) reported that maximum anthocyanin concentrations, degrees Brix and pH were 

associated with grape optimal ripeness. A systematic investigation of Shiraz wines associated 

with change in ripeness level (°Brix) of grapes over three ripeness levels, harvested from vines 

planted to four different row orientations, i.e. E-W, N-S, NE-SW and NW-SE involving the 

quantification of phenolic compound for the purpose of finding phenolic compound indicators for 

grape optimal ripeness, is displayed in Figures 7-22. The associated change in wine pH with 

change in grape ripeness level (°Brix) is also indicated.  

Shiraz grapes harvested from N-S row orientations 

Total flavanol content 

Total flavanol content (Fig. 7) decreases in concentration, with an increase in ripeness level but 

increase again as grape ripeness levels reach ca. 28°Brix. Wines made with grapes harvested 

at ca. 22.0-23.0°Brix (12.9-13.5% alc.) with a pH of ca. 3.8, have adequate flavanol content.  

 
 

FIGURE 7 

Total flavanol content of Shiraz wines associated with changes in ripeness levels (°Brix) of 

grapes harvested from vines planted to N-S row orientations. Trends are indicated by quadratic 

curves. The associated change in wine pH together with change in grape ripeness level (°Brix) 

is also indicated. 
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Total phenolic acid content 

An increase in grape ripeness level shows an increase in phenolic acid content (Fig. 8). Wines 

made with grapes harvested between 22.0°Brix and 23.0°Brix ripeness level will have lower pH, 

but low total phenolic content. If a high phenolic content is desired, then pH and low wine 

alcohol levels will have to be sacrificed. 

 

 
 

FIGURE 8 

Total phenolic acid content of Shiraz wines associated with change in ripeness level (°Brix) of 

grapes harvested from vines planted to N-S row orientations. Trends are indicated by quadratic 

curves. The associated change in wine pH together with change in grape ripeness level (°Brix) 

is also indicated. 

Total flavonol content 

As pH increases, total flavonol concentration (Fig. 9) reaches a maximum at ca. 25°Brix (ca. 

15% alc.) grape ripeness level but decrease as grape ripeness continue to increase. Wines 

made with grapes harvested at ca. 23°Brix (ca. 13.5% alc.) would be recommended considering 

flavonol content and pH and potentially lower alcohol levels in wine. 
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FIGURE 9 

Total flavonol content of Shiraz wines associated with change in ripeness level (°Brix) of grapes 

harvested from vines planted to N-S row orientations. Trends are indicated by quadratic curves. 

The associated change in wine pH together with change in grape ripeness level (°Brix) is also 

indicated. 

Total anthocyanin content 

Concentration of total anthocyanins (Fig. 10) remain relatively constant up to a grape ripeness 

level of ca. 24.5°Brix (ca. 14.5% alc.) but then increases as pH and grape ripeness levels 

increase. Although the anthocyanin content is not optimal, when one considers the pH it may be 

reasoned that the best wines in terms of colour would be made from grapes harvested between 

22.5°Brix and 23°Brix (13.2-13.5% alc.).  
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FIGURE 10 

Total anthocyanin content of Shiraz wines associated with change in ripeness level (°Brix) of 

grapes harvested from vines planted to N-S row orientations. Trends are indicated by quadratic 

curves. The associated change in wine pH together with change in grape ripeness level (°Brix) 

is also indicated. 

 

Shiraz grapes harvested from E-W row orientations 

Total flavanol content 

Total flavanol content trends differ completely from N-S row orientation (Fig. 7). Total flavanol 

content (Fig. 11) reaches a maximum at a grape ripeness level of ca. 27°Brix and a pH of ca. 

3.9 but decreases slightly as grape ripeness levels and pH increase. Wines made from grapes 

harvested at ca. 23.5°Brix (ca. 13.8% alc.) with a pH of ca. 3.8 will represent a balance between 

pH, sugar and total flavanols. 
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FIGURE 11 

Total flavanol content of Shiraz wines associated with change in ripeness level (°Brix) of grapes 

harvested from vines planted to E-W row orientations. Trends are indicated by quadratic curves. 

The associated change in wine pH together with change in grape ripeness level (°Brix) is also 

indicated. 

Total phenolic acid content 

Total phenolic acid content trend is the same as for N-S row orientation (Fig. 8). Total phenolic 

acid content (Fig. 12) reaches a maximum at a grape ripeness level of ca. 29°Brix and a pH of 

ca. 4.2. Wines made from grapes harvested at between 22°Brix (ca. 12.9% alc.) and 23.5°Brix 

(ca. 13.8% alc.) with a pH of between 3.6 and 3.8 should be more acceptable because of the 

low pH, yet phenolic acid content is adequate. 
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FIGURE 12 

Total phenolic acid content of Shiraz wines associated with change in ripeness level (°Brix) of 

grapes harvested from vines planted to E-W row orientations. Trends are indicated by quadratic 

curves. The associated change in wine pH together with change in grape ripeness level (°Brix) 

is also indicated. 

Total flavonol content 

Total flavonol content trend is similar to that of N-S row orientations (Fig. 9). Total flavonol 

content (Fig. 13) reaches a maximum at ca. 24.5°Brix grape ripeness level and a pH of ca. 3.9 

but decreases as grape ripeness levels and pH increase. Wines made from grapes harvested at 

ca. 23.0°Brix (ca. 13.5% alc.) at a pH of 3.8 will have a high flavonol content with acceptable 

levels of ethanol. 

 

 



Minnaar 38 

This document is confidential and any unauthorised disclosure is prohibited 
  
Version 2015 

 

 
 

FIGURE 13 
Total flavonol content of Shiraz wines associated with change in ripeness level (°Brix) of grapes 

harvested from vines planted to E-W row orientations. Trends are indicated by quadratic curves. 

The associated change in wine pH together with change in grape ripeness level (°Brix) is also 

indicated. 

Total anthocyanin content 

Total anthocyanin content trend is similar to that of N-S row orientations (Fig. 10). Total 

anthocyanin content (Fig. 14) reaches a maximum at > 28.0°Brix grape ripeness level and a pH 

of ca. 4.1. Although anthocyanin content is maximised at increased ripeness levels, when one 

considers the high pH it would be preferable to harvest grapes between 20.5°Brix and 24.0°Brix 

with a pH of between 3.6 to 3.8, thus producing a wine with adequate colour and relatively low 

ethanol content (ca. 14% alc.). 
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FIGURE 14 

Total anthocyanin content of Shiraz wines associated with change in ripeness level (°Brix) of 

grapes harvested from vines planted to E-W row orientations. Trends are indicated by quadratic 

curves. The associated change in wine pH together with change in grape ripeness level (°Brix) 

is also indicated. 

