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Abstract

Acrylamide is a contaminant prevalent in many commonly consumed foods, contributing to unavoidable human exposure. It
is recognized as likely to be carcinogenic to humans as well, provoking global concerns. Numerous studies have investigated
the impacts of acrylamide formation on food and drink, nutrition, and health. The intent of this analysis is to quantify global
acrylamide research, evaluate recent developments, and recognize emerging trends, along with assessing research dynamics as
an indicator of innovation among the scientific community. The Scopus database was used to perform an in-depth investigation
of scientific publications on acrylamide from 1949 to 2023. Exploring prominent topics and the knowledge network related
to the topic was conducted via VOSviewer version 1.6.20. Additionally, using SciMAT software, intellectual analysis was
conducted to identify both driving and emerging themes in acrylamide-related research. A total of 11880 publications on
acrylamide were identified, with 10720 (90.24%) being original articles. The leading contributors in terms of publication output
were China (n=2452; 20.64%), followed by the USA (n=1564; 13.16%), and India (n=952; 8.01%). The predominant themes
were associated with (a) the functionalization of acrylamide polymers and (b) the formation and mitigation of acrylamide in
food and drinks. Driving themes that will continue to shape the future of acrylamide research involve unraveling the synthesis
of acrylamide; deploying acrylamide in nanocomposites to increase contaminant removal; investigating the genotoxicity of
acrylamide, as well as its carcinogenic, reproductive, and neurotoxic effects; and researching the adsorption characteristics
of acrylamide in aqueous solutions. In particular, an increased focus has been placed on understanding the formation and
mitigation of acrylamide in recent years, signifying increased attention and alignment with the latest scientific advancements in
this field. The creation of research plans in this way is significant, particularly in shaping future health policies.
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Over the course of millennia, people have employed heat to
manipulate their food. Thermal processing plays a critical

role in ensuring microbiological safety; nutritional quality;
and desirable sensory attributes, such as color, texture, and
flavor."? However, the use of various food processing
methods has introduced challenges in the form of unin-
tended chemical substances.>* One such compound is
acrylamide, which can be developed in carbohydrate-rich
food items when exposed to high-temperature cooking
techniques such as grilling, baking, frying, and roasting.>*
Acrylamide has raised global concern and significant scien-
tific attention because of its potential as a human carcino-
gen.”!* Research indicates a potential correlation between
high levels of acrylamide exposure and an increased risk of
cancer development.!®!'>!® Acrylamide is commonly found
in baked goods, cereals, potato products (including French
fries and potato chips), and coffee.”!*!820 It is also used as
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an industrial chemical in various processes, including the
production of paper, glues, and plastics, and as a compo-
nent in wastewater and sewage treatment.>?! In addition,
specific adhesives, caulking agents, and food packaging
agents were found to contain acrylamide.?

Extensive research is ongoing to fully understand the gen-
eral health risks linked to exposure to acrylamide. Scholars
are currently working to understand the potential health con-
sequences of exposure and develop strategies to reduce
it.13182324 The current state of research trends and patterns
regarding acrylamide is unknown and has not been addressed
in the literature. Therefore, gaining insight into the evolution
and structure of knowledge related to these topics would be
beneficial for academic and scientific communities, practi-
tioners, and policymakers. Using bibliometric analysis can
help individuals recognize the progression of research, iden-
tify gaps, understand collaborative networks, and predict
future research trends within a specific field.> Although not
a recent development,”® bibliometric methodology has
gained popularity, especially with the advent of online data-
bases such as the Web of Science and Scopus.?’-?

Bibliometrics and evaluation of research performance
have been conducted on a diverse spectrum of health-
related topics,’*** with numerous studies undertaken in the
fields of environmental studies,®37 toxicology,*** and
nutrition.***® However, to our knowledge, only a limited
number of bibliometric investigations have recently been
conducted in the domain of food contamination,*-*¢ and
studies that present a comprehensive overview of acryla-
mide research are lacking. Consequently, it becomes imper-
ative to conduct a thorough assessment and categorization
of the literature, considering various aspects such as coun-
tries/regions of origin, journals, authors, institutes, cita-
tions, and content analysis. This approach aims to uncover
emerging or trending topics via an inclusive database. The
objective of this study was to assess the global scientific
output of acrylamide research through the application of
bibliometric techniques and to highlight areas of concern.
An in-depth analysis of the corpus of knowledge concern-
ing acrylamide research was performed that dealt with fac-
tors such as characteristics, trends, and the global state of
research in this field. Identifying the most productive and
influential research in this field could be instrumental for
working professionals engaged in acrylamide-related
endeavors. The use of these insights may enhance our
understanding of the historical progress in acrylamide
research over time, providing guidance to researchers and
policymakers on the best scientific and publishing practices
for future health-related studies in this scientific domain.

