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ABSTRACT

ARTICLE HISTORY

The aim of this study was to determine the impact of two different treatments of early defoliation
performed before blooming on: grape yield, chemical parameters, polyphenols content, and
antioxidant activity of grape and red wine cv. Cabernet Sauvignon from the vineyard located in
Ilok, the eastern continental region of Croatia. Two different treatments of leaf removal (LR) were
performed: removal of 3 leafs (T1) and 6 leafs (T2) before blooming, together with control (no
leaf removal) (T3) during two years (2013 and 2014). Crop yield and average cluster weights per
vine were determined. Density, pH and titratable acidity were measured in must, while the total
phenols, total anthocyanins and antioxidant activity were measured in the extract of grape skin
and produced wine. The analysis of individual anthocyanins in wine was performed by HPLC
method. T2 treatment significantly lowered the crop yield and the average cluster weights, and
increased total phenols, total anthocyanins, antioxidant activity and most abundant individual
anthocyanins in wine. Defoliation did not affect the other chemical parameters in must, grape
skin extract and wine. Vintage year is statistically the most significant source of variability for
density of must, antioxidant activity in grape skin extract, as well as pH and titratable acidity in
wine. This study has showed that the early leaf removal treatment in eastern continental part of
Croatia could be used for the production of smaller quantity of high quality Cabernet Sauvignon
red wine abundant with anthocyanins.
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Introduction
Many ampelotechnical practices are performed in order
to improve grape quality that directly affects wine composition and quality. Wine quality depends on must
characteristics such as pH, total acidity, sugar and also
wine alcohol content, acidity, and colour (González-Fernández et al. 2012). Wine aroma and flavour that
derived from the large range of volatile compounds
and their interactions are also important aspects of
wine quality (Rapp & Mandery 1986).
Polyphenols play important role in sensory characteristics of wine, such as colour, astringency and bitterness
and, therefore, play a major role in wine quality (Conde
et al. 2007). Wines contain a wide range of polyphenols
that include phenolic acids and flavonoids. Anthocyanins, in their flavilium cation form, are responsible for
the colour of red berry varieties and red wines (Gutiérrez
et al. 2005). Grapes exposed to the increased amount of
sunlight are capable of enhanced biosynthesis of flavonoids (Bergqvist et al. 2001). Polyphenols are associated
with wide spectrum of biological actions potentially beneficial for the human health, such as anticancerogenic,
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antidiabetic, neuroprotective, hormonal, antimicrobial,
cardioprotective, antioxidant activity and other health
effects of wine (Rastija 2011). Anthocyanins are watersoluble pigments present in red grape skins, which contribute to the development of red polymeric pigments
during wine aging. The colour of red wine changes progressively during its life, due to process of polymerization
and copigmentation (Mateus et al. 2003; Versari et al.
2008).
Leaf removal (LR) is a practice for improving a photosynthetic capacity and quality of crop plants and it could
be applied from flowering to full vérasion. Potential
benefits of LR include increased canopy air circulation,
sunlight exposure of grapes and improved cluster microclimate, which leads to decreasing of cluster fungal diseases (English et al. 1990).
LR treatments may affect fruit set (flowers and berries
per cluster), yield per vine (reduce berry weight and
number of berries per cluster and cluster weight) and
grape quality (fruit chemistry and skin/pulp ratio)
(Koblet et al. 1994; Staff et al. 1997; Bennett et al. 2005;
Nicolosi et al. 2012). The wanted outcomes of LR
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depend on timing and intensity of LR, cultivar, as well as
the climate (Bledsoe et al. 1988). Early leaf removal (ELR)
performed in an early stage of cluster development at
bloom or before bloom is a more effective strategy for
controlling berry size and berry cluster and, therefore,
control vine crop and improve grape quality. Early defoliation may lead to better soluble solids accumulation,
increase total anthocyanins and total polyphenols and
colour intensity of wine (Smart et al. 1990; Tardaguila
et al. 2010; Nicolosi et al. 2012; Vilanova et al. 2012).
However, many studies have reported negative effects
of LR, especially in warm climate. Excessive LR in warm
climate can lead to sun-burned fruit, lowered concentration of anthocyanins and berry colour (Price et al.
1995).
The effects of ELR treatments depend on grape
variety. LR decreased the yield per vine and cluster
weight in Merlot and Sangiovese, while the berry size
was unaffected in both varieties. The same treatment
affected Cabernet Sauvignon and reduced the berry
size (Yorgos et al. 2012). In the study of Bogicevic et al.
(2015) the early defoliation reduced all yield parameters
in Cabernet Sauvignon, but in the case of Vranac variety
the treatments did not modify the berry growth and
berry weight, but only the cluster weight.
Although the effects of LR on grape yield and quality
have been widely studied, no research has been done
about the benefits of ELR performed before blooming
on red grape cultivars grown in the continental part of
Croatia. Bubola et al. (2012) analysed the effects of LR
on the concentration of phenolic and organic acids of
cv. Istrian Malvasia white wine. Treatment before blooming significantly lowered the concentration of phenolic
acids which could affect the improvement of organoleptic characteristic of white wine.
The objective of this study was to determine the
effects of early defoliation on Cabernet Sauvignon,
grown in vineyard in eastern continental region of
Croatia. To explain the possible effects observed, we
have measured yield parameters, density, pH, titratable
acidity of must, as well as total phenols, total anthocyanins, antioxidant activity and individual anthocyanins
content measured in extract of grape skin and wine.

