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Figure (E.17) 
Measured viscosity versus temperature of 

olive oil samples of L10 (14 years and 15 

years storage age) 
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Abstract 

In this study, olive oil samples of different storage ages and regions in 

Palestine were studied. The density, refractive index, acidity and viscosity 

of the samples were measured. The refractive index of the olive oil samples 

were studied against storage ages and results showed that the refractive 

index decreases as a function of storage age. The acidity of olive oil 

samples from different regions and different crops showed that acidity 

increases as a function of storage age. Most of olive oil samples (storage 

age ≤ 12 years) acidity did not exceed the international quality standards (< 

3.3%). It is worth noting that olive oil can be stored until 12 years without 

exceeding the international quality standards of acidity in proper 

conditions. 



XIX 

 

The viscosity of olive oil samples of 2012 crop from different regions was 

studied, and the results showed that most of the olive oil samples are 

classified to be extra - virgin. 

Two and three constant equations were proposed to obtain more suitable 

prediction of temperature dependence of dynamic viscosity of olive oil. 

The experimental results of viscosity were compared with the power law 

equation, and the behavior of olive oil was found to be Newtonian.
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Chapter One 

Introduction 

 

1.1 Olive Oil  

Olive oil is a fat obtained from the olive fruit by mechanical or 

chemical means. Olive oil is commonly used in cooking, cosmetics, 

pharmaceuticals, soaps, and as a fuel for traditional oil lamps.  Olive oil is 

used throughout the world, but especially in the Mediterranean countries 

and, in particular, in Greece, which has the highest consumption per person 

(NAOOA, 2013). 

Olives are very important for the Palestinian, not only because they 

are the biggest crop in what remains a largely agricultural economy, but also 

for their deep cultural significance as a symbol of traditional society and ties 

to the land. It is estimated that olive trees account for nearly 45 percent of 

cultivated land in Palestine and in good years can contribute as much as  

15 - 19 percent of agriculture output.  Given that agriculture accounts for 

nearly 25 percent of gross domestic product, olives are an important element 

of the Palestinian economy and estimates suggest that about 100,000 

families depend to some extent upon the olive harvest for their livelihoods 

(The World Bank, 2012). 

 

http://en.wikipedia.org/wiki/Olive_(fruit)
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1.2 Previous Studies 

Vegetable oils have become increasingly important for nutritional 

purposes and in a wide range of industrial applications which include fuels, 

skin care products, high pressure lubricants and alkyd resins for paint. These 

applications require extensive studies on the physic - chemical properties of 

oils in order to ascertain their suitability as raw materials. Such properties 

include viscosity and acidity which are an important parameters in the design 

of process equipment for oils (Eromosele, and Paschal,2003). (Nierat et al., 

2012). 

In 1988, a model was used by Patil and his group to describe the  

liquid - liquid thermal hypothesis of vegetable oils. Extensive data on 

hydrolysis equilibrium and rate have been obtained (Patil et al., 1988). 

Noureddin and his group have presented the range of temperatures in 

which the viscosity and temperature of vegetable oils are correlated 

(Noureddini et al., 1992).Van Wazer and his group discussed the sensitivity 

of the eye in judging viscosity of Newtonian liquids (James,1996). 

Studies by Bayrak on vegetable oils determined the relationship between 

viscosity and average molecular weight (Bayrak et al., 1997). Hsieh 

predicted viscosity of vegetable oils from density data (Hsieh et al., 1999). 

The palm oil was proved to be a good diesel - generator fuel by Almeidaa 

and his group, they found that the performance of diesel generator is 

increased by increasing the palm oil temperature (Almeidaa et al., 2002).  
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In a given range of temperatures, Farhoosh found that the natural 

logarithm of the kinetic rate of five different vegetable oils varies linearly 

with respect to temperature (Farhoosh et al., 2008).  

In his study, Ahmad evaluated the viscosity changes of vegetable oils, and 

fitted the viscosity with well - known rheological equations (Ahmad et al., 

2009). He identified model limitation through graphical and numerical 

observations. Vegetable oils were subjected to viscometer measurements of 

viscosity at shear rate (3 - 100 RPM) and temperature (40 - 100°C). 

Stanciu proposed four relationships of dynamic viscosity temperature 

dependence for vegetable oils. In his studies he found a polynomial or 

exponential dependence between temperature and dynamic viscosity of 

vegetable oil using the Andrade’s equation changes (Stanciu, 2012). 

Adnan and his group studied the characterization of different oils and 

their rheological properties. Eight different natural oils, namely olive, 

coconut, almond, castor, sesame, cotton seed, sunflower, and paraffin oils. 

All the oils investigated were found to possess Non - Newtonian behavior 

(Adnan et al., 2009). 

Effect of fatty acid composition on dynamic and steady shear rheology 

of oils was studied by Hasan Yalcin and his group (Yalcin et al., 2012). 

http://www.ncbi.nlm.nih.gov/pubmed?term=Yalcin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22450119
https://www.researchgate.net/publication/227548448_Kinetic_parameter_determination_of_vegetable_oil_oxidation_under_Rancimat_test_conditions?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
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Studies in New Zealand by Sims indicated that vegetable oils, 

particularly rapeseed oil, could be used as a replacement for diesel fuel 

(Sims et al., 1981). 

Reid and his group evaluated the chemical and physical properties of 

14 vegetable oils. These injection studies pointed out that the oils behave 

very differently from petroleum - based fuels (Reid et al., 1989). 

Goering and his group studied the characteristic properties of eleven 

vegetable oils to determine which oil would be the best suited for use as an 

alternative fuel source (Goering et al., 1981). 

Bruwer and his group studied the use of sunflower seed oil as a 

renewable energy source. When operating tractors with 100% sunflower oil 

instead of diesel fuel, an 8% power loss occurred after 1000 hours of 

operation (Bruwer et al., 1981). 

Viscosity of oil samples used by Fasina and Colley was shown to 

decrease with temperature, in the same study they found that the specific 

heat capacity increases with increasing temperature (Fasina and Colley, 

2008). 

In their work, Toscano and his group investigated the effects of two 

analytical chemical parameters, their results confirmed the incidence of 

molecular characteristics of triglycerides of an oil with respect to its 

viscosity (Toscano et al., 2012). The concentration of polyunsaturated fatty 

http://www.deepdyve.com/search?author=Fasina%2C+O.+O.
http://www.deepdyve.com/search?author=Colley%2C+Z.
https://www.researchgate.net/publication/249017509_Viscosity_and_Specific_Heat_of_Vegetable_Oils_as_a_Function_of_Temperature_35C_to_180C?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
https://www.researchgate.net/publication/249017509_Viscosity_and_Specific_Heat_of_Vegetable_Oils_as_a_Function_of_Temperature_35C_to_180C?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==


5 

 

acids (PUFAs) was found to be a predominant parameter that influences the 

low - temperature properties of vegetable oil - based lubricants (Quinchia et 

al., 2012).  

Many researches concerned on olive oil as a vegetable oil, Lupi and 

his group prepared different samples of olive oil based organogels by using 

cocoa butter, dynamic temperature ramp tests, carried out at 5 °C/min, 

allowed the determination of rheological characteristics (Lupi et al., 2012). 

To study the influence of operative conditions adopted during the 

malaxation of pastes on the quality of resulting oils, Angerosa and his 

coworkers found that low temperatures and times, ranging between 30 and 

45 min, according to the rheology of the olive pastes, were the optimal 

operative conditions for the malaxation (Angerosa et al., 2001). 

The relationship between density, viscosity, oil/water interfacial tension 

and structure of vegetable oils after heating at frying temperatures were 

studied by Adolfo. He aimed to explore the possibility of reusing waste 

vegetable oils as solid agglomerants for different purposes. Commercial 

olive and sunflower oils were heated at 150 and 225 
0
C in the time interval 

of 1 – 15 days to achieve a wide range of alteration degrees. Structural 

changes in the oils were monitored, of the two vegetable oils studied, 

sunflower oil was found to be more sensitive to thermal treatment, 

https://www.researchgate.net/publication/257422654_Effect_of_organogelator_and_fat_source_on_rheological_properties_of_olive_oil-based_organogels?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
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undergoing greater changes in its properties, especially in viscosity, which 

may show a marked increase (Adolfo et al., 2006). 

 

1.3 Objectives of the Study 

 The goal of this work is to check whether olive oil in Palestine shows 

Newtonian or Non - Newtonian behavior. 

 The physical properties (viscosity, acidity, density, refractive index) of 

olive oil in Palestine will be measured and compared with standard 

values. 

 The viscosity of olive will be measure as a function of temperature. 

 Equation of the behavior will be suggested to describe the rheoligical 

effect.  

 The experimental data will be fitted by using SPSS and Excel 

programs to get the relationship of dynamic viscosity as a function of 

temperature. 

1.4 Organization of the Thesis:  

Given below is a brief outline of the topics discussed in this thesis: 

1- Introduction: the characteristics of olive oil are presented here, 

previous studies concerning the problems into account, and the 

objectives of the study. 

2- Theoretical formulation: the theory of rheology, viscosity, stress 

and strain rate, acidity of oils, refractive index and mass density. 
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3- Methodology: the samples used in the research and the function of 

the equipments used in measurements. 

4- Results and analysis of data obtained. 

5- Discussion about different results obtained by analysis of measured 

data. 
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Chapter Two 

Theoretical Formulation 

2.1  Rheology 

Rheology is defined as the branch of physics that studies the 

deformation and flow of matter (Larson, 1999).  

 Rheology applies to substances which have a complex microstructure, 

such as muds, suspensions, polymers and other glass formers, it also applies 

to many foods and additives, bodily fluids and other biological materials or 

other materials which belong to the class of soft matter (Themelis,1995). 

The role of rheology is important in the field of cosmetic science, 

especially in the field of emulsions and lotions (Martin et al., 2004). 

Since the different creams have different consistencies and they are 

used for long terms, the effects of different rheological parameters of oils are 

studied for understanding the performance of the system (Remington, 2006). 

 

2.2  Viscosity 

Viscosity is a measure of the resistance to flow or shear. Viscosity can also 

be termed as a drag force and is a measurement of the frictional properties of 

the fluid. It can be expressed in two distinct forms: 

a. Dynamic viscosity (η) 

https://www.researchgate.net/publication/235419440_The_Structure_and_Rheology_of_Complex_Fluids?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
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b. Kinematic viscosity (ν) 

Dynamic viscosity is defined as the ratio of shear stress (force over 

cross section area) to the rate of deformation (the difference of velocity over 

a sheared distance), and it is presented as: 

                                                   

u

x


 





                                               (2.1)                                                     

Where, η is the dynamic viscosity in Pascal-second (Pa.s); τ is shear 

stress (N/m
2
); and, 

 
is rate of deformation or velocity gradient or 

better known as shear rate (1/s) (Dutt N. et al, 2007). 

