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ABSTRACT. Ruminants represent a fundamental component for animal production and food security; among them, goats stand out
for their resilience in marginal ecosystems. However, factors such as heat and nutritional stress in arid lands induce oxidative stress,
compromising reproductive outcomes such as oocyte viability and embryo implantation. Therefore, selenium (Se) and vitamin E (VitE)
emerge as components of the antioxidant defense system. Se acts as a cofactor for enzymes that neutralize peroxides, and VitE optimizes
follicular maturation and embryonic development. Deficiencies in these factors can lead to reproductive failure, ranging from
anovulation to fetal death. The implementation of scientometric strategies allows for a critical analysis of the evolution of knowledge in
this area. Through scientific mapping, the main approaches, authors, journals, and countries in this field of study can be identified. We
carried out a study according to the PRISMA methodological guidelines, applying a rigorous protocol for search, selection, and analysis.
The analysis includes scientific output (2000-2025), denoting an increase in publications from 2010 onward, as well as a notable
disproportion in the number of studies focused on other livestock species compared to goats. This quantitative analysis identified trends
and gaps, including a reduced co-authorship network density and a limited number of goat-specific publications. Therefore,
scientometric documents are generated and act as an essential diagnostic tool to guide the funding and design of future research focused
on mitigating the environmental impact on the reproductive efficiency of goats.
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RESUMEN. Los rumiantes representan un componente fundamental para la produccién animal y la seguridad alimentaria, entre ellos
destacan las cabras por su resiliencia en ecosistemas marginales. Sin embargo, factores como el calor y el estrés nutricional en zonas
aridas inducen estrés oxidativo que compromete el rendimiento reproductivo como la viabilidad de los ovocitos y la implantacién del
embrion. El selenio (Se) y la vitamina E (VitE) emergen como componentes del sistema de defensa antioxidante; Se acttia como cofactor
de enzimas que neutralizan los perdxidos y la VitE optimiza la maduracion folicular y el desarrollo embrionario. Alguna deficiencia de
estos provoca un fallo reproductivo, desde anovulacion hasta mortalidad fetal. La implementacién de estrategias cienciométricas
permite un analisis critico de la evolucién del conocimiento en esta area. Mediante el mapeo cientifico, se identificaron los principales
enfoques, autores, revistas y paises en este campo de estudio. Se desarroll6é un estudio con base en las directrices metodoldgicas del
modelo PRISMA, con la aplicacién de un protocolo riguroso de busqueda, seleccion y analisis. El analisis abarcé la produccion cientifica
(2000-2025) denotando un incremento en las publicaciones a partir de 2010, asi como una notable desproporcion en el niimero de
estudios centrados en otras especies ganaderas en comparacién con las cabras. Este analisis cuantitativo y cualitativo identificd
tendencias y deficiencias, incluyendo una menor densidad de redes de coautoria y un niimero limitado de publicaciones especificas
sobre cabras. Por ello, esta estrategia cienciometria documenta la produccion cientifica y acttia como una herramienta de diagndstico
esencial para orientar la financiacién y el disefio de futuras investigaciones centradas en mitigar el impacto ambiental en la eficiencia
reproductiva de las cabras.
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INTRODUCTION

Animal production plays an essential role in sustaining populations and in global food security
(Wodajo et al. 2020). In particular, ruminants represent a key component of livestock systems due
to their ability to transform fibrous resources and forages unsuitable for human consumption into
products of high nutritional value, such as meat and milk (Davis and White 2020). Among them,
goats have acquired special importance due to their adaptability and their historical contribution
to human development; since their domestication, they have been recognized as a species of global
relevance (Meza-Herrera et al. 2024). Their products continue to impact society by offering
nutritional, economic, and environmental sustainability (Navarrete-Molina et al. 2020, Meza-
Herrera et al. 2022, Lu 2023), particularly in marginal production systems (Navarrete-Molina et al.
2024). The versatility of goats has allowed them to adapt to various conditions and climates,
particularly in arid lands (Gonzalez-Bulnes et al. 2011, Meza-Herrera and Tena-Sempere 2012,
Daramola et al. 2021). However, this ecotype entails seasonal variability in the quality and quantity
of feed, causing nutritional and thermal stress, compromising the productive and reproductive
performance of goats (Urrutia-Morales et al. 2009, Meza-Herrera et al. 2010, Meza-Herrera et al.
2015, Sa'ayinzat et al. 2021). Therefore, an adequate supply of vitamins and minerals is central to
increasing reproductive outcomes (Kaya et al. 2023). Similarly, antioxidants, present in certain
vitamins and minerals, reduce the harmful effects generated by oxidative stress. Moreover,
excessive production of reactive oxygen species (ROS) and nitrogen reactive species (RNS)
compromises not only oocyte viability but also limits embryo implantation (Rakha et al. 2022, Mora
et al. 2019).

