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INTRODUCTION

The poultry industry has become one of the most 
important sectors in global animal production due 

to its significant contribution to food security and the 
increasing demand for affordable animal protein. Among 
poultry species, broiler chickens are widely recognized for 
their rapid growth rate, efficient feed conversion, and short 
production cycle. Modern broiler production systems are 
highly intensive and designed to maximize productivity; 

however, such systems often expose birds to numerous 
environmental, nutritional, and physiological stressors. 
Factors such as high stocking density, heat stress, pathogen 
exposure, transportation, and imbalanced nutrition can 
induce oxidative stress, which negatively affects broiler 
performance, health status, immune responses, and meat 
quality (Altan et al., 2003; Lin et al., 2006).

Oxidative stress is characterized by an imbalance between 
the generation of reactive oxygen species (ROS) and the 

Review Article

Abstract | Modern broiler production systems maximize productivity but often induce oxidative stress, negatively 
impacting bird performance, immunity, and meat quality. This study provides a comprehensive bibliometric mapping 
of global research on antioxidants and oxidative stress in broiler chickens from 1957 to 2025. Data from 5,346 articles 
retrieved from the Scopus database were analyzed using Biblioshiny and VOSviewer. Results indicate a robust annual 
growth rate of 10.2%, with Poultry Science and Animals serving as leading publication venues. China emerges as the 
primary research hub, contributing 32.4% of the total output, while institutional leaders such as Nanjing Agricultural 
University drive global collaboration. Thematic evolution reveals a significant shift in research focus: research has 
transitioned from early descriptive studies on Vitamin E and lipid peroxidation to modern investigations into 
sophisticated molecular mechanisms, including gene expression, apoptosis, autophagy, and intestinal barrier health. 
Selenium and vitamin E remain the most prominent, well-established antioxidant compounds in this literature 
(occurring in 9.2% and 4.4% of documents, respectively), while newer phytogenic compounds such as curcumin remain 
a small but distinct niche (under 1% of documents), together pointing to a still-diversifying set of nutritional strategies 
for stress mitigation. This analysis offers a structured baseline for future research, highlighting that contemporary 
poultry science increasingly integrates cellular redox regulation and gut physiology alongside established nutritional 
approaches to optimize broiler resilience and production efficiency.

Keywords �| Antioxidants, Broiler chickens, Bibliometric, Gut physiology, Intestinal health, Poultry

Muhammad Ridla1,2*, Rita Mutia1, Widya Hermana1, Agustinus Floriandi1

Bibliometric Insights into Antioxidants and Oxidative Stress 
Management in Broilers

Received | August 06, 2026; Accepted | October 14, 2026; Published | November 05, 2026	 	
*Correspondence | Muhammad Ridla, Department of Animal Nutrition and Feed Technology, Faculty of Animal Science, IPB University, Bogor 16680, 
Indonesia; Email: hmridla@apps.ipb.ac.id
Citation | Ridla M, Mutia R, Hermana W, Floriandi A (2026). Bibliometric insights into antioxidants and oxidative stress management in broilers. Adv. Anim. 
Vet. Sci., 14(12):2741-2754.
DOI | https://dx.doi.org/10.17582/journal.aavs/2026/14.12.2741.2754
ISSN (Online) | 2307-8316

Copyright:   2026 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.
org/licenses/by/4.0/).

1Department of Animal Nutrition and Feed Technology, Faculty of Animal Science, IPB University, Bogor 16680, 
Indonesia; 2Center for Tropical Animal Studies (Centras), IPB University, Bogor 16153, Indonesia.

https://dx.doi.org/10.17582/journal.aavs/2026/14.12.2741.2754
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.17582/journal.aavs/2026/14.12.2741.2754&domain=pdf&date_stamp=2008-08-14


Advances in Animal and Veterinary Sciences

December 2026 | Volume 14 | Issue 12 | Page 2742

body’s antioxidant defense mechanisms. Excessive ROS 
production can damage lipids, proteins, and nucleic 
acids, leading to impaired cellular function and metabolic 
disturbances. In broiler chickens, oxidative stress has 
been associated with reduced feed intake, poor growth 
performance, lower feed efficiency, weakened immunity, 
and increased susceptibility to disease (Lin et al., 2004; Pu 
et al., 2025). Furthermore, oxidative damage may reduce 
carcass quality and shelf life of poultry products, resulting 
in economic losses for the poultry industry (Bartlett and 
Smith, 2003). Therefore, strategies to improve antioxidant 
status have become an important area of research in poultry 
nutrition and physiology.

