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Abstract—The aim of this study was to evaluate the rheological properties of a paste formulated with 
sesame (Sesamum indicum L.), syrup and bovine blood plasma. An experimental design under a 
multifactorial structure 2×2×4 and middle fraction to rule out effects of similar treatment was used. 
Factors (with their respective levels) were: sesame paste content (80 % and 70 %), syrup content (20 % 
and 30 %) and bovine blood plasma content (0.75 %, 1.00 %, 1.25 % and 1.50 %). A total of 8 
formulations with three replicates for each treatment were done. A pseudoplastic behavior for all studied 
samples was observed, typical of emulsions or suspensions. The paste exhibited predominating semi-solid-
like behavior (elastic modulus, G′ > viscous modulus, G″). This paste could be used in bakery products, 
with the purpose to improve their nutritional quality. 

Keyword-Viscoelastic properties, elastic modulus (G′), viscous modulus (G″), apparent viscosity, tangent of 
the phase angle (tan δ) 

I. INTRODUCTION 

Sesame paste (Sesamum indicum L.) is defined as a complex colloidal dispersion of oil rich in constituents as 
proteins and lipids [1], [2]. This paste is obtained by grinding the roasted and shelled seeds, without the addition 
or removal of any native component [3]. It is widely consumed in the Middle East and Asian cuisine with the 
purpose of providing foods with antioxidant compounds, high nutritional value, with regulatory properties and 
anti-cancer properties [4]. Sweetened sesame paste is called tehineh and it is used as an additive for bakery 
products and confectionery in India and Pakistan [1]. This paste contains a good amount of calcium, iron, 
potassium, phosphorus and vitamins B, C and E [5]. 

Currently, in Colombia slaughterhouses generate high production of animal blood, and due to its low demand, 
this becomes an environmental problem, since much of this product is thrown into water sources [6], [7]. 
However, this blood can be used for human consumption because the bovine blood plasma, can be used in the 
formulation of foods as alow-cost protein source and also provides functional properties that enhance food 
quality [7]. This plasma is a translucent liquid obtained from the blood, denser than water and containing 
between 15 % and 20 % protein. Its wide use is due to the good properties of plasmatic proteins because it can 
act as emulsifying, gelling and/or stabilizer [6], [8]. 

On the other hand, the dynamic rheological tests allow to determine the ratio between the elastic and viscous 
component of a food, and quantify the extent that it behaves as semisolid or semiliquid through viscoelastic 
functions such as the complex modulus (G*), defined before by several authors [9]–[11] as it is shown in 
Equation (1). 

∗ ′ ′′  (1) 

where G′ is the storage modulus and represents the elastic component of the system and G″ is the loss modulus 
and represents its viscous character [10]–[12]. These modules are determined according to Equations (2) and 
(3). 
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where  and  are the amplitudes of the waves of stress and strain, respectively, and δ is the phase angle. If the 
fluid is purely elastic it is satisfied that δ = 0°, G*=G′ and G′′=0. In an ideal viscous fluid δ = 90°, G* = G′′ and 
G′ = 0 [10]–[14]. Other viscoelastic functions are the complex viscosity (η*) and tangent of the phase shift or 
phase angle, more commonly called as tan δ and popularly used to describe viscoelastic behavior [11]. These 
viscoelastic functions have been used to characterize some types of foods such as sweetened tamarind pulp [10], 
foam based on egg white [11], sesame based products like in this study [1], [15]–[19] and other food matrices 
[20]–[24]. 

It should be noted that the study of the rheology of pastes is essential in optimizing product development, 
manufacturing methodology and quality of the final product. Moreover, it is useful for to determinate the 
stability of foodstuffs [25]. Such interpretations provides guidelines in terms of theoretical mechanisms 
necessary to make sense of the observations related to the behavior of the composition and structure, predict and 
modify the properties as well as to compare an experimental method with another [11].One of the most used 
methods to characterize the viscoelasticity of fluid foods are dynamic rheological tests, which measure the 
amplitude of the shear response and phase angle by applying a slight deformation on a fluid in an oscillatory 
way [9].  

By literature, there are few research on the rheological study of the type of pasta analyzed in this work, 
therefore, this study represents an important contribution to the improvement of these products in the industrial 
sector. According to the above, the objective of this research was to evaluate the rheological properties of 
sweetened sesame pastes from sesame (S. indicum L.) cultivated in the municipality of Córdoba, department of 
Bolivar (Colombia). 

II. MATERIALS AND METHODS 

A. Samples 

Sesame (S. indicum L.) white setentanovariety from the mountainous region of the municipality of Córdoba, 
department of Bolívar (Colombia) and lyophilized bovine blood plasma supplied by Tecnas S.A. (Medellín, 
Colombia) were used. Other inputs used in the formulation (salt, sugar and glucose) were obtained in 
supermarkets from Cartagena de Indias, Colombia. 

