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Comparison between aroma compounds in wines from four Vitis vinifera
grape varieties grown in different shoot positions
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Abstract

The aroma characteristics of wines from four Vitis vinifera grape varieties (‘Cabernet sauvignon, ‘Merlot, ‘Chardonnay, and
‘Italian Riesling’) grown in three shoot positions were evaluated by HS-SPME-GC/MS. In this study, the numerous significant
differences found in most of the aromatic compounds influence of different shoot positions on the quality of wine. The results
showed that the middle shoot position increased significantly the aroma concentration in the majority of wines investigated.
The volatile components showing the greatest differences in the wines of different cultivars were aldehydes and terpenes. 8 and
11 compounds were found and quantified (OAVs>1) in the two red wines and white wines at concentrations higher than their
corresponding odor thresholds, respectively; and therefore they significantly contributed to the wine aromas. According to
their OAVs, fruity, floral, cheese and fatty aroma strongly influenced the characteristics of the four monovarietal wines, while
the two white wines showed the green and fresh aroma characteristics. These results are related to the different microclimate of
the canopies of the different shoot positions and varieties. They suggest that proper elevating the fruiting zones could improve
the accumulation of aroma compounds in wines from the different varieties. On the other hand, grapevines trained to systems
with uniform fruiting zones could improve the quality of wine.
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1 Introduction

Aroma is one of the most important factors determining the
character and quality of wine (Vilanova et al., 2007). Some of the
aroma compounds are released directly from the grape berries
while others are formed during the process of fermentation and
aging (Rapp, 1998). The most important flavor compounds in
wine made from neutral grape varieties are those arising from
the fermentation process, which include mainly ethyl esters,
acetate esters, higher alcohol, fatty acids, and aldehydes. Ethyl
esters of hexanoic, octanoic, and decanoic acids and isoamyl
and isobutyl acetates are often considered to give wine much of
its characteristics (Ferreira et al., 1995). Interestingly, the grape
flavor is also the major driver of preference for acceptance of the
nectar (Voorpostel et al., 2014). Conde et al. (2007) state that
wine aromas consist of several hundred volatile compounds at
concentrations ranging from several mg/L to a few ng/L or even
less. The olfactory perception threshold for each compound
varies considerably; the olfactory impact of a compound will
thus depend on whether it is present at concentrations above
this perception threshold; thus, odor activity values (OAVs)
were introduced to choose impact odorants (Li et al., 2006).
Only the odorants with OAVs>1 can be perceived.

The aroma and flavor expression of wines has been
considered to be intimately related to the climate, soil, and
further aspects of the physical environment, as reflected in the
concept of terroir (Imre et al., 2012). Lee et al. (2007) reported
that Cabernet Sauvignon had the highest concentration of
B-damascenone in non-defoliated grapes and subsequent wines

compared to grapes from vines which were defoliated at fruit
set by either lateral or primary leaf removal or individually.
Research conducted by Ristic et al. (2007) established that bunch
shading of Shiraz grapes decreased the levels of norisoprenoids
in the wine and suggest that other compounds may have
changed, which influenced wine aroma and flavor. The variation
between C13 norisoprenoid synthesis in Shiraz (Ristic et al.,
2007) and Cabernet Sauvignon (Lee et al., 2007) may be due
to microclimate, mesoclimate, canopy architecture, training
system, light, temperature, and varietal differences. Keller (2010)
states that the influence of temperature on most grape aroma
and flavor compounds are not presently very well understood.

The northern piedmonts of Tianshan mountains in Xinjiang
is one of the important wine-producing regions of China for
its great day-night temperature difference, intense sunlight,
dry and rainless climate. The hot climate during the stage of
maturation and intense sun exposure in this region results in
wines with high alcohol content, poor colour stability, and lack
of fruit note and elegance in aroma. Fan-shaped training system
making vines retain more than two trunks has been widely used
in Xinjiang, where trunks need to be pulled down and covered
with soil in the winter. The fruiting zones of vines trained to
Fan-shaped systems were distributed from the top to the bottom
of the canopy. The clusters located in different positions (east
or west, shade or exposure) of the canopy showed different
temperature and sunlight exposure conditions in some previous
studies (Spayd et al., 2002; Tarara et al., 2008). However, little
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experimental work about the influence of shoot positions on
the aroma compounds in wines has been done. In the present
study, the canopies of grapevines trained to Fan-shaped systems
were artificially divided into three different shoot positions:
upper, middle and lower. The purpose was to compare the
aroma composition and concentration in wines made from
different cultivars grown in three different shoot positions and
to provide theoretical support to proper elevating the fruiting
zones to improve wine quality.

