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 Grape juice is the traditional product of grape-growing regions of Iran which is mostly 

produced from the rape grapes of the end of the year. In the present study, some of the 
physiochemical properties of grape juice such as pH, acidity, Brix and rheological 

parameters of grape juice in Urmia and Sabzevarby were measure through rotational 

viscometer in three different temperatures (25, 45 and 65°C). Mathematical calculations 
of findings based on Mytchka method showed that grape juice is a type of non-

Newtonian and have dilatant behavior. The range of flow behavior index was 1.2811-

1.5374 and 1.3814-1.426 for Urmia and Sabzevar grapes, respectively. The results 
showed that increase of temperature is accompanied with reduction of consistency 

coefficient of grape juice. Changes of flow behavior index doesn’t follow a distinctive 

trend with increase of temperature. By using Arrhenius equation, apparent viscosity 
function of grape juice in Urmia and Sabzevar with temperature was defined and 

activation energy was in the range of 40.2854 and 44.5563, respectively. 
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INTRODUCTION 

 

Iran is one of the most important of grape growing regions in the world due to its geographical condition and 

proper climate so that Iran is the seventh biggest country among major producers of grape. Grape juice (Doshab 

in Persian) is one of the local products of grape growing regions of Iran which is mostly produced from rape 

grapes of the end of the year. In fact, grape juice is one of the products of direct losses of grapes [11,12,13,1]. 

Due to the fact that grape juice is a suitable source of iron, calcium, potassium, phosphor, sodium, digestible 

monosaccharide (glucose and fructose), organic acids, antioxidant agents and vitamins (riboflavin, niacin, 

thiamin), it can be a suitable food supplement for satisfaction of daily nutritional needs for all age groups 

[12,2,1]. Grape juice is mostly used in breakfast, especially during the winter and instead of jam, marmalade and 

honey or mixed with sesame. Grape juice can also be used in producing hundreds of different foods (grain-based 

foods) as sweetener or enhancer of color and flavor. Nowadays in industry, grape juice is used in formulation of 

confectionary products, cake, ice cream, jam or marmalade and this shows the technological applications of 

grape juice in food industry. 

Tavakolipour and Kalbasi Ashtari [10] studied the rheological properties of grape juice in Sheshtamed 

region (in south of Sabzevar town). In this study, rheological properties of grape juice were measured by using a 

rotational viscometer in three temperature of 25, 45 and 65°Cand three Brix values of 35, 50 and 76. 

Mathematical calculation of the results based on Mytchka method showed that grape juice is a non-Newtonian 

shear-thickening fluid (Dilatant). Şengül and Ertugay [9] investigated the rheological properties of Mulberry 

juice. Viscosity was measured in different temperatures of 30, 40, 50, 60 and 70°Cby using rotational viscosity 

in the speed of 5, 10, 20, 50 and 100 RPM. Rheological properties of Mulberry juice were described by power 

law model. Mulberry juice showed the characteristics of non-Newtonian fluid (pseudo-plastic). Arslan, et.al [3] 

studied rheological properties of mixture of grape juice and sesame paste in different concentrations of sesame 

paste (20-30%) in temperature of 35-65°Cusing a coaxial, cylinder and rotational viscometer. The mixture of 

grape juice and sesame paste showed a non-Newtonian behavior in different temperatures and concentrations of 

sesame paste (shear-thinning fluid). Apparent viscosity was measured compared with Shear rate data and by 
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using power law model.Flow behavior index (n) was in the range of 0.7 to 0.85 and consistency coefficient was 

in the range of 285-2547 mpas
n
. Yogurtcu and Kamıslı [14] studied the rheological behavior of grape juice and 

Mulberry juice. Viscosity of samples was measured in temperatures of 5, 10, 15, 20 and 30°Cby using a 

rotational viscometer in the shear rate range of 0.-93 s
-1

. Power law model was used in describing the 

rheological behavior of juice samples. The analyzed juice samples showed a non-Newtonian behavior. 

Alpaslan and Hayta [2] studied the rheological and sensory properties of a mixture of grape juice and sesame 

paste with different concentrations of grape juice (i.e. 2, 4 and 6%) in temperatures of 30, 40, 50, 60, 65 and 

75°C. By using power law model, all analyzed mixture showed non-Newtonian and pseudo-plastic behavior 

(thinning with shear). 

Kaya and Belibagli [8] studied rheological behavior of grape juice with different solid content (i.e. 2.1, 8.52, 

9.57 and 72.66%) is temperature range of 10, 20, 30, 40 and 50°C with a pressure rheometer. Solid juice showed 

a non-Newtonian behavior. 

Bravo et al [7] studied the rheological properties of a number of Pekmez samples of Turkey in different 

temperatures of 5, 10, 15, 20 and 30°C by rotational viscometer. They showed that all such samples have a 

temperature-independent non-Newtonian behavior and their rheological behavior follows Ostwald de Waele 

model. 

