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Since the 21st century, natural biopolymers have played an indispensable role in long-term
global development strategies, and their research has shown a positive growth trend.
However, these substantive scientific results are not conducive to our quick grasp of
hotspots and insight into future directions and to understanding which local changes have
occurred and which trend areas deserve more attention. Therefore, this study provides a
new data-driven bibliometric analysis strategy and framework for mining the core content
of massive bibliographic data, based on mathematical models VOS Viewer and CiteSpace
software, aiming to understand the research prospects and opportunities of natural
biopolymers. The United States is reported to be the most important contributor to
research in this field, with numerous publications and active institutions; polymer science is
the most popular subject category, but the further emphasis should be placed on
interdisciplinary teamwork; mainstream research in this field is divided into five clusters
of knowledge structures; since the explosion in the number of articles in 2018, researchers
are mainly engaged in three fields: “medical field,” “biochemistry field,” and “food science
fields.” Through an in-depth analysis of natural biopolymer research, this article provides a
better understanding of trends emerging in the field over the past 22 years and can also
serve as a reference for future research.

Keywords: natural biopolymer, quantitative visualization, bibliometric analysis, VOS viewer, knowledge mapping,
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1 INTRODUCTION

The growing global focus on issues such as sustainable development means that these non-
biodegradable materials will eventually be phased out. The growing awareness of forecasts for
future shortages of fossil resources has led to a growing interest in using environmentally friendly
polymers, thereby encouraging the development of biodegradable, non-toxic alternative materials
(McDevitt et al., 2017). The rational selection of starting materials is one of the most critical aspects
of the materials development process (Kitsara et al., 2015).

Natural biopolymers have attracted much attention among the various polymers currently being
produced due to their easy availability, low cost, biocompatibility, unique properties, and wide range
of uses (Koh et al., 2015; Huber et al., 2017). Many industries, such as clothing, food, medical, and
chemical industries, use materials with specific properties, such as some naturally occurring
biopolymer materials: spider silk, silk, etc., as clothing, showing excellent mechanical properties
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(Leite Lima et al., 2013; Sionkowska and Planecka, 2013;
Vishwanath et al., 2016); soy protein, which can make
biodiesel with good combustion performance, excellent
environmental performance and regeneration performance to
replace ordinary fuel (Khansari et al., 2012). Lignin, as the
third most abundant natural polymer material, can be used for
production as a by-product of the pulp industry. (An et al., 2017).

In the past 10 years, the natural biopolymers that have
attracted much attention from all walks of life include
nanoparticle polymers (Oliveira et al., 2020). The production
of this polymer biocomposite is mainly through electrospinning
technology, and the quality of the product depends on the size,
content, and structure of the nanoparticles (Vieira et al., 2011).
The biodegradable and water-soluble natural polysaccharide
(sodium alginate) has been widely used as a building material
due to its easy availability and non-toxicity (Jain et al., 2021). The
most prominent features are high porosity and stability at
different temperatures and pH values (Abriat et al., 2021). Silk
fibroin (Shivananda et al., 2020), as a biocompatible natural
polymer, has biodegradability, elastic mechanical properties,
and processing ability and is suitable for peripheral nerve
conduits. In the future, it is expected that nerve regeneration
of peripheral nerve conduits can be achieved by the physical
guidance of damaged nerves and nerve-guiding conduits (Farokhi
et al., 2017). In order to take advantage of the unique properties of
these multifunctional natural biopolymers and realize their full
potential, scientists continue to study them and try to
derivatize them.

Bibliometric analysis is a new data-driven method that
applies statistical methods to scientific results (Donthu
et al., 2021; Tan et al., 2021) and is widely used in research
trend detection, institutional cooperation analysis, national
cooperation analysis, and changes in subject areas, with
knowledge-oriented quantitative functions (Sun et al., 2019;
Kampf et al., 2020). By filtering and processing a large amount
of information, the correlation between various data can tap
the potential value of knowledge. Since mathematics, statistics,
and computer science are the foundation of its disciplines,
bibliometrics can provide intuitive data analysis and accurate
insights into the progress of scientific research (Durieux and
Gevenois, 2010; Bornmann and Mutz, 2015). This study
carried out a rigorous quantitative analysis and statistical
demonstration based on mathematical models. The purpose
of this study was to use the analysis tools that come with Web
of Science (WOS), VOS Viewer software (van Eck and
Waltman, 2010), and CiteSpace software (Chen, 2006) to
carry out the bibliometric analysis. Furthermore, knowledge
graphs combine information visualization technology with
traditional scientometric citation analysis to visually display
the knowledge of a subject or field through data mining,
information processing, scientific measurement, and graphic
drawing. Using knowledge graphs, one can explore the
development and relationships between different pieces of
scientific knowledge (Shiffrin and Borner, 2004). Therefore,
this study provides a data-driven bibliometric analysis strategy
and framework for mining the core content of massive
literature data. By using the current mainstream

bibliometric software and methods, this study
comprehensively reviews the research progress of natural
biopolymers from germination to peak from 2000 to 2021,
introduces the research background of natural biopolymers,
and puts forward original opinions on future opportunities, to
help different institutions around the world to cooperate and
exchange in the future. First, bibliometric frequency analysis
and interaction analysis identified the main subject categories,
profiles, cooperation relevance of representative countries and
institutions, and mainstream journals. Then, through citation
analysis and keyword analysis, we can grasp the trends and
laws of dynamic changes in this research field and provide
clues for discovering current research hotspots and knowledge
gaps. More importantly, knowledge structure analysis and hot
front identification provide a holistic view of the field’s
evolution and identify more future research opportunities.

2 METHODOLOGY AND DATA

2.1 Data Source and Retrieval
This article was searched on 17 April 2022 through the Science
Citation Index Expanded (SCIE) and Social Sciences Citation
Index (SSCI) databases in the Web of Science Core Collection
for articles on natural biopolymers from the 21st century. The
reason why the WOSCC database was selected for retrieval is
that compared with other databases (PubMed and Scopus), it
contains more than 10,000 subject areas such as environment,
medical care, ecology, and agriculture, with international
authority, great influence, high quality, and long history of
research data (Harzing and Alakangas, 2016; Mongeon and
Paul-Hus, 2016; Zhao, 2017). In order to avoid bias due to the
daily update of the WOSCC database, the articles required for
the search were carried out within one day on 17 April 2022,
and articles published from 1 January 2022, were excluded
because, from this period, any collection from that year will
include incomplete bibliometric data for that year. In this
study, the Web of Science Core Collection (Science Citation
Index Expanded, SCIE and Social Sciences Citation Index,
SSCI) database is used as the data source, and the retrieval
formula is: {TI = [(natural*) and (“biopolymer” or
“biopolymers” or “biological polymer” or “biological
polymers”)]} OR {AB = [(natural*) and (“biopolymer” or
“biopolymers” or “biological polymer” or “biological
polymers")]}; search time range: (time = 1 January 2000—31
December 2021). A total of 3,507 articles were retrieved using
this search method, and the retrieved literature types included
2,561 articles, 835 reviews, 84 conference proceedings, and 27
other articles. These articles come from 101 countries, 200
institutions, 133 research directions, 200 published journals,
and 200 authors. Most of the literature categories belong to
polymer science, chemistry multidisciplinary, biochemistry
molecular biology, materials science multidisciplinary, and
chemistry applied. The retrieved literature records are
downloaded and saved in the “full record and cited
references” format as the main file and as a sample of the
dissertation analysis data.
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2.2 Activity Index and Attractive Index
Referring to previous studies, we employed two indexes, the
activity index (AI) and the attractive index (AAI) to evaluate
the relative effort devoted by a country to a research field and the
relative impact made by a country in terms of citations of its
publications. The AI is an indicator of the relative effort a country
puts into a research area, while the AAI shows the relative impact
a country has had in attracting citations through its publications
(Shen et al., 2018; Huang et al., 2020).