 

Shiraz grapes harvested from NE-SW row orientations 

Total flavanol content 

Total flavanol content trend is similar to that of N-S row orientations (Fig. 7). Total flavanol 

content (Fig. 15) reaches maximum at ca. 21°Brix grape ripeness level. It decreases as grape 

maturity increases up to 25.5°Brix but then increases again with further increase grape maturity. 

The pH also increases with grape maturity. It would therefore appear that the most suitable 

wines could be made from grapes harvested between 22.0°Brix and 23°Brix (ca. 13.5% alc.) to 

benefit from a lower pH (ca. 3.8). 
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FIGURE 15 

Total flavanol content of Shiraz wines associated with change in ripeness level (°Brix) of grapes 

harvested from vines planted to NE-SW row orientations. Trends are indicated by quadratic 

curves. The associated change in wine pH together with change in grape ripeness level (°Brix) 

is also indicated. 

Total phenolic acid content 

Total phenolic acid content (Fig. 16) reaches a maximum at ca. 29.0°Brix as pH increases to ca. 

4.2. However, phenolic acid content remains the same up to ca. 25°Brix grape ripeness level 

and a pH of ca. 3.8, where after it increases with an increase in grape ripeness level (maturity). 

Considering pH values more realistic to commercial Shiraz wines from Robertson, grapes 

should be harvested at ca. 23.5°Brix ripeness level (ca. 13.8% alc.) to produce a wine with 

adequate phenolic acid content but which still has an acceptable pH.  
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FIGURE 16 

Total phenolic acid content of Shiraz wines associated with change in ripeness level (°Brix) of 

grapes harvested from vines planted to NE-SW row orientations. Trends are indicated by 

quadratic curves. The associated change in wine pH together with change in grape ripeness 

level (°Brix) is also indicated. 

 

Total flavonol content 

Total flavonol content (Fig. 17) reaches a maximum at ca. 29.0°Brix at a pH of ca. 4.2. Total 

flavonol concentrations increase minimally as grapes mature from 22.0°Brix to 25.5°Brix. Wines 

made with grapes harvested at ca. 25°Brix (ca. 14.75% alc.) would have adequate flavonol 

content and an acceptable pH of ca. 3.7. 
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FIGURE 17 

Total flavonol content of Shiraz wines associated with change in ripeness level (°Brix) of grapes 

harvested from vines planted to NE-SW row orientations. Trends are indicated by quadratic 

curves. The associated change in wine pH together with change in grape ripeness level (°Brix) 

is also indicated. 

 

Total anthocyanin content 

Total anthocyanin content (Fig. 18) reaches a maximum at ca. 29.0°Brix grape ripeness level 

and a pH of ca. 4.2. As anthocyanin content maximises at increased ripeness levels, so does 

the pH. It appears that a wine with adequate colour (anthocyanins) and relatively low ethanol 

content could be made from grapes harvested at ca. 25°Brix (ca. 14% alc.) with a pH of 

between 3.6 and 3.8.  
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FIGURE 18 

Total anthocyanin content of Shiraz wines associated with change in ripeness level (°Brix) of 

grapes harvested from vines planted to NE-SW row orientations. Trends are indicated by 

quadratic curves. The associated change in wine pH together with change in grape ripeness 

level (°Brix) is also indicated. 

 

Shiraz grapes harvested from NW-SE row orientations 

Total flavanol content 

Total flavanol content (Fig. 19) reaches maximum levels at ca. 22°Brix grape ripeness level, 

then decreases with grape maturity up to 25.5°Brix, where after it again increases slightly with 

further grape maturity. The pH increases consistently as grape ripeness levels increase. Grapes 

harvested at < 25.0°Brix ripeness (ca. 14.7% alc.) will result in a wine with adequate flavanol 

content and a pH level < 3.8. 
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FIGURE 19 

Total flavanol content of Syrah wines associated with change in ripeness level (°Brix) of grapes 

harvested from vines planted to NW-SE row orientations. Trends are indicated by quadratic 

curves. The associated change in wine pH together with change in grape ripeness level (°Brix) 

is also indicated. 

 

Total phenolic acid content 

Total phenolic acid content (Fig. 20) reaches a maximum at ca. 26.0°Brix as the pH increases to 

ca. 3.9, then decrease slightly at a pH of ca. 4.0. Considering pH values more realistic to 

commercial Shiraz wines, grapes should be harvested at ca. 23.5°Brix ripeness level (ca. 13.8% 

alc.) to produce wine that has adequate phenolic acid content but a relatively lower pH.   
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FIGURE 20 

Total phenolic acid content of Syrah wines associated with change in ripeness level (°Brix) of 

grapes harvested from vines planted to NW-SE row orientations. Trends are indicated by 

quadratic curves. The associated change in wine pH together with change in grape ripeness 

level (°Brix) is also indicated. 

Flavonol content 

Total flavonol content (Fig. 21) reaches a maximum at ca. 28.0°Brix and a pH of ca. 4.1. 

Flavonol concentrations show a notable increase between 22.0°Brix to 27.0°Brix grape maturity 

level. The pH increases with an increase in grape maturity. Ideally, grapes should be harvested 

at ca. 23.5°Brix (ca. 13.8% alc.) to produce wine with adequate flavonol content, which will 

result in a pH of ca. 3.8.  
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FIGURE 21 

Total flavonol content of Syrah wines associated with change in ripeness level (°Brix) of grapes 

harvested from vines planted to NW-SE row orientations. Trends are indicated by quadratic 

curves. The associated change in wine pH together with change in grape ripeness level (°Brix) 

is also indicated. 

Total anthocyanin content 

Total anthocyanin content (Fig. 22) reaches a maximum at ca. 28.0°Brix grape ripeness level 

and a pH of ca. 4.1. Although anthocyanin content maximises at increased grape ripeness 

levels, the pH also increases, therefore a pH of between 3.4 and 3.7 with grapes harvested at 

ca. 24°Brix should produce a wine with adequate colour and relatively low ethanol content, i.e. 

14.5%. 
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FIGURE 22 

Total anthocyanin content of Syrah wines associated with change in ripeness level (°Brix) of 

grapes harvested from vines planted to NW-SE row orientations. Trends are indicated by 

quadratic curves. The associated change in wine pH together with change in grape ripeness 

level (°Brix) is also indicated. 