The Kinematic viscosity requires knowledge of mass density of the 

liquid (ρ) at that temperature and pressure. It is defined as: 

                                                                                          
(2.2) 

Where, ν is kinematic viscosity in centistokes (cSt), ρ is in g/cm
3
 (Dutt 

N. et al, 2007). 

The flow characteristics of liquids are mainly dependent on viscosity 

and are broadly divided into two categories: 

1- Newtonian systems. 

2- Non - Newtonian systems.  

 

 

u

x












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2.2.1 Newtonian Systems 

 These fluids have the same viscosity at different shear rates (different 

revolution per minute) (rpm). These fluids are called Newtonian over the 

shear rate range they are measured. Water is an example of these fluids 

(James F., 1996). 

 

2.2.2 Non - Newtonian Systems 

These fluids have different viscosity at different shear rates. They are 

classified into two groups: 

 

a) Time Independent  

Time independent means that the viscosity behavior does not change as a 

function of time when it is measuring at a specific shear rate. Pseudoplastic 

materials such as lava, ketchup, whipped cream, and blood are examples of 

such fluids which display decrease in viscosity with an increase in shear rate. 

This type of fluid is known as "shear thinning". 

b)  Time Dependent 

Time Dependent means that the viscosity behavior changes as a function of 

time when measuring at a specific shear rate (the duration for which the fluid 

has been subjected to shearing as well as their previous kinematic history). A 

thixotropic material is an example of that fluid which has decreasing 
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viscosity under constant shear rate. Many gels are classified to be thixotropic 

material (James, 1996).  

In this study, the viscosity of different olive oil samples will be measured as 

a function of shear rates over a given shear rate range and at different 

temperatures.  

The nature of liquids is complex, so there has been no comprehensive theory 

explaining the relationship between liquid viscosity and other properties, so 

empirical methods are used in addition to mathematical expressions to get 

the best fit of the experimental data. 

 

2.3 The Dependence on Temperature 

 Clements and his group was the first who fitted the dependence of 

viscosity on temperature using the Arrhenius - type relationship which is 

given by: 

           
  
        (2.3) 

Where   is the dynamic viscosity in Pa.s,     is the viscosity at infinite - 

temperature in Pa.s,   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 in Kelvin (Ahmad, 2009; Clements et al., 2006). 

When applied to real phenomena, equation (2.2) failed to provide good 

representation, so new models are needed. 
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2.3.1 The Andrade's Equation 

The Andrade’s equation is the simplest form of representation of 

liquid dynamic viscosity as a function of temperature, it takes the form: 

        
 

       (2.4) 

Where   is the dynamic viscosity in cP, T is the temperature in Kelvin, A is 

a constant in cP, and B is a constant Celsius, A and B are characteristics of 

each substance (De Guzman, 1913; Andrade, 1930). 

The constants of Andrade’s equation were evaluated experimentally for a 

number of substances by several researchers such as Duhne, Dutt and his 

group, Visvwanath and Natarjan (Duhne, 1979; Dutt et al., 2007; Natarajan 

et al., 1989) 

 

2.3.2 Abramovic's Equations 

Abramovic proposed the following equations to describe the 

dependence of dynamic viscosity on temperature: 

Abramovic’s equation (formula 1): 

         
 

 
       (2.5) 

 

Abramovic’s equation (formula 2): 

                    (2.6) 

https://www.researchgate.net/publication/236438280_Data_Book_On_The_Viscosity_Of_Liquids?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
https://www.researchgate.net/publication/236438280_Data_Book_On_The_Viscosity_Of_Liquids?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
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Where   is the dynamic viscosity in cP, T is the temperature in Kelvin, t is 

the temperature in degrees Celsius. A and B are constants. 

Table 2.1 shows the values of the constants of the above two equations for 

olive oil (Abramovic et al., 1998) 

Table (2.1): Constants of equations 2.: and 2.; 

 
 

 

Oil 

 

 

      
 

 
   

 

           

 

A (K) 

 

 

B 

 

η (cP) at 

298.15 K 

 

A (cP) 

 

B (cP) 

 

η (cP) at 

25.15 
o
C 

 

Olive oil 
 

 

1558.2 
 

3.433 
 

62.12 
 

235.4 
 

124.1 
 

61.59 

 

Refined corn oil 
 

 

1464.1 
 

3.207 
 

50.54 
 

186.6 
 

97.4 
 

50.19 

 

Refined sunflower oil 
 

 

1443.3 
 

3.157 
 

48.29 

 

177.2 
 

92.3 
 

47.93 

 

2.3.3 Three Constant Andrade's Equation 

Three constants equation was proposed by Andrade which is used by 

Abramovic. The equation has the following form : 

           
 

 
       (2.7) 

Where   is the dynamic viscosity in cP, T is the temperature in Kelvin. A, B 

and C are constants (Vogel, 1921; Andrade, 1930; Abramovic, 1998).  

Table (2.2) shows the values of the constants A, B, and C of equation 2.< 

(Andrade, 1930; Abramovic et al., 1998). 
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 Table (2.2): Constants of equations 2.7 

 

 

2.4 Models Regarding Stress and Strain Rate 

2.4.1 Newtonian Fluid 

Newtonian fluid means that when shear stress is plotted against shear rate at 

a given temperature, the plot shows a straight line with a constant slope that 

is independent of shear rate. (Fig.2.1) 

   

Fig. (2.1): Flow curve of a Newtonian fluid at power law 

 

The simplest constitutive equation is Newton’s law of viscosity: 

        ̇      (2.8) 

 

 

Oil 

 

 

       
 

 
    

 

A  

 

B (K) 

 

C (K 
-1

) 

 

η (cP) at 298.15 K 

 

Olive oil 
 

 

-32.72 
 

7462.27 
 

0.04 
 

69.03 

 

Refined corn oil 
 

 

-27.89 
 

6572.41 
 

0.03 
 

22.16 

 

Refined sunflower oil 
 

 

-28.09 
 

6575.60 
 

0.03 
 

18.34 
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where η is the Newtonian viscosity and  ̇ is the shear rate or the rate of 

strain. The Newtonian fluid is the basis for classical fluid mechanics. Gases, 

for example, exhibit characteristics of Newtonian viscosity. 

 

2.4.2 Non - Newtonian Fluid Models 

One of the most widely used forms of the general non - Newtonian 

constitutive relation is a power law model, which can be described as 

(Middleman, 1968; Munson et al., 1998; Bird et al., 1987): 

         ̇        (2.9) 

Where τ is stress and   ̇  is strain rate, m and n are power–law model 

constants. The constant, m is a measure of the consistency of the fluid with 

dimensions of cP.(s)
n-1

, the higher the m is, the more viscous the fluid is. n is 

a measure of the degree of non - Newtonian behavior. The greater the 

departure from the unity, the more pronounced the non - Newtonian 

properties of the fluid are. 

The viscosity for the power - law fluid can be expressed as (Middleman, 

1968; Munson et al., 1998; Bird et al., 1987): 

        ̇         (2.10) 

Where η is non - Newtonian apparent viscosity, if n = 1, a Newtonian fluid is 

obtained. If n deviates from 1, a non - Newtonian fluid is obtained. (Fig.2.2). 

https://www.researchgate.net/publication/265491390_Fundamentals_of_Fluid_Mechanics?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
https://www.researchgate.net/publication/265491390_Fundamentals_of_Fluid_Mechanics?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
https://www.researchgate.net/publication/253088108_The_Flow_of_High_Polymers?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
https://www.researchgate.net/publication/253088108_The_Flow_of_High_Polymers?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
https://www.researchgate.net/publication/253088108_The_Flow_of_High_Polymers?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
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Fig.(2.2): Flow curve of a Non - Newtonian fluid at power law  

 

Herschel - Bulkley described the behavior of fluids by the following 

equation: 

         ̇     , where      

        ,  where        (2.11) 

 

Where τ is stress and   ̇ is strain rate, m and n are model constants,    is a 

constant that is interpreted as yield stress. 

The model shows both yield stress and shear - thinning non - Newtonian 

viscosity, and is used to describe the rheological behavior of food products 

and biological liquids (James F., 1996). 

2.5 Olive Oil Acidity 

The acidity of olive oil is affected by different parameters such as 

degree of ripeness, industrial processes employed for oil extraction, altitude, 

the cultivator, climate and other factors. 
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Olive oil is classified qualitatively according to its acidity into many classes 

as given in Table (2.3) (IOOC, 2000). 

Table (2.3): Classification of olive oil according to FFA% 

 

 

 

 

2.6 Refractive Index  

 Refractive index (n) of a medium is defined as the ratio of the speed 

of light in a vacuum to the speed of light traveling through this medium, and 

mathematically it is written as: 

      
 

 
       (2.12) 

Where c is the speed of light in vacuum and   is the speed of light in the 

substance. The refractive index for olive oil extends from 1.4677 to 1.4707 

at 20 
o
C (IOOC, 2000).  

2.7 Mass Density 

Mass density is defined as the ratio of mass of the material in grams 

and the volume in cm
3
. Robert has measured the density of olive oil to be 

0.918 gm/cm
3
 at 15 °C and at atmospheric pressure (Robert et al., 1979). 

 

Category FFA% 

Extra virgin olive oil ≤ 0.8 

Virgin olive oil ≤ 2.0 

Ordinary virgin olive oil ≤ 3.3 

Lampante oil > 3.3 
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Chapter Three 

Methodology 

Olive oil samples were collected from different region in Palestine, 

they were all produced by Palestinian industrial olive oil mills, from the crop 

of 1994 until the crop of 2012 at least four samples were collected from each 

region representing different olive oil ages. 

The samples were collected from different regions, these are: L1, L2, 

L3, L4, L5, L6, L7, L8, L9, L10, L11, L12, and L13.The samples were kept in 

closed glass bottles in dark place at 25 
o
C. 

The viscosity of each olive oil sample was measured in wide range of 

temperatures extend from 8 
o
C to 73 

o
C. Each time acidity, refractive index, 

and mass density were measured. 

The viscosity was measured using the ND - 1 rotational viscometer. The 

refractive index was measured using the refractometer. Chemical titration 

was used to measure the acidity, while temperature of the samples was 

measured by using Digital Prima Long Thermometer. 

Measured data were analyzed and relationships between different parameters 

were studied. In addition the relationship between density and refractive 

index, refractive index and age, acidity and age, viscosity and age, viscosity 

and temperature, and density and age were plotted. The curves representing 

the relationship between viscosity and temperature were fitted using 

previously used equations. A comparison with experimental data was done. 
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Moreover, new equations were suggested to fit the experimental data of 

viscosity versus temperature. 

Finally, the relationship between viscosity and shear rate was studied to 

determine whether the olive oil samples under study are Newtonian or Non 

Newtonian. 