The applications and transformations of AI and AAI are as
follows:

Activity index (AI):

AIti �
Pt
i/∑P

TPt/∑TP
. (1)

Attractive index (AAI):

AAIti �
Ct

i/∑C
TCt/∑TC

. (2)

In formula (1), AIti is the activity index of country i in year t, P
t
i

is the number of relevant articles in the field of natural
biopolymers published by country i in year t, ∑P is the
articles in the field of natural biopolymers published by
country i during the publication period ,TPt is the total
number of publications in the field of natural biopolymers in
year t, and∑TP is the total number of publications in the field of
natural biopolymers in a period. Similarly, in formula (2), AAIti is
the attractiveness index of country i in year t, Ct

i is the number of
citations of publications in the field of natural biopolymers in
country i in year t,∑C is the natural biopolymers in country i in a
period sum of citations of field publications, TCt represents the
number of citations in the field of natural biopolymers worldwide
in year t, and∑TC represents the total number of citations in the
field of natural biopolymers in the same period as ∑C.

AI = 1 and AAI = 1 represent the global average for research
work and academic impact in natural biopolymers, respectively.
AI > 1 or AI < 1 means a country’s research effort is above or

below the global average, and AAI >1 or AAI <1 means a country
attracts more or more minor citations than the global average.

3 RESULTS AND DISCUSSION

3.1 Characteristics of Publication Outputs
The annual publication volume of natural biopolymers is divided
into three stages (Figure 1). From 2000 to 2002, it was in its
infancy. A total of 67 articles were published, with an average
annual publication of about 22 articles, 139 citations, and an
average annual citation of about 46 times. Although the number
of articles at this stage is small, there are still highly cited and
high-quality articles. Jeong et al. (2002), according to the law of
the transformation of an aqueous polymer solution of a gel to
forming in situ hydrogels by changing the environmental
conditions (temperature and pH), reviewed the introduction of
natural or modified natural polymers and N-isopropyl based on
acrylamide copolymers and other materials. Mohanty et al.
(2002) described that the use of natural fibers and polymers
based on renewable resources would solve many environmental
problems, adding renewable resource–based biopolymers to
fibers, such as green biocomposites, for example, cellulose
plastics and polylactic acid will promote the rapid
development of green materials in the 21st century.

From 2003 to 2017, it was a period of rapid growth, with a total
of 1,694 publications, an average annual publication volume of
about 113 articles , 56,948 citations, and an average annual
citation of about 3,797 times. In this stage, the research on
natural biopolymers is more in-depth, and people are
interested in research in this field. The most cited article is
Lutolf and Hubbell (2005). The review introduces a new
generation of synthetic biomaterials that mimic the regulatory
properties of natural extracellular matrix (ECM) and ECM-
bound growth factors for therapeutic applications and basic
biology research; Nair and Laurencin (2007) gave a review on
the synthesis, biodegradation, and biomedical applications of
degradable synthetic and natural polymers. By introducing a
naturally biocompatible nanomaterial Elo halloysite, Lvov et al.
(2016) performed in vitro and in vivo studies in biological cells
and worms to verify the safety of halloysite, as well as the efficient
adsorption of mycotoxins in animal stomachs. Lutz et al. (2016)
reviewed modern strategies to develop complex synthetic
substances, such as controlled radical polymerization,
supramolecular polymerization, or stepwise synthesis, to
synthesize polymers with precisely controllable molecular
structures.

From 2018 to 2021, it is an explosive growth stage, with a total
of 1,746 articles published, with an average annual publication
volume of about 437 articles , a total of 76,852 citations, and an
average annual citation of about 19,213 times. Annually
published articles reached a peak of 623 articles, with 27,546
citations. This stage is about 19.9 times the average annual
publication volume of the first stage and 3.9 times the average
annual publication volume of the second stage. It can be seen that
while academic achievements are increasing day by day,
researchers’ understanding of natural biopolymers is getting

FIGURE 1 | Number of publications and citation frequency from 2000 to
2021.
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deeper and deeper, and research in this field has become a
research hotspot and research trend for scholars and
institutions at present and even in the future.

3.2 Analysis of Subject Categories,
Countries/Regions, Institutions, Highly
Cited Journals, and Highly Cited Articles
By analyzing subject categories, countries/regions, institutions,
journals, and highly cited articles, this section enables researchers
to identify influential and representative subject, countries,
institutions, journals, and articles in the field, thereby helping
them find research collaborations in this field partner.

3.2.1 Subject Categories
The top 10 discipline categories are shown in Table 1, including
polymer science (765 articles, accounting for 21.81% of the total),
chemistry multidisciplinary (518 articles, 14.77%), biochemistry
molecular biology (437 articles, 12.46%), materials science
multidisciplinary (518 articles, 14.77%), 430 articles, 10.27%),
chemistry applied (360 articles, 9.12%), chemistry physical (320
articles, 8.30%), food science technology (291 articles, 7.07%),
engineering chemical (248 articles, 6.73%), materials science
biomaterials (236 articles, 6.53%), and biotechnology applied
microbiology (229 articles, 5.86%).

In Table 1, according to the aforementioned article quantity
trend analysis, the period is divided into 2000–2002, 2003–2017,
and 2018–2021. The number of various publications reflects the
development trend of natural biopolymers in different fields. The
number of publications in various fields increased significantly
between 2000 and 2017, with the most significant increases in
chemistry applied, food science technology, materials science
biomaterials, and biotechnology applied microbiology. At
different times, from issue 1 to issue 2, the number of
publications in all categories increased significantly. However,
from the second to the third issue, slow growth in the number of
publications in each category can be observed.

