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Abstract
Ecoclimatic conditions have a great influence on grapevine growth and development. Favourable conditions (solar
radiation, temperature, humidity etc.) are important and have a positive effect on the growth and fruition. Critical conditions
have negative influences resulting in low grape production and wine quality. The purpose of this research was to analyse the
quality of wine obtained from eight grapevine varieties (four Romanian autochthonous varieties: ‘Fetească regală’, ‘Fetească
albă’, ‘Băbească gri’, ‘Şarba’, and four world-wide varieties: ‘Aligoté’, ‘Sauvignon Blanc’, ‘Muscat Ottonel’, and ‘Italian
Riesling’). The wine samples were obtained from micro-wine production under local weather conditions of Dealu Bujorului
vineyard, Romania. The physico-chemical analysis of young wines showed that the highest alcohol content was recorded at the
‘Sauvignon blanc’ variety (14.35% vol.) followed by ‘Şarba’ (14.10% vol.). The highest level of acidity was registered to
‘Băbească gri’ (5.90 g/L C4H6O6) and the lowest acidity in the ‘Muscat Ottonel’ wine (4.40 g/L C4H6O6). The pH values were
between limits of 3.62 (‘Fetească albă’) and 3.27 (‘Aligote’). In order to get a wider perspective about the wine quality, another
11 parameters were examined at these varieties, using spectrophotometric methods (acetic acid, potassium, calcium, free amino
nitrogen, tartaric acid, copper, L-lactic acid, iron, L-malic acid, D-gluconic acid and glycerol). The results showed the
suitability of ecoclimatic conditions and the proper growth and development of the tested varieties for obtaining wines with
superiors quality.
Keywords: grapevine, Vitis vinifera, wine, quality, spectrophotometric method

Introduction

According to The International Organization of Vine and
Wine (OIV) wine is a food product exclusively obtained by
total or partial alcoholic fermentation of fresh grapes or the
must obtained from pressed or unpressed grapes. From
chemical point of view, wine is a complex beverage consisting of
water, ethanol, sugar, amino acids, polyphenolic compounds,
anthocyanins, organic and inorganic substances (Avram et al.,
2014; Voica et al., 2009; Karataș et al., 2015).
Today the grapevine is cultivated all over the world, in both
hemispheres of the Earth. Europe has the highest percentage
51% of the global surface cultivated with vines, followed by
Asia, America, and Africa (Gonçalves da Silva et al., 2008). The

wine-growing area in Romania has decreased since the 1990s,
currently it ranks fifth in Europe after Spain, Italy, France and
Portugal, so that in 2013 Romania had an area of 229 000
hectares planted with vines (Bora et al., 2015).
The favourable ecoclimatic conditions for grapevine
growth can be divided in two categories: vital conditions and
critical ones. The vital conditions (solar radiation, temperature
and humidity) are important and directly influence the growth
and fruition of the grapevines. Critical conditions (frost, fog
persistent, hoary frost, spring frosts) adversely affect growth and
fruition of the grapevine, resulting in a decreased production
both in terms of quantitative and qualitative values. (Webb et
al., 2007; Pop, 2010; Camps and Ramos, 2011; Santos et al.,
2012). Most of the authors argue that for determining the
quality of a wine, some characteristics should be taken into
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account: the biochemical characteristics of the must and wine,
the sugar content and its acidity (Bunea, 2010; Joshi et al.,
2014; Yuyuen et al., 2015; Brunel et al., 2016; Catania et al.,
2016). The grape quality is directly influenced by the variety,
the ecoclimatic conditions, soil (physic-chemical characteristics
of the soil), the wine-making process, the wine transportation
and storage, the level of the agro-technical works applied and
zoning (Coombe, 1987; Fernandez 1988; Núñez et al., 2000;
Marini et al., 2006; Voica et al., 2009; Rotaru et al., 2010; Bora
et al., 2015a; Condurso et al., 2015).
A favourable climate is essential for stabilizing the
productivity, while the inter-annual variability of atmospheric
conditions can strongly influence the quality of grapes (Jones
and Goodrich, 2008) and consequently the quality of wines.
The Romanian wine industry is particularly involved in the
controversial effects posed by climate changes, even if the
overall effects of the climate change on the Romanian
viticulture are uncertain, it is known that the productivity of
grapevines is decreased because of the abiotic stresses (freezing
temperatures, increasing soil salinity and accumulation of plant
protection products in soil) (Păltineanu et al., 2007; 2009;
Dragotă et al., 2011).
The effects were numerous and classified as direct and
indirect effects according to the scientific literature (Marta et
al., 2010). As climate change affects the onset and duration of
each phenological phase, it also affects the grape production in
terms of quantity and quality (Coll et al., 2011; Brunel et al.,
2016; Ollat et al., 2016). In addition, climate change has a great
impact on viticulture, altering the relationship between plants
and pests, pathogens and weeds, reducing the time used by the
farmers to solve these problems. Furthermore, the changes can
also occur due to the long-term responses of farmers.
The effects of climate change on the wine production were
presented in details in the scientific literature from various
points of view: the importance of this industry in the agro-food
economic world, the spread of viticulture in new areas that
haven’t been cultivated previously, various effects of global
warming and weather fluctuations on cultivation processes
(Schultz, 2000; Tate, 2001; Van Leeuwen et al., 2009; Fraga et
al., 2012; Ollat et al., 2016; Lorenzo et al., 2016).
The French term “Terroir” defines geographical and
environmental origin of the place where the grapes grown, also
include other characteristics such as: soil composition (soil
density and minerals), sunlight and climate (temperature and
precipitations) (Laville, 1990). The mineral soil composition
has an essential influence on grape quality and also on the
organoleptic wine properties. Grape berries contain minerals
like: Ca, Fe, Na and are very rich in potassium, essential
macronutrient for grapevine and grape berry growth and
development. Thus, potassium is the main cation in must and
wine (aprox. 900 mg/L; Blouin and Cruège, 2003).
The purpose of this study was therefore to evaluate the
influence of ecoclimatic conditions of 2015 in Dealu Bujorului
vineyard, Romania on the quality of the white wines, and the
links between content of macronutrients (K, Ca, Fe etc.) and
the main quality parameters of wine (alcohol, total acidity, pH
etc.).

