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Abstract Santa Ines is the main Brazilian hair sheep breed. The importance of this breed has increased significantly in the
last 20 years, even though lamb production in Brazil remains incipient. This study aims to characterize the bibliographic
production of this sheep breed. Here, we presented a map of citations, co-occurrences of keywords, co-citations, and
bibliographic coupling for studies on Santa Ines sheep. Data were obtained from Scopus (Elsevier) and analyzed via
VOSviewer software and the SciVal platform (Elsevier). Several salient points are raised in the bibliographic mapping
analysis. Research has focused on the areas of parasitology, alternative feedstuffs, and traditional quantitative genetics.
Research groups are regionalized, with most research in the Northeastern region, with important groups in the Distrito
Federal and S3o Paulo. There is little research on Santa Ines breed in other regions, such as Northern or Southern Brazil,
although animals of this breed are raised in these regions. Research has plateaued in recent years. International
collaboration is low, with most publications in Brazilian journals.
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1. Introduction

Brazil holds the 23rd position worldwide in national lamb production (FAO 2023). Brazilian sheep production is
characterized by dispersed stakeholders, with 80% classified as smallholder farmers and concentrated in Northeast Brazil.
The Santa Ines is Brazil’s most numerous and widespread breed of sheep (McManus et al., 2014).

The Santa Ines breed was formed in the Northeast Region of Brazil, probably in some regions of Ceara, Paraiba, and
Rio Grande do Norte states, from accidental crosses between the Bergamasca, Morada Nova, and Somalis breeds and
animals without a defined breed standard (Ribeiro and Garcia, 2016). According to ARCO (Brazilian Society for Sheep Registry
- http://www.arcoovinos.com.br/), its origin is confirmed by its traits, such as size, ear type, head shape, and wool remnants,
which are due to Bergamasca, whereas its lack of wool and coat types are due to the Morada Nova. The participation of
Somalis is seen in the fat around the tail head when the animal is very fat.

Molecular studies have been conducted to investigate aspects of the origin, diversity, management decisions, and
parentage of Santa Ines sheep. There are five major haplogroups (HPGs) of sheep (Meadows et al., 2006). Bandelt et al.,
(1999) studied the relationships between haplotypes via network analysis. Two significant events are to be seen in the
formation of Brazilian breeds, one older (H27) with European breeds and a more recent one (H28), including only Brazilian
breeds. Therefore, the present Santa Ines breed had several events of introgression from other breeds, especially
Bergamasca, Suffolk and Dorper, from the oldest to the newest (McManus et al., 2020a; Paim et al., 2021).

Its origin, aptitudes, characteristics, and qualities are frequently cited in the literature, but usually, there is little
objectivity in the citations (Ribeiro and Garcia 2016). In this context, bibliometric tools allow us to conduct a systematic,
transparent, and replicable review of existing research and provide more abundant, relational, contextual, and holistic
intellectual landscape knowledge (Brito-Ochoa et al., 2020; Han et al., 2020; Kraus et al., 2020). The present study aims to
examine publication patterns of Santa Ines sheep in Brazil via bibliographic measurements.

2. Materials and Methods
2.1. Search strategy

The literature on Santa Inés sheep was identified in Scopus (Elsevier database). The search parameters were “(TITLE-
ABS-KEY (Santa AND Ines) AND TITLE-ABS-KEY (sheep))”. The information included year of publication, language, journal, title,
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author, affiliation, keywords, document type, abstract, and citations, which were exported in CSV format. We retrieved a
total of 1248 papers on the 15th of February 2023.

2.2. Data analysis

VOSviewer (version 1.6.18) was used to map co-authorship, co-occurrence, citation, bibliographic coupling, co-citation
and keywords (Van Eck and Waltman 2010; 2013; 2017). The parameters for the analyses are shown in Table 1. The circle size
in VOSviewer positively correlates with the keyword occurrence or countries in the title and abstract. The color of the line
connecting words is more vibrant if the word/researcher/country is commonly found in different studies. If the connection is
small, then the color is more transparent. It was possible to download cluster information for further analyses.

Table 1 Bibliometric parameters for publications on Santa Ines Sheep.

Total Min Doc Threshold Linked Clusters
Authors 4096 5 263 256 16
Country 72 2 23 15 5
Keywords 2145 5 158 271 15
Citations
Citation 1075 10 333 214 20
Sources 152 5 42 42 7
Authors 4096 5 263 260 9
Coupled
Coupled 1075 10 333 302 10
Sources 152 5 42 42 5
Authors 4096 5 263 262
References
Cited Ref 31817 3 321 310 12
Authors 42663 30 346 346 6
Sources 9566 20 177 108 6

In bibliographic coupling, two works reference a common third work, whereas co-citation occurs when two
documents receive a citation from the same third document (Figure 1).

