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Abstract
Public’s concern about poor animal welfare provided by intensive farming systems 
has increased over the last decades. This study reviewed the interest of the scientific 
research on the pain issue in pig production to assess if the societal instances may 
be a driving force for the research activity. A literature search protocol was set up to 
identify the peer-reviewed papers published between 1970 and 2017 that covered the 
topic of ‘pain in pigs’ using Scopus®, database of Elsevier©. One hundred and thirty 
papers were selected and they were mainly focused on the practice of castration 
(64%) followed by tail docking (24%). The scientific community first focused on 
these painful practices as a way to improve production efficiency and quality issues 
while more recently, due to the increased pressure by the public opinion, turned its 
interest towards the search of alternative solutions. A text mining analysis on the 
abstract of the selected papers clearly indicated the effort of the research to explore 
solutions to alleviate pain. Evocative words of this target were the selected terms 
‘pharmacological analgesic’ and ‘anaesthetic treatments’. The text mining high-
lighted vocalizations as the main pain indicators in pigs as this term was frequently 
associated to ‘acute stress’. Ethical issues were a minor research topic in the scien-
tific literature on pig breeding but in the short run, they are supposed to become a 
major subject to justify the acceptance of the modern production systems at the eyes 
of the consumers.
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Introduction

The public policies in favour of cheaper food protein sources promoted a relevant 
change in the traditional animal production systems over the last 50 years. Effi-
ciency in farm breeding has been achieved by intensification, but this evolution 
had a price paid largely by the animals (Sandøe et al. 2003). Ethical considera-
tions concerning food of animal origin and public awareness of the way in which 
farm animals are kept in intensive production systems has increased over last dec-
ades (Appleby 1999). Nowadays, the main ethical issues relating to the animal 
food production chain are food safety, environmental impact of livestock produc-
tion, use of biotechnology and antimicrobials to increase animal performance and 
last but not the least animal welfare (Bennett et al. 2002; Scholten et al. 2013). 
Animal welfare, food safety, taste, flavour and price are principal attributes that 
consumers use to assess and choose food products of animal origin. The European 
Commission has conducted repeated surveys on a large sample of EU citizens to 
understand their meaning of farm animal welfare, providing valuable material for 
comparative analyses (European Commission 2016). Main findings of these sur-
veys were that Europeans have two different opinions; someone considers farm 
animal welfare as “the duty to respect all animals” while for some others it means 
“the way animals are treated, providing them with a better quality life”. In this 
contest, people tend to believe that better animal rearing conditions will provide 
better and safer food (Frewer et al. 2005). Consumers and citizens expressed their 
worry about certain livestock production systems and these complain fostered the 
EU to draft specific legislations to improve living conditions of several farm ani-
mal categories, such as veal calves, laying hens and pigs (De Roest et al. 2010). 
Animal welfare legislation has evolved in accordance with citizens’ expectations 
and market demands. A corner stone of the legislation excursus was the Coun-
cil Directive 98/58/EC (2008), which provided basic rules for farm animals. The 
rules reflected the so-called ‘Five Freedoms’: freedom from hunger and thirst; 
freedom from discomfort; freedom from pain, injury and disease; freedom to 
express normal behaviour; freedom from fear or distress (Brambell 1965). A fur-
ther step forward was the Lisbon Treaty in 2009, which acknowledged animals as 
sentient beings, paving the way for the development of a common ‘Strategy for 
the protection and welfare of the animals’ (2012–2015)

