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Glucose, fructose and glycerol, together with 
other grape juice constituents, play a role in 
creating the wine quality. Formation of saccha-
rides in grapes differs according to vine cultivar, 
and is influenced by environmental and viticultural 
practices [1]. Grape berries contain primarily glu-
cose and fructose, which represent approximately 
99% of the saccharides concentration at the end 
of grape maturation [2]. The saccharose level is 
seldom above 10% of total saccharides. In most of 
Vitis vinifera cultivars, the ratio of glucose to fruc-
tose is close to 1 at ripeness, higher fructose levels 
appear in overripe grape berries [1].

Glucose and fructose are fermentable sac-
charides, which are converted to ethanol and car-
bon dioxide by yeasts in course of fermentation. 
Utilization of these saccharides is dependent on 
the innate properties of the yeast strain used in 
fermentation process, and on the external condi-
tions like ethanol and nitrogen addition, as well 

[3]. Glucose and fructose are consumed by yeasts 
with different rates. The most studied species of 
yeast, Saccharomyces cerevisiae, appears to be 
glucophilic, but other yeast species, such as Can-
dida stellata or Zygosaccharomyces bailii, may pre-
fer fructose to glucose [4]. The average glucose/
fructose ratio is 0.58/1.0 in fully fermented wine, 
but this may change to a great extent [5]. Accord-
ing to the residual concentration of saccharides 
(commonly referred to as residual sugar), wines 
are classified as dry, medium dry, medium sweet 
and sweet [6]. Fructose may taste nearly twice as 
sweet as glucose in wines [7] and is a basic compo-
nent of sweet dessert wines. In most wines, there 
is very little saccharose and is detectable only if 
the enzyme saccharase is inhibited during pressing 
of grape berries [5]. The exception happens when 
saccharides are purposely added either during or 
post fermentation process to raise the final alcohol 
concentration (referred to as chaptalization) [8].
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MATERIALS AND METHODS

Chemicals and materials
Standards of D-(–)-fructose (99.9%), D-(+)-

glucose, anhydrous (99.5%) and saccharose 
(99.5%) were purchased from Sigma Chemical 
(St. Louis, Missouri, USA). Glycerol, p.a. (99.3%) 
was purchased from Lachema (Brno, Czech Re-
public). Acetonitrile Chromasolv was obtained 
from Sigma-Aldrich Chemie (Steinheim, Ger-
many). Water was purified in Rodem 6 water pu-
rification device equipped with UV-lamp (Ecotest, 
Zemné, Slovakia). The syringe micro filters of 
0.45-μm pore size with cellulose membrane from 
Agilent (Waldbronn, Germany) were used for fil-
tration of grape juices.

Stock standard solutions were prepared in wa-
ter at a concentration level of 10 g·l-1 for saccha-
rides and 20 g·l-1 for glycerol. The stock solutions 
were diluted with water to prepare calibration 
standards in the range of 0.025–10 g·l-1 for saccha-
rides and 0.1–20 g·l-1 for glycerol.

Wine and grapes samples
Fourteen samples of organic white and red 

wines were obtained from a producer in the vine-
yard region Modrý Kameň situated in Central 
Slovakia. The wines were made of various grape 
varieties (Chardonnay, Pinot Blanc, Traminer 
Red, Rhine Riesling, Cabernet Sauvignon, Blau-
fränkisch, Pinot Noir). The counterpart wines 
(21 white and red wines) and conventional grape 
samples were obtained from the neighbouring 
vineyard. All wines originated from the vintage 
2002–2009. Majority of the wine samples were 
high-quality dry wines, a minor fraction of the 
wines represented medium dry, medium sweet and 
sweet wines. The grape berries were collected dur-
ing the vintage 2010–2011 and included Traminer 
Red, Pinot Noir and Cabernet Sauvignon grape 
varieties.

Wine samples were analysed directly after mi-
crofiltration. Regarding the grape berries, a 50 g 
portion was manually crushed in a mortar with 
a pestle, filtered through a paper and a microfil-
ter. The grape juice sample was diluted ten-fold 
with deionized water and injected to an analytical 
column. 