Co-cited Paper 5

Figure 1 Explanation diagram for bibliographic coupling and co-citations.

According to Mas-Tur et al. (2021), co-citation occurs when two documents receive a citation from the same third
document. Author cocitation analysis (ACA) provides insight into how authors, as domain experts, connect ideas between
published works (Chen et al., 2010). Bibliographic coupling occurs when two studies cite the same third document. While
ACA is relevant to authors, bibliographic coupling is relevant to authors, institutions, and countries. The data were cleaned in
OpenRefine (https://openrefine.org/). We excluded the research parameters from the keywords section. Duplicate terms
such as ovine, sheep and Ovis aries and singular and plural terms were combined.

We used fractional counting, in which each paper has only one unit that is fractionated according to the number of
coauthors (Cancino et al., 2017; Gaviria-Marin et al., 2018; Martinez-Lépez et al., 2018). When fractional counting is used, the
strength of a coauthorship link between two authors is determined not only by the number of documents coauthored by the
authors but also by the number of authors of each coauthored document.

The overall change in the number of documents may reflect a change in overall scientific production in all areas of
knowledge worldwide. To compare the overall change in documents in all fields with this specific field from 2005-2022 (the
last year evaluated), we calculated the ratio of the number of documents in this area to those published in all areas [Eq 1] in
2005 as well as linear regression from 2000-2015.
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Ratio Y Number of papers in specific area [Eq 1]
Year= -
> Number of papers in all areas

This was recalculated in 2022 [Eq 2].
RatiOZOZZ q 2]

RatiOZOOS

A value greater than one (1) means that the area of knowledge is growing faster than the world mean, and a value less
than one means that it is growing at a slower rate.

The set of papers was imported into the SciVal platform, and citation parameters, such as use in policy documents and
impact factors, were calculated. We summarized the main findings of these papers concerning the breed and identified the
main silent points remaining for these animals.

3. Results

There was an increase in papers on Santa Ines from 2000--2015 (Figure 2a), with a stabilization after this of
approximately 80 papers per year (y = - 430519 + 423.84x -0.1043x%; R? = 0.89). These papers are focused on Brazilian
authors, as expected (Figure 2b), and the main contributing states are Sdo Paulo and Bahia (Figure 2c). The Field Weighted
Citation Impact (FWCI) of these papers was 0.65 (with a World Mean of one (1)) and an average of 7.4 citations per
publication. This number increased to 1.01 in international collaboration. A total of 3.2% of the papers were in the top 10% of
the most cited publications worldwide, and 7.5% were in the top 10% of journals. A total of 14.8% were published with
international coauthors, and 0.1% were published with corporate authors.
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Figure 2 Number of papers for Santa Ines sheep per year (a), country of production (b) and state of Brazil (c).

Seven of the top 10 journals published on Santa Ines sheep are Brazilian, such as Semina: Ciéncias Agrarias; Revista
Brasileira de Saude e Produgdo Animal; Arquivo Brasileiro de Medicina Veterindria e Zootecnia; Pesquisa Veterinaria
Brasileira; Revista Brasileira de Zootecnia; Acta Scientiarum - Animal Sciences; and Ciéncia Animal Brasileira (Figure 3a).
However, Tropical Animal Health and Production was the most important journal, while Small Ruminant Research was the
third most important journal and Livestock Science the eighth most important journal. A total of 21.6% were published in Q1
journals, and 33.6% were published in Q2 journals. Publications are in the areas of Agricultural and Veterinary Sciences
(Figure 3b), as expected, and are financed by CAPES and CNPq (Figure 3c), as well as FAPs (State Research Financing

Foundations).
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Figure 3 Publishing source (a), area of knowledge (b) and funding source (c) for publications on Santa Ine sheep.
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The major groups of authors can be seen in Figure 4a, with important groups at the Universidade de Sdo
Paulo/Universidade de Brasilia (light blue), pink from northeastern universities, such as the Universidades Federal do Piaui
and Bahia; red (Paraiba); green (Southwest Bahia); and other groups in orange (Universidade de Sdo Paulo). No major groups
were observed in southern China. These groups tend to be regionalized. Older groups produced papers with higher average
citations (Figures 4b, and 4c).