2 Materials and methods
2.1 Microclimate evaluation

The experimental field was located in a temperate
continental arid and semi-arid climate zone with climatic
features of cold winter, hot summer, abundant sunshine and
dry and rainless periods. The annual average temperature
was 7.2°C. Extremely maximum temperature was 39.6°C, and
extremely minimum temperature to -37.4°C. Annual frost-
free period was 165-172 days, and average annual rainfall
was 173.3 mm. Several microclimatic parameters (including
average air temperature, relative humidity, and light intensity)
in the canopies of ‘Cabernet sauvignon, ‘Merlot, ‘Chardonnay’
and ‘Ttalian Riesling’ grapes grown in different shoot positions
on 25/07/2011, 16/08/2011, and 8/09/2011 were respectively
recorded. The light intensity in each shoot position was
measured using a digital lux meter (Smart Sensor, AR823).

2.2 Chemicals

All standards for aroma analysis were purchased from
Fluka (Buchs, Switzerland) and Aldrich (Milwaukee, W1, USA).
Purity of all standards was above 99%. 4-Methyl-2-pentanol was
used as the internal standard. Model solutions were prepared
using the methods reported by Howard et al. (2005). For
quantification, 8-point calibration curves for each compound
were prepared using the method described by Ferreira et al.
(2000), which was also used as a reference to determine the
concentration range of standard solutions.

2.3 Sample collection and vinification

The field experiments were performed in the Manas County
(belonging to Shihezi City), the wine-producing region of
Xinjiang, China. The vineyard is located at 44°17°55” North,
86°12°2” East and at an altitude of 475 m (Cheng et al., 2014).
The vines were planted in 2000, furrow irrigated, and grown
on their own roots in a north-south row orientation. Soils in
the treatment blocks were relatively uniform, typified by silt
loam, and pH 8.0. In 2011, 45 vines of ‘Cabernet sauvignon,
‘Merlot, ‘Chardonnay’ and ‘Ttalian Riesling’ in this vineyard were
selected on the basis of uniformity of shoot growth and cluster
development. All vines were trained to Fan-shaped systems,
spaced at 2.5 m x 1.0 m, and the treatments were applied to
four grape varieties according to their inherent fruit position.
Three levels of shoot positions are shown in Table 1. All samples
were harvested at technological ripeness, and the harvest dates
of each cultivar were determined by the cooperating winery.
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Table 1. Treatments of different shoot positions for four grape varieties.

Varieties Treatment Distance from ground
level (cm)
Cabernet Sauvignon Lower 40
Middle 70
Upper 100
Merlot Lower 40
Middle 80
Upper 120
Chardonnay Lower 40
Middle 70
Upper 100
Italian Riesling Lower 40
Middle 70
Upper 100

Grapes were crushed on an experimental destemmer-
crusher and then transferred to stainless steel containers. The
clear juices of two white grape varieties were prepared before
fermentation. A total volume of 20 L of each treatment wine was
produced in three replicates, and 40-60 mg/L of SO, were added
to the musts; the specific amounts depended on the acidity and
the health status of the grapes. After maceration of the musts for
24h, 200 mg/L of dried active yeast (Lalvin D254, France) were
added to the musts, according to commercial specifications.
Alcoholic fermentation was carried out at 25 °C (for red wines)
and 20 °C (for white wines) to dryness (reducing sugar <4 g/L),
which took place over a 6-8 day period, and density controls
were maintained during this period. At the end of alcoholic
fermentation, the wines were separated from the pomace,
and 60 mg/L of SO, were added. After fermentation, the wine
samples were bottled and stored at 10-15 °C prior to analysis. All
samples were five months old at the time of analysis. Residual
sugar, total acidity, total tannins, and ethanol were analyzed
(Office International de la Vigne et du Vin, 1990).