Dietary antioxidants have received considerable attention 
as potential nutritional interventions to mitigate oxidative 
stress in broilers. Various antioxidant compounds, including 
vitamins, selenium, zinc, polyphenols, flavonoids, phytogenic 
additives, and plant extracts, have been extensively studied 
for their beneficial effects on physiological and metabolic 
functions (Surai, 2000; Windisch et al., 2008; Aziz et al., 
2018). Within the present dataset, vitamins and phytogenic 
compounds/plant extracts/essential oils are each present in 
approximately 10% of documents, selenium in 9.5%, zinc 
in 8.0%, and polyphenols/flavonoids collectively in 5.3%, 
indicating that no single compound class dominates the 
literature and that these classes have received broadly 
comparable, rather than sharply unequal, research attention. 
These compounds can enhance antioxidant enzyme 
activity, improve redox balance, stabilize immune function, 
and reduce lipid peroxidation (Hashemipour et al., 2013; 
Liu et al., 2024). Some literature on natural antioxidants 
derived from medicinal plants and phytogenic sources has 
proposed them as potentially safer and more sustainable 
alternatives to antibiotic growth promoters (Saracila et al., 
2021; Brenes et al., 2008); whether the present bibliometric 
data actually support this positioning, rather than merely 
reflecting growing publication interest, is examined in the 
discussion.

The increasing scientific interest in antioxidants has led to 
a substantial growth in publications related to oxidative 
stress and broiler production over recent decades, but 
this growth itself creates a problem that a conventional 
narrative review is not well suited to solve: Across nearly 
seven decades and thousands of documents, it is difficult 
to identify, in a reproducible and quantifiable way, which 
compounds, countries, institutions, and mechanistic 
themes have received disproportionate attention, which 
remain under-explored, and when thematic transitions 
actually occurred. Bibliometric analysis addresses these 
questions directly by quantifying publication patterns, 
collaboration networks, citation structures, and thematic 
developments within a research field (Aria and Cuccurullo, 
2017; Donthu et al., 2021), providing insights that a 

qualitative synthesis of individual studies cannot easily 
replicate or update (van Eck and Waltman, 2010). The 
resulting map is intended primarily for researchers and 
funding bodies deciding where to direct new primary 
studies, and for editors and reviewers assessing whether a 
proposed study addresses a saturated or an under-explored 
niche within broiler antioxidant research. Therefore, this 
study aimed to conduct a bibliometric analysis of global 
research on antioxidants, oxidative stress, and physiological 
responses in broiler chickens to map publication trends, 
research hotspots, collaboration patterns, and thematic 
evolution in this field.

MATERIALS AND METHODS

Data source, search strategy, and bibliometric 
analysis
Bibliometric data were obtained exclusively from the 
Scopus database on 1 February 2025. Scopus was selected 
for its extensive coverage of peer-reviewed scientific 
literature in animal science, veterinary medicine, nutrition, 
and agricultural research, as well as its standardized 
bibliographic and citation metadata, which are widely 
used in bibliometric and science mapping studies (Aria 
and Cuccurullo, 2017; Donthu et al., 2021). The retrieved 
records included information on authors, article titles, 
abstracts, keywords, publication years, source journals, 
citation counts, and institutional affiliations, providing 
a comprehensive dataset for subsequent bibliometric 
analyses.

A systematic search was conducted using predefined 
keyword combinations related to antioxidants and broiler 
chickens. Search terms covered antioxidants, oxidative 
stress, redox balance, phytogenic compounds, vitamins, 
minerals, immune responses, metabolism, growth 
performance, and feed efficiency. Boolean operators were 
applied to improve retrieval precision, and the complete 
Boolean search string used to build the primary dataset 
is provided in Table 1. The search was limited to English-
language research articles (DOCTYPE= “ar”) published 
between 1957 and 2025 (PUBYEAR > 1956 AND 
PUBYEAR < 2026). Conference proceedings, editorials, 
and book chapters were excluded at the database-filter 
stage; records subsequently identified as review articles 
during title-and-abstract eligibility screening were also 
excluded, as shown in the PRISMA flow diagram (Figure 
1).