 

Comparative results for flavanols, phenolic acids, flavonols and anthocyanins in relation to 

treatment are displayed in Figures 23-26 for illustrative purposes.  
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FIGURE 23 

Comparative total flavanol content of Shiraz wines associated with changes over ripeness of grapes harvested from vines planted to N-S, E-W, NE-SW and NW-SE row 

orientations 

N-S E-W 

NE-SW 

NW-SE 
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FIGURE 24 

Comparative total phenolic acid content of Shiraz wines associated with changes over ripeness of grapes harvested from vines planted to N-S, E-W, NE-SW and NW-SE row 

orientations 

N-S E-W 

NE-SW NW-SE 
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FIGURE 25 

Comparative total flavonol content of Shiraz wines associated with changes over ripeness of grapes harvested from vines planted to N-S, E-W, NE-SW and NW-SE row 

orientations 

N-S E-W 

NE-SW NW-SE 
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FIGURE 26 

Comparative total anthocyanin content of Shiraz wines associated with changes over ripeness of grapes harvested from vines planted to N-S, E-W, NE-SW and NW-SE row 

orientations

NE-SW 

E-W N-S 

NW-SE 
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Shiraz wine sensory results 

Wine sensory attributes were analysed using analysis of variance (ANOVA) and principal component 

analysis (PCA) to determine the sensory differences of wines originating from grapes subjected to four 

different row orientations (treatments/microclimates) and harvested at three different ripeness levels.  

Shiraz wine sensory data subjected to analysis of variance 

The sensory data were first subjected to an analysis of variance to determine reproducibility of the judges. 

No significant judges by treatment interaction was found for the different variables (descriptors e. g colour 

intensity), which is an indication of reproducibility. The wines were not tasted twice thus repeatability of 

judges could not be verified. No significant interaction for row orientation by ripeness levels were found, i.e. 

colour intensity p = 0.70, aroma intensity p = 0.89, fruitiness p = 0.98, Spiciness p = 0.8, jammy p = 0.57, 

concentrate p = 0.28, alcohol intensity p = 0.95, tannin intensity p = 0.98, acidity intensity p = 0.77, mouth 

feel p = 0.96, persistence p = 0.75, and overall quality p = 0.96. The row orientation means for each 

ripeness level are given separately to emphasize the overall row orientation treatment effects (Tables 9, 10 

and 11). The row orientations averages within each ripeness level are significantly different from each other 

depicted by the different superscript letters.  

Grapes harvested at ca. 22°Brix 

Wines made from grapes harvested at ca. 22°Brix, subjected to four different treatments (row 

orientations/microclimate) showed no significant differences in sensory attributes, except for wines made 

from grapes originating from E-W row orientations (Table 9).  

Wines made from grapes harvested from E-W row orientations showed significant differences in colour 

intensity, overall aroma, concentration intensity, alcohol intensity, tannin intensity, mouth feel, finish 

persistence and overall quality. These wines scored lower in the measured attributes, compared to wines 

made from grapes originating from N-S, NE-SW and NW-SE row orientations.  

Wines made from grapes harvested from both N-S and E-W row orientations were lower in colour intensity, 

compared to wines made from grapes harvested from NE-SW and NW-SE row orientations. Wines made 

from grapes harvested from NE-SW and NW-SE row orientations, perceived as higher in mouth feel, 

compared to wines made from grapes harvested from N-S and E-W row orientations.  

Fruity intensity in wines rated higher in grapes harvested from NE-SW and NW-SE row orientations, 

compared to wines made from grapes harvested from N-S and E-W row orientations. Wines originating 

from NE-SW and NW-SE row orientations were higher in most sensory attributes, compared to wines made 

from grapes harvested from N-S and E-W row orientations. Overall quality scored highest in wines 

originating from both NE-SW and NW-SE row orientations. 

 

TABLE 9 
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Average scores (%) of sensory attributes of experimental Shiraz wines as affected by row orientation and 

grape ripeness levels. Shiraz grapes harvested at ca. 22°Brix. Data represents wine samples of grapes 

collected over four consecutive vintages. 

SENSORY ATTRIBUTES 
TREATMENT (ROW ORIENTATION) 

5LSD (p < 0.05) 
1N-S 2E-W 3NE-SW 4NW-SE 

Colour Intensity 45.77a 34.98b 48.00a 46.32a 6.54 

Overall Aroma Intensity 49.10a 45.01b 49.78a 49.65a 3.35 

Fruity Intensity 41.04ab 38.96b 43.50a 43.45a 2.78 

Spice Aroma Intensity 35.72a 31.72b 33.48ab 34.53a 2.49 

Jammy Aroma Intensity 34.88a 31.85a 33.47a 34.03a 3.11 

Concentrate Intensity 31.64a 28.01b 32.14a 31.24a 3.05 

Alcohol Intensity 43.68a 40.14b 43.52a 43.61a 2.75 

Tannin Intensity 41.85a 37.34b 41.18a 42.37a 2.85 

Acidity Intensity 47.52a 44.42b 45.99ab 47.18a 2.34 

Mouth feel 40.82a 34.74b 41.87a 42.64a 3.64 

Finish Persistence 42.49a 36.54b 43.02a 43.72a 3.51 

Overall Quality 42.51a 35.85b 43.65a 43.77a 4.00 

1N-S = North-South; 2E-W = East-West; 3NE-SW = Northeast-Southwest; 4NW-SE = Northwest-Southeast; 5LSD (p < 0.05) = Least significant 

difference; *Different super indexes a, and b on the same line indicate significant differences in the content of the sensory attribute among the 

different treatments.  

 

Grapes harvested at ca. 24°Brix 

Wines made from grapes harvested at ca. 24°Brix, subjected to four different treatments (row 

orientations/microclimate) showed no significant differences in sensory attributes, except for wines made 

from grapes originating from E-W and N-S row orientations (Table 10).  

Wines made from grapes harvested from E-W row orientations showed significant differences in colour 

intensity, aroma intensity, spice aroma intensity, jammy aroma intensity, alcohol intensity, tannin intensity, 

acidity intensity, finish persistence, and overall quality, compared to wines made from grapes harvested 

from N-S, NW-SE, and NE-SW row orientations. Wines originated from grapes harvested from E-W row 

orientations were however lower in all sensory attributes, compared to wines made from grapes originating 

from N-S, NE-SW and NW-SE row orientations.  

Wines made from grapes harvested from NE-SW and NW-SE row orientations were highest in most 

sensory attributes. Wines made from grapes originating from N-S, E-W, NE-SW and NW-SE row 

orientations revealed no significant differences in fruity intensity and concentrate intensity. Overall quality 

scored highest in wines made from grapes originating from NE-SW and NW-SE row orientations. 

