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ABSTRACT 
 

Caponization is a castration of male chickens that results in reducing androgen levels, which leads to abdominal fat 

accumulation in capons. However, there is a lack of research using a bibliometric approach to explore the research 

status and trends in caponization. The study was conducted to provide a bibliometric mapping of articles published 

on caponization. The data of 52 articles published from 2002 to 2024 was collected from Web of Science Core 

Collection (WoSCC) database. This study observed that the highest number of articles were published in 2009 (n=6). 

The results showed that Chen KL (article=13), China (article=68) and Poultry Science (article=17, local  citation=411) 

were the most prolific author, country and journal, respectively. The current hotspots in this field of study include 

“carcass composition,” “growth performance,” and “meat quality” according to the high centrality and high density 

in a thematic map. In conclusion, this study provides a comprehensive overview of the status and trends which could 

enable better understanding of development in caponization research over years and help to identify the knowledge 

gaps for future research. 
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INTRODUCTION 

 

Chickens were originally domesticated in Southeast 

Asia over 8,000 years ago (Zaheer 2015; Chambers et al. 

2017; Abdulwahid and Zhao, 2022; Cho et al. 2022; Fan 

and Wu, 2022; Singchat et al. 2022; Shao et al. 2022; Ren 

et al. 2023; Diffine et al. 2023; Nawaz et al. 2024; Senbeta 

and Keyata 2024; Gjøen and Jensen, 2024; Volsche et al. 

2024; Shirin et al. 2025; Zhu et al. 2025). These birds are 

among the most significant domesticated species globally, 

providing essential sources of protein through eggs and 

meat (Padhi 2016; Hinsemu et al. 2018; Henuk and Bakti 

2018; Nawab et al. 2018; Nkukwana 2018; Govoni et al. 

2021; Lawal et al. 2020; Mengesha et al. 2022; Shao et al. 

2022; Siegel et al. 2022; Fernandes et al. 2023; Sukhija et 

al. 2023; Yajie et al. 2023; Shirin et al. 2025). The meat 

production of chickens requires a critical improvement due 

to the increase in human population that results in an 

increase in demand for chicken meat (Castro et al. 2023; 

Dzungwe et al. 2024; Gesek et al. 2024). According to 

Zawacka et al. (2017), meat production can be improved by 

castrating chickens. Castration of chickens is called 

caponization, which is a procedure of removing the 

testicles in farm male animals which is commonly practice 

in veterinary care and animal husbandry (Mahmud et al. 

2014; Dutta et al. 2020; Ryad et al. 2022). It serves multiple 

purposes in animals including reducing aggressive 

behavior, preventing unwanted reproduction and 

improving some traits (Aikpitanyi et al. 2020; Hossen et al. 

2021; Wang et al. 2023; Wojciechowska-Puchałka et al. 

2024). Caponization is a hormonal intervention which 

permanently controls metabolic processes in chickens 

(Kwiecień et al. 2019; Cuciureanu et al. 2021; Ye et al. 

2024). Due to reduced synthesis of sex steroids, 

caponization increases the fat deposition in the carcass 

(Symeon et al. 2012; Guo et al. 2015; Amorim et al. 2016; 

Cui et al. 2018; Paudel et al. 2018; Murawska et al. 2019; 

Ding et al. 2022). Rikimaru et al. (2011) conducted 

research on caponization of Hinai-jidori chickens and 

reported that this procedure is effective on slow-growing 

meat-type chickens at early stages of development by 

improving the daily weight gain. Zawacka et al. (2017) 

conducted the research in caponization of Green-legged 

Partridge breed known as Polish chicken breed and found 

that caponization significantly improve the carcass quality 

parameters and chicken behavior. Although there are 

scientific studies conducted in the caponization, there is a 

lack  of  research  on  using  a  bibliometric  approach  to 
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investigate the caponization. According to Han et al. 