HPLC analysis
A HPLC system Agilent Technologies 1100 

Series equipped with a refractive index detector 
(RID), quaternary pump, degasser, column ther-
mostat unit and autosampler (Agilent) was used. 
All instrument units were monitored and con-
trolled by Agilent ChemStation computer pro-

Glycerol, as a by-product of fermentation by 
S. cerevisiae, is usually found in the greatest abun-
dance after ethanol and carbon dioxide. The sig-
nificant role of glycerol in grape processing and 
wine production has been reviewed by SCANES 
et al. [9]. Glycerol positively contributes to the 
sensory quality of wine in terms of sweetness, full-
ness and smoothness [10]. Although its concen-
tration is low in grape juice, occasionally may be 
present in high levels in grape musts infected by 
moulds Botrytis cinerea [11]. The concentration of 
glycerol formed by S. cerevisiae in wine varies be-
tween 1–15 g·l-1, with an average concentration of 
7 g·l-1 [9]. Formation of glycerol during fermenta-
tion is influenced by many environmental factors, 
such as grape variety, fermentation temperature, 
nitrogen source, addition of sulfur dioxide, pH, 
aeration rate, yeasts strain and inoculation ratio 
[10, 12].

The addition of saccharides to grape juice is 
prohibited in most jurisdictions or is strictly regu-
lated, e.g. in France. Saccharides may be added 
either as saccharose or “invert sugar”, which is 
quickly converted to ethanol. The detection of 
wine chaptalization consists in distinguishing be-
tween grape-derived and non-grape-derived etha-
nol, which can be preferably achieved by measur-
ing the carbon isotope 13C/12C ratio [12, 13]. This 
technique may be also used at wines adulterated 
with industrial-grade glycerol, differentiating the 
botanical origin of glycerol sources [14, 15]. The 
simplest evidence of illegal addition of glycerol to 
wines is based on the defined ratio between gly-
cerol and ethanol. The concentration of glycerol 
should be in the range of 6–10% of the ethanol 
concentration in authentic wine. However this ra-
tio is variable due to natural variability of relevant 
wine constituents. After all, industrial grade gly-
cerol may be added to wine with a low natural 
glycerol concentration and will still remain within 
the range specific for authentic wines [16].

The aim of this work was to provide informa-
tion on the levels of saccharides and glycerol in ge-
ographically protected wines produced by distinct 
technologies in Slovakia. Differences between 
wine components were statistically assessed in 
main interaction for organic versus conventional 
wine and in sub-interaction for white versus red 
wine. The relative ratio of glucose/fructose and 
glycerol/ethanol was also determined to learn 
more about the quality of the wines. For detection 
and quantification of wine constituents, a HPLC 
method with refractive index detection was uti-
lized.
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gramme. The separation was performed on a Kro-
masil 100-5NH2 column, 250  4.6 mm i. d. (EKA 
Chemicals, Separation Products, Bohus, Sweden) 
at 30 °C. The RID optical unit was permanently 
warmed up to 40 °C. All samples were injected 
in 20-μl volumes and eluted isocratically with the 
mobile phase acetonitile : water, 75 : 25 (v : v). The 
flow rate of the mobile phase was 1.0 ml·min-1. 
The peaks were identified by retention times and 
quantified by external calibration.

Statistics
Each sample was analysed minimally in dupli-

cate and results are reported as mean concentra-
tion  standard deviation (SD). Excel XP Software 
(Microsoft, Redmond, Washington, USA) was 
used for construction of calibration graphs as well 
as for determination of differences between means 
by analysis of variance (ANOVA). In this analysis, 
the difference was taken as significant at P  0.05 
(95% confidence level). The program QC.Expert 
version 2.5 (TriloByte Statistical Software, Pardu-
bice, Czech Republic) was used for determination 
of linear correlation between individual wine con-
stituents. To distinguish the organic wine samples 
from the conventional ones, multivariate statis-
tic calculation, employing methods of canonical 
discriminant analysis and classification, was per-
formed by means of Unistat v. 6.0 (Unistat, Lon-
don, United Kingdom) statistical software, taking 
into consideration all the experimental data. The 
principal component analysis (PCA), a widely 
used multivariate analytical statistical technique to 
reduce dimensionality of the data by linear combi-
nations of original dependent variables to a small-
er set of new uncorrelated variables, was applied 
for data visualization.

Method validation
The HPLC method was validated by means of 

calibration and estimation of the range of linear-
ity, limit of detection (LOD) and limit of quanti-

fication (LOQ), precision (as an internal repeat-
ability) and accuracy (as a recovery rate). The 
calibration measurements were performed with 
calibration standards. LOD and LOQ values were 
calculated as an average response increased by 
triple and decuple the standard deviation, respec-
tively. The precision of the method (expressed as 
relative standard deviation, RSDr) was determined 
at two concentration levels: 1.0 g·l-1 and 10 g·l-1 for 
glycerol and 0.5 g·l-1 and 10 g·l-1 for saccharides. 
The accuracy was assessed through recovery test 
by the addition of a known amount of the standard 
to a wine sample.