Animal welfare concerns are widespread not only in EU but in the entire world. 
According to Hynes (2008) the emerging ethical issue about livestock farming in the 
US was not transferred from the concern regarding companion and lab animals since 
the public opinion was not fully aware of the current intensive rearing conditions 
and how they affect the animals subjected to them. The request for welfare regula-
tions emerged only when the society became aware of the substitution of the tradi-
tional extensive production systems by the new intensive ones. In an online survey 
of 798 U.S. households, 14% of respondents reported reduction in pork consumption 
due to welfare concerns with an average drop of 56% from their previous consump-
tion (Mckendree et al. 2014). According to the same survey, the reduction in pork 
consumption was larger than that found for other livestock food products.
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Within the farm animal welfare topic, there is an increased awareness towards the 
farm practices that can inflict pain to the animal (Tawse 2010). Animal pain is an 
aversive sensory and emotional experience expressing an awareness by the animal 
of damage or threat to the integrity of its tissues; it changes the animal’s physiology 
and behaviour to reduce or avoid damage, to reduce the likelihood of recurrence 
and to promote recovery (Molony and Kent 1997). Several painful practices are rou-
tinely performed in pig farms either to reduce the risk of some harmful behaviours 
among pen-mates or to lower some detrimental effects on meat quality. Tail dock-
ing enables producers to limit the occurrence of tail biting and its consequent nega-
tive welfare and economic impacts (D’Eath et  al. 2016). Tail biting has a welfare 
impact in terms of immediate pain for the victims and injured tails become a target 
for infections resulting in further suffering. Moreover, it may lead to partial or total 
carcass damage and consequent economic loss for producers. Teeth resection is sup-
posed to reduce injures to the littermates as well as to the sow during suckling (Gal-
lois et al. 2005). Pig castration should avoid the occurrence of undesired behaviours 
such as mounting and aggressions, preventing a serious meat quality alteration such 
as ‘boar taint’ (Leeb et  al. 2014). Ear tagging/notching is performed for animal’s 
identification and traceability purposes (Leslie et al. 2010). Injections are performed 
for vaccinations or to prevent specific deficiencies such the iron one. Most of these 
painful practices are performed on new born animals within the first week of life 
because it was believed that neonates do not suffer from pain due to the immaturity 
of their neural development. However, research on humans (Anand 1990; Andrews 
and Fitzgerald 1994) demonstrated that neonates can suffer from pain despite their 
endogenous mechanisms of pain control is not functional. Similarities in anatomy 
(pain system), physiology (pain sensation) and behaviour (pain expression) between 
human and other mammals, support the assumptions that the perception of pain in 
young farm mammals can be analogue to that of humans (Anil et al. 2002).

As the societal instances may be a driving force for the research activity, we 
reviewed the interest of the scientific research around the concept of pain in pigs. So 
far, several studies dealing with pain in pigs have been published, but it is difficult 
and time-consuming task to extract and understand the main information from these 
cumulated collections. Review articles usually perform a literature meta-analysis on 
a specific issue, while text mining, a process of deriving patterns and trends from 
texts, can be used as an alternative approach to gain a broad understanding of an 
entire dataset and to explore its dynamics. This study performed a text mining analy-
sis on the existing scientific literature dealing with pain in pigs in order to find out 
hidden associations between painful practices and alternative treatments as well as 
the proposed methods to assess pain in pigs.

Materials and Methods

A literature search protocol was set up to identify the peer-reviewed papers that 
covered the topic of ‘pig pain’ using Scopus®, the abstracts and citation data-
base of Elsevier©. These key-words were used considering the publication years 
from 1970 to 2017. The key-words were searched in article title, abstract, and 
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keywords fields. The search was performed in January 2018 and produced 455 
records, which were then read and submitted to a further manual screening to 
exclude irrelevant records. Reasons for paper exclusion were: pharmacological 
and experimental models, other species, laboratory animals, general swine wel-
fare, general animal welfare, slaughtering and euthanasia, clinical cases, parasitic 
and infectious diseases, no abstract available for the paper.

An electronic Excel workbook was used to collect the data extracted from 
the retained papers. The spreadsheet was built in a 2-way table format consider-
ing every paper (record) as a row and its descriptive information in columns. A 
complete list of these descriptors together with additional information on data 
format are schematically reported as Supplementary material. Some descriptive 
statistics of the selected papers were calculated to profile the scientific corpus. 
Additional information regarding the subject area and the quartile of the scientific 
journal ranking of the selected papers were recorded from SCImago database. A 
text mining analysis was performed on the abstracts of the selected papers to find 
important patterns in text data. This technique converts the text into a numeric 
information, studies the word frequency distributions and the association between 
most frequent words. According to Sebastiani (2002), the following pre-process-
ing steps of text were performed:

1.	 Exclusion of certain characters: punctuation, blanks and numerical digits.
2.	 Exclusion of “stop words”: certain common words such as “the”, “and”, “a”, “of”. 

These words are used in the language very frequently, but communicate very little 
unique information about the contents of the document. In addition, pain and pig 
were also removed from the dataset to avoid poor discriminative information due 
to their presence in almost all abstract retrieved.