(2020), Rejeb et al. (2020), Yaqoub et al. (2023) and Passas 

(2024), bibliometric analysis is a tool that enables 

researchers to examine scientific publications to gain 

insights into trends. It is essential to explore the 

bibliometric analysis in caponization to gain insights into 

the trends and status of the research in the field. The 

objective of the study was to use bibliometric analysis to 

gain insight into the status of and trends in research on 

caponization. The study will contribute to developing a 

more comprehensive framework for understanding the 

most prolific authors, nations, affiliations, articles, 

keywords and research directions in the field of 

caponizations. 

 

MATERIALS AND METHODS 

 

Data sources 

 The Web of Science Core Collection (WoSCC) was 

used to source data of related articles for bibliometric 

analysis. Uyanga et al. (2023) indicated that WoSCC is 

the reliable database utilized for bibliometric studies in 

various fields. 

 

Search strategies 

 A comprehensive search on caponization was 

conducted on 14 February 2025. The following 

keywords were used: (Caponization OR “Male chicken 

castration” OR “Roaster castration” OR “Cock 

castration” OR “Chicken castration” OR “Cockerels 

castration”). S1 file (supporting document) is attached 

as the final dataset. 

 

Inclusion and exclusion criteria 

 A total of 53 articles were screened for document type 

and one article was removed. Approximately 52 articles 

were screened for language and all were written in English 

and assessed for eligibility. No articles were excluded; 

therefore, all 52 articles were included in the study as 

shown in Fig. 1. 

 

Data extraction 

 The “Export Records to File” and the “Full Records 

and Cited References” options were used for extracting the 

data from WoSCC database. The BibTeX format was used 

for downloading the full records of the 52 articles. 

 

Bibliometric analysis 

 R Studio (version 4.3.0, 2022) was used for data 

analysis using the bibliometrix package in the R 

programming language (Aria and Cuccurullo 2017). 

 

RESULTS 

 

Descriptive statistics  

 Table 1 shows the summary of the data collected 

from the Web of Science Core Collection for bibliometric 

analysis. The findings showed that fifty-two (n=52) 

documents, which were published from 2002 to 2024, 

were extracted. The results also indicated that the annual 

growth rate of publications was 3.2% with the 

international co-authorship of 3.85% and average 

citations per document of 18.96. 

 

Publications and citations per year 

 The distribution of publications and citations per year 

are presented in Fig. 2. The findings showed that the 

highest number of publications were published in 2009 

(n=6) followed by 2016 and 2017 with five (n=5) 

publications each. The average total citations per year 

indicated that the highest number (3) was obtained in 2017 

followed by 2005 with 2.75 and 2008 with 2.24. 

 

 

Fig. 1: Flow chart of 

identification and 

selection of studies used. 
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Document was not articles and reviews.  
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Table 1: Main information 

Description Results 

Main Information About Data 

Timespan 2002:2024 

Sources  17 

Documents 52 

Annual Growth Rate % 3.2 

Document Average Age 11 

Average citations per document 18.96 

References 1021 

Document Contents 

Keywords Plus (ID) 190 

Author's Keywords (DE) 116 

AUTHORS 

Authors 158 

Authors of single-authored document 0 

AUTHORS COLLABORATION 

Single-authored document 0 

Co-Authors per document 5.44 

International co-authorships % 3.846 

DOCUMENT TYPES 

Article 52 

 

 
 

Fig. 2: Publications and average total citation per year. 

 

Three-field plot 

 Fig. 3 shows a three-field plot based on the Sankey 

chart, which defines the relationship between three 

components (journals, authors, and keywords). The graph 

consists of a gray plot that connects the components and 

rectangles. The size of the rectangles in each component 

reflects the number of publications in each component. The 

findings showed that the top five authors (Chen KL, 

Kwiecien M, Muszynski K, Tomaszewska E and 

Jezewska-Witkowska G) published using caponization, 

capon, male chicken, bone characteristic and meat quality 

as the top keywords linked with Journal of Agricultural 

Association of China and Production, Journal of the 

Chinese Society of Animal Science, Poultry Science, 

Asian-Australian Jornal of Animal Sciences, Animal, 

International Journal of Poultry Science, Animal Research, 

Journal of Food Science and Technology Myso, and British 

Poultry Science. 