Materials and methods
Plant material and experimental design
This study was carried out with grape cultivars V. vinifera,
variety Cabernet Sauvignon, during 2013 and 2014. Vineyard, planted in 1999 on a eutric brown soil, developed
on loess, located in Ilok (lat. 45. 212 801, lon. 19. 385
056, elevation 160 m), the eastern continental region of

Table 1. Weather conditions in Ilok during vegetation period in
2013 and 2014.
Mean daily
temperature, °C

Rainfall, mm

Month

2013

2014

2013

2014

April
May
June
July
Aug
Sept
Mean temp./ °C
Cumulative rainfall, mm

13.54
17.05
20.29
23.16
23.19
16.09
18.89

13.30
16.27
20.68
21.87
20.87
17.13
18.35

30.60
164.10
103.40
14.70
39.40
92.30

55.60
236.40
22.40
149.70
83.70
99.30

444.5

647.1

Croatia, subregion Podunavlje, vineyards Srijem. The
vines were planted with 2.0 m spacing between rows
and 0.9 m within rows, for a total of 5555 vines/ha.
Vine training system was Guyot, with 12 buds per
plant. The experiment was designed by random block
formation consisting of three replicates. Two different
treatments of basal leaf removal were performed:
removal of 3 leafs (T1) and 6 leafs (T2) before blooming,
and control (no leaf removal) (T3). The treatments consisted of 10 plants per repetition, which was 90 vines in
total. The experimental field provided no irrigation
system. The soil management practices were all
mechanically performed and standard cultural practices
in the continental Croatia area were applied to all of
the treatments. Rainfall and daily mean temperature for
2013 and 2014 during the April-September were
obtained from Meteorological and Hydrological Service
of Croatia and presented in Table 1. Cumulative rainfall
during April-September vegetation period in 2014 was
higher than in 2013, while the daily mean temperatures
were equal.

Crop yield
The date of harvest was determined according to
content sugars and acidity and their relationship. For
the yield assessment, the crop yield (CY/kg), number of
clusters (NC) per vine, and average cluster weights
(ACW/g) per vine were determined. Average cluster
weights were calculated from yield and clusters per
vine data. Two hundred berries were randomly chosen
from each treatment and replicated for further analyses.