3.	 Application of stemming algorithm: a reduction of words to their roots (tokeni-
zation), to avoid the count of the same word with different grammatical forms 
(example: “veterinar” is the root of the words veterinary, veterinarian, veterinar-
ians and so on).

After the pre-processing steps, texts were splitted into tokens. Token is a 
meaningful unit of text. In this analysis, tokens detected were not only single 
words but also bi-grams, that are pairs of consecutive words. The tokens were 
organized into a matrix that contains the documents along the rows and the terms 
along the columns (so-called document-term matrix). A term frequency- inverse 
document frequency technique (TFIDF) was used to weight the words (Salton and 
Buckley 1988). It represents the frequency of a term adjusted for how widely it 
is used. This aims at reflecting how important a word is in the whole collection 
of documents. The words, which have the great impact (TFIDF ≥ 0.40), were rep-
resented as histogram and cloud (https​://www.wordc​louds​.com/). Correlations 
among the most weighted terms in the document-term matrix were calculated and 
those higher than a correlation threshold (r) > 0.60 were presented (Feinerer et al. 
2008).The analysis was conducted with R package (2017), using libraries: tm, 
stringr, Snowball3.

https://www.wordclouds.com/
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Results

Profiles of Selected Papers

One hundred and thirty out of 455 abstracts (28.5%) retrieved and downloaded from 
Scopus®, had pain in pig as relevant topic and were retained for analysis. Pharmaco-
logical and experimental models represented the most frequent reason for discharge 
(27% of the total excluded papers). Fifteen papers contained the term ‘ethic’ in title, 
keywords or abstract but 11 of them dealt with general welfare issue in pigs and 
therefore were not retained. Research articles represented the most common type 
of retained paper (83%) followed by reviews (9%), conference papers (6%) and oth-
ers (2%). Prevalent publishing sources of the retained papers were scientific jour-
nals dealing with animal welfare and farm animal production whereas the journals 
addressed to veterinary science were a minor publishing channel (16%). Accord-
ing to the SCImago journal ranking, 53% of the papers were published on journals 
included in the first quartile (Q1) and 19% on Q2 journals. The responsible research 
institutions of the articles were mainly located in Europe (66%) followed by North 
America (22%). The Fig. 1 shows the increase in the number of the papers regarding 
the topic according to the year of publication. As a whole, the 130 articles collected 
a total of 1996 citations (Fig. 1).The most cited article was published in 1998 col-
lecting 117 citations followed by an article published in 2006 that collected 111 cita-
tions (Table 1). Castration was the topic of the most cited articles (Table 1).

As reported in Table 2, five out of seven pain sources discussed in the selected 
papers were practices performed on piglets in intensive rearing systems. Castration 
was the main cause of pain addressed in the selected papers (64% of the total docu-
ments), followed by tail docking (24%) and ear tagging (11.5). Only two causes of 
pain (lameness and farrowing stress) specifically addressed adult animals (especially 

Fig. 1   Number of paper (black histogram) and citations (grey profile) per publication years
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sows) and as a whole, they represented only a lower percentage (13%) of the pain 
topics discussed in the selected collection.

Text Mining

The pre-processing of the data produced 16,381 tokens and after a process of reduc-
tion of sparseness (exclusion of the ‘rare words’), 3093 tokens were retained. Fig-
ure 2a shows the most impactful tokens with a TFIDF weight ≥ 0.40. Castration had 
the highest TFIDF (0.98), followed by ‘tail’ (0.96) and ‘sows’ (0.95). In Fig. 2b, the 
TFIDF weight of the tokens is proportional to their font size in the cloud. The real 

Table 1   The ten most cited articles dealing with pain in pig by topic, publication year, journal quartile 
(referred to the publication year) and subject area of the journal

Article Citations Topics Publication year Journal quartile Journal subject area

1 117 Castration 1998 Q2 Animal science and 
zoology

2 111 Castration 2006 Q2 Animal science and 
zoology

3 103 Castration 2006 Q2 Animal science and 
zoology

4 99 Castration, tail 
docking, teeth 
resection

2005 Q1 Animal science and 
zoology

5 96 Castration 2005 Q1 Animal science and 
zoology

6 95 Castration 2003 Q1 Animal science and 
zoology

7 92 Castration 1993 Q1 Animal science and 
zoology

8 74 Castration 1988 Q1 Animal science and 
zoology

9 73 Castration 2001 Q2 Animal science and 
zoology

10 63 Castration 2005 Q1 Veterinary

Table 2   Percentage of articles 
that discussed the indicated pain 
source

Pain source Percentage of 
articles (%)

