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ABSTRACT 
The article is focused on influence of temperature and short term storage on rheologic parameters of red wine made in Slovakia. 

Effects of these factors on density, dynamic, kinematic viscosity and fluidity were investigated. Two series of rheologic parameters 
measurements were done. First measurement was done at the beginning of storage and then the same sample was measured again 
after a short storing (one week). Density of measured wine sample was determined by pycnometric method at different temperatures. 
For dynamic viscosity measurement was used rotational viscometer Anton Paar DV-3P, which principle is based on dependency of 
sample resistance against the probe rotation. Other rheologic parameters as kinematic viscosity and fluidity were determined 
according to the definitions. Results of measurements are shown as graphical dependencies of rheologic parameters to the 
temperature. Temperature dependencies of wine dynamic and kinematic viscosity had decreasing exponential shape which is in 
accordance with Arrhenius equation and temperature dependencies of fluidity had an increasing exponential shape for all 
measurements. Similar results were obtained by other authors. The effect of wine storage on rheologic parameters was not very 
significant.  From the presented results is clear that dynamic and kinematic viscosity values of red wine were a little bit higher after 
short term storing, which can be expressed by changed amount of water caused by evaporation. Due to the same reasons were values 
of fluidity little bit lower after storage. These changes could be more significant after longer period of storing. 
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REZIME 
Rad je fokusiran na merenje uticaja temperature i kratkoročnog čuvanja na reološke osobine crvenog vina proizvedenog u 

Slovačkoj. Uticaj ovih faktora na gustinu, dinamičku, kinematsku viskoznost i fluidnost su istraživani. Dve serije merenja reoloških 
parametara su obavljene. Prvo merenje urađeno je na početku skladištenja i onda isti uzorak korišćen za merenje posle kratkog 
skladištenja (jedna nedelja). Gustina merenog uzorka vina određena je piknometarskom metodom na različitim temperaturama. 
Merenje dinamičke viskoznosti obavljeno je rotacionim viskozimetrom Anton Paar DV-3P. Rad viskozimetra se zasniva na merenju 
zavisnosti otpora uzorka od rotacije sonde. Drugi reološki parametri kao kinematska viskoznost i fluidnost određene su prema 
definicijama. Rezultati merenja prikazani su grafički kao zavisnost reoloških parametara temperature uzorka. Zavisnost temperature 
vina i dinamičke i kinematske viskoznosti ima opadajući eksponencijalni oblik koji je u skladu sa Arenijusovom jednačinom, a 
zavisnost temperature i fluidnost vina ima rastući eksponencijalni oblik za sva merenja. Slične rezultate dobili su i drugi autori. 
Efekat skladištenja vina na reološke osobine nij

, što se može objasniti promenom količine vode izazvane isparavanjem. 
Vrednosti fluidnosti su zbog istih razloga nešto niže posle skladištenja. Ove promene mogu biti značajnije nakon dužeg perioda 
skladištenja. 

Ključne reči: crveno vino, reološka svojstva, zavisnost, temperatura, kratkoročno skladištenje. 
 

INTRODUCTION 
Precise knowledge of physical quantities of materials is 

required at controlled processes in manufacturing, handling, and 
holding. For the quality evaluation of food materials it is 
important to know their physical properties particularly, 
mechanical, rheologic and, thermophysical (Božiková and 
Hlaváč, 2010).  

This article deals with rheologic properties which are very 
complicated characteristics of materials (Hlaváč, 2008, 2010; 
Hlaváč and Božiková, 2011, 2012; Hlaváč et al., 2013). 
Viscosity is an important rheologic property of liquid food 
products, which affects pumping, filtration, clarification as well 
as other processes (Yanniotis et al., 2007). Viscosity is defined 
as the resistance of a fluid to flow. Physical unit of dynamic 
viscosity in SI units is Pa·s. Viscosity changes with temperature. 
The difference in the effect of temperature on viscosity of fluids 
and gases is related to the difference in their molecular structure. 
Viscosity of most of the liquids decreases with increasing 
temperature. Theories have been proposed regarding the effect 

of temperature on viscosity of liquids. According to Eyering 
theory molecules of liquids continuously move into the 
vacancies (Bird et al., 1960). This process permits flow but 
requires energy. Activation energy is more readily audible at 
higher temperatures and the fluid flows easily. The temperature 
effect on viscosity can be described by an Arrhenius type 
equation  

RT
EA

e
−

= 0ηη  (1) 

where 0η  is reference value of dynamic viscosity,EA is 
activation energy, R is gas constant and T is absolute 
temperature (Figura and Teixeira, 2007). 