Materials and Methods

Study area
The study area of Dealu Bujorului vineyard is located at
45°52′10″ North, 27°55′8″ East, in the Galați county,
Romania, at a distance of 56 km from Bârlad city and 55 km
from Galați city. Although the region has a long tradition in
culture of vine, vineyard Dealu Bujorului was developed with
the establishment of Research and Development Station for
Viticulture and Enology Bujoru (RDSVV Bujoru), from Târgu
Bujoru city. In Dealu Bujorului vineyard predominant soil is
levigated chernozem having a clayey sand texture with pH
between 6.4 and 8.1. Although moisture deficit, natural
conditions (ecoclimatic and ecopedological) offer viable
ecosystem for the development of vineyard.
The study area is 10.98 ha it is consisting of grape varieties:
‘Muscat Ottonel’ (8,333 vines; 2.0 ha cultivated area);
‘Fetească albă’ (3,000 vines; 0.72 ha cultivated area); ‘Băbească
gri’ (5,185 vines; 1.27 ha cultivated area); ‘Aligoté’ (6,600 vines;
1.60 ha cultivated area); ‘Şarba’ (1,979 vines; 0.48 ha cultivated
area); ‘Sauvignon Blanc’ (15,350 vines; 3.07 ha cultivated area);
‘Fetească regală’ (4,867 vines; 1.18 ha cultivated area); ‘Italian
Riesling’ (2,667 vines; 0.66 ha cultivated area). All the vines are
planted at 2 m between rows and 1.2 m between vines, were
pruned according to the Guyot system and were grown on
espelier.
Climatic data
The weather data used in this research was recorded at the
weather forecasting center and the Agro Expert system of
RDSVV Bujoru. Based on this data, some important
ecoclimatic indicators for the growth and fruition of the
grapevine were determined as follow: Global thermal balance
(∑tog) are the sum of all positive average daily temperature from
active period; Active thermal balance (∑toa) are the sum of all
daily mean temperature ≤ 10 oC; Beneficial thermal balance
(∑tou) are the sum of all daily mean temperature above 10 oC;
thermal coefficient (Ct); amount of monthly and annual
precipitation; amount of hours with sun (Σir) and real
insolation coefficient (Ci). Ct is given by the ratio of the overall
balance (Σtog) and the number of days in the active period; Ci
is given by the ratio between the hours with sun and the
growing season days. Cp is given by the ratio between the
rainfall of the growing season (mm) and the number of days of
the growing season (Pop, 2010). In order to get a clearer image
about how climatic factors influence the growth and fruition of
the grapevines, some interactions of climate factors were
calculated: the real heliothermal index (HIr), the hydrothermal
coefficient (CH), the bioclimatic vineyard index, annual aridity
index Martonne (Iar-DM) (Martonne 1926), the Huglin index
(HI) (Huglin, 1978), oenoclimatic skills index (IAOe) and
cooling nights index (CI).
The Huglin index (HI) is calculated using formula:
HI = Σ(30September/1April)×1/2×[(Tmean-10)]+(Tmax- 10)×d

In the Northern Hemisphere in the above formula, T =
the mean air temperature (°C), Tx = maximum air
temperature (°C), d = length of day coefficient, ranging from
1.02 to 1.06 between 40 ° and 50 ° of latitude. For Romania d is
1.04.
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Oenoclimatic skills index (IAOe) is used to determine the
favourable climate of the region and also to determine the
synthesis of anthocyanins in the grapes. It was calculated using:
IAOe = T + I – (P - 250)

In the above formula: T = the amount of active
temperature from 01.IV – 30.IX; I = amount of hours of
insolation in the same period and P = the amount of
precipitation in the same period.
The determination of the cool night index (CI) is done as
given further (Tonietto, 1999): In the Northern Hemisphere:
CI = minimum air temperature in the month of September
(mean of minim), in oC.
The last one is a night coolness variable which takes into
account the mean minimum night temperature during the
month when ripening usually occurs beyond the ripening
period. The purpose of cool night index is to improve the
assessment of the qualitative of wine-growing regions, notably
in relation to secondary metabolites (aromas, polyphenols) in
grape. That climatic factor is important as regards grape and
wine colour and aromas (Kliewer and Torres, 1972; Kliewer
1973; Tomana et al., 1979).
Sample collection and microvinification process
The samples used in this experiment were obtained from
the wines produced from the varieties ‘Muscat Ottonel’,
‘Fetească regală’, ‘Băbească gri’, ‘Aligoté’, ‘Şarba’, ‘Sauvignon
Blanc’, ‘Fetească albă’ and ‘Italian Riesling’ under the
conditions of 2015 year from Dealu Bujorului vineyard. The
wine samples resulted from micro-wine production.
The grapes were harvested on September 25, 2015 at full
maturity. Around 5 kg of grapes/cultivar were collected from
10 vines/replication. Three repetitions/cultivar were used,
placed in randomized blocks. The grapes were collected from
the top, middle and lower of each vine, grapes exposed to the
sun, but also from shaded, thus obtaining a homogeneous
samples. After sampling, the grape samples were placed in
sealable plastic bag, and they were sent immediately to the
laboratory for analysis. The samples of grapes were destemmed
and crushed, then transferred to a microfermentor (5 L
cylindrical glass container, covered with aluminium foil to limit
the effect of the light over the must) equipped with a
fermentation airlock. Fermentation took place at 22-24 °C and
humidity 55-60%. Afterwards wine was clarified by means of
bentonite (40 g/L 1:10 dilution) and combined with SO2 up to
100 g/L. Then wines were allowed to cool for thirty days at
-5 °C for cold stabilization (Donnini et al., 2016). Then wine
samples were stored in glass bottles at 5-6 °C until the analyses.