Castration 64.6
Tail docking 23.8
Ear tag 11.5
Teeth resection 8.5
Lameness 6.9
Farrowing stress 6.1
Vaccination/injection 5.4
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impact of the terms ‘anaesthesia’ and ‘anesthesia’ should be greater, because they 
have the same meaning but different spelling: as the British English prefers anaes-
thesia whereas North America prefers anesthesia. A similar situation concerns the 
words behaviour/behavior. Among the behaviour indicators of pain, the text mining 

Fig. 2   Most impactful tokens (TFIDF ≥ 0.4). a Histogram, b cloud
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selected vocalization as most weighted term (TFIDF = 0.40). In case of bi-grams, 
tokens with TFIDF ≥ 0.4 were: tail docking (0.60), without anaesthesia (0.56), boar 
taint (0.47), tail biting (0.42) (Fig. 2a). The most relevant and meaningful associa-
tion between terms (i.e. terms that correlate) are reported in Table 3.

Discussion

The attitude of the consumers towards modern farm animal production systems is 
mostly negative since they are considered not fully capable to provide two core con-
cepts for a good animal welfare such as naturalness and humane treatment (Clark 
et al. 2016). Animal welfare remains central for the public opinion and general con-
cerns have been raised about pigs’ quality of life including absence of pain, suf-
fering and mistreatments (Sato et al. 2017). However, several studies revealed that 
consumers had low levels of awareness about the occurrence of painful practices in 
pigs (Heid and Hamm 2012; Vanhonacker et al. 2012). Moreover, individuals may 
assume different attitudes depending on their role as citizens or consumers (Clark 
et al. 2016). As citizens, they take care about modern production systems in order 
to have animal welfare friendly products; as consumers, they have other priorities 
when they purchase foods. This could partly justify the fact that the analyzed pub-
lications consider the painful practices as a tool still needed to achieve specific pro-
duction standards required by the industry and/or market. A relevant example at this 
regard is the practice of castration that is performed to avoid the occurrence of “boar 
taint” as well as to reduce mounting and aggressions following the onset of puberty 
(Morales et  al. 2017). Castration of piglets without pain relief is a common prac-
tice in swine production (Heid and Hamm 2012) despite research demonstrated that 
surgical practice without analgesia induces endocrine and behavioural responses 
linked with pain (Prunier et al. 2006; Lonardi et al. 2015). In our study, pain in pigs 
was a relevant topic for a relatively small percentage of extracted papers (28%) and 
only 3% contained the term ‘ethic’ in title, abstract or keywords showing that ethical 

Table 3   Associations between 
terms (tokens) with r > 0.60

Term Term Association 
coefficient

Ketoprofen Problem sows 0.81
Ketoprofen Lameness assessed 0.81
Ketoprofen Improve welfare 0.66
Lameness Lame-sows 0.70
lidocaine Castration 0.66
Stress Acute stress 0.73
Stress Moderate stress 0.73
Stress Stress piglets 0.73
Stress Animal vocalization 0.62
Vocalization Acute stress 0.62
Welfare Animal welfare 0.70
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issues are still a minor research topic in pig breeding. However, the interest by the 
scientific community has grown particularly in recent years as the number of papers 
published in the last 10 years was about three times greater than the number of arti-
cles published from 1998 to 2007 (100 vs. 30). The greatest share of the papers 
about pain in pigs involved European research institutions and in the EU countries 
support to the increased number of papers published from 2008 to 2017 surely came 
from the implementation of the Council directive for the protection of pigs (2008) as 
well as from other initiatives of the European Commission (2010). The topic of pain 
in pigs found high ranked dissemination channels in the scientific community, since 
more than a half of the selected papers were published in Q1 journals.

The increased pressure by the public opinion against painful practices on farm 
animals has certainly stimulated the response of the scientific world towards the 
identification of alternative practices. Scientific evidences demonstrated that mutila-
tions could be avoided by appropriate and enriched environments as well as by an 
improved management and nutrition. Tail docking is still performed to reduce the 
risk and severity of tail biting among piglets (Sutherland and Tucker 2011; D’Eath 
et  al. 2016; Scollo et  al. 2016). In many farms, this painful mutilation masks the 
real causes behind the occurrence of aggressive behaviours between littermates rep-
resented by a suboptimal rearing environment in which piglets cannot fulfil their 
behavioural needs such as rooting, chewing and foraging (Valros and Heinonen 
2015; Scollo et al. 2017).