 

3.1 Measurement Equipment 

3.1.1 Viscosity Apparatus 

The viscosity was measured by using NDJ - 1 Rotational 

Viscometer. It has four spindles (RV SPINDLE SET) and accuracy of 5%. 

The rotational speeds of the spindles are: 6, 12, 30, 60 RPM, the ranges of 

viscosities measured by the spindles are 0.1 to 100000 cP. 

 

Fig.3.1: NDJ - 1 Rotational Viscometer 

The viscosity was measured using a appropriate spindle for each 

rotational speed: 6, 12, 30, 60 RPM at different temperatures. The 

temperature ranges from 8 
o
C to 73 

o
C. 
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3.1.2 Temperature Apparatus 

Digital Prima Long Thermometer was used to measure the 

temperature of olive oil samples. The accuracy of this apparatus is ±1%. It 

measures temperature ranges from – 20 
o
C to + 100 

o
C. 

The temperature of the olive oil samples was incremented using the Fried 

Electric Model WB - 23. 

 

3.1.3 Density Apparatus 

The density of olive oil samples will be measured using a 2ml 

Pycnometer. The Pycnometer was first weighted empty and then weighted 

full of olive oil then the difference was divided by 2 ml to get the density.  

 

Fig.3.2: Pycnometer 

The error in measuring the density is calculated using the following 

equation: 
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         [
  

 
 

  

 
]    (3.1) 

The analytical balance HR - 200 with accuracy   0.00005 was used to 

measure the mass. 

3.1.4 Refractive Index Apparatus 

The index of refraction of the olive oil samples was measured using the   

way - 2s ABBE digital refractometer. 

 

Fig.3.3: The way - 2s ABBE digital refractometer 

The measurement range of the device extends from 1.3000 - 1.7000 with 

accuracy equals to ± 0.0002. 

3.1.5 Acidity Measurement 

The acid value of olive oil was determined by the titrimetric method 

used in (AOAC 1997). The acid value of olive oil is equal to the mass of 
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KOH in mg required to neutralize 1 g of olive oil dissolved in ethanol - ether 

mixture, and titrated with standard KOH solution. 

Three main steps were followed to measure the acid value of olive oil: 

Firstly: a 0.1 M of ethanolic KOH solution is prepared and standardized as 

follows: 

 A 0.56 g of solid KOH is transferred into a 100 - mL volumetric flask 

and dissolved in absolute ethanol (to get roughly 0.01 moles with 0.1 M 

of KOH ethanol solution). 

 A 0.204 g of dry primary standard KHP (Molar mass = 204.23 g/mol) 

was weighted into a 250 mL conical flask and was dissolved in 50 mL of 

distilled water (to get accurately 0.01 moles with 0.2 M of KHP 

solution). 

 3 drops of phenolphthalein are added (in order not to increase volume 

and correspondingly changing values of molarity) and titrated dropwise 

in the vicinity of the end point with KOH until a pink color is obtained 

and persisted for 30 seconds. 

 The last two steps were repeated three times.  

 The average molar concentration of KOH solution was calculated. 
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KHP + KOH   K2P + H2O 

Where the exact molarity of KOH is 
                      

                
 

Secondly: Ethanol - ether mixture was prepared: 

 50 mL of absolute ethanol and 50 mL of ether were mixed in a conical 

flask, and 3 drops of phenolphthalein solution then ehanolic KOH were 

added to faint pink color. 

Thirdly: The acid value of olive oil was determined: 

 5 - 10 mg oil was weighted into 250 mL conical flask, then 50 mL 

of ethanol ether mixture and 3 drops phenolphthalein solution are 

added. 

 The resulted solution is titrated the standard ethanolic KOH solution 

until permanent faint pink appears and persists for 30 seconds. 

Then the acid value was calculated according to the following equation: 

mL KOH standardsolution × molarity of KOH standard solution × 56.1
Acid value = 

 of sample (g)wt

 

The acid value may be expressed in terms of % free fatty acids as flows: 
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Chapter Four 

Results and Data Analysis 

4.1 Density Results 

The densities in (gm/cm
3
) of the collected olive oil samples were 

measured. The overall density results are given in Table 4.1. The density 

results are tabulated according to the region of the olive oil sample and the 

sample storage age in years. 

Table (4.1): Measured density (gm/cm
3
) of olive oil samples in different 

regions and for different storage ages 

Storage 

Age 

(years) 
L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 Average 

1 0.9190 0.9189 0.9183 0.9184 0.9189 
  

0.9191      0.9187 

2 
 

0.9189 0.9178 0.9184 
   

0.9191 0.9185   0.9185  0.9185 

3 0.9188 0.9185 
 

0.9183 0.9188 0.9183 0.9188 0.9189 0.9182  0.9185 0.9185 0.9188 0.9185 

4 0.9188 
  

0.9182 0.9186 0.9182 0.9186      0.9185 0.9184 

5 0.9186 
     

0.9185  0.9177     0.9182 

6 
    

0.9186 
 

0.9181 0.9177    0.9180  0.9181 

7 
    

0.9182 
  

 0.9175     0.9178 

8 
       

0.9177   0.9180   0.9178 

12 
     

0.9177 
 

     0.9179 0.9178 

13 0.9180 
    

0.9176 
 

      0.9178 

14 0.9177 0.9160 0.9176 
  

0.9176 
 

  0.9179   0.9179 0.9174 

15 0.9176 0.9155 0.9175 
  

0.9175 
 

   0.9174  0.9179 0.9172 

16 0.9179 
    

0.9175 
 

  0.9165   0.9175 0.9173 

19 
      

0.9174       0.9174 

Average 0.9183 0.9176 0.9178 0.9183 0.9186 0.9178 0.9183 0.9185 0.9180 0.9172 0.9180 0.9183 0.9181 0.9180 

 

The overall average density of olive oil samples is 0.9180 gm/cm
3
. 
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The highest values of density recorded were the 1 year storage age and 2 

years storage age of L8 samples (0.9190 gm/cm
3
). While the lowest value 

was found for 15 years storage age of L2 samples (0.9155 gm/cm
3
). The 

maximum value of the average density was found for L5 samples (0.9186 

gm/cm
3
) while the minimum average value of density was found for L10 

samples (0.9172 gm/cm
3
). 

The relationship between density of olive oil samples of L1 and L2 and 

storage age is given in Figs. (4.1, 4.2), respectively. 
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Fig.(4.1): Measured density versus storage age of olive oil samples of L1 
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The density shows a linear proportional relationship with sample storage 

age. The relationship between density and storage age for the rest of regions 

are shown in Appendix A. 

 

4.2  Refractive Index Results 

The measured refractive indexes of olive oil for all samples, from all 

regions are given in Table 4.2. 
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Fig.(4.2): Measured density versus storage age of olive oil samples of L8 

 



27 

 

Table (4.2): Measured refractive index of olive oil samples of different 

regions and different storage ages 

Storage 

Age 

(years) 
L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 Average 

1 1.4717 1.4712 1.4710 1.4717 1.4716  

 

1.4718     

 

1.4715 

2   1.4710 1.4716   

 

1.4713 1.4713   1.4713 

 

1.4713 

3 1.4714 1.4711  1.4711 1.4714 1.4711 1.4715 1.4711 1.4713  1.4713 1.4712 1.4711 1.4712 

4 1.4714   1.4707 1.4710  1.4714      1.4705 1.4710 

5 1.4710      1.4712  1.4712    

 

1.4711 

6     1.4708  1.4712 1.4706    1.4709 

 

1.4709 

7     1.4707  

 

 1.4709    

 

1.4708 

8     1.4707  

 

1.4705   1.4711  

 

1.4708 

12      1.4705 

 

     1.4703 1.4704 

13 1.4708     1.4702 

 

     

 

1.4705 

14 1.4706 1.4708 1.4709   1.4701 

 

  1.4708   1.4701 1.4706 

15 1.4705 1.4706 1.4708   1.4704 

 

  1.4698 1.4710  1.4702 1.4705 

16 1.4702     1.4700 

 

  1.4690   1.4700 1.4698 

19       1.4711      

 

1.4711 

Average 1.4710 1.4709 1.4709 1.4713 1.4710 1.4704 1.4713 1.4711 1.4712 1.4699 1.4711 1.4711 1.4704 1.4708 

 

The average value of refractive index of all olive oil samples is 1.4708. The 

range of refractive index of all samples extends from 1.4690 (16 years 

storage age L10 sample) to 1.4718 (1 year storage age L8 sample). 

The relationship between refractive index and storage age for samples 

collected from L1 and L8 are shown in Figs 4.3 and 4.4. 
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One can notice from Figs 4.3 and 4.4 that the refractive index decreases as 

the storage age of the olive oil sample increases. The relationship between 

refractive index and storage age for the rest of regions are showed in 

Appendix B. 
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Fig.(4.4): Measured refractive index versus storage age of olive oil samples of L8 

 

Fig.(4.3): Measured refractive index versus storage age of olive oil samples of L1 
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4.3 Acidity Results 

The results of olive oil samples acidity for samples collected from all 

regions and different storage ages are given in Table 4.3. 

Table 4.3: Measured acidity in FFA% of olive oil samples in different 

regions for different storage ages 

Storage 

Age 

(years) 
L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 

1 1.18 1.72 0.94 0.51 0.45  

 
0.44     

 
2   0.70 0.53   

 
0.50 0.67   0.77 

 
3 1.55 2.53  0.56 1.49 1.03 0.80 1.96 0.96  0.96 1.88 0.56 

4 2.64   1.96 2.07 1.80 1.12      1.03 

5 3.97      1.56  1.18    

 
6     2.40  2.50 4.77    2.00 

 
7     2.88  

 

 1.20    

 
8     2.94  

 
5.25   3.92  

 
12      3.18 

 

     2.31 

13 8.79      

 

  4.40   

 
14 9.09 5.09 5.98    

 

  5.04   

 
15 11.13 5.77 5.72   3.81 

 

   7.07  3.95 

16 13.01     4.49 
 

  9.49   4.60 

19      5.02 4.00      5.22 

 

The range of acidity extends from 0.44% for the 1 year storage age (L8) to 

13.01% for the 16 years storage (L1). 
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Table 4.4 shows the acidity of olive oil samples from different regions as a 

function of storage age. The Classification of olive oil is given according to 

Table 2.3. 