The extracted records were downloaded in CSV format 
and then screened for eligibility. This screening followed 
the PRISMA 2020 framework to maintain transparency, 
uniformity, and reproducibility (Page et al., 2021); the 
number of records identified, excluded (with reasons), 
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and included at each stage is reported in Figure 1. 
Two reviewers independently assessed titles, abstracts, 
and full-text articles according to predefined inclusion 
and exclusion criteria. Any discrepancies between the 
reviewers were resolved through consensus, and when 
required, a third reviewer was consulted to make the final 
decision.

Table 1: Syntax of an advanced search query on antioxidants 
and oxidative stress management in broilers.

Figure 1: PRISMA on antioxidants and oxidative stress 
management in broilers.

Bibliometric analyses were performed primarily using 
Biblioshiny (an R-based interface for the bibliometrix 
package), which generated all descriptive, productivity, 
citation, and collaboration statistics and visualizations 
reported in Figures 2-9 and 11 (Aria and Cuccurullo, 
2017). VOSviewer was used specifically to construct the 

keyword co-occurrence network (Figure 10; van Eck and 
Waltman, 2010), whose force-directed layout and label-
density controls produced a more legible visualization of the 
large number of co-occurring keywords than Biblioshiny’s 
equivalent output. Descriptive indicators included annual 
publication output, leading authors, institutions, countries, 
and journals; co-authorship, citation, and keyword co-
occurrence networks were generated to identify scientific 
collaborations, influential contributors, and emerging 
research themes. Several summary figures (Figures 2-6 
and 8) were additionally rendered as infographics from 
the underlying Biblioshiny statistics using an AI-assisted 
visualization tool, consistent with the Generative AI and 
AI-Assisted Technology Statement; these present the 
same underlying numbers in a stylized format and are 
not independent software outputs. These visualization 
techniques provided a comprehensive overview of the 
intellectual structure and evolution of antioxidant research 
in broiler chickens (Donthu et al., 2021).

RESULTS

Key information
The bibliometric dataset spans publications from 1957 to 
2025, reflecting the long-term development of antioxidant 
research in broiler chickens. A total of 5,346 articles were 
retrieved from 747 sources, with an annual growth rate of 
10.2%, indicating increasing scientific interest. The average 
document age was 8.21 years, and the mean citations per 
document were 21.59, indicating strong research influence. 
The dataset included 33,746 references, highlighting a 
well-established knowledge base. A total of 18,866 authors 
contributed, with 6.09 co-authors per document, while 
international collaboration measured as the percentage of 
multiple-country publications (MCP), the same metric 
reported per country in Figure 2 accounted for 21.92% 
of publications. Additionally, 15,892 Keywords Plus and 
8,302 author keywords were identified, demonstrating 
broad thematic diversity in this research field (Figure 2).

Annual scientific production trends
The annual scientific production shows a gradual increase 
from 1957 to around 2000, with very limited publications in 
the early decades (Figure 3). From 2000 onwards, research 
output has risen steadily, indicating growing scientific 
interest in the field. A more pronounced increase is 
observed after 2010, when publication numbers accelerate 
significantly. The most dramatic growth occurs after 2018, 
showing an exponential rise in research activity. The peak is 
reached in recent years (2023-2025), indicating strong and 
growing global attention. Overall, the trend shows a shift 
from low, stable output to rapid growth in antioxidant-
related broiler research.
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Figure 2: Descriptive characteristics of the bibliographic dataset on antioxidants and oxidative stress management in 
broilers.

Figure 3: Annual scientific production on antioxidants and oxidative stress management in broilers.
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Most relevant sources 
Publication output is concentrated in Poultry Science (760 
articles), followed by Animals (347) and Biological Trace 
Element Research (142). Other influential journals include 
British Poultry Science (131), Frontiers in Veterinary 
Science (123), Italian Journal of Animal Science (80), 
and Journal of Animal Physiology and Animal Nutrition 
(71). Ecotoxicology and Environmental Safety (63) and 
Antioxidants (58) also contribute substantially. Additional 
sources include Tropical Animal Health and Production 
(54), Journal of Animal Science (50), Veterinary Medicine 
and Science (50), Indian Journal of Animal Sciences (49), 
Journal of Applied Poultry Research (49), and Veterinary 
World (49), indicating a broad dissemination across 
poultry, veterinary, and animal nutrition research journals 
overall, with a globally recognized literature base (Figure 
4).

