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Abstract: In this paper, it was described the experimental tests for animal’s intestines, that is used in the
meat industry as the natural, edible casings. It was carried out the static tensile test in the physiological
chamber in three temperatures for 201 samples. The main aim of investigations was to evaluate the influence
of technological operations on the intestines’ mechanical properties. Obtained results can provide a basis
for comparative analysis both for animal and human tissues.
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1. Introduction
The determination of mechanical properties in biological materials is a crucial but also relatively
complicated task. The knowledge of mechanical properties is important in the process of modeling
biological structures, verification of developed models and designing various types of technological
processes (Gzik-Zroska et al., 2018, Ogurtan et al., 2001, Wolański et al., 2017). In biomedical
investigations developing the research method and comparing research results is difficult due to the lack
of clear standards that include the regulations for these kinds of experimental tests (Heijnsdijk et al.,
2003). The scientists deal with conducting experimental research on biological tissues of both animal and
human origin (Gzik-Zroska, 2016, Joszko, 2019, Milewski, 2012, Pezowicz, 2012). It requires them a lot
of experience and at the same time knowledge about the anatomy and functioning of the particular tissues.
The results of this type of research significantly contribute to the development of medicine. The research
aimed at determining the mechanical properties of biological tissues for the meat or generally food
industry is also carried out by other authors. In the article of Sobczak et al., 2014 mechanical properties of
casings were determined for polyamide, collagen (caramel) and natural casings, before heat treatment,
after smoking and after brewing.
Considering the above, the main aim of investigations was to evaluate the influence of technological
operations on the intestines’ mechanical properties. An attempt was made to develop the research
methodology of experimental tests for determining the mechanical properties of an animal’s intestines,
which are used in the meat industry. Also, it was analyzed how the specific technological processes
change the mechanical properties of tested tissues.

*

**

***

****

*****

******

PhD. Eng.: Department of Biomaterials and Medical Devices Engineering, Silesian University of Technology, Roosevelta
40, 41-800, Zabrze, PL; bozena.gzikzroska@polsl.pl
PhD. Eng.: Department of Biomechatronics, Silesian University of Technology, Roosevelta 40; 41-800, Zabrze; PL;
kamil.joszko@polsl.pl
PhD. Eng.: Department of Biomechatronics, Silesian University of Technology, Roosevelta 40; 41-800, Zabrze; PL,
edyta.kawlewska@polsl.pl
DSc Eng., prof PŚ: Department of Biomechatronics, Silesian University of Technology, Roosevelta 40; 41-800, Zabrze;
PL, alicja.balin@polsl.pl
Department of Biophysics and Plant Morphogenesis, University of Silesia, 40-032 Katowice, PL,
Poland;jerzy.karczewski@us.edu.pl
PhD. Eng.: University of Technology, 43 Rolna Street, 40-555 Katowice, PL, piotr.wycislok@gmail.com

2. Material & methods
The experimental tests were performed on the 201 animal’s origin specimens - pork and sheep casings.
The intestines were delivered from various producers (Fig. 1). There were specimens after two specific
technological processes: soaking and calibration. Soaking in warm water is necessary to obtain optimal
softness and tenderness. Calibration is the process, when the intestines are inflated with air to check for
holes and then they are stretched and sized to the dimension of various pipes.

Fig. 1: Exemplary specimen of intestine.
All specimens were vacuum-packed in the salt solution. Directly before the static tensile test, the
specimens were soaked in water for 1 hour, to remove salt from the tissue. Also, it was measured the
length, width and thickness of all specimens. The tests were carried out in the physiological chamber,
filled with distilled water at room temperature and at an elevated temperature: 30 ºC and 40 ºC. These
boundary conditions were suggested by the producers.
The static tensile tests with the constant velocity (10 mm/min) were performed on the MTS Insight
machine and the specimens were mounted with the use of specially designed, dedicated grips (Fig. 2).
The test continued until the sample was fractured in the vertical axis of the intestine.

Fig. 2: Photographs of specimen, mounted in specially designed grips, immersed in a physiological
chamber.
During the experiments, it was obtained the breaking force for each sample. Subsequently, the breaking
stress and Young’s modulus were read from the machine’s reports. These parameters are calculated by
machine, on the basis of the tangent of the angle of the proportional section in the stress-strain diagram.
In the figures below (Figs. 3 - 5) it was presented the average values of all parameters, depending on the
temperature.
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Fig. 3: Average breaking force values for pork and sheep casinos, obtained during tensile tests
at the various temperatures.

Fig. 4: Average Young’s modulus values for pork and sheep casings obtained during tensile tests
at the various temperatures.

Fig. 5: Average breaking stress values for pork and sheep casings, obtained during tensile tests at the
various temperature.
On the basis of obtained results it can be stated that both sheep’s and pork’s specimens have a higher
Young’s modulus at the room temperature than at an elevated temperature. The values obtained in
temperatures 30 ºC and 40 ºC are very similar and significantly lower. For example, after calibration at
the elevated temperature, Young’s modulus of pork casings is about 40 % lower and for sheep casing is
about 30 % lower. After soaking the difference is even greater, especially at 40 ºC, where the difference is
about 61 % for pork casings and about 54 % for sheep casings. It was also observed the differences in
stress values for individual temperatures (Fig. 4).
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3. Conclusions
Based on the performed researches it could be stated that the mechanical properties of intestines vary
depending on the species from which they were prepared. Pork’s intestines have both higher Young's
modulus and breaking stresses than the sheep intestines. It is caused by the individual factors of each
species and the various geometry. Subsequently, it can be stated that the technological processes and the
elevated work of temperature have a negative influence on the strength properties. The next step of
investigations is the statistical analysis of results presented in this paper.
The research carried out as part of this work can be useful not only for the meat or food industry but also
in medicine. Animal intestines are very often accepted as models of the human intestine (Cadena et al.,
2005, Dou et al., 2006). In order to correctly determine which animal intestine may represent the human
intestine, it is necessary to know their mechanical properties. Any study performed on biological material
is valuable due to the introduction of some kind of standardization in research on this type of material.
Sharing this knowledge in the scientific world leads to the development of a kind of norms defining how
to handle biological material and allows to determine how various external factors can affect its internal
structure.
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