Methods
Study Design

A retrospective, descriptive, and bibliometric analysis of sci-
entific publications centered on acrylamide was performed
utilizing data from the Scopus database. The search took
place on 14 July 2024. Since the beginning of acrylamide-
related publications dates to 1949, the study’s timeframe was

set from 1949 to 2023. Deliberately excluding the final year
(2024) from the study was a strategic decision, as some pub-
lications from that year may not have been integrated into
databases during the data collection period. Moreover, the
data for 2024 do not offer a comprehensive representation of
the entire year’s publications in the field. To cover the entire
range of acrylamide research—from early detection and
understanding to recent developments in mitigation tech-
niques and health implications—we decided to examine arti-
cles from 1949 to 2023. We focused on papers up to 2023 to
ensure the study reflected the latest trends and hotspots in the
field, although significant advances have been made since
then. The most important body of work that laid the founda-
tions for contemporary research on acrylamide and its world-
wide ramifications is included in this timeline.

Database Used

The Scopus database excels in its coverage of journals, sur-
passing both PubMed and the Web of Science.?”” Notably, it
encompasses a greater number of non-English scientific
journals than does the Web of Science, a significant consid-
eration, as the current research did not impose any language
restrictions. We selected Scopus for its comprehensive cov-
erage of global scientific literature across multiple disci-
plines, including health, toxicology, environmental sciences,
and food safety. Scopus provides a broad and diverse range
of publications, which allows us to capture relevant acryla-
mide research from multiple fields, including chemistry,
environmental health, and food sciences. As a crucial data
source for bibliometric analysis, the Scopus database pro-
vides extensive and multidisciplinary citation data.?®>7-%> The
robust search functions of the Scopus database are extremely
advantageous, facilitating the design of comprehensive and
complex queries for searching. Furthermore, data retrieved
from the Scopus database can be easily exported to Microsoft
Excel or third-party software, such as VOSviewer, for subse-
quent analysis and mapping.

Search Strategy

Throughout the entire preceding year, until December 31,
2023, the term “acrylamide” was used as a search term in
the Scopus database. The choice of the keyword acrylamide
was motivated by our specific focus on acrylamide per se,
as opposed to associated terminology. The search approach
for identifying publications relevant to acrylamide was
restricted solely to the title, a decision made to increase the
precision of the findings, especially compared with broad-
ening search fields such as abstracts and keywords. The
analyses did not encompass errata or retracted documents.

Validation of the Search Query

In the present investigation, the validation of the search
query involved 2 criteria. The initial criterion involved the
evaluation of 2 external colleagues specializing in health
sciences and experts in bibliometric studies (WS and SA).
These evaluators reviewed the 100 most cited documents
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and those with even-numbered positions (eg, 110, 120, 130,
140, etc.) within the retrieved document list, which were
presented to them as an Excel spreadsheet. Their judgment
focused on identifying false-positive results (ie, false-posi-
tive results were defined as documents that were retrieved
by the search query but did not actually pertain to the sub-
ject of acrylamide research), and in cases of disagreement,
the principal investigator acted as the final arbiter. The
presence of false positive results served as an indicator of
validity. The second validation criterion involved compar-
ing the research output of the top 20 active authors on
acrylamide within the retrieved documents with the list of
documents on acrylamide for the same authors, as identi-
fied in their Scopus database profiles. This comparison was
made by manual review. The application of a Pearson cor-
relation test between the retrieved numbers and the 20
actual numbers of the selected authors revealed a signifi-
cant, positive and strong correlation (P <<.001, r=0.958),
indicating the absence of false-negative results and under-
scoring the high validity of the search strategy. In particu-
lar, this validation method was previously employed by
Karasneh® and Sweileh.%>-60

Data Export and Analysis

The data collected were tabulated in Microsoft Excel.
This dataset included document types, annual publication
counts, journals with their impact factors, countries, insti-
tutions, funding agencies, and citation numbers with their
respective h-indexes. Only the top 20 active entities in
each category—countries, journals, institutions, funding
agencies, and cited articles—were included. An annual
publication growth graph was created via Microsoft
Office Excel 2016. The graph’s trend was analyzed via
both linear and quadratic models to detect substantial var-
iations in publication counts across different time peri-
0ds.®” Additionally, a network visualization map was
generated via the VOSviewer program version 1.6.20.
This map illustrates the most frequently mentioned coun-
tries and visualizes common terms found in the titles and
abstracts of the retrieved documents, helping to identify
research hotspots in the field. The size of the node on the
map corresponds to the frequency of occurrence, whereas
the distance between the terms indicates the strength of
their relationship; shorter distances suggest stronger asso-
ciations. The findings of the keyword co-occurrence anal-
ysis of the works analyzed highlight current research
trends in the subject under investigation, as most occur-
ring terms demonstrate topics of great concern and inter-
est among scholars. The co-occurrence analysis utilized
the value of a relevance score. This score omits general
terms and considers only terms that have higher relevance
scores, which consistently underscores significant topics.
Delving into the specific terms within each cluster can
provide deeper insights into subtopics and emerging
trends within these prominent research areas. Additionally,
exploring the evolution of these research areas over time
and identifying any new clusters that have emerged in
recent years would be particularly interesting.

Intellectual Analysis of Data via a
Strategic Diagram

The SciMAT software, an open-source software for science
mapping analysis developed by the Soft Computing and
Intelligent Information Systems research group at the
University of Granada in Spain, was employed to analyze
research works on acrylamide.®®’° Coword analysis was
performed via advanced text mining tools to delve into the
intellectual, social, and conceptual structures of the docu-
ments.”! The results were visualized through a strategic dia-
gram that highlighted the main themes of interest.”! The
methodology followed 4 steps as outlined by Cobo et al®:

Step 1: Collection of raw data and extraction of relevant
details, including keyword co-occurrence.

