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ABSTRACT 

Pain is considered a condition that most affect the welfare of animals and its measurement 

is seen as a difficult task. This research aimed to determine the level of pain in pigs by 

their vocalization. It was recorded the vocalizations of 20 male piglets under normal 

circumstances (I), marking by Australian method (II), tail trimming management (III), and 

castration (IV). A unidirectional microphone and a digital recorder were used to record 

the sound signals. The results suggested that Pitch frequency (Hz), the maximum 

amplitude (Pa), and intensity (dB) increased from pain-free pigs to the marking procedure; 

and from marking to both tail trimming and castration The tail trimming and castration 

vocal response did not differ.  
 

 

INTRODUCTION 

Pork is the most consumed meat in the world (SI, 

2017), and Brazil is a significant exporter. Animal welfare 

is one of the critical demands of the international meat 

market. However, applied studies are yet needed for 

consolidating its application in pig farming. Animal 

welfare is an ethical issue that is an increasing demand by 

consumers (Veloni et al., 2013), besides being associated 

with the animal productivity and meat quality (Dawkins, 

2016). Pain is one of the leading factors that affect the 

animal well-being, and to determine its intensity is a 

difficult task even for humans. Pigs are exposed to some 

aggressive management methods that produce pain, such 

as the tail trimming (caudectomy), castration, and the 

cutting of teeth (Duncan, 2005), which are standard 

procedures in the production cycle on commercial farms. 

Marchant et al. (2009) evaluated alternative methods to the 

painful process such as the tail trimming, marking, and 

castration. Immune castration is an alternative to usual 

castration nowadays often used to alleviate the pain in pigs 

(Martins, et al., 2013; Bruno et al., 2013; Lucas et al., 

2016). The use of anesthetics to decrease the pain caused 

by these procedures might be a good alternative (Bates et 

al., 2014; Herskin et al., 2016; Bonastre et al., 2016). 

The castration of pigs is carried out to avoid 

undesirable taste and odor in the meat (Martins et al., 

2013). Castration is standard practice, and it is usually 

performed without anesthesia; likewise, tail trimming, 

which is farm management to prevent cannibalism. The 

identification of pigs is essential for product traceability. 

Furthermore, the Australian method for pig marking is one 

of the most used technique worldwide, consisting in a 

piercing attached to the pig ear for the identification 

(Sobestiansky et al., 1998). The vocalization has been 

suggested as a useful method for estimating the welfare of 

pigs (Moi et al., 2015; Marx et al., 2003; Leidig et al. 

2009). It is a non-invasive technique that provides 

information about the status of the animal. It is possible to 

recognize physiological changes by analyzing the 

frequency of voice signals (Johnson et al. 1994). An 

increase in the rate of vocalization was observed in pigs 

after receiving corticotrophin injection, the stress hormone 

(Johnson et al. 1994). Furthermore, castrated piglets 

without anesthesia emitted a stress call during 50.8% of 

the total procedure time, while that using local anesthesia 

emitted stress vocalization in 30.7% of the time (Leidig et 

al., 2009).  

Techniques to determine pain and welfare in 

farmed animals might be well understood to avoid 

misinterpretation and get more accurate results to 

recognize the real status of the animal (Fitzpatrick et al., 

2006). Machine-learning techniques including data mining 

improved the discovery of knowledge in the livestock 

production (Nääs et al., 2008; Moi et al., 2014; Pandorfi et 

al., 2011). Amongst the tasks of data mining, the 

classification allows the generation, starting from a set of 

examples (training), of a classifier able to classify a new 

sample in its class. The C4.5 algorithm is one of the most 

used in the classification task since it enables the 

illustration of the information acquired (Rezende, 2005). 
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This algorithm has several implementations, among them, 

the J48 algorithm, implemented using Weka® (Freeware, 

The University of Waikato, New Zealand) computer 

program to generate decision trees. 

The determination of the pain level in any living 

being is subjective and difficult to measure. However, 

estimating the degree of pain might help to identify its 

cause, and make available specific and faster treatment. 

This research aimed to assess the level of pain in farmed 

pigs by their vocalization during different pain 

management methods commonly adopted in the 

production cycle. 

 

MATERIAL AND METHODS  

The experiment took place in a commercial farm 

located in the county of Holambra-SP, Brazil. Latitude 22° 

37′ 60″ S, 47° 3′ 23″ W, and an altitude of 604m. Data 

collection was done in the morning with an average 

ambient temperature of 25.5 ºC and relative humidity of 

40.4%. Vocalizations of 20 male piglets 7-days-old were 

recorded, under different conditions: (I) pain-free, (II) 

marking by cutting the ear (Australian process), (III) tail 

trimming management, and (IV) surgical castration. In all 

vocalization, records were done using each animal 

individually. The experimental procedure was approved by 

the Ethics Committee-UNICAMP, protocol no. 2224-

1\2011.  