Selenium (Se) is an antioxidant micromineral that catalyzes the reduction of peroxides and
lipoperoxides generated during diverse physiologic processes, such as pregnancy; it also
suppresses the induction of pro-inflammatory cytokines (Pieczynska et al. 2024). Therefore, low or
no ovulation, embryo loss, and stillbirth can be triggered. Vitamin E (VitE) improves the ovulation
rate and the number of offspring by promoting oocyte maturation, fertilization, and embryonic
implantation and development (Ozar et al. 2022, Santos-Silva et al. 2025). Therefore, it is important
to identify trends on this topic and find information gaps to have a descriptive and interpretative
panorama, being critical to build scientific questions (Arbeldez and Onrubia 2014). Scientometrics
is a quantitative analysis method that examines the production and evolution of global scientific
literature in a given area of knowledge to identify research trends, analyze the productivity of
authors and institutions, and generate evidence to support research decision-making and funding
processes (Michan and Mufoz-Velasco 2013). We hypothesize that scientific production on the use
of antioxidant supplements such as selenium and/or vitamin E in reproduction, specifically in
ovulation rate and implantation rate, is limited in goats compared to other animal species.
Likewise, those countries that contribute the most to this research topic have not only higher levels
of development but also face recurrent thermal insults. This study aimed to analyze the results of
research published in three scientific platforms, regarding the effect of supplementation with Se
and VitE and its possible relationship with the ovulatory rate and embryo implantation of goats
during the period 2000-2025.
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MATERIALS AND METHODS

The scientometric analysis considered the PRISMA method (Figure 1) criteria for identifying,
selecting, evaluating, and synthesizing studies (Page et al. 2021) as well as the methodology
proposed by Michan and Mufoz-Velazco (2013); briefly, it considers the following steps:

Querying Data Search: (Selenium and vitamin E) AND (embryo implantation of goats); selenium AND vitamin
AND e AND in AND embryo AND implantation; (Selenium and vitamin E) and (embryo implantation) (in goats).

Data Bases: Google Scholar (n = 8 851); Scopus (n = 38); ScienceDirect (n = 360)

¥

Included (n = 192) (Google Scholar 151; Scopus 31; ScienceDirect 10)

Years: 2000 to december 2025

Language: english and spanish

¥

Export search results as a RIS file from Google Scholar, Scopus, and
ScienceDirect

¥

Analyze in:
Excel (Publications per year, most cited articles)
VOSviewer (Co-authorship networks, keyword co-occurrences)

Figure 1. Information collection and processing flowchart.

Retrieval and search strategy

The sources of information to be used to establish the search for scientific articles with optimal
terms, operators, and criteria were selected; the bibliographic tools Google Scholar, Scopus, and
ScienceDirect were used. The systematic search considered that they addressed the use of SE and
VitE in embryo implantation, and considered books, theses and scientific articles from the selected
period, using the operators: (Selenium and vitamin E) AND (embryo implantation of goats);
selenium AND vitamin AND e AND in AND embryo AND implantation; (Selenium and vitamin
E) and (embryo implantation) (in goats).

Inclusion and exclusion criteria

Once the database was formed, inclusion and exclusion criteria were considered, including only
scientific articles, review articles, books, and book chapters published in English and Spanish that
addressed the topic of interest in the disciplinary field of animal or veterinary production, which
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were aligned with the keywords entered in the search (Romero and Camarena 2023), excluding
duplicate documents.

Migration

It considered downloading the corpus of searches in Google Scholar, Scopus, and ScienceDirect in
the standardized RIS (Research Information Systems Incorporated) format. The selected
information was incorporated into a new database, and a filtering process was carried out to obtain
normalized data.