2.4 Headspace solid phase microextraction (HS-SPME)
procedure

The aroma compounds of all wine samples were extracted
by HS-SPME and analyzed using gas chromatography/mass
spectrometry, as described by Zhang et al. (2007). Five milliliters
of the wine sample and 1 g NaCl were placed in a 15 ml sample
vial. The vial was tightly capped with a PTFE-silicon septum
and heated at 40°C for 30 min on a heating platform agitation
at 400 rpm. The SPME (50/30-um DVB/Carboxen/PDMS,
Supelco, Bellefonte, PA, USA), preconditioned according
to manufacturer’s instruction, was then inserted into the
headspace, where extraction was allowed to occur for 30 min
with continued heating and agitation by a magnetic stirrer. The
fiber was subsequently desorbed in the GC injector for 25 min.

2.5 GC-MS analysis

The GC-MS system used was an Agilent 6890 GC equipped
with an Agilent 5975 mass spectrometer. The column used was
a 60 mx0.25 mm HP-INNOWAX capillary with 0.25 pm film
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thickness (] &W Scientific, Folsom, CA, USA). The carrier
gas used was helium, at a flow rate of 1 ml/min. Samples were
injected by introducing the SPME fiber into the GC inlet for
25 min in the splitless mode. The oven starting temperature was
50 °C, which was held for 1 min, then raised to 220 °C at a rate of
3 °C/min, and held at 220 °C for 5 min. The mass spectrometry
in the electron impact mode (MS/EI) at 70 eV was recorded in
the range m/z 20 to 450 U. It was operated in the selective ion
mode under auto tune conditions, and the area of each peak was
determined by ChemStation software (Agilent Technologies).
Analyses were carried out in triplicate.

2.6 Odor activity values (OAVs)

The contribution of each volatile compound to wine aroma
was evaluated qualitatively by its associated descriptor and
quantitatively by its OAVs. OAVs were calculated using the
equation OAV=c/t, where c is the total concentration (in ug/L)
of each compound in the wine samples, and t is the odor
threshold value (in pg/L) of the compound in water/ethanol
solution (Hellin et al., 2010); threshold values were obtained
from information available in the literature (references are
shown in Table 2).

2.7 Statistical analysis

The mean values were obtained from at least 3 repetitions.
One-way ANOVA and Tukey’s Range Test were used to evaluate
the differences between the three shoot positions for each
grape variety. Principal component analyses (PCA) was used to
determine the best description and discrimination of the aroma
profile between the three shoot positions and four varieties.
Statistical analysis was performed using the SPSS (SPSS Inc.,
Chicago, IL) for Windows, version 20.0.

3 Results and discussion

3.1 The microclimate of canopies and wine composition of
four grape varieties grown in different shoot positions

Table 3 shows the microclimatic parameters of the canopies
of four grape varieties in the three shoot positions evaluated in
the present study. It has been confirmed that the upper shoot
position increased the air temperature and light intensity, but
decreased relative humidity. Since one layer of V. vinifera leaves
will absorb 80 to 90% of incident solar radiation (Smart, 1985),
this natural shading was expected to allow only low levels of light
intensity to strike clusters in lower positions. Moreover, some
previous studies suggest that berry temperature is elevated as
aresult of increased sunlight exposure (Millar, 1972; Bergqvist
al., 2001). Therefore, the previous studies mentioned above were
conducted to understand the different microclimates between
three shoot positions. Table 3 shows that the alcohol and total
tannins in the wines made from the grapes grown in the middle
and lower shoot positions decreased significantly compared to
those that were grown in the upper shoot position. On the other
hand, ttitratable acidity was high in the wines made from the
grapes grown in the middle and lower positions, and there were
no statistically significant differences in residual sugar between
the three shoot positions for each variety.
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3.2 The aroma profile of wines made from four grape
cultivars grown in different shoot positions

The volatile compounds identified in four monovarietal
wines are shown in Table 2. A total of 43 compounds were
identified and quantified in all wine samples, including
16 alcohols, 12 esters, 5 fatty acids, 7 aldehydes, 2 terpenes,
and 1 phenol compound. Many of these volatile compounds
are commonly found in wines and are derived from grapes and
yeast strain during the fermentation and the vinification process
(Cliff et al., 2002).

Considering the number and concentration of volatile
compounds identified in the wines made from four varieties
grown in different shoot positions, the major volatiles found
were alcohols, esters, and acids. Aldehydes, terpenes, and volatile
phenols were identified as minor compounds. In the present
study, according to the quantitative data, the concentrations of
the total volatile compounds in the wines made from grapes
grown in three positions varied with the range from 129.0
to 247.0 mg/L in ‘Cabernet Sauvignon” wines, from 175.1 to
302.1 mg/L in ‘Merlot’ wines, from 156.0 to 319.6 mg/L in
‘Chardonnay’ wines, and from 167.1 to 342.1 mg/L in ‘Ttalian
Riesling’ wines. The wines made from four varieties of grapes
grown in the middle position had the highest aroma intensity,
while those from the lower shoot position had the lowest.