Step 2: Assessment of similarity rates between ele-
ments using an equivalent index to measure association
strength.

Step 3: Utilize clustering techniques to identify subclus-
ters of correlated keywords, unveil significant research
themes, and employ the simple center algorithm.

Step 4: Mapping the output onto a 2D space, known as a
strategic diagram (Figure 1).

The diagram organized major themes on the basis of cen-
trality and density criteria, identifying 4 zones: upper right
for well-developed driving themes with strong centrality
and high density, upper left for specialized secondary top-
ics, lower right for fundamental topics under development,
and lower left for emerging or disappearing themes with
weak development and marginality.

Results
Growth and Productivity Trends

The search engine of the Scopus database identified 11 880
documents published in the field of acrylamide from 1949
to 2023. The first publications surfaced in 1949.72 Among
these documents, 10720 were articles (90.24%), 593
(4.99%) were conference papers, 246 (2.07%) were
reviews, and 321 were other document types, such as let-
ters, end notes, and editorials. Figure 2 illustrates the trends
in the number of acrylamide publications published from
1949 to 2023. The initial phase, spanning from 1949 to
1962, represents a plateau in the field’s development,
marked by the publication of 46 papers. In the subsequent
stage, from 1962 to 2001, the number of publications grad-
ually increased each year with little fluctuation, averaging
approximately 85 publications annually. The third stage,
from 2002 to 2023, signifies rapid development, with an
annual publication count of approximately 383, which con-
stitutes more than 71.0% of the total included studies. The
growth of publications over time follows an exponential
trend, with a coefficient of determination factor (R?) of
approximately 0.91. Statistical analysis via linear regres-
sion confirmed this trend, revealing a strong positive
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Figure |. The strategic diagram displays the various types of themes based on their centrality and density.
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Figure 2. Growth trends of publications on acrylamide from
1949 to 2023.

correlation (P <.001) between the annual publication count
and the corresponding publication year.

Contributed Regions/Countries

Figure 3 shows a detailed visualization of the global output
of acrylamide research, with participation from 113 coun-
tries of various capacities. The Asiatic region is the most
prolific region at the regional level, yielding 5074 docu-
ments (42.71% of the total). This region is followed by

Western Europe (2687 documents; 22.61%), North America
(1800 documents; 15.15%), the Middle East (1352 docu-
ments; 11.8%), Eastern Europe (1097 documents; 9.23%),
Africa (534 documents; 4.49%), Latin America (399 docu-
ments; 3.36%), and the Pacific region (172 documents;
1.44%). The Asiatic region has the most contributing coun-
tries at 23. Western Europe is second with 21 countries.
Eastern Europe features 20, Africa (16), the Middle East
(15), and Latin America (14). Finally, both North America
and the Pacific region feature 2 contributing countries.

The top 20 countries in terms of their research productivity
at the country level are displayed in Table 1. The primary
focus of the investigation resulted in the collective publication
of 9665 articles by the top 20 contributing countries, repre-
senting 81.35% of the total contributions in this scientific
domain. The most productive countries were China (n=2452;
20.64%), followed by the United States (n=1564; 13.16%),
India (n=952; 8.01%), and Japan (n=803; 6.76%). Figure 4
displays a visual representation of the international research
collaborations related to acrylamide that span from 1949 to
2023. This figure presents a network mapping chart that illus-
trates connections among key participating countries, high-
lighting connections with a minimum of 100 publications per
country. Among the 113 active countries, 28 exceeded this
threshold, with the size of the node reflecting the number of
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Figure 3. Research on acrylamide at the global level. The size of the black circles represents the output of each country (ie,

the larger the circle is, the greater the performance of the country/territory/region with respect to the number of publications).
The global map was created via Statplanet Interactive Mapping and Visualization Software, www.statsilk.com, free license. The
classification of countries, regions and territories is based on SJR: Scimago Journal and Country Rank, https://www.scimagojr.com/

countryrank.php.

Table |. List of the top 20 countries/territories/regions
publishing research on acrylamide from 1949 to 2023.

Number of

Ranking Country documents %

Ist China 2452 20.64
2nd United States 1564 13.16
3rd India 952 8.0l
4th Japan 803 6.76
5th Turkey 656 5.52
6th Germany 439 3.70
7th Russian Federation 405 341
8th Egypt 386 3.25
9th United Kingdom 385 3.24
10th Iran 359 3.02
Ilth Spain 313 2.63
12th France 312 2.63
13th Italy 261 2.20
14th South Korea 239 2.01
15th Canada 233 1.96
l16th Poland 195 1.64
17th Sweden 183 1.54
18th Saudi Arabia 178 1.50
19th Taiwan 153 1.29
20th Australia 149 1.25

publications. Notable trends in international collaboration
were observed, particularly in the United States, Germany,
Italy, China, France, Spain, Belgium, and the United Kingdom,
which presented the greatest number of collaboration links
with other countries (Figure 3). These countries demonstrated
the highest level of involvement in collaborative research
involving scholars from diverse geographical locations.