Analysis, visualization, and interpretation

The analysis, visualization, and bibliographic mapping of the results were performed using
VOSviewer 1.6 software, a robust and widely recognized tool for bibliometric analysis.
Subsequently, a clustering algorithm was run to position and classify the keywords and to show
bibliographic coupling among countries, the collaboration among authors, and keyword co-
occurrence (Herndndez-Garcia et al. 2024). Finally, the results obtained were interpreted as
previously proposed (Cardona-Roman and Sanchez-Torres 2017).

RESULTS

In the period analyzed (2000 — 2025), a total of 192 publications related to the topic of study (Se,
VitE, OT, and IE) were identified; 151 documents in Google Scholar, 31 scientific articles in Scopus,
and 10 documents in ScienceDirect (Figure 2). Most publications were review articles (n = 87),
followed by original articles (n = 86), then book chapters (n = 18), and books (n = 1). From the
beginning of the search in the year 2000, the annual average of published scientific documents was
7.38 (Figure 2). From 2010 onwards, a sustained growth began with its peak in 2025 (39
publications). The period 2020-2025 accounted for 58% (112 publications) of the total number of
documents, suggesting a growing and recent interest in the subject.
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Figure 2. Annual evolution of scientific publications on selenium and/or vitamin E in
reproduction of mammals during 2000-2025.
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Although only 14 documents focused specifically on goats, the remaining studies were not
excluded from the analysis because most of them addressed ruminants, while others focused on
mammals in general and included explicit references to goats as part of their content (Figure 3).
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Figure 3. Distribution of scientific production on selenium and/or
vitamin E in cattle, sheep, and goats from 2000 to 2025.

Table 1 presents the most influential publications addressing the effects of selenium and/or vitamin
E on reproductive processes, as well as studies examining oxidative stress, a critical factor affecting
animal reproductive performance. The data analyzed in Table 1 were obtained exclusively from
the Scopus database, as this platform is a reliable data source that allows users to access and
download the complete metadata for each publication, in addition to providing the actual number
of citations at the time the data were retrieved. Moreover, the Google Scholar and ScienceDirect
platforms were used solely to estimate the total number of scientific publications produced during
the study period (2000-2025). Among these contributions, the article entitled “Oxidative Stress and
Antioxidants: Exposure and Impact on Female Fertility” stands out as the most highly cited
publication, accumulating 290 citations. This is followed by the article “Oviduct: Roles in
Fertilization and Early Embryo Development,” which has received 230 citations. The high citation
frequency of these studies highlights the growing scientific interest in understanding the
relationship between oxidative balance, antioxidant supplementation, and reproductive efficiency.

Table 2 shows the journals that publish the most research manuscripts related to antioxidant
supplementation, such as selenium and/or vitamin E, with special emphasis on animal
reproduction, as well as their related characteristics, including impact factor and quartile up to
January 2026. Besides, a total of 145 journals were identified, of which the one that tops the list is
the journal Tropical Animal Health and Production, with five documents (3.44%) with an impact
factor of 1.7. Interestingly, 113 journals published only one article (77.9%). It is noteworthy that,
from the top-10 journals, 8 of them are published in Europe: Switzerland leads (3), followed by the
Netherlands (2), the United Kingdom (2), and Germany (1). The other two countries belong to the
American continent: Mexico and the United States, each with 1 journal.

Regarding the number of articles published by such journals, Switzerland leads with 9
publications, followed by the United Kingdom with 8 publications, the Netherlands with 5, and
Germany with 3. In the Americas, the United States leads with 3 publications and Mexico with 2
publications.
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Table 1. Most cited articles related to the use of selenium and/or vitamin E in reproduction from 2000 to 2025.

Rank Title Citations Authors Journals Year  Type DOI
Oxidative stress and
antioxidants: Human
1 Exposure and 290 Ruder et al. Reproduction 2008  Article  10.1093/humupd/dmn011
impact on female Update
fertility
Oviduct: Roles in
2 fertilization and 230  Mand Journal of 2017 Review  10.1530/JOE-16-0302
early embryo Winuthayanon  Endocrinology
development
The role of essential
trace elements in .
3 embryonic and fetal 205 Hostetler et al. Veterinary 2003 Review 10.1016/510900233(02)00310-
. Journal 6
development in
livestock
The role of oxidative
4 stress and 185 Hussainetql,  iediatorsof 2021 Review  10.1155/2021/9962860
antioxidant balance Inflammation
in pregnancy
The role of Oxidative
5 antioxidant 166 Wangetal. Medicine and 2017 Review 10.1155/2017/4371714
enzymes in the Cellular
ovaries Longevity

Source: Data obtained from Scopus (2026).