RESULTS AND DISCUSSION

Method for wine analysis
The HPLC method, routinely utilized for de-

termination of saccharides in our laboratory, was 
modified for simultaneous separation of glycerol, 
fructose, glucose and saccharose in wine and grape 
juice. A small adjustment of flow rate of the mo-
bile phase was carried out as well as adaptation of 
temperature of analytical column, in order to gain 
better separation capability and higher responses 
for the compounds of choice. As a result, the du-
ration of analysis, assuring reliable separation of 
all wine components, was a maximum of 25 min. 
Satis factory precision and accuracy were attained 
in the method validation assessment (Tab. 1). 
The refractive index detector responses were 
linear in the range of 0.40–20 g·l-1 for glycerol, 
0.05–10 g·l-1 for fructose, 0.10–10 g·l-1 for glucose 
and 0.08–10 g·l-1 for saccharose. In the calibra-
tion measurements, the correlation coefficients 
obtained were higher than 0.999 for all studied 
compounds. Fig. 1 shows typical HPLC profiles of 
white wines containing different residual saccha-
rides and glycerol, as obtained using the optimized 
method. 

Tab. 1. Validation parameters of HPLC-RID.

Compound
Retention time

[min]
LOD
[g·l-1]

LOQ
[g·l-1]

Precision Accuracy

Repeatability, RSDr  [%] Recovery rate, white / red wine [%]

0.5 g·l-1 1 g·l-1 10 g·l-1 2 g·l-1 3 g·l-1

Glycerol 5.330 ± 0.020 0.22 0.40 – 2.75 6.30 – 82 / 73

Fructose 8.889 ± 0.230 0.04 0.05 3.64 – 2.38 86 / 82 –

Glucose 10.576 ± 0.390 0.08 0.10 11.11 – 7.11 114 / 96 –

Saccharose 14.059 ± 0.331 0.05 0.08 2.17 – 2.55 101 / 81 –

LOD – limit of detection, LOQ – limit of quantification, RSDr – repeatability relative standard deviation.



Belajová, E. – Suhaj, M. J. Food Nutr. Res., 51, 2012, pp. 173–183

176

Quality assessment of wines and grape juices 
by compositional analysis 

The dominant group of wine samples involved 
14 organic and 21 conventional dry white and 
red wines. Tab. 2 presents particular results for 
glucose, fructose, glycerol and ethanol contents, 
and glucose/fructose and glycerol/ethanol ratio 
in wines. The concentration of ethanol in grams 
per litre was determined indirectly by transforma-
tion of ethanol volumetric percentage declared 
on the bottle etiquette, via conversion tabular 
values. Tab. 3 lists all results acquired by analyses 
of fresh grape juices, in which also saccharose was 
detected. Grape juices had to be diluted tenfold 
with deionized water to adjust the concentration 
of saccharides to the concentration range of linear 
response.

Analysis of saccharides
Concentration of saccharides is one of the 

most significant factors in fermentation. Although 
the level of produced ethanol is related to the 
level of saccharides initially present in the juice, 
this relationship is not precise [17]. Residual sac-
charides in wine refer to the saccharides remain-
ing after fermentation. This value is important for 
assessment of the fermentation completeness and 

for final sensory and microbial stability of wine. 
The concentration of residual saccharides in wines 
was estimated as a sum of glucose and fructose 
concentrations. According to the residual sac-
charides labelling indication for classification of 
wines in the European Union [6], dry wine should 
comprise maximal 4 g·l-1 of residual saccharides. 
Within the group of dry wines analysed, the con-
centration of residual saccharides was in the range 
of 0.15–3.26 g·l-1, independent from grape variety. 
Two wine samples exceeded the upper value 
(8.13 g·l-1 and 6.81 g·l-1). In all conventional wines 
tested, the concentration of fructose varied from 
0.28 g·l-1 to 2.25 g·l-1, which was much lower than 
the published data of up to 9.12 g·l-1 [18], however 
well corresponding with fructose levels 0.2–2.0 g·l-1 

found in conventional white wines [19].
Regarding the grape juice, it usually contains 

approximately equal levels of glucose and fruc-
tose. In our work, also saccharose was detected 
in the samples, but at markedly lower concen-
trations than glucose and fructose in the three 
organically and conventionally cultivated grape 
berries (Pinot Noir, Traminer Red, Cabernet Sau-
vignon) in two vintage years 2010–2011 (Tab. 3). 
The concentration of saccharose in fresh grape 
juices ranged from 0.23 g·l-1 to 1.11 g·l-1, whereas 

Fig. 1. Typical HPLC-RID record in white dry, medium dry and sweet wine.