The aroma of the wine depends on many factors such as,
environmental and management practices, grape varieties, wine-
making techniques, yeast, etc (Falqué etal., 2001). In the present
study, the management practices, wine-making techniques, and
the yeast used were the same for all treatments; differences in
compound concentrations and compositions might be ascribed
to the different microclimatic conditions of the different
shoot positions and different grape varieties. It suggests that
the synthesis and accumulation of volatile compounds in
grape berries are strongly affected by fruit exposure, canopy
manipulation, and vineyard site (Reynolds, 2010). Some authors
conducted a study on the effects of sunlight exposure on wine
monoterpenes and sensory characteristics of Traminette and
reported higher values of color, linalool, rose, and spice aromas
in exposed wines (Skinkis et al., 2010); In Southern Australia,
it has been reported that leaf removal had a beneficial effect
on wine aroma, enhancing the intensity of ‘fruit” attributes. In
Stellenbosch, South Africa, two definite wine styles emerged,
namely the green pepper/asparagus ‘cool climate’ style and the
‘warm climate’ fruity/tropical style (Marais et al., 1999). In Italy,
it has been reported that vineyard location has an influence
on flavor compounds and wine quality by demonstrating that
high monoterpene concentrations are associated with warm
sites (Corino & Stefano, 1988). Thus, higher concentrations
of aroma compounds found in the four monovarietal wines
made from the grapes grown in the middle and upper positions
could be associated with higher sunlight exposure and warmer
conditions in the canopies. Moreover, the concentrations of
aroma compounds in the wines made from the grapes grown
in the upper shoot position were lower than those in the middle
position. These results lead us to the conclusion that the volatile
compounds in the wines could be affected by the microclimate
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Table 3. Microclimatic parameters of the canopies during grape maturation and general composition of wines from four varieties grown in three
shoot positions®. Tair: air temperature (°C); RH: relative humidity (%); Li: light intensity (x105 Ix). Titratable acidity was expressed as grams of
tartaric acid equivalents per liter basis (g/L). Total tannins was expressed as milligrams of tannin acid equivalents per liter basis (g/L).

Cabernet Sauvignon Merlot Chardonnay Italian Riesling

Upper Middle Lower Upper Middle Lower Upper Middle Lower Upper Middle Lower
Tair 35.0a" 30.5b 27.0c 35.8a 31.8b 28.2¢ 32.9a 29.8b 26.5¢ 34.7a 30.2b 27.8¢c
RH 32.5¢ 37.6b 40.1a 30.2¢ 35.5b 38.8a 36.7¢ 40.5b 44.6a 36.5¢ 40.8b 43.7a
Li 0.66a 0.47b 0.21c 0.87a 0.55b 0.28¢c 0.59a 0.37b 0.19¢ 0.64a 0.40b 0.25¢
Residual sugar (g/L) 2.4a 2.3a 2.5a 2.8a 2.7a 2.7a l.4a 1.6a 1.6a 1.6a 1.8a 1.8a
Titratable acidity (g/L) 6.5¢ 6.6b 6.8a 6.2¢ 6.4b 6.7a 6.2¢c 7.7b 7.9a 6.1c 6.6b 7.1a
Alcohol (%) 13.5a 12.3¢ 13.0b 14.0a 14.3a 13.7b 12.7a 12.8a 12.2b 15.1a 13.7b 13.1b
Total tannins (g/L) 629.7a  4388b  3133c  753.5a  652.3b  282.5¢ 13.4a 12.6b 12.3¢ 20.4a 19.7a 15.4c

“Values are the means of at least three replicates of analysis of the microclimatic parameters and general composition of wines. *Different letters in each row of the same cultivar are

significantly different at the 0.05 level according to ANOVA by Duncanss test.

of vines. Moreover, the improvement of wine aroma could be
related to a proper height of fruiting zone.