Liquid molecules are closely spaced with strong cohesive 
forces between them. The temperature dependence of viscosity 
can also be explained by cohesive forces between the molecules 
(Munson et al., 1994). As temperature increases, these cohesive 
forces between the molecules decrease and flow became freer. 
As a result viscosities of liquids decrease as temperature 
increases. In liquids, the intermolecular (cohesive) forces play an 
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important role. Viscosities of liquids show little dependence on 
density, molecular velocity or mean free path. In most liquids, 
viscosity is constant up to a pressure 10.134 MPa, but at higher 
pressures viscosity increases as pressure increases (Sahin and 
Sumnu, 2006).    

Kinematic viscosity ν is defined as a ratio of dynamic 
viscosity η to density of fluid ρ at the same temperature 

 

ρ
ην =   (2) 

 

Its physical unit is m2·s-1. Reciprocal value of dynamic 
viscosity η is called fluidity φ and unit of fluidity is Pa-1·s-1. 

 

η
ϕ 1
=   (3) 

 

Wine is an alcoholic beverage made from fermented grapes 
or other fruits. The natural chemical balance of grapes lets them 
ferment without the addition of sugars, acids, enzymes, water, or 
other nutrients. Yeast consumes the sugars in the grapes and 
converts them into alcohol and carbon dioxide. Different 
varieties of grapes and strains of yeasts produce different styles 
of wine. The well-known variations result from the very 
complex interactions between the biochemical development of 
the fruit, reactions involved in fermentation, along with human 
intervention in the overall process (Johnson, 1989). Composition 
of wine depends on various factors. Mostly it consists from 
water (70 – 90) %, alcohol (8 – 20) %, acids (0.3 – 1) %, sugars 
(0.1 – 20) %, pigments, phenols, minerals, vitamins, etc. 
(Johnson, 2010). There are many different types of wine, but 
grape wine is the most favourite and popular fruit wine all over 
the world (Zeng et al., 2008). 

Some physical and chemical properties of wine are 
mentioned in literature. Effect of fermentation on rheological 
behaviour of white grape must was examined by López et al. 
(1989). They found out that relation of viscosity to the 
temperature can be described by exponential function. During 
the fermentation the viscosity was affected also by residual 
content of fermentable sugars. Influence of temperature and 
chemical properties on viscosity of Moravian wines was 
analyzed by Havlíček et al. (2007). They found that, viscosity of 
wine decreases non-linearly with increasing temperature. They 
also estimated the correlations between the activation energy for 
viscous flow and the concentrations of solutes other than 
ethanol. Influence of various factors such as amounts of ethanol, 
dry extracts and glycerol on dry white, dry red and sweet wines 
viscosity was investigated by Yanniotis et al. (2007). They 
described the decrease in viscosity with increasing temperature 
by Arrhenius equation. Rheologic properties of Slovenian wines 
were analysed by Košmerl et al. (2000). They obtained similar 
temperature dependencies of dynamic viscosity like previous 
authors. Chemical markers in the aroma profiles of South 
Moravian wine distillates were analyzed by Veverka et al. 
(2012). Balík and Kumšta (2008) had done evaluation of colour 
content in grapes originating from south Moravia. Comparison 
between wine viscosity and fluorescence intensity was made by 
Qiao et al. (2013). Tříska and Balík (2008) had discussed about 
quality of Moravian and Czech wines and their future. Rao et al. 
(2005) had described rheologic and thermophysical measuring 
methods and they had also summarized these properties for 
several food products.  

MATERIAL AND METHOD 
Measured sample of red wine had 12 % of alcohol. All 

measurements were performed in laboratory settings (laboratory 
temperature 20 °C, atmospheric pressure 1013 hPa and relative 

air humidity 45 %) in temperature range (0 – 30) °C. 
Temperatures higher than 20 °C were obtained by heating in the 
water bath and lower temperatures were obtained by cooling in 
the refrigerator. Bubbles were removed from the sample, 
because bubbles could affect the precision of the measurements. 
Measuring of dynamic viscosity was performed by rotational 
viscometer Anton Paar (DV-3P), which principle is based on 
dependency of sample resistance against the probe rotation. 
Probe with signification R2 was used in our measurements. The 
frequency of probe rotation was 200 min-1. Two series of 
dynamic viscosity measurements were done. First measurement 
was done at the beginning of storage and then the same sample 
was measured after a short storing. Density of sample was 
determined by pycnometric method at the same temperatures. 
Other rheologic parameters were calculated according to 
definitions (2, 3). 

Temperature dependencies of dynamic and kinematic 
viscosity can be described by decreasing exponential functions 
(4, 5) and in the case of temperature dependencies of fluidity can 
be used increasing exponential functions (6).  
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where t is temperature, to is 1 °C, A, B, C, D, E, F are 
constants  dependent on kind of material, and on ways of 
processing and storing . 