Most papers are produced by Brazilian authors, without significant international collaboration (Figures 4d, 4e, and 4f).
When collaboration exists, it is linear (from Brazil to a single country) without creating networks. The major topics (Figures
4g, 4h, and 4i) studied included reproduction (red), gastrointestinal parasites (green), alternative feeds (lilac), and welfare
(yellow), with the highest number of citations related to nutrition and carcass quality.
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Highly cited papers (Figure 5) include those related to heat tolerance (brown - McManus et al., 2009), gastrointestinal
infections (pink/green - Amarante et al. 2004), genetics (gray — Silva et al., 2011) and breeding (orange - Sarmento et al.,
2006). The most cited papers include the Revista Brasileira de Zootecnia, Tropical Animal Health and Production and Small
Ruminant Research. Journals such as Plos One and Animals are more recent. More citations are seen internationally than in
Brazilian journals.

Citation networks are largely restricted to the researched area, such as reproduction (Figure 5d- purple) or veterinary
science (red), with a central core of broad-themed animal production journals.

Bibliographic coupling (Figure 6) shows strong groups working on different themes, similar to those stated above.
Authors tend to be coupled with specific research areas such as genetics (green), nutrition (red), parasitology (light blue), and
breeding (purple). More citations are presented in papers related to parasitology and animal welfare, such as heat tolerance.

The results of the co-citation analyses were similar to those of the bibliographic coupling analysis (Figure 7). Van Soest
et al., (1991) and NRC (2007) are standard texts for diet analyses and nutrition in experiments. Clusters of co-citing journals
can be seen (Figure 7b), including those on reproduction (yellow), health (green), and animal science (Brazilian — red; or
international — blue).

The red group (Figure 7c) refers to papers on nutrition, whereas the yellow cluster looks at animal welfare and genetic
resources. Parasitology and animal health are represented by the dark blue cluster, and the green and purple clusters
represent production systems.

In terms of public policy, 17 papers (2.3% of the total) were cited by 9 public policy bodies from 6 countries. These
documents had a Field-Weighted Citation Impact (FWCI) of 1.60. These include the Food and Agriculture Organization of the
United Nations, the EFSA, the UK Government, and the World Organization for Animal Health.

4, Discussion

Bibliographic mapping has been used to examine breeds, species, and even journals (Pimentel et al., 2023). The
number of publications per year about Santa Ines sheep has stabilized over the last 10 years. This may be due to the
preference for publishing in Brazilian journals, which may not be referenced in the Scopus database, or may reflect a growing
preference for other breeds, such as Dorper. Moreover, the funding for science in Brazil has decreased during these years,
and the interest in funding sheep studies has likely decreased, as it is not a main industry for Brazil, although it is important
for smallholder farming in Northeast Brazil (McManus et al., 2014).

The evaluation of the regions of affiliation of the authors clearly revealed Brazilian inequality in science production.
Sao Paulo Universities had a greater number of researchers and more funding, consequently resulting in greater scientific
production, even though the main region of interest for hair sheep breeding in Brazil is Northeast Brazil, where the sheep
industry has greater relevance. There is a lack of knowledge concerning hair sheep breeds in this region.

The 17 papers cited in public policies could be grouped according to the subject as nematode resistance to drugs
(Albuquerque et al., 2017), sheep resistance to steroidal saponin poisoning (Gracindo et al., 2014), nutritional evaluation of
additives or alternative protein sources (Oliveira et al., 2013; El-Zaiat et al., 2014; Viana et al., 2014; Sousa et al., 2018; Lima
et al., 2019a), grazing behavior (Emerenciano Neto et al., 2020), development of innovative techniques for reproduction
(Freitas et al., 2018; Santos et al., 2020) and health diagnosis (Martins et al., 2013), meat and carcass traits (Lima et al.,.,
2019b), heat tolerance (Correa et al., 2013; Titto et al., 2016) and genetics (Vargas Junior et al., 2014; Paim et al., 2021;
Santos et al., 2021). Paim et al., (2021) explored the genetic origin of Santa Ines, showing the contribution of Brazilian
Bergamasca and recent introgressions from other breeds, mainly Suffolk. Santos et al., (2021) explored the genetic
parameters and breeding values of traits that indicate resistance to gastrointestinal nematode infection in Santa Ines sheep
via pedigree and genomic information. Gracindo et al., (2014) explored the tolerance of Santa Ines animals to steroidal
saponin poisoning, which is a common problem for sheep grazing on Brachiaria spp. Correa et al., (2013) and Titto et al.,
(2016) reported greater heat tolerance in Santa Ines animals than in other hair and wool breeds. Santa Ines animals
presented the lowest rectal temperature after sun exposure, and it was the only one to recover at 60 min after heat stress in
the morning (Titto et al., 2016).