 

Most relevant sources 

 The top ten most relevant sources from 2002 to 2024 

are presented in Fig. 4. The sources were ranked according 

to the number of articles published. The findings showed 

that most articles were published in Poultry Science (n=17) 

followed by Asian Australian Journal of Animal Sciences 

with eight articles (n=8) and Annal of Animal Science with 

six articles (n=6) in each source. 

 

Most local cited sources 

 Fig. 5 shows the most locally cited sources, which 

were ranked according to the number of citations. The 

results showed that Poultry Science had the highest number 

of citations (n=411) for the caponization field. The Asian 

Australian Journal of Animal Sciences was the second-

highest cited journal with 116 citations.  

 

Most relevant authors 

 Fig. 6 shows the most influential authors in the 

caponization field which were ranked according to the 

number of articles per author. The results showed that the 

top ten prolific authors were Chinese scholars (Zhang Y, 

Wang H, Lu L, Sun Y, Wang J, Chen, Chen J, Han H, Li Y 

and Liu H). The most prolific author was Chen KL with 

thirteen articles (n=13), followed by Chiou PWS with eight 

articles (n=8) and Muszynski S and Tomaszewska E with 

six articles (n=6) each. 

 
 

Fig. 3: A Sankey graph showing the relationship among journals (left), authors (middle) and keywords (right). 
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Fig. 4: Most influential sources. 

 
Fig. 5: Most local cited sources. 

 
Fig. 6: Most influential authors; TC PER YEAR: Total citation per year.
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Most cited authors 
 The top ten most cited authors which were ranked 
according to the number of citations in their articles are 
presented in Fig. 7. The results indicated that Asenjo B, 
Calvo VL, Ciria J and Miguel JA had the highest number 
of citations (n=23) followed by Bizelis I, Kominakis A, 
Mantis F, Rogdakis E and Symeon GK with sixteen 
citations (n=16) for each author. 
 

Countries’ scientific contribution 
 The production of each country was ranked according 
to the number of articles published. The results indicated 
that China had the highest number of articles (n=68) in the 
caponization field (Table 2). The Poland had the second 
highest number of articles (n=66) followed by Portugal 
(n=17) and Greece (n=14). 

 
Table 2: Top 10 countries’ with scientific contribution 

Countries Frequency 

China 68 
Poland 66 
Portugal 17 
Greece 14 
Japan 9 
Spain 6 
Croatia 4 
Italy 2 
Ukraine 1 
USA 1 

 
Most globally cited documents 
 Table 3 shows the top ten most globally cited articles 

in the caponization field, ranked according to the total 
number of citations and total citations per year. The 
findings showed that the article of Miguel JA 
(DOI:10.1017/S1751731107001127) published in 2008 in 
Animal had the highest global citations (n=74) with total 
citations per year of 4.35. The article of Sirri F 
(DOI:10.3382/ps.2008-00405) published in 2009 in the 
Poultry Science had the second highest number of global 
citations (n=57) with total citations per year of 3.56. 
 

Most cited references 
 Table 4 shows the top ten most cited references in the 
caponization field, ranked according to the total number of 
citations with Chen KL having the highest citation (n=34) 
for the year 2005 in Poultry Science followed by Symeon 
GK having the second highest citations (n=25) for the year 
2010 in Poultry Science. 

 

Word cloud 
 Fig. 8 shows the word cloud analysis for the most 
popular terms in caponization related articles. The words 
in bigger size are most frequently used in caponization 
articles and the word in smaller size is less frequently 
used. The findings show that the top ten most frequently 
used words were testosterone (frequency=17), carcass 
composition (frequency=16), growth performance 
(frequency =16), growth (frequency =13), meat quality 
(frequency=11), quality (frequency=10), caponization 
(frequency=9), testosterone implantation 
(Frequency=9), performance (frequency=8), capons 
(frequency=7). 

