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HIGHLIGHTS 
 Stirred yogurt showed a shear-thinning flow behavior with viscoelastic and thixotropic proprieties. 

 An experimental procedure was developed that described rheological quality control tests of commercial strawberry stirred yogurt. 

 Proposed procedures successfully simulate pseudo-chewing by offering rheological characteristics of yogurt during oral 

mastication. 

Article type 

Original article 

 ABSTRACT 

Background: The rheological behavior of yogurt plays a crucial role in determining the 

quality of the product. This study aimed to develop a rheological quality control test 

replicating pseudo-chewing using experimental rheological protocols. 

Methods: The strawberry stirred yogurt sample was produced, in a 90 g pot, and 

commercialized in April 2023 by SOUMMAM dairy products, Bejaia, Akbou, Algeria. 

Rheological properties of a 0.6 ml yogurt sample were evaluated for each test 

measurement using a rheometer with a cone/plate geometry at a constant temperature of 

25±0.1 °C. The shear flow experimental protocol involved three steps: a shear rate ramp, 

followed by a plateau at the maximum shear rate for 15 min, and afterward the ramp was 

reversed to measure the downward flow curve. The viscoelastic properties were 

evaluated by two experimental protocols in the Linear Viscoelastic Region. These 

properties were studied under oscillatory frequencies (0.1-100 Hz) with and without pre-

shearing at 400 1/s for 15 min to simulate the pseudo-chewing process. All experimental 

data were analyzed and fitted using MS Excel and MS Excel Solver. 

Results: The stirred yogurt samples showed a non-Newtonian viscoelastic flow behavior with 

thixotropy. Both upward and downward shear rate flow curves of the sample exhibited shear-

thinning behavior described by the Herschel-Bulkley model with high regression coefficient 

of R
2
=0.98 and 0.99, respectively. Dynamic measurements showed that pseudo-chewing 

causes considerable changes in rheological parameters such as complex modulus, complex 

viscosity, and loss tangent. The pre-shearing altered complex modulus and complex viscosity, 

corresponding to an alteration in the yogurt’s firmness and flow properties. 

Conclusions: The rheological procedures suggested in the present study can be used as 

rheological quality control tests of commercial strawberry stirred yogurt. This procedure 

can successfully simulate pseudo-chewing by offering information on the flow and 

viscoelastic characteristics of yogurt in the mouth during mastication. 

© 2024, Shahid Sadoughi University of Medical Sciences. This is an open access 

article under the Creative Commons Attribution 4.0 International License. 
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Introduction 

   The planning and implementation of flow operations, 

quality assurance, stability during storage, and processing, 

texture prediction, and understanding microstructural 

changes in food products all depend on their rheological 

characteristics (Diamante and Umemoto, 2015; Flores-

Jiménez et al., 2023; Heldman et al., 2006). Generally, 

milk-based products exhibit viscoelastic characteristics as 

well as time-dependent and shear-thinning flow behaviors. 

However, these food items are produced with diverse 

compositions implying evident variations in their 

rheological characteristics (Aguilar-Raymundo and Vélez-

Ruiz, 2018; Szwajgier and Gustaw, 2015; Zarzycki et al., 

2019). Among these milk-based products, stirred yogurt 

has been widely reported in the literature, particularly 

regarding its rheological properties (Guénard-Lampron et 

al., 2019, 2020; Ouyang et al., 2024).  

   Yogurt is a healthy dairy product that is extensively 

manufactured through a standard process as a liquid/semi-

solid food. The inclusion of starter cultures causes a 

number of biological modifications in the dairy products; 

converting them into various intermediate products before 

achieving the required three-dimensional consistency or 

texture (Ahmed et al., 2023). Given their strong correlation 

with desired qualities, including flowability, firmness, and 

smoothness, the internal structure and rheological 

properties of yogurt are critical when evaluating the quality 

of the final product (Atik et al., 2024). The rheological 

properties of yogurt are mainly affected by solids, protein, 

fat content, temperatures during heat treatment of milk and 

fermentation, homogenization pressure, etc. (Mathias et al., 

2011).  