Grape juice analysis
Samples for grape juice analysis were taken after destemming and crushing of grapes and stored in freezer
at −20°C, until analysis. From each replication in the vineyards one sample of grape juice was obtained, leading to
three samples per treatment. The density of grape must
(DM), an indication of grape ripeness and sugar content
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used in winemaking, was determined by using digital
refractometer (AR200, Topac, USA) and expressed in
Oechsle scale (°Oe). pH was measured with an electronic
pH metre (827 pH lab, Metrohm, Switzerland). Titratable
acidity (TAM) was measured by using a 5.0 mL aliquot of
juice and titrating against 0.1 M NaOH up to pH 8.2 and
was expressed as the g L−1 of tartaric acid equivalents.

Grape skin extraction
Protocol for grape skin extraction was performed according to the method described by Novak et al. (2008).
Extraction procedure was carried out three times. The
three portions of grape skin extracts were mixed and
the total volume of the extract was measured.

Microvinification
Fermentations were carried out per each treatment in triplicate for both years of experiment. Grapes were destemmed, crushed, treated with 15 mg L−1 SO2 and
inoculated with Saccharomyces cerevisiae (Uvaferm
BDX). Fermentations were conducted in 5-litre glass fermentors at a temperature of 25°C. Pomace was mixed
twice a day. After seven days of fermentation and
maceration, pomace was pressed using a small mechanical press. Wines were sulfited with 20 mg L−1 SO2. Three
months after the end of fermentation wines were taken
for the analyses.

Determination of total polyphenols
Total polyphenols in grape berry extract/wine were
measured spectrophotometrically at 765 nm (UV8500,
Lab Alliance, State College, PA) after the reaction with
Folin–Ciocalteu phenol reagent, according to the FolinCiocalteu micro method (Waterhouse 2013). Total polyphenols in grape berry extract were expressed as g of
gallic acid equivalents (GAE) per kg of fruit’s fresh
weight (TPS/g kg−1), and g GAE per L of wine
(TPW/g L−1). All measurements were performed in triplicate and reported as mean ± standard deviation (SD).

Determination of total anthocyanins
Total anthocyanins were determined by pH-differential
method (Giusti & Wrolstad 2001). The total anthocyanin
content was expressed in mg of cyanidin-glucoside
equivalents (CGE) per kg of fruit’s fresh weight
(TAS/g kg−1) or mg per 1 L of wine (TAW/mg L−1),
using a molar extinction coefficient (ε) of cyanidin-glucoside of 26 900 L mol−1 cm−1 and molar weight (MW)
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(449.2 g mol−1). Data presented are mean ± standard
deviation (SD) of three measurements.

Determination of antioxidant activity
The method consisted of spectrophotometric measurement of the colour change intensity in solution depending on the amount of 2,2-diphenyl-1-picrylhydrazyl
(DPPH) (Brand-Williams et al. 1995). Antioxidant activity
of samples is expressed in terms of g gallic acid equivalents per 1 kg of grapes (g GAE kg−1), and g GAE per litre
of wine (g GAE L−1).