RESULTS AND DISCUSSION 
Temperature dependencies of red wine dynamic viscosity for 

both measurements are shown on Fig. 1. 
 

 
Fig. 1. Temperature dependencies of dynamic viscosity for 

red wine sample 
First measurement + and Last measurement ○ 

 

It is possible to observe from Fig. 1 that dynamic viscosity of 
red wine is decreasing with increasing of temperature. The 
progress can be described by decreasing exponential function, 
which is in accordance with Arrhenius equation (1). Regression 
coefficients and coefficients of determination are shown in Tab. 
1. From Fig. 1 can be seen that values of dynamic viscosity of 
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red wine were a little bit higher after short term storing, which 
can be expressed by changed amount of water caused by 
evaporation. These differences are not very significant during 
short storing time but they could be higher in case of longer 
period of storing. Values of red wine density were determined by 
pycnometric method. These values were changing with 
increasing temperature from 0 °C to 30 °C in range (996.443 – 
989.608) kg·m-3. On Fig. 2 are presented temperature 
dependencies of kinematic viscosity for measured sample of red 
wine. Dependencies of kinematic viscosity on temperature can 
be described also by decreasing function in both measurements. 
Regression coefficients and coefficients of determination are 
shown in Tab. 1. Values of kinematic viscosity were also little 
higher after storing (Fig. 2). This proportion is caused by same 
reason as for dynamic viscosity.  

 

 
Fig. 2. Temperature dependencies of kinematic viscosity for red 

wine sample 
First measurement + and Last measurement ○ 

 

 
Fig. 3. Temperature dependencies of fluidity for red wine sample 

First measurement + and Last measurement ○ 
 

The temperature dependencies of red wine fluidity can be 
seen on Fig. 3. It is evident that fluidity is increasing with 
increasing of the temperature. Regression coefficients and 

coefficients of determination are shown in Tab. 1. Proportion of 
curves in Fig. 3 can be explained in same way like for previous 
Fig. 1 and Fig. 2. 

It can be seen in Tab. 1 that in all cases were coefficients of 
determinations very high in the range (0.992 – 0.993).  

 

Table 1. Coefficients A, B, C, D, E, F of regression equations 
(4, 5 and 6) and coefficients of determinations (R2) 

 Regression equations (4, 5, 6) 
 Coefficients 

Sample of red wine A 
[mPa·s] 

B 
[1] R2 

First measurement 1.790 28 0.016 372 6 0.993 287 
Last 

measurement 1.820 94 0.017 013 8 0.992 854 

Sample of red wine C 
[mm2·s-1] 

D 
[1] R2 

First 
measurement 1.794 98 0.016 115 3 0.992 887 

Last 
measurement 1.825 92 0.016 767 3 0.992 452 

Sample of red wine E 
[Pa-1·s-1] 

F 
[1] R2 

First 
Measurement 558.573 0.016 372 6 0.993 287 

Last 
measurement 549.168 0.017 013 7 0.992 854 

CONCLUSION 
Food materials are very complex in their composition and in 

their physical properties.  These properties depend on the 
manipulation, external conditions and other factors, which 
determine their behaviour. Rheological properties of wines were 
measured by some authors. Rheologic properties of selected 
Slovakian red wine were measured and analyzed in this paper. 
Effect of temperature and also short term storing on used red 
wine was searched. 

Density of measured wine sample was determined by 
pycnometric method at different temperatures. Density values 
were changing with temperature from 0 °C to 30 °C in range          
(996.443 – 989.608) kg·m-3

. Yanniotis et al. (2007) also 
measured red wine density and they obtained at the temperature 
16 °C values in range (992 – 993) kg·m-3 and our density results 
are in good agreement with these values.   

Temperature dependencies of red wine dynamic and 
kinematic viscosity had decreasing shape and temperature 
dependencies of fluidity had increasing shape (Fig. 1 – 3).  For 
temperature dependencies of rheologic properties were used 
exponential functions, which is in accordance with Arrhenius 
equation (1). This fact was proved also by other authors (López 
et al., 1989; Havlíček et al., 2007; Yanniotis et al., 2007; etc.). 

We found out that values of dynamic and kinematic viscosity 
of red wine were a little bit higher after short storing (one week). 
That could be caused by changed amount of water. Due to the 
same reason were fluidity values a little bit lower after storing. 
These differences were not very significant, but in case of longer 
storing period it could be higher.    

 

ACKNOWLEDGEMENT: This paper was supported by the 
project of VEGA 1/0854/14 of Ministry of Education, Science, 
Research, and Sport of the Slovakia and also co-funded by the 
European Community under the project No 26220220180: 
Building the Research Centre AgroBioTech. 

