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Abstract: Stress adversely affects physiological processes in animals, including gastroin-

testinal motility, potentially reducing digestion efficiency. Electromyography (EMG) is a 

suitable method for monitoring smooth muscle activity, allowing separate measurements 

of the heart and digestive organs (stomach, small intestine, large intestine). This study 

aimed to investigate whether stress alters the smooth muscle activity of the digestive tract 

using electromyographic measurements. We conducted the experiment on Topigs x Duroc 

barrows (n = 4), weighing 30 kg. Stress induction was performed with a single intravenous 

ACTH injection (10 µg/kg), which dose corresponds to a mild stress effect. Electromyo-

graphic signals were continuously recorded for 8 hours both in control and stress condi-

tions. The measurements were divided into 30-minute intervals, and the smooth muscle 

electric potential (mV) was determined for each organ. Statistical comparisons between 

control and stress-induced states were made using paired Student's t-test. The results 

revealed a post-stress reduction in smooth muscle activity across all organs. The decrease 

was statistically significant in the small and large intestine, while in the stomach, reduced 

activity was observed 5 hours after stress induction. In conclusion, even mild stress de-

creases the smooth muscle activity of digestive organs, reducing gastrointestinal motility 

and potentially impairing digestion efficiency. 
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Introduction 

Under intensive production conditions, pigs are subjected to both prolonged and more in-

tense short-term stress, which can affect their overall well-being. High levels of stress and 

reduced welfare negatively impact key factors in pig farming, including animal perfor-

mance, reproductive capacity, immunity, and meat quality (Smulders et al., 2006). Animal 

welfare laws are becoming increasingly strict, primarily due to public concerns and criti-

cism of animal husbandry, but scientific experiments conducted on farm animals and 

methodology applied to collect data are also under discussion. This opens new areas of 

scientific research, such as incorporation of non-invasive sampling methods and tech-

niques and their validation in scientific experiments (Sciascia and Metges, 2023). 

Non-invasive methods for measuring muscle activity are collectively referred to as elec-

tromyography (EMG). Among these, electrocardiography (ECG) is used to monitor cardiac 

activity, while electrogastrography (EGG) is suitable for examine the gastrointestinal 

tract (Fonyó, 2011). The smooth muscle tissues that make up the gastrointestinal organs 

have their own pacemaker cells, the interstitial cells of Cajal. These cells play a key role 

in the generation and propagation of the electrical signal during the contraction of the 

smooth muscles of the gastrointestinal organs. Interstitial cells of Cajal generate slow 

wave electrical impulses, which can be measured by the electrical and mechanical activity 

of the smooth muscle cells, and the frequency value of the waves generated can also be 

determined (Sanders et al., 2006). Based on this frequency value, with the appropriate 

settings the holter device measures only the signals of the smooth muscles, not the striated 

muscles, 

Electromyographic measurements have a long history in human studies. The first elec-

tromyographic measurements started in the 1920’s (Alvarez, 1922). The method was first 

applied with humans’ stomach activity measurements, in the 1960’s continued with the 

gastrointestinal tract’s motility measurements. In lot of pharmacological preclinical stud-

ies, the electromyographic and electro-gastrographic measurements were used on model 

animals, mostly on rats or pigs (Szűcs et al., 2018, Bures et al., 2013, Bures et al., 2020). 

The adaptation of the electromyographic measurements for pigs has been completed, with 

the first studies published by Nagy et al. (2021). Based on the experimental series, it was 

concluded that the method is suitable for examining smooth muscle tissue activity in the 

gastrointestinal tract (stomach, small and large intestine) in awake growing pigs. 

The number of publications is very low reporting the gastrointestinal segment’s motility 

of the animals during stress. In rats, it has been confirmed that stress induces alterations 

in the motility of the stomach and small intestine, as well as in the electrical impulses 

generated in the smooth muscle tissue of the gastrointestinal tract (Pribék et al., 2021). 

According to our knowledge, there has been no previous study conducted with electromy-

ographic or electrogastrographic measurements in a stress model with pigs. Therefore, the 

aim of the experiment was to investigate whether adrenocorticotropic hormone (ACTH) 

induced, standardized stress modifies the smooth muscle activity in different segments of 

the digestive tract, and if this can be confirmed by electromyographic measurements. 
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Materials and Methods 

Animals, housing and preparation 

The experiment was conducted in December 2023, at Hungarian University of Agriculture 

and Life Sciences, Department of Farm Animal Nutrition. To the experiment we involved 

4 growing barrows (Topigs x Duroc, 30 kg). The animals were kept individually in a con-

crete floored stall and fed two times a day at 8 a.m. and 3 p.m., access to drinking water 

was ad libitum. 

