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ABSTRACT 

Elasticity and stress absorption are present in many different materials in our daily life. Understanding how materials 

behave under pressure (whether that is constant or dynamic), and how and when they deform can be fundamental in 

terms of their success or longevity. Elastic behaviour is present in many different forms in different materials, e.g.: meats 

or other food. Interestingly, elasticity is also a major issue in the oral cavity, when talking about healthy dental tissues, 

such as dentin or even special dental restorative materials. The article focuses on the general mechanical behaviour of 

elastic and viscoelastic materials and measurements performed on them. 
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1. INTRODUCTION 

Rheology is the study of the deformation and creep of materials under force, taking into account the effects 

of time. Measurements are made to study the time-dependent stress-strain relationships, permanent flow, 

stress-relaxation and viscosity [1].  

The concepts and definitions necessary for the discussion of rheology due to the specific structure of 

biological materials are presented below. Fig. 1 shows a general force-displacement curve. 

 

Figure 1. General force and displacement curve 

The biological yield point is the point on the stress-deformation curve from which the stress decreases or 

remains constant as the deformation increases. This point indicates that an initial rupture occurs in the small 

volume of the cellular system. The biological yield point plays an important role in determining the 

vulnerability of materials. The breaking point is the point on the stress-deformation curve where the stress 

decreases steeply and significantly as the deformation increases. The point indicates that a significant volume 
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of the material is fractured. For soft, tough materials, fracture occurs after significant plastic deformation. 

The stiffness of materials is characterised by the directional tangent of the initial, more or less straight section 

of the stress-strain curve. This is the modulus of elasticity. If the initial section of the curve is linear, it can 

be used to determine the initial tangent modulus, the secant modulus and the tangent modulus at a given 

point. Degree of flexibility: The ratio of elastic deformation to total deformation when the material is loaded 

to a certain value and then unloaded. Toughness is characterised by the work invested up to the breaking 

point [Nmm], which is equal to the area under the curve. Hardness: The resistance of a material to penetration 

by a given pressure head. Deformation work: The ability of a material to store deformation energy in its 

elastic range. If the material is more or less elastic, the deformation work [Nmm] is given by the area under 

the stress-strain curve. If the material is not elastic, it can be determined by taking the load cycle. Mechanical 

hysteresis is the energy absorbed by the material in the load-unload cycle. The energy absorbed is equal to 

the area between the curves. The mechanical hysteresis also characterises the damping capacity of the 

material. Energy recovery is the ratio of the energy recovered during unloading to the energy invested during 

loading [2]. 

When testing flexible materials (foodstuffs, dental materials, etc.), the relationship between force and 

deformation is most often investigated. Loading can be done with a cylindrical compression head, spherical 

head or a flat plate. It is assumed that steel loading heads are considered rigid to the material under test and 

therefore do not deform [3]. The force-deformation relationship can also be used to determine the elastic 

modulus E, the biological yield point, the breaking point and the Poisson's ratio. During the measurements, 

the condition indicators of the material (moisture content, temperature, ripeness, storage time after harvesting 

or threshing, etc.) must be accurately recorded. 

A striking property of materials is that the force-deformation relationship also depends on the rate of 

deformation. This means that the relationship is not between two factors (stress and deformation) but between 

three factors. Materials where the time effect has to be taken into account are called viscoelastic materials. 

These materials are partly solids and partly liquids [4]. 

For some materials and at relatively low loads, the stress and deformation are a function of time alone but 

do not depend on the magnitude of the stress. Such materials are known as linear viscoelastic materials [5]. 

For many materials, where much of the load-induced deformation cannot be recovered during load release, 

the stress-strain relationship depends on the magnitude of the stress as well as on time. In such cases we 

speak of non-linear viscoelasticity. 

Solid but at the same time elastic materials can be found among dental restorative materials in the form of 

short fiber-reinforced composites (SFRC). These materials due to their mechanical properties and elasticity 

are suitable and ideal to substitute missing dentin when restoring decayed teeth either with direct or indirect 

restorations [6]. In case of healthy natural teeth dentin acts a stress-absorbing base not allowing cracks 

originating from the enamel to penetrate into dentin. This is due to the unique elasticity, fracture toughness 

and anisotrophicity of dentin. When SFRC is used for dentin-substitution in the form of an anatomical build-

up, not only restorations become more resistant ([7], [8], [9]), but also cracks can be redirected as the reach 

the SFRC core (Fig. 2) [10]. Furthermore, SFRC is able to shift the fracture pattern from a non-restorable 

direction into a restorable direction ([11], [12], [13]). 
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Figure 2. Picture showing the redirection of cracks when invading the SFRC core from [10] 

 

2. MATERIALS AND METHODS 

The LLOYD 1000R is specifically designed to determine the hardness, elasticity and tensile strength of 

various materials, and can determine the hardness, elasticity and tensile strength of any food or other object, 

as it can measure both compression and tension depending on its setting [14]. The instrument operates on 

the basis of uniaxial pressure (load mode). 