 

Table 4.4: The acidity of olive oil samples from different regions of 

different storage ages 
 

Region Storage Age(years) Acidity Olive Oil Classification 

L3 2 0.70 Extra virgin olive oil 

L4 1 0.51 Extra virgin olive oil 

L4 2 0.53 Extra virgin olive oil 

L4 3 0.56 Extra virgin olive oil 

L5 1 0.45 Extra virgin olive oil 

L8 1 0.44 Extra virgin olive oil 

L8 2 0.50 Extra virgin olive oil 

L9 2 0.67 Extra virgin olive oil 

L12 2 0.77 Extra virgin olive oil 

L13 3 0.56 Extra virgin olive oil 

L1 1 1.18 Virgin olive oil 

L1 3 1.55 Virgin olive oil 

L2 1 1.72 Virgin olive oil 

L3 1 0.94 Virgin olive oil 

L4 4 1.96 Virgin olive oil 

L5 3 1.49 Virgin olive oil 

L6 3 1.03 Virgin olive oil 

L6 4 1.80 Virgin olive oil 

L7 3 0.80 Virgin olive oil 

L7 4 1.12 Virgin olive oil 

L7 5 1.56 Virgin olive oil 

L8 3 1.96 Virgin olive oil 

L9 3 0.96 Virgin olive oil 

L9 5 1.18 Virgin olive oil 

L9 7 1.20 Virgin olive oil 

L11 3 0.96 Virgin olive oil 

L12 3 1.88 Virgin olive oil 

L12 6 2.00 Virgin olive oil 

L13 4 1.03 Virgin olive oil 
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Region Storage Age(years) Acidity Olive Oil Classification 

L1 4 2.64 Ordinary virgin olive oil 

L2 3 2.53 Ordinary virgin olive oil 

L5 4 2.07 Ordinary virgin olive oil 

L5 6 2.40 Ordinary virgin olive oil 

L5 7 2.88 Ordinary virgin olive oil 

L5 8 2.94 Ordinary virgin olive oil 

L6 12 3.18 Ordinary virgin olive oil 

L7 6 2.50 Ordinary virgin olive oil 

L13 12 2.31 Ordinary virgin olive oil 

L1 5 3.97 Lampante oil 

L1 13 8.79 Lampante oil 

L1 14 9.09 Lampante oil 

L1 15 11.13 Lampante oil 

L1 16 13.01 Lampante oil 

L2 14 5.09 Lampante oil 

L2 15 5.77 Lampante oil 

L3 14 5.98 Lampante oil 

L3 15 5.72 Lampante oil 

L6 14 3.81 Lampante oil 

L6 15 4.49 Lampante oil 

L6 16 5.02 Lampante oil 

L7 19 4.00 Lampante oil 

L8 6 4.77 Lampante oil 

L8 8 5.25 Lampante oil 

L10 13 4.40 Lampante oil 

L10 14 5.04 Lampante oil 

L10 16 9.49 Lampante oil 

L11 8 3.92 Lampante oil 

L11 15 7.07 Lampante oil 

L13 14 3.95 Lampante oil 

L13 15 4.60 Lampante oil 

L13 16 5.22 Lampante oil 
 

Three samples of crop 2013 (L4, L5, and L8) are extra virgin, while the other 

three samples of the same crop are virgin (L1, L2, and L3). The five samples 

of crop 2012 are all extra virgin. In general, one can notice from Table (4.4) 
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that the olive oil samples are good for human consumption up to 10 years 

storage age. 

The relationship between acidity and storage age for the collected samples 

from L1 and L8 are shown in Figs 4.5 and 4.6, respectively. 
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Fig.(4.5): Measured acidity versus storage age of olive oil samples of L1 

Fig.(4.6): Measured acidity versus storage age of olive oil samples of L8  
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The olive oil acidity increases as the storage age of the sample increases. The 

relationship between olive oil acidity and storage age is shown to be linear. 

The acidity versus storage age for the rest of the samples of different regions 

are shown in the Appendix C. 

 

4.4  Refractive Index as a Function of Density of Olive Oil 

The refractive index of olive oil samples were plotted against density 

mass and the results of the L1  and L8 are shown in Figs.4.7 and 4.8.The 

refractive index versus density for the rest of the samples are shown in the 

Appendix D. 
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Fig.(4.7): Measured refractive index versus density mass of olive oil samples of L1  
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The relationship between refractive index and density mass is linear. 

The reason for the increasing of acidity with storage age is the definition of 

acidity. A concentration of free fatty acids, oils and fats are made up of 

triglycerides  and chains of free fatty acids, when chains of free fatty acids 

are  liberated, they can increase the acidity free fatty acids which leads to an 

increase in acidity. The reason for the breakup of the of fatty chains is an 

lipase enzyme that gives the association between fatty chains and 

triglycerides then transformed into free fatty chains. The presence of water 

with the presence of holes in the olive grain or high oil temperature will lead 

to increase in the activity of the lipase enzyme and thus higher acidity. 

As the temperature of the oil increases the spaces between particles increases 

then their motion became easier which leads to a decrease in viscosity 
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Fig.(4.8): Measured refractive index versus density mass of olive oil samples of L8 
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because the viscosity is the resistance of flow of the liquid. The decrease of 

density storage with storage age is due to the increase of free fatty acids (i.e., 

the breakup of the liquid molecules) and thus less density between 

molecules, leading to a decrease in mass density. 

 

4.5  Viscosity Results 

The Kinematic viscosity of olive oil samples was calculated at room 

temperature (25 o
C ). Table 4.5 gives the results of L1 and L8 samples at 

different storage age. 

Table 4.5: Results of kinematic viscosity of L1 and L8 samples at different 

storage age 

 

 

 

 

The dynamic viscosity of olive oil samples was measured at different 

temperatures. Table 4.6 shows the results of L1 and L8 samples at different 

storage age. 
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age: 
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Table 4.6: Results of dynamic viscosity of L1 and L8 samples at different 

storage age 

 

 
(ηexp) in cP 

t (o
C) 

L1 L8 
Storage 

age: 

2 years 

Storage 

age: 

5 years 

Storage 

age: 

13 years 

Storage 

age: 

3 years 

Storage 

age: 

6 years 

Storage 

age: 

10 years 
23 75 72 70 80 79 78 

25 68 68 64 75 74 71 

28 62 67 63 72 71 69 

30 58 61 59 68 66 67 

33 58 55 53 63 63 62 

37 56 49 49 59 61 59 

40 52 47 45 55 57 57 

42 52 43 44 52 57 54 

44 45 39 42 45 50 52 

47 38 33 42 40 47 50 

50 32 31 36 33 46 46 

52 31 25 32 28 43 42 

55 29 25 28 26 41 36 

58 22 21 24 23 38 32 

60 17 18 22 20 37 30 

63 17 17 22 19 33 25 

 

The dynamic viscosity decreases with storage age sample as a function of 

temperature. It also decreases with temperature at a given sample age. 

The relationship between dynamic viscosity and storage age of the 

samples from L1 and L8 are shown in Fig.4.9.  
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Figure 4.9 shows that the viscosity decreases as the storage age of the olive 

oil sample increases. 

 

4.5.1 Viscosity Results and Theoretical Predictions 

The experimental results of dynamic viscosity versus temperature 

were compared with equations obtained by Abramovic and Andrade. The 

percentage of absolute deviations and standard deviation between the 

measured and theoretical data were calculated. 

Three equations were used to fit the experimental data of this work, these 

are: Abramovic’s equation (formula 1)  

       
 

 
      (4.1) 
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and Abramovic’s equation (formula 2)  

                    (4.2) 

and Andrade’s equation  

           
 

 
       (4.3) 

 

a. Two Constants Abramovic’s Equation (Formula 1) 

The dynamic viscosity versus temperature using the two constants 

Abramovic's equation (formula 1) has been calculated and gives: 

      
 

 
   with A = 1558.2 (K) and B = 3.433 (Abramovic et al., 1998). 

A comparison between the measured values of dynamic viscosity and the 

calculated values using Abramovic’s equation (formula 1) of four different 

olive oil samples. The values of AAD% and SD are also given in Table 4.7. 
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Table 4.7: The measured and calculated dynamic viscosity of olive oil 

versus temperature using Abramovic’s equation (formula 1) 

[     
 

 
    for L1 and L8 

 

t (o
C) 

ηcal (cP) 

using 

Abramovic’s 

equation 

(formula 1) 

ηexp (cP) 

L1 L8 
Storage 

age: 

2 years 

Storage 

age: 

5 years 

Storage 

age: 

13 years 

Storage 

age: 

3 years 

Storage 

age: 

6 years 

Storage 

age: 

10 years 
23 67 75 72 70 80 79 78 

25 62 68 68 64 75 74 71 

28 55 62 67 63 72 71 69 

30 51 58 61 59 68 66 67 

33 45 58 55 53 63 63 62 

37 39 56 49 49 59 61 59 

40 35 52 47 45 55 57 57 

42 32 52 43 44 52 57 54 

44 30 45 39 42 45 50 52 

47 27 38 33 42 40 47 50 

50 24 32 31 36 33 46 46 

52 23 31 25 32 28 43 42 

55 21 29 25 28 26 41 36 

58 19 22 21 24 23 38 32 

60 18 17 18 22 20 37 30 

63 16 17 17 22 19 33 25 

AAD% ---- 13.2% 12.0% 15.3% 15.8% 24.1% 22.1% 

SD ---- 1.72 1.24 1.42 2.17 3.03 2.76 

 

 

The values of AAD% are high for all samples. Their ranges are from 12.0% 

to 24.1%, which means that the constants of Abramovic’s equation 

(formula1) used by Abramovic do not represent a good fit for our results. 

Fig 4.10 shows the relationship between the dynamic viscosity of olive oil 

versus temperature for L1 and L8 samples. 
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b. Two Constants Abramovic’s Equation (Formula 2) 

The viscosities of olive oil for 2, 5 and 13 years storage age of L1 

sample and 3, 6, and 10 years storage age of L8 sample were calculated using 

Abramovic's two constants formula 2 which is:            with  

A = 235.4 cP and B = 124.1cP (Abramovic et al., 1998). The results of 

calculated and measured values of viscosity are given in Table 4.8. 
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Table 4.8: The measured and calculated dynamic viscosity of olive oil 

versus temperature using Abramovic’s equation (formula 2) 

  [            for L1 and L8 

 

t (
o
C) 

ηcal (cP) 

using 

Abramovic’s 

equation 

(formula 2) 

ηexp (cP) 

L1 L8 
Storage 

age: 

2 years 

Storage 

age: 

5 years 

Storage 

age: 

13 years 

Storage 

age: 

3 years 

Storage 

age: 

6 years 

Storage 

age: 

10 years 
23 66 75 72 70 80 79 78 

25 62 68 68 64 75 74 71 

28 56 62 67 63 72 71 69 

30 52 58 61 59 68 66 67 

33 47 58 55 53 63 63 62 

37 41 56 49 49 59 61 59 

40 37 52 47 45 55 57 57 

42 34 52 43 44 52 57 54 

44 31 45 39 42 45 50 52 

47 28 38 33 42 40 47 50 

50 25 32 31 36 33 46 46 

52 22 31 25 32 28 43 42 

55 19 29 25 28 26 41 36 

58 17 22 21 24 23 38 32 

60 15 17 18 22 20 37 30 

63 25 17 17 22 19 33 25 

AAD% ---- 14.3% 18.2% 21.3% 17.1% 24.6% 22.8% 

SD ---- 1.63 1.31 1.51 2.09 3.04 2.73 

 

AAD% values are very high and extend from 14.3% for 2 years storage age 

of L1 sample to 24.6% for 6 years storage age sample. This implies a failure 

fit constants for abramovic’s equation (formula 2). 

