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ABSTRACT. In modern dairy production systems, calf survival and productive performance largely depend on physiological events
occurring during the first hours of life. In this context, the colostrum-microbiota interaction has gained relevance due to its influence on
passive immunity transfer, neonatal health, and early development. Accordingly, the objective of this study was to analyze research
trends related to colostrum-microbiota interaction in dairy calves and its relationship with neonatal health and pubertal development
from 2010 to 2025. A bibliometric analysis was conducted using data retrieved from Google Scholar, Scopus, and ScienceDirect, applying
Boolean operators associated with colostrum quality, passive immunity, microbiota, and pubertal development. Records were exported
in RIS format, duplicates were removed, and the data were analyzed using VOSviewer (version 1.6.20) and Microsoft Excel to evaluate
publication trends, scientific collaboration networks, keyword co-occurrence, and the most cited articles. A total of 225 publications
were identified, mainly research articles. Scientific production increased notably from 2018 onward, reaching its peak in 2025. Co-
occurrence maps revealed clusters associated with passive immunity, microbiota, digestive health, and productive performance, with
the highest output in China, the United States, and Switzerland. These results indicate sustained growth in scientific interest; however,
knowledge gaps remain regarding its relationship with early reproductive development, representing an opportunity for future
research in dairy production systems.

Keywords: Bibliometrics, early programming, immunity transfer, reproductive performance, VOSviewer.

RESUMEN. En los sistemas lecheros modernos, la supervivencia y el desempefio productivo de las becerras dependen en gran medida
de los eventos fisioldgicos que ocurren durante las primeras horas de vida. En este contexto, la interaccién calostro-microbiota ha
cobrado relevancia por su influencia en la transferencia de inmunidad pasiva, la salud neonatal y el desarrollo temprano. Bajo este
enfoque, el objetivo del presente estudio fue analizar las tendencias de investigacion relacionadas con la interaccién calostro-microbiota
en becerras lecheras y su relacion con la salud neonatal y el desarrollo puberal durante el periodo 2010-2025. Se realizé un analisis
bibliométrico mediante la recuperacion de informacién en Google Scholar, Scopus y ScienceDirect, utilizando operadores booleanos
asociados con calidad de calostro, inmunidad pasiva, microbiota y desarrollo puberal. Los registros fueron exportados en formato RIS,
depurados para eliminar duplicados y analizados mediante VOSviewer (versiéon 1.6.20) y Microsoft Excel, con el fin de evaluar
tendencias de publicacion, redes de colaboracion cientifica, coocurrencia de palabras clave y articulos mas citados. Se identificaron 225
publicaciones, principalmente articulos de investigacion. La produccion cientifica mostré un incremento notable a partir de 2018,
alcanzando su maximo en 2025. Los mapas de coocurrencia revelaron clusteres asociados con inmunidad pasiva, microbiota, salud
digestiva y desempefio productivo, con mayor produccién en China, Estados Unidos y Suiza. Estos resultados evidencian un
crecimiento sostenido del interés cientifico; sin embargo, persisten vacios sobre su relacién con el desarrollo reproductivo temprano, lo
que representa una oportunidad para futuras investigaciones en sistemas de produccion lechera.

Palabras clave: Bibliometria, programacion temprana, transferencia de inmunidad, desempefio reproductivo, VOSviewer.
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INTRODUCTION

The dairy industry has consolidated itself as a strategic activity within contemporary agri-food
systems, not only because of its nutritional contribution but also because of the significant
economic spillover it generates (FAO 2022, Priyashantha 2025). In this regard, the Comarca
Lagunera, an agroecological region located in northern Mexico, stands out as one of the main
clusters of bovine milk production at the continental level, concentrating more than 500 000
Holstein cows in intensive, technified, and modern production systems that generate more than
3,000 million liters of milk annually, with an estimated value of 1.42 billion dollars, in close linkage
with a dairy industrialization structure with national and international projection (Navarrete-
Molina et al. 2019, Rodriguez-Sanchez et al. 2024).