Table 2. Journals with the greatest contribution in research regarding the use of selenium and/or vitamin E in

reproduction (2000-2025).

Journals Documents Quartile Category IF  Journal country

Tropical Animal Health

ropiea fAnima calthand 5 Q2 Animal agriculture 1.7 United Kingdom
Production
Animal F i

nimal Feed Science and 3 Q1 Animal feed 2.7  The Netherlands
Technology
Zygote Q4 Early embryology 14  United Kingdom
Antioxidants Q1 Science & technology 6.6 Switzerland
Biological Trace Element Research 3 Q1 Medical applications 3.6 United States
InFernational Journal of Molecular 3 Q1 Bioc}tler.niétr}.z, Molecular Biology, 49  Switzerland
Sciences Multidisciplinary
Reproduction in Domestic . .

. 3 Q2 Animal Science and Zoology 1.7 Germany

Animals
Veterinary Sciences 3 Q1 Animal health & vet. medicine 2.3 Switzerland
Animal Reproduction Science 2 Q1 Reproduction & fertility in animals. 3.3 The Netherlands
Abanico Veterinario 2 Q4 Animal sciences 04 Mexico

Source: Data obtained from Scopus (2026).

The 192 publications on the effect of selenium and/or vitamin E on reproduction and those related
to oxidative stress in the period from 2000 to 2025 were published by 52 countries. The top 10
participating countries are shown in Table 3; they have contributed 131 publications (68%) of the
total publications, with Turkey (11.97%) and China (11.45%) leading the list. It is worth noting that
the top five countries account for a cumulative percentage of 46.3% of total publications,
representing almost half of the scientific corpus and highlighting the strong leadership of these
nations in this area of research. Interestingly, in the top-10, we can find countries from Asia (5),
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America (3), Africa (1), and Oceania (1). Of the three countries in the Americas, two belong to Latin
America, where Brazil (9 publications) and Mexico (8 publications) stand out, demonstrating their
great interest and productivity in Se and/or Vit E supplementation in animal reproduction.

Table 3. Top ten most productive countries in publications related to
reproductive use of selenium and/or vitamin E (2000-2025).

Rank  Country  Publication number and (%) Cumulative percentage (%)

1 Turkey 23 (11.97) 11.97
2 China 22 (11.45) 23.42
3 India 17 (8.85) 3227
4 United States 15 (7.81) 40.08
5  Pakistan 12 (6.25) 46.33
6  Brazil 9 (4.68) 51.01
7  Australia 9 (4.68) 55.69
8 Mexico 8 (4.16) 59.85
9  Egypt 8 (4.16) 64.01
10 Iran 8 (4.16) 68.17
Source: Data obtained from Scopus, Science Direct & Google Scholar
(2026).

The authors with the highest productivity were identified based on the number of published
documents and Total Link Strength (TLS), i.e., the strength or intensity of the connections between
authors, related to the topic of selenium and/or vitamin E supplementation in ruminant
reproduction (Table 4). Each author’s scientific impact was determined based on the number of
citations and the H-index reported in the corpus obtained from the Scopus platform.

Table 4. Top five most influential authors based on total link strength (TLS) on selenium and/or vitamin E
supplementation and its impact on reproduction from 2000 to 2025.

Rank Author Articles TLS Citations H-index Affiliation Country
1 Cui, L. 2 15 983 18 Yangzhou University China
2 Zhang, Z. 2 14 4797 42 Northeast Agricultural University China
3  Kumar, A. 2 11 389 11 ICAR - Indian Institute of Agricultural Biotechnology India
4 Aichler, M. ’ 9 14189 45 Helmholtz Zen‘trum Munchen - German Research Germany
Center for Environmental Health
5  Quesnel, H. 2 9 3406 33 L'Institut Agro Rennes-Angers France

Source: Data obtained from Scopus (2026).