Table 2 displays the top 20 countries sorted by their
research productivity from 2003 to 2023, following the
landmark year 2002, when acrylamide was first detected in
food. This period included an extension of research domains
focused on identifying measures to reduce the presence of
acrylamide in food and drinks. The results reveal a signifi-
cant alignment between countries listed among the top pro-
ducers of acrylamide research from 1949 to 2023 and those
leading in acrylamide research from 2003 to 2023, with 18
out of the top 20 countries appearing on both lists, reflect-
ing a concentrated focus on acrylamide formation in food
and drinks and extensive research aimed at suggesting reg-
ulations and techniques to mitigate its harmful effects on
public health.

Contributed Institutions

Table 3 provides a comprehensive list of the 20 most pro-
ductive institutions involved in acrylamide research from
1949 to 2023. These prominent academic and research
organizations collectively made significant contributions,
representing 15.88% of the total number of published arti-
cles (n=1887) in this field.

The Ministry of Education of the People’s Republic of
China demonstrated its prominence as the leading contribu-
tor, producing 267 articles (2.25%). The Chinese Academy
of Sciences in China contributed 178 articles (1.50%), and
Hacettepe Universitesi in Turkey produced 170 articles
(1.43%). China had a strong presence, with 9 institutions on
the list; Turkey had 3; and the Russian Federation and
Egypt each had two. Spain, France, the United States,
Japan, and Saudi Arabia each had 1 institution in the top-
ranking group.
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Figure 4. Mapping International Research Collaborations on Acrylamide from 1949 to 2023. Full counting is employed, where each
coauthorship link is assigned equal weight. Connections are highlighted with a minimum of 100 publications per country. Among
the |13 active countries, 28 exceeded this threshold, with the node size reflecting the number of publications. For each of the 28
countries, the total strength of the coauthorship links with other countries was calculated. The countries with the greatest total
link strength were selected. The map categorized the most frequently collaborated countries into 5 clusters with distinctive colors:
Cluster 1, in red, involves 10 countries, primarily from the Western European region. In this cluster, Italy acquired the strongest
link strength: 256 out of 1753. Moreover, both Germany and Italy acquired the greatest number of links, with 26 out of 254 each.
Cluster 2 is green (7 countries, primarily from the Asiatic region). The United States, from Cluster 2, acquired the strongest link
strength: 446 out of 1753, and the greatest number of links with other countries: 27 out of 254. Cluster 3, in blue, involves 5
countries; Australia acquired the strongest link strength: 115 out of 1753 and, along with Canada, recorded the greatest number
of links: 21 out of 245. Cluster 4, in yellow, includes 4 countries, primarily from Eastern Europe. Turkey, in Cluster 4, acquired

the strongest link strength: 67 out of 1753, and the greatest number of links with other countries: 18 out of 254. The last cluster,
Cluster 5, in purple, includes 2 major Arab countries. Saudi Arabia, from Cluster 5, acquired the strongest link strength: 164 out of
1753, and the greatest number of links with other countries: 17 out of 254. The coauthorship links between the United States and
China, as well as Saudi Arabia and Egypt, each with a link strength of 92, were the highest globally and were marked by the thickest
connection lines on the map. The map was created via VOSviewer software version 1.6.20.

Table 2. List of the top 20 countries/territories/regions Table 2. (Continued)
publishing research on acrylamide from 2003 to 2023.

*The percentage for each country was calculated on the basis of

Ranking  Country Number of documents  %* its productivity from 2003 to 2023 relative to the total number of

global published works on acrylamide during the same period (8182
Ist China 2258 27.60  documents).
2nd United States 707 8.64
3rd India 696 85I
4th Turkey 527 644 Contributions of Funding Agencies
5th Japan 364 4.45 ) ) ) )
6th Germany 350 4728 Table 4 outlines the primary contributors in terms of
6th Iran 350 428 funding for acrylamide research spanning the years 1949
8th Egypt 310 379 to 2023. These top 20 funding agencies collectively
9th Spain 268 328 played a crucial role, contributing 14.0% (n=1669) of
10th United Kingdom 263 3.21 the entire body of published articles. The National
I'lth Italy 203 248  Natural Science Foundation of China, located in China,
12th Russian Federation 189 231 emerged as the most prominent funding agency, support-
I3th South Korea 182 222 ing 749 articles (6.30%). This agency was followed by
14th France 177 2.16  the National Institutes of Health in the United States
I5th Saudi Arabia 171 209 (n=106 documents; 0.89%) and the National Key
I6th Poland 154 1.88  Research and Development Program of China, with 106
I7th Canada 137 1.67  articles (0.0.89%). China and the United States had
18th Sweden 133 1.63

a strong presence on the list, with 5 funding agencies
each. The European Union and India had 3 each; Japan
and Brazil each had 2, while Germany had 1 funding
(Continued) — agency.

19th Belgium 120 1.47
20th Malaysia 116 1.42
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Table 3. The top 20 most productive institutions for acrylamide publications from 1949 to 2023.