A successful artificial rearing system is fundamental for the economic and productive sustainability
of the dairy cattle industry (Ram et al. 2020). Because it is based on the early separation of the calf
from the dam, colostrum quality becomes a key factor, as it determines the transfer of immunity
and long-term productive viability (Lombard et al. 2020). Colostrum is the first postpartum
secretion and is characterized by a high concentration of immunoglobulins, mainly IgG1, as well
as lactoferrin, lysozyme, leukocytes, fat-soluble vitamins, minerals, and growth factors (IGF-I and
IGF-II), whose ingestion during the first hours of life is essential to establish passive immunity,
reduce the incidence of neonatal diseases, and promote growth (Godden et al. 2019, Lopez and
Heinrichs 2022). Consequently, the early and adequate intake of high-quality colostrum has been
identified as an indispensable condition for the health and survival of newborn calves (McGuirk
and Collins 2004). In addition to passive immunity, colostrum is also closely linked to the initial
colonization of the gastrointestinal tract, giving rise to the gastrointestinal microbiota (Malmuthuge
et al. 2015, Puppel et al. 2020), which is fundamental in the ontogenesis of the immune system since
it stimulates lymphocyte differentiation, the expansion of cellular antigens, and the establishment
of signaling pathways that integrate immune responses with intestinal homeostasis and host
growth (Amin and Seifert 2021). During the early postnatal stage, a balanced microbiota plays a
central role in the regulation of the reproductive endocrine axis by modulating key hormones such
as leptin, IGF-1, estrogen, and progesterone, which are essential for sexual maturation (Fantuz et
al. 2024, Khan et al. 2024). Therefore, the colostrum-microbiota interaction is not limited only to
neonatal survival but extends to critical stages of development, influencing the age at first calving
and the reproductive-productive efficiency of dairy herds (Quereda et al. 2020, Ault-Seay et al.
2022).

Based on the above, it is essential to organize and systematize the available information addressing
these processes in order to obtain an integral understanding of their temporal dynamics. From this
perspective, understanding the state of the art in a specific field is essential to recognize gaps in the
scientific literature, identify emerging dynamics, and support research projects with greater
relevance; this approach defines chronological trajectories and interrelationships that facilitate the
formulation of hypotheses and more robust research lines (Oliveira et al. 2024). Undoubtedly,
bibliometric analyses, conceived as the quantitative analysis of scientific production and its
metadata (e.g., keywords, citations, abstracts), constitute a key tool, as they allow the identification
of research patterns, emerging dynamics, and collaboration networks (Michan and Mufioz-Velasco
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2013, Passas 2024, Manterola et al. 2024). The objective of the present study was to analyze the
scientific production published in bibliographic databases regarding the colostrum-microbiota

interaction in dairy calves and its impact on neonatal health, growth, and pubertal maturation
during 2010-2025.

MATERIALS AND METHODS

Information retrieval and search strategy

A systematic search was conducted in the Scopus, ScienceDirect, and Google Scholar databases,
focusing on studies involving dairy calves that addressed colostrum quality, intestinal microbiota
modulation, neonatal health, growth, and pubertal development. The search included original
research articles, review papers, book chapters, and books published between 2010 and 2025.
Boolean operators were applied to structure the search strategy using the following expression:
(“colostrum quality” OR “passive immunity” OR “IgG”) AND (“gut microbiota” OR “intestinal
microbiota”) AND (“puberty onset” OR “dairy calves”).

Inclusion and exclusion criteria

Selection criteria were subsequently applied to refine the retrieved records. Only publications
written in English and directly related to the research topic within the fields of animal production
or veterinary medicine, and containing the keywords defined in the search strategy, were included
(Kumar et al. 2024).

Data migration and cleaning

The retrieved records were exported in .RIS format (Research Information Systems Incorporated)
and integrated into a single database. During the data cleaning process, duplicate records were
removed, inconsistencies were corrected, and the information was standardized to ensure the
coherence and reliability of the analysis.