 

 

Fig. 7: Most locally 

cited authors. 

 

Table 3: Top ten most globally cited documents 

ARTICLES DOI TC TC PER YEAR 

Miguel JA, 2008, Animal 10.1017/S1751731107001127 74 4.35 

Sirri F, 2009, Poultry Science 10.3382/ps.2008-00405 57 3.56 

Chen Kl, 2005, Poultry Science 10.1093/ps/84.4.547 55 2.75 

Muszynski S, 2017, Poultry Science 10.3382/ps/pew301 53 6.62 

Symeon GK, 2010, Poultry Science 10.3382/ps.2009-00411 49 3.27 

Chen Kl, 2006, Asian-Australasian Journal of Animal Sciences 10.5713/ajas.2006.438 42 2.21 

Lin CY, 2002, Asian-Australasian Journal of Animal Sciences 10.5713/ajas.2002.401 37 1.61 

Sinanoglou VJ, 2011, British Poultry Science 10.1080/00071668.2011.581269 34 2.43 

Symeon GK, 2012, Animal 10.1017/S1751731112001024 34 2.62 

Calik J, 2015, Annals of Animal Science 10.1515/aoas-2015-0002 30 3 
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Table 4: Top ten most cited references 

CITED REFERENCES CITATIONS 

Chen KL, 2005, Poultry Science, V84, P547, DOI 10.1093/PS/84.4.547 34 

Symeon GK, 2010, Poultry Science, V89, P1481, DOI 10.3382/PS.2009-00411 25 

Chen Kl, 2006, Asian-Australasian Journal of Animal Science, V19, P438, Doi 10.5713/Ajas.2006.438 24 

Miguel JA, 2008, Animal, V2, P305, DOI 10.1017/S1751731107001127 23 

Fennell MJ, 1992, Poultry Science, V71, P357, DOI 10.3382/PS.0710357 21 

Sirri F, 2009, Poultry Science, V88, P1466, DOI 10.3382/PS.2008-00405 21 

Tor M, 2002, Animal Research, V51, P421, DOI 10.1051/ANIMRES:2002035 21 

Cason JA, 1988, Poultry Science, V67, P979, DOI 10.3382/PS.0670979 20 

Chen Kuolung, 2000, Journal of the Chinese Society of Animal Science, V29, P77 19 

Lin CY, 2002, Asian-Australasian Journal of Animal Science, V15, P401, DOI 10.5713/AJAS.2002.401 19 

 

 
Fig. 8: Word cloud. 

 
Fig. 9: Co-occurrence network. 

 

Co-occurrence network 
 Fig. 9 shows the network of keywords interrelated by 

lines that represent the occurrence of the words in 

caponization articles published from 2002 to 2024. Each of 

the nodes represent the keywords and the size of the node 

is related to the frequency of appearance. The line between 

nodes represents that there is co-occurrence between nodes 

and the size of the line indicates the strength of the 

relationship. The results showed that 4 clusters with 

different colors were observed. Cluster 1 consists of 13 

keywords, “testosterone”, “growth”, “caponization”, 

“plasma”, “5-alpha-dihydrotestosterone”, “androgen”, 

“bone characteristics”, “sex steroids yield”, “19-

nortestosterone”,” gonadal-steroids”, “meat” and “fatty-

acids”. Cluster 2 consists of 13 keywords “quality”, 

“performance”, “capons”,” cocks”, “caponization”, “fatty-

acid-composition”, “broilers”, “country chicken 

cockerels”, “muscle”, “tissues”, “chicken”, “medium-

growth broilers” and “breast”. Cluster 3 has three keywords 

“testosterone implantation,” “metabolism” and “enzymes”. 