Most productive authors
The most productive author is Abd El-Hack, Mohamed 
E., with 58 publications- approximately 1.08% of the 
5,346-document corpus- followed closely by Wang, Tian 
(55) and Zhou, Yanmin (54). Other highly contributing 
researchers include Alagawany, Mahmoud Mohamed (42), 
Chen, Yueping (40), and Seidavi, A. R. (39). Additional 
influential authors are Guo, Yuming (35), Khan, Rifat 
Ullah (34), Wen, Chao (33), and Zhang, Lili (32). 
Ashour, Elwy Ali contributes 30 articles, while Şahin, 
Kâzim (27), Sahin, Nurhan (25), Swelum, Ayman (25), 

and Tufarelli, Vincenzo (24) also shows steady research 
output; cross-checking the raw Scopus export directly 
by Scopus Author ID confirms Şahin, Kâzim and Sahin, 
Nurhan are indeed distinct individuals, and no unmerged 
near-homonym issues were found among the top 15 
most productive authors. Within this dataset, these top 
authors’ citation-weighted impact (h-index) ranges from 
14 to 32 (e.g., Wang, Tian h=32; Zhang, Lili h=25; Abd 
El-Hack, Mohamed E. h=24; Alagawany, Mahmoud 
Mohamed and Ashour, Elwy Ali h=14-15), indicating that 
high raw productivity is generally, though not perfectly, 
accompanied by high citation impact. Overall, the data 
indicates a strong concentration of productivity among 
a core group of poultry and animal nutrition researchers, 
reflecting active international collaboration and consistent 
scholarly contributions in the field (Figure 5).

Author citation performance
The analysis of the most cited publications identified 
several highly influential studies that have shaped research 
on antioxidants and broiler production. The article by 
Windisch et al. (2008) in the Journal of Animal Science 
was the most influential publication, receiving 1,162 
total citations, 61.16 citations per year, and the highest 
normalized citation score (17.41). The publication trend 
also showed notable peaks in 2003 and 2013, indicating 
periods of increased research activity in this field. Other 
highly cited studies included Lin et al. (2006) with 476 
citations and Ramachandran et al. (2007) with 459 citations. 

Figure 4: Most relevant sources on antioxidants and oxidative stress management in broilers.
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Figure 5: Most productive authors on antioxidants and oxidative stress management in broilers.

Foundational poultry nutrition studies by Altan et al. 
(2003), Hashemipour et al. (2013), and Bartlett and 
Smith (2003) also accumulated substantial citation counts, 
indicating their long-term scientific impact. More recent 
publications, such as Zhang et al. (2022) and Aziz et al. 
(2018), showed high annual citation rates and normalized 
citation scores, reflecting their growing influence. The 
citation patterns demonstrate that research on antioxidant 
supplementation, oxidative stress mitigation, feed additives, 
and poultry performance has attracted sustained scientific 
attention and continues to evolve as an important area of 
broiler nutrition research (Figure 6).

Affiliations, authors, and country relationships
The figure presents a three-field bibliometric Sankey 
diagram (Figure 7) illustrating relationships among 
author affiliations (AU_UN), authors (AU), and research 
keywords (DE). On the left side, institutional contributors 
such as Nanjing Agricultural University, Chinese 
Academy of Agricultural Sciences, China Agricultural 
University, Huazhong Agricultural University, Northeast 
Agricultural University, and several faculties of agriculture 
and veterinary medicine are shown as primary sources of 
publications. These institutions are strongly connected 
through collaboration flows to a central group of authors 
in the middle panel, including Abd El-Hack, Mohamed 
E., Wang Tian, Zhou Yanmin, Chen Yueping, Wen Chao, 
Zhang Lili, and others, indicating active international and 
interdisciplinary research networks. On the right side, the 

dominant research themes include broiler, broilers, growth, 
growth performance, meat quality, immunity, heat stress, 
antioxidant capacity, oxidative stress, and poultry-related 
terms. The thickness of connecting streams reflects the 
strength of associations between institutions, authors, and 
topics, highlighting a strong focus on broiler production 
performance, physiological stress responses, and meat 
quality improvement in poultry science research.