Average data from three vinifications per cultivar are reported.
Physical and chemical analysis
The physical and chemical analysis of young wine were
performed in the Winemaking Laboratory of the RSDVV
Bujoru and were applied in accordance to the methods of
analysis described in the Compendium of international methods
of analysis of wines and musts (O.I.V., 2016), and to the
Romanian STAS methods. During this analysis the following
parameters were determined: alcohol (% vol.) - was determined
using the ebulliometric method, STAS 6182/6-70; total acidity
(g/L C4H6O6) - titrimetric method, STAS 6182-1:2008;
volatile acidity (g/L CH3COOH) - according to STAS 61822:2008; free SO2 (mg/L); total SO2 (mg/L) - iodometric
method, according to STAS 6182/13:2009; residual sugar
(mg/L) – according STAS 6182/17-81 and the pH level was
determined using WTW inoLab pH 7110. The next
parameters: acetic acid (g/L); potassium (mg/L); calcium (mg
L); amino nitrogen (mg/L); tartaric acid (g/L); copper (mg/L);
l-lactic acid (g/L); iron (mg/L); l-malic acid (g L); D-gluconic
acid (g/L); glycerol (g/L) were determinate using
spectrophotometric method.
Reagents and general instrumental analysis
All glassware and plastic-ware were soaked for at least 24 h
in 10% (v/v) nitric acid (Sigma-Aldrich) and then rinsed with
copious amounts of water (18.2 MΩ) (Millipore UV System).
Solutions and dilutions were prepared using Grade 1 water.
In order to get a wider range of data about the quality of the
tested wine and to determine the acetic acid, potassium,
calcium, free amino nitrogen, tartaric acid, copper, L-lactic acid,
iron, L-malic acid, D-gluconate and glycerol, the MIURA
ONE I.S.E. S.r.l., Rome, Italy device was used. The operating
parameters are shown in Table 1.
All reagents used for calibration were of analytical grade
(TDI - Tecnología Difusión Ibérica, S.L. Fr.). Stock standard
solutions were prepared daily or when an error is suspected to
appear during preparation of the solutions. The intermediate
solutions was stored in polyethylene bottles and glassware was
cleaned by soaking in 10% v/v HNO3 for 24 hours and rinsing
at least ten times with ultrapure water. For quality control
purpose, blanks and triplicates samples (n = 3) were analyzed
during the procedure. The variation coefficients were under
10% and detection limits (mg/L) were determined by the
calibration curve method.
Statistical analysis
The statistical interpretation of the results was performed
using the Duncan test, SPSS Version 23 (SPSS Inc., Chicago,

Table 1. Working parameters for MIURA ONE device
Studied Parameter
Acetic Acid
Potassium
Calcium
Amino Nitrogen
Tartaric Acid
Copper
L-Lactic Acid
Iron
L-Malic Acid
D-Gluconic Acid
Glycerol

Absorbance (nm)

Detection limit

Correlation coefficient

Dilution rate

340
535
578
340
492
578
340
578
340
340
546

0.03 (g/L)
1.8 (g/L)
0.6 (mg/L)
3 (mg/L)
0.4 (g/l)
0.1 (mg/L)
0.03 (g/L)
0.4 (mg/L)
0.03 (g/L)
0.01 (g/L)
0.03 (g/L)

0.9999
0.9999
0.9999
0.9999
0.9999
0.9999
0.9999
0.9999
0.9999
0.9999
0.9999

1:1; 1:2; 1:5; 1:30; 1:1
1:1; 1:2; 1:4; 1:10; 1:16; 1:1
1:1; 1:2; 1:4; 1:10; 1:1
1:1; 1:2; 1:4; 1:10; 1:1
1:1; 1:2; 1:4; 1:10; 1:1
1:1; 1:2; 1:4; 1:10; 1:1
1:1; 1:2; 1:3; 1:4; 1:1
1:1; 1:2; 1:3; 1:4; 1:1
1:1; 1:2; 1:4; 1:7; 1:1
1:1; 1:2; 1:4; 1:6; 1:1
1:1; 1:2; 1:4; 1:10; 1:1
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IL., USA). The statistical processing of the results was primarily
performed in order to calculate the following statistical
parameters: arithmetic average, standard deviation, standard
error. This data was interpreted with the analysis of variance
(ANOVA) and the average separation was performed with the
DUNCAN test at p ≤ 0.05. In order to determine whether the
major wine quality parameters may affect each other, the
correlation coefficient was calculated using SPSS version 23
Pearson (SPSS Inc., Chicago, IL., USA).
Results and Discussion

Study of ecoclimatic conditions
The duration of the growing season is within its normal
limits, over 170 days for the culture of grapevines (Pop, 2010),
but in 2015 this limit was exceeded: were recorded 180 days for
Dealul Bujorului Vineyard, Bujoru Wine Centre. Comparing
these values (180 days) with the multiannual average (186
days) it can be observe a decrease of the vegetation period.
In the experimental year of 2015 the thermal balance
values obtained are much lower than multiannual average:
global thermal balance (Σt°g) was 3469 °C and active thermal
balance (Σt°a) was 3368 °C. In case of useful thermal balance
multiannual average (Σt°u 1667 °C) was lower than 2015
(Σt°u 1679°C). (Table 2).
Regarding the number of days with a maximum
temperature of over 30 °C, in 2015 year was a 69 days, there is
an increase comparing these values to multiannual average 43
days. The precipitation quantity in 2015 was lower (467.9
mm) then average of the last ten years (515.1 mm). During the
growing season, the recorded precipitations values were 218.2
mm, below the multiannual average of 334.8 mm for Bujoru
Wine Centre.
The insolation measured by the number of hours of
sunshine and was higher than normal in the months during the
growing season, with 1481 hours over the normal of 1431
hours (multiannual average). Insolation coefficient (Ci)