Co-occurrence category analysis is used to study
interdisciplinary linkages, and the construction of subject-
related networks can reveal the intrinsic links between
different subject categories. The subject area co-occurrence
map of natural biopolymers was produced using CiteSpace
software (Figure 2). We found that natural biopolymer

research is a multidisciplinary and interdisciplinary field,
mainly involving polymer science, chemistry, multidisciplinary,
biochemistry molecular biology, materials science,
multidisciplinary, chemistry applied, chemistry physical, food
science technology, engineering chemical, materials science
biomaterials, and biotechnology applied microbiology, and
many other disciplines. Figure 2 shows that the top three
categories of natural biopolymer research are polymer science,
chemistry multidisciplinary, biochemistry, and molecular
biology. Polymer science emerged as a medium connecting
many different disciplines, including chemistry
multidisciplinary, and materials science disciplines. The
relationships between other disciplines such as chemistry
multidisciplinary, engineering chemical, and chemistry applied
were mainly established after 2003. Biotechnology applied
microbiology has relatively few connections with other
disciplines. This result reflects the far-reaching impact of
natural biopolymers, as it shows that conducting global
research requires concerted efforts from different fields.

3.2.2 Country/Region
In order to clarify the major countries and regions involved in the
field of natural biopolymers and international cooperation,
considering the impact of citations on the results, compared
with co-occurrence analysis, the literature coupling method
(Hassan et al., 2020) can better demonstrate the complex
relationship between elements, mining highly consistent unit
clusters helps scholars who are engaged in research in the
same field to find potential partner countries (Boyack and
Klavans, 2010). Therefore, to deepen the analysis of country/
region, we adopted a literature coupling method. So far, 101
countries in the world have contributed to the field of natural
biopolymers. In order to further explore the cooperation between
countries, statistics of the top 10 countries in this field (Table 2),
the countries relevant to the research in this field were subjected
to literature coupled with visual analysis and mapping using VOS
Viewer software (Figure 3). In Figure 3, each node represents a
different country, the size of the node represents the country’s
scientific output, and the color and connecting line of each node
represent a diverse set of co-creation matrices based on the
corresponding country. The connections between each country
represent the cooperative relationship of each country, and the
thickness of the line indicates the degree of cooperation. The
stronger the connection between the two nodes, the deeper the
connection and cooperation between the two countries.

According to the statistics of the top 10 countries/regions by
the number of published articles (Table 2), the United States has
the most significant number of articles published in this field,
with 602 articles , accounting for 17.17% of the global total, with a
TCa value of 33,188 times and a TC/Pb value of 55.13. The
h-index value is the largest at 91, indicating that it has many high-
quality articles; followed by China with 538 articles, accounting
for 15.34% of the global total, with a TCa value of 15,962 times, a
TC/Pb value of 29.67, and the h-index value is 58; India publishes
432 articles, accounting for 12.32% of the global total, the TCa

value is 16,896 times, the TC/Pb value is 39.11, and the h-index
value is 65. These three countries have representative and

TABLE 1 | Article output in 10 subject categories of natural biopolymer research.

Subject category 2000–2002 2003–2017 2018–2021

Polymer science 12 325 428
Chemistry multidisciplinary 7 244 267
Biochemistry molecular biology 13 214 210
Materials science multidisciplinary 5 202 223
Chemistry applied 2 148 210
Chemistry physical 5 163 152
Food science technology 2 110 179
Engineering chemical 5 126 117
Materials science biomaterials 1 120 115
Biotechnology applied microbiology 2 133 94
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authoritative research in this field, with 1,183 articles published,
accounting for 1/3 of the world’s articles. France has the highest
TC/Pb value at 64.89, indicating that the country has many high-
quality articles. As shown in Figure 3, Sino-US cooperation is the
most frequent, followed by India and South Korea, Germany and
Singapore.

With the development of the times, there are more and more
cooperation links between countries; the future research trend in
biopolymers will be multinational and diversified. In this part, we
use the activity index (AI) and the attractive index (AAI) to
evaluate the temporal changes in research and academic impact
for selected countries. Considering that there is usually a lag
between when an article is published and cited, we set the time
horizon for the attraction index to be two years later than the

activity index. The starting year of the activity index for a given
country is when the country first published an article in the field
(Shen et al., 2018). Therefore, the activity and attractive index’s
time horizons are 2000–2019 and 2002–2021, respectively. The
activity index (AI) and attractive index (AAI) of the top 10
countries with the most publications were calculated
(Supplementary Tables S1, S2) and presented in a quadrant
diagram (Figure 4). The reference line (y = x) reflects how a
country’s research efforts are balanced against the impact it cites
in natural biopolymer research. These selected countries have
undergone four types of evolution. Quadrants 1–4 in Figure 4
represent four different situations, respectively. The points in the
first quadrant represent the years in which the country’s activity
index (AI) and attractive index (AAI) are both higher than the
global average. Dots represent years in which the country’s
attractive index (AAI) is higher than the global average, and
the activity index (AI) is lower than the global average; the dots in
the third quadrant represent the country’s activity index (AI) and
attractive index (AAI) are both low years in which the country’s
activity index (AI) is above the global average. The attractive
index (AAI) is below the global average.

Comparing the performance of countries using the activity
index (AI) and attractive index (AAI) shows that, in most years,
the United States and France have higher research efforts and
academic influence than the global average; research efforts and
academic impact in China, Iran, and India are below the global
average in most years but have exceeded the global average since
2019, implying a more critical role for developing countries than
in the past, along with their research, technology, and economic
areas; wait until their ability begins to improve. Research effort
and impact in developed countries decreased relatively
(United States, Germany, and France) or fluctuated (Italy,
England, Spain, and Brazil) over the same period. However,
the research on natural biopolymers in developed countries

FIGURE 2 | Visualization of the co-occurring subject categories network. (Nodes represent subject categories. The size of a node is proportional to the literature
number of the subject category. The links represent the co-occurring relationship between different subject categories. The color of the rings and links corresponds to the
year. The purple rings indicate high centrality.)

TABLE 2 | Top 10 most productive countries in terms of relevant articles.

Country Ps Percentage (%) TCa TC/Pb H-index

United States 602 17.17 33,188 55.13 91
China 538 15.34 15,962 29.67 58
India 432 12.32 16,896 39.11 65
Germany 213 6.07 10,749 50.46 49
Iran 188 5.36 6,752 35.91 43
Italy 186 5.30 5,811 31.24 42
France 172 4.90 11,161 64.89 49
Spain 170 4.85 8,100 47.65 43
Brazil 158 4.51 4,496 28.46 30
England 145 4.13 7,500 51.72 42

Note: Ps: the total number of articles published. TCa: the total citations for a country. TC/
Pb: average number of citations per paper for a country. h-index: according to Hirsch
(2005): A scientist has index H if H of his/her Np articles have at least H citations each,
and the other Np-H, articles have no more than H citations each, in which Np is the
number of articles published during n years. A higher-index indicates greater academic
impact.

Frontiers in Chemistry | www.frontiersin.org July 2022 | Volume 10 | Article 9156485

Sun et al. Natural Biopolymers; Quantitative Visualization; Bibliometric Analysis

https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


still has significant influence and status. In addition, the
United States and China are relatively close to the reference
line in terms of the distance between the points representing a
particular country and the reference line, which means that their
research efforts are balanced against the impact of citations.