For the pain-free scenario, the piglets were gently 

removed from their stalls and allocated in a corridor 

(Figure 1A), in which voice signal was recorded. For the 

extreme procedure scenarios, vocalizations recording were 

made during the farm management of tail trimming, 

marking and castration. These procedures were done in 

this order and without interval between them, as usual. The 

duration of the signal was the time the pigs vocalized 

during the process. The caudectomy was performed using 

a device for cutting with a hot iron. The castration carried 

out on males (Figure 1B) was done with a longitudinal 

incision on the scrotum to exteriorize the testicle, and then 

the spermatic cord was pulled out until its total rupture. 

After that, they were marked in the ears with notches and 

holes (Figure 1C).  

 

   
A B C 

FIGURE 1. Collecting acoustic signal under standard conditions (A), marking the ear (B) and surgical castration (C). 

 

A unidirectional microphone (Yoga® Electronics Co., Taipei, Taiwan) was positioned approximately 20 cm from the 

animals to record the acoustic signals, and a digital microphone recorder (Marantz® PMD 660) was used to digitalize the 

signals at a frequency of up to 44,100 Hz. The signals were edited and analyzed using Praat® (Free software, University of 

Amsterdam, The Netherlands) obtaining six attributes of each acoustic signal (Table 1).  

 

TABLE 1. The summary of studied attributes, units, and description of the recorded signals. 

Attribute Unit Description 

Energy Pa² *s Energy emitted by a sound wave 

Duration s Duration of the sound 

Maximum amplitude Pa The maximum amplitude of the sound wave 

Intensity dB The intensity of the sound wave 

Pitch Hz Determines the loudness the sound 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The use of vocalization signals to estimate the level of pain in piglets 488 

 

 

Engenharia Agrícola, Jaboticabal, v.38, n.4, p.486-490, jul./ago. 2018 

For comparing the recorded scenarios, ANOVA 

was applied to data, and mean values of each attribute 

were compared using Tukey test. For identifying pain 

conditions data was processed using the software Weka® 

3.5 (Weka Freeware, The University of Waikato, New 

Zealand) using the algorithm of the decision tree C4.5, 

known as J48. Cross-validation was applied to 10% of 

samples. The statistical analysis was performed using 

Minitab® 15 software (Minitab Inc., Pennsylvania, USA).  

 

RESULTS AND DISCUSSION 

Table 2 shows ANOVA results for the four 

conditions evaluated. There was the statistical difference 

for all parameters (p ≤0.05). However, the duration of the 

signal was the only parameter that differed from all 

stressful situations. The length of the calls of the sound pig 

was higher (0.14 to 2.31 s) than that of the pig with 

arthritis (0.15 to 1.88 s) (Risi, 2010). These results differ 

from those in the present study in which the duration of the 

signal was lower when pigs were under management 

stress. Sound pigs had a signal duration of 0.264 s while 

marking of pigs led to a signal duration of 4.131 s, tail 

trimming was 7.650 s, and 13.035 s recorded during the 

castration.  

The parameters Pitch frequency, maximum 

amplitude, and intensity presented similar behavior, 

tending to increase successively from pain-free to marking, 

and after tail trimming, and castration. That could be 

associated with pain on a scale from normal until de 

castration, which is referred to the highest pain level 

known in pigs (Tallet et al., 2013). Risi et al. (2010) found 

a lower intensity (79.76 dB) for sound pigs than animals 

affected by arthritis (78.15 dB). In the current study, the 

signal intensity was lower in the animals not exposed to 

painful management (70.41 dB) than that recorded during 

pig marking (77.64 dB), caudectomy (88.31 dB), and 

castration (87.39 dB).  

 

TABLE 2. The results of the acoustic parameters (mean ± standard deviation) in the four studied conditions (pain-free, 

identification/marking, tail trimming, and castration). 