 

TABLE 10 

Average scores (%) of sensory attributes of experimental Shiraz wines as affected by row 

orientation and grape ripeness levels. Shiraz grapes harvested at ca. 24°Brix. 
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SENSORY ATTRIBUTES 
TREATMENT (ROW ORIENTATION) 

5LSD (p < 0.05) 
1N-S 2E-W 3NE-SW 4NW-SE 

Colour Intensity 56.49a 46.97b 61.01a 62.37a 6.78 

Overall Aroma Intensity 53.79a 49.48b 54.52a 54.67a 3.28 

Fruity Intensity 43.73ab 42.98b 46.50a 45.98ab 3.44 

Spice Aroma Intensity 36.02a 31.80b 35.07a 35.02a 2.79 

Jammy Aroma Intensity 34.19a 30.22b 34.56a 33.74a 2.80 

Concentrate Intensity 32.60bc 29.98c 35.64a 35.23ab 3.01 

Alcohol Intensity 48.52a 45.19b 49.40a 48.65a 2.30 

Tannin Intensity 43.35a 39.52b 43.59a 44.76a 2.87 

Acidity Intensity 46.95a 43.70b 46.85a 45.86a 1.74 

Mouth feel 47.37b 40.27a 48.49a 49.30a 4.45 

Finish Persistence 49.59a 42.61b 50.39a 50.27a 4.22 

Overall Quality 47.72a 41.22b 49.73a 49.91a 4.33 

Although the p-values of ANOVA are not significantly different, the t-test, test means pairwise at p < 0.05. Thus largest difference from smallest 

difference. 1N-S = North-South; 2E-W = East-West; 3NE-SW = Northeast-Southwest; 4NW-SE = Northwest-Southeast; 5LSD (p < 0.05) = Least 

significant difference; *Different super indexes a, b and c on the same line indicate significant differences in the content of the sensory attribute 

among the different treatments according to ANOVA (p < 0.05). 

 

Grapes harvested at ca. 26°Brix 

Wines made from grapes harvested at ca. 26°Brix, subjected to four different treatments (row 

orientation/microclimate) showed no significant differences in sensory attributes, accept wines made from 

grapes originating from E-W row orientations (Table 11).  

Wines made from grapes harvested from E-W row orientations showed significant differences in colour 

intensity, aroma intensity, fruity intensity, spice aroma intensity, mouth feel, finish persistence and overall 

quality, compared to wines made from grapes harvested from N-S, NE-SW and NW-SE row orientations. 

Wines made from grapes originating from E-W row orientations were however lowest in all measured 

sensory attributes. Wines made from grapes harvested from NE-SW and NW-SE row orientations, were 

higher in most measured sensory attributes, compared to wines made from grapes harvested from N-S and 

E-W row orientations. Overall quality was again highest in wines made from grapes originating from NE-SW 

and NW-SE row orientations. 

 

TABLE 11 

Average scores (%) of sensory attributes of experimental Shiraz wines as affected by row 

orientation and grape ripeness levels. Shiraz grapes harvested at ca. 26°Brix. 

SENSORY ATTRIBUTES 
TREATMENT (ROW ORIENTATION) 

5LSD (p < 0.05) 
1N-S 2E-W 3NE-SW 4NW-SE 

Colour Intensity 63.69a 54.84b 68.56a 68.98a 5.90 

Overall Aroma Intensity 53.81a 49.95b 56.17a 56.32a 3,19 
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Fruity Intensity 44.55a 42.11b 46.98a 46.18a 3,35 

Spice Aroma Intensity 36.66a 32.84b 37.05a 36.15a 3,04 

Jammy Aroma Intensity 36.67ab 34.79b 38.66a 38.05a 3,07 

Concentrate Intensity 37.24bc 34.59c 39.85ab 41.84a 3,44 

Alcohol Intensity 53.54ab 50.89b 54.39a 54.65a 2,81 

Tannin Intensity 46.82ab 43.83b 47.51a 48.35a 3,45 

Acidity Intensity 49.25a 46.69b 48.65b 48.97b 1.90 

Mouth feel 50.48a 44.22b 52.59a 51.62a 4,34 

Finish Persistence 50.24a 45.93b 52.67a 53.55a 3,68 

Overall Quality 48.12a 42.69b 51.14a 51.17a 3,76 

1N-S = North-South; 2E-W = East-West; 3NE-SW = Northeast-Southwest; 4NW-SE = Northwest-Southeast; 5 LSD (p < 0.05) =Least significant 

difference; *Different super indexes a, b and c on the same line indicate significant differences in the content of the sensory attribute among the 

different treatments according to ANOVA (p < 0.05). 

 

Shiraz wine sensory data subjected to principal component analysis 

Biplots (Figs. 27, 29, 31) describe the relative positions and loadings of the wine sensory attributes scored 

by the tasters. The biplots indicate how the tasters used each attribute in the descriptive analysis over all 

the samples. Clustering of vectors/variables indicate a correlation between treatment and attributes. 

Vectors opposite or at right angles to each other indicate no relationship/correlation between treatment and 

sensory attributes. Analysis was performed on the average sensory percentage scores of the wines.  

Shiraz wines made from grapes harvested at ca. 22°Brix-all variables in PCA biplot 

Principal component analysis showing the relationship between the sensory attributes (variables) and the 

row orientation treatments at 22°Brix is presented in Figure 27. Principal component analysis yielded two 

principal components with eigenvalues higher than two, explaining 98.77% of the total variance in the data 

of the first two dimensions (PC1 and PC2) with 90.38% and 8.39% explained by PC1 and PC2, 

respectively.  

Separation and association occurred mainly in PC1. All sensory attributes loaded high on Principal 

component (called F1 on biplot). The attributes, jammy aroma intensity, acidity and spice aroma intensity, 

were high in wines made from grapes harvested from N-S and E-W row orientations. A correlation between 

jammy aroma intensity and acidity intensity exist, since the tasters scored them similarly. Wines made from 

grapes harvested from E-W row orientations were low in all attributes. Wines made from grapes harvested 

from NE-SW and NW-SE row orientations were high in most attributes, except for jammy aroma intensity, 

acidity intensity, fruity intensity, and spicy aroma intensity. Wines originating from N-S row orientations 

were high in tannin intensity and alcohol intensity. Wines originating from NE-SW and NW-SE row 

orientations were high in persistence, concentrate intensity, mouth feel, colour intensity, overall quality, and 

aroma intensity. 
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FIGURE 27 

PCA biplot) of relative positions and loadings of 12 attributes used in descriptive analysis for experimental 

Shiraz wines made from grapes harvested at ca. 22°Brix from N-S, E-W, NE-SW and NW-SE row 

orientations. 