3.2.3 Institution
In the same research field, cooperation between institutions can
reflect the most productive organizational, professional
information, and inter-institutional relationships, and the
frequency analysis and bibliographic coupling analysis of
institutions are performed through bibliometrics. A total of
200 institutions globally have contributed to the field of
natural biopolymers, and the top 10 institutions with the
number of publications are counted (Table 3).

As demonstrated in Table 3, among the 200 institutions, the
League of European Research Universities LERU published the
most articles, with a total of 119 articles, accounting for 3.39% of
the global total, with a TCa value of 5,214 times and a TC/Pb value
of 43.82. The h-index value is the largest at 39, indicating that the
institution has published many high-quality articles; followed by
the Centre National De La Recherche Scientifique CNRS in
France (101, 2.88%, 5,706, 56.5, and 32) and the Chinese
Academy of Sciences in China (81, 2.31%, and 3,043, 37.57,
33). China’s Consejo Superior de Investigaciones Cientificas
CSIC had the highest TC/Pb value of 67.45, indicating that the
institution has much high quality. Notably, while the
United States ranks first for research publications in this field,
it does not have a single institution in the top 10 publications. As
shown in Figure 5, the Chinese Academy of Sciences is the most

productive institution in this field, and it is also the most core and
cooperative institution in this field. On the other hand, it can be
seen that the various institutions are cooperating with institutions
in the same country, and the cooperation of multinational
institutions is less. Observing cooperation between institutions
will facilitate researchers to find potential partner institutions
faster and more accurately and help more institutions carry out
cross-border cooperation.

3.2.4 Highly Cited Journals
The top 10 journals are ranked by the number of publications
(Table 4). It can be seen that among the top 10 journals with more
than 100 articles, there are two journals with more than 100
articles, namely 128 articles from Elsevier’s “International Journal
of Biological Macromolecules” and 104 articles from Mdpi’s
“Polymers.” In addition, the impact factor (IF) and JCI index
of these journals can also measure their value according to their
role and status in science communication. The Journal Citation
Indicator (JCI) is the average Category Normalized Citation
Impact (CNCI) of citable items (articles and reviews)
published by a journal over a recent three-year period.
Citation impact (JCI > 1) and impact factor (IF > 5) are
higher than the average citation impact of similar journals.
Among them, “Food Hydrocolloids” has the highest JCI of
2.15, which is 115% higher than the average citation impact of
similar journals, and the IF value is 9.169, which indicates that the
journal has significant international influence; “International”
Journal of Biological Macromolecules, JCI value is 1.38, 38%
higher than the average citation impact of similar journals, IF
value is 6.737; “Carbohydrate Polymers” JCI value is 1.99, 99%

FIGURE 3 | Country/region cooperation knowledge graph (frequency ≥1).
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higher than the average citation impact of similar journals, IF
value is8.678. The JCI value of “ACS Sustainable Chemistry
Engineering” is 1.5, which is 50% higher than the average
citation impact of similar journals, and the IF value is 8.471;
the JCI value of “Materials Science Engineering C Materials for

Biological Applications” is 1.27, which is averagely cited than
similar journals. The impact is 27% higher, and the IF value is
6.654; the JCI value of “Biomacromolecules” is 1.60, which is 60%
higher than the average cited the impact of similar journals, and
the IF value is 6.813; the United States ranks only 4th among the

FIGURE 4 | Relational chart of AI and AAI from 2000 to 2021 for 10 countries/regions.
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TABLE 3 | Top 10 most productive institutions in terms of relevant articles.

Institution Ps Percentage (%) Country TCa TC/Pb H-index

League of European Research Universities LERU 119 3.39 United Kingdom etc. 5,214 43.82 39
Centre National De La Recherche Scientifique CNRS 101 2.88 France 5,706 56.5 32
Chinese Academy of Sciences 81 2.31 China 3,043 37.57 33
Udice French Research Universities 73 2.08 France 4,776 65.42 31
Indian Institute of Technology System Iit System 66 1.88 India 2,579 39.08 27
Consejo Superior de Investigaciones Cientificas CSIC 58 1.65 China 3,912 67.45 26
Russian Academy of Sciences 54 1.54 Russia 488 9.04 13
Council of Scientific Industrial Research CSIR India 50 1.43 India 2,491 49.82 20
Consiglio Nazionale Delle Ricerche CNR 46 1.31 Italy 1,354 29.43 17
Egyptian Knowledge Bank EKB 46 1.31 Egypt 1,389 30.2 16

FIGURE 5 | Knowledge map of cooperation between institutions (frequency ≥5).

TABLE 4 | Top 10 journals with publication volume.

Journal Ps Percentage (%) Publisher Region Total citation JCI If

International Journal of Biological Macromolecules 128 3.65 Elsevier Netherlands 79,247 1.38 6.737
Polymers 104 2.97 Mdpi Switzerland 27,637 0.83 4.493
Carbohydrate polymers 99 2.82 Isevier sci itd England 104,570 1.99 8.678
Biopolymers 69 1.97 Wiley United States 9,962 0.47 2.235
Food hydrocolloids 55 1.57 Isevier sci itd United States 42,938 2.15 9.169
Journal of Applied Polymer Science 44 1.25 Wiley United States 68,877 0.7 2.754
Materials 38 1.08 Mdpi Switzerland 52,459 0.63 3.92
ACS Sustainable Chemistry Engineering 34 0.97 Amer chemical soc United States 62,273 1.5 8.471
Materials Science Engineering C Materials for Biological Applications 32 0.91 Elsevier Netherlands 50,537 1.27 6.654
Biomacromolecules 31 0.88 Amer chemical soc United States 45,724 1.6 6.813

Note: JCI: Journal Citation Indicator (The average JCI, in a category is 1. Journals with a JCI, of 1.5 have 50% more citation impact than the average in that category. It may be used
alongside other metrics to help you evaluate journals.); IF: 5-years impact factor, impact factor data from the 2020 edition of Journal Citation Reports

®
in Web of Science.
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top 10 journals in terms of the number of published articles.
Nevertheless, 5 of the top 10 journals (50%) are in the
United States. It can be seen that it still has a high research
status in this field. It is worth noting that the top 10 journals with
published articles are all developed country journals. It can be
seen that developed countries have made a lot of research and
contributions to natural biopolymers.

3.2.5 Highly Cited Articles
The top 10 most cited articles in natural biopolymers were
counted (Table 5) Faruk et al. (2012). “Biocomposites
reinforced with natural fibers: 2000–2010,” published in 2012,
was cited the most with 2,087 times; followed by Samir et al.
(2005). “Review of recent research into cellulosic whiskers, their
properties and their application in nanocomposite field”was cited
1,742 times in 2005; Crini (2005) published “Recent
developments in polysaccharide-based materials used as
adsorbents in wastewater treatment” in 2005, cited 1,510
times. Two of the top 10 cited articles were published in
“Progress in Polymer Science” and “Biomacromolecules,”
which shows that the journal’s research in this field is
representative and authoritative.