In food industry, awareness of flow behavior of concentrates to control the quality, calculate the energy, 

conduction and transfer of nutritional material, velocity of thermal transfer and selection of devices is suitable 

and essential. All of the above items are affected by viscosity of foodstuff. Therefore, due to significance of this 

subject, the objective of present study is to define some physiochemical (Brix, pH, acidity and DM) and 

rheological properties of grape juice in Iran (Urmia and Sabevar) such as measuring shear stress and shear rate 

in different temperatures, apparent viscosity, flow behavior index and activation energy of grape juice. 

 

MATERIALS AND METHODS 

 

 Grape juice samples were provided from Shire-pazan market of Sabzevar town (Brix.71) and Urmia 

(Brix.67). 

Due to the fact that crystals and air bubbles affect the viscosity of juice, to remove them, samples should be 

put in water bathof 55°C for an hour (Memmert, made by Germany) so as to make them completely monolithic. 

Then, samples were packed in glass boxes and kept till the time of tests. 

In order to measure the viscosity, Brookfield viscometer (model. DV-III ULTRA) and Spindle R3. 

Rheological tests were done in different temperature of 25, 45 and 65°C. Due to data fitness, Excel 2010 

software was used. 

Total dissolved solids (Brix) was measure by manual refractometer (Garl Zeiss Jena, Germany). Total 

dissolved solid (Dry Extract) was measured in 70°C, under the pressure of less than 250 mm Hg and in vacuum 

within a mill (Memmert , Germany). Measurement of pH by pH-meter (WTW 720, Germany) and total acidity 

was measure by titration with 0.1 NNaoH based on tartaric acid [4]. 

Rheological characteristics are calculated in one of the following methods. 

The following equation is used to calculate the value and index of flow behavior: 

M=KˊN
n 
                [1] 

In which M is torque percentage or maximum registered torque percentage during viscosity measurement 

test in a constant velocity, N is rotation of Spindle viscometer in rotation per minute (rpm), n is the index of 

fluid behavior in Pawer-low fluid (dimensionless) and Kˊ is a constant. 

Of the above equation, the following logarithm was obtained: 

lnM = lnK '+ n lnN              [2] 

Then, average shear stress was calculated from the following equation: 

σa=Kσ×C×(%M)              [3] 

In which σais mean shear stress (pa), Kσis conversion ratio of shear stress as a function of Spindle score 

(table.1) and C is a dimensionless constant which depends on total torque capacity of the system which can be 

calculated from the following equation: 

C =
𝑀𝑚𝑎𝑥 (𝑑𝑦𝑛 .𝑐𝑚 )

7187
                [4] 

The mean shear rate is defined by the following equation: 

γ˙a=Kγ˙×N              [5] 

In which γ˙ais mean shear rate and Kγis the conversion ratio of shear rate. This ratio depends on the 

numerical value of fluid behavior index. 

Kγ˙ = 0.263  
1

𝑛
 
0.771

             [6] 

The procedure of Mytchka method is that first, fluid behavior index (n) is derived from equation.2 by linear 

regression and then, mean shear stress and mean shear ratio are measure by equation.3 and 5, respectively. 

Power-low fluid equation is used to derive σa=Kγ
n
athrough regression analysis, rheological parameters of fluid 
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behavior index (n) and stability factor so that the calculated value of n in this stage should be equal with the one 

obtained before. 

 
Table 1: Conversion Ration of Shear Stress (Kσ). 

Spindle Number Kσ, Pa 

1 0.35 

2 0.119 

3 0.279 

4 0.539 

5 1.05 

6 2.35 

7 8.40 

 

Due to different temperature conditions during storage and maintenance of grape juice, investigation of 

changes of apparent viscosity or stability factor of grape juice compared with temperature is significant. In this 

regard, Arrhenius equation (7) is used: 

η=η
0
exp 

𝐸𝑎

𝑅𝑇
               [7] 

In which, (η
0
)is Arrhenius constant in Pa.S

n
, (Ea) is activation energy in (kJ/mol), (T) is temperature in 

Kelvin (K) and (R) is universal gas constant (i.e. 8.314 ×10
-3 

𝑘𝐽

𝑚𝑜𝑙 .𝐾
 ) 

 

RESULTS AND DISCUSSION 

 

Physicochemical properties of grape juice are provided in table.2 which match those the results found by 

other researchers in this field [10,5]. 

 

Table 2: Physiochemical Properties of Grape Juice in Urmia and Sabzevar in 25°C. 

Property Sabzevar Urmia 

Brix 71 67 

DM (100g/g) 73.5 70.2 

pH 5.7 5.5 

Acidity(% tartaric acid) 

 
0.32 0.35 

 

The obtained data were fitted based on power-law model by Excel software (version. 2010). Fluid behavior 

index was calculated by drawing logarithmic moment bases on logarithm of spindle rotation and the resulting 

line slope which shows shear-thickening behavior of grape juice. By using power-law equation (Ostwald de 

Waele) and drawing the logarithm of shear stress based on logarithm of shear ratio and across the onset of 

resulting curve, consistency coefficient and fluid behavior index are obtained the latter of which should be equal 

with the value obtained from figure.1 (figure.2 and 3). The results of the test in temperatures of 25, 45 and 65°C 

showed that each 6 diagram show a non-Newtonian behavior of power-law type (shear-thickening fluid or 

Dilatant) and increase of temperature is accompanied with reduction of shear stress. As observed in table.3, fluid 

behavior index in the intended temperature range is bigger than 1. So, grape juice is ashear-thickening power-

law fluid (Dilatant). By increase of temperature, consistency coefficientof grape juice decreases which is an 

expected event. Also, changes of fluid behavior index doesn’t follow any special trend when temperature rises.  