recorded value of 7.65, this shows a decrease compared to the
multiannual average (7.70).
In the climatic conditions of 2015, the real heliothermal
index (HIr) value was 2.48 falling within the limits described in
the scientific literature (1.35 and 2.70), which shows an
increase in the heliothermal resources and optimal conditions
for the ripening of late maturing variety (Ţârdea and Dejeu,
1995). Comparing with the multiannual average (2.40) it can
be observed that in 2015 this parameter shows an increase. The
hydrothermal coefficient (CH) had a very low value of 0.65,
compared to the normal limits for our country, between 0.7
and 1.8, indicating that the humidity was insufficient, with
recommendation for irrigation, for both table grapes and wine
varieties. The viticultural bioclimatic index (Ibcv) with a value
of 11.99 for 2015 shows that the heliothermal resources
recorded high values due to low hydrous resources for the
Bujoru Wine Centre (multiannual average was 7.9).
The oenoclimatic suitability index (IAOe) had a value of
4871 indicating an area with favourable conditions for growth
of red grape varieties for wine, and also for the white wines. The
Martonne aridity index had a value of 7.55 during the growing
season, indicating a semiarid forest steppe climate. The
heliothermal Huglin index provided useful information
regarding the thermal potential for the culture of grape, both
for table and wine grapes, with different periods of ripening.
Compared to other heliothermal indices, it displays a close link
with the sugar in the must. The sum of the Huglin index
during the growing season was 2256 (multiannual average was
2251). The cooling nights index (CI) values were important
especially during the ripening season. This value was obtained
by summing up the minimum temperatures of the month. The
CI index was calculated only for September and the obtained
value was 12.9, value that falls in the range of 12-14 according
to cool night climate class (multiannual average was 10.3).
The ecoclimatic conditions of Dealu Bujorului vineyard
highlighted the exceptional viticultural characters of the Bujoru
Wine Centre. These characters were found in the authenticity

Table 2. Ecoclimatic conditions in Dealu Bujorului
Multiannual average
Climate conditions
The vegetation period

Thermal balance (°C)

Insolation (hours)

Precipitations (mm)

Interaction of climate
factors

Days
Global (Σt°g)
Active (Σt°a)
Beneficial (Σt°u)
Thermic Coefficient (Ct)
Minimum absolute air temp.
Maximum absolute temp.
No. of days max temp. > 30
Real (∑ir)
∑ hours of insolation in the growing season
Insolation Coefficient (Ci)
∑ precipitations in the growing season
Annual (∑pp)
Precipitation Coefficient (Cp)
Real Heliothermal index(HIr)
Hydrothermal coefficient (CH)
Bioclimatic vineyard index (Ibcv)
Oenoclimatic skills index (IAOe)
Annual aridity index Martonne (Iar-DM)
Heliothermal Huglin index (HI) in the growing season
Cooling nights index (CI)

Specific values

2005 -2014

2015

186
3469
3368
1667
18.1
-25.2
41.5
43
1865
1431
7.70
334.8
515.1
1.8
2.40
1.10
7.90
4680
26.3
2251
10.3

180
3464
3358
1679
17.9
-23
37.3
69
2025
1481
7.65
218.2
467.9
1.3
2.48
0.65
11.99
4871
23.6
2256
12.9

Extreme values
Min.
Max.
173
186
3125
3837
3201
3871
1432
1639
16.2
18.5
-23.0
37.3
1370
1678
6.66
8.57
431.8
529.1
0.98
2.02
2.06
2.34
1.04
1.70
5.3
7.9
-

-
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and specificity of a wide assortment of wines obtained in the
studied area. In this context it was expected that, in qualitative
terms, the 8 varieties tested until now present a good
adaptability and therefore the results of the physicochemical
analysis indicate the production of quality wines.
Analysis of the main quality parameters of wine
Regarding the alcohol content of the tested wines, based on
the results, we can state that the highest alcohol content was
recorded at the ‘Sauvignon Blanc’ variety (14.35 ± 0.25% vol.),
followed by ‘Şarba’ and the lowest alcohol content was
recorded to the ‘Muscat Ottonel’ and ‘Italian Riesling’ (11.00 ±

0.29% vol.) varieties. It can also be seen that between the
samples the differences were significant showing a values of F =
39.747, p ≤ 0.000 (Table 3). The results are comparable with
those reported by de Bruijn et al. (2014) (13.00 ± 0.0% vol. 13.60 ± 0.10% vol.) for ‘Sauvignon Blanc’ wines from Chile
and higher than those reported by Masneuf-Pomarède et al.,
2006 for ‘Sauvignon Blanc’ in Bordeaux, France
(11.712.7% vol.)
Total acidity belong the pH are of great importance for
grape juice and wine stability, commonly used as indicators of
quality. The wine must have a minimum content of 4.0 g/L
total acidity expressed as tartaric acid (60 millequivalent/L)

Table 3. The analysis of the main wine quality parameters obtained in Dealul Bujorului Vineyard, 2015

‘Sauvignon
blanc’
‘Fetească
regală’
‘Italian
Riesling’

11.00±0.88
e*
13.50±0.31
bcd
13.20±0.16
cd
13.10±0.08
d
14.10±0.09
ab
14.35±0.25
a
13.80±0.20
bc
11.00±0.29
e

Total
Acidity
(g/L
C4H6O6)
4.40±0.15
e
4.00±0.10
f
5.90±0.09
a
5.50±0.09
b
5.80±0.04
a
5.20±0.07
c
5.30±0.06
c
4.90±0.05
d

Average

13.04±0.28

5.13±0.08

0.48±0.03

39.747

181.516

28.100

1365.189

1228.178

4285.033

140.311

10.556

340.214

p ≤ 0.000

p ≤ 0.000

p ≤ 0.000

p ≤ 0.000

p ≤ 0.000
Copper
(mg/L)/
L-Lactic
Acid
(g/L)

p ≤ 0.000

p ≤ 0.000

p ≤ 0.000

p ≤ 0.000

Iron
(mg/L)