High-performance liquid chromatography (HPLC):
separation and detection of anthocyanins
The samples were stored at −20°C previous to HPLC
analysis. For sample preparation wine samples were centrifuged for 3 min. The supernatant was transferred into
HPLC-vials. The anthocyanins of red wine samples were
analysed according to OIV-MA-AS315-11 with only few
modifications (OIV 2007).
Anthocyanins were analysed by direct injection of
the samples, previously filtered through a 0.45 μm
pore size membrane filter, in an Agilent 1100/1200
series HPLC system equipped with an Agilent photodiode array detector (DAD). The separation was performed at 20°C on a reversed phase column:
LiChrospher 100 RP 18 (5 µm) in LiChroCart 250–4
(MERCK) with guard column LiChroCart 4 mm RP 18
(MERCK). The solvents were: (A) water/formic acid/
acetonitrile (87:10:3, v:v:v) and (B) water/formic acid/
acetonitrile (40:10:50, v:v:v). The flow rate was
0.4 mL min−1. The following gradient of eluents was
used: 6%–30% (B) 0–15 min, 30%–50% (B) 15–30 min,
50%–60% (B) 30–35 min, 60%–6% (b) 35–41 min. The
detection wavelength was 520 nm. The seven different
anthocyanin compounds were identified by comparing
their retention times of available standard substances
(cyanidin-3,5- diglucoside, cyanidin-3-glucoside, delphinidin-3-glucoside, malvidin-3,5-diglucoside, petunidin3-glucoside, peonidin-3-glucoside, malvidin-3-glucoside,
all obtained from Sigma-Aldrich (St. Louis, Missouri,
USA) or spectral characteristics with data given in the literature (Burns et al. 2002; Ryan & Revilla 2003; Radovanović & Radovanović 2010; Li et al. 2013). Quantification
was made by means of a calibration curve (R 2 = 1)
obtained by injecting standard solutions of malvidin-3monoglucoside chloride with seven different concentrations. Results were expressed as malvidine-3-glucoside equivalents (mg L−1). All analyses were done in
duplicate and results expressed as mean value.
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Statistical analysis
One-way analysis of variance (ANOVA) and cluster analysis were performed using STATISTICA 8.0 (StatSoft, Inc.,
Tulsa, USA). One-way analysis of variance (ANOVA) was
performed at the significance level 0.05 using Fisher’s
least significant different (LSD) test in order to determine
the significant difference between treatments and years
of vintage.

Results and discussion
Results of measuring: crop yield (CY), number of clusters
per vine (NC) and average cluster weights per vine
(ACW/g) are shown in Table 2. All of data reports are
the mean values of three measurements. According to
analysis of variance, removal of 6 leafs before blooming
significantly reduced the CY and NC 2013. In 2014, the
highest NC was recorded for vine where 6 leafs were
removed, but CY, and consequently ACW, were
reduced. The differences for all three parameters
between 2013 and 2014 were not observed. Effects of
early defoliation on the decrease of yield and average
cluster weights are in accordance with studies of
several authors (Koblet et al. 1994; Diago et al. 2010;
Petrie et al. 2000; Nicolosi et al. 2012). A decrease in
berry weight is the result of lower cell numbers within
each berry and a reduction in the final size of these
cells. Effects of ELR and vintage on the density of grape
must (DM/°Oe), pH, and titratable acidity (TAM/g L−1)
observed in must are shown in Table 2. Statistically significant differences have not been observed between
those three parameters within the treatments, consistent

with pervious work of Bubola et al. (2012), Osrečak et al.
(2015) and Sandler et al. (2009) performed on white varieties. ELR has already shown to be effective in reducing
the yield by 30–70% due to a decrease in berries set and
reduced cluster compactness (Poni et al. 2006; Intrieri
et al. 2008). According to the results of this study, only
the vintage year is the largest and a statistically significant sources of variability for these parameters of must.
Lower cumulative rainfall during vegetation period in
2013 resulted in higher DM and TAM. This is in agreement with Castellarin et al. (2007) and Ferrer et al.
(2014), who reported that the increase in sugar content
is respond to the water deficit.
Total phenols (TPS/g kg−1), total anthocyanins (TAS/
g kg−1), and antioxidant activity measured in the
extract of grape skin (AOAS/gGAE kg−1) during the
period 2013–2014 are presented in Table 2. ELR treatments revealed no significant differences of TPS, TAS,
and AOAS. The results are in accordance with study of
Poni et al. (2008) where berry pigmentation and total
phenols in grape was not improved by early defoliation
performed on ‘Sangiovese’ variety. On the contrary,
many studies have shown that with ELR berry weight is
decreased and harvest sugar content increased, as well
as skin anthocyanins (Scheiner et al. 2010; Tardaguila
et al. 2010). However, LR could be a large stress for a
plant, as an over-exposure to the sun, that lead to
reduction of phenolic compounds concentration and
increase of antioxidant activity as stress respond. Study
of Bubola et al. (2012) reports that before blooming,
treatments significantly lowered the concentration of
phenolic acids in grape juice. The biosynthesis and
accumulation of anthocyanins in Cabernet Sauvignon is