Gly – glycerol, F – fructose, G – glucose.
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the interval of glucose and fructose concentra-
tion was 95.34–171.30 g·l-1 and 78.12–119.16 g·l-1, 
respectively. In the study on the quality charac-
teristics of 23 clones of Vitis vinifera cv. Kalecik 
Karasi [20], glucose and fructose levels between 
120.59–136.45 g·l-1 and 112.51–123.19 g·l-1, respec-
tively, were determined. In comparison with that 

study, our work included different grape cultivars 
from organic and conventional production, there-
fore the interval of saccharides concentration was 
much broader.

Examination of two comparably homogenous 
samples from the group of red grape cultivars 
(Pinot Noir and Cabernet Sauvignon, Tab. 3) in 

Tab. 2. The sum of glucose and fructose, glycerol and ethanol concentration, glucose/fructose 
and glycerol/ethanol ratio of different wine varieties and wine production systems.

Grape 
variety

Sample 
identification

Glucose + Fructose *
[g·l-1]

G/F *
Glycerol *

[g·l-1]
Ethanol a

[g·l-1]
Gly/Eth  100

[%]

Chardonnay

D1-O 2.78  0.07 0.15  0.01 4.97  0,13 90.9 5.5

D2-O 2.22  0.07 0.93  0.06 6.96  0.01 102.7 6.8

D3-O 5.40  0.60 0.32  0.12 7.15  0.09 102.7 7.0

D4-C 0.97  0.02 1.54  0.07 7.00  0.10 98.9 7.1

D5-C 0.81  0.10 2.59  0.16 6.21  0.01 90.9 6.8

D6-C 3.26  0.52 1.01  0.17 7.79  0.09 114.6 6.8

Traminer Red

D7-O 0.15  0.01 1.42  0.12 6.18   0.01 98.9 6.2

D8-C 0.99  0.03 2.29  0.04 6.86  0.05 86.9 7.9

D9-C 1.68  0.18 1.66  0.41 6.57  0.05 95.0 6.9

D10-C 1.53  0.29 1.89  0.57 6.30  0.09 95.0 6.6

Rhine Riesling
D11-O 4.79  0.11 0.99  0.04 5.87  0.01 95.0 6.2

D12-C 2.74  0.02 0.64  0.01 6.64  0.07 98.9 6.7

Pinot Blanc

D13-O 2.82  0.02 0.18  0.01 7.59  0.01 102.7 7.4

D14-O 4.21  0.30 0.32  0.08 7.88  0.46 102.7 7.7

D15-O 8.13  0.10 1.51  0.01 9.01 0.01 106.4 8.5

D16-C 0.93  0.10 1.17  0.02 6.37  0.05 86.9 7.3

D17-C 1.62  0.15 0.71  0.05 7.53  0.55 102.7 7.3

D18-C 1.50  0.25 1.00  0.18 6.69  0.15 102.7 6.5

D19-C 6.81  0.57 1.93  0.07 6.91  0.23 102.7 6.7

Pinot Noir

D20-O 0.38  0.01 3.17  0.08 9.65  0.04 102.7 9.4

D21-O 0.94  0.09 2.26  0.70 9.73  0.01 102.7 9.5

D22-O 1.37  0.34 6.53  1.33 9.44  0.03 109.0 8.7

D23-C 1.42  0.09 2.49  1.11 7.93  0.03 95.0 8.3

D24-C 1.68  0.28 1.75  0.01 7.64  0.01 90.9 8.4

Blaufränkisch

D25-O 0.33  0.02 1.51  0.11 8.86  0.01 101.2 8.8

D26-C 0.71  0.06 1.55  0.22 8.00  0.08 98.9 8.1

D27-C 0.78  0.12 2.15  0.21 7.25  0.04 86.9 8.3

D28-C 1.24  0.12 1.43  0.10 8.80  0.06 102.7 8.6

D29-C 0.66  0.05 1.31  0.19 6.90  0.13 86.9 7.9

Cabernet 
Sauvignon

D30-O 1.69  0.18 1.21  0.08 8.37  0.03 98.9 8.5

D31-O 1.44  0.50 3.00  1.17 9.78  0.01 112.2 8.7

D32-C 0.54  0.04 0.26  0.05 8.69  0.06 102.7 8.5

D33-C 4.77  0.63 1.53  0.24 9.17  0.07 102.7 8.9

D34-C 1.93  0.35 2.10  0.75 8.70  0.01 95.0 9.2

D35-C 1.88  0.25 2.69  0.01 8.60  0.05 95.0 9.1

Sample identification (product type-technology): D – dry, O – organic, C – conventional. 
* – results are expressed as mean ± standard deviation, a – ethanol concentration converted from percentage by volume to 
gram per litre (tabular values). G/F – glucose/fructose ratio, Gly/Eth – glycerol/ethanol ratio.
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the interaction variety versus production system 