   Generally, the rheological properties of liquid and semi-

solid foods may influence oral processing behavior 

(Aguayo-Mendoza et al., 2019). Research has shown that 

these properties impact the complex dynamic process of 

mastication (Chen and Lolivret, 2011), which is essential 

for both food intake and sensory perception, ultimately 

influencing consumer acceptance. In addition to shear flow 

measurements, oscillatory shear tests are widely employed 

to assess the viscoelastic characteristics of food systems 

(Ahmed, 2018; Melito et al., 2012; Toker et al., 2013). 

These tests involve subjecting samples to frequency/stress 

sweep, allowing for the characterization of both elastic 

(storage modulus, G') and viscous (loss modulus, G'') 

components of the material’s response to deformation.  

   Despite extensive investigations into the influence of 

rheological properties on oral processing behavior, there is 

a notable gap in research regarding how the rheological 

properties of food are affected by the process of chewing. 

To address this gap, this study employs experimental 

protocols designed to simulate the process of chewing 

(mastication), mirroring the sequential phases involved in 

human food manipulation within the mouth. These 

protocols allow us to replicate the dynamic nature of the 

chewing process, without taking into account the effect of 

saliva, from the initiation of forces upon the food to the 

gradual breakdown of food particles and eventual cessation 

of chewing motion. These sequential phases are replicated 

in this experimental setup to investigate how the 

rheological properties of a commercial strawberry stirred 

yogurt are influenced by the pseudo-chewing process. This 

method provides more information about how yogurt 

behaves in situations that closely resemble oral processing, 

which could assist in product development and advance 

our knowledge of how people perceive food texture. 

 

Materials and methods 

Studied material 

   The present investigation was carried out at the Technical 

Platform of Physico-Chemical Analysis (TPPCA) at the 

University pole El-Hadjeb Biskra, Algeria. Commercial 

strawberry stirred yogurt, in a 90 g pot; was produced and 

marketed in April 2023 by SOUMMAM dairy products, 

Bejaia, Akbou, Algeria. The main composition of this 

yogurt includes whole milk, reconstituted whole milk, 

sugar, food additives identified by the International 

Numbering System (1,442 thickener: Good Manufacturing 

Practice (GMP); 129 colorants: 0.54 mg), strawberry 

flavor, and Lactobacillus yeasts. Additionally, the average 

nutritional values per 100 g of the strawberry-stirred yogurt 

sample were provided by the producer as shown in Table 1. 

 

Table 1: Average nutritional values of the commercial strawberry 

stirred yogurt given by the producer 

Average nutritional values Per 100 g 

Energy (kJ/kcal) (390.00/92.50) 

Fats (g) 2.50 

Saturated fats (g)  1.63 
Carbohydrate (g) 14.70 

Sugars (g) 11.50 

Proteins (g) 2.80 
Salt (g) 0.09 

Calcium (Ca) (mg) 110.00 

 

Rheological measurements 

   All the rheological measurements were performed using a 

controlled stress rheometer (Discovery HR 20, TA 

instruments, France). The rheometer is equipped with a cone 

and plate geometry (diameter 40 mm; angle 2°), and a 

stainless steel Peltier plate at a controlled temperature of 

25±0.1 °C. The yogurt samples were used in their 

commercial form. A total of 0.6 ml of yogurt sample was 

used for each test measurement. The rheological properties 

of yogurt were studied under large (model parameters and 

 [
 D

O
I:

 1
0.

18
50

2/
jf

qh
c.

11
.4

.1
74

40
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jf
qh

c.
ss

u.
ac

.ir
 o

n 
20

25
-0

5-
12

 ]
 

                               2 / 9

http://dx.doi.org/10.18502/jfqhc.11.4.17440
https://jfqhc.ssu.ac.ir/article-1-1246-en.html


225 

Journal of Food Quality and Hazards Control 11 (2024) 223-231 

 
Journal website: http://jfqhc.ssu.ac.ir 

thixotropy) and small (storage G′, loss G″ modulus, and 

complex viscosity) deformations. All experimental data were 

analyzed and fitted using MS Excel and MS Excel Solver. 