 

Shiraz wines made from grapes harvested at ca. 22°Brix-all variables in radar plot 

The radar charts (Figs. 28, 30, 12) are a graphical methods displaying multivariate data in the form of two-

dimensional charts for the twelve variables represented on axes starting from the same point. It is not a 

method to show statistical differences among the treatments for the variables, hence no p-values. 

Statistical differences for the treatments of the twelve sensory variables are listed in tables 9, 10 and 11. 

Wines made from grapes harvested from NE-SW and NW-SE row orientations proved more intense in 

mouth feel, finish persistence, overall quality, colour intensity, overall aroma intensity, and fruity intensity, 

compared to grapes harvested from N-S and E-W row orientations (Fig. 28). Wines made from grapes 

harvested from N-S row orientations proved higher in mouth feel, finish persistence, overall quality, colour 

intensity, and overall aroma intensity, compared to wines made from grapes harvested from E-W row 

orientations. 

https://en.wikipedia.org/wiki/List_of_graphical_methods
https://en.wikipedia.org/wiki/Multivariate_statistics
https://en.wikipedia.org/wiki/Data
https://en.wikipedia.org/wiki/Chart
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FIGURE 28 

Radar plot of descriptive sensory analysis of experimental Shiraz wines made from grapes harvested at ca. 

22°Brix originating from four different row orientations. N-S = North-south; E-W = East-west; NE-SW = 

Northeast-southwest; NW-SE = Northwest-southeast. 

 

Shiraz wines made from grapes harvested at ca. 24°Brix-all variables in PCA biplot 

Principal component analysis showing the relationship between the sensory attributes (variables) and the 

row orientation treatments at 22°Brix is presented in Figure 29. Principal component analysis yielded two 

principal components with eigenvalues higher than two, explaining 98.43% of the variation in the data of the 

first two dimensions (PC1 and PC2) with 91.64% and 6.79% explained by PC1 and PC2, respectively. Most 

of the separation and association occurred in PC1, which was positively loaded with all the sensory 

attributes. Wines made from grapes harvested from N-S, NE-SW, and NW-SE row orientations scored high 

in most attributes, i.e. overall quality, tannin intensity, mouth feel, aroma intensity, alcohol intensity, finish 

persistence, jammy intensity, acidity intensity and spice aroma intensity. Wines originating from E-W row 

orientations were low in all attributes. Wines made from grapes originating from NW-SE and NE-SW row 

orientations scored highest in overall quality, tannin intensity and mouthfeel?  
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FIGURE 29 

Vector diagram (PCA biplot) of relative positions and loadings of 12 attributes used in descriptive analysis 

for experimental Shiraz wines made from grapes harvested at ca. 24°Brix from N-S, E-W, NE-SW and NW-

SE row orientations. 

 

Shiraz wines made from grapes harvested at ca. 24°Brix-all variables in radar plot 

Wines made from grapes harvested form a NW-SE and a NE-SW showed an increase in colour intensity 

and higher overall quality, compared to wines made from grapes harvested from N-S and E-W row 

orientations (Fig. 30). Wines made from grapes harvested from E-W row orientation proved lower in tannin 

intensity, acidity intensity, mouth feel, finish persistence, overall quality, colour intensity, and overall aroma 

intensity, compared to wines made from grapes originating from N-S, NE-SW and NW-SE row orientations. 

Fruity intensity, spice aroma intensity, jammy aroma intensity, concentrate intensity, and alcohol intensity 

proved similar in wines made from grapes originating from all four row-orientations. 
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FIGURE 30 

Radar plot of descriptive sensory analysis of experimental Shiraz wines made from grapes harvested at ca. 

24°Brix originating from four different row orientations. N-S = North-south; E-W = East-west; NE-SW = 

Northeast-southwest; NW-SE = Northwest-southeast. 

 

Shiraz wines from grapes harvested at ca. 26°Brix-all variables in PCA biplot 

Principal component analysis for sensory attributes and the row-orientations is shown in Figure 31. 

Principal component analysis yielded two principal components with eigenvalues higher than three, 

explaining 98.26% of the variation in the data of the first two dimensions (PC1 and PC2) with 94.19% and 

4.07% explained by PC1 and PC2, respectively. All separation and association occurred in PC1, which was 

positively loaded with the all of the sensory attributes.  

Wines made from grapes harvested from N-S row orientations were high in acidity intensity, mouth feel and 

spiciness. Wines made from grapes harvested from NW-SE and NE-SW row orientations were high in 

alcohol intensity, tannin intensity, overall quality, colour intensity, aroma intensity, persistence, fruitiness, 

and jammy. Wines made from grapes originating from E-W row orientations scored low in all sensory 

attributes. 
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FIGURE 31 

Vector diagram (PCA biplot) of relative positions and loadings of 12 attributes used in descriptive analysis 

for experimental Shiraz wines made from grapes harvested at ca. 26°Brix from N-S, E-W, NE-SW and NW-

SE row orientations. 

 

Shiraz wines made from grapes harvested at ca. 26°Brix-all variables in radar plot 

Wines made from grapes harvested at ca. 26°Brix originating from N-S, NE-SW and NW-SE row 

orientations proved higher in all attributes, compared to wines made from grapes harvested from E-W row 

orientations (Fig. 32). Notable differences in terms of mouth feel, finish persistence, overall quality, colour 

intensity, and overall aroma intensity observed between wines made from grapes originating from E-W row 

orientations and wines made from grapes originating from NE-SW, NW-SE and N-S row orientations. 

Wines made from grapes harvested from E-W row orientations scored lowest in all attributes. 
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FIGURE 32 

Radar plot of descriptive sensory analysis of experimental Shiraz wines made from grapes harvested at ca. 

26°Brix originating from four different row orientations. N-S = North-south; E-W = East-west; NE-SW = 

Northeast-southwest; NW-SE = Northwest-southeast. 
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d) CONCLUSIONS 

This project reports on the effect of row orientation (microclimate/light intensity) and grape ripeness levels 

of individual phenolic compound concentrations of South African Vitis vinifera L. cv. Shiraz/101-14 Mgt 

grapes and wine.  

The phenolic compounds quantified in the grapes and wine samples divide four classes, i.e. phenolic acids, 

flavonols, flavanols and anthocyanins. Generally, phenolic acids are absent in most plants but the phenolic 

acids in grapes and wine are present but in low concentrations. Phenolic acids in grapes occur in the free 

and esterified form. Phenolic acids and their conjugates have no particular sensory significance in wine due 

to their low concentrations; however, phenolic acids do have antioxidant properties.  