L-Malic
Acid
(g/L)

D-Gluconic
Acid
(g/L)

Glycerol
(g/L)

1.64±0.10
e
2.17±0.08
d
2.73±0.07
b
1.51±0.03
f
2.29±0.03
c
2.31±0.04
c
3.07±0.04
a
1.67±0.08
e
2.17±0.06

1.04±0.09
d
2.06±0.26
ab
2.18±0.16
a
1.37±0.11
c
1.91±0.04
b
1.43±0.21
c
1.48±0.07
c
1.58±0.10
c
1.63±0.13

0.10±0.02
d
0.04±0.03
e
0.03±0.03
e

0.26±0.03
a
0.11±0.02

0.26±0.03
c
0.28±0.03
bc
0.21±0.02
d
0.30±0.05
abc
0.29±0.02
bc
0.34±0.03
ab
0.32±0.04
ab
0.36±0.03
a
0.30±0.03

Variety
‘Muscat
Ottonel’
‘Fetească albă’
‘Băbească gri’
‘Aligoté’
‘Şarba’

F (Fisher
Factor)
Significance

Alcohol
(% vol.)

Variety

Potassium
(mg/L)

‘Muscat
Ottonel ’

316.33±1.18
h*
645.96±9.79
c
494.60±4.99
e
349.93±6.37
g
629.10±9.32
d
756.47±7.49
b
370.80±8.64
f
994.23±6.44
a
569.68±6.78

‘Fetească albă’
‘Băbească gri’
‘Aligoté’
‘Şarba’
‘Sauvignon
blanc’
‘Fetească
regală’
‘Italian
Riesling’
Average
F (Fisher
Factor)
Significance

Calcium
(mg/L)

93.49±1.67 a
68.51±3.53 e
75.69±2.23 d
63.44±1.70 f
88.63±1.34 b
67.47±1.34 ef
83.64±3.22 c
97.34±2.68 a
79.80±2.21

Volatile
Acidity
(g/L

pH

Acetic
Acid
(g/L)

23.00±1.0
0c
12.00±0.5
d
1.90±0.10
e
72.00±1.0
a

Non –
reducing
extract
(g/L)
29.00±0.50
b
18.50±0.80
f
23.50±1.00
d
21.10±1.00
e
28.70±1.01
c
27.00±1.00
b
20.00±1.00
ef
38.00±1.00
a

3.47±0.10
b
3.62±0.01
a
3.53±0.03
ab
3.27±0.03
c
3.32±0.00
c
3.54±0.17
ab
3.27±0.02
c
3.46±0.01
b

0.143±0.004
g
0.143±0.006
g
0.317±0.012
d
0.228±0.010
e
0.339±0.029
c
0.478±0.009
a
0.193±0.006
f
0.412±0.007
b

184.40±2.1

19.04±0.5

25.73±0.91

3.43±0.04

0.282±0.010

Total SO2
(mg/L)

60.00±1.
2a
6.40±0.2
4g
50.00±2.
00 c
48.60±0.
14 c
52.00±0.
6b
20.0±0.6
1e
38.4±0.5
3d
18.0±0.3
1f
36.68±0.
7

240.00±6.4
b
89.60±1.86
g
250.40±2.0
a
166.40±0.6
3e
217.00±1.0
c
163.00±1.0
e
140.8±1.77
f
208.0±2.00
d

30.7±0.75
b

CH3COOH)

0.54±0.04
b
0.39±0.03
c
0.38±0.02
c
0.37±0.04
b
0.54±0.02
b
0.57±0.04 ab
0.42±0.04 c
0.61±0.03 a

AminoAcid
(mg/L)

Residual
sugar
(mg/L)

Free SO2
(mg/L)

Tartaric
Acid
(g/L)

22.46±1.11
a
6.59±0.14
e
2.52±0.13
f
22.86±1.01
a
21.59±0.99
a
13.58±0.83
c
14.64±1.15
bc
16.10±0.77
b
15.04±0.77

1.69±0.06
b
1.37±0.04
d
1.67±0.07
b
1.57±0.02
c
1.75±0.09
b
1.09±0.03
e
2.70±0.06
a
1.42±0.04
d
1.66±0.05