   To avoid any alteration to the solution structure, the 

sample was meticulously placed on the rheometer’s 

measurement plate, and the upper plate was then 

progressively lowered into the correct position. When the 

samples are positioned within the measurement geometry, 

their structural condition is influenced by their history of 

shear deformation and can appear to be ambiguous. To 

prevent any memory influence and to ensure measurement 

reproducibility, the samples must be in the same initial 

state, often known as the ‘reference state’.  

Shear flow measurements (Protocol F) 

   Protocol F is accomplished in four experimental steps: 

   Step 1: first, the sample was positioned under the 

measurement geometry before applying a pre-shear rate of 

10 s at 10 1/s. The aim of this step is to improve the 

reliability of experimental results by limiting possible 

memory effects of the sample. To promote restoration of 

its initial structure, the sample underwent a five min resting 

period post-pre-shearing, thus minimizing the influence of 

any transient effects and ensuring a more accurate 

representation during subsequent measurements. 

   Step 2: the typical experimental procedure involved three 

sequential steps, starting with 15 min of applied shear rate 

ramp from 1/10
5
 to 400 1/s. This linearly increasing ramp 

of shear rate allowed forming the ascending part (upward) 

of the flow curve. 

   Step 3: in this step, the system reached a plateau known 

as the peak hold phase. During the peak hold phase, the 

samples were maintained at the maximum shear rate for 15 

min. This step enabled observation of material behavior 

under sustained shear rate conditions.  

   Step 4: in this phase, the rheometer reversed the ramp, 

with the applied shear rate linearly decreasing from 400 to 

1/10
5
 1/s to measure the downward flow curve. This step 

completed the comprehensive characterization of the 

material rheological behavior under decreasing shear rates. 

   Both upward and downward rheogrammes are fitted by a 

Herschel-Bulkley rheological model using MS Excel 

Solver. The Herschel-Bulkley model is expressed in 

equation 1 (Vukić et al., 2018): 

0

nk                                             (1) 

Where  is the shear stress (Pa); 0  is the yield stress 

(Pa);   is the shear rate (1/s); k is the consistency 

coefficient (Pa.s
n
), and n is the flow behavior index 

signifying the extent of deviation from Newtonian 

behavior. The Herschel-Bulkley model was selected due to 

its ease of use and capacity to measure yield stress. In 

addition, this model is recognized as one among several 

models available in the literature, commonly used to 

describe the rheological flow curves of various food 

products (Martínez-Padilla, 2024). For example, it has 

been used to model experimental rheological flow curves 

of chocolate (Kouřilová et al., 2022) and yogurt during 

production (Mullineux and Simmons, 2007, 2008). 

Dynamic rheological measurements 

   Dynamic oscillatory measurements were used to 

determine the viscoelastic properties of stirred yogurt in 

the linear viscoelastic region in a pre-yield state. The 

dynamic tests were carried out before and after shearing 

the sample at a shear rate of 400 1/s for 15 min to study the 

effect of the pseudo-chewing process on yogurt in the 

mouth. For the oscillatory mode, two protocols were 

considered: 

-Protocol D1 

   The sample was first loaded into the measuring device, 

and then the protocol D1 was executed in four steps: 

   Step 1: the sample was pre-sheared for 10 s at an 

imposed shear rate of 10 1/s to control the memory effect. 

Subsequently, the sample was rested for five min before 

starting the experiment to establish thermal equilibrium 

and relieve additional stresses caused by the loading. 

   Step 2: since the rheometer used in this study is an 

imposed stress rheometer, the controlled shear stress 

approach was selected as a mode of operation for 

presetting the deflection. A stress sweep test was 

performed at an angular frequency of 10 rad/s; the stress 

was varied from 0.01 to 100 Pa in order to determine the 

linear viscoelastic region.  

   Step 3: the sample was sheared for 15 min at a shear rate 

of 400 1/s. The purpose of the shearing is to simulate the 

pseudo-chewing process. 

   Step 4: similar to step (2), the stress sweep test was 

performed under the same conditions, i.e., an angular 

frequency of 10 rad/s and the stress was varied from 0.01 

to 100 Pa. This step was performed in order to determine 

the linear viscoelastic region after shearing the sample, i.e., 

after the simulated pseudo-chewing process. 