Flavanols are usually present in lower concentrations in grapes than in wine. Flavanols contribute to the 

astringency, persistence; wine body and mouth feel of wine, as well as to the structure of wine. During 

winemaking, these compounds undergo structural transformations through polymerisation and oxidation 

reactions, which lead to characteristic sensory changes in the wine. These characteristics indicate the 

important role that flavanols play in the quality of wine. Flavanols, which include catechins, 

epigallocatechins, epigallocatechin-3-gallates and epicatechins, are particularly important in their polymeric 

form, which refers to as procyanidins.  

There are several types of anthocyanins responsible for the colour of wine grapes. In wine grapes, 

anthocyanins develop during the stage of véraison when the skins change colour from green to red to 

almost black. As the total soluble solids increase during grape ripening, so does the concentration of 

anthocyanins. Colour variation in red wine derives from the ionisation of anthocyanin pigments, caused by 

the acidity of the wine. The three types of anthocyanin pigments are red, blue and colourless with the 

concentration of those various pigments determining the colour of the wine. Wine with a low pH has a high 

occurrence of ionised anthocyanins, which increases the concentration of bright red pigments, whereas 

wine with a high pH has a high concentration of blue and colourless pigments.  

Flavonols, one of the most widespread compounds in grapes, are present in the skins of both red and white 

grape cultivars as yellow pigments. In grapes, flavonols are present in the glycoside form. In red wine 

however, flavonols are present in their aglycone form (without the sugar moiety), because the glycosides 

are hydrolysed during fermentation. Flavonols are the yellow pigments that contribute directly to the colour 

of white wines, but in red wine, anthocyanins mask the presence of flavonols. 

The results characterise the phenolic concentration variations associated with Shiraz grapes subjected to 

N-S, E-W, NE-SW and NW-SE row orientations, harvested at three different grape ripeness levels, i.e. ca. 

22°Brix, ca. 24°Brix and ca. 26°Brix. The characteristic Shiraz grape profiles of 3', 5'-substituted 

hydroxylated anthocyanins (i.e. delphinidin-3-O-glucoside), 3'-substituted hydroxylated anthocyanins (i.e. 

cyanidin-3-O-glucoside), 5'-substituted hydroxylated anthocyanins (i.e. peonidin-3-O-glucoside) and 3',5'-

dimethoxylated anthocyanins (i.e. malvidin-3-O-glucoside) is maintained beyond the variations brought 

http://en.wikipedia.org/wiki/Veraison
http://en.wikipedia.org/wiki/Ionization
http://en.wikipedia.org/wiki/Acidity_(wine)
http://en.wikipedia.org/wiki/PH
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about by the different treatments. However, anthocyanin metabolism responded to both treatment (row 

orientation/microclimate/light intensity) and grape ripeness levels. 

Wines made from grapes harvested at ca. 22°Brix from N-S and NW-SE row orientations had a slightly 

higher pH than wines made from grapes harvested from E-W and NE-SW row orientations. Wines made 

from grapes harvested from E-W row orientations proved higher in titratable acidity, compared to wines 

made from grapes harvested from N-S, NE-SW and NW-SE row orientations. There were notable 

differences between the pH values of wines made from grapes harvested at ca. 24°Brix for all four 

treatments. Wines made from grapes harvested from NE-SW and NW-SE row orientations, harvested 

between 24°Brix and 26°Brix showed highest pH values. Grapes harvested from E-W row orientations once 

again revealed highest titratable acidity. Grapes harvested at ca. 26°Brix from NE-SW row orientations 

proved higher in pH than wines made from grapes harvested from E-W, NE-SW and NW-SE row 

orientations. Grapes harvested from E-W row orientations again showed highest titratable acidity.  

Two important key findings emerged from the investigation. The first important key finding was that grape 

and wine phenolic compound concentrations differed among treatments and grape ripeness levels. The 

second key finding to emerge showed that wine sensory attributes were affected by treatment and varied 

among grape ripeness levels. Wine quality linked directly to wine phenolic compound concentration and 

individual sensory attributes based on anthocyanins (colour pigments), flavanols (astringency/perceived 

bitterness/persistence) and visual colour and taste. Phenolic compound concentration averages of 

anthocyanins showed differences in NW-SE/NE-SW and N-S/E-W row orientations at ca. 22°Brix and ca. 

24°Brix respectively. Examination of individual anthocyanin concentrations revealed differences among 

treatments and ripeness levels, specifically wines made from grapes originating from NE-SW and NW-SE 

row orientations. High anthocyanin concentrations correlated with low flavanol concentrations in wines. 

Anthocyanins tended to reach highest concentrations in wines made from grapes harvested at ca. 26°B 

from NE-SW and NW-SE row orientations.  

The phenolic compound concentration differences among treatments were however not the same for each 

grape ripeness level, but the variables that differed among treatments were similar to those that showed the 

clearest separation by principal component analysis (PCA). There was a tendency of high anthocyanin 

concentrations in wines made from grapes originating from NE-SW and NW-SE row orientations for all 

three ripeness levels. It appears that moderate bunch exposure favours anthocyanin accumulation. Row 

orientations (microclimate/light intensity) altered the concentrations of phenolic compounds of experimental 

Shiraz wines. The chromatographic responses were more intense for wines made from grapes harvested 

from NE-SW and NW-SE row orientations (microclimates/light intensity), indicating optimal ripeness in 

terms of phenolics, which were associated with ca. 24°Brix grape ripeness level. Differentiation among 

treatments showed quantitative variations in anthocyanin, flavonol, phenolic acids, and flavanol 

concentrations. These variations are important factors that enabled distinction among different treatment 

effects for experimental Shiraz grapes.  
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Individual phenolic compound concentrations were strongly and consistently affected by row orientation 

(microclimate/light intensity) and grape ripeness levels. The variables measured among treatments, were 

the same as those that showed the clearest separation by PCA on the biplots. Analysis of variance of grape 

and wine phenolic data showed that the effect of row orientation and grape ripeness levels on individual 

phenolic compound concentrations were significantly different. Differences induced in phenolic compound 

concentrations by the different row orientations, particularly grapes originating from NE-SW and NW-SE 

row orientations, verified by anthocyanin glucoside and acetylated- and coumaroylated-anthocyanin 

concentrations. Treatment differences between grape samples originating from N-S and E-W row 

orientations were verified by flavanol concentrations, i.e. (+)-catechin, (-)-epicatechin and epigallocatechin-

3-gallate. 