ULD
ULD
ULD
ULD
ULD
ULD
ULD
ULD
-

nd
12.70±0.3
d
nd

0.14±0.02 c
0.20±0.02
b
0.10±0.02
d
nd

3106.332

89.523

227.831

237.177

-

230.165

20.376

48.991

6.943

p ≤ 0.000

p ≤ 0.000

p ≤ 0.000

p ≤ 0.000

-

p ≤ 0.000

p ≤ 0.000

p ≤ 0.000

p = 0.001

Average values, ± standard deviation (n=3).
*The difference between any two values, followed by a common letter is insignificant (Duncan test p<0.5)
ULD = under the limit of detection; nd= not detected
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(De La Hera Orts et al., 2005; Țârdea, 2007; Yuyuen et al.,
2015). The lack of acidity induces a flat taste in the wine and a
weak storage endurance (mainly affected by the lactic acid
bacteria and propionic). The highest level of acidity was
registered in the ‘Băbească gri’ and ‘Şarba’ varieties which are
equal in terms of statistics. In contrast to this, the lowest acidity
level was recorded in the wines of ‘Muscat Ottonel’ and
‘Fetească albă’ varieties: 4.00 ± 0.10 (g/L C4H6O6) (Table 3).
The volatile acidity sums up all the volatile fatty acids from
the acetic series that can be found in wine in a free state or in
the form of salts: acetic acid, formic, propionic, butyric, valeric,
isovaleric and others. It represents about one tenth of the wine’s
acidity (Țârdea, 2007; Bhattacharjee, 2016). The wines from
varieties ‘Fetească albă’: (0.39 ± 0.03 g/L CH3COOH),
‘Băbească gri’ and ‘Fetească regală’ recorded the lowest level of
volatile acidity compared with ‘Italian Riesling’: 0.61 ± 0.03
(g/L CH3COOH) with the highest volatile acidity (Table 3).
The not fermented sugars in the wine (residual sugars) are
present in small and variable amounts, usually between 2-80
g/L. Dry wines contain 2-3 g/L of sugars but do not
compromise the wine’s conservation/preservation. The
amount of 2-5 g/L sugar, give a smoother taste and an easier
appreciable density, around 1,000 to the wine. More than 5 g/L
of sugar makes the wine sweet and fragile to microorganisms
(Bhattacharjee, 2016). It can be observed that the analyzed
varieties present significant differences (F = 4285.033, p ≤
0.000). The ‘Italian Riesling’ wine displayed the highest
residual sugar content (72.00 ± 1.00 mg/L), while the ‘Fetească
albă’ and ‘Băbească gri’ wines had a sugar content below the
detection limit of the analytical method. Our results were
higher than those reported by Masneuf-Pomarède et al. (2006)
for ‘Sauvignon Blanc’ in Bordeaux (0.7-1.7).
The dry extract refers to the assembly of all substances from
wine or the substances that do not volatilize under wellestablished physical laboratory conditions. Such substances are
found in a dissolved state or as colloidal suspensions, and their
chemical nature is very different. The ‘Italian Riesling’ wine
recorded the highest value of the irreducible extract (38.00 ±
1.00 g/L), followed by ‘Muscat Ottonel’ (29.00 ± 0.50 g/L). In
contrary ‘Fetească regală’ had 20.00 ± 1.00 g/L and ‘Fetească
albă’ 18.50 ± 0.80 g/L (Table 3).
In contrast with the total acidity that expresses the
titratable acidity of the must and wine, the pH represents a
physicochemical index, which expresses the degree of
ionization of the acid and their acid salts. In Dealu Bujorului
vineyard ‘Fetească albă’ (3.62), ‘Băbească gri’ (3.53) and
‘Sauvignon Blanc’ (3.54) varieties had the highest pH values.
Trigo-Córdoba et al. (2015) obtained comparable results for
two white wines cultivated in Spain (3.22).
As it is formed in wine, the acetic acid hinders the activity of
the yeasts fermentation and has the greatest contribution to the
formation of the wine’s volatile acidity, affecting, thus, the
quality of the wine. Although a weak acidity has a great impact
on wine taste; it imprints the taste of “vinegar” when its
concentration exceeds 0.8-1.0 g/L (Bermeyer, 1987). The
highest concentration of acetic acid was recorded in the
‘Sauvignon Blanc’ variety (0.478 g/L) which was higher than
those reported by Masneuf-Pomarède et al. (2006) for
‘Sauvignon Blanc’ cultivated in France (Bordeaux; max. 0.24
g/L).
Normally, wine contains 0.4-1.5 g potassium per L (Țârdea,
2007), particularly in the form of KHT (bitartrate) which is
stored. In a free state, the amount of potassium is lower; for