-Protocol D2 

   Step 1: to eliminate any potential internal tensions in the 

sample prior to measurement, it was pre-sheared for 10 s at 

an imposed shear rate of 10 1/s, followed by five min of 

rest. 

   Step 2: as in protocol D1, the shear stress approach was 

selected for presetting the deflection. The frequency sweep 

test was performed using a shear stress amplitude of 0.2 

Pa, within the linear viscoelastic region, obtained using 

protocol D1. These dynamic oscillatory tests were 
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performed, with a frequency range of 0.1 to 100 Hz, to 

evaluate storage (G′), loss (G″), complex modulus (G*), 

and mixed dynamic viscosity (η*). 

   Step 3: shearing sample at a shear rate of 400 1/s for 15 

min. 

   Step 4: this step is similar to step (2), launched after 

shearing the sample, i.e., after the simulated pseudo-

chewing process. 

 

Results and discussions 

Shear flow analysis 

   The experimental protocol F employed in this study 

serves to simulate the process of chewing (mastication), 

without taking into account the effect of saliva, akin to how 

humans manipulate food within their mouths. In the act of 

pseudo-chewing, individuals initiate the process by 

exerting forces on the food as they begin to consume it. 

These initial forces are gradually increased to break down 

the food particles, mimicking the early stages of 

mastication. Subsequently, a plateau phase is reached 

during which the applied forces are sustained to thoroughly 

grind and process the food. Finally, the forces are gradually 

reduced and eventually ceased, representing the 

termination of the pseudo-chewing motion. These 

sequential phases were replicated within the experimental 

setup with the aim of capturing the dynamic nature of the 

pseudo-chewing process. This approach allows us to 

investigate how the rheological properties of yogurt are 

influenced by pseudo-chewing. Understanding these 

interactions can offer valuable insights into yogurt’s 

behavior under conditions that closely mimic oral 

processing, potentially informing product formulation and 

enhancing our understanding of food texture perception. 

   In this study, the rheological behavior of the material was 

examined by applying Protocol F, where shear stress and 

apparent viscosity were plotted as functions of the applied 

shear rate. The exploration of thixotropic properties was 

conducted by analyzing the hysteresis loop areas generated 

during a three-step experiment encompassing the upward 

curve, plateau, and downward curve phases. The flow 

curves of strawberry stirred yogurt, i.e., shear stress ( ) 

as a function of shear rate ( ), studied at 25±0.1 °C, are 

presented in Figure 1 as open points. The examined yogurt 

rheological flow curves displayed a clear yield stress and a 

hysteresis loop. The area between the curves measures the 

extent and time-dependent nature of thixotropy in the 

sample. The calculated thixotropy index of stirred yogurt is 

48% (Figure 1), indicating the energy needed to break the 

reversible microstructure of the tested material. This result 

is similar to the findings obtained by Vukić et al. (2018) 

who reported a coefficient of thixotropic breakdown of 

66% for the yogurt sample. Thus, the flow curves in Figure 

1 lead to conclude that strawberry stirred yogurt is a yield 

stress non-Newtonian fluid with shear-thinning and 

thixotropic time-dependent flow characteristics. 

   Both upward and downward shear stress curves in Figure 

1 are well described by Herschel-Bulkley rheological law 

with R
2
>0.98, presented by solid lines. The Herschel-

Bulkley model shown in equation 1, and the values of its 

parameters were calculated (Vukić et al., 2018). 

 

 

 
Figure 1: Flow behavior curves of strawberry stirred yogurt according 

to the protocol F; (a): linear plot; (b): logarithmic plot  

 

   Table 2 presents the values of the rheological parameters 

obtained from fitting the Herschel-Bulkley model. As 

shown in Table 2, the flow index value (n) of the yogurt, 

obtained from fitting the Herschel-Bulkley model, ranged 

from 0 to 1, indicating that the rheological behavior of the 

strawberry stirred yogurt sample is shear-thinning (n<1), 

thereby affirming its non-Newtonian and shear-thinning 

nature. The yield stress, defined as the lowest stress value 

necessary to cause the material to flow (De Souza Mendes 

and Thompson, 2012), was identified as the starting point 

of the flow curves. The yield stress difference between 

increasing and decreasing ramps for yogurt, as shown in 

Table 2, is attributed to structural breakdown induced by 

the applied shear rate during the experimental test. Since 

yogurt exhibits pseudoplastic and thixotropic rheological 

properties, applying shear rate leads to breakdown of its 

internal structure, which can be restructured by allowing 

the fluid to rest. Consequently, the yield stress encountered 

during the increasing ramp of 5 Pa is higher than that 

obtained during the decreasing ramp of 1 Pa. After pre-
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shearing the sample, a decrease in the consistency 

coefficient of yogurt was observed, which is a consequence 

of structural breakdown during the shearing process. 