3.3 Knowledge Structure and Sub-Fields
As the core of a document, keywords are words with substantive
meaning condensed from the document’s leading content and
have a high guiding role for academic research in a field. Keyword
co-occurrence is to mine the relationship between high-frequency
keywords. If a particular keyword appears in different documents
with high frequency simultaneously, their correlation is very
close, representing the hot research in this field (Chen et al.,
2015). However, only considering the relationship of the keyword
dimension for clustering has certain limitations, ignoring the
cooperative relationship between keywords, and it is not easy to
interpret the Frontier fields in-depth in terms of classification.
Therefore, a bimodal matrix was constructed in this study, and a
systematic clustering analysis was performed on high-frequency

keywords. In addition to analyzing keywords by VOS Viewer
software, this study also introduces Citespace software. Citespace
software has diversified, time-based, and dynamic citation
visualization analysis, allowing readers to understand the
knowledge area of a specific topic through visualization (Chen
et al., 2010; Xie, 2015). The keywords in the field of natural
biopolymers are visualized and analyzed by VOS Viewer software
(Figure 6A), and the CiteSpace software is used to visualize the
data related to natural biopolymers from 2000 to 2021. The top
five keywords are plotted on the cluster map (Figure 6B).

There are five clusters in the figure, as shown in Figure 6A,
indicating that natural biopolymers are mainly divided into five
main directions in the current study. The blue clusters
represented by the keywords “nanoparticles,” “stability,” and
“food,” the green clusters of “mechanical-properties,” “films,”
and “blends,” the “in vitro,” “yellow clusters for “biomaterials”
and “fabrication,” purple clusters for “antioxidant,”
“antimicrobial activity,” and “coatings,” and red clusters for
“chitosan,” “proteins,” and “removal.”

In summary, the research on natural biopolymers can be
divided into five main categories of knowledge structures
(Figure 6C), namely, “development of natural biopolymers,”
“performance and operation,” “analysis of biological research,”
“application in the medical field” and “derivatives.”

3.3.1 Development of Natural Biopolymers
In the past few decades, to reduce the impact of traditional
polymers (plastics) on the ecological environment, reduce the
consumption of non-renewable resources in the production
process, and promote global sustainable development. As a
result, the production and application of natural biopolymers
have increased substantially over the past few years, making
natural biopolymers one of the most promising avenues to
achieve sustainable development goals. Natural biopolymers
are naturally derived materials, including polynucleotides,
polypeptides, and polysaccharides (Wang et al., 2021). The
application of natural polymers in biomedicine dates back

TABLE 5 | Top 10 cited articles and journals.

Title Journal Citations Year First author

Biocomposites reinforced with natural fibers: 2000–2010 Progress in polymer science 2,087 2012 Faruk, O, Faruk et al. (2012)
Review of recent research into cellulosic whiskers, their properties and their
application in the nanocomposite field

Biomacromolecules 1,742 2005 Samir, MASA, Samir et al. (2005)

Recent developments in polysaccharide-based materials used as adsorbents
in wastewater treatment

Progress in polymer science 1,510 2005 Crini, G, Crini, (2005)

Sustainable bio-composites from renewable resources: Opportunities and
challenges in the green material world

Journal of Polymers and the
Environment

1,413 2002 Mohanty, AK, Mohanty et al. (2002)

Biopolymer-based hydrogels as acaffolds for tissue engineering applications:
a (Review)

Biomacromolecules 1,165 2011 Van Vlierberghe, S, Van Vlierberghe
et al. (2011)

Biomass burning—a review of organic tracers for smoke from incomplete
combustion

Applied geochemistry 1,013 2002 Simoneit, BRT, Simoneit, (2002)

Hierarchically porous carbon derived from polymers and biomass: effect of
interconnected pores on energy applications

Energy and environmental
science

984 2014 Dutta, S, Dutta et al. (2014)

Functional and bioactive properties of collagen and gelatin from alternative
sources: a (review)

Food hydrocolloids 973 2011 Gomez-Guillen, MC,
Gómez-Guillén et al. (2011)

Natural-based plasticizers and biopolymer films: a (review) European polymer journal 956 2011 Vieira, MGA, Vieira et al. (2011)
Ionic liquid processing of cellulose Chemical Society Reviews 927 2012 Wang, H, Wang et al. (2012)
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FIGURE 6 | Keyword co-occurrence and clustering knowledge graph. (A)Based on VOS viewer software (frequency≥ 20). (B)Based on CiteSpace software (top 5
categories). (C) Knowledge structure graph.
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thousands of years, whereas synthetic degradable polymers only
started in the late 1960s (Nair and Laurencin, 2007). Since the
21st century, a series of natural biodegradable polymers have
been developed, which are mainly used in polymer science
(biofiber-reinforced composites, nanomaterials) (Faruk et al.,
2012), biomedicine (tissue engineering, regenerative medicine,
gene therapy, and controlled drug release) (Nair and Laurencin,
2007), and biochemistry (hydrogels to enhance bioactivation, cell
survival, and tissue formation) (Malda et al., 2013). Notably, new
fibers from emerging biopolymers have emerged in recent years,
including sulfated polysaccharides (carrageenans and
glycosaminoglycans) and tannins and their derivatives
(condensed and hydrolyzed tannins, tannins acid) (Reddy
et al., 2021). As a water-soluble and complex anionic sulfated
polysaccharide, green algae mud is green seaweed cell walls
(Lahaye and Robic, 2007). Its carbohydrate composition is
complex and changeable, mainly composed of rhamnose,
glucuronic acid, iduronic acid, and xylose. The physical
properties and pharmacological activities of green algal
sulfurized polysaccharides have been systematically studied
(Robic et al., 2008; Alves et al., 2010), and a wide range of
biological activities, including antibacterial (Gadenne et al.,
2015; Berri et al., 2016), antiviral (Shi et al., 2017), and
antibacterial coagulation (Zhang et al., 2008). Tannins are low-
cost and ubiquitous natural biopolymers (Morisada et al., 2011).
They are secondary metabolites of polyphenols of higher plants,
mainly found in soft tissues (flakes, needles, or bark) (Hernes and
Hedges, 2004; Arbenz and Averous, 2015). After cellulose,
hemicellulose, and lignin, tannins are the most abundant
compounds extracted from bark, leaves, seeds, and fruits
(Khanbabaee and van Ree, 2001). In this field of research,
scientists continue to innovate. From the earliest single natural
biopolymers (spider silk, insect shells) to today’s various
emerging natural biopolymers, it can be seen that the field of
natural biopolymers is constantly developing, and scientists are
more and more interested in this field, and they have invested
much time in research and development. In the future, cross-
country and institutional research will become a trend.