0 10 20 30
Temperature   ;   °C

1.0

1.2

1.4

1.6

1.8

Ki
ne

m
at

ic
 v

is
co

si
ty

   
;  

 m
m

2/
s

0 10 20 30
Temperature   ;   °C

500

600

700

800

900

Fl
ui

di
ty

   
;  

 1
/P

a.
s

m
m

2 /s
 



Hlaváč, Peter et. al./Effect of Temperature and Short Term Storage on Red Wine Rheologic Properties 

Journal on Processing and Energy in Agriculture 19 (2015) 2 79 

REFERENCES 
Balík J., Kumšta M. (2008). Evaluation of colour content in 

grapes originating from south Moravia, In Czech Journal Food 
Science, 26, S18 – S24. 

Bird, R. B., Stewart, W. E., Lihgtfoot, E. N. (1960). Transport 
Phenomena. New York, John Wilie & Sons 

Božiková, Monika, Hlaváč, P. (2010). Selected physical 
properties of agricultural and food products – scientific 
monograph, SUA in Nitra, 2010, 178 p. 

Figura, L. O., Teixeira, A. A. (2007). Food Physics, Physical 
properties – measurement and applications, Springer, USA, 
550 p. 

Havlíček M., Severa L., Křivánek I. (2007). On the influence of 
temperature and chemical properties on viscosity of Moravian 
wines, In Acta univ. agric. et silvic. Mendel. Brun., 55 (1),    
59 – 64. 

Hlaváč, P. (2008). Temperature and time of storing 
dependencies of dark beer rheologic properties. Journal on 
Processing and Energy in Agriculture (former PTEP), 12 (3),      
114 – 117. 

Hlaváč, P. (2010). Changes in malt wort dynamic viscosity 
during fermentation. Journal on Processing and Energy in 
Agriculture (former PTEP), 14 (1), 15 – 18. 

Hlaváč, P., Božiková, Monika. (2011). Effect of temperature on 
milk rheologic and thermophysical properties. Journal on 
Processing and Energy in Agriculture (former PTEP), 15 (1), 
17 – 22. 

Hlaváč, P., Božiková, Monika (2012). Influence of temperature 
and storing time on flower honey rheologic and 
thermophysical properties. Journal on Processing and Energy 
in Agriculture (former PTEP), 16 (2), 52 – 56. 

Hlaváč, P., Božiková, Monika, Kardjilova, Krassimira (2013). 
Temperature and time of storing effect on rheologic properties 
of chosen whisky types. Journal on Processing and Energy in 
Agriculture (former PTEP), 17 (3), 101 – 105.    

Johnson H. (1989). Vintage: The Story of Wine. Simon & 
Schuster: 116 p. 

Johnson Carla (2010). The wine Wheel goes round and round. 
Available at: www.cookingwithsin.com/2010/07/26/the-wine-
wheel-goes-round-round 

Košmerl, T., Abramovič, H., Klofutar, C. (2000). The 
rheological properties of Slovenian wines, In Journal of Food 
Engineering, 46 (3), 165 – 171.   

López A., Ibarz A., Pagán J., Vilavella M. (1989). Rheology of 
wine musts during fermentation. ournal of Food Engineering 
(former PTEP), 10 (2), 155 – 161. 

Munson, B. R., Young, D. F., Okiishi, T. H. (1994). 
Fundamentals of fluid mechanics. New York, John Wilie & 
Sons 

Qiao, H., Zhang, S., Wang, W. (2013). Fluorescence 
spectroscopic and viscosity studies of hydrogen bonding in 
Chinese Fenjiu. Journal of Bioscience and Bioengineering,   
115 (4), 405 – 411.  

Rao M.A., Rizvi S.S.H., Datta A.K. (2005). Engineering 
properties of foods. Taylor & Francis, 738 p. 

Sahin, S., Sumnu, S. G. (2006). Physical properties of foods, 
Springer, USA, 257 p.   

Tříska J., Balík, J. (2008). Quality of Moravian and Czech wines 
and their future. Czech  Journal Food Science 26, S1. 

Veverka L., Jelínková M., Hron K., Balík J., Stávek J., Barták P. 
(2012). Chemical markers in the aroma profiles of South 
Moravian red wine distillates. Czech Journal Food Science,  
30, 369 – 376. 

Yanniotis, S., Kotseridis, G., Orfanidou, A., Petraki, A. (2007). 
Effect of ethanol, dry extract and glycerol on the viscosity of 
wine. Journal of Food Engineering, 81, 399 – 403. 

Zeng, A. X., Yu, S. J., Zhang, L., Chen, X.D. (2008). The effect 
of AC electric field on wine maturation. Innovative Food 
Science and Engineering Technologies, 9, 463 – 468.     

 
Received: 17.02.2015. Accepted: 09.03.2015. 

 
 
 