The sensory results that emerged showed that although the attribute scores of experimental Shiraz wines 

made from grapes planted to four different row orientations (microclimate/light intensity) were similar the 

sensory scores were highly correlated to specific treatments. Analysis of variance and principal component 

analysis showed that it was possible to group the wines according to different treatments using the 

measured sensory attributes. Wine sensory attributes affected by treatment and varied among row 

orientations and ripeness levels. Wine quality correlated directly with wine phenolic compound 

concentrations and individual sensory attributes. The sensory data for colour intensity (anthocyanins) 

showed a notable difference between row orientation and ripeness levels. Wines made from grapes 

originating from NW-SE and NE-SW row orientations; harvested at ca. 22°Brix and ca. 24°Brix ripeness 

levels, produced wines that had higher colour intensity than wine made from grapes harvested from N-S 

and E-W row orientations. A correlation exists between astringency attributes and flavanols measured 

chemically for all three ripeness levels. Based on the sensory data, grapes harvested from NE-SW and 

NW-SE row orientations for all three ripeness levels, produced wines with the highest mouth feel. This 

observation confirmed by the quantification of flavanols for wines made from grapes harvested at ca. 

22°Brix and ca. 24°Brix. Wines made from grapes harvested at ca. 26 °Brix were however lowest in 

flavanol concentrations. 

Are row orientations (microclimate/light intensity), such as N-S and E-W (less interior exposure and 

morning and afternoon exposure), which expose grape bunches to long periods of direct sunlight during the 

day, desirable for quality Shiraz wines? The results emerging from this investigation have proven that row 

orientation affected the concentrations of phenolics in Shiraz grapes over grape ripening. Certain phenolic 

concentrations were highest in grapes originating from NE-SW and NW-SE row orientations associated 

with certain grape ripeness levels. A distinct differentiation among treatments showed variations in 

anthocyanin, flavanol, flavonol, and phenolic acid concentrations.  

The results of this investigation prove that the accumulation of phenolic compound concentrations in wines 

is a complex process that involves the interaction of grape ripeness, acidity, pH, and viticulture processes. 

In the assessment of the effect of row orientation and grape ripeness levels on the phenolic compound 

concentrations, subtle as well as notable differences in flavanols, flavonols, phenolic acids, and 
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anthocyanins were evident in wines made from grapes harvested from different row orientations, harvested 

at different grape ripeness levels.  

The relationships among wine phenolic compounds, wine sensory attributes, grape maturity (TSS) overall 

wine quality are neither simple nor direct. This investigation proves that relationships exist between the 

variables, i.e. anthocyanins, flavanols, flavonols, phenolic acids, pH, acidity, and sensory attributes on the 

one hand, and row orientations (microclimate/light intensity) and grape ripeness levels (TSS) on the other 

hand. The relationships among the wine phenolic compounds, wine sensory attributes, row orientation, and 

grape ripeness levels are based on the combination of phenolic compounds and sensory attributes, rather 

than on a single phenolic compound, a single sensory attribute or single oenological parameter of the wine. 

The results of this investigation show that the sensory attributes of experimental Shiraz wines among the 

treatments are similar, but the overall quality of wine is highly correlated to row orientation. The ANOVA 

and PCA prove that it is possible to assign these wines to the different treatments to which the grapes were 

subjected.  

The phenolic compounds and sensory results are viewed as applicable to wines made from grapes 

cultivated on a flat terroir, trained to a vertical-shoot-positioned trellis system, and planted in clayey loam 

soil. Different results may be obtained from a commercial vineyard block, a different terroir, the role of 

hombre influencia and different climatic conditions. In other words, specific grapevine row orientation is not 

necessarily applicable to all environments. This is the first investigation in South Africa that demonstrates 

the effect of row orientation (microclimate/light interception) on the individual anthocyanin, flavonol, 

phenolic acid and flavanol compounds in Shiraz wines made from grapes planted to different row 

orientations and harvested at different grape ripeness levels. These findings indicate that viticultural 

practices such as different row orientations and grape ripeness levels can be applied to control the phenolic 

compound concentrations in grapes. 

Prolonged exposure of grape bunches to direct sunlight should be avoided to achieve maximum colour 

development in grapes. In the event of viticultural practices that result in NE-SW and NW-SE row 

orientations, increased anthocyanin concentrations (colour) may be evident and achievable. Vines planted 

to N-S and E-W row orientations could be conducive to increased flavanol concentrations, which 

contributes to mouth feel, astringency, persistence, and perceived bitterness (tannins, polymerised 

flavanols) of Shiraz wine. Increased flavanols can either have a positive or negative effect on the sensory 

attributes and quality of red wine. The effect of soil type and terroir on grape phenolic compound is also 

mediated through their effect on vine water status and site parameters, such as diurnal temperature, 

precipitation, heat summation, air-saturation deficit, and nitrogen nutrition. These parameters exert an 

independent role on grape ripening and ultimately on wine quality, and should therefore considered in 

phenolic management.  

This project was designed to investigate a commercially relevant aspect demonstrating the effect of row 

orientation, i.e. microclimate/light intensity on grape phenolic compound concentrations. The effect of 
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different row orientations on phenolic compound concentrations and sensory attributes was reflected in the 

analysed Shiraz grapes and wines. The data presented in this final report confirms that treatment 

differences are distinguishable by high performance liquid chromatographic analysis and sensory analysis 

with the application of. analysis of variance and principal component analysis.  

Finally, further research is needed to enrich our understanding of the relationships that exist between vine 

phenology, row orientation (microclimate/light intensity) and wine quality, i.e. optimal ripeness. The 

knowledge of phenolic compound concentration differences of experimental Shiraz wine and the phenolic 

concentration association with grape cultivar is important in oenology, because the phenolic concentrations 

can be controlled through vineyard practices and this can lead to optimal ripeness of phenols and ultimately 

a desired wine style.  

 

5. ACCUMULATED OUTPUTS  
 

a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 
None 
 

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER 
Results emanating from this project shall be published in a form of at least two peer-reviewed scientific 
articles in an international science journal. The results obtained were submitted for a doctoral degree at 
Stellenbosch University. 
 

c) HUMAN RESOURCES DEVELOPMENT/TRAINING 
Complete the following table, adding more lines if necessary. 
 