Fig. 4.11 shows the relationship between dynamic viscosity versus 

temperature for two samples from L1and L8. 
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c. Andrade's Equation 

Andrade's equation       
 

 
    is used to calculate the dynamic 

viscosity of olive oil versus temperature. The values of A, B, and C are 

found to be equal -32.72, 7462.27 K, and 0.04 ( K
-1 

), respectively (Andrade, 

1930; Abramovic et al., 1998). 

The calculated and experimental values of viscosity versus temperature are 

given in Table 4.9 for two samples from L1 and L8. 
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Table 4.9: The measured and calculated dynamic viscosity using Andrade's 

equation [      
 

 
   ] of olive oil samples collected 

from L1and L8 versus temperature 

 

t (
o
C) 

ηcal (cP) 

using 

Andrade's 

equation  

ηexp (cP) 

L1 L8 
Storage 

age: 

2 years 

Storage 

age: 

5 years 

Storage 

age: 

13 years 

Storage 

age: 

3 years 

Storage 

age: 

6 years 

Storage 

age: 

10 years 
23 75 75 72 75 80 79 78 

25 69 68 68 69 75 74 71 

28 61 62 67 61 72 71 69 

30 56 58 61 56 68 66 67 

33 49 58 55 49 63 63 62 

37 42 56 49 42 59 61 59 

40 38 52 47 38 55 57 57 

42 35 52 43 35 52 57 54 

44 33 45 39 33 45 50 52 

47 30 38 33 30 40 47 50 

50 27 32 31 27 33 46 46 

52 25 31 25 25 28 43 42 

55 23 29 25 23 26 41 36 

58 21 22 21 21 23 38 32 

60 20 17 18 20 20 37 30 

63 19 17 17 19 19 33 25 

AAD% ---- 9.6% 6.4% 9.5% 10.4% 19.7% 17.4% 

SD ---- 1.30 0.77 1.02 1.63 2.51 2.25 

 

High AAD% values were calculated, 9.6%, 6.4% and 9.5% for the 2 years, 5 

years, and 13 years of L1, and 10.4%, 19.7%, and 17.4% for the 3 years, 6 

years, and 10 years of L8. These indicate that Andrade's equation with the 

given constants is not suitable to describe the experimental results. 

Fig. 4.12 shows the measured and calculated dynamic viscosity using 

Andrade’s equation of olive oil samples collected from L1 and L8versus 

temperature. 
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4.5.2 Modifications of the Abramovic’s and Andrade’s equations 

In section 4.5.1, Abramovic’s first and second formulas and 

Andrade's equation with their constants failed to describe the relationship 

between dynamic viscosity and temperature of olive oil samples. 

Modifications were proposed to these equations by fitting the experimental 

data with different constants to get good prediction with the least error. In 

order to achieve that, experimental data was fitted using these equations and 

new constants are introduced and the values of AAD% and SD were 

calculated. 
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a. Modification to Abramovic’s Equation (Formula 1) 

Measured values of dynamic viscosity versus temperature of two samples 

from L1 and L8 were fitted using Abramovic's equation (formula 1) 

      
 

 
  . The values of A, B for each samples of different storage age 

were introduced, and values of AAD% and SD were calculated. The results 

of this fit are given in Table 4.10. 

 

Table 4.10: The measured and calculated dynamic viscosity using modified 

Abramovic’s equation (formula 1) [     
 

 
    of olive oil 

samples collected from L1 and L8 versus temperature 
 

t (
o
C) 

L1 L8 
Storage age: 

2 years 
Storage age: 

5 years 
Storage age: 

13 years 
Storage age: 

3 years 
Storage age: 

6 years 
Storage age: 

10 years 

ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) 

23 75 78 72 77 70 73 80 86 79 81 78 81 

25 68 72 68 71 64 68 75 80 74 77 71 77 

28 62 65 67 64 63 62 72 72 71 72 69 71 

30 58 61 61 59 59 58 68 67 66 68 67 67 

33 58 55 55 53 53 53 63 60 63 63 62 62 

37 56 49 49 46 49 47 59 52 61 58 59 56 

40 52 44 47 42 45 43 55 47 57 54 57 52 

42 52 42 43 39 44 41 52 44 57 51 54 49 

44 45 39 39 37 42 38 45 41 50 49 52 47 

47 38 36 33 33 42 35 40 38 47 46 50 44 

50 32 33 31 30 36 33 33 34 46 43 46 41 

52 31 31 25 28 32 31 28 32 43 41 42 39 

55 29 28 25 26 28 29 26 29 41 39 36 36 

58 22 26 21 24 24 26 23 27 38 37 32 34 

60 17 25 18 22 22 25 20 25 37 35 30 32 

63 17 23 17 20 22 23 19 23 33 33 25 30 

A(K) 1334.35 1439.45 1234.13 1420.86 970.83 1063.17 

B 2.615 2.975 2.306 2.864 1.369 1.681 

AAD% 7.7% 5.7% 7.3% 6.8% 2.4% 4.6% 

SD 0.9 0.7 0.5 1.2 1.8 1.6 
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Figs 4.13 and 4.14 show the relationship between viscosity and temperature 

for two samples of L1 and L8 respectively. In addition, the fitted line using 

the modified Abramovic's first formula is given. 
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using modified Abramovic's equation (formula 1) 
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The values of AAD% given in Table 4.9 are still high. They are 7.7%, 5.7%, 

and 7.3%, for the 2 years, 5 years, and 13 years of L1, and 6.8%, 2.4%, and 

4.6% for the 3 years, 6 years, and 10 years of L8. Therefore one can conclude 

that modified Abramovic’s equation (formula 1) was not suitable for 

describing the relationship between dynamic viscosity and temperature. 

 

b. Modification to Abramovic’s Equation (Formula 2) 

Modification was made on Abramovic’s equation (formula 2) 

 [            of olive oil behavior of samples from L6 and L=, the 

results of measured and calculated values of dynamic viscosity are given in 

Table 4.11.  
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Table 4.11: The measured and calculated dynamic viscosity using modified 

Abramovic’s equation (formula 2) [            of olive oil 

samples from L1 and L8 versus temperature 

 

t (
o
C) 

L1 L8 
Storage age: 

2 years 
Storage age: 

5 years 
Storage age: 

13 years 
Storage age: 

3 years 
Storage age: 

6 years 
Storage age: 

10 years 

ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) 

23 75 77 72 76 70 71 80 85 79 79 78 80 

25 68 72 68 71 64 67 75 79 74 76 71 76 

28 62 66 67 64 63 62 72 72 71 71 69 70 

30 58 62 61 60 59 58 68 68 66 68 67 67 

33 58 57 55 55 53 54 63 61 63 64 62 62 

37 56 50 49 48 49 48 59 54 61 58 59 57 

40 52 46 47 43 45 45 55 49 57 55 57 53 

42 52 43 43 41 44 42 52 46 57 53 54 51 

44 45 41 39 38 42 40 45 43 50 51 52 48 

47 38 37 33 34 42 37 40 39 47 48 50 45 

50 32 33 31 30 36 34 33 35 46 45 46 42 

52 31 31 25 28 32 32 28 32 43 44 42 40 

55 29 28 25 25 28 29 26 28 41 41 36 38 

58 22 25 21 22 24 27 23 25 38 39 32 35 

60 17 23 18 20 22 25 20 23 37 37 30 34 

63 17 21 17 17 22 23 19 20 33 35 25 31 

A(cP) 251.06 257.41 221.51 286.70 217.24 230.80 

B(cP) 128.058 133.583 110.397 148.372 101.243 110.926 

AAD% 6.3% 3.7% 3.0% 4.4% 3.5% 4.3% 

SD 0.8 0.6 0.3 1.2 1.7 1.4 

 

The measured and fitted viscosity - temperature relationship using the 

modified Abramovic’s equation (formula 2) are shown in Figs. 4.15 and 

4.16. 
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Fig.(4.15): Measured and calculated values of dynamic viscosity of olive oil of L1 

using modified Abramovic's equation (formula 2) 
 

Fig.(4.16): Measured and calculated values of dynamic viscosity of olive oil of L8 

using modified Abramovic's equation (formula 2) 
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The calculated values of AAD% extend from 3.0% to 6.3%.Which are 

relatively high values. This implies that modified Abramovic’s equation 

(formula 2) is not proper to fit the relationship between viscosity and 

temperature. 

 

c. Modification to Andrade's Equation  

Measured and calculated values of dynamic viscosity versus 

temperature of two samples from L1 and L8 were fitted using Andrade’s 

equation        
 

 
    . The values of A, B, and C for each sample 

were introduced, and values of AAD% and SD were calculated. The results 

of this fit are given in Table 4.12. 
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Table 4.12: The measured and calculated dynamic viscosity using modified 

Andrade's equation        
 

 
     of olive oil samples 

from L1 and L8 versus temperature 
 

t (
o
C) 

L1 L8 
Storage age: 

2 years 
Storage age: 

5 years 
Storage age: 

13 years 
Storage age: 

3 years 
Storage age: 

6 years 
Storage age: 

10 years 

ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) 

23 75 70 72 72 70 68 80 78 79 78 78 74 

25 68 68 68 69 64 66 75 76 74 75 71 73 

28 62 66 67 65 63 62 72 73 71 71 69 70 

30 58 64 61 62 59 59 68 70 66 68 67 68 

33 58 60 55 57 53 55 63 65 63 64 62 65 

37 56 54 49 50 49 50 59 58 61 59 59 60 

40 52 50 47 45 45 46 55 53 57 56 57 56 

42 52 47 43 42 44 44 52 49 57 54 54 54 

44 45 43 39 39 42 41 45 45 50 52 52 51 

47 38 39 33 34 42 38 40 40 47 49 50 47 

50 32 34 31 30 36 34 33 34 46 46 46 43 

52 31 31 25 27 32 32 28 31 43 44 42 41 

55 29 27 25 24 28 29 26 26 41 41 36 37 

58 22 23 21 20 24 26 23 22 38 38 32 34 

60 17 21 18 18 22 24 20 20 37 37 30 32 

63 17 17 17 16 22 21 19 16 33 34 25 28 

A 143.30 109.15 69.71 155.66 21.16 76.62 

B(K) -20277.051 -14731.423 -8948.565 -21996.926 -1694.496 -10264.864 

C(K-1) -0.238 -0.186 -0.119 -0.260 -0.037 -0.127 

AAD% 3.6% 1.8% 2.1% 1.8% 1.2% 1.9% 

SD 0.7 0.6 0.3 1.1 1.6 1.4 

 
Figs. 4.17 and 4.18 show the relationship between viscosity and temperature 

using the modified Andrade's equation for the 5 years storage age of L1 and 6 

years storage age of L8 sample.  
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The values of AAD% when new constants are substituted into Andrade's 

equation are smaller than that of Abramovic's equations as given in Table 

4.12. Taking 13 years storage age of L1 as an example, one can notice from 
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Fig.(4.17): Measured and calculated values of dynamic viscosity of olive oil of L1 

using modified Andrade's equation 

Fig.(4.18): Measured and calculated values of dynamic viscosity of olive oil of L8 

using modified Andrade's equation 
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Tables (4.7 - 4.12) that AAD% is 15.3% for Abramovic’s equation 

(formula1)       
 

 
  ] where it is 7.3% for modified Abramovic’s 

equation (formula 1), 21.3% for Abramovic’s equation (formula 2)           

[            and 3.0% for modified Abramovic’s equation (formula 2), 

and 9.5 % for Andrade's equation [       
 

 
      and 2.1 % for 

modified Andrade’s equation. 