Ranking Institute Country No. of documents %
Ist Ministry of Education of the People’s Republic of China China 267 2.25
2nd Chinese Academy of Sciences China 178 1.50
3rd Hacettepe Universitesi Turkey 170 1.43
4th Russian Academy of Sciences Russian Federation 167 1.41
5th Zhejiang University China 141 1.19
6th Istanbul Teknik Universitesi Turkey 107 0.90
7th Southwest Petroleum University China China 93 0.78
8th National Research Centre Egypt 89 0.75
9th Consejo Superior de Investigaciones Cientificas Spain 8l 0.68
10th Sichuan University China 77 0.65
I'1th CNRS Centre National de la Recherche Scientifique France 72 0.6l
12th University of Southern Mississippi United States 69 0.58
13th Kazan National Research Technological University Russian Federation 67 0.56
14th Cumhuriyet Universitesi Turkey 65 0.55
I15th Shandong University China 64 0.54
l6th University of Chinese Academy of Sciences China 60 0.51
17th Kyoto University Japan 59 0.50
18th Jiangnan University China 58 0.49
18th South China University of Technology China 58 0.49
20th National Center for Radiation Research and Technology Egypt 56 0.47
20th King Saud University Saudi Arabia 56 0.47
Table 4. Top 20 related funding agencies for acrylamide publications from 1949 to 2023.
Ranking Funding agency Country/region No. of documents %
Ist National Natural Science Foundation of China China 749 6.30
2nd National Institutes of Health United States 106 0.89
2nd National Key Research and Development Program of China China 106 0.89
4th European Commission European Union 104 0.88
5th National Institute of Environmental Health Sciences United States 101 0.85
6th Japan Society for the Promotion of Science Japan 87 0.73
7th Fundamental Research Funds for the Central Universities China 83 0.70
8th National Science Foundation United States 70 0.59
9th European Regional Development Fund European Union 64 0.54
10th Deutsche Forschungsgemeinschaft Germany 55 0.46
I'1th University Grants Commission India 54 0.45
12th Council of Scientific and Industrial Research, India India 52 0.44
13th Ministry of Education, Culture, Sports, Science and Technology Japan 51 0.43
13th Ministry of Science and Technology of the People’s Republic of China China 51 0.43
I15th Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico Brazil 49 0.41
l6th Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior Brazil 46 0.39
17th Department of Science and Technology, Ministry of Science and India 45 0.38
Technology, India
18th China Postdoctoral Science Foundation China 43 0.36
18th Horizon 2020 Framework Programme European Union 43 0.36
19th National Institute of Neurological Disorders and Stroke United States 42 0.35
19th U.S. Department of Energy United States 42 0.35
Active Journals followed by Food Chemistry with 171 papers (1.44% of

The top 20 active journals collectively published 2460 arti-
cles on acrylamide, representing 20.71% of the total 11 880
publications (as shown in Table 5). The Journal of Applied
Polymer Science emerged as the leading contributor, pub-
lishing the highest number of papers (534), representing
4.49% of the overall publications. The polymer secured the
second position with 180 papers (1.52% of publications),

publications) and the Journal of Agricultural and Food
Chemistry with 163 papers (1.37% of publications).

Highly Cited Publications

Through citation analysis, it was determined that the
retrieved publications received an average of 24.72
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Table 5. Top 20 journals in the field of acrylamide research ranked by publication number.

Ranking Journal No. of documents % Impact factor®
I'st Journal of Applied Polymer Science 534 4.49 2.7
2nd Polymer 180 1.52 4.1
3rd Food Chemistry 171 1.44 8.5
4th Journal of Agricultural and Food Chemistry 163 1.37 57
Sth Macromolecules 142 1.20 5.1
6th European Polymer Journal 139 1.17 58
7th Journal of Polymer Science Part A Polymer 133 1.12 39
Chemistry
8th Polymer Bulletin 119 1.00 3.1
9th Food and Chemical Toxicology 104 0.88 3.9
10th Analytical Biochemistry 96 0.81 2.6
I'lth Colloid and Polymer Science 76 0.64 22
I'1th Journal of Chromatography A 76 0.64 3.8
I'I1th Russian Journal of Applied Chemistry 76 0.64 0.6
I4th RSC Advances 73 0.61 39
I5th Gaofenzi Cailiao Kexue Yu Gongcheng 71 0.60 NA
Polymeric Materials Science and Engineering
I6th Radiation Physics and Chemistry 66 0.56 2.8
I7th Carbohydrate Polymers 64 0.54 10.7
I8th Toxicology and Applied Pharmacology 6l 0.51 33
19th Journal of Polymer Research 58 0.49 2.6
19th Polymer International 58 0.49 29
?Journal citation reports from Clarivate, 2024.
citations. This resulted in an h-index of 165 and a total processes, including frying, baking, and roasting.

cumulative citation count of 293 610. Among these arti-
cles, 1514 did not receive any citations, whereas 440
obtained more than 100 citations each. The citation
counts for these articles ranged from 0 to 10703. Table 6
outlines the top 20 publications associated with acryla-
mide. The citation range for these publications ranges
from 457 to 10703.48:14.73-89

Hot Spots of Acrylamide Research

Upon examination of the title and abstract sections of the
documents within the acrylamide literature, a thorough
mapping endeavor was undertaken to discern the prevalent
terms. This analytical process, which considered at least
150 recurring terms, identified a total of 263 terms.
Adopting a relevance score of 60.0% to prioritize the most
relevant terms and omitting general terms resulted in the
identification of 158 terms. These terms are categorized
into 2 discrete groups, each emblematic of a prominent
research theme (Figure 5). The first cluster (illustrated in
red) comprised 83 terms and was centered around the func-
tionalization of acrylamide polymers. This pertains to
investigations involving the modification of acrylamide
polymers to incorporate specific functional groups, thereby
increasing their efficacy in diverse applications, such as
water treatment or enhanced oil recovery. The second clus-
ter (emphasized in green) encompassed 75 terms and was
oriented toward the formation and mitigation of acryla-
mide. Ongoing research efforts are dedicated to compre-
hending the mechanisms leading to the formation of
acrylamide in various food categories during cooking

Additionally, active exploration of strategies aimed at miti-
gating acrylamide formation in food is underway.