Table 2. Effects of early leaf removal and vintage on: crop yield (CY/kg); number of clusters per vine NC); average cluster weights per
vine (ACW/g), density of grape must (DM/°Oe), pH, and titratable acidity (TAM/g L−1) observed in must; total phenols (TPS/g kg−1), total
anthocyanins (TAS/g kg−1), and antioxidant activity measured in extract of grape skin (AOAS/gGAE kg−1); total phenols (TPW/g L−1),
total anthocyanins (TAW/mg L−1), and antioxidant activity (AOAW/gGAE L−1), pH, total acidity(g L−1) and ethanol (% v:v) measured
in wine, during the 2013–2014.
Sample
Grape

Parameters

T1 2013

T2 2013

T3 2013

T1 2014

T2 2014

T3 2014

CY/kg
1.44 ± 0.27A
1.05 ± 0.11B
1.40 ± 0.13A
1.20 ± 0.04B
1.07 ± 0.04B
1.65 ± 0.34A
NC
22.83 ± 2.20Aa
16.23 ± 4.50Bb
20.74 ± 0.86A
17.53 ± 1.10Bb
25.22 ± 5.00Aa
20.84 ± 0.97A
ACW/g
64.20 ± 18.70
57.10 ± 9.80
67.40 ± 5.60
68.50 ± 6.19A
43.54 ± 7.72B
79.02 ± 13.84A
Must
DM/°Oe
91.33 ± 2.51a
94.33 ± 0.58a
91.00 ± 5.29a
78.33 ± 0.58b
78.33 ± 3.21b
78.00 ± 2b
pH
3.55 ± 0.17
3.58 ± 0.08
3.56 ± 0.04
3.48 ± 0.07
3.50 ± 0.06
3.53 ± 0.05
8.56 ± 1.10
7.65 ± 0.23
7.78 ± 1.73
7.07 ± 0.83
7.20 ± 0.55
6.62 ± 0.57
TAM/g L−1
5.20 ± 1.04
5.40 ± 1.21
4.80 ± 0.38b
6.6 ± 0.68
5.71 ± 0.12
6.93 ± 0.77a
Grape skin
TPS/mg kg−1
−1
2.39 ± 0.36
2.09 ± 0.47
2.05 ± 0.15
2.17 ± 0.37
1.77 ± 0.15
2.32 ± 0.37
extract
TAS/mg kg
305.30 ± 3.12b
326.67 ± 28.12b
329.30 ± 6.35b
383.56 ± 17.57a
393.04 ± 14.70a
369.34 ± 18.45a
AOAS/gGAE kg−1
2.11 ± 0.33Ba
2.96 ± 0.37Aa
1.64 ± 0.56B
1.48 ± 0.14b
1.44 ± 0.06b
1.55 ± 0.02
Wine
TPW/mg L−1
183.10 ± 27B
222.35 ± 11A
163.23 ± 26.00B
197.00 ± 20.42
206.00 ± 15.13
185.67 ± 10.6
TAW/mg L−1
−1
94.0 ± 5.00a
96 ± 5.00
101.56 ± 3.72a
76.67 ± 10.97Bb
91.67 ± 4.16A
87.00 ± 10.15ABb
AOAW/gGAE L
pH
3.54 ± 0.06
3.54 ± 0.03a
3.51 ± 0.05a
3.46 ± 0.07
3.44 ± 0.05b
3.40 ± 0.03b
5.87 ± 0.64
5.80 ± 0.26
5.90 ± 0.46b
6.83 ± 0.76
7.03 ± 1.19
7.60 ± 0.72a
Total acidity / g L−1
Alcohol
10.13 ± 0.16Bb
10.61 ± 0.15A
10.07 ± 0.37Bb
10.81 ± 0.35a
10.99 ± 0.26
11.06 ± 0.18a
*T1 = Removal of 3 leafs; T2 = 6 leafs; T3 = control (no leaf removal). Different upper case letters in each row indicate statistically significant differences (*p < 0.05)
between treatments in the same year by the Fisher’s least significant different (LSD) test. Different lower case letters in each row indicate statistically significant
differences (*p < 0.05) between years by the Fisher test.
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Table 3. Effects of early leaf removal and vintage on individual anthocyanins in wine (mg L−1).
Compound
Delphinidin- 3-glucoside
Cyanidin-3-glucoside
Malvidin-3,5-diglucoside
Petunidin-3-glucoside
Peonidin-3-glucoside
Malvidin-3-glucoside
Delphinidin-3-(acetyl) glucoside
Cyanidin -3-(acetyl) glucoside
Petunidin -3-(acetyl) glucoside
Delphinidin-3-O-(6-p-coumaroyl)glucoside
Peonidin-3-(acetyl) glucoside
Malvidin-3-(acetyl) glucoside
Cyanidin 3-O-(6′′ -p-coumaroyl)glucoside
Petunidin-3-O-(6-p-coumaroyl)glucoside
Malvidin-3-O-(6-p-coumaroyl)glucoside (cis isomer)
Peonidin-3-O-(6-p-coumaroyl)glucoside
Malvidin-3-O-(6-p-coumaroyl)glucoside (trans isomer)
Cyanidin-3,5-O-diglucoside