 

Figure 3. Lloyd 1000R machine 

The graph shows 0 N and max. N and their associated path length, the maximum force required to break the 

material (hereafter referred to as the breaking force), and the breaking work associated with the breaking 

force, given by the area under the curve, can be determined. The deformation modulus, modulus of elasticity 

can also be determined from the force displacement curve. 

Measurement device settings: 

- for the measurement a gauge head of 100N was used for foodstuffs, 5000 N for teeth, 
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- the speed of the pressure head when measuring the sample is 2 mm/min,  

- the height variation (x-axis length) of the probe during the measurement is 3 mm – teeth, 4-10 mm – 

foods,  

- y-axis height was adjusted based on the hardness of the sample and the position of the specimen. 

Food samples were selected from different meat materials, buffalo meat, bison meat, cattle meat (Fig. 4), 

which show elastic deformation under load. The same behaviour was observed for different salami 

preparations, where the samples were mangalica salami, pork salami, turkey salami and grey cattle salami. 

The stock measurement was performed with LLOYD 1000 Texture Machine type metering device with three 

repeats. 

 

Figure 4. Cattle, bison, buffalo meat 

In our work the hardness of the salami was measured and calculated the spring constant. The spring constant 

is the physical quantity that shows the force required to stretch a spring over a unit length. From our data 

obtained from the force-displacement curve, the 2 values of penetration depth were observed between which 

the sample hardness values increase steeply. Based on the force-displacement curves of each sample, the 

spring constant value was calculated between 2 mm and 4 mm. We then looked at the hardness values 

associated with the 2 penetration depth values and used these to calculate the spring constant value using the 

formula below: 

  

𝐷 =  
𝐹2 − 𝐹1

𝑥2 − 𝑥1

 (1) 

  

where: 

- D: spring constant value [N/mm], 

- F2: value of the applied force to the penetration depth x2 [N], 

- F1: value of the applied force to the penetration depth x1 [N], 

- x2: value of the second penetration depth used for the measurement [mm], 

- x1: value of the first penetration depth used for the measurement [mm], 

 

3. RESULTS AND DISCUSSION 

The results obtained from averaging the measured data were plotted on a force-displacement curve (Fig. 5). 

From the curve, the grey cattle salami proved to be the hardest (100.3 N was the hardness corresponding to 

the maximum penetration value). This was followed by pork/pig salami (83.7 N hardness) and turkey salami 

(44.62 N hardness). Mangalica salami was the softest (13.63 N). 
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Figure 5. Force-displacement curve (Mangalica salami, turkey salami, pork/pig salami, grey cattle salami) 

The value of the spring constant also was calculated. Based on the force-displacement curves of each 

specimen, the spring constant was calculated between 2 mm and 4 mm using Equation (1) and plotted in a 

bar graph (Fig. 6). 

 

Figure 6. Values obtained for the spring constant (Mangalica salami, turkey salami, pork/pig salami, grey cattle salami) 

The figure shows that the pig salami has the highest spring constant (27.07 N/mm), followed by the grey 

cattle salami (26.43 N/mm) and the turkey salami (20.02 N/mm), with the smallest value for the mangalica 

salami (3.8 N/mm). 

The following force-displacement curve (Fig. 7) shows that bison meat proved to be the hardest (15.84 N for 

the maximum penetration value), followed by buffalo meat (8.11 N). The softest meat was cattle meat (3.97 

N). 
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Figure 7. Force-displacement curve (buffalo, bison, cattle meat) 

The value of the spring constant also was calculated. Based on the force-displacement curves of each 

specimen, the spring constant was calculated between 2 mm and 4 mm using Equation (1) and plotted in a 

bar graph (Fig. 8). 

 

Figure 8. Values obtained for the spring constant (buffalo, bison, cattle meat) 

The figure shows that bison meat has the highest spring constant (0.56 N/mm), followed by buffalo meat 

(0.50 N/mm), with cattle meat having the lowest value (0.16 N/mm). 

 

4. CONCLUSIONS 

In conclusion, both raw meat and meat products undergo flexible deformation under compressive forces. 

When two groups of samples are compared, salami shows a more flexible behaviour. 

Looking at the results obtained during the instrumental stock measurement of the meats, it can be stated that 

bison meat proved to be the hardest, approximately five times harder than cattle, which turned out to be the 

softest, and twice as hard as buffalo meat. A similar trend was observed based on the spring constant values. 

Based on the values obtained during the stock measurement of the salamis (hardness, spring constant), it can 

be concluded that the grey cattle salami proved to be the hardest, it was almost ten times harder compared to 

the Mangalica salami, which was the softest, and twice as hard as the turkey salami. The closest hardness 

value was pig salami, whose spring constant value was higher (not significantly) than grey cattle salami. 



Vol. 17, No. 2 2023 

 

DOI: 10.14232/analecta.2023.2.9-15 

 

15 

 

However, it should be noted that, compared to meat, the stock of a meat product – its hardness and spring 

constant value – is not only influenced by the raw material and quantity of the meat, but also by the added 

fat and stock-improving additives.  
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