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Abstract 

Red wine is made from dark-colored grape varieties; 
production process involves extraction of color and 
flavor components from the grape skin. The red wine 
quality can be influenced by the plant’s environment, 
varieties, viticulture and enological practices. Red wine 
available in Albanian market was characterized for 
physicochemical and rheological properties. 

The study was focused on wines produced from grapes 
of vineyards of different geographical areas of Albania, 
Merlot variety produced in Tirana and Korcha was se-
lected. Several physicochemical properties were exam-
ined: density, total and volatile acidity, content of the 
alcohol, reduced sugars, SO2, pH, and electric conduc-
tivity. The dynamic viscosity of wine was experimen-
tally determined as a function of temperature from 5 
to 40 0C. The electric model L-81 was used to increase 
the temperature of the wine samples to a specific tem-
perature. Kinematic viscosity and fluidity were deter-
mined according to the definitions. For the determina-
tion of the density, the pycnometric method was used. 
The content of alcohol in wine was determined by SSH 
1446-1:1987 method. The concentration of reduced 
sugars was determined with Fehling method (SSH 
1446-2:1987). For the determination of total acidity, an 
analytical method was used (SSH 1446-3:1987). The free 
acidity was determined according to SSH 1446-4:1987. 
Free and total SO2 was determined by titration of the 
standard solution of iodine (SSH 1446-7:1987 and SSH 
1446-6:1987). The pH and electric measurements of 
red wine was obtained with a PHS-3CW Microproces-
sor pH-meter and DDS-120W microprocessor conduc-
tivity meter, respectively. Viscosity and temperature of 
red wine samples were measured using the Digital Vis-
cometer Model at 60 rpm, with accuracy ±1%.

The limit values of physicochemical and rheological 
parameters in wine available on the market must com-
ply with the national law of the Albanian Food Law and 
EU Food legislation. Typical pH levels in wine normal-
ly range from 3 to 4, and our results demonstrate that 
pH values for merlot wines from Tirana and Korca were 
in this range, 3.49 and 3.74. Density of merlot variety 
from Korca at different temperatures ranges of 1.004 to 
0.9945 g/cm3, while from Tirana 1.002 to 0.9925g/cm3. 
The merlot variety from Korca, had the highest value of 
dynamic viscosity at 5 0C (7.4 mPa.s). Meanwhile, Mer-
lot variety from Tirana had the lowest value of dynamic 
viscosity at 5 0C (6.2 mPa.s). The dynamic viscosity of 
all samples was approximately equal at the tempera-
ture 40 0C. The temperature dependencies of dynamic 
and kinematic viscosity have a decreasing character, 
whereas the fluidity increased with the temperature. 
The variation of the dynamic viscosity of red wine with 
the temperature is analyzed applying different math-
ematical models (Arrhenius, Andrade and Clements 
models). In all cases the determination coefficient (𝑅2) 
exceeded values >0.99.

The physicochemical parameters results depend on 
red wine nature and can be used as a way of charac-
terizing the wine quality. The value of correlation coef-
ficient and mean absolute percentage error indicates 
that the models fit satisfactorily to experimental data. 
However, comparisons of the results obtained indicate 
that the temperature dependence of viscosity for the 
red wine samples from Tirana and Korca, were best de-
scribed by the Clements model.
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1. Introduction

Red wine is made from dark-colored grape varieties; 
production process involves extraction of color and 
flavor components from the grape skin. The red wine 
quality can be influenced by the plant’s environment, 
varieties, viticulture and enological practices. Albania 
has one of the oldest  wine  making traditions, dating 
back to the ice and Bronze Age whereas Ancient Illyri-
ans and Greeks inhabited the country’s territory some 
3,000 years ago. It belongs chronologically to the old 
world of wine producing countries [9]. Albania is a 
mountains Mediterranean country and extends within 
the Mediterranean Basin with the Mediterranean Sea in 
the west. Albania can be separated into four wine re-
gions, which are mainly defined by their altitude [8]. 
Favorable climate and fertile soil of the mountainous 
areas of the country are well suited to viticulture. The 
wine production is associated mainly with countries of 
moderate climate with long, hot summers. However, 
the vineyards are located also in countries of cooler cli-
mate [14]. Albania produced an estimated 17,500 tons 
of wine in 2014. Red wine available in Albanian market 
was characterized for physicochemical and rheological 
properties. 

Merlot is a dark blue-colored wine grape variety that is 
used as both a blending grape and for varietal wines. 
The name Merlot is thought to be a diminutive of mer-
le, the French name for the blackbird, probably a refer-
ence to the color of the grape [13]. Merlot grapes are 
identified by their loose bunches of large berries. Mer-
lot grapes with a thinner skin and fewer types of tannin 
per unit volume tend to have a higher sugar content 
and lower malic acid. Merlot is one of the world’s most 
widely planted grape varieties. France is home to nearly 
two thirds of the world’s total plantings of Merlot [12]. 
Albania wine is often excellent. The best wine-produc-
ing are around Korca and Berat; some of the vineyards 
further north, around Tirana and between Lezha and 
Shkodra are also reliable. The distinctive long-necked 
bottles of Merlot produced by different vineyards in 
Korca are easy to recognize [4]. 