Most productive countries 
China dominated the country’s scientific production, 
contributing 1,731 publications (32.4% of the total 
output), substantially exceeding those of all other countries 
(Figure 8). Iran ranked second with 397 publications 
(7.4%), followed by Egypt with 377 publications (7.1%), 
India with 237 publications (4.4%), and the United States 
with 224 publications (4.2%). China also recorded the 
highest number of single-country publications (SCP 
= 1,478), reflecting strong domestic research capacity. 
Egypt (MCP= 170), China (MCP= 253), and the United 
States (MCP= 72) showed notable levels of international 
collaboration. Saudi Arabia had the highest proportion of 
multiple-country publications (MCP% = 63.3%), followed 
by Italy (47.1%) and Egypt (45.1%), while Iraq had the 
lowest MCP% (1.3%). These findings indicate substantial 
disparities in research productivity and varying degrees of 
international engagement among countries.
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Figure 6: Most cited publications on antioxidants and oxidative stress management in broilers.
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Figure 7: Three-field collaboration network among affiliations, authors, and countries on antioxidants and oxidative 
stress management in broilers.

Figure 8: Most productive countries on antioxidants and oxidative stress management in broilers.
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Figure 9: International collaboration network in antioxidants and oxidative stress management in broilers.

Figure 10: Keyword co-occurrence network in antioxidants and oxidative stress management in broilers.

International collaboration networks
The country collaboration map revealed extensive 
international research partnerships across continents 

(Figure 9). China emerged as the central hub of the global 
collaboration network, maintaining strong links with 
countries in Asia, Europe, North America, and Oceania. 
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The United States also demonstrated broad international 
connectivity, serving as a major partner for collaboration. 
Strong collaboration patterns were observed among 
China, the United States, Egypt, Iran, Saudi Arabia, 
India, and several European countries. The thickness and 
density of collaboration links indicate the intensity of joint 
publications, highlighting the increasing globalization of 
phytogenic feed additive research in broiler nutrition. 
Countries with high MCP percentages, such as Saudi 
Arabia, Egypt, and Italy, occupied prominent positions 
within the international collaboration network, confirming 
the importance of cross-border scientific partnerships in 
advancing the field.

Keyword co-occurrence
The keyword co-occurrence network reveals that broiler, 
growth performance, and oxidative stress are the most 
prominent and highly connected research themes, 
indicating their central role in the scientific literature 
(Figure 10). This is confirmed numerically: a network 
analysis of the underlying keyword co-occurrence 
data shows broiler, growth performance, antioxidant, 
performance, and oxidative stress rank among the 
highest-degree and highest-betweenness-centrality nodes, 
substantiating their centrality beyond visual impression. 
Growth performance is a core topic, linking nutritional 
interventions to physiological and health-related outcomes. 
Several interconnected clusters are evident, including 

antioxidant-related compounds most frequently selenium 
(9.2% of documents), followed by vitamin C (1.3%), 
chlorogenic acid (0.5%), and curcumin (1.0%) which are 
associated with the mitigation of oxidative stress, though at 
markedly different frequencies from one another. Another 
major cluster focuses on intestinal health, intestinal 
morphology, immune function, and the intestinal barrier, 
reflecting growing interest in gut health as a mechanism 
underlying improved performance. Keywords related to 
apoptosis, autophagy, gene expression, and antioxidant 
function suggest an increasing emphasis on molecular 
and cellular mechanisms within this single, cross-period 
network, though each remains a comparatively small 
fraction of the corpus. The temporal shift from traditional 
performance evaluation toward these mechanistic themes 
is examined separately, using the time-sliced thematic 
evolution analysis presented in the next section and Figure 
11, rather than inferred from this static, all-years network 
alone.