The most cited papers (normally older) are McManus et al., (2009) on heat tolerance, Amarante et al., (2004) on
gastrointestinal nematode infections and Silva et al., (2011) and Sarmento et al., (2006) on genetics. McManus et al., (2009)
evaluated how the diversity of coat colors in Santa Ines (brown, black and white) is related to heat tolerance. These authors
reported that white-coated animals had lower heart and breathing rates coupled with lower rectal temperatures; therefore,
they concluded that white-coated Santa Ines are more adapted to the climatic conditions of Central Brazil. However,
McManus et al., (2020b) noted the change in coat color from white varieties to almost entirely black varieties at present.

Amarante et al., (2004) evaluated resistance against nematode infections and compared Santa Ines with lle de France
and Suffolk. These authors reported similar susceptibilities to Trichostrongylus colubriformis between the breeds. Santa Ines
animals presented increased resistance to Haemonchus contortus and Oesophagostomum columbianum. Therefore, this
study highlights the importance of conserving this genetic resource and being careful in crossbreeding, as H. contortus is one
of the main health issues in tropical sheep breeding.
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Figure 7 Co-citation reference mapping for Santa Ines sheep papers (a), sources (b) and authors (c).

Sarmento et al., (2006) evaluated growth curve models for Santa Ines sheep and concluded that the Gompertz model

had a better fit. Another highly cited paper in genetics (Silva et al., 2011) studied Santa Ines animals with a molecular
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genetics focus. These authors identified a new allele of growth and differentiation factor 9 (GDF9), named FecGE (Embrapa),
which leads to the substitution of phenylalanine with cysteine in a conserved position of the mature peptide. The ovulation
rate (82%) and prolificacy (58%) of homozygote ewes harboring the FecGE allele have increased. Another study explored the
uniqueness of Santa Ines as a genetic resource and attempted to achieve genetic conservation of this breed.

Santa Ines, like any other Brazilian hair sheep, does not have a countrywide official animal breeding program for
genetic evaluation of the germplasm (Sena et al., 2021). Data are available on population parameters (Colusse et al., 2019),
but little is known about population structure (Teixeira Neto et al., 2013), although these authors noted an effective
population size of 172.5 animals.

Although this is a local genetic resource, international interest is seen with publications in major journals such as
Tropical Animal Health and Production and Small Ruminant Research. Papers in these journals also had more citations. This is
also observed in Brazilian publications in general (McManus et al., 2020c; McManus et al., 2023).

Hair sheep breeds are a genetic resource of paramount importance for worldwide lamb production due to climate
change (McManus et al.,, 2020b; Paim et al., 2022). Therefore, a high meat-producing hair sheep can be an extremely
valuable genetic resource in the near future, and Brazil would capitalize on it if it has an organized animal breeding program
to prove its genetic value and a good health system to guarantee sanitary conditions for exportation of the germplasm. Much
of the information on the breed is anecdotal, with a lack of scientific production about production systems and the
production chain, including those linked to a circular economy, involving this genetic resource. Moreover, most of the traits
presented historically as naturally selected in Santa Ines, such as heat tolerance, adaptation for poor-quality feeding, parasite
resistance, and minimal care, are not well studied and characterized, especially in comparison with other Brazilian hair sheep
(Gomes et al., 2013; McManus et al., 2022). One of the main advantages of locally adapted genetic resources is minimal
shepherding and veterinary care. Therefore, the traits of these animals must be investigated for further scientific evidence of
the capabilities and pitfalls of this genetic resource, as many comparative studies are conducted with temperate breeds.

This study outlines major research carried out on Santa Ines sheep, primarily in Brazil. Little genetic work is seen
beyond the quantitative aspects of production. Important and more recent topics, such as microbiomes and omics, are
missing. Moreover, the adaptive traits of Santa Ines have not been scientifically proven and explored. The knowledge of
these traits from a genomic perspective can be very important for sheep worldwide in a climate change scenario.

Although the breed shows a country-wide distribution, there is a lack of studies in some regions, including the
northern and southern regions, where these animals could constitute economically relevant production systems. Therefore,
we present the main observations of the bibliometric mapping of Santa Ines and the content of the highly cited papers and
those cited in public policies. Santa Ines requires a national official animal breeding program to capitalize on the germplasm
soon.

5. Conclusions

Studies on Santa Ines sheep need to expand beyond the themes currently observed. This is also true for nutrition,
health, and systems studies in different regions of the country. The scientific production of Santa Ines should be stimulated in
other areas in the country, especially the Cerrado and the Caatinga biomes, where these animals could constitute
economically relevant production systems.
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