Figure 4(a) shows the number of author distribution clusters formed after being visualized with
VOSviewer with a threshold of 1 document per author. There are 184 clusters and 741 authors,
some of which had no direct connection; the software has the option of showing the group with
the largest number of connected authors, in our specific case, 15 authors, according to what was
observed in the second part of Figure 4. The color gradient from purple to yellow indicates the
progress in publications from previous years to the most current, in our case, from 2010 to 2025.
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Figure 4. Visualization maps of collaboration networks among the main authors in research on selenium and/or vitamin
E supplementation in mammals (2000-2025) (a) General co-authorship network; (b) largest connected cluster; colors
(purple-yellow) indicate the progression of the year of publication, node size reflects productivity, and link thickness
indicates the strength of the collaboration.

Figure 5 shows the keywords used in the topic of scientific research on the effect of selenium and/or
vitamin E on reproduction and those related to oxidative stress; it shows four groups formed after
being visualized with the VOSviewer software. Some of the most frequent keywords are female,
animal, pregnancy, physiology, livestock, oxidative stress, antioxidants, selenium, metabolism,
supplementation, embryonic development, veterinary medicine, among others.
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Figure 5. Keyword co-occurrence network map showing thematic relationships and research trends in selenium and/or
vitamin E supplementation in mammals (2000-2025).

DISCUSSION

Scientometric and bibliometric approaches have become valuable tools for assessing scientific
productivity and research trends. Their evolution, driven by the expansion of large databases and
analytical platforms, has facilitated the identification of knowledge gaps and research disparities,
providing a framework to evaluate whether specific topics or animal species remain
underrepresented in the scientific literature (Macias-Chapula 2001, Okubo 1997, Lyu et al. 2023).
This study hypothesized that scientific research on the use of antioxidant supplements such as
selenium and/or vitamin E in reproduction, specifically regarding ovulation and implantation
rates, is limited in goats compared to other animal species. Furthermore, it was expected that the
main contributors to this area of research would be highly developed countries, particularly those
facing recurrent heat stress that affects animal production. Our results partially support this
hypothesis. Research explicitly focused on goats was scarce, while most publications addressed
other ruminant species or broader mammalian models. Nevertheless, these studies were included
because goats are biologically classified as both ruminants and mammals, allowing for the
incorporation of potentially relevant evidence for caprine reproductive physiology. The overall
publication pattern offers insight into the evolution of scientific interest in antioxidant
supplementation for reproduction; however, scientific output was concentrated primarily in
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developing countries, particularly in Asia. This distribution may reflect the growing interest in
antioxidant-based nutritional strategies not only to improve reproductive performance but also to
mitigate the adverse effects of climate change-related stress factors on animal production systems.
Our results allow us to understand publication trends over a period of just over more than two
decades, from 2000 to 2025. In this scientometric analysis, a peak in the number of publications was
observed from 2010 onwards, with the highest number of publications in 2025, with 39 documents;
it is expected that such growth will continue further.

Research related to selenium and/or vitamin E supplementation highlights a growing trend in
reproduction in both humans and animals in recent times (Majors et al. 2025, Aslan 2025, Mojadadi
et al. 2021). The initial period of research yielded low publication rates, likely because prior studies
had focused on other topics, such as the toxicological role of selenium (Wilber 1980, Shamberger
1983), rather than on its potential role as an essential trace element for reproduction. The
scientometric patterns here identified suggest a progressive diversification of research topics over
time, including studies addressing antioxidant functions and their association with reproductive
and immune processes. Another factor that can be inferred is the sustained growth of goat research
studies; yet, although dairy goat production has increased since the 1970s, it was not until 2010 that
production skyrocketed globally (Meza-Herrera et al. 2024). This possibly explains the increase in
research related to supplements and especially antioxidants that improve both production and
reproduction in this animal species.

Diverse authors, countries, and journals have been actively present in publications. In fact, the most
cited article is the one entitled "Oxidative stress and antioxidants: Exposure and impact on female
fertility", published in 2008 in the journal Human Reproduction Update with 290 citations (Ruder
et al. 2008), this highlights its visibility and influence in scientific research on topics related to the
use selenium and vitamin E as antioxidants, and how both molecules influence the maintenance of
pregnancy. Among the journals with the highest global influence, Tropical Animal Health and
Production is the one that publishes the most research articles (5), where articles focused on the
nutritional effects of selenium and vitamin E on reproductive parameters such as fertility, birth
rates (Farahavar et al. 2020, Awawdek et al. 2019, Ataman et al. 2023), progesterone levels (Farahavar
et al. 2020), metabolic status (Barcelos et al. 2022) and effects of climate change on oxidative stress
in the health, production and reproduction (Rathod et al. 2025), with goats and sheep stand out.
The following 3 articles published in Animal Feed Science and Technology are highlighted for the
effect of complementary supplementation with alternative feeds with antioxidants such as
selenium and vitamin E (Blache ef al. 2008) as well as their direct administration during the
reproductive period in ruminants to determine fertility rates, ovulation, embryo development and
effects on puberty in ruminants (Robinson et al. 2006, Surai and Fisinin 2015). The third journal,
Zygote (3 publications), emphasizes antioxidant supplementation, one of them insulin-transferrin-
selenium (ITS) (Guimaraes et al. 2016, Lin et al. 2024), on in vitro embryo production (Zarbakhsh
2021). These articles support the research approaches of these journals on improving livestock
productivity, health, and management through nutrition and breeding.