Scientific Landscapes of Research Trends

In Figure 6, VOSviewer employs a unique color-coding
scheme for individual terms, which is based on the mean
frequency of each term in all the publications retrieved. The
assigned colors delineate the temporal distribution of occur-
rences of each term, wherein the color spectrum ranges from
blue, indicative of earlier instances, to green and yellow,
representative of more contemporary occurrences. Scholarly
attention in earlier periods focused predominantly on the
“functionalization of acrylamide polymers.” However, a
discernible shift has been observed in research focus, with
the emergence of the topic concerning the “formation and
mitigation of acrylamide,” thereby elucidating the current
trajectory of scholarly inquiry.

Strategic Diagram Analysis

In Figure 7, the strategic diagram illustrates the major themes
of acrylamide research activities on a global scale, with the
size of each circle representing the number of documents that
incorporate the respective theme (Figure 7A) or the number
of citations associated with the themes (Figure 7B). Among
the driving themes, substantial emphasis remains on unrave-
ling the synthesis of acrylamide, which frequently emerges
from acrylic acid, the simplest unsaturated carboxylic acid.
The use of acrylamide in nanocomposites to enhance con-
taminant removal (eg, dye sorption and removal from
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Figure 5. Mapping of acrylamide-related terms: A network visualization of publications from 1949 to 2023. This network
visualization map explores the connections among terms in the titles and abstracts of publications. Generated via VOSviewer
software version 1.6.20, the map highlights 263 terms identified with a minimum-term occurrence threshold of 150 out of a total
of 136536 terms in the acrylamide domain. A total of 158 terms out of 263 terms met the set threshold, considering a relevance
score of 60%. The terms are organized into 2 distinct clusters, each represented by a unique color, and the node size reflects the
frequency of term usage across various publications.
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documents and (B) on the number of citations.

aqueous solution) is another motor theme of high interest.
The genotoxicity of acrylamide, along with its carcinogenic,
reproductive, and neurotoxic effects, remains a major focus
of research, especially in terms of potential human harm and
impacts on biomarkers, including hemoglobin. Finally, the
adsorption characteristics of acrylamide in aqueous solu-
tions, which are determined by its chemical structure, tend to
be a prominent research theme owing to their importance in
an array of applications, including environmental remedia-
tion and industrial processes.

Highly specialized issues are depicted in the upper left
zone (Figure 7A and B). These include exploring the
impacts of acrylamide on enzyme activity, protein expres-
sion, and oxidative stress pathways involving glutathione
and antioxidants; understanding the impacts of dietary hab-
its on acrylamide exposure in adults; assessing human
exposure to acrylamide via human biomonitoring tools and
analytical techniques to determine biomarker exposure;
using animals (eg, rats as common animal models) to exam-
ine the reproductive toxicity of acrylamide; assessing the

Maillard reaction between amino acid asparagine and a
reactive carbonyl, which describes the formation of acryla-
mide; and studying the different acrylamide polymers.

The fundamental matters in the lower right zone include
the following: insights into the field of poly(N-isopropy-
lacrylamide) that benefits the chemical, pharmaceutical,
textile, and biotech industries; understanding acrylamide
behavior in different solvents; studying the impacts of com-
bining acrylamide with chitosan with the goal of enhancing
acrylamide properties; investigating the way time factors
during cooking impact acrylamide formation in food; and
polymerizing acrylamide initiated by redox systems, includ-
ing metal ions. Emerging research in the lower left zone
addresses advancements in copolymers comprising acryla-
mide and polyacrylates and the vital role of surface-active
agents and polyelectrolytes in enhancing the functionality of
acrylamide-based materials.

Discussion

This research represents the first quantitative bibliometric
analysis of acrylamide, revealing a significant increase in
the overall volume of literature related to acrylamide over
the past 2 decades. This increased activity can be attributed
to various factors, including the pervasive publish-or-per-
ish mindset,”**! the widespread adoption of the internet,
which facilitates the rapid dissemination of medical infor-
mation, and the increasing interest in evaluating the safety
of acrylamide.®’®°? In particular, most international publi-
cations on acrylamide research emerged after 2000.