 Stress condition 

Parameter Pain-free Marking Caudectomy Castration 

Energy (Pa² * s) 0.0138 ± 0.0569c 0.4122 ± 0.453c 2.1114 ± 0.7735b 3.1262 ± 1.4119a 

Duration (s) 0.264 ± 0.179d 4.131 ± 1.604c 7.650 ± 1.964b 13.035 ± 3.640a 

Maximum amplitude (Pa) 0.2683 ± 0.1081c 0.7762 ± 0.334b 1.000 ± 0.000a 1.0000 ± 0.000a 

Intensity (dB) 70.414 ± 3.342c 77.641 ± 9.893b 88.309 ± 1.878a 87.394 ± 1.821a 

Pitch (Hz) 126.12 ± 100.97c 214.58 ± 85.10b 330.97 ± 77.20a 285.01 ± 73.82a 

 

Numberger et al. (2016) evaluated the cortisol level 

in piglet subject to painful procedures and found that the 

cortisol response increased as the degree of pain imposed 

by the process (handling of the pig, marking tail trimming, 

and castration. Marchant et al. (2009) compared tail 

trimming using two methods cold and hot and found that 

hot caudectomy presented vocalization with higher 

frequency and duration than in the cold procedure. This 

result could be related to the different pain intensity from 

the use of different methods. 
For these three parameters, there was no difference 

between tail trimming and castration. These results suggest 

that Pitch frequency, the maximum amplitude and signal 

intensity of the pig vocal increase as the pain level 

increases. Tallet et al. (2013) studied swine vocalization in 

different stress conditions and concluded that there is a 

clear relationship between the circumstances and the vocal 

expression. According to the authors, high-frequency calls 

and long duration are associated with situations involving 

risk of life.  

The signal duration was different for the four 

process exposure with a gradual increase in normal, 

marking, tail trimming and castration. This result may be 

explained by the length of the procedure and not by the 

pain itself. According to Marchant et al. (2009), the time 

needed to perform the process may also result in the stress 

response. The signal of energy had a different behavior 

compared to the other parameters: normal handling did not 

differentiate from marking, but it did between tail 

trimming and castration. The duration of each method 

could explain these results, and the signal energy emitted 

was related to the length of the time the pig vocalized. 

Marx et al. (2003) found higher energy in the signals from 

screams than those from grunts. Some studies found that 

castrated piglets without anesthesia showed vocalization 

with higher energy compared to those animals with local 

anesthesia (White et al., 1995; Horn et al., 1999).  

It was possible to classify stressful situations 

evaluated with 78.20% accuracy using only two 

vocalization parameters signal duration (s) and energy (Pa² 

* s). According to the decision tree (Figure 2), the signal 

duration is the most critical parameter to classify stress 

conditions, followed by signal energy. If the signal 

duration is  ≤ 0.82 s the animal is in its normal state, 

stress-free, but if the signal duration is > 8.68, the 

vocalization is from an animal during castration. If the 

length of the signal ranged between 0.817 s and 8.68 s, 

then it should also consider the energy. In this case, if the 

energy is ≤ 1.41, the situation is marking, and if it is ≥ 

1.41, then it refers to the tail trimming.   
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FIGURE 2. Decision tree generated by the algorithm J48 (Weka® software) for the signals duration and energy to classify the 

pig stress level (normal, marking, caudectomy or castration). 

 

Marx et al. (2003) evaluated pigs’ vocalization 

during castration and concluded that vocalization 

associated with pain could be identified and characterized 

mainly by energy, frequency, and duration of the signal. 

Several authors found a difference in the vocalization of 

animals subjected to a painful procedure, which suggests 

the possibility of estimating the level of pain by assessing 

their vocalization (Marx et al., 2003; Düpjan et al., 2008; 

Tallet et al., 2013). The vocal response of pigs submitted 

different levels of frustration and fear (Weary et al., 1998; 

Schön et al., 2001) be reliable indicators to estimate 

animal welfare (Manteuffel et al., 2004; Moi et al., 2015).  

The vocalization is an outward response that may 

allow evaluating whether there are management problems 

(Fraser, 1974). The pig vocal response helps to identify the 

inherent risk of the lack of welfare at various stages of the 

typical farm management (White et al., 1995; Weary et al., 

1998; Horn et al., 1999; Schön et al., 2001). Vocalization 

recording is also a valid method for understanding the 

impact of stress, pain, and discomfort in the animal's 

behavior. 

Practical alternatives such as the development of 

more appropriate methods, local and general anesthetics, 

or the use of non-surgical methods (e.g., immune 

castration) (Martins et al., 2013; Bruno et al., 2013) should 

be designed to improve animal welfare. Barbieri et al. 

(2012) evaluated distinct methods of marking and 

concluded that using the RFID transponder in the 

perineum area is the adequate swine identifying process.  

 

CONCLUSIONS 

There are different acoustic parameters to help to 

evaluate the level of pain in piglet management, and the 

current study separated the response as pigs subject to pain 

and no pain. It was possible to determine the pain level in 

pigs subjected to different painful managements conditions 

that are part of typical pig farm production management.  
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