showed that the accumulation of saccharides in 
grapes during the maturation period was nearly 
equivalent in both cultivation systems. In sum-
mary, the mean concentration of saccharides 
(not directly given in Tab. 3) was 232.91 g·l-1 and 
248.21 g·l-1 in organic and conventional red cul-
tivars, respectively. Following literature data, 
BUNEA et al. [21] found much lower mean values 
of saccharides in white wine cultivars from organic 
and conventional cultivation, which represent-
ed 180 g·l-1 and 191 g·l-1, respectively. LIU et al. 
[22] analysed 98 grape cultivars and determined 
45.86–122.89 g·l-1 of glucose and 47.64–131.04 g·l-1 
of fructose. Present results confirm a high variance 
of saccharides concentration in different grape 
cultivars, with a slight tendency to increase the 
concentration of saccharides in conventionally 
cultivated grapes. The overall data on saccharides 
concentration in ripe grapes range from 150 g·l-1 
to 270 g·l-1 [1, 17].

Glucose/Fructose ratio (G/F)
The G/F ratio may indicate which one among 

the residual saccharides dominates in wine, and 
may also give some information on conditions of 
fermentation. Basically, this ratio is derived from 
actual glucose and fructose concentrations in 
grape juice or wine. In fermented wines, the G/F 
ratio is usually less than 1, but may be strongly de-
pendent on variety, yeast strain and fermentation 
procedure [23]. According to the results presented 
in Tab. 2, the G/F ratios in wines differed to a large 
extent between/within grape varieties and cultiva-
tion systems. Pinot Noir and Cabernet Sauvignon 

variety wines exhibited most diverse results, in 
which glucose surpassed fructose concentration 
several times, hence both resulted in a high G/F 
ratio. Only in few wine samples the G/F ratio was 
lower than 1. The variations in the obtained ratios 
may be probably attributed to the large period 
of vintages (2002–2009) that included changing 
weather conditions and accordingly its influence 
on grapes’ crop.

The G/F characteristic is also a major indicator 
of the grape maturity for determination of harvest 
time. As was already mentioned, this ratio is near 
to 1 in ripe berries, but may vary from 0.71 to 1.45 
[24]. In our case, the G/F ratios in grape juices 
were not so scattered as in wines and varied from 
1.22 to 1.57 in the three grape varieties during 
two vintages (Tab. 3). Variability in the G/F ratio 
among grape varieties at ripe stage has been pre-
viously described. For example, KESKIN et al. [19] 
published the ratio from 0.90 to 0.955 in Kalecik 
Karasi cultivar; SABIR et al. [25] reported the mean 
value of 1.09 in five ecological grape cultivars pro-
duced in Mediterranean conditions. SOULIS and 
AVGERINOS [26] presented the value of 1.55 found 
in table grape cultivar Razaki in the final over-ripe 
stage, evidently with superfluity of glucose, which 
most corresponds to our findings.

Glycerol/Ethanol ratio (Gly/Eth)
The Gly/Eth ratio is generally regarded as 

highly variable that may reveal a systematic adul-
teration of wine with low amounts of glycerol, 
when the glycerol concentration exceeds the 10% 
level of the ethanol concentration. 

The estimation of both wine-derived glycerol 

Tab. 3. Concentration of saccharides and glycerol in fresh grape juice from the vintage 2010 and 2011.