In order to be able to monitor the gastrointestinal motility during non-stress condition 

and ACTH induced stress, the animals were carefully prepared. For a period of one month, 

we got the animals used to human presence and handling, and to wear a vest that holds 

the wires and the holter necessary for electromyographic measurements. 

Stress model 

A self-control study was designed, each animal was its own control. To perform this, we 

measured the animals for two days, the first day was the control day without stress, while 

on stressed day the animals got ACTH injection (Synacthen 0.25 mg/1 ml) through perma-

nent vein catheter intravenously at a dose of 10 µg per kilogram of body weight. By that, 

the stress induction was standardized. 

Electromyographic measurements 

For electromyographic measurements we used the data collecting holter device from MSB-

Met Kft., which is capable of gathering data using a wire connected to two electrodes 

placed on the surface of the skin. After shaving and cleaning the required area, two self-

adhesive electrodes were applied to the skin. One electrode on the left side was placed near 

to the heart, right behind the front left leg. The other electrode on the right side was placed 

on the fold of skin connecting the pig's thigh and lower abdomen. 

The measurements lasted for 9 hours from which 8 hours were analysed. 

 
Figure 1 Example of wave graphs of stomach (gyomor), small intestine (vékonybél), 

large intestine (vastagbél) in the EasyChart softver 
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For data analysis we used the EasyChart software. The measured 8 hours were divided 

into 30 minute intervals. From the 8 hours long analysis we assigned the two main inter-

vals: between the timepoint of the ACTH injection and 2 hours after, while the other in-

terval was around the feeding, 30 minutes before feeding and one hour after. 

For data analysis, the baseline was set to zero in the software, and then, using average 

cycle amplitude analysis, we obtained the potential of the smooth muscle tissue in milli-

volts for the selected organ over the specified 30-minute intervals. 

Statistical analysis 

Statistical analysis was performed with paired Student's t-test, comparing data of 30 mi-

nute intervals of the control day with data of the stress induction’s day of each animal’s 

own. 

Results and discussion 

Results of the smooth muscle electric potential changes in different segments of the gas-

trointestinal tract right after the stress induction compared to the pairwise periods in non-

stressed day are shown in Figure 2. 

 

 

 

Figure 2 Means with standard errors of stomach, small intestine, and large intestine 

smooth muscle electric potential in millivolts in each 30 minutes intervals post stress, 

n = 4 
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In the stomach the smooth muscle activity was statistically the same in non-stressed 

and stressed day right after the ACTH injection, and slightly reduced between 120–150 

minutes post-stress (P = 0.10). In small intestine between 90 and 150 minutes the electric 

potential of smooth muscle was lower in stress day compared to the non-stress day 

(P < 0.05). The smooth muscle activity in large intestine tended to be lower on stressed 

day between 90 and 120 minutes (P = 0.08) and was significantly lower between 120 and 

150 minutes post stress induction (P < 0.05). We checked the activity of smooth muscle of 

GIT around the feeding time as well, which was approximately 4 hours post-stress. Data 

of stress induced day was compared to the pairwise periods in non-stressed day (Figure 

3). The smooth muscle activity in stomach was significantly lower (P < 0.01) on stress in-

duced day between the 60th and 90th minutes after feeding. It was not the case in small 

intestine where the difference was just numerical but not confirmed by statistics (P > 0.10) 

around the feeding. In large intestine the smooth muscle activity tended to be lower be-

tween 30 minutes before the feeding timepoint and 30 minutes after (P = 0.09). 

 

 

 

Figure 3 Means with standard errors of stomach, small intestine, and large intestine 

smooth muscle electric potential in millivolts 30 minutes before feeding and 120 minutes 

after feeding, n = 4 



Csötönyi et al. 

42 

Conclusions 

Based on the experiment’s results it can be concluded that electromyographic measure-

ments can be used in a stress model on awake pigs and the suppressed activity of the 

digestive organs can be measured with it. It has been confirmed that even mild stress 

reduces the smooth muscle activity of digestive organs, thereby decreasing the gastroin-

testinal motility, which in turn could modify the digestion processes. 
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