Evolution of thematic research
The thematic evolution analysis illustrates a clear shift in 
research priorities related to oxidative stress management 
in broilers over time, using period boundaries (1957-2010, 
2011-2015, 2016-2020, 2021-2025) chosen to keep each 
of the earliest, sparsely-published decades within a single 
interval while giving finer resolution to the more densely 
published recent period; a uniform 5-years windowing

Figure 11: Thematic evolution of research on antioxidants and oxidative stress management in broilers.
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was not used because publication volume before 2010 is 
too low per 5-year bin to yield reliable keyword-frequency 
estimates. During 1957-2010, studies were primarily 
focused on broad topics such as broiler chickens, poultry, 
vitamin E, and lipid peroxidation, reflecting an emphasis 
on antioxidant supplementation and oxidative damage. 
Between 2011 and 2015, research expanded to include 
oxidative stress, heat stress, antioxidant status, aflatoxin 
B1, and probiotics, indicating growing interest in stress 
mitigation and feed additives. In 2016-2020, themes 
such as gene expression, antioxidant, and broiler chicken 
emerged, highlighting a transition toward mechanistic 
investigations. During 2021-2025, the dominant topics 
became antioxidant, performance, and oxidative stress, 
demonstrating a strong focus on improving productivity 
through antioxidant-based nutritional strategies while 
exploring underlying physiological and molecular 
mechanisms.

DISCUSSION

Rather than simply reporting how much has been 
published, the bibliometric patterns identified here 
indicate where scientific attention has concentrated and 
where it has not: A small number of countries, institutions, 
and journals account for a disproportionate share of output, 
and the field’s vocabulary has moved from describing 
damage (lipid peroxidation, Vitamin E) toward explaining 
mechanism (gene expression, apoptosis, autophagy, 
intestinal barrier). This discussion interprets these patterns 
what they plausibly do and do not indicate about the 
field’s scientific maturity, and where the evidence is too 
thin to support a stronger claim rather than restating the 
quantitative results from a field that has transitioned from 
basic nutritional supplementation to complex molecular 
and physiological investigations.

The imperative for antioxidant research in 
modern poultry science
The rapid expansion of the poultry industry, a cornerstone 
of global food security, has necessitated highly intensive 
production systems. While these systems maximize growth 
rates and feed conversion efficiency, they simultaneously 
expose broiler chickens to significant environmental, 
nutritional, and physiological stressors. Factors such as 
high stocking density, heat stress, and pathogen exposure 
disrupt the balance between reactive oxygen species (ROS) 
production and the bird’s natural defense mechanisms, 
leading to oxidative stress.

The consequences of this imbalance are far-reaching, leading 
to damage of essential cellular components like lipids, 
proteins, and nucleic acids. For the industry, this translates 
into economic losses due to reduced feed intake, impaired 

growth performance, weakened immunity, and diminished 
meat quality. The sustained growth in publications 
on vitamins, minerals, and phytogenic compounds is 
consistent with growing scientific and industry attention 
to redox balance and broiler health, but publication volume 
alone cannot distinguish deliberate research prioritization 
from other drivers of publication growth, such as increased 
funding availability, a larger active researcher population, 
or easier access to open-access publishing venues; nor 
does an increase in publications by itself demonstrate that 
scientific understanding of oxidative stress has actually 
advanced, as opposed to simply being written about more 
often. We treat the patterns below as indicative of research 
attention and its direction, not as direct evidence of either 
research priority or scientific progress.

Quantitative growth and scholarly influence
The bibliometric data reveal a robust annual growth rate 
of 10.2%, with a total of 5,346 articles published between 
1957 and 2025. This growth indicates that oxidative 
stress management has evolved from a niche topic into a 
central theme of poultry research. The impact of the field 
is further highlighted by a mean citation rate of 21.59 per 
document, suggesting that these publications are highly 
integrated into the broader scientific discourse.

The citation architecture reveals several “cornerstone” 
studies that have shaped the discipline. Most notably, the 
work by Windisch et al. (2008) in the Journal of Animal 
Science has garnered 1,162 citations, emphasizing the 
foundational role of phytogenic feed additives in broiler 
nutrition. Other highly cited works, such as those by Lin 
(2006) and Altan et al. (2003), reflect a long-standing 
academic interest in the physiological responses to heat 
stress and the biochemical pathways of antioxidant 
defense. The average document age of 8.21 years indicates 
that the field has a well-established research foundation, 
while recent publications continue to contribute new 
findings and perspectives.