Similar flow behavior has been reported by other 

researchers for yogurt (Gilbert and Turgeon 2021; 

Javanmard et al., 2018; Najgebauer-Lejko et al., 2020). 

 

Table 2: The Herschel-Bulkley parameters of strawberry stirred 

yogurt sample 

 T0 (Pa) k (Pa.s) n R2 

Increasing shear rate 

(Upward-curve) 
6 4.15 0.54 0.98 

Decreasing shear rate 

(Downward-curve) 
1 2.61 0.48 0.99 

 

   A product is subjected to a variety of shear rates 

throughout industrial activities, and to properly design the 

equipment for these procedures, it is crucial to understand 

how the viscosity changes with shear rates (Álvarez et al., 

2006). In other words, viscosity is one of the key quality 

parameters affecting sensory characteristics of fermented 

dairy products (Vukić et al., 2018).  

   It is critical to characterize the time-dependent 

rheological properties of food systems to build connections 

between flow and structure, and to link physical 

characteristics with sensory assessment. The viscosity of 

stirred yogurt as a function of shear rate is presented in 

Figure 2. The experimental results are also presented in 

Figure 1. As the shear rate increases, the viscosity 

decreases, which can be explained by the material structure 

reorganizing at a greater shear rate. Initially, as the shear 

rate increases, viscosity decreases, indicating the 

pseudoplastic behavior of the material. Notably, viscosity 

decreases even during the plateau phase when the shear 

rate remains unchanged. This phenomenon suggests 

ongoing structural breakdown within the yogurt, which 

contributes to diminishing viscosity. The decreasing 

viscosity of yogurt may be attributed to the continuous 

structural breakdown. This behavior is attributed to the 

thixotropic nature of yogurt, wherein the internal structure 

undergoes reformation following shear-induced 

breakdown. Moreover, viscosity exhibits greater values 

(0.85 Pa.s at shear rate of 50 1/s) during the shear rate 

ascending ramp as opposed to the lowering ramp (0.37 Pa.s 

at shear rate of 50 1/s). This disparity underscores the 

impact of shear history on yogurt rheology, with the 

structured sample exhibiting greater resistance to flow than 

to the destructured sample. 

   In the medical field, the International Dysphagia Diet 

Standardization Initiative (IDDSI) framework includes 

specific terms for food liquids that correlate them with 

viscosity ranges measured at 25 °C and a shear rate of 50 

1/s. This mean value corresponds to the shear rate in the 

oral cavity. The classifications are as follows: Thin liquids 

with viscosities ranging from 1/10
3
 to 0.05 Pa.s, nectar-like 

liquids ranging from 0.05 to 0.35 Pa.s, honey-like liquids 

ranging from 0.35 to 1.75 Pa.s, and spoon-thick liquids 

with viscosities greater than 1.75 Pa.s (National Dysphagia 

Diet Task Force and American Dietetic Association, 2002; 

Poursani and Razavi, 2023). In this study, viscosities 

measured at a shear rate of 50 1/s are 0.85 and 0.37 Pa.s 

during increasing and decreasing ramps, respectively. 

Therefore, the viscosities, ranging between 0.35 and 1.75 

Pa.s, can classify the studied strawberry stirred yogurt as a 

honey-like semisolid food. This result confirms findings by 

Vukić et al. (2018), who reported apparent yogurt 

viscosities between 0.41 and 0.60 Pa.s; thus the product 

was also classified as honey-like. 