All these publications were generated by different countries. From the 10 countries with the most
frequent contributions, Turkey leads with 23 publications, followed by China (22) and India (17);
all from Asia. Besides, the results also highlight the geographical distribution of scientific
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publications on antioxidant supplementation with a focus on animal reproduction. Other studies
emphasize the importance of small ruminant farming in Turkey, a developing country, due to its
geographical and sociocultural conditions, but with an old tradition of animal production of
economic importance under arid and semi-arid ecotypes (Hanoglu and Yildiz 2025, Aydin et al.
2024). Although this analysis was not designed to identify implicit factors related to the leadership
of specific countries, this view certainly provides complementary information for interpreting the
observed distribution of scientific output.

Regarding co-authorship maps, the network analysis provides insight into collaboration patterns
among researchers within a specific research area or “knowledge hub” (Martinez-Toro et al. 2019)
and allows us to understand who writes in the same network, either directly or indirectly
(University Library 2026), showing the relationship between two cited documents. Our analysis
depicted many small author networks with concurrent citations. Such a scenario suggests a
fragmentation regarding the scientific interaction among research groups. Therefore, the lack of
interaction and the decreased formation of research networks limit the advancement of scientific
knowledge. In contrast, interdisciplinary and cooperative research accelerates discoveries in
reproductive physiology (Martinez-Toro et al. 2019).

The growth dynamics of scientific production varied according to the biological model used. Of
the 192 documents included in the analysis, only a small proportion focused explicitly on goats (n
=14), while a larger number of studies specifically addressed cattle (n = 33) and sheep (n =47). The
remaining publications referred more generally to categories such as "ruminants" or "mammals,"
without distinguishing individual species. The last allowed the analysis to consider potentially
relevant findings related to physiological, reproductive, and nutritional processes. In this regard,
Fraire-Cordero et al. (2013) and Ozar et al. (2022) argue that, although there is interest in the topic
of selenium and/or vitamin E supplementation, the participation of goats is marginal. Such a trend
justifies an increased effort to augment research in this species. Undoubtedly, more in-depth
studies are required, especially on follicle development, oocyte and sperm maturation, fertilization,
embryo development, and implantation, as well as studies at different physiological stages. The
last must allow understanding of the mechanisms involved, elucidating and providing theoretical
support for how this mineral acts together with other supplements (Dahlen et al. 2022, Wu et al.
2025). This research topic is likely to continue to grow, as oxidative stress related to climate change,
including changes in temperatures and the low availability of quality food, is a central topic of
relevance to livestock production around the world (Rathod et al. 2025). Further research on
nutrigenomics and epigenetic mechanisms that regulate the metabolic pathways of offspring from
the maternal diet with antioxidants in the periconceptional period is specifically needed (Craner et
al. 2025).

CONCLUSIONS

This scientometric analysis shows the evolution of publications on selenium and vitamin E
supplementation in animal reproduction from 2000 to 2025, reflecting the increasing recognition of
antioxidant strategies as key factors influencing reproductive performance and physiology.
Despite the growing and recent volume of literature, most research has focused predominantly on
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livestock species other than goats, revealing a limited understanding of the specific effects of these
antioxidants on the caprine species. The analysis identifies important knowledge gaps that can
guide future research, as well as strengthen interdisciplinary and international research networks.
Future studies should prioritize research focused on goats, as well as emerging areas such as
nutrigenomics, maternal-fetal programming, epigenetic regulation, oxidative stress pathways, and
the long-term effects of antioxidant supplementation during critical reproductive stages.
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