The global scientific landscape and collaboration dynamics
The research output is characterized by a high degree 
of geographic concentration and varying levels of 
international cooperation. China stands as the undisputed 
global leader, contributing 1,731 articles, which accounts 
for 32.4% of the total output. This dominance is supported 
by a strong domestic research capacity, evidenced by the 
high number of single-country publications (1,478). 
Institutional hubs such as Nanjing Agricultural University 
(205 documents, 31.78 average citations/document), 
China Agricultural University (223 documents, 29.26 
average citations/document), and the Chinese Academy 
of Agricultural Sciences (167 documents, 23.76 average 
citations/document) have emerged as primary engines 



Advances in Animal and Veterinary Sciences

December 2026 | Volume 14 | Issue 12 | Page 2752

of this productivity, each with average citation rates at or 
above the dataset-wide mean of 21.59, indicating these 
institutions combine high output with above-average, not 
merely high-volume, impact.

Beyond China, countries such as Iran (7.4%), Egypt 
(7.1%), and India (4.4%) are significant research clusters, 
often focusing on the application of local plant-based 
antioxidants under challenging environmental conditions. 
An interesting trend observed in the data is the variation 
in international collaboration. While China produces 
the most volume, countries such as Saudi Arabia (63.3% 
MCP), Italy (47.1% MCP), and Egypt (45.1% MCP) 
exhibit much higher rates of cross-border co-authorship. 
A high MCP% can reflect either strong outward-facing 
scientific networking or reliance on external partners 
in the absence of a large domestic pool of specialists in 
this field; across the 15 countries listed in Figure 2, we 
find a positive but not statistically significant correlation 
between a country’s MCP% and its average citations per 
document (Pearson r= 0.49, p= 0.061), so this dataset 
does not provide clear evidence that internationally co-
authored output is more cited than domestically authored 
output in this field. This highlights a “central hub” model 
of collaboration where the United States and China serve 
as major partners for a diverse array of nations across 
Europe, Asia, and North America; network analysis of the 
country-collaboration data confirms China (betweenness 
centrality 0.195, collaborating with 56 partner countries) 
and the United States (0.141, 50 partner countries) as 
the two highest-betweenness countries, i.e., the two 
most common bridging points between otherwise 
less-connected countries in this network. Community 
detection on this network further reveals partial regional 
clustering - for example, a distinct Middle East/Gulf 
cluster (Egypt, Iraq, Saudi Arabia, Jordan, Kuwait, UAE, 
Yemen, Libya) and a Sub-Saharan Africa cluster (Nigeria, 
Ghana, Cameroon, South Africa, Zimbabwe)- alongside 
broader, less geographically coherent clusters built around 
the highly connected China/USA hub countries.

Leading publication venues
The dissemination of this research is concentrated in high-
impact, specialized journals. Poultry Science is the primary 
venue, with 760 articles, followed by Animals (347) and 
Biological Trace Element Research (142). The presence of 
journals such as Ecotoxicology, Environmental Safety, and 
Antioxidants among the top-ranking sources indicates that 
the field is interdisciplinary, bridging animal production, 
environmental science, and molecular biology. The 
concentration of work among a core group of productive 
authors, including Abd El-Hack (58 publications), Wang, 
Tian (55), and Zhou, Yanmin (54), further demonstrates a 
specialized and highly active community of experts.

Thematic evolution: from performance to 
molecular mechanisms
Perhaps the most significant insight from the bibliometric 
analysis is the evolution of research themes. By mapping 
keyword co-occurrences and chronological shifts, the 
study identifies three broad, literature-informed eras; these 
period boundaries were chosen heuristically, consistent 
with shifts noted in prior antioxidant/poultry literature, 
rather than derived from a formal statistical change-point 
or topic-modeling procedure, which we note as a direction 
for methodological refinement in future bibliometric work 
on this topic:
•	 The Early Phase (1957–2010): Initial research focused 

on foundational concepts, including Vitamin E, 
poultry physiology, and lipid peroxidation. Vitamin E 
is, in fact, the second

•	  most frequent author keyword in this period (7.9% 
of keyworded documents, behind only “broiler” itself ), 
consistent with this characterization. During this 
period, the primary goal was understanding the basic 
biological damage caused by oxidative stress and the 
protective role of standard vitamins.

•	 The Expansion Phase (2011–2020): The scope 
widened to include heat stress, probiotics, and aflatoxin 
B1, reflecting an industry need to address complex 
environmental and dietary challenges. There was also 
an emerging interest in gene expression, marking the 
beginning of the field’s shift toward molecular biology.