3.3.2 Performance and Operation
Natural biopolymers have attracted the attention of researchers
because of their unique properties, attractive functions, and
abundant resources. The most prominent properties of natural
biopolymers include biodegradability, bioactivity,
biocompatibility, film-coating ability, high miscibility,
environmentally friendly non-toxicity, and are non-allergic
(Khan et al., 2017; Verlee et al., 2017; Volova et al., 2018).
Biocompatibility is the most important, referring to the
interaction between living systems and materials without side
effects (Ghasemi-Mobarakeh et al., 2019). For example, advanced
functional materials can be made of chitosan, which has
antibacterial and antifungal properties (Zhang et al., 2013),
electrical conductivity, and electrical activity (You et al., 2017);
silk fibroin has superior mechanical properties, good
biocompatibility, and biodegradability (Zhou et al., 2017; Ling
et al., 2018). Also, scientists (Sell et al., 2009) have exploited the
solubility of natural biopolymers in different solvents and

different structural behaviors in solutions to fabricate scaffolds
and fibers with favorable biological properties. Most of the articles
in this field focus on the favorable properties of natural
biopolymers and toxicological aspects, unfavorable factors, and
how performance indicators change over time. There are fewer
reports present that compare various performance parameters of
natural biopolymers with other polymers. Still less, many
unknown factors still need further systematic study by
researchers.

3.3.3 Analysis of Biological Research
Natural biopolymers have been extensively studied in the
biological field. For example, natural gums are used as
thickeners and suspending agents in various dosage forms and
show excellent controlled drug release profiles due to their
excellent drug retention (Koyyada and Orsu, 2021); in artificial
structural coloring materials, including their applications in
biomimetic design and fabrication (Zhang Z. et al., 2021); as
proton conductors in bioelectronic devices, such as
polysaccharides (chitosan, GAG), proteins and peptides.
(Esmaeilzadeh et al., 2018; Jia M. et al., 2021). Agarose, a
high-molecular polymer extracted from natural plant gelatin,
is a flexible ion-conducting polymer widely used to separate
biomolecules (Wang et al., 2011) and solid electrolytes
(Finkenstadt, 2005). Although natural biopolymers have many
benefits, there are still some deficiencies in integrating
biopolymers with bioelectronic devices. For example, the
importance of desired delicate patterns is expected to increase
as the size of bioelectronic devices becomes smaller, natural
biopolymers are heterogeneous when they come from different
species or even from the same organism, natural biopolymers
with hydration properties in aqueous environments can lead to
swelling and potential failure at the interface with other
functional electronic components (Jia M. et al., 2021). In this
field, the ever-increasing demand will eventually strain the
resources of biological raw materials. As a sustainable, green,
and efficient biological material, natural biopolymers can
reasonably cope with the shortage of some biological
resources. But the modification of natural biopolymers is
either toxic or does not yield the final desired properties, and
there are currently few methods to deal with them, which will
require further research by researchers in the future.

3.3.4 Application in the Medical Field
Naturally derived biopolymers are suitable for medical
applications due to their biocompatibility, biodegradability,
non-toxicity, and ability to adsorb bioactive molecules. In
medical applications, natural biopolymer materials can be
defined as materials that interface with biological systems for
evaluation, treatment, and augmentation of the human body
(Nair and Laurencin, 2007), such as bone screws, scaffolds,
plates, and multifilament meshes (Vert, 2005). For example,
scaffolds are used as a cell support system for seeding cells
in vitro and stimulate more cells to build up a matrix to build
a tissue foundation for transplantation, requiring the use of
scaffolds as drug delivery devices or growth factors. This
approach combines the scaffold with growth factors, and the
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body’s implanted cells are recruited around the matrix at the
scaffold site to form new tissue. The two approaches are not
mutually exclusive and can easily fuse. Naturally derived
biopolymers are suitable for medical applications due to their
biocompatibility, biodegradability, non-toxicity, and ability to
adsorb bioactive molecules (Ripamonti, 2004; Howard et al.,
2008). Polyethylene glycol (PEG) is a natural biopolymer
(biocompatible hydrophilic polyether) commonly used in
medicine to enhance the action of bioactive compounds
(Winnacker and Rieger, 2017). The manufacture of synthetic
polymers is a controlled procedure involving fixed quantities of
ingredients; however, the productivity of natural biopolymers
depends on the environment and many physical and other
factors. In recent years, natural biopolymers have also received
extensive attention in the field of drug delivery (Maghsoudi et al.,
2020). Chitosan is a polysaccharide present in shellfish, fungi,
annelids, mollusks, and insects, and it is the second most widely
distributed natural polysaccharide on earth (Gheorghita et al.,
2021). The use of chitosan for drug delivery in the pharmaceutical
industry has many advantages, such as the controlled release of
encapsulated substances, elimination of toxic substances during
development, and improved membrane absorption by mixing
cationic chitosan with anionic materials (Prabaharan, 2008). Roy
et al. (2020) using natural biopolymers with computer-aided
pharmacokinetic modeling conjugates for cancer cell–targeted
specific drug delivery will be a focus area for future research. In
this field of research, natural biopolymers are mainly used in
drugs and medical devices, which can be a good substitute for
many refractory and expensive materials. There are few studies
on agriculture and other fields, and researchers still need
systematic research and interdisciplinary and interdisciplinary
collaborative research.

3.3.5 Derivatives
Due to their rich functions, natural biopolymers have derived
many valuable products by studying their functions.
Electrospinning, resulting from the processing of natural
biopolymer materials, can be used as porous fibrous materials
for tissue engineering and other biomedical applications
(Madruga and Kipper, 2022); glycosaminoglycans, the main
components of extracellular matrix in animal tissues, are
formed by gel-like matrix, widely used in biomedicine as an

anticoagulant, anti-tumor, and anti-inflammatory, and wound
healing (Liu et al., 2002; Mizumoto and Sugahara, 2013; Zhou
et al., 2016); in electrical stimulation–based bioelectronic devices,
natural biopolymer chitosan and carbon nanomaterials materials
or conductive polymers can be mixed to form highly conductive
composites (Sadeghi et al., 2019); the polyglycolide non-woven
fabric-fibrin glue composite matrix formed based on polyethylene
glycol has excellent skin closure ability, and it is helpful for
biological regeneration of tissues and has been applied in the
medical field (Terasaka et al., 2006). In this field, some derivatives
are limited by problems such as insolubility in water, fast
depolymerization in the human body, and weak antibacterial
properties. There are still few studies on functionalizing the
structure of natural biopolymers through various chemical
modifications. Its derivatives are also mainly concentrated in
the medical field, and future research in other fields needs to be
further strengthened by researchers.