In order to analyze the differences in the wines made from
four varieties grown in three shoot positions, a comparison of
the subtotal of each chemical group between the wines made
from the grapes grown in different shoot positions was made.
In this study, sixteen kinds of higher alcohols were identified
in the four monovarietal wines. Alcohols were the major group
in terms of number and concentration of aroma compounds
identified in all wine samples, followed by esters and acids.
The subtotal concentration of alcohols in ‘Cabernet Sauvignon’
wines was from 69.0 to 175.5 mg/L, from 108.9 to 213.7 mg/L
in ‘Merlot” wines, from 112.1 to 243.9 mg/L in ‘Chardonnay’
wines, and from 109.0 to 253.3 mg/L in ‘Ttalian Riesling’ wines.
The four monovarietal wines made from the grapes grown in
the middle shoot position had the highest content of alcohols
except for (Z)-3-Hexen-1-ol, which was highest in wines made
from the grapes grown in the lower shoot position (Table 2).
This volatile fraction was mainly composed of isoamyl alcohol,
isobutyl alcohol, 2-phenylethanol and 1-propanol in all wine
samples, which could be the potential impact odorant in our
study, contributing to the desirable complexity of wine aroma
for their low concentration (<300 mg/l) (Swiegers & Pretorius,
2005).

Esters are the second major volatile constituents in wine and
have long been regarded as especially important contributors
to wine aroma because they are the primary source of fruity
aromas (Sumby et al., 2010). Acetate esters are the result
of the reaction of acetyl-CoA with higher alcohols that are
formed from degradation of amino acids or carbohydrates
(Perestrelo et al., 2006). The concentrations of acetate esters of
higher alcohols in the wines made from four cultivars grown
in all shoot positions were higher than the concentrations of
ethyl esters. Ethyl acetate, phenethyl acetate, hexyl acetate and
heptyl acetate were detected as the acetate esters. Acetate esters
in wines are considered as factors contributing to the quality of
young wines (Ferreira et al., 2000). Ethyl acetate was the most
abundant compound among the esters analyzed, and its total
concentrations were 35.7-41.5 mg/L in ‘Cabernet Sauvignon’
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wines, 38.7-44.0 mg/L in ‘Merlot’ wines, 16.8-33.5 mg/L in
‘Chardonnay’ wines, and 26.2-45.1 mg/L in Ttalian Riesling’
wines. In addition, the four monovarietal wines made from the
grapes grown in different shoot positions showed significant
differences in the concentrations of each ester. One of the
most important groups of volatile compounds in wine is the
ethyl esters of fatty acids. Their concentration depends on
several main factors: yeast strain, fermentation temperature,
aeration degree, and sugar content (Perestrelo et al., 2006). A
total of 6 ethyl esters were identified in all wine samples, and
the most abundant compounds were ethyl hexanoate and ethyl
octanoate. Besides the acetate and ethyl esters, some other fatty
acid esters of higher alcohols were also identified in a very
low concentration, including methyl octanoate and isoamyl
hexanoate.

Five fatty acids were identified in all wine samples. This
group of volatile compounds is produced by yeast and bacteria
during fatty acid metabolism (Swiegers & Pretorius, 2005).
Acetic acid was the most abundant fatty acid; it is produced
during alcoholic and malolactic fermentation. Volatile fatty acids
can contribute to the complexity of the wine bouquet even if
present at sub-sensory threshold levels, and they have negative
effect on wine aroma when above their thresholds (Swiegers &
Pretorius, 2005). Acids, such as isobutyric acid and decanoic acid
are not associated with wine quality, but they play an important
role in the complexity of the aroma (Shinohara, 1985). In the
present study, there were significant differences in the fatty acid
content of between the wines made from grapes grown in the
three different shoot positions. Furthermore, the concentrations
of all kinds of acids detected in the four monovarietal wines
made from the grapes grown in the middle position were higher
than those of the wines made from grapes grown in the other
two positions.

The compositions and concentrations of aldehydes and
other kinds of aroma components in the wines varied between
the different wine varieties evaluated. Hexanal and (E)-2-
hexenal were found only in the wine samples of two white
varieties. Moreover, the concentrations of hexanal, (E)-2-
hexenal and nonanal were the highest in the white wines made
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from the grapes grown in the lower shoot position. However,
furfural and limonene were identified only in the ‘Cabernet
Sauvignon’ wines. Terpene compounds belong to the secondary
plant constituents, in which biosynthesis begins with acetyl-
CoA. Two compounds were detected in the studied wines,
including the limonene and linalool. Linalool was detected
only in the wines made from the grapes grown in the middle
position for ‘Merlot, ‘Chardonnay’ and ‘Italian Riesling} and the
concentrations of this compound were very low. In this study,
phenol was present only in trace amounts.