The Abramovic's and Andrade's equations with modified constants were 

better in describing the viscosity – temperature relationship since low values 

of AAD% (relative to the same equations with the original constants) were 

obtained. However, the modification of these equations by imposing new 

constants did not produce an acceptable description to the experimental data 

because still they have high values of AAD%. 

The using of Abramovic's and Andrade's equations failed to describe the 

viscosity temperature relationship. New proposed equations should be 

imposed to describe the experimental data. 

In the following section, three new equations are proposed to describe the 

dynamic viscosity relationship of olive oil versus temperature. 

 

4.5.3 Proposed Equations 

a. Proposed equation (formula 1) 

Three order polynomial of equation was proposed as: 

                    (4.4) 
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to fit the experimental dynamic viscosity - temperature relation of three 

samples from L1 and three samples from L8. Table 4.13 shows the results of 

fitting. 

 Table 4.13: The measured and calculated dynamic viscosity using the 

proposed equation (formula 1) [                of 

olive oil samples collected from L1 and L8 versus temperature 

 

AAD% are relatively very small for all samples, they range from 0.1% to 

0.3%. This result implies that the proposed formula 1 is suitable to describe 

the viscosity - temperature relationship. 

t (
o
C) 

L1 L8 

Storage age: 

2 years 
Storage age: 

5 years 
Storage age: 

13 years 
Storage age: 

3 years 
Storage age: 

6 years 
Storage age: 

10 years 

ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) 

23 75 70 72 72 70 68 80 78 79 79 78 75 

25 68 68 68 69 64 66 75 76 74 75 71 73 

28 62 66 67 65 63 62 72 72 71 70 69 70 

30 58 64 61 61 59 59 68 70 66 67 67 68 

33 58 60 55 57 53 55 63 65 63 63 62 65 

37 56 54 49 50 49 50 59 58 61 59 59 60 

40 52 50 47 45 45 46 55 53 57 56 57 56 

42 52 47 43 42 44 44 52 49 57 54 54 54 

44 45 43 39 39 42 41 45 45 50 52 52 51 

47 38 39 33 34 42 38 40 40 47 49 50 47 

50 32 34 31 30 36 34 33 35 46 47 46 44 

52 31 31 25 27 32 32 28 31 43 45 42 41 

55 29 27 25 24 28 29 26 27 41 42 36 37 

58 22 23 21 21 24 26 23 23 38 39 32 33 

60 17 21 18 19 22 24 20 21 37 37 30 31 

63 17 18 17 17 22 21 19 18 33 33 25 27 

A(cP) 51.05 88.06 96.19 64.98 152.52 84.09 

B(cP/oC) 2.616 0.257 -1.077 2.543 -4.812 0.150 

C(cP/oC2) -0.094 -0.053 -0.008 -0.105 0.083 -0.029 

D(cP/oC3) 0.00071 0.00049 0.00010 0.00083 -0.00059 0.00019 

AAD% 0.2% 0.3% 0.2% 0.1% 0.2% 0.1% 

SD 0.7 0.7 0.1 0.1 0.4 0.5 
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Fig. 4.19 shows the experimental and calculated values of the dynamic 

viscosity versus temperature for two olive oil samples. 

 

 

 

One can observe from Fig 4.19 that the fitted lines coincide with most of the 

experimental data. 

 

b. Proposed equation (formula 2) 

 The measured dynamic viscosity versus temperature was fitted 

using the proposed formula 2: 

                      (4.5) 

Results of this fitting for L1 and L8 samples are given in Table 4.14. 
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Fig.(4.19): Measured and calculated values of dynamic viscosity using proposed 

equation (formula 1) fit for olive oil sample from L1 and L8 
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Table 4.14: The measured and calculated dynamic viscosity using proposed 

equation (formula 2) [              ] of olive oil samples 

collected from L1 and L8 versus temperature 

 
  L1 L8 

t (
o
C) 

Storage age: 

2 years 
Storage age: 

5 years 
Storage age: 

13 years 
Storage age: 

3 years 
Storage age: 

6 years 
Storage age: 

10 years 

 
ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) 

23 75 78 72 77 70 72 80 86 79 80 78 81 

25 68 72 68 71 64 68 75 80 74 76 71 76 

28 62 66 67 64 63 62 72 72 71 71 69 70 

30 58 61 61 60 59 58 68 67 66 67 67 67 

33 58 56 55 54 53 53 63 61 63 63 62 62 

37 56 49 49 47 49 48 59 53 61 58 59 56 

40 52 45 47 43 45 44 55 48 57 54 57 52 

42 52 43 43 40 44 42 52 45 57 52 54 50 

44 45 40 39 37 42 40 45 42 50 50 52 48 

47 38 37 33 34 42 37 40 38 47 48 50 45 

50 32 33 31 30 36 34 33 34 46 45 46 42 

52 31 31 25 28 32 32 28 32 43 44 42 40 

55 29 29 25 25 28 30 26 29 41 41 36 38 

58 22 26 21 22 24 27 23 26 38 39 32 36 

60 17 24 18 21 22 26 20 24 37 38 30 34 

63 17 22 17 18 22 24 19 21 33 36 25 32 

A(cP) -200.60 -210.07 -173.51 -232.78 -159.29 -173.75 

B -0.216 -0.221 -0.210 -0.220 -0.193 -0.200 

AAD% 0.6% 0.7% 0.5% 0.5% 0.8% 0.4% 

SD 0.2 0.7 0.4 0.4 1.7 0.5 

 

 

Good prediction was obtained as given by Table 4.14, where very low values 

of AAD% are obtained. They are 0.6%, 0.7% and 0.5% for the 2 years, 5 

years, and 13 years of L1, and 0.5%, 0.8% and 0.4% for the 3 years, 6 years, 

and 10 years of L8. The proposed equation (formula 2) is suitable in 

describing the viscosity versus temperature relationship.  
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Experimental and calculated data using the proposed equation (formula 2) of 

viscosity versus temperature for samples from L1 and L8 are shown in 

Fig.4.20. 

 

 

 

c. Proposed equation (formula 3) 

The experimental results for dynamic viscosity versus temperature for 

four olive oil samples were fitted using the following proposed formula 3: 

                         (4.6) 

The results of this fitting in addition to experimental values, constants A, B, 

C, D, E, F, AAD%, and SD are given in Table 4.15. 
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Fig.(4.20): Measured and calculated values of dynamic viscosity using proposed 

equation (formula 2) fit for olive oil sample from L1and L8 
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Table 4.15: The measured and calculated dynamic viscosity using proposed 

equation (formula 3) [                        of 

olive oil samples collected from L1 and L8 versus temperature 
 

t (
o
C) 

L1 L8 
Storage age: 

2 years 
Storage age: 

5 years 
Storage age: 

13 years 
Storage age: 

3 years 
Storage age: 

6 years 
Storage age: 

10 years 

ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) ηexp(cP) ηcal(cP) 

23 75 75 72 72 70 69 80 80 79 79 78 77 

25 68 67 68 69 64 67 75 75 74 74 71 73 

28 62 61 67 65 63 62 72 70 71 69 69 68 

30 58 60 61 61 59 58 68 68 66 67 67 66 

33 58 58 55 57 53 54 63 65 63 64 62 63 

37 56 56 49 50 49 49 59 59 61 60 59 59 

40 52 52 47 45 45 46 55 54 57 57 57 57 

42 52 49 43 42 44 44 52 50 57 54 54 55 

44 45 46 39 39 42 43 45 46 50 52 52 53 

47 38 40 33 34 42 40 40 40 47 48 50 49 

50 32 34 31 30 36 36 33 33 46 45 46 45 

52 31 30 25 27 32 33 28 30 43 43 42 42 

55 29 26 25 24 28 28 26 25 41 41 36 37 

58 22 22 21 20 24 24 23 22 38 38 32 32 

60 17 20 18 19 22 22 20 21 37 37 30 29 

63 17 16 17 17 22 22 19 19 33 33 25 25 

A(cP) 1255.24 64.70 -411.16 724.97 665.72 205.43 

B(cp/K) -144.179 3.464 70.235 -79.770 -72.015 -9.527 

C(cP/K2) 6.804 -0.226 -3.861 3.843 3.469 0.168 

D(cP/K3) -0.156 0.005 0.100 -0.090 -0.083 0.002 

E(cP/K4) 0.001734 -0.000059 -0.001250 0.001019 0.000961 -0.000082 

F(cP/K5) -0.000007485 0.000000297 0.000006041 -0.000004412 -0.000004357 0.000000617 

AAD% 0.4% 0.2% 0.1% 0.1% 0.1% 0.1% 

SD 0.7 0.3 0.2 0.1 0.2 0.3 
 

Figs. 4.21 and 4.22 show the experimental and calculated dynamic viscosity 

versus temperature of olive oil samples of L1 and L8. 
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Fig.(4.21): Measured and calculated values of dynamic viscosity using proposed 

equation (formula 3) fit for olive oil sample from L1 

Fig.(4.22): Measured and calculated values of dynamic viscosity using proposed 

equation (formula 3) fit for olive oil sample from L8  
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The proposed formula 3 is suitable for viscosity - temperature relationship.  

The values of AAD% are very small, they are 0.4%, 0.2% and 0.1% for the 2 

years, 5 years, and 13 years storage ages of L1, and 0.1%, 0.1%, and 0 .1% 

for the 3 years, 6 years and 10 years storage ages of L8. This indicates a good 

theoretical prediction. 

The validity of good prediction is emphasized by Fig. 4.21 and 4.22 that 

show that both the experimental and calculated results are rather identical. 

The results of fitting the viscosity temperature relationship using different 

equation are given in Table 4.16. 