Student Name and 
Surname 

Student Nationality 
Degree (e.g. 
MSc Agric, 
MComm) 

Level of 
studies in 

final year of 
project 

Graduation 
date 

Total cost to 
industry 

throughout 
the project 

Honours students   

      

      

Masters Students   

      

      

PhD students   

Phillip Minnaar South African PhD  ? None 

      

      

Postdocs   

      

      

      

Support Personnel (not a requirement for HORTGRO Science) 
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PERSONS PARTICIPATING IN THE PROJECT (Excluding students) 
 

Initials & 
Surname 

Highest 
Qualification 

Degree/ 
Diploma 

registered 
for 

Race 
(1) 

Gender 
(2) 

Institution & 
Department 

Position 
(3) 

Cost to 
Project 

R 

Z Ngqumba M Tech M Tech B F 
ARC Post-Harvest 
& Wine Technology 

TA None 

V Paulsen MSc MSc B F 
ARC Post-Harvest 
& Wine Technology 

TA None 

        

        

        

        

        

        

 
(1)Race B = African, Coloured or Indian 
 W = White 
    
(2)Gender F = Female 
 M = Male 
    
(3)Position Co = Co-worker ( other researcher at your institution) 
 Coll = Collaborator ( participating researcher that does not receive funding for this project from industry) 
 PF = Post-doctoral fellow 
 PL = Project leader 
 RA = Research assistant 
 TA = Technical assistant/ technician 

 
 
 

d) PUBLICATIONS (POPULAR, PRESS RELEASES, SEMI-SCIENTIFIC, SCIENTIFIC)  
Minnaar PP. Hunter JJ. (2015) Die rigting van die wingerdrye en die rypheidsgraad van die druiwe 

beïnvloed die wynkleur van Shiraz. Winetech Tegnies. pp. 78-79. See attachment for prove of 

publication. 

Minnaar PP, De Villiers AJ, Hunter JJ. (2013) Anthocyanins, Flavanols and Flavonols of Vitis vinifera L. cv 

Shiraz Wines as affected by Row Orientation and Ripeness Levels. In: Proc. International Symposium 

of the Group of International Experts of vitivinicultural Systems for CoOperation, Porto, Portugal, 7 th-11th 

July 2013. 

 
e) PRESENTATIONS/PAPERS DELIVERED  
Oral Presentations 
Minnaar PP, De Villiers AJ, Hunter JJ. (2014) Impact of row orientation and ripeness levels on 

anthocyanins and flavanols of Syrah grapes. Presented at the 36 th SASEV Conference, Somerset-

West, South Africa, 12th-14th November, 2014. 
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Minnaar PP, De Villiers AJ. (2014) Microclimate and Grape Ripeness Effects on the Phenolic Composition 

of Syrah Grapes and Wine. Presented at Winetech Winemaking Techniques and Practices 

Programmes, 2nd October 2014. 

Minnaar PP, De Villiers AJ, Hunter JJ. (2014) Impact of row orientation and ripeness levels on 

anthocyanins and flavanols of Syrah grapes. Presented at MACROWINE, Stellenbosch, South Africa, 

7th-10th September, 2014. 

Minnaar PP, AJ, Hunter JJ. (2013) Anthocyanin and Sensory Attributes of Vitis vinifera L cv. Shiraz wines 

as affected by row orientation and ripeness levels. Presented at the 36 th World Congress of Vine and 

Wine, Bucharest, Romania, 2nd-7th June 2013. 

Minnaar PP, De Villiers AJ, Hunter JJ. (2013) Anthocyanins, Flavanols and Flavonols of Vitis vinifera L. cv 

Syrah Wines as affected by Row Orientation and Ripeness Levels. Presentation at the 18 th International 

Symposium of the Group of International Experts of vitivinicultural Systems for CoOperation, Porto, 

Portugal, 7th-11th July 2013. 

Minnaar PP, De Villiers AJ, Hunter JJ. (2013) Determination of the Optimal Ripeness of South African Red 

Grapes in Terms of Their Phenol Composition. Presented at the 35th SASEV/Winetech International 

Conference, Somerset-West, South Africa, 13th-15th November 2013. 

Minnaar PP, AJ, Hunter JJ. (2012) Anthocyanin and Sensory Attributes of Vitis vinifera L cv. Shiraz wines 

as affected by row orientation and ripeness levels. Presented at the 34 th SASEV Conference, 

Franshhoek, South Africa, 14th-16th November 2012. 

Minnaar PP, AJ, Hunter JJ. (2012) Impact of row orientation on berry anthocyanin of Shiraz wines. 

Presented at the Technical Workshop-Shiraz wines, Stellenbosch, South Africa, 20th November 2012. 

 

Poster Presentations  

Minnaar PP, AJ, Hunter JJ. (2012) Anthocyanin and Sensory Attributes of Vitis vinifera L. cv Shiraz Wines 

as Affected by Row Orientation and Ripeness Levels. Poster presentation at the IXth International 

Terroir Congress, Dijon/Reims, France, 27th June – 02nd July 2012. 

Minnaar PP, De Villiers AJ, Hunter JJ. (2011) Grape Ripeness and Microclimate Effects on the Phenolic 

Composition of Grapes and Wine (Vitis vinifera L. cv. Shiraz/101-14 Mgt). Poster presentation at the In 

Vino Analytica Scientia Conference, Graz, Austria, 19th-24th July 2011.  

 
 

6. BUDGET (PHI projects to complete separate Excel annexure) 
 

TOTAL COST SUMMARY OF THE PROJECT 

 

YEAR 
 

CFPA DFTS Deciduous SATI Winetech THRIP OTHER TOTAL 

2008/2009     
 

152 732  158 966 311 698 

2009/2010 
 

    163 514  170 187 333 701 
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2010/2011 
 

    
178 147 
(9 918)*  185 418 373 483 

2011/2012 
 

    163 516  170 192 333 708 

2012/2013 
 

    26 923   28 021 54 944 

2013/2014 
 

    
53 002 

(15 763)*  55 165 123 930 

2014/2015 
 

    87 719  91 299 179 018 

TOTAL 
 

    851 234 
 

859 248 1710482 

*Additional funding to attend an international conference. 

 
 
EVALUATION BY INDUSTRY 

 
This section is for office use only 
 

Project number 
 

  

Project name 
 

  

Name of Sub-Committee* 
 

 

Comments on project 

 

 

Committee’s recommendation (Review panel in the case of PHI) 

 

• Accepted. 
 
          
 

• Accepted provisionally if the sub-committee’s comments are also addressed.   
Resubmit this final report by___________________________________ 

 
 
 

• Unacceptable. Must resubmit final report.       
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Chairperson__________________________________________ Date___________________  
 
 

*SUB-COMMITTEES 
 
Winetech 
Viticulture: Cultivation; Soil Science; Plant Biotechnology; Plant Protection; Plant Improvement;  
Oenology: Vinification Technology; Bottling, Packaging and Distribution; Environmental Impact; Brandy and Distilling; Microbiology 
 
Deciduous Fruit 
Technical Advisory Committees: Post-Harvest; Crop Production; Crop Protection; Technology Transfer 
Peer Work Groups: Post-Harvest; Horticulture; Soil Science; Breeding and Evaluation; Pathology; Entomology 
 
 
 
 
 

 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