example, the ‘Chardonnay’ wines from the Murfatlar Vineyard
contain 410-496 K (mg/L), while the ‘Sauvignon Blanc’ 640710 K mg/L (Marin et al., 1996); the red wines from UricaniIaşi contain 680-1125 K mg/L (Țârdea et al., 2001). The
increasing concentration of potassium in wine occurs due to
the use of chemical potassium fertilizers, irrigation and the
addition of potassium metabisulfite to the wine that can reach
up to 3.5-7.0 g of potassium bitartrate per Litre of wine
(Ţârdea, 2007; Avram et al., 2014).
Based on the presented data it can be seen that potassium is
found in high concentrations in wine. The highest
concentration of K was recorded in the ‘Italian Riesling’ wine
(994.23 ± 6.44 mg/L). Contrasting examples are the wine
from varieties of ‘Aligoté’ (349.93 ± 6.37 mg/L) and ‘Muscat
Ottonel’ (316.33 ± 1.18 mg/L). It can be claimed that the
tested varieties of vines had a high influence on the
accumulation of K in wine. The differences were statistically
displayed (F = 3106.332, p ≤ 0.000). The concentration of this
element is in the range of normal limits compared to national
and international data (Table 3). The results are similar to
those reported by de Bruijn et al. (2014) (606.00 ± 7.00 mg/L)
for Chilean Sauvignon, and higher than those obtained in
Romania by Avram et al. (2014) which reported average
concentration 222.34 ± 46.22 mg/L for ‘Sauvignon Blanc’,
235.24 ± 46.34 mg/L for ‘Fetească albă’ and average
concentration 179.79 ± 27.71 mg/L at ‘Italian Riesling’ variety.
Calcium is a natural component of must and wine. It
accumulates in the grapes until ripening. The amounts are low,
only 50-200 mg Ca2+/L of must. Wine always contains less
calcium than must because of the alcohol content that
contributes to the solidifications of calcium tartrate. White
wines have a higher level in calcium than red wines and are
prone to form tartaric deposits. For example, the red wines of
Uricani-Iaşi have a calcium content of 56-88 mg/L, and the
white wines of Bucium-Iaşi 78-98 mg/L (Ţârdea, 2007).
Regarding the calcium concentration of the wine, the
‘Muscat Ottonel’ (93.49 ± 1.97 mg/L) and ‘Italian Riesling’
(97.34 ± 2.68 mg/L) varieties reached the highest
concentrations compared to the ‘Aligoté’ (63.44 ± 1.70 mg/L)
variety which had the lowest concentration (Table 3). Avram et
al. 2014 reported similar results (62.54-77.36 mg/L Ca) for
‘Sauvignon Blanc’ variety cultivated in three different vineyards
from Romania.
The evolution of assimilable nitrogen in the grapes is closely
linked to the vine’s metabolism. The variations between
varieties are mostly determined by the content of the α-amino
nitrogen in the grapes and less by the ammoniacal nitrogen.
During the ripening of grapes, the level of assimilable nitrogen
increases progressively within relatively limited proportions:
the α-amino nitrogen content increases and the content of
ammonical nitrogen decreases (Matthieu et al., 2001). Overall,
the total assimilable nitrogen does not record a significant
change. The decrease of the ammoniacal nitrogen in favour of
the nitrogen amine corresponds to the nitrate metabolism of
the grapes. Overripe grapes do not necessarily provide lower
total assimilable nitrogen content, but a lower content of
ammonia nitrogen. A content of amino nitrogen of 140 mg/L
of must is estimated as limited value to the yeasts’ activity
(Gump et al., 2002; García-Ríos et al., 2014).
The tartaric acid is also known as “vinic acid” because is
only formed in the green vine organs (vine and grapes). It is the
most abundant and important acid in grapes and wines (60-
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70%) among the total acids. Starting from the must and up to
the bottling of the wine, the content of tartaric acid is
decreasing continuously. Thus, during the alcoholic
fermentation, as the ethyl alcohol is being formed, about 50%
of the must’s tartaric acid has been deposited in the form of
salts; the precipitation and deposition of potassium tartrate
continues (KHT). Kept at cellar’s temperature, white wines
contain 6-30 mg/L of soluble tartrate and red wines 12-40
mg/L (Pierre et al., 2005; Țârdea, 2007). The wine produced
from the tested grapevine varieties had a low content of tartaric
acid (g/L) with value between 2.70 g/L for ‘Fetească regală’ and
1.09 g/L ‘Sauvignon Blanc’. The results are lower than those
reported by Masneuf-Pomarède et al. (2006) for ‘Sauvignon
Blanc’ cultivated in Bordeaux area (5.30-6.61 g/L).
Due to mineral nutrition, grapevines accumulate small
amounts of iron 2-3 mg/L in must. Further enrichment of
must with exogenous iron is due to ground debris remaining
on the grapes and due to the contact with bare metal parts of
the wine machinery, reaching up to 20-30 mg Fe/L. Due to the
reducing environment, during alcoholic fermentation some of
the iron deposits and is removed from wine along with the
yeast. As a result, the wine contains low amounts of iron,
usually 4-5 mg/L (Olalla et al., 2000; Lara et al., 2005; Rousseva
et al., 2013). Most of the iron in wine comes from storing the
wine in bare metallic tanks and from the contact with wines
conditioning machines (pumps, filters, hoses).
Regarding the iron content of wine (Table 3), the highest
concentrations of Fe were recorded in the wines produced
from varieties ‘Fetească regală’ (3.07 ± 0.04 mg/L), and
‘Băbească gri’ and the lowest concentrations of Fe were
recorded in ‘Aligoté’ variety (1.51 ± 0.03 mg/L). Codreanu et
al. (2014) recorded higher concentration of Fe (4.10-10.05
mg/L) in wine from ‘Aligoté’ variety cultivated in Bucium
Vineyard, Romania.
The malic acid is the most common in nature, being
synthesized by the green organs of the plants as a temporary
measure between photosynthesis and cellular respiration. It
represents about 70% of the total organic acids in the leaves.
The high level of malic acid gave the organoleptic character of
the “winy” undeveloped, harsh, acerbic taste. Only by reducing
the malic acid concentration, the wine becomes more
“rounded” and more enjoyable. The lowest concentration of Lmalic acid (g/L) was recorded in the wines from following
varieties: ‘Aligoté’, ‘Sauvignon Blanc’, ‘Fetească regală’ and
‘Italian Riesling’ which are equal in terms of statistics. The
highest concentrations of L-malic acid were registered in wines
produced from ‘Băbească gri’ (2.18 ± 0.16 g/L), followed by
‘Fetească albă’ (2.06 ± 0.26 g/L). The differences between
varieties were statistically proved: F = 20.376, p ≤ 0.000 (Table
3).
The gluconic acid does not exceed 300 mg/L in must. In
exchange, it is abundant in the wine from Aszú, Tokaj 0.5-2.5
g/L. During must’s alcoholic fermentation, the gluconic acid
does not undergo any changes (it is not metabolized by yeasts)
and is entirely recovered in wine. It does not affect the wine
quality. By EU regulation, the maximum content of gluconic
acid allowed in wine is 1 g/L. Beyond this limit, the wines are
suspected of gluconic acid addition.
The highest concentrations of d-gluconic acid (g/L) were
registered in the ‘Italian Riesling’ wine (0.26 ± 0.03 g/L); in
contrast, the lowest concentrations were recorded in ‘Fetească
albă’ (0.04 ± 0.03 g/L) and ‘Băbească gri’ (0.03 ± 0.03 g/L), as