The growing awareness of the potential health risks of
acrylamide, particularly its carcinogenic and neurotoxic
effects,” has significantly contributed to the rise in global
research on this substance. This increase in research is
likely associated with the increasing global morbidity and
mortality linked to acrylamide exposure,”* particularly as
acrylamide formation in food products is influenced by
cooking methods such as baking, frying, and roasting.?>¢
In parallel, there has been a surge in funding and research
initiatives aimed at understanding acrylamide formation
and developing mitigation strategies in food processing.
These efforts are further spurred by the establishment of
international regulations and guidelines, especially by the
EU and WHO, which have prompted more rigorous inves-
tigations into acrylamide levels in food.>®” Additionally,
growing concerns about the link between acrylamide expo-
sure and cancer have led to extensive research, which has
led to the classification of acrylamide as a potential human
carcinogen by the International Agency for Research on
Cancer (IARC) on the basis of findings from animal stud-
ies.”® This expanding body of work underscores the increas-
ing importance of acrylamide-related health hazards,
further emphasizing the need for continued research and
regulatory oversight.

The increased involvement of China in acrylamide
research can be attributed to several main reasons®%1%:
China emphasizes scientific progress, especially in the
fields of pharmaceuticals and food safety. Acrylamide and
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other potential contaminants have been extensively
researched to ensure food safety and strict regulatory com-
pliance. This requires a thorough understanding of acryla-
mide-related risks and effective strategies if mitigation
measures are taken to ensure that strict standards are met.
China’s industrial and demographic characteristics provide
a wealth of resources for examining the occurrence of
acrylamide in a variety of foods. The uniqueness of this
research setting allows the formulation of focused strate-
gies to mitigate its impact. Chinese researchers are actively
cooperating with their international counterparts to facili-
tate the exchange of knowledge and the development of the
latest advances and techniques in acrylamide research. This
collaborative approach has accelerated scientific progress.
Food safety is a public health sector in which the Chinese
government actively promotes scientific innovation and
development through financial support, grants, and support
programs. This provides a favorable environment for the
development of acrylamide research.

International collaborations have significantly enhanced
the impact and creativity of acrylamide research.’*!97 In
particular, major epidemiological studies and the develop-
ment of mitigation technologies have benefited from these
partnerships, which have facilitated the sharing of data,
resources, and knowledge. Strict regulators, such as the
EU, have collaborated with international institutions to
establish standardized acrylamide food standards and test-
ing procedures, thereby promoting research and effective
remedies.'®® We highlighted that studies on acrylamide
have led regulatory bodies, such as the World Health
Organization (WHO) and the European Food Safety
Authority (EFSA), to establish maximum permitted acryla-
mide levels in food and implement policies. To increase
awareness and reduce dietary exposure, countries have also
launched public health campaigns. We also highlighted
how this study has resulted in food safety criteria and legis-
lative measures aimed at reducing exposure to processed
foods, especially in vulnerable groups such as children and
pregnant individuals.

Term clustering and co-occurrence analysis are fre-
quently employed to pinpoint significant areas of study. In
the network visualization of terms that span the past 74 years,
2 distinct clusters emerged, highlighting domains of intense
research activity on the basis of the frequency of phrase
occurrences. A comprehensive examination of the terms
used reveals a predominant focus on 2 specific characteris-
tics. The first issue revolves around the functionalization of
acrylamide polymers, with the aim of modifying their traits
for specific applications.!®!%-!'! This involves employing
diverse methodologies, such as the addition of additional
chemical moieties to alter electrical, optical, or mechanical
characteristics; crafting composites through the amalgama-
tion of acrylamide with other substances, such as nanoparti-
cles or fibers, to achieve particular functionalities; creating
innovative structures, such as dendrimers or star polymers,
for precise control over arrangement and attributes; and
understanding the mechanisms of functionalization and
their consequential impact on polymer properties, crucial
aspects within this field. A developing field of research is

the use of acrylamide in nanocomposites for the removal of
pollutants.!”> As acrylamide-based nanocomposites can
offer large surface areas and adsorption reaction sites, their
potential benefits include the development of highly effi-
cient materials for the elimination of pollutants from water
and soil. However, the possible contamination of acryla-
mide from composites in the environment, which could
jeopardize ecosystems and human health, also presents
challenges. Further research into the environmental impact
and safety of acrylamide in such applications is crucial.

The second aspect concerns the formation and mitiga-
tion of acrylamide. Researchers are studying the mecha-
nisms of acrylamide production to optimize the production
and minimize undesirable byproducts.''3-'?2 An understand-
ing of the factors that can cause harmful impurities in
acrylamide and the development of strategies to reduce the
impacts of these impurities on the environment and health
are needed. Another important aspect of this field is the
search for alternatives to acrylamide for specific applica-
tions. Scientists are actively researching alternatives to
monomers and materials that offer similar functions but
with fewer drawbacks.'?? These ongoing efforts highlight
the dynamic nature and continuous evolution of acrylamide
polymers. The continuous improvement of its functionality
and the resolution of potential challenges remain the driv-
ing forces behind this industry. As researchers expand,
more nuanced and detailed insights into the current state
and future directions of acrylamide polymers will emerge.