3.4 Research Frontier Identification
Outbreak detection can be used to find keywords of particular
interest to the scientific community at a certain time. We can
determine the development of keywords and potential research
topics (Li et al., 2021), which can be viewed as the appearance
time, end time, and keyword strength of keywords, and predict
the research trend of future hot areas. Therefore, outbreak
keywords can be used as indicators to investigate research
fronts and predict research trends. The explosions in the
literature were detected using CiteSpace software (Table 6).
Due to environmental and sustainability concerns, this century
has witnessed remarkable achievements in green technologies in
materials science by developing biocomposite materials. The
development of high-performance materials and natural
resources is increasing worldwide. As we all know, there has
been much interest in natural biopolymers recently and much
acting. As demonstrated in Table 6, “dissolution,” “polylactic
acid,” “regeneration,” “strength,” “antibacterial,” “efficient,”
“cassava starch,” “bioactive compound,” “thermal stability,”
“pretreatment,” “chitosan film,” and “nanocrystalline
cellulose,” these 12 explosive keywords have emerged in recent
years, and will continue to explode in 2021. It can be speculated
that these keywords will become future research hotspots.
Moreover, from these 12 keywords, it can be inferred that

TABLE 6 | Top 25 keywords with strongest citation bursts.

Keyword Year Strength Begin End 2000–2021

Dissolution 2000 3.51 2017 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃▃
Polylactic acid 2000 4.22 2018 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃
Regeneration 2000 4.15 2018 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃
Strength 2000 3.94 2018 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃▃
Antibacterial 2000 5.81 2019 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃
Efficient 2000 4.06 2019 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃
Cassava starch 2000 4.02 2019 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃
Bioactive compound 2000 3.62 2019 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃
Thermal stability 2000 3.62 2019 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃
Pretreatment 2000 3.30 2019 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃
Chitosan film 2000 3.21 2019 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃
Nanocrystalline cellulose 2000 3.21 2019 2021 ▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▂▃▃▃
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scholars and institutions engaged in the field of natural
biopolymers in the future will shift from a single field to a
more diversified research direction, focusing on “physical and
chemical properties of natural biopolymers,” “natural
biopolymers,” performance mechanisms of biopolymers,”
“derivatives of natural biopolymers,” and “positive effects of
natural biopolymers on human living standards."

3.5 Emerging Research and Potential Value
(2018–2021)
Since the scientific research results published in recent years
have certain representativeness and reference value for the
future research trend of a specific research field, we analyzed
the research results related to natural biology in the Web of
Science Core Collection (ScienceCitation Index Expanded,
SCIE and Social Sciences Citation Index, SSCI) database
from 2018 to 2021. Articles related to the polymer field are
analyzed in depth. From 2018 to 2021, it is an explosive growth
stage, with a total of 1,746 articles published, with an average
annual publication volume of about 437 articles, 76,852
citations, and an average annual citation of about 19,213
times. Visible, natural research in biopolymers has become
the focus of current and future scholars and institutions:
research hotspots and research trends. Therefore, in order
to understand the emerging research and potential value at this
stage, only the articles on natural biopolymers from 2018 to
2021 were screened and summarized into three main research
directions: “medical field,” “biochemistry field,” and “food
science field."

3.5.1 Medical Field
Since 2018, the application of natural biopolymers in the
medical field has mainly been used in drugs; for example,
rubber latex from the natural rubber tree has good
biocompatibility and has been shown to act as a controlled
drug by enhancing the process of angiogenesis, guiding, and
recruiting cells responsible for osteogenesis. The released
solid matrix induces tissue repair (Guerra et al., 2021). In
addition to being used for drugs, natural biopolymers can also
be used as carriers for medical machinery (John and Shaiba,
2019). Zhang W. et al. (2021) have shown that electrospun
poly (caprolactone) scaffolds based on natural biopolymers
can be used in bone, cartilage, and skin, The design and
practice of tendon, ligament, and nerve fields (Durand
et al., 2010) have efficient applicability, with potential value
for future medical research and clinical applications;
Bouhlouli et al. (2021) showed that the latest trends in
bacterial cellulose (BC) applications are polymers. As
scaffolds for different types of tissues, including bone,
blood vessels, skin, and cartilage; Arango et al. (2021)
studies have shown that sericin from natural silk is
beneficial to the properties of biological keratinocytes and
fibroblasts, making it become a biomaterial for repairing
epithelial tissue, mainly used as a wound dressing and skin
regeneration. Due to the environmental protection, low price,
and high stability of natural biopolymers, scientists have

performed the most research on them in the medical field.
The field will continue to innovate and develop rapidly in the
future.

3.5.2 Biochemistry Field
Since 2018, the application of natural biopolymers in
biochemistry has been mainly as proton conductors in
bioelectronics (Jia M. P. et al., 2021). For example, as a
natural biopolymer, the nucleic acid has excellent
programmability, biocompatibility, and specific characteristics
and can be directly recognized in biosensors through
molecular recognition, improving research efficiency (Zhang
et al., 2020); through direct chemical modification, targeting
proteins. The terminal carboxyl or amine residues, and
exploring the effect of surface hydrophobicity on proton
conduction, can hinder the proton conduction of natural
biopolymer proteins (Mondal et al., 2020). Xiong et al. (2020),
based on light phenomena found in nature in biophotonic
structures, integrated synthetic optically active
nanocomponents into an organized hierarchical biopolymer
framework for increasing optical functionality. There are few
studies on the biochemical field of natural biopolymers. Most
studies only use some single characteristics of natural
biopolymers. However, the research on the combination of the
characteristics of different natural biopolymers and their
application in crop and plant breeding needs to be further
strengthened in the future.

3.5.3 Food Science Field
Since 2018, the application of natural biopolymers in food
science has been mainly used in food, packaging,
preservation, and coloring. For example, the flavonoid
derivative stilbene is a flavonoid compound in several
edible plants, which is often widely used as a food and
food supplement (Grochowski et al., 2018). The bitterness
of pea and potato protein was adjusted by compound
coagulation (Zeeb et al., 2018). Natural biopolymer
aromatic plant essential oil (EO) can be used as an
excellent antibacterial agent, and its derivative EO
microcapsule also has a particular fresh-keeping effect on
fruits and vegetables (Guo et al., 2021). Edible packaging
produced by processing fruit waste can prolong the shelf life
of food and maintain its nutrition (Yadav et al., 2021). With
the improvement of people’s living standards, the
requirements for food colorants tend to be more natural
colorants, such as carotenoids, betaine, anthocyanins, and
chlorophyll (Alizadeh-Sani et al., 2020). As a famous natural
colorant, curcumin has attracted extensive attention because
of its excellent functional properties and the ability to change
color with the change of pH value (Roy et al., 2022). The
development of natural biopolymers is getting closer and
closer to people’s daily life. With the development of
global concepts such as sustainability, low carbon, green
and environmental protection, degradable natural
biopolymers have gradually replaced traditional rugged
degradable plastic packaging bags, and natural biopolymers
used in food will be a hot topic of research in the future.
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4 CONCLUSION

The number and complexity of studies on natural biopolymers make
it challenging to get a clear and comprehensive view of the rapid
growth of information in the scientific literature. The development of
natural biopolymers seems to be a beautiful way to mine the
regularity of their changes. Bibliometrics is a transformative
approach emerging as an emerging topic in the discipline. This
study develops a data-driven strategy and framework for bibliometric
analysis and presents research progress related to natural biopolymers
from 2000 to 2021. The findings suggest that the field of natural
biopolymers is attracting more interest from researchers worldwide,
as evidenced by the massive growth in publications since 2000. The
United States has published the most articles in this field, with 602,
indicating that the research in this field is representative and
authoritative, and China ranks second with a total of 538 articles,
showing great potential and growth.