Bibliometric analysis

The curated database was analyzed using VOSviewer version 1.6.20 (Leiden University, The
Netherlands), specialized software for the construction and visualization of bibliometric networks.
Keyword co-occurrence, co-authorship, and reference co-citation maps were generated to identify
thematic clusters, collaboration patterns, and the intellectual structure of the research field.
Descriptive analyses were complemented using Microsoft Excel, which was employed for data
organization and the visualization of publication frequency and temporal trends.

Visualization and interpretation

Network maps and descriptive graphs were generated to identify thematic clusters, levels of
collaboration, and temporal trends in scientific production (Van-Eck and Waltman 2010). The
resulting visualizations served as the basis for interpretation, while the contextualization of global
research trends provided an integrated perspective on the patterns identified in the bibliometric
analysis (Lim and Kumar 2024).
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RESULTS

During the analyzed period (2010-2025), a total of 225 publications related to the research topic
(colostrum, microbiota, neonatal health, and pubertal development in dairy calves) were identified
(Figure 1). These documents were retrieved from three scientific databases: Google Scholar (n =
126), ScienceDirect (n = 68), and Scopus (n = 31). Most publications corresponded to original
research articles (n = 161), followed by review articles (n = 58) and book chapters (n = 6), indicating
that the majority of the scientific output in this field is based on primary research, while a smaller
proportion corresponds to knowledge synthesis studies.

Systematic Search Strategy

(“colostrum quality” OR “passive immunity” OR “IgG"”) AND (“gut microbiota” OR “intestinal
microbiota”) AND (“puberty onset” OR “dairy calves”).

Identification of Bibliographic Sources

Data Bases: Google Scholar n=200; Scopus n=391; ScienceDirect n=123

Screening and Elegibility Criteria

Only included:
n=225
Selection criteria:
Publication period: 2010 - December 2025
Language: English

Data Extraction and Export

Search results were exported as RIS files from:
Google Scholar
Scopus
ScienceDirect

Bibliometric Data Analysis

Excel:

Temporal distribution of scientific publications (publications per year)
Identification and analysis of the most highly cited articles
VOSviewer:

Reference co-citation network analysis
Keyword co-occurrence mapping

Figure 1. Workflow of literature identification and data collection.
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At the beginning of the analyzed period, a low number of publications was observed during the
early years, particularly between 2010 and 2014, when the number of documents was four or fewer
publications per year (Figure 2). This pattern reflects the still emerging nature of this research area
during that stage. However, as the period progressed, a gradual increase in scientific production
was observed, indicating the progressive consolidation of the research field.

Total publications
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Figure 2. Annual scientific production during 2010-2025.

Analysis of the entire series showed a mean annual production of 14.1 +17.0 publications, reflecting
an irregular pattern during the initial phase and a notable increase in more recent years. Starting
in 2018, a sustained growth in the number of publications was observed, reaching its peak in 2025
with 58 documents. Furthermore, the period 2020-2025 accounted for approximately 86% (194
publications) of the total analyzed documents, suggesting a recent and growing scientific interest
in the study of the interaction between colostrum, early microbial colonization, and its implications
for the health and physiological development of dairy calves.

The most cited publications in the research field (colostrum, microbiota, neonatal health, and
pubertal development in dairy calves) are summarized in Table 1. For this analysis, only the Scopus
database was used because it provides a standardized citation index for each document, allowing
a consistent assessment of citation impact. The citation cut-off date considered in this study was
March 1, 2026. Among the retrieved publications, the article entitled Early supplementation of
Saccharomyces cerevisiae boulardii CNCM I-1079 in newborn dairy calves increases IgA production
in the intestine at 1 week of age, published in the Journal of Dairy Science, recorded the highest
citation impact, with a total of 39 citations.

The distribution of scientific journals publishing studies on the journals publishing research in this
field are presented in Table 2, together with their bibliometric indicators, including quartile
ranking, subject category, impact factor (IF), and country of publication, according to the
information available up to March 2026.