By using the equation η =
σ

γ˙
=

𝐾𝑠γ𝑛𝑠

γ˙
= 𝐾𝑠γ

𝑛
𝑠−1  (in which Ks is consistency coefficientand ns is fluid behavior 

index), apparent viscosity is calculated the increase of which can be observed by drawing the curve of apparent 

viscosity against shear rate of grape juice (figure. 4 and 5). Comparison of these two types of grape juice from 

Urmia and Sabzevar showed that the value of apparent viscosity of grape juice produced in Sabzevar is much 

more than that of Urmia which is associated with lower concentration of the latter. The results of this study are 

supported by findings of studies by Tavakolipour and Kalbasi Ashtari [10] and Yogurtcu and Kamisli [14] 

which reported that grape juice has a non-Newtonian behavior of power-law type (shear thickening fluid or 

Dilatant). 

 In order to define the association between apparent viscosity and temperature, Arrhenius model (equation.7) 

was used and by linear regression, Arrhenius constant (η0) and activation energy (Ea) were calculated the values 

of which are provided in table.4. As it can be observed from figure.6, increase of temperature is followed by 

reduction of apparent viscosity in both types of grape juice. Activation energy of Urmia grape juice is about 

40.2854 while it is 44.5563 for Sabzevar grape juice. The value of activation energy of grape juice in studies by 

Tavakolipur and Kalbasi Ashtari [10], Şengül and Ertugay [9] and Yogurtcu and Kamıslı [14] and Kaya and 

Belibagli [7] were reported as 15.197-34.07, 17.97, 18.509-74.685 and 15.93-43.85kJ/mol, respectively which 

support the results of present study. 
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Fig. 1: Association of Logarithm of the Rotational Speed and Logarithm of the Moment of Grape Juice (a- 

      Sabzevar and b-Urmia). 

 

 

 
 

Fig. 2: Association of Shear rate and Shear Stress of Grape Juice in Sabzevar (a-25°C, b-45°C and c-65°C). 

 

 

 
             C 

 

Fig. 3: Association of Shear rate and Shear Stress of Grape Juice in Urmia (a-25°C, b-45°C and c-65°C). 
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Fig. 4: Association of Apparent Viscosity and Shear Stress of Grape Juice in Sabzevar (a-25°C, b-45°Cand c-

     65°C). 

 
 

 
 

Fig.4: Association of Apparent Viscosity and Shear Stress of Grape Juice in Urmia (a-25°C, b-45°C and c-   

     65°C). 

 
Table 3: Behavior Index of Grape Juice in Different Temperatures. 

 Temperature (°C) K(mPa sn) n R2 

Sabzevar 25 730.9575 1.2811 0.9985 

 45 30.0497 1.4661 1 

 65 22.3305 1.5374 0.9998 

Urmia 25 159.2468 1.426 1 

 45 39.9111 1.5295 0.9996 

 65 27.5378 1.3814 0.9997 

 

  

 
Fig. 6: Viscosity Logarithm based on 1/T. 
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Table 4: Activation Energy and Arrhenius Constant of Grape Juice. 

 Ea (kJ/mol) η0 (mPa s) 

Sabzevar 44.5563 3.3748 × 10 -5 

Urmia 40.2854 6.9203 × 10 -5 

 

4. Conclusion: 

 Grape juice is one of the local products of grape growing regions in Iran which is mostly produced from the 

grapes of end of yield season. Due to significance of rheological properties of the food in food industry, the 

present study aims to define physiochemical (Brix, pH, Acidity and Dry Material) and rheological properties of 

grape juice for three temperatures of 25, 45 and 65°C in Iran. In the present study, the analyzed grape juice was 

a non-Newtonian fluid of shear-thickening fluid type (Dilatant). Apparent viscosity against shear rate was 

properly consistent with power law model. The range of fluid behavior for Sabzevar and Urmia variants of 

grape juice were about 1.2811-1.5374 and 1.3814 and 1.426, respectively. The results showed that increase of 

temperature is followed by reduction of consistency coefficient of grape juice and changes of fluid behavior 

index doesn’t follow a distinctive trend as temperature rises. Comparison of these two types of grape juice 

showed that apparent viscosity of Sabzevar grape juice is more than that of Urmia which is associated to lower 

concentration of the latter. The effect of temperature on viscosity was shown by Arrhenius equation. Increase of 

temperature leads to lower viscosity of samples of grape juice. Activation energy of Urmia grape juice was 

40.2854 kJ/mol while it was 44.5563 kJ/mol for Sabzevar grape juice. The results of present study were 

supported by findings of studies of Tavakolipour and Kalbas Ashtari [10], Yogurtcu and Kamıslı [14], Bravo et 

al [7] and Kaya and Belibagli [7]. 
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