3.3 Odor activity values (OAVs)

Although dozens of volatiles were detected in each wine
sample, not all components had a great impact on the overall
aroma character of these wines. To evaluate the contribution
of various volatile compounds to the olfactory impression of
wines, OAVs were calculated from the averages of analytical
concentrations and published odor thresholds. Generally, only
the compounds with OAVs higher than 1 were considered
to contribute to wine aroma, (Table 4). Table 4 indicates that
8 and 11 quantified compounds (OAVs>1) can be found in
the two red wines and white wines at concentrations higher
than their corresponding odor thresholds, respectively, and
thereby they probably contribute to the wine aromas. Ethyl
octanoate and ethyl hexanoate are the major compounds in
the four monovarietal wines due to their high values of OAVs.
Both of them are byproducts of yeast metabolism. They were
responsible for the ‘fruity), ‘floral’ and ‘anise’ sensory properties
of young wine. C6 alcohols usually supply ‘vegetal’ and
‘herbaceous’ nuances to wines causing negative effect on wine
aroma (Ferreira et al., 2000). Four C6 alcohols were identified
in this study, and only 1-hexanol was above the threshold
(Table 4). Among the aldehydes, hexanal, (E)-2-hexenal, and
nonanal compounds were those with concentrations reaching
their threshold in two white wines (Table 4). For the four
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monovarietal wines, the OAVs of most aroma compounds in
the wines made from the grapes grown in the middle position
were higher than those from the other two positions. However,
the OAVs of 1-hexanol, hexanal, (E)-2-hexenal, and nonanal in
wines made from the grapes grown in the lower position were
higher than those from the other two positions.

3.4 Principal component analysis (PCA) of the wine samples
of four grape varieties grown at different shoot positions

Principal component analysis (PCA) of the wines made
from four grape varieties grown in different shoot positions
was conducted using the variables including the concentrations
of each aroma compounds, which were significantly different
between the three shoot positions and four varieties according
to ANOVA (P < 0.05). As shown in Figure 1, the first and
second principal components explained together 66.1% of the
total variance. PC1 explained 33.7% of total variance and was
characterized by the wines made from four grape varieties grown
in the middle shoot position on the positive side (Figure 1A).
Although, the wines made from two red grape varieties grown
in the upper shoot position were also located on the positive
side, PC1 separated all samples of the middle shoot position
from the other two shoot positions Furthermore, the results
were explained by most alcohols, esters and acids, which
had bands of positive loading (Figure 1B). In addition, PC2
explained 32.4% of total variance, which separated all wines of
two red grape varieties from those of two white varieties. The
results indicate great differences in the concentrations of the
aroma compounds in the wines made from the grapes grown
in different varieties and shoot positions; the wines made from
the grapes grown in the middle shoot position were richer in
most aroma compounds when compared to those in the upper
and lower shoot positions for each variety.
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Figure 1. Principal component analysis of concentrations of aroma compounds in the wines from the four varieties. A: Loading plots; B: Scatter
plots; CS: Cabernet Sauvignon; M: Merlot; C: Chardonnay; IR: Italian Riesling; U: upper; M: middle; L: lower.
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4 Conclusions

The aroma profiles of the wines from the varieties ‘Cabernet
Sauvignon, ‘Merlot, ‘Chardonnay’ and ‘Ttalian Riesling’ from
three shoot positions were investigated and compared. The
results showed that the middle shoot position increased
significantly the concentrations of aroma compounds in the
wines. However, lowering the shoot positions reduced the
aroma compounds in the four monovarietal wines. The volatile
components that had the greatest differences in the wines made
from different cultivars were aldehydes and terpenes. Eight
and eleven volatile compounds were considered to be the most
powerful odorants in the red and white wines, with OAV's
higher than 1. According to their OAVs, fruity, floral, cheese
and fatty aroma strongly influenced the characteristics of the
four monovarietal wines, while the two white wines showed
green and fresh aroma characteristics. These results are related
to the different microclimate of the canopies of the three shoot
positions and different cultivars. They suggest that proper
elevating the fruiting zones can improve the accumulation of
aroma compounds in wines made from different cultivars. On
the other hand, grapevines trained to systems with uniform
fruiting zones can improve the quality of wine.
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