Grape 
cultivar

Product type 
technology

Glucose
[g·l-1]

Fructose
[g·l-1]

Saccharose
[g·l-1]

G/F
Glycerol

[g·l-1]

Pinot Noir

O a 110.07  13.46 90.01  3.08 0.49  0.01 1.28  0.02 0.99  0.47

O b 187.56  1.49 119.16  0.01 1.01  0.11 1.58  0.01 0.59  0.02

C a 95.34  2.50 78.12  0.69 0.54  0.01 1.21  0.02 2.81  0.56

C b 175.17  7.49 117.60  0.45 Nd 1.49  0.06 Nd

Traminer Red

O a 102.19  2.28 81.16  0.86 0.23  0.01 1.23  0.01 1.10  0.07

O b 173.95  2.50 116.29  0.69 0.97  0.52 1.50  0.01 0.49  0.03

C a 116.28  3.03  89.82  1.31 0.37  0.01 1.27  0.02 0.74  0.11

Cabernet 
Sauvignon

O a 112.09  0.98 84.01  0.47 Nd 1.32  0.01 0.43  0.04

O b 137.75  3.56 90.97  0.13 1.11  0.41 1.52  0.04 Nd

C a 111.27  3.24 83.74  1.00 Nd 1.32  0.01 0.36  0.08

C b 171.30  2.02 109.27  0.58 Nd 1.57  0.01 Nd

Product type technology: O – organic, C – conventional. a – vintage 2010, b – vintage 2011. 
Results are expressed as mean ± standard deviation. 
G/F – glucose/fructose ratio, Nd – not detected.
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and ethanol under our condition showed that gly-
cerol did not exceed the concentration of 10 g·l-1 
in wines; the highest glycerol level of 9.78 g·l-1 

was determined in Cabernet Sauvignon variety 
wine. The declared ethanol concentration in all 
analysed dry wines, calculated from the ethanol 
percentage by volume, was within the range of 
95.0–114.6 g·l-1; comparably the ordinary etha-
nol concentration ranges between 65 g·l-1 and 
120 g·l-1 in wines [1, 27]. The actual percentage of 
the Gly/Eth ratio ranged from 5.5 to 9.5 in all wine 
samples analysed, which falls within the required 
limit interval of 6–10% of the ethanol concentra-
tion (Tab. 2). The obtained results did not show 
any adulteration of wines using this simple con-
ventional technique. Although high Gly/Eth ratios 
may indicate an addition of unnatural glycerol, on 
the contrary, it can be reduced by addition of dis-
tilled ethanol to the wine [28]. It is worth to point 
out that the estimation of Gly/Eth ratio depends 
on formation of glycerol during fermentation, 
hence is markedly influenced by many environ-
mental factors as mentioned in the introduction 
section and, therefore, its utilization as a decisive 
parameter should be taken with caution. It should 
be also taken into account that, in recent years, 
there is an increasing demand for wines with high 
glycerol and reduced ethanol concentration. For 
this purpose, attempts have been made in selec-
tion and testing Saccharomyces species with en-
hanced glycerol production [29, 30]. Presumably, 
new and more reliable approaches for evaluation 
of such wines are expected to be established.

Concerning fresh grape juice, we found a natu-
ral quantity of glycerol at levels of 0.36–2.81 g·l-1 

(Tab. 3), that corresponded with other reported 
values varying between 1.70 g and 3.02 g of gly-
cerol per litre [31].

Statistical and multivariate data analysis
In order to study the differences between or-

ganic and conventional wines originating from 
one vineyard locality, the obtained data under-
went one way factor ANOVA analysis. As a source 
of variations in the fructose, glucose and glycerol 
composition of wines, the production system (or-
ganic/conventional) as well as the type of wine 
(white/red) was considered. For evaluation of the 
significance of a grape variety and a vintage year, 
larger sampling and homogeneity of wine samples 
is commonly required. Therefore, the mentioned 
variables were excluded from this analysis in 
whole. Fig. 2 illustrates mean values of large data 
files on fructose, glucose and glycerol concentra-
tions in white/red wines from organic/conventional 
production that were used in the statistical  assess-
ment of wines.

Testing the significance of difference between 
white/red wines (associated in one group from all 
white/red grape varieties) and organic versus con-
ventional wine, a difference was found in fructose 
concentration that was higher in organic white 
wines (P  0.001). The glycerol level was increased 
in red wines (P  0.01), but was independent from 
wine production system. Similar to some published 
data [12, 23], much higher glycerol concentration 
can be commonly found in red wines than in white, 
what is actually in agreement with our finding. 