The aim of this study is to determine the best mathe-
matical model of the dependence of viscosity on the 
temperature of red wine from different geographical 
areas of Albania. Furthermore it aims to specify the 
physicochemical properties of these wines and to 
compare the results with the Albanian standard.

2. Materials and Methods

This study was focused on wines produced from 
grapes of vineyards in different Albania geographical 
areas, or more precisely, Merlot variety produced in Ti-
rana and Korca was selected. Two samples of red wine 
were used in the laboratory analyses. 

In the first phase, following physicochemical param-
eters were determined: density, total acidity, volatile 
acids, content of the alcohol, reduced sugars, free SO2, 
total SO2, pH and electric conductivity following the 
analytical methods described in Albanian Standard [3]. 
In the second phase of the study, density and dynamic 
viscosity were experimentally determined as a func-
tion of temperature from 5 to 40 0C. The Electric model 
L-81 was used to increase the temperature of the wine 
samples to a specific temperature. All measurements 
were performed in three repetitions. For the determi-
nation of the density, the pycnometric method was 
used. Con tent of alcohol in wine was determined by 
SSH 1446-1:1987 method. Concentration of reduced 
sugars was determined with Fehling method (SSH 
1446-2:1987). For the determination of total acidity, an 
analytical method was used (SSH 1446-3:1987). Free 
acidity was determined according to SSH 1446-4:1987, 
and free and total SO2 were determined by titration of 
the standard solution of iodine (SSH 1446-7:1987 and 
SSH 1446-6:1987). The pH and electric measurements 
of red wine was obtained with a PHS-3CW micropro-
cessor pH Meter and DDS-120W microprocessor con-
ductivity meter, respectively. Viscosity and tempera-
ture of red wine samples were measured using the 
digital viscometer model at 60 rpm, with accuracy ± 
1%. Kinematic viscosity and fluidity were determined 
according to the definitions. 

Office Excel 2016 software was used to carry out the 
effect of temperature on dynamic viscosity of red wine 
by different mathematical models, were, the dynamic 
viscosity of wine was represented as a function of tem-
perature by using proposed mathematical models. Ar-
rhenius model is presented in the following equation: 

  , exp a
T

E
RT

µ µ∞
 =  
 

  (1)

Where: μ is the dynamic viscosity in mPa.s, μ∞,T is the viscosity at 
infinite-temperature in mPa.s, Ea is the exponential constant that is 
known as activation energy (J/mol), R is the gas constant (J/mol.K) 
and T is the absolute temperature Kelvin. 

Andrade (three constant) and Clements (four constant) 
models are represented in the following equations [1, 2]: 

     2 2 3    and    B C B C CLn A Ln A
T T T T T

µ µ= + + = + + +   (2)

Where: μ is the dynamic viscosity in mPa x s, T is the temperature in 
Kelvin, A, B and C are constants. 

Kinematic viscosity (m2 x s−1) is defined as a ratio of dy-
namic viscosity to density of fluid ρ (kg x m−3) at the 
same temperature. Reciprocal value of dynamic viscos-
ity is called fluidity ϕ and unit of fluidity is mPa−1 x s−1 

[5]. The mean absolute percentage error (MAPE), which 
indicates the deviance of the observed values from the 
calculated, was calculated.
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3. Results and Discussion

The red wine quality and behavior can be influenced 
by the plant’s environment, species and varieties, viti-
culture and enological practices [16]. The limit values 
of physicochemical and rheological parameters in wine 
available on the market must comply with the national 
law of the Albanian Food Law and EU Food legislation. 
By comparing our experimental  data with standard 
value, we can see that they are roughly the same, with 
very little difference. This may come as a result of many 
factors that affect the quality of the wine and therefore 
the experimental results. Alcohol con tent in wine is af-
fected by many factors, such as ripeness of the grapes 
at the time of harvest, grape process ing technology, 
and fermentation technology [7]. 

Our results demonstrate that alcohol values for Mer-
lot wines from Tirana and Korca were 11 and 11.4%. 
Typical pH levels in wine normally range from 3 to 4, 
and our results demonstrate that pH values for Merlot 
wines from Tirana and Korca were in this range, 3.49 
and 3.74. The acids are important in maintaining pH 
low enough to inhibit the growth of many undesir-
able bacteria, thus giving advantage to wine yeasts 
[6]. Ribéreau and Traduction, [11], report that the con-
tent of acids in wine ranges between 5 and 7.5 g x L-1. 
There is a rela tion between the value of pH and acids 
contained in wine. When the content of acids is higher, 

the pH value is lower [10]. A total acidity of red wines 
were 4.43 (Tirana red wine) and 4.58 (Korca red wine), 
respectively. Flurry acidity of red wines were 0.62 (Tira-
na red wine) and 0.65 (Korca red wine). 