 

Table 4.16: Values of AAD% obtained from fitting viscosity - temperature 

relationship using different equations 

 

Equations 

AAD% Average 

AAD% L1 L8 

Storage 

age:  

2 years 

Storage 

age:  

5 years 

Storage 

age: 

13 years 

Storage 

age : 

3 years 

Storage 

age: 

6 years 

Storage 

age:  

10 years 

 

Abramovic’s formula 1 13.2% 12.0% 15.3% 15.8% 24.1% 22.1% 17.08% 

Abramovic’s formula 2 14.3% 18.2% 21.3% 17.1% 24.6% 22.8% 19.72% 

Andrade’s formula 9.6% 6.4% 9.5% 10.4% 19.7% 17.4% 12.17% 

Modified Abramovic’s 

formula 1 
7.7% 5.7% 7.3% 6.8% 2.4% 4.6% 5.75% 

Modified Abramovic’s 

formula 2 
6.3% 3.7% 3.0% 4.4% 3.5% 4.3% 4.20% 

Modified Andrade’s 

formula 
3.6% 1.8% 2.1% 1.8% 1.2% 1.9% 2.07% 

Our proposed formula 1 0.2% 0.3% 0.2% 0.1% 0.2% 0.1% 0.18% 

Our proposed formula 2 0.6% 0.7% 0.5% 0.5% 0.8% 0.4% 0.58% 

Our proposed formula 3 0.4% 0.2% 0.1% 0.1% 0.1% 0.1% 0.17% 
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The values of AAD% is very high when Abramovic’s and Andrade's 

equations are used, the average values of AAD% are 17.08%, 19.72%, and 

12.17% for Abramovic’s 1, Abramovic’s 2, and Andrade’s equations 

respectively, these high values of AAD% indicate that these equation are not 

suitable to describe the viscosity - temperature relationship. 

The modifications are done on these three equations, the values of AAD% 

are 5.57%, 4.20%, and 2.07% for modified Abramovic’s 1, modified 

Abramovic’s 2, and modified Andrade’s equations respectively. These 

values are still high and these equations did not present a good fit for the 

viscosity - temperature relationship. 

Our proposed equations presented the best fit with the lowest values of 

AAD%. These values are 0.18%, 0.58%, and 0.17% for our proposed 

equations. 

 

4.6  Shear Stress Versus Shear Rate 

The power law model is used to check whether the behavior of the 

olive oil samples is Newtonian or Non - Newtonian. A linear fit was done to 

the experimental results by the power law equation (    ̇ ) to find the 

value of the exponent n. The results of two samples from L1 and L8 are given 

in Table 4.17. 
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Table 4.17: The results of power law fit to experimental data from L6 and L= 

 

t (
o
C) 

L1 L8 
Storage age: 

2 year 

Storage age: 

5 years 

Storage age: 

13 years 

Storage age: 

3 years 

Storage age: 

6 years 

Storage age: 

10 years 

n  Error n  Error n  Error n  Error n  Error n  Error 

8 1.00 0.006 1.01 0.008 1.03 0.021 1.01 0.008 1.01 0.010 1.01 0.004 

18 1.00 0.006 1.01 0.008 1.00 0.006 1.00 0.006 1.00 0.008 1.00 0.006 

28 0.99 0.016 1.00 0.000 0.99 0.010 1.00 0.008 1.00 0.008 1.00 0.000 

40 1.01 0.014 1.01 0.006 0.99 0.006 1.02 0.002 1.02 0.002 1.01 0.006 

47 0.98 0.012 1.01 0.006 0.98 0.011 1.01 0.010 1.02 0.009 1.00 0.000 

58 1.02 0.014 1.05 0.004 1.00 0.003 1.01 0.006 1.04 0.002 1.00 0.004 

70 1.02 0.006 1.00 0.000 0.98 0.006 1.05 0.004 1.00 0.004 1.02 0.008 

 

The relationships between shear stress and shear rate for L1 (2 and 13 years 

storage age) for different temperatures are shown in Figs. 4.23 and 4.24, 

respectively.  
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Table 4.17 shows the value of n is closed to one within an accepted error 

bars. This means that the olive oil samples are Newtonian fluid.  

Figs. 4.23 and 4.24 show that the relationship between shear stress and shear 

rate for olive oil is always linear at all temperatures. This is another 

indication of the Newtonian behavior of the olive oil samples as indicated by 

the simplest equation of Newton’s law of viscosity. 
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Fig.(4.24): Relationship between shear stress and shear rate for olive oil sample 

from L1  (13 years storage age) at different temperatures 
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Chapter Five 

Discussion and conclusion 

Three samples from L1 and three samples from L8 are selected to be 

analyzed. The reasons of choosing these two regions are: 

Firstly: they are far enough from each other. 

Secondly: the altitude are different, it is 350 m for L1, and 890 m for L8. 

Thirdly: the quantities of rain are different for both regions, since we have 

different crops. 

5.1 Density 

The olive oil density is shown to be decreasing linearly as a function 

of age. The average value of the measured result of density of olive oil 

samples is found to be 0.9180 gm/cm
3. 

 This result is in a good agreement 

with Robert and his group value. They found the density of olive oil to be 

0.918 gm/cm
3
 (Robert et al., 1979).  

 

5.2 Refractive index 

The average value of refractive index is measured to be 1.4708 while the 

standard value is 1.4677 - 1.4705 (International Olive Council, 2011). 
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 Our values of refractive index are in good agreement with the standard ones. 

A linear fit showed that the refractive index is decreasing as a function of 

storage age. 

 

5.3 Acidity 

The experimental results of acidity showed that the quality of olive 

oil samples varies from Extra virgin to Lampante olive oil according to 

Table (7.8). The samples showed that the acidity increase with storage age. 

For example, the acidity was measured to be 0.44% (Extra virgin) for crop 

2012 of L8 and, 1.56% (Virgin) for crop 2008 of L7, 3.18% (Ordinary virgin) 

for crop 2001 of L6, and 9.94% (Lampante) for crop 1997 of L10. 

Falque found that the value of the acidity of the extra - virgin olive oils is 

0.39%. (Falque et al., 2007). These values are close to the extra - virgin olive 

oils value of acidity of crop 2012 of L8 (0.44%). 

The equations from linear fit of density versus storage age, refractive index 

versus storage age, acidity versus storage age, and refractive index versus 

density are given in Table 5.1 for different regions. 

 

 

https://www.researchgate.net/publication/222671678_Effect_of_storage_time_and_container_type_on_the_quality_of_extra-virgin_olive_oil?el=1_x_8&enrichId=rgreq-5c1a8ba654fee46c581d05fc10740e14-XXX&enrichSource=Y292ZXJQYWdlOzI2MTQwMjMwNztBUzoxMDQ2NzM5MTQ2NTQ3MjZAMTQwMTk2NzYxNDgwOQ==
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Table 5.1: The linear equations by linear fitting for density, refractive index 

and acidity versus storage age, and refractive index versus 

density for L1 and L8 

Region  Equation 

L1  

Density as a function of storage 

age 

ρ = - 0.00009 t + 0.91908 

L8 ρ = - 0.00024 t + 0.91946 

L1  

Refractive index as a function 

of storage age 

n = - 0.00008 t + 1.47166 

L8 n = - 0.00017 t + 1.47175 

L1  

FFA% as a function of storage 

age 

FFA% = 0.73817 t - 0.13134 

L8 FFA% = 0.77305 t - 0.50782 

L1  

Refractive index as a function 

of density 

n = 0.75966 ρ + 0.77342 

L8 n = 0.65741 ρ + 0.86723 

L1  

Viscosity as a function of 

storage age 

η = - 0.55263 t + 76.63158 

L8 η = - 0.55465 t + 69.81658 

 

where ρ is the density in (gm/cm
3
), t is the storage age in years, FFA% is the 

free fatty acid composition, and n is the refractive index. 

The coefficients of the linear equations relating density and storage age, 

refractive index and storage age, FFA% and storage age, and refractive index 

and density differ from one region to another as seen from Table 5.1. 
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5.4 Viscosity 

Many theoretical predictions were suggested to describe the 

relationship between dynamic viscosity and temperature of olive oil. Three 

models were tested but failed to describe the relationship because storage 

age was not taken into consideration. Modifications were done on these 

equations to improve the theoretical prediction, but still the equations are not 

proper.  

Three new equations were proposed to describe the viscosity - temperature 

relationship. Our proposed equations presented the best fit for the 

experimental results. 

The results of viscosity measurements showed that the behavior of olive oil 

is Newtonian since the value of the flow indices (n) is very close to one. 

Our work is not consistent with the work of Adnan and his group who found 

the flow index of olive oil to be 0.84, and so olive oil was considered Non - 

Newtonian (Adnan et al.,2009). 
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Appendix A 

Density Results 

The densities in (gm/cm
3
) of the olive oils samples for all regions and for 

different storage ages are given in Table (A.1). 

Table (A.1): Measured density of olive oil samples in different regions and 

for different storage ages 

Storage 

Age 

(years) 
L2 L3 L4 L5 L6 L7 L9 L10 L11 L12 L13 Average 

1 0.9189 0.9183 0.9184 0.9189 
  

     0.9187 

2 0.9189 0.9178 0.9184 
   

0.9185   0.9185  0.9185 

3 0.9185 
 

0.9183 0.9188 0.9183 0.9188 0.9182  0.9185 0.9185 0.9188 0.9185 

4 
  

0.9182 0.9186 0.9182 0.9186     0.9185 0.9184 

5 
     

0.9185 0.9177     0.9182 

6 
   

0.9186 
 

0.9181    0.9180  0.9181 

7 
   

0.9182 
  

0.9175     0.9178 

8 
      

  0.9180   0.9178 

12 
    

0.9177 
 

    0.9179 0.9178 

13 
    

0.9176 
 

     0.9178 

14 0.9160 0.9176 
  

0.9176 
 

 0.9179   0.9179 0.9174 

15 0.9155 0.9175 
  

0.9175 
 

  0.9174  0.9179 0.9172 

16 
    

0.9175 
 

 0.9165   0.9175 0.9173 

19 
     

0.9174      0.9174 

Average 0.9176 0.9178 0.9183 0.9186 0.9178 0.9183 0.9180 0.9172 0.9180 0.9183 0.9181 0.9180 

 

Table (A.1) shows the average density in each region, for each storage age in 

years. 

The relationship between density of olive oil samples and storage age are 

shown in figures (A.1 - A.11).  
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Fig. A.2: Measured density versus storage age of olive oil samples of L3 
 

Fig. A.1: Measured density versus storage age of olive oil samples of L2 
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Fig. A.3: Measured density versus storage age of olive oil samples of L4 
 

Fig. A.4: Measured density versus storage age of olive oil samples of L5 
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Fig. A.5: Measured density versus storage age of olive oil samples of L6 
 

Fig. A.6: Measured density versus storage age of olive oil samples of L7 
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Fig. A.7: Measured density versus storage age of olive oil samples of L9 
 

Fig. A.8: Measured density versus storage age of olive oil samples of L11 
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Fig. A.10: Measured density versus storage age of olive oil samples of L13 
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Appendix B 

Refractive Index Results 

The refractive index of the olive oils samples for all regions and for different 

storage ages are given in Table (B.1). 