Literature review is a critical way of understanding the current state of a given 
topic, providing some direction for further studies. However, it usually focus on a 
single specific issue. Text mining is an alternative approach for information retrieval 
when dealing with a large number of documents (Wang et al. 2016). In this study, 
the text mining analysis suggested the complexity of the pain issue and its corre-
lation with welfare in pigs. The outcomes indicated the effort of the research to 
explore solutions to alleviate pain. Evocative words of this target are the pharma-
cological analgesic and anaesthetic treatments such as meloxicam, ketoprofen, non-
steroidal anti-inflammatory drugs, and lidocaine that were selected among terms 
with TFIDF ≥ 0.40. Analgesia should be used to prevent pain in castrated piglets as 
recommended by European Food Safety Authority (2004). Interest toward analge-
sic treatments in the scientific corpus selected by the text mining demonstrated the 
effort of the research to find analgesic solution alternative to anaesthesia, which has 
numerous drawbacks in cost, time consuming, problems of safety for animals and 
people. As suggested by the association among tokens, lidocaine was related mainly 
with castration (0.66) because it is used to avoid pain during the procedure, whereas 
‘ketoprofen’ with lameness (in sows, 0.81) for its pain reliever action.

Consistent with the most updated farm animal welfare assessment schemes that 
avoid the use of the invasive animal-based measures (Welfare Quality® project: 
http://www.welfa​requa​lity.net/en-us/home/; AWIN: https​://cordi​s.europ​a.eu/proje​
ct/rcn/99394​/repor​ting/en), results of text mining indicated that there is an effort to 
assess pain in pigs by using not invasive indicators. This was suggested by the high 
frequency of the term ‘behaviour’. Behavioural indicators are not invasive as well 
as not intrusive as they do not disturb the animal during recording. Vocalizations, 
one of the most impactful words highlighted by the text mining, are the main pain 

http://www.welfarequality.net/en-us/home/
https://cordis.europa.eu/project/rcn/99394/reporting/en
https://cordis.europa.eu/project/rcn/99394/reporting/en
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indicators in pigs (da Silva Cordeiro et al. 2013; Ison et al. 2016). The association 
among tokens showed the term ‘vocalization’ being related to ‘acute stress’, mean-
ing that very frequently the two concepts were reported together in the analysed 
texts.

The dominating feature in the twentyfirst century in most areas of human activi-
ties is the excess of available information which often lacks proper scrutiny regard-
ing scientific validity. Stakeholders and interested parties in animal welfare operate 
in an environment with conflicting interests and limited opportunities for common 
approaches to be guided by sound science. Nowadays, it is important that science 
provides answers to the questions raised by society and gives clear and transpar-
ent advices to politicians as well as to participants in the public debate (Sandøe 
et  al. 2003). At this regard, the outcomes of the text mining analysis highlighted 
the evolution of the scientific research on the topic of pain in pigs that moved from 
aspects focused on production efficiency towards the search for alternative painless 
practices.

Along with the safety and environmental sustainability, the ethical issue going 
to become a mandatory requirement of the modern livestock production systems 
in order to justify their existence at the eyes of the public opinion. If this issue is 
addressed in a clear way, it may be possible not only to advance the use of science to 
improve the welfare of farm animals but also to improve the public dialogue about 
how animals are being treated in the production of food.

Conclusion

Text mining analysis of the scientific literature has shown a growing interest on pain-
ful practices in pigs that reflects the concerns of the public opinion and the legisla-
tion. It suggested the complexity of the pain issue and its association with produc-
tive and quality targets. The increased pressure by the public opinion against painful 
practices on farm animals stimulated a response of the scientific world towards the 
identification of alternative solutions capable to mitigate the pain in pigs particularly 
by the use of pharmacological treatments. The analysis of the scientific literature 
showed that ethical issues were still a minor research topic in pig breeding but they 
are supposed to become major subject to justify the acceptance of the modern pro-
duction systems at the eyes of the consumers.

Open Access  This article is distributed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creat​iveco​mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribution, 
and reproduction in any medium, provided you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons license, and indicate if changes were made.
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