According to the grams per liter residual sugar in a 
wine, we can determined the product type as: dry, 
medium dry, medium sweet and sweet. Wine with low 
content of residual sugar, in accordance with Europe 
wine regulations can contain maximum 4 g/L [15]. The 
analyzed samples had 2.5 and 2.9 residual sugar, for Ti-
rana and Korca, so red wines can be classified into the 
category of dry wines. Electric conductivity of red wine 
samples was 2.19 and 2.64 mS, at 20 0C, for Tirana and 
Korca respectively. Sulfur dioxide (SO2) is widely used 
in wine production as a chemical antioxidant and in-
hibitor of microbial activity. There are a number of tra-
ditional methods for determining free and total SO2 in 
wine involving distillation or iodometric titration. The 
total and free amount of sulphur dioxide in Merlot wine 
from Tirana, were 144 mg/L and 16 mg/L. Total and free 
amount of sulphur dioxide in Merlot wine from Korca, 
were 140 mg/L and 15.8 mg/L. Red wines have maxi-
mum allowed limit 160 mg x L-1. None of the evaluat-
ed samples exceeded the maximum allowable limit. 
Density of Merlot variety from Korca at different tem-
peratures ranges of 1.004 to 0.9945 g/cm3, while from 
Tirana 1.002 to 0.9925 g/cm3. The experimental data of 
red wines versus temperature are presented in Figure 1. 

Figure 1. Effect of temperature on (a) dynamic viscosity, (b) kinematic viscosity, (c) fluidity of red wines

(a) (b)

(c)
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Experimental data of red wine, for dynamic viscosity 
(mPa.s) versus temperature is shown in Figure 1 (a). 
The dynamic viscosity of red wine is decreasing with 
increasing of temperature. Kinematic viscosity can be 
calculated from the dynamic viscosity and the density. 
Merlot variety from Korca, had the highest value of dy-
namic viscosity at 5 0C (7.4 mPa x s). Meanwhile, Merlot 
variety from Tirana had the lowest value of dynamic 
viscosity at 5 0C (6.2 mPa x s). The dynamic viscosity 
of all samples was approximately equal at the tem-
perature 40 0C. On Figure 1 (b) is presented kinematic 
viscosity decreasing versus temperature range from 
5 to 40 0C, while fluidity is increasing with increasing 
of the temperature, which is presented in Figure 1 (c). 
Temperature dependencies of dynamic and kinematic 
viscosity have a decreasing character, whereas the flu-
idity increased with the temperature. The values of the 
estimated constants and correlation coefficients are 
shown in each equation, set in the graphs. In all cases 
the determination coefficient (𝑅2) exceeded values > 
0.95. 

The variation of the dynamic viscosity of red wine with 
the temperature is analyzed applying different math-
ematical models (Arrhenius, Andrade and Clements 
models). The experimental data of red wines are pre-
sented in Figure 2 (a-c), by using equations 1 and 2 re-
spectively. 

According to the Arrhenius model results, the value of 
activation energy of the analyzed Merlot wine from Ti-
rana was 38.7 kJ/mol and from Korca was 35.3 kJ/mol, 
which describe the sensitivity of viscosity to tempera-
ture changes. The values of the estimated constants 
are shown in each equation, set in the graphs. In all 
cases the determination coefficient (𝑅2) exceeded val-
ues > 0.95. Comparisons of the calculated data indicate 
that the temperature-dependence of viscosity for both 
of red wine samples was best described by the Clem-
ents model: R2 = 0.9 Merlot wine from Tirana and R2 = 1 
Merlot wine from Korca. An equation with lower mean 
absolute percentage errors values gives a better fit to 
experimental data compared to an equation with high-
er mean absolute percentage errors values. The mean 
absolute percentage errors were below 10%, or: Merlot 
wine from Tirana - 9.86% by Arrhenius model, 3.79% 
by Andrade model and 0.56% by Clements model, and 
Merlot wine from Tirana - 9.76% by Arrhenius model, 
0.386% by Andrade model and 0.056% by Clements 
model. 

4. Conclusions 

-  The study was focused on wines produced from 
grapes of vineyards of different geographical areas of 
Albania, Merlot variety produced in Tirana and Korca 

Figure 2. Effect of temperature on (a) Arrhenius model, (b) Andrade model, and (c) Clements model of red wines

(a) (b)

(c)
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was selected. The limit values of physicochemical and 
rheological parameters in wine available on the mar-
ket comply with the national law of the Albanian Food 
Law and EU Food legislation. 

-  The dynamic viscosity versus temperature of wine 
was measured and described by different mathemat-
ical models. Comparisons of the calculated data indi-
cate that the temperature-dependence of viscosity for 
both of red wine samples was best described by the 
Clements model: R2 = 0.9 Merlot wine from Tirana and 
R2 = 1 Merlot wine from Korca. 

-  An equation with lower mean absolute percentage 
errors values gives a better fit to experimental data 
compared to an equation with higher mean abso-
lute percentage errors values. Merlot wine from Tira-
na: 0.56% Clements model. Merlot wine from Korca: 
0.056% Clements model. 
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