A total of 94 journals were identified. Among them, Journal of Dairy Science leads the list with 31
documents, classified as Q1 within the Agricultural and Biological Sciences category and with an
impact factor of 4.4, published in the United States. This journal is followed by Animals with 25
documents and Frontiers in Veterinary Science with 17 documents, both also classified in the first

e-ISSN: 2007-901X https://era.ujat.mx

B89 :


https://creativecommons.org/licenses/by-nc-nd/4.0/

Ramirez-Uranga et al.
Ecosistemas ~ X . s . < g . o
v Recursos Colostrum-Microbiota Dairy Calves: Bibliometric Analysis
Agropecuarios Ecosist. Recur. Agropec. 13(3): 5281, 2026

https://doi.org/10.19136/era.a13n3.5281

quartile (Q1). Additionally, 59 journals published only one document, representing approximately
62.8% of the total identified sources, which indicates a high dispersion of scientific production in
this field, distributed across a wide variety of specialized journals in animal science, microbiology,
and veterinary medicine.

Table 1. Most cited articles related to the research topic (colostrum, microbiota, neonatal health, and pubertal
development in dairy calves) according to the Scopus database (cut-off date: March 1, 2026).

Rank Title Citations Authors Journal Year Type

Early supplementation of Saccharomyces cerevisiae

boulardii CNCM 1-1079 in newborn dairy calves Journal of Dairy

! increases IgA production in the intestine at 1 week of 3 Villot et al. Science 2020 Article
age
Analysis of the developing gut microbiota in young Tropical Animal

2 dairy calves-impact of colostrum microbiota and gut 36 Hang et al. Health and 2021  Article
disturbances Production
Combined supplementation of sodium humate and Journal of Animal

3 glutamine reduced diarrhea incidence of weaned 13 Wang et al. . 2021  Article

. . . . . Science

calves by intestinal microbiota and metabolites changes
The role of anti-E. coli antibody from maternal

4 colost.rum on the c'olon‘izaﬁon of newborn dairy c.al.ves 10 Gomes et l. Animal - Open 2023 Article
gut with Escherichia coli and the development of clinical Space
diarrhea
Early-life  Clostridium  butyricum supplementation Journal of

5 improved rumen development and immune by 3 Zhu et al. Agriculture and 2024  Article
promoting the maturation of intestinal microbiota Food Research

Table 2. Journals with the highest scientific production on the study topic (colostrum, microbiota, neonatal health, and
pubertal development in dairy calves)

Journals Documents  Quartile Category IF Country
Journal of Dairy Science 31 Q1 Agricultural and Biological Sciences 44  United States
Animals 25 Q1 Agricultural and Biological Sciences 2.7  Switzerland
Frontiers in Veterinary Science 17 Q1 Veterinary 29 Switzerland
Animal Feed Science and Technology 8 Q1 Agricultural and Biological Sciences 2.7  Netherlands
Chinese Journal of Animal Nutrition 8 Q4 Agricultural and Biological Sciences 0.8 China

The distribution of publications according to the country of origin of the journals reveals the
geographical concentration of research outputs related to the research field. As shown in Table 3,
China ranks first with 48 publications, followed by the United States with 40 and Switzerland with
36. In subsequent positions are the United Kingdom and the Netherlands, both with 17
publications.

Overall, these countries account for the majority of the journals in which studies on this topic are
published, reflecting the concentration of editorial and scientific infrastructure in regions with high
research activity in animal science, microbiology, and veterinary medicine.

The authors with the greatest contribution to the scientific production were identified based on the
number of documents included in the bibliographic corpus and the Total Link Strength (TLS), an
indicator that represents the intensity of collaboration relationships among authors within the
analyzed scientific network. This metric allows the assessment of the degree of interaction among

e-ISSN: 2007-901X https://era.ujat.mx

Qo :


https://creativecommons.org/licenses/by-nc-nd/4.0/

Ramirez-Uranga et al.
Ecosistemas ~ X . s . < g . o
v Recursos Colostrum-Microbiota Dairy Calves: Bibliometric Analysis
Agropecuarios Ecosist. Recur. Agropec. 13(3): 5281, 2026

https://doi.org/10.19136/era.a13n3.5281

researchers working on topics related to the interaction between colostrum, microbiota, early
health, and pubertal development in dairy calves (Table 4).

Table 3. Geographic distribution of journals publishing research on the
colostrum-microbiota interaction in dairy calves.