T1 2013

T2 2013

T3 2013

T1 2014

T2 2014

T3 2014

0.41 ± 0.21b
0.04 ± 0.08b
n.d.
1.83 ± 0.26b
0.44 ± 0.07b
15.03 ± 4.44b
0.21 ± 0.18b
0.09 ± 0.16
0.12 ± 0.13b
n.d.
0.01 ± 0.0b
3.74 ± 1.73b
n.d.
n.d.
n.d.b
n.d.b
0.41 ± 0.21b
n.d.

0.76 ± 0.1b
0.16 ± 0.08b
n.d.
2.43 ± 0.13b
0.82 ± 0.1b
18.74 ± 2.03b
0.39 ± 0.1b
n.d.
0.25 ± 0.9b
n.d.
0.05 ± 0.04b
4.61 ± 0.62b
n.d.
n.d.
n.d.b
n.d.b
0.76 ± 0.1b
n.d.

0.6 ± 0.11b
0.09 ± 0.1b
n.d.
2.15 ± 0.25b
0.66 ± 0.9b
18.3 ± 0.89b
0.34 ± 0.18b
n.d.b
0.15 ± 0.1b
n.d.b
0.01 ± 0.0b
4.72 ± 0.28b
n.d.b
n.d.b
n.d.
n.d.b
0.6 ± 0.11b
n.d.

3.07 ± 1.16a
0.56 ± 0.31a
n.d.
7.62 ± 0.81ABa
3.91 ± 0.43ABa
50.25 ± 9.05Aa
2.72 ± 0.8a
0.62 ± 0.32B
1.87 ± 0.57a
0.03 ± 0.02
1.75 ± 0.65Aa
15.89 ± 3.14Aa
n.d.B
0.04 ± 0.03
0.15 ± 0.11ABa
O.78 ± 0.43a
3.07 ± 1.16a
n.d.

3.21 ± 0.78a
0.61 ± 0.13a
n.d.
8.43 ± 0.43Aa
4.15 ± 0.22Aa
59.19 ± 7.48Aa
2.75 ± 0.60a
0.29 ± 0.09B
1.99 ± 0.47a
n.d.
2 ± 0.32Aa
17.4 ± 3.09Aa
n.d.B
0.06 ± 0.05
0.25 ± 0.21Aa
0.65 ± 0.13a
3.21 ± 0.78a
n.d.