Cluster 4 has twenty keywords “carcass composition”, 

“growth-performance”, “meat quality”, “caponization”, 
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“cockerels”, “carcass”, “muscles”, “surgical caponization”, 

“age”, “chickens”, “profile”, “adipose-tissue”, “broiler-

chickens”, “mechanical-properties”, “physicochemical 

properties”, “traits”, “blood”, “density”, “diet” and “fat”. 

 

Co-citation network 

 Fig. 10 represents the co-citation network of articles in 

caponization from 2002 to 2024. Each of the nodes 

represents the articles and the size of the node is related to 

the frequency of citation. The line between nodes indicates 

co-citation between articles and the size of the line 

indicates the strength of the association between articles. 

The co-citation network reveals two distinct research 

clusters with different colors. Cluster 1 with red color, 

centered around "Chen KL 2005" and "Fennell MJ 1992", 

represents early influential works with strong internal 

connections, indicating a closely related research focus. 

Cluster 2 with blue color, dominated by "Symeon GK 

2010", "Symeon GK 2012", and "Lin CY 2002". 

 

Author collaboration network 

 Fig. 11 represents the author collaboration network of 

articles in caponization from 2002 to 2024. Each of the 

nodes represents the articles and the size of the node is 

related to the frequency of citation. The line between nodes 

indicates author collaboration network between authors 

and the different colors represent different clusters. The 

results showed 10 clusters and distinct colors were 

observed. Cluster 1 had twelve authors “Muszynski S”, 

“Tomaszewska E”, “Calik J”, “Kasperek K”, “Krawczyk 

J”, “Kwiecien M”, “Jezewska-Witkowska G”, “Obrzut J”, 

“Wojtysiak D”, “Dobrowolski P”, “Grela ER” and 

“Poltowicz K”. Cluster 2 had two authors “Hsu JC” and 

“Lin CY.” Cluster 3 had ten authors “Chen Kl,” “Chiou 

PWS,” “Tsay SM”,” Lee TY”, “Chen TT”, “Chen TW”,” 

Chi WT”, “Huang CC”, “Lin KI” and “Lo DY”. Cluster 4 

had four authors “Gesek M,” “Murawska D,” “Michalska 

K” and “Otrocka-Domagala I”. Cluster 5 had three authors 

“Adamski M,” “Banaszak M” and “Kuzniacka J.” Cluster 

6 had three authors “Cui H,” “Cui X” and “Li Q”. Cluster 

7 had three authors “Antunes IC,” “Bessa RIB” and 

“Martins Da Costa P”. Cluster 8 had five authors “Mantis 

F,” “Symeon GK”,” Bizelis I”, “Kominakis A” and 

“Rogdakis E”. Cluster 9 had four authors “Chen X,” “Geng 

Z”, “Guo X” and “Jiang R”. Cluster 10 had four authors 

“Rikimaru K,” “Ishizuka”,” Johji J” and "Komastu M. 

 

 
 

Fig. 10: Co-citation network. 

 
 

Fig. 11: Author collaboration network. 
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Trends topics 

 Fig. 12 displays the trend topics in the field of 

caponization from 2002 to 2024. The most frequent topics 

were analysed for words that were used a minimum frequency 

of 5 times and maximum of 15 times on articles published 

from 2007 to 2019. The results showed that the trend topics 

were” carcass composition,” “meat quality,” “muscles,” 

“growth performance,” “capons,” “quality,” “caponization,” 

“cocks,” “performance,” “testosterone implantation,” 

“cockerels,” “carcass,” “surgical caponization,” 

“testosterone,’ “growth,” “plasma” and “caponization.” 

Thematic Map 

 The thematic map analysis reveals that "carcass 

composition," "growth performance," and "meat quality" 

are motor themes, indicating they are well-developed and 

central to the research field as shown in Fig. 13. 

"Testosterone," "growth," and "caponization" appear as 

developing themes, showing growing interest in hormonal 

influences on poultry production. In contrast, "sex" and 

"density" are found in the emerging or declining themes 

quadrant, suggesting they are either gaining traction or 

losing relevance in recent studies. 

 

 

Fig. 12: Trend topics. 