Rank Number Number of publications
1 China 48
2 United States 40
3 Switzerland 36
4 United Kingdom 17
5 Netherlands 17

Table 4. Top 5 authors with the highest scientific contribution in the research topic of colostrum, microbiota, neonatal
health, and pubertal development in dairy calves.

Rank Author Articles TLS  Citations H-index Affiliation Country
1 Li, Shengli 289 12 4399 36 China Agricultural University China
2 Guan, Le Luo 311 11 11245 69 University of British Columbia Canada
3 Li, Yuanyuan 14 9 59 4 Shihezi University China
4 Cao, Zhijun 199 8 3824 37 China Agricultural University China
5 Liu, Yongbin 56 8 440 13 Inner Mongolia Agricultural University China

Additionally, the academic impact of the authors was evaluated through the number of citations
received and the H-index, according to the records available in the Scopus database. These
indicators make it possible to identify the researchers with the greatest scientific influence within
this research field.

The keyword co-occurrence map (Figure 3) allowed the identification of the main concepts that
structure the research field. Based on the bibliometric analysis, a thematic network was generated
in which the terms are grouped into different clusters that reflect the main research lines within the
study area.

awri i

colostrum,” “animals, newborn,” and
“pregnancy,” representing the central research axis focused on neonatal physiology, passive
immunity transfer, and colostrum management in dairy cattle. This group includes the most
general concepts of the field and functions as the structural core of the scientific network. The

/s

The first cluster is dominated by terms such as “bovine,

e

calf (bovine),” “intestinal flora,” and
“immunoglobulin M,” mainly associated with studies related to digestive health, enteric diseases,

second cluster includes keywords such as “diarrhea,

and immune development in calves during the early stages of life.

The third cluster groups terms such as “microbiota,” “16S rRNA,” “lactobacillus,” and “microbial
diversity,” reflecting a research line focused on the molecular characterization of microbiota
through metagenomic tools applied to the study of the bovine microbiome. The fourth cluster
incorporates keywords such as “diet,” “veterinary medicine,” “growth performance,” and
“weaning,” indicating a thematic line related to animal nutrition, feeding management, and the
productive performance of calves during the rearing period.
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Figure 3. Keyword co-occurrence map of studies on the research topic of colostrum,
microbiota, neonatal health, and pubertal development in dairy calves. The colors represent
different thematic clusters of keywords, while the connecting lines indicate the strength of
co-occurrence relationships among terms within the analyzed scientific corpus.

Taken together, these clusters highlight the interdisciplinary nature of the research field,
integrating perspectives from animal nutrition, intestinal microbiology, immunology, and
developmental physiology. However, the network structure also suggests that the direct
connection between colostrum quality, microbiota modulation, and reproductive development
remains weakly integrated, revealing an emerging research niche with potential for future studies.
The co-authorship analysis (Figure 4) allowed the visualization of the configuration of scientific
collaboration networks generated during 2010-2025. The map shows the presence of several
clusters of researchers actively involved in the development of this research field.

Among the main collaboration groups, networks of researchers led by authors such as Li, S., Wang,
X., Cao, Z., and Zhang, Y. were identified. These authors display multiple connections with other
researchers within the network, indicating a significant role in the generation of knowledge related
to microbiota, health, and pubertal development in dairy calves. The analysis also reveals the
presence of several relatively cohesive research cores, particularly associated with Asian
institutions, mainly from China. This pattern suggests a leading role in the scientific production
related to microbiota, early immunity, and nutrition in dairy calves.
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Figure 4. Co-authorship network of authors; colors represent publication year (2010-2025), node
size indicates productivity, and links represent collaboration strength.

However, some groups of authors with a lower degree of connectivity or relatively isolated
networks were also observed, reflecting a certain level of fragmentation in scientific collaboration
within the field. This pattern suggests the existence of multiple research lines developed in parallel,
with opportunities to strengthen international cooperation and further integrate scientific
collaboration networks in the future.