Comparing the performance of countries using the activity
index (AI) and attractive index (AAI) shows that since 2000,
China, Iran, and India have made significant progress in natural
biopolymer research, becoming important new contributors.
Since 2019, their influence has exceeded the global average,
which means that the role of developing countries is more
important than in the past, and their scientific research,
technological and financial capabilities have begun to improve.

The top three discipline categories of natural biopolymer research
are Polymer Science, Chemistry Multidisciplinary, Biochemistry,
and Molecular Biology. The institution with the most significant
number of published articles is the League of European Research
Universities Leru, with a total of 119; five of the top 10 journals are
from the United States, which shows that the United States has a
high level of research in this field. “Physical and chemical properties
of natural biopolymers,” “natural biopolymers,” performance
mechanisms of biopolymers,” “derivatives of natural
biopolymers,” and “positive effects of natural biopolymers on
human living standards” are all emerging hotspots in the field of
natural biopolymers.

2018 is the starting point for the explosive growth of the
number of articles. Since 2018, the research of natural
biopolymers has become the focus of current and future
scholars and institutions. The researchers are mainly in the
“medical field,” “biochemistry field,” and “food science field.”

This study will help researchers quickly identify their general
patterns. Readers can gain exciting information from the rich
bibliometric data. This study still has some limitations; for
example, the data for natural biopolymers are only from the
WOSCC database, which may not include other citation
information, and although we identified the main research

hotspots and their evolution, more in-depth information on
each research hotspot, such as methodology, theoretical
background and main findings of each work is still needed.
Despite the aforementioned limitations, the findings of this
study are based on objective data, are stable and reliable, and
are generally unaffected by empiricism. This study can offer some
suggestions for scholars interested in identity recognition to help
them understand developmental trajectories and statistical
models. Furthermore, an exciting avenue for those working in
the future is to conduct more detailed analyses of natural
biopolymers and discuss the results in greater depth:
collaborations across multiple countries, institutions, and
fields; comparisons between different natural biopolymers; the
physical and chemical properties of natural biopolymers are
improved and used; the operation and instruments for the
modification of natural biopolymers and the development of
derivatives of natural biopolymers in agriculture, ecology, soil,
and other fields.

AUTHOR CONTRIBUTIONS

YS: conceptualization, writing an original draft, data curation,
methodology; YB: conceptualization; WY: data curation; KB:
visualization; ST: formal analysis, investigation; JH: visualization,
resources, project administration, validation, writing—review and
editing.

FUNDING

This study was supported by the Ecological Security and
Bioremediation Mechanism of Saline-alkali Soil Improvement
in the Middle Yellow River (No. DL2021172002L).

ACKNOWLEDGMENTS

The research was financially supported by the Ecological Security
and Bioremediation Mechanism of Saline-alkali Soil
Improvement in the Middle Yellow River (No. DL2021172002L).

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fchem.2022.915648/
full#supplementary-material

REFERENCES

Abriat, C., Gazil, O., Heuzey, M.-C., Daigle, F., and Virgilio, N. (2021). The
Polymeric Matrix Composition of Vibrio cholerae Biofilms Modulate
Resistance to Silver Nanoparticles Prepared by Hydrothermal Synthesis.
ACS Appl. Mat. Interfaces 13 (30), 35356–35364. doi:10.1021/acsami.
1c07455

Alizadeh-Sani, M., Mohammadian, E., Rhim, J.-W., and Jafari, S. M. (2020). pH-
Sensitive (Halochromic) Smart Packaging Films Based on Natural Food
Colorants for the Monitoring of Food Quality and Safety. Trends Food Sci.
Technol. 105, 93–144. doi:10.1016/j.tifs.2020.08.014

Alves, A., Caridade, S. G., Mano, J. F., Sousa, R. A., and Reis, R. L. (2010).
Extraction and Physico-Chemical Characterization of a Versatile Biodegradable
Polysaccharide Obtained from Green Algae. Carbohydr. Res. 345 (15),
2194–2200. doi:10.1016/j.carres.2010.07.039

Frontiers in Chemistry | www.frontiersin.org July 2022 | Volume 10 | Article 91564814

Sun et al. Natural Biopolymers; Quantitative Visualization; Bibliometric Analysis

https://www.frontiersin.org/articles/10.3389/fchem.2022.915648/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fchem.2022.915648/full#supplementary-material
https://doi.org/10.1021/acsami.1c07455
https://doi.org/10.1021/acsami.1c07455
https://doi.org/10.1016/j.tifs.2020.08.014
https://doi.org/10.1016/j.carres.2010.07.039
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


An, S., Hong, J. H., Song, K. Y., Lee, M. W., Al-Deyab, S. S., Kim, J. J., et al. (2017).
Prevention of Mold Invasion by Eco-Friendly Lignin/polycaprolactone
Nanofiber Membranes for Amelioration of Public Hygiene. Cellulose 24 (2),
951–965. doi:10.1007/s10570-016-1141-5

Arango, M. C., Montoya, Y., Peresin, M. S., Bustamante, J., and Álvarez-López, C.
(2021). Silk Sericin as a Biomaterial for Tissue Engineering: a Review. Int.
J. Polym. Mater. Polym. Biomaterials 70 (16), 1115–1129. doi:10.1080/
00914037.2020.1785454

Arbenz, A., and Avérous, L. (2015). Chemical Modification of Tannins to Elaborate
Aromatic Biobased Macromolecular Architectures. Green Chem. 17 (5),
2626–2646. doi:10.1039/c5gc00282f

Berri, M., Slugocki, C., Olivier, M., Helloin, E., Jacques, I., Salmon, H., et al. (2016).
Marine-sulfated Polysaccharides Extract of Ulva Armoricana Green Algae
Exhibits an Antimicrobial Activity and Stimulates Cytokine Expression by
Intestinal Epithelial Cells. J. Appl. Phycol. 28 (5), 2999–3008. doi:10.1007/
s10811-016-0822-7

Bornmann, L., and Mutz, R. (2015). Growth Rates of Modern Science: A
Bibliometric Analysis Based on the Number of Publications and Cited
References. J. Assn Inf. Sci. Tec. 66 (11), 2215–2222. doi:10.1002/asi.23329

Bouhlouli, M., Pourhadi, M., Karami, F., Talebi, Z., Ranjbari, J., and Khojasteh, A.
(2021). Applications of Bacterial Cellulose as a Natural Polymer in Tissue
Engineering. Asaio J. 67 (7), 709–720. doi:10.1097/mat.0000000000001356

Boyack, K. W., and Klavans, R. (2010). Co-Citation Analysis, Bibliographic
Coupling, and Direct Citation: Which