•	 The Modern Phase (2021–2025): Current research 
increasingly explores intestinal health, the intestinal 
barrier, apoptosis, and autophagy, though it is worth 
noting these remain a small share of documents even 
in this period (apoptosis 2.0%, intestinal barrier 1.0%, 
autophagy 0.3% of author keywords) compared with 
persistently dominant terms such as broiler, growth 
performance, and oxidative stress (each above 25%); 
we therefore describe these mechanistic themes as 
fast-emerging niches rather than dominant hotspots. 
The focus has nonetheless moved from “what” happens 
(e.g., reduced growth) to “how” it happens at the cellular 
level in a growing subset of studies. Modern studies 
increasingly explore how specific antioxidants - most 
frequently selenium, and to a lesser extent curcumin 
and chlorogenic acid - influence the immune function 
and gut morphology of broilers.

The rise of phytogenics and gut health
Phytogenic feed additives are among several antioxidant 
classes named in the Introduction alongside vitamins, 
minerals, selenium, zinc, polyphenols, and flavonoids, and 
the search for natural, sustainable alternatives to antibiotic 
growth promoters is part of the broader literature that 
motivates this field. In the keyword co-occurrence network 
(Figure 10), phytogenic-related terms appear as one 
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cluster among several rather than as the dominant theme; 
we therefore discuss this class here as one illustrative 
example of the field’s broader move toward natural, multi-
compound antioxidant strategies rather than as the paper’s 
central finding.

Within this cluster, current research trends place a notable 
emphasis on the gut-antioxidant axis: The keyword co-
occurrence network shows strong links between “oxidative 
stress” and “intestinal health”, consistent with the view 
that the gastrointestinal tract functions not only as a site 
for nutrient absorption but also as an immunological and 
antioxidant barrier relevant to overall broiler performance 
and health.

CONCLUSIONS AND 
RECOMMENDATIONS

This bibliometric analysis shows that research on 
antioxidants in broiler nutrition continues to develop, 
with increasing attention to their roles in poultry health, 
physiological regulation, and production performance. 
The findings provide an overview of the field’s major 
contributors, influential publications, and thematic 
patterns, highlighting the growing interest in understanding 
antioxidant functions beyond general productivity 
outcomes. In particular, further investigation into the 
mechanisms through which antioxidants influence gene 
expression, cellular health, and physiological responses 
may help clarify their contributions to broiler health and 
performance. Future research could extend the present 
analysis by incorporating citation-normalized indicators 
to determine whether countries, journals, and institutions 
with the highest publication output also demonstrate 
greater scientific impact. Longitudinal analyses of keyword 
frequencies across different antioxidant classes could further 
clarify how research attention to phytogenic additives is 
evolving relative to established antioxidant sources, such 
as vitamins and minerals. In addition, the concentration 
of publications among a limited number of countries 
and institutions highlights the need for greater research 
participation from under-represented broiler-producing 
regions. Broader geographical representation would 
help establish the applicability of current findings across 
different production systems, environmental conditions, 
and management practices. Strengthening international 
collaboration and expanding research networks could 
provide a more balanced understanding of antioxidant use 
in broiler nutrition. Future studies should also prioritize 
mechanistic investigations and evaluate the effectiveness 
of different antioxidant sources under diverse production 
conditions. Together, these efforts could identify emerging 
research priorities, address existing knowledge gaps, and 
support the development of evidence-based nutritional 

strategies to improve broiler health, productivity, and 
sustainability.
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NOVELTY STATEMENT

Unlike prior bibliometric analyses in this research group 
that focused on a single antioxidant/feed-additive class - 
phytogenic feed additives in broiler nutrition, or tropical 
legumes in ruminant nutrition this study maps the 
full breadth of antioxidant classes (vitamins, minerals, 
selenium, zinc, polyphenols, flavonoids, and phytogenic 
compounds) studied in relation to oxidative stress in 
broilers, and explicitly times the transition from descriptive, 
vitamin-focused research to molecular and mechanistic 
investigation across a nearly 70-year span.

China leads global output (32.4%), with Nanjing 
Agricultural University acting as a central institutional 
hub, though this reflects raw publication volume rather 
than a citation-impact-adjusted ranking. By mapping these 
trends across the full range of antioxidant classes rather 
than a single compound family, the study offers a broader 
baseline against which future, more targeted bibliometric 
or primary studies in this field can be compared.
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