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ABSTRACT 
Physical properties particularly mechanical, rheologic, electric and thermophysical properties are important to know at quality 

valuation of food materials. Rheologic properties were measured by many authors and for many materials. Results from measuring of 
rheologic properties of malt wort are shown in this paper. Measuring was performed by digital rotational viscosimeter Anton Paar 
(DV-3P). First sample of malt wort was taken at the beginning of fermentation and second sample was taken after 3 hours of fermen-
tation. Samples of malt wort were stored at temperature 3 °C and were measured in different days. Measurements were done after the 
temperature stabilization from 7 °C to laboratory temperature. Dependencies of dynamic viscosity on temperature and on time of 
fermentation are described. Temperature dependencies of malt wort viscosity are decreasing exponentially. Longer fermented sample 
had lower values of viscosity in all measurements. Measured values of dynamic viscosity were obtained with good precision and all 
drawn dependencies had very high coefficients of determination. 

Key words: malt wort, dynamic viscosity, temperature, storing time, time of fermentation. 

REZIME 
Fizičke osobine naročito mehaničke, reološke, električne i termofizičke važne su radi ocene kvaliteta prehrambenih proizvoda. 

Reološka svojstva merili su mnogi autori za mnoge materijale. Rezultati merenja reoloških osobina pivskog slada prikazani su u 
ovom radu. Merenje je izvršeno digitalnim rotacionim viskozimetrom Anton Paar (DV-3P). Prvi uzorak slada uzet je na početku 
fermentacije, a drugi uzorak je uzet posle 3 časa fermentacije. Uzorci slada su uskladišteni na temperaturi od 3°C i mereni su u 
različitim danima. Merenja su obavljena posle stabilizacije temperature od 7°C do laboratorijske temperature. Zavisnost dinamičke 
viskoznosti od temperaturi i vremena fermentacije opisana je u radu. Viskoznost slada u zavisnosti od temperature eksponencijalno 
opada. Duže fermentisani uzorci imali su niže vrednosti viskoznosti u svim merenjima. Izmerene vrednosti dinamičke viskoznosti 
dobijene su uz dobru preciznost i sve iscrtane zavisnosti imaju veoma visok koeficijent determinacije. 

Ključne reči: slad, dinamička viskoznost, temperatura, vreme skladištenja, vreme fermentacije. 
 

INTRODUCTION 
Measuring of malt wort rheologic properties was performed 

by digital rotational viscosimeter Anton Paar (DV-3P). Dynamic 
viscosity η, kinematic viscosity ν, fluidity φ and tangential ten-
sion τ are included into rheologic properties. Materials, where 
internal friction is generated, can be characterized by viscosity. 
Dynamic viscosity is defined as a constant between tangential 
tension and gradient of layer velocity (grad v).  

vgradητ =  
Physical unit of tangential tension is Pa and unit of dynamic 

viscosity is Pa.s, but for these types of liquids more often used 
unit is mPa.s. Kinematic viscosity is defined as a ratio between 
dynamic viscosity and density of used material. 

ρ
ην =   (1) 

Physical unit of kinematic viscosity is m2.s-1. Reciprocal 
value of dynamic viscosity is called fluidity and physical unit of 
fluidity is Pa-1.s-1. 

η
ϕ 1
=   (2) 

Rheologic properties were measured by many authors. Bu-
char et al. (2005, 2003), investigated these properties of eggs 
yolk, milk products and ketchups. Severa et al. (2007) examined 
influences of storing on viscosity of egg fluids and effect of 
temperature on dark beer dynamic viscosity was investigated by 
Severa and Los (2008). Severa et al. (2009) investigated 
rheological profile of malt wort during processing of substrate 
for lager beer. Severa et al. (2010) examined influence of storing 

time and temperature on egg yolk’s viscosity. Marudova and 
Zsivánovits (2005) described rheologic properties of pectin 
films. Havlíček et al. (2007) examined the influence of tempera-
ture and chemical properties on viscosity of Moravian wines. 
Hlaváč (2007) measured rheologic properties of plum jam. 
Temperature and time of storing dependencies of dark beer were 
examined by Hlaváč (2008). Biczó et al. (2005) examined meth-
ods for determination of rheologic properties of chocolate mass. 
Effect of temperature on kinematic viscosity of some engine oils 
was investigated by Severa et al. (2009). Kubík (2006) examined 
influence of long term storage on apple flesh. At quality valua-
tion of food material is important to know their physical proper-
ties particularly mechanical, rheologic and thermophysical 
(Božiková, 2005). Automatically controlled processes at manu-
facturing, at handling and holding require exact knowledge 
about physical quantities of materials. Still are detected new 
methods that are utilizing new modern apparatuses and micro-
scopic components. Very fast development is possible to observe 
at utilization of microwave at measuring properties of soil and 
food (Hlaváčová, 2002). Tóth and Opáth (2006) were concerned 
with physical and chemical properties of beer and they also de-
scribed ways and equipments for beer filtration.  

MATERIAL AND METHOD 
Used samples of malt wort were obtained from Department 

of animal husbandry and food production of Slovak University 
of Agriculture in Nitra. First sample of malt wort was taken at 
the beginning of fermentation and second sample was taken after 
3 hours of fermentation.  

Measuring was performed by digital rotational viscosimeter 
Anton Paar (DV-3P). Principle of measuring by this viscosime-
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ter is based on dependency of sample resistance against the 
probe rotation. Probe with signification R2 was used in our 
measurements. We were able to choose frequency of probe rota-
tion from 0.3 min-1 to 200 min-1. Duration of probe rotation was 
three minutes. Measurement process and final value of dynamic 
viscosity was not affected by few small bubbles.  