Table (B.1): Measured refractive index of olive oil samples in different 

region and for different storage ages 

Storage 

Age 

(years) 
L2 L3 L4 L5 L6 L7 L9 L10 L11 L12 L13 Average 

1 1.4712 1.4710 1.4717 1.4716  

 

    

 

1.4715 

2  1.4710 1.4716   

 

1.4713   1.4713 

 

1.4713 

3 1.4711  1.4711 1.4714 1.4711 1.4715 1.4713  1.4713 1.4712 1.4711 1.4712 

4   1.4707 1.4710  1.4714     1.4705 1.4710 

5      1.4712 1.4712    

 

1.4711 

6    1.4708  1.4712    1.4709 

 

1.4709 

7    1.4707  

 

1.4709    

 

1.4708 

8    1.4707  

 

  1.4711  

 

1.4708 

12     1.4705 

 

    1.4703 1.4704 

13     1.4702 

 

    

 

1.4705 

14 1.4708 1.4709   1.4701 

 

 1.4708   1.4701 1.4706 

15 1.4706 1.4708   1.4704 

 

 1.4698 1.4710  1.4702 1.4705 

16     1.4700 

 

 1.4690   1.4700 1.4698 

19      1.4711     

 

1.4711 

Average 1.4709 1.4709 1.4713 1.4710 1.4704 1.4713 1.4712 1.4699 1.4711 1.4711 1.4704 1.4708 

 

 

Table (B.1) shows the average refractive index in all regions, for each 

storage age in years. 

The relationship between refractive index of olive oil samples and storage 

age is shown in figures (B.1 - B.11). 
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Fig. B.1: Measured refractive index versus storage age of olive oil samples of L2 
 

Fig. B.2: Measured refractive index versus storage age of olive oil samples of L3 
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Fig. B.3: Measured refractive index versus storage age of olive oil samples of L4 
 

Fig. B.4: Measured refractive index versus storage age of olive oil samples of L5 
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Fig. B.5: Measured refractive index versus storage age of olive oil samples of L6 
 

Fig. B.6: Measured refractive index versus storage age of olive oil samples of L7 
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Fig. B.7: Measured refractive index versus storage age of olive oil samples of L9 
 

Fig. B.8: Measured refractive index versus storage age of olive oil samples of L10 
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Fig. B.9: Measured refractive index versus storage age of olive oil samples of L11 
 

Fig. B.10: Measured refractive index versus storage age of olive oil samples of L12 
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Fig. B.11: Measured refractive index versus storage age of olive oil samples of L13 
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Appendix C 

 Acidity Results 

The Acidity of the olive oils samples for all regions and for different storage 

ages are given in Table (C.1). 

Table (C.1): Measured Acidity of olive oil samples in different regions and 

for different storage ages 

Storage 

Age 

(years) 
L2 L3 L4 L5 L6 L7 L9 L10 L11 L12 L13 

1 1.72 0.94 0.51 0.45  

 

    

 
2  0.70 0.53   

 
0.67   0.77 

 
3 2.53  0.56 1.49 1.03 0.80 0.96  0.96 1.88 0.56 

4   1.96 2.07 1.80 1.12     1.03 

5      1.56 1.18    

 
6    2.40  2.50    2.00 

 
7    2.88  

 
1.20    

 
8    2.94  

 

  3.92  

 
12     3.18 

 

    2.31 

13      

 

 4.40   

 
14 5.09 5.98    

 

 5.04   

 
15 5.77 5.72   3.81 

 

  7.07  3.95 

16     4.49 
 

 9.49   4.60 

19     5.02 4.00     5.22 

 
 

The relationship between Acidity of olive oil samples and storage age is 

shown in figures (C.1 - C.11). 
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Fig. C.2: Measured acidity versus storage age of olive oil samples of L3 
 

Fig. C.1: Measured acidity versus storage age of olive oil samples of L2 
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Fig. C.3: Measured acidity versus storage age of olive oil samples of L4 
 

Fig. C.4: Measured acidity versus storage age of olive oil samples of L5 
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Fig. C.6: Measured acidity versus storage age of olive oil samples of L7 
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Fig. C.5: Measured acidity versus storage age of olive oil samples of L6 
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Fig. C.8: Measured acidity versus storage age of olive oil samples of L10 
 

Fig. C.7: Measured acidity versus storage age of olive oil samples of L9 
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Fig. C.10: Measured acidity versus storage age of olive oil samples of L12 
 

Fig. C.9: Measured acidity versus storage age of olive oil samples of L11 
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Fig. C.11: Measured acidity versus storage age of olive oil samples of L13 
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Appendix D 

 Refractive Index as a Function of Density  

Figs. (D.1 – D.11) show the relationship between measured refractive index 

and density for all regions and all storage ages. 
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Fig. D.1: Measured refractive index versus density of olive oil samples of L2 
 

Fig. D.2: Measured refractive index versus density of olive oil samples of L3 
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Fig. D.3: Measured refractive index versus density of olive oil samples of L4 
 

Fig. D.4: Measured refractive index versus density of olive oil samples of L5 
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Fig. D.5: Measured refractive index versus density of olive oil samples of L6 
 

Fig. D.6: Measured refractive index versus density of olive oil samples of L7 
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Fig. D.8: Measured refractive index versus density of olive oil samples of L10 
 

Fig. D.7: Measured refractive index versus density of olive oil samples of L9 
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Fig. D.9: Measured refractive index versus density of olive oil samples of L11 
 

Fig. D.10: Measured refractive index versus density of olive oil samples of L12 
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Fig. D.11: Measured refractive index versus density of olive oil samples of L13 
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Appendix E 

Viscosity Results 

Figs. (E.1 - E.22) show the relationship between measured viscosity and 

temperature for all regions and all storage ages. 
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Fig. E.1: Measured viscosity versus temperature of olive oil samples of L2 

(1year and 3 years storage age)  

Fig. E.2: Measured viscosity versus temperature of olive oil samples of L2 

(14 years and 15 years storage age)  
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Fig. E.3: Measured viscosity versus temperature of olive oil samples of L3 

(1 year and 2 years storage age) 

 

Fig. E.4: Measured viscosity versus temperature of olive oil samples of L3 

(14 years and 15 years storage age)  
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Fig. E.5: Measured viscosity versus temperature of olive oil samples of 

L4 (1 year and 2 years storage age) 
 

Fig. E.6: Measured viscosity versus temperature of olive oil samples of 

L4 (3 years and 4 years storage age) 
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Fig. E.7: Measured viscosity versus temperature of olive oil samples of 

L5 (1 year, 2 years and 3 years storage age) 

 

Fig. E.8: Measured viscosity versus temperature of olive oil samples of L5 

(6 years, 7 years and 8 years storage age)  
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Fig. E.9: Measured viscosity versus temperature of olive oil samples of 

L6 (3 years and 4 years storage age)  

 

Fig. E.10: Measured viscosity versus temperature of olive oil samples of L6 

(12 years and 13 years storage age)  
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Fig. E.11: Measured viscosity versus temperature of olive oil samples of 

L6 (14 years, 15 years and 16 years storage age)  

 

Fig. E.12: Measured viscosity versus temperature of olive oil samples of 

L7 (3 years and 4 years storage age) 
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Fig. E.13: Measured viscosity versus temperature of olive oil samples of L7 

(5 years, 6 years and 19 years storage age) 

 

Fig. E.14: Measured viscosity versus temperature of olive oil samples of L9 

(2 years and 3 years storage age)  
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Fig. E.15: Measured viscosity versus temperature of olive oil samples of L9 

(5 years and 7 years storage age) 

 

Fig. E.16: Measured viscosity versus temperature of olive oil samples of 

L10 (1 year and 14 years storage age) 
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Fig. E.17: Measured viscosity versus temperature of olive oil samples of L10 

(14 years and 15 years storage age)  
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 النجاح الوطنية جامعة
 الدراسات العميا كمية

 
 

 
 

الفيزيائية لزيت الزيتون في الديناميكية الخصائص 
 فمسطين 

 
 
 
 

 إعداد
 أحمد مصطفى بهتي 

 
 إشراف

 عبد الرازق . د. عصام راشدأ
 محمد مسامح فيشر . د

 

 
 

 
درجةة الماجسةتير فةي الفيزيةال بكميةة الحصول عمى هذه الأطروحة استكمالًا لمتطمبات  قدمت

 فمسطين. ،الدراسات العميا في جامعة النجاح الوطنية في نابمس
 م1024
 



  ب

 

 

 لزيت الزيتون في فمسطين الفيزيائية الخصائص الديناميكية 

  إعداد

 أحمد مصطفى بهتي 

 إشراف

 عبد الرازق . د. عصام راشدأ

 محمد مسامح فيشر . د

 ممخصال

 . حي ومن مناطق مختمفةتخزين مختمفة أعمار في فمسطين ذات زيت الزيتون  من دراسة عيناتتم 
عينات لتم دراسة معامل الانكسار معينات. لتم قياس الكثافة ومعامل الانكسار و الحموضة و المزوجة 

مر يقل بزياد  عو أظيرت النتائج أن معامل الانكسار  كعلاقة مع عمر التخزينزيت الزيتون 
وفي مناطق حموضة عينات زيت الزيتون من مختمف المحاصيل الدراسة أن أظيرت  .التخزين
 ≥معظم عينات زيت الزيتون )عمر التخزين اظيرت النتائج ان  .تزداد بزياد  عمر التخزين مختمفة
إلى أن ىنا  تجدر اششار  ٪ (.3.3عايير الجود  الدولية ) > م ليا عاما ( لم تتجاوز الحموضة 12

معايير الجود  العالمية في الحموضة تجاوز ان تدون  عاما 12حتى  وزيت الزيتون يمكن تخزين
 .المناسبةالظروف 

و  مختمفة،مناطق  من 2112عام  محصول عينات زيت الزيتون منلزوجة تم دراسة الموقد 
 .ىو زيت الزيتون البكرف معظم عينات زيت الزيتون يأظيرت النتائج أن تصن

مناسبة  علاقة افضللمحصول عمى  تم اقتراح معادلات تتضمن ثابتين واخرى تتضمن ثلا  ثوابت
 .لوصف تغير المزوجة الديناميكية لزيت الزيتون مع درجة الحرار 

مع معادلة قانون القو  الخاصة بالمزوجة، وقد تبين أن  لمزوجةتمت مقارنة النتائج التجريبية 
 سموك جميع عينات الزيت ىو سموك نيوتوني.
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