Earlier studies on acrylamide focused on understanding
its chemical properties and synthesis methods, particularly
in relation to high-temperature cooking.!**!?> Recent
research has shifted toward developing strategies to reduce
acrylamide levels in food because of growing concerns
about its carcinogenic and neurotoxic properties.’*!2
Genetic, pharmacological, and technological interventions
have been explored.'?”1?® Chemical treatments, such as the
use of asparaginase enzymes, target the precursors of
acrylamide, whereas genetic modifications aim to alter the
enzymes involved in its synthesis.'®®!? Technological
advances have focused on improving food processing tech-
niques, such as temperature and moisture control, to reduce
acrylamide formation. This multidisciplinary approach
integrates basic chemistry with innovative solutions to
address public health concerns related to acrylamide in
food. The progress of acrylamide research and mitigation
efforts depends heavily on emerging technologies. Genomic
technology and advances in automated chemical screening
can help identify food additives or enzymes that reduce the
production of acrylamide during processing. As previously
noted, nanocomposites could be further studied and new
approaches for reducing acrylamide exposure in food prep-
aration could be presented.

Strengths and Limitations

This study employs a bibliometric approach to examine the
current status and developmental trends in acrylamide
research. This study has certain limitations, similar to
those of previous studies. First, the analysis is restricted to
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articles indexed in the Scopus database, potentially exclud-
ing relevant articles not indexed there. Despite this, the
impact of such omissions should be minimal, given the
Scopus database’s extensive coverage (>30000 peer-
reviewed journals), the inclusion of all Medline-indexed
journals, the use of a larger document repository than the
Web of Science core collection, and the higher precision of
the former compared with Google Scholar.””-*!"13 Second,
the study is constrained by the use of the search term
“acrylamide” in title searches only, possibly overlooking
publications where “acrylamide” is used in abstracts, as
keywords, or within documents. However, any false-nega-
tive results are expected to have a negligible effect on the
overall findings. Third, the lists of active key players were
retrieved directly from the Scopus database, potentially
underestimating the research output of certain countries or
institutions owing to variations in names or spellings.
Fourth, a key limitation of this study is the absence of
detailed data on acrylamide levels in specific food catego-
ries (eg, cereals, bakery products, coffee, potato-based
foods) and dietary exposure across countries or food matri-
ces. Unfortunately, the scope of our bibliometric approach
does not allow for a deep dive into such specific data. We
recommend that future research explore these gaps by
focusing on country-wide and food matrix-wide data for
acrylamide levels and assess recent advancements in miti-
gation strategies, particularly for high-risk foods. This
study provides valuable insights into global efforts to
reduce acrylamide exposure and inform public health strat-
egies. Despite these limitations, the study offers a relatively
robust global perspective on acrylamide research, guiding
future research and funding toward evidence-based prac-
tices. The main strengths of this study are its comprehen-
sive research strategy, which does not have language or
subject restrictions, and the thorough analysis of the data
obtained, which makes it a valuable reference for research-
ers in the field of acrylamide research.

Conclusions

The comprehensive acrylamide research presented includes
various bibliometric indicators, such as research trends,
countries, industries, hot topics, cited books, journals, and
organizations, and the results of this bibliometric research
provide valuable insights for future research in this area. In
recent decades (2003-2023), acrylamide research has
grown tremendously. In particular, in recent years, more
emphasis has been placed on understanding the formation
and reduction of acrylamide, which requires more atten-
tion, in line with the latest scientific developments; there-
fore, the development of research projects is important, as
it plays an important role in shaping future health care. This
analysis offers a comprehensive visualization analysis of
global research advancements on acrylamide. The out-
comes highlight key fields of acrylamide research, includ-
ing its synthesis, application in nanocomposites, and broad
toxicological repercussions (eg, carcinogenicity, genotox-
icity, reproductive, and neurotoxic impacts). This investi-
gation highlights the importance of researching the

adsorption capacity of acrylamide to better comprehend its
behavior and potential risks in environmental and biologi-
cal contexts. In summary, these results indicate that acryla-
mide polymers are an active and dynamic research topic
that is constantly working to improve their performance
and solve potential challenges. To increase innovation in
acrylamide research, more funding and cooperation with
global experts are essential because of the underrepresenta-
tion of developing regions. Crucial actions include apply-
ing food safety regulations, matching global standards to
local contexts, and increasing health risk awareness via
educational programs and community involvement. Further
research and investigations can provide a more sophisti-
cated perspective on the status and future directions of this
area of research. Future research could focus on compiling
and analyzing more specific data on acrylamide levels
across various food categories (eg, cereals, bakery prod-
ucts, coffee, and potato-based processed foods). This would
provide greater clarity on dietary exposure levels to acryla-
mide in different regions and help identify high-risk food
items that require urgent mitigation strategies. While this
study highlights trends in acrylamide research, there is an
increasing need for research on mitigation strategies spe-
cific to different food matrices. Further studies should
investigate the application of recent advances in reducing
acrylamide formation, particularly in high-risk categories
such as coffee, potato-based foods, and cereals. More spe-
cifically, country-specific and population-specific exposure
data are needed to better understand dietary risks and miti-
gate exposure, especially in low- and middle-income coun-
tries. To reduce the health risks associated with acrylamide
exposure, we urge policymakers to take the following
actions: tightening regulatory limits and monitoring acryla-
mide in commonly consumed foods, particularly for vul-
nerable populations; initiating public health campaigns to
raise awareness and offer guidance on safer food process-
ing practices; promoting research into low-acrylamide
products and alternative processing technologies; enhanc-
ing international cooperation to standardize testing proce-
dures and facilitate data exchange; and supporting the food
industry by promoting best practices and providing guide-
lines to improve food safety.
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