2.3 ± 2.04a
0.43 ± 0.4a
n.d.
6.31 ± 1.61Ba
2.93 ± 0.8Ba
39.47 ± 21.26Ba
2 ± 1.49a
2.19 ± 1.46Aa
1.47 ± 1.01a
0.07 ± 0.01a
1.01 ± 0.97Ba
11.15 ± 6.67Ba
0.1 ± 0.09Aa
0.09 ± 0.07a
0.1 ± 0.15B
0.69 ± 0.64a
2.3 ± 2.03a
n.d.

n.d. = not detected; *T1 = Removal of 3 leafs; T2 = 6 leafs; T3 = control (no leaf removal). Different upper case letters in in each row indicate statistically significant
differences (*p < 0.05) between treatments by the Fisher’s least significant different (LSD) test. Different lower case letters in each row indicate statistically
significant differences (*p < 0.05) between years by the Fisher test.

quite sensitive to extent cluster exposure to the sun and
over-heating (Bergqvist et al. 2001).
Total phenols in wine (TPW/g L−1), total anthocyanins
(TAW/g L−1), and antioxidant activity measured in the
produced wine (AOAW/gGAE L−1) during the period
2013–2014 are shown in Table 2. Removal of 6 leafs
resulted in statistically significant increased TPW and
TAW in 2013, while in 2014 this effect was not observed.
Antioxidant activity was enhanced by the same treatment only in wine from 2014. These results are in agreement with results obtained by other authors (Guidoni
et al. 2008; Osrečak et al. 2016).
In the present study, the main factor of variability for
TPS (only for untreated grapes) and AOAS was the year.
Weather conditions in 2014 were more favourable for
biosynthesis of polyphenols, and thereby an enhanced
antioxidant activity of grape. Increased rainfall during
vegetation period in 2014 probably resulted in dilution
effect in the grape pulp, which lowered concentration
of phenols and accordingly, antioxidant activity.
However, opposite results for the same parameters in
wine from 2013 were observed, where increased levels
of total phenols and antioxidant activity have been
measured. Guidoni et al. (2008) state that LR may
improve grape health and quality in microclimatic conditions unfavourable for ripening or in less sunexposed vineyards. Vintage did not significantly affect
the total anthocyanins in grape skin and wine.
Effects of ELR and vintage on concentration of individual anthocyanins in wine are presented in Table 3.
Among the 17 identified anthocyanins, six of them
increased concentration by leaf removal in 2014: petunidin-3-glucoside, malvidin-3-glucoside, malvidin-3-glucoside, peonidin-3-(acetyl) glucoside, malvidin-3-(acetyl)

glucoside, malvidin-3-O-(6-p-coumaroyl)glucoside (cis
isomer). In the same year ELR treatments decreased the
concentration of cyanidin-3-(acetyl) glucoside, while
the rest of the anthocyanins did not have a significant
effect. Effect of ELR on anthocyanins concentration was
not observed in wine from 2013. Late LR treatment (performed at verasion) also positively influenced malvidin3-glucoside biosynthesis in Teran wines (Osrečak et al.
2016). Similar treatment of cv. Uva Longanesi vine from
Brasil resulted without significant difference in concentration of malvidin-3-glucoside but a significant increase
of other anthocyanins was found in untreated wines
(Tessarin et al. 2014). The relationship between anthocyanin composition and defoliation seems to be cultivar
dependent. Generally, although solar radiation exposure
could increase anthocyanin concentration, excessive
berry temperature could be a detrimental for their synthesis and accumulation (Matus et al. 2009).
In accordance to study of Ferrer et al. (2014) and Barbagallo et al. (2011), concentration of individual anthocyanins has shown the greatest variation between the
years. Most of the compounds have increased concentrations in wine from 2014 (Table 3). Opposite of
results of Ferrer et al. (2014) and Roby et al. (2004)
studies, excess rainfall during vegetation period in 2014
enhanced the concentration of anthocyanins. This was
probably due to effects of the other environmental conditions, such as mean daily temperature that remained at
the same level for both years.
In summary, among the investigated treatments, early
removal of six leafs had the strongest effect on the grape
yield, chemical characteristics, and antioxidant activity of
grape variety Cabernet Sauvignon. This treatment
decreased a crop yield, cluster number, and in rainier
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year, average cluster weights per vine. However, increase
in total phenols, total anthocyanins and antioxidant
activity in wine was observed with this technique, but
not in both season.
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