DISCUSSION

The temporal pattern of scientific production indicates that research on the interaction between
colostrum, microbiota, early health, and pubertal development in dairy calves has experienced
progressive consolidation over the last decade. Although during the early years of the analyzed
period the number of publications was limited, a sustained increase has been observed since 2018,
suggesting that this research field has gained increasing relevance within animal sciences and
veterinary medicine. In this context, the growth coincides with the expanding interest in
understanding the biological processes occurring during the early stages of life in neonatal calves
and their influence on the health and productivity of dairy production systems (Meesters et al.
2024).

This recent increase is consistent with studies highlighting the importance of colostrum in the early
programming of calf health and growth (Silva et al. 2024, Duan et al. 2024). These authors indicate
that colostrum is not only essential for the transfer of passive immunity but also plays a crucial role
in the initial modulation of the intestinal microbiota and in the maturation of digestive, metabolic,
and reproductive systems, reinforcing its key role in early development and the future productivity
of animals. In this sense, the growing number of studies reflects a conceptual shift within dairy
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production, where the neonatal period has begun to be recognized as a critical stage for the
physiological and productive programming of cattle.

A possible explanation for this increase in scientific output is related to the development of
molecular and metagenomic tools that have enabled more precise characterization of the
composition and dynamics of the microbiota in domestic animals (Forcina et al. 2022, Esener 2025).
In particular, techniques based on 165 rRNA gene sequencing and metagenomic analyses have
significantly advanced the understanding of the role played by microbial communities in the
regulation of the immune system, nutrient metabolism, and disease resistance during the neonatal
period (Klein-Jobstl et al. 2019). The interaction between colostrum intake and early microbial
colonization has therefore begun to be considered a key factor in the physiological programming
of calves, since the intestinal microbiota actively participates in the modulation of immunological,
metabolic, and endocrine processes that influence the animal’s growth and subsequent
development.

The analysis of the journals with the highest scientific output also reflects the consolidation of this
research field within specialized journals in animal science and veterinary medicine. In particular,
Journal of Dairy Science, Animals, and Frontiers in Veterinary Science account for a substantial
proportion of the published studies, demonstrating the interest of these editorial platforms in
disseminating research related to neonatal health, nutrition, and the microbiome in dairy cattle.
The recurrent presence of these journals also suggests that research on microbiota and early-life
programming in cattle is progressively being integrated into the scientific agendas of high-impact
journals in animal production.

From a geographical perspective, scientific production is mainly concentrated in countries such as
China, where biotechnology has become a key tool to address the growing global demand for food
and to improve agricultural productivity through the use of technologies such as genetically
modified organisms (GM), gene editing (GE), and other biotechnological approaches aimed at
optimizing crops, animals, and microorganisms (Liang et al. 2025). Important contributions are also
observed from the United States and several European countries. This pattern may be explained
by the presence of research centers with well-established scientific infrastructure and specialized
programs in animal production, microbiology, and biotechnology applied to livestock systems.

In particular, the leadership observed in Asian institutions may be associated with the recent
expansion of research on the animal microbiome and its application in nutritional and management
strategies for production animals. Likewise, the concentration of publications in Asian institutions,
particularly Chinese ones, supports evidence reported in bibliometric analyses of the Asia-Pacific
region, which document an increasing regional leadership in research on animal science and
biotechnology applied to livestock systems (Ha 2023). These trends reflect a global expansion of
scientific interest in understanding how early-life events, such as early colostrum intake and initial
microbial colonization, may influence health, growth, and productive performance throughout the
animal’s lifetime.
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CONCLUSIONS

The bibliometric analysis corresponding to the period 2010-2025 made it possible to identify a
sustained growth in scientific production related to the interaction between colostrum, intestinal
microbiota, and early health in dairy calves. The results show that research in this field is mainly
concentrated on studies addressing passive immunity, intestinal microbiota, and digestive health
during the early stages of life. Furthermore, the keyword co-occurrence maps and collaboration
networks highlight the multidisciplinary nature of the field, where areas such as animal nutrition,
microbiology, immunology, and developmental physiology converge. However, the limited
integration between studies on colostrum quality, microbiota modulation, and subsequent
reproductive development reveals the existence of a knowledge gap that represents a relevant
opportunity for future research.
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