Samples of malt wort were stored in special cool box in tem-
perature 3 °C and were measured in different days during three 
weeks. Measurements were done after the temperature stabiliza-
tion from      7 °C to laboratory temperature. 

Dependencies of malt wort dynamic viscosity on temperature 
are drawn and same dependencies of malt wort on time of fer-
mentation are described. 

Dependency of dynamic viscosity on temperature can be de-
scribed by Arrhenius equation  

RT
E A

e
−

= 0ηη  (3) 

where 0η  is reference value of dynamic viscosity, AE  is 
activation energy, R   is gas constant and T is temperature.  

This equation has decreasing exponential shape. 

RESULTS AND DISCUSSION  
Dependencies of malt wort dynamic viscosity on temperature 

after different time of fermentation are on Fig. 1 and Fig. 2.  
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Fig. 1 – 2. Dependencies of malt wort dynamic viscosity on tem-
perature after different time of fermentation: first measurement 
at the beginning of fermentation (+), second measurement after 

three hours of fermentation (○)  
(Fig. 1. Exponential; Fig. 2. linear function) 

Progress of graphic dependencies can be described by de-
creasing exponential function (4). These exponential functions 
are almost like linear functions (5) in this temperature range for 
all dependencies. Small differences could be found only in coef-
ficients of determination and higher values are in case of expo-
nential function (Tab.1). 
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where t is temperature, t0 = 1 °C; A, B, C, D are constants 
dependent on kind of material, and on ways of processing and 
storing. 

On Fig. 3 and Fig. 4 are same dependencies of malt wort dy-
namic viscosity on temperature after five days of storing.  
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Fig. 3 – 4. Dependencies of malt wort dynamic viscosity on tem-

perature after different time of fermentation after five days of 
storing: first measurement at the beginning of fermentation (+), 

second measurement after three hours of fermentation (○)  
(Fig. 3. exponential; Fig. 4. linear function) 

 

On Fig. 5 and Fig. 6 are same dependencies of malt wort dy-
namic viscosity on temperature after three weeks of storing. 

Temperature dependencies of malt wort dynamic viscosity 
had decreasing exponential shape for all measurements (Fig. 1, 
3, 5), and in this case it is almost linear shape (Fig. 2, 4, 6). It is 
evident that dynamic viscosity had decreased with time of fer-
mentation (Fig. 1 – 6). It can be seen that longer fermented sam-
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ple of malt wort had lower values of dynamic viscosity in all 
measurements. Bigger difference between malt wort dynamic 
viscosities could be found after longer time of storing (Fig. 1 – 
6).  
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Fig. 5 – 6. Dependencies of malt wort dynamic viscosity on tem-
perature after  

different time of fermentation after 3 weeks of storing: first 
measurement at the beginning of fermentation (+), second meas-

urement after three hours of fermentation (○)  
(Fig. 5. exponential; Fig. 6. linear function) 

 
In Tab. 1 and Tab. 2 can be seen coefficients A, B, C, D of 

regression equations (4, 5), and also that coefficients of determi-
nation had high values for all measurements. Coefficients of de-
termination are bit higher in case of exponential function than in 
linear function in all examples. 

 

Table 1. Coefficients A, B of regression equation (4) and co-
efficients of determinations 

 

 Exponential function (4) 
Coefficients 
Storing/ 
Ferment. 
Time 

A B R2 

0 days/0 h 27,25 12,76.10-3 0,995 
0 days/3 h 26,25 11,87.10-3 0,994 
5 days/0 h  27,11 12,86.10-3 0,997 
5 days/3 h 26,06 11,70.10-3 0,991 

3 weeks/0 h 26,40 12,97.10-3 0,993 
3 weeks/3 h 24,30 11,77.10-3 0,994 

Table 2 Coefficients C, D of regression equation (5) and co-
efficients of determinations 

 

 Linear function (5) 
Coefficients 
Storing/ 
Ferment. 
Time 

C D R2 

0 days/0 h 26,79 0,278 0,989 
0 days/3 h 25,88 0,255 0,992 
5 days/0 h  26,60 0,278 0,991 
5 days/3 h 25,68 0,251 0,986 

3 weeks/0 h 25,90 0,276 0,990 
3 weeks/3 h 23,99 0,238 0,992 

CONCLUSION 
At quality valuation of food material is important to know 

their physical properties particularly mechanical, electric, 
rheologic and thermophysical. Automatically controlled proc-
esses at manufacturing, at handling and holding require exact 
knowledge about physical quantities of materials. Rheologic 
properties were measured by many authors. 

Temperature dependencies of malt wort dynamic viscosity 
had decreasing exponential shape (almost linear shape) in this 
temperature range for all measurements. Coefficients of deter-
mination are bit higher in case of decreasing exponential func-
tion (Tab. 1) than in decreasing linear function (Tab. 2). Ar-
rhenius equation (3) has decreasing exponential shape, so the 
dependency of dynamic viscosity on temperature can be de-
scribed by it. In all measurements is evident that dynamic vis-
cosity had decreased with time of fermentation. Longer fer-
mented sample of malt wort had lower values of dynamic viscos-
ity in all measurements. Bigger difference between malt wort 
dynamic viscosities could be found after longer time of storing. 
Measured values of dynamic viscosity were obtained with good 
precision and all drawn dependencies had very high coefficients 
of determination. 
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