B. Preparation of sesame paste 

The methodology for the production of technified sesame pasta previously reported [13], [26] have been used 
in this research. For the preparation of the sesame paste, 1 kg of sesame seeds were cleaned and shelled. Then 
they were immersed in 1 x 10-3 m3 of water at room temperature for 12 h. The soaked seeds were squeezed and 
shelled and then immersed for 5 min in saline solution at 230 kg m-3. This was repeated three times to separate 
the shells and other foreign elements, which were taken from the surface of the solution. Then, seeds were 
washed five times to remove salt. Afterwards, seeds were dried and toasted. For this, 0.25 kg of wet peeled 
seeds were roasted at 413.15 K in a compact oven (Challerger series 02451), for 30 min with stirring, avoiding 
overheating. Then the roasted seeds were ground twice in a grain mill. 

C. Preparation of syrup 

Water solution at a mass fraction of 50 % sugar was made. Then, 0.03 kg liquid glucose kg-1 sugar was 
added. After having prepared the syrup and using a homogenizer, sesame paste and 50 % of plasma was mixed 
for 30 s and 2 rpm. Then, the syrup was slowly added between 2 rpm and 4 rpm for 2 min. Afterwards, 50 % of 
excess plasma was mixed for 3 min, making good homogenate. It is important to emphasize that the syrup could 
not be hot, because it would facilitate the separation of oil from the sesame paste. 

D. Rheological measurements 

Viscoelastic measurements were carried out using the methodology proposed by Tirado et al., [10], [11]. For 
this, each sample was submitted to strain sweep tests and deformation was determined in the linear viscoelastic 
range. A frequency sweep was performed in a range between 0.1 Hz and 100 Hz. A range between 3 Hz and 50 
Hz was used for the measurement of apparent viscosity. The temperature of samples was maintained at 298.15 
K ± 0.1 K. Tests were carried out in a rheometer TA AR 1500® (TA Instruments Ltda.) by using a plate of 40 
mm which was controlled by the TA Universal Analysis Version 5.2® software, previously installed in a 
computer connected to the rheometer. Rheological data analysis was performed using Rheology Advantage Data 
Analysis Version 5.7® software. Storage (G′) and loss modulus (G″), as well as loss tangent values (tan δ) were 
determined through oscillatory test, which relied on the deformation frequency. All samples were kept for 15 
min of relaxation time before performing the tests. 

E. Experimental design and statistical analysis 

An experimental design with a 2×2×4 multifactorial structure and mid fraction to rule out effects of similar 
treatment was used. Factors (with their respective levels) were: sesame paste content (80 % and 70 %), syrup 
content (20 % and 30 %) and bovine blood plasma content (0.75 %, 1.00 %, 1.25 % and 1.50 %). A total of 8 
formulations with three replicates of each treatment were done. The response variables were the viscoelastic 
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Fig. 3. Elastic (G′) and viscous modulus (G″) over changing frequencies for sweetened sesame paste samples. 

The results observed on the viscoelastic behavior of sweetened sesame paste of this research coincided with 
those reported by Çiftçiet al.,[2] for sesame paste; Acevedo et al., [12] for technified sesame pasta; Tirado et al., 
[10] for sweetened tamarind pulp and Abu-Jdayilet al., [1] for a kind of sweetened sesame paste (tehineh). The 
aforementioned authors, as in this work, found in their studies that the magnitudes of the storage (G') and loss 
modules (G") of samples increased with frequency, reporting a predominance of elastic properties over viscous 
(G′ > G″). 

Values of the tangent of the phase angle (tan δ) for paste treatments studied are represented in Fig. 4. The loss 
function compared the amount of energy lost during an oscillatory test with the amount of stored energy during 
this period, indicating the predominance of elastic or viscous property. As Fig. 4 shows, on the frequency range 
studied, the values of loss tangent were always less than unity. This fact demonstrated the predominantly elastic 
character of samples, which could be related to a high degree of structuring in the sample [11]. 

 
Figure 4. Tangent of the phase angle (δ) over changing frequencies for sweetened sesame paste of treatments 
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In this work was not considered the distribution of particle size, however, this should be studied further in 
future research, because it could play an important role in the rheological properties and colloidal stability of 
sweetened sesame pastes analyzed in this research. 

IV. CONCLUSIONS 

It could be concluded that in all samples tested, viscosity decreased when increased shear rate, showing 
pseudoplastic behavior, typical of emulsions. For samples with 70 % sesame paste and 30 % syrup, the plasma 
concentration had a significant effect because samples with fewer plasma added, had lower apparent viscosity-
shear rate relationship. Meanwhile, the magnitudes of the storage (G') and loss modules (G") of sweetened paste 
samples increased with the frequency, showing a predominance of elastic properties over viscous, so the paste 
exhibited predominating semi-solid-like behavior (elastic modulus > viscous modulus). Furthermore, the fact 
that the values of loss tangent were always less than unity evidence the predominantly elastic nature of the 
samples, which could be related to a highly-structured degree inside them. 
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