 

Fig. 13: Thematic Map. 
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DISCUSSION 

 

 Caponization is the practice of castrating male 

chickens to improve meat quality and alter their growth 

characteristics (Symeon et al. 2012). Kumar et al. (2023) 

explained that an analytical method that often uses 

systematic literature reviews for quantifying scholarly 

works is called bibliometric analysis. The study aimed at 

examining the status and trends of castration in poultry 

from studies published between 2002 and 2024 extracted 

from the Web of Science Core Collection database. A total 

of fifty-two (n=52) documents were retrieved, there was a 

fluctuation in the number of articles published with 2009 

(n=6) having the highest number of articles, with average 

citation per document of 11 and annual growth rate of 

3.2%. Although there is bibliometric analysis conducted in 

animal science, this is the first on caponization in poultry. 

Hence, there is limited bibliometric analysis resulting on 

caponization to compare the results of the current study. A 

bibliometric analysis was conducted by Susilo et al. (2024) 

on cage-free housing system in laying hens from 1960 to 

2023 literature and found 900 publications with a mean of 

19.4 citations per article and an average annual growth rate 

of 7.14%. Uyanga et al. (2023) conducted a bibliometric 

analysis on heat stress in poultry from the literature 

between 2000 and 2021 and found a total of 468 articles 

with an average citation of 24.11 per article and an annual 

growth rate of 4.56%. These results suggest that there is a 

gradual increase in the field of caponization research. The 

findings of this study revealed the leading research 

countries as China (n=68), Poland (n=66) and Portugal 

(n=17). However, Kandeel et al. (2023) found that USA, 

China and United Kingdom as the top three leading 

countries on the research of anticoccidial drugs evolution 

and its consequences in the academic and public worlds. 

Furthermore, Uyanga et al. (2023) found the leading 

countries on heat stress research as China (n=137), Turkey 

(n=56) and Brazil (n=49). However, Omar and Abdullahi 

(2024) found that USA (n=81) dominated with 

publications, followed by United Kingdom (n=56) and 

China (n=50). In addition, Omar and Abdullahi (2024), 

highlighted that the USA’s leading position in poultry 

farming publications is unsurprising, as their publications 

are gaining the highest number of citations, indicating their 

increasing extensive recognition worldwide but so is 

China. The findings of the current study revealed that the 

Journal of Poultry Science had the highest number of 

articles and the highest citations for the caponization field. 

Journal of Poultry Science was also found by Susilo et al. 

(2024) as having the highest number of publications on 

cage-free housing systems in laying hens. These results 

suggest that Poultry Science Journal is the leading journal 

in fields related to poultry research. The current study 

revealed the most popular and emerging topics in 

caponization research as "carcass composition," "growth 

performance," and "meat quality," "Testosterone," 

"growth," and "caponization". Indicating they are well 

developed and central to the research field. In addition, 

keywords such as "carcass composition," growth 

performance," "growth," "meat quality, "quality" 

"caponization," "testosterone," "implantation," 

"performance" and "capons" were identified for future 

studies. The limitation of the study is that only Web of 

Science database was used for bibliometric analysis. As 

such, it is recommended that future studies include the 

usage of other databases such as Scopus, PubMed, 

Cochrane Central Register of Controlled Trials 

(CENTRAL), Google Scholar, Dimensions, CORE, BASE, 

Science.gov, Crossref API, Microsoft Academic Search, 

and JSTOR Data for Research. 

 

Conclusion 

In conclusion, there have been a total of 52 articles 

published from 2002 to 2024, collected from Web of 

Science Core Collection to provide a bibliometric mapping 

of articles published on caponization. Furthermore, this 

bibliometric analysis study provided a detailed and 

comprehensive analysis of caponization trends over two 

decades. It is expected to serve as a useful reference for 

potential future research that will help both researchers and 

farmers understand that caponization can improve meat 

production as it permanently controls metabolic processes 

in chickens allowing fat deposition in the carcass and daily 

weight gain. 
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