 

 
Figure 2: Variation of viscosity as a function of shear rate for 

strawberry stirred yogurt according to protocol F 

 

Dynamic rheological analysis 

   In viscoelasticity measurements, it is crucial to operate 

within the linear viscoelastic region to study the material in 

a structured state close to its resting state. The material is 

thus easily deformed, while its internal structure remains 

intact, with the applied stresses sufficiently low to prevent 

the rupture of inter-particle bonds. To ensure this, 

preliminary tests are necessary to define the ranges of 

applied stresses and the corresponding deformations for 

given stresses. Figure 3 illustrates measurements used to 

determine the linear viscoelastic region of the sample 

according to protocol D1. Stress sweeps are performed, 

between 0.01 and 100 Pa, while fixing the frequency at 1.6 

Hz, and the resulting deformations are measured. This 

allows for establishing the linear viscoelastic region, or the 

stress range for which G' and G'' respond linearly. 

   Figures 3a and b illustrate the evolution of storage 

modulus (G') and loss modulus (G''), as functions of 

oscillation strain, respectively without and with pre-

shearing of the sample to simulate the pseudo-chewing 

process. The values of these different parameters are higher 

without pre-shearing the sample. The strain at which the 

sample transitions from elastic to viscous behavior is also 

higher without pre-shearing compared to when no pre-
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shear is applied. This difference can be attributed to 

breakdown of the structured nature of the sample induced 

by shearing. When pre-shear is applied, the internal 

structure of the sample is disrupted, making it more 

susceptible to transitioning into the viscous domain under 

lower stress levels. Consequently, less force is required to 

induce transition into the viscous domain. 

   Moreover, the plateaus in storage modulus G' and loss 

modulus G'' are observed in Figures 3a and b with G' value 

higher than G''. These observations indicate typical 

behavior of viscoelastic materials such as gels and 

dispersions (Eroglu et al., 2016; Zarzycki et al., 2019). 

However, transition to the viscous domain occurs at these 

same levels of oscillation strain of one and five percent. A 

loss of linearity in moduli G' and G'' is observed, followed 

by a crossover, where storage modulus G' values become 

lower than loss modulus G''. 

 

 

 
Figure 3: Oscillation strain limit of the linear viscoelastic region of 

strawberry stirred yogurt using the protocol D1 with an angular 

frequency of 10 rad/s (~1.6 Hz); variation of G' and G''as functions of 

oscillation strain; (a): without, and (b): with pre-shearing 

 

   Figure 4a and b show the evolution of complex modulus 

(G*) and complex viscosity (η*) as functions of strain 

without and with pre-shearing of the sample, respectively, 

according to the protocol D1. The values of complex 

modulus and complex viscosity are lower for the sample 

that underwent pre-shear test compared to the non pre-

sheared sample.  

 

 

 

 
Figure 4: Evolution of (a): complex modulus (G*), and (b): complex 

viscosity (η*) as functions of strain without and with pre-shearing of 

strawberry stirred yogurt (using the protocol D1 with an angular 

frequency of 10 rad/s (~1.6 Hz)) 

 

   The viscoelastic characteristics of the studied stirred 

yogurt were determined using the frequency sweep 

technique. The experimental data obtained are presented as 

the evolution of storage modulus (G′), loss modulus (G″), 

complex modulus (G*), complex viscosity (η*), and loss 

tangent (tan δ) as functions of frequency. In a standard 

oscillatory experimental test, referred to as a frequency 

sweep, the stirred yogurt samples were exposed to an 

increasing frequency range from 0.1 to 100 Hz while the 

shear stress amplitude was maintained at 0.2 Pa.  

   All samples exhibited frequency-dependent behavior, 

with both storage modulus (G') and loss modulus (G'') 

increasing as the frequency increased (Figure 5a). This 

frequency-dependent response is characteristic of 

viscoelastic materials (Vukić et al., 2018), where the 

material’s ability to store and dissipate energy varies with 

the rate at which it is subjected to oscillatory forces. The 

frequency dependence observed in both storage modulus 

(G') and loss modulus (G'') of the samples signifies their 

classification as physical gels. Physical gels typically 

exhibit pronounced frequency dependence. This frequency 
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dependence suggests that the yogurt samples possess a 

network structure capable of storing and dissipating energy 

typical of physical gels. G' was larger than G'' at all 

investigated frequencies, suggesting that the stirred yogurt 

is a solid viscoelastic material. 