shown in Table 3, which are similar in terms of statistics. The
D-gluconic acid concentration in ‘Fetească regală’ was below
the detection limit of the method and apparatus.
After water and alcohol, the glycerol is the most abundant
in wine 5-15 g/L, depending on the health of the crop and the
type of wine produced (dry or sweet). The wines from Tokaj
Aszú are richer in glycerol, reaching up to 27 g/L. The large
amount of glycerol formed during the fermentation process
contributes to maintain the redox balance of the wine and to
adjust the osmotic stress of the yeast in the case of sugar
abundant musts (Zuzuarregui et al., 2005). The ‘Italian
Riesling’ wine showed the highest concentration of glycerol
(0.39 ± 0.03 g/L), followed by ‘Fetească regală’ (0.32 ± 0.04
g/L), ‘Sauvignon blanc’ (0.34 ± 0.03 g/L) and ‘Aligoté’ (0.30 ±
0.02 g/L). The lowest concentration of glycerol was registered
in the wine of ‘Băbească gri’ variety (0.21 ± 0.02 g/L). The
difference between the varieties was statistically proved: F =
6.943, p ≤ 0.000 (Table 3).
In the case of Cu (mg/L) and L-lactic acid (g/L), the
concentration of these parameters was below the detection
limit of the apparatus and the used method of analysis.
The Pearson correlation between the main parameters
analysed in wine
In order to determine whether the main quality parameters
of wine can influence each other, the Pearson correlation
coefficient was calculated for each studied parameter as it
shown in Table 4. A Pearson correlation coefficient value
higher than 0.5 shows a strong correlation between the
analysed varieties, a positive correlation between the two
parameters shows that both parameters increased, a negative
correlation indicates that a parameter increased while the
second one decreased and vice-versa.
These provide a large number of both positive and negative
correlations between the main parameters of the analysed
wines. There are some relevant examples: Alcohol & Sugar, (r2
= -0.697 **); Volatile acidity & Sugar, (r2 = -0.740 **); Volatile
acidity & Dry Extract, (r2 = 0.829 **); Sugar & D-gluconic
Acid, (r2 = 0.733 **); Dry Extract & Calcium, (r2 = 0.722 **);
Dry Extract & Iron, (r2 = -0.435 *); Dry Extract & D-gluconic
Acid, (r2 = 0.771 **); pH & Amine Nitrogen, (r2 = -0.571 **);
pH & Tartaric Acid, (r2 = -0.583 **), and other as it shown in
Table 4. Opposite of mentioned above, in case of iron (F) and
potassium (P) (r2 = -0.129), Paulette et al. (2015) reported the
similar results for this correlation iron (F) and potassium (P) (r2
= -0.090). In the case of Copper (C), L-lactic acid (Acil.), Total
acidity (Acit.) and Glycerol (G) the values of the Pearson
correlation coefficient for these parameters displayed no
correlations.
Based on the previous Pearson correlation index, through
this present research have been shown that the main
parameters analysed from wine have had an influence on each
other; in other words, the quality of the wine produced in the
Vineyard of Dealu Bujorului is directly contingent on all these
parameters.
Conclusions

The ecoclimatic conditions in the Dealul Bujorului, Bujoru
Wine Centre, highlighted the exceptional viticultural value as
well as the authenticity encountered in the wide variety of
wines produced in the studied areas. Based on the results
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Table 4. Pearson correlation matrix between the main analysed wine parameters

Alc.
Aciv.
Sl.
St.
Sugar
ExtN.
pH
Acia.
P
Ca
Aami.
Acid
tar.
Fe
AciLM.
AciDG.

P

Ca

Aami.

Acid
tart.

Fe

AciLM.

Alc.

Aciv.

Sl.

St.

Sugar

ExtN.

pH

Acia.

1.000
-0.332
-0.151
-0.438*
-0.697**
-0.569**
-0.146
0.211
-0.060
-0.600**
-0.225

1.000
-0.121
0.340
0.740**
0.829**
0.166
0.539**
0.583**
0.604**
0.392

1.000
0.697**
-0.092
-0.003
-0.490*
-0.244
-0.701**
0.249
0.449*

1.000
0.507*
0.578**
-0.073
0.280
-0.064
0.535**
0.188

1.000
0.953**
0.104
0.429*
0.636**
0.774**
0.218

1.000
0.077
0.577**
0.627**
0.722**
0.327

1.000
0.090
0.381
-0.133
-0.571**

1.000
0.715**
0.037
-0.068

1.000
0.213
-0.215

1.000
0.315

0.055

-0.292

0.392

-0.024

-0.23

0.320

-0.583**

-0.447*

-0.537**

0.289

0.105

1.000

0.592**

-0.289

-0.038

-0.150

-0.423*

-0.435*

-0.045

0.039

-0.129

-0.101

-0.566**

0.560**

1.000

0.347

-0.359

-0.258

-0.091

-0.166

-0.251

0.266

0.107

0.273

-0.225

-0.695**

-0.063

0.448*

1.000

-0.374

0.619**

-0.015

0.339

0.733**

0.771**

-0.200

0.489*

0.564**

0.413*

0.544**

-0.380

0.039

0.107

1.000

Alc. = alcohol (% vol.); Aciv. = volatile acidity (g/L CH3COOH); Sl. = free sulphur dioxide (mg/L); St. = total sulphur dioxide (mg/L); Sugar = sugar (mg/L); ExtN.
= dry extract (g/L); Acia. = acetic acid (g/L); P. = potassium (mg/L); Ca. = calcium (mg/L); Aami. = amino nitrogen (mg/L); Acid tart. = tartaric acid (g/L); AciL-L =
L-lalic Acid (g/L); Fe = Iron (mg/L); AciL-M. = L-malic Acid (g/L); AciD-G. = D-gluconic acid (g/L);
*the correlation is significant at p < 0.05 in 95%; ** the correlation is highly significant at p < 0.01, in 99%; N = 15.

regarding the qualitative assessment of the tested varieties, they
have a very good suitability in the studied areas. In terms of
quality rating, they display particular characters of the varieties,
as well as the ecoclimatic conditions and ecopedological
influence on the quality of wine. The Pearson correlation index
revealed the presence of a close relation between the main
quality parameters of wine. Results also show that the wine
produced from varieties cultivated in the Vineyard of Dealu
Bujorului have a high content of macroelements (‘Italian
Riesling’, ‘Sauvignon blanc’, ‘Şarba’- K and ‘Muscat Ottonel’,
‘Şarba’, ‘Fetească regală’ - Ca), important for human’s health.
This higher content of some metals may be due to the
viticultural practices, the use of fertilizers for cultivation (K, Ca,
Cu) the winemaking process or addition of substances for wine
clearing as bentonite (Na, Ca, Fe). Copper content is below the
limit of detection due to the modern technology for obtaining
wines in a controlled manner. The work offers new
information on the quality of the white wines obtained in
Dealu Bujorului, Romania, useful for their promotion and
marketing.
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