In an examination of relative relationships 
between total saccharides (commonly referred to 
as total sugar), glycerol and ethanol concentra-
tion in wines, linear regression analysis with Pear-
son’s correlation was applied, results are depicted 
graphically in Fig. 3. A moderate positive correla-
tion was indicated between total saccharides and 
glycerol in organic white wines and conventional 
red wines (r = 0.5238 at P  0.01 and r = 0.5167 

Fig. 2. Mean concentration of fructose, glucose and glycerol in tested wines.

SD – standard deviation.
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at P  0.001, respectively). Similarly, total saccha-
rides were positively related to ethanol in organic 
white wines (r = 0.5238 at P  0.001). High posi-
tive relation was determined between total sac-
charides and ethanol in conventional white wines 
(r = 0.7182) at a significance level of P  0.001.

PCA was applied to the saccharide and gly cerol 
data set consisting of 35 samples, in order to visual-
ize the main sources of variability. Two principal 
components were extracted, covering 90.9% of the 
original data variance. The score plot of these two 
components is shown in Fig. 4. The recognition of 

wine varieties is not clear, but differences between 
red and white wines are substantial. From the 
loadings of the variables, the concentration of to-
tal saccharides and fructose were dominant varia-
bles in the first principal components, representing 
64.7% of the total variance, while glycerol domi-
nated in the second principal component. This is 
in accordance with results from ANOVA analysis 
that confirms these variables’ significance. Similar-
ly to PCA, the canonical discriminant analysis did 
not reveal any differences between wine varieties 
according to the level of examined parameters by 

Fig. 3. The Pearson’s correlations between total saccharides, glycerol and ethanol concentration.

r – correlation coefficient.
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the classification procedure, which correctly rated 
only one variety (Traminer Red) from the other 
ones. By discrimination of data according to the 
type of grape production (conventional versus or-
ganic), 70% of wine samples were correctly identi-
fied in the recognition ability testing. The concen-
tration of fructose was the predominant variable 
for discrimination and classification of wines. The 
later result is also in a good conformity with the 
ANOVA results, which found fructose significantly 
higher in organic white wines compared to their 
conventional counterparts.

CONCLUSION

Present research provides the first information 
on quality of wines that come from two separate 
production systems in Slovakia. Within this re-
search, an attempt was achieved to identify dif-
ferences between wines by partial compositional 
analysis using HPLC technique. Evaluation of 
the wines and grape juices based on analysis of 
saccharides and glycerol did not show relevant 
variations of these compounds in comparison with 
the European wine regulations set for dry wines. 
The derived glucose/fructose ratio that is strongly 

dependent on the concentration of individual sac-
charides in grape juice/wine may be rated as an 
informative indicator of grape maturity and fer-
mentation process conditions. In the wines tested, 
this ratio showed scattered results even within the 
grape varieties with similar levels of total saccha-
rides.

The analysis of variance (ANOVA) that did 
not include wine variety and vintage year, revealed 
some differences between organic and convention-
al wines in fructose and glycerol concentration. 
Applying linear correlation analysis, moderate 
correlative dependences were found between total 
saccharides and glycerol/ethanol ratio. However, 
the obtained results of the correlation analysis 
cannot definitely support the correlation causality 
of the variables and may be only guiding for an ex-
tended statistical evaluation. Principal component 
analysis found significant differences between 
white and red wines using the examined data. Dis-
crimination of wines according to affiliation to or-
ganic or conventional production resulted in 70% 
of correctly classified wines.

This study represents primary information use-
ful for further distinguishing of wines produced 
in Slovakia accordingly to their varieties. The op-
timized high performance liquid chromatography 

Fig. 4. Differentiation of varietal wines according to the concentration of saccharides and glycerol 
using principal component analysis.

CHO – Chardonnay organic, CHC – Chardonnay conventional, TRO – Traminer Red organic, TRC – Traminer Red conventional, 
RRO – Rhine Riesling organic, RRC – Rhine Riesling conventional, PBO – Pinot Blanc organic, PBC – Pinot Blanc conventional, 
PNO – Pinot Noir organic, PNC – Pinot Noir conventional, BLO – Blaufränkisch organic, BLC – Blaufränkisch conventional.
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method employed in this study is a useful tool for 
wine quality estimation because of its simplicity 
and applicable reliability.
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