   The characterization of the samples as physical gels, 

based on the frequency dependence of their storage and 

loss moduli, is further supported by loss tangent analysis. 

The loss tangent serves as a widely recognized metric for 

elucidating the viscoelastic behavior of materials, 

providing insight into their inherent viscous or elastic 

properties. A loss tangent greater than one indicates liquid 

viscoelastic behavior, where the sample exhibits more 

viscous characteristics. Conversely, a loss tangent lower 

than one suggests solid viscoelastic behavior, indicative of 

more elastic properties. Figure 5b shows the evolution of 

loss tangent as a function of frequency. The loss tangent of 

the studied samples of stirred yogurt was lower than one at 

all investigated frequencies, indicating their solid 

viscoelastic behavior and confirming the results shown in 

Figure 5a. 

   To explore the pseudo-chewing process, two samples 

were examined: one underwent pre-shearing, whereas the 

other did not. As anticipated, storage modulus (G') and loss 

modulus (G'') magnitudes as a function of frequency for 

the pre-sheared sample were lower than those for the 

sample without pre-shear (Figure 5a). This reduction in 

modulus magnitudes suggests that pre-shearing resulted in 

internal structural breakdown within the sample, leading to 

decreased resistance to deformation. However, the 

magnitude of loss tangent for the pre-sheared sample was 

higher than that for the sample without pre-shear (Figure 

5b). 

   Figures 6a and b depict the evolution of G* (complex 

modulus) and η* (complex viscosity) as functions of 

frequency. It is evident that as frequency increases, G* 

also increases, indicating a frequency-dependent behavior 

(Figure 6a). This observation aligns with previous 

findings regarding the frequency dependence of G' and 

G'' (Figure 5a), suggesting that G* exhibits similar 

behavior. However, the same figure shows that applying 

pre-shear to a sample of stirred yogurt results in a 

decrease in G*, indicating a reduction in the material's 

overall firmness. 

   Notably, Figure 6b shows that the complex viscosity (η*) 

decreases as frequency increases. This phenomenon 

signifies that the material exhibits less resistance to flow at 

higher frequencies. Furthermore, the viscosity of the 

sample subjected to pre-shear is lower than that of the 

sample which is not subjected to pre-shear. This indicates 

that pre-shearing induces a reduction in viscosity due to 

internal structural breakdown within the sample. 

 

 
Figure 5: Frequency sweep of strawberry stirred yogurt sample 

without and with pre-shearing according to the protocol D2; (a): 

storage and loss moduli (G' and G''); (b): loss tangent (tan δ) 

 

 
Figure 6: The viscoelastic proprieties of strawberry stirred yogurt 

(frequency sweep) without and with pre-shearing according to the 

protocol D2; a: complex modulus (G*); b: complex viscosity (η*) 
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Conclusion 

   This study investigated the impact of the chewing 

process, without taking into account the effect of saliva, on 

the rheological properties of stirred commercial yogurt. By 

utilizing both steady and dynamic tests, the mechanical 

behavior of yogurt samples under pseudo-chewing was 

analyzed. The flow curves analysis revealed non-

Newtonian shear-thinning behavior and time-dependent 

(thixotropic) properties of the stirred yogurt, while 

dynamic test demonstrated its viscoelastic properties. 

   Simulating the pseudo-chewing process through the 

chosen experimental protocols uncovered a notable 

decrease in viscosity, attributed to the destruction of 

internal structure of the yogurt. The findings indicate 

significant alterations in rheological parameters such as 

complex modulus (G*), complex viscosity (η*), and loss 

tangent (tan δ) in response to the pseudo-chewing process. 

Notably, pre-shearing induced changes in G* and η*, 

indicating modifications in the firmness and flow 

characteristics of the yogurt that affect its sensory 

properties. These findings contribute to improved product 

formulation and texture optimization by enhancing our 

understanding of the mechanical responses of yogurt 

during the pseudo-chewing process. This knowledge can 

assist producers in modifying their products to make them 

safer, easier to swallow, and more palatable. Furthermore, 

expanding the study to include a broader range of yogurt 

formulations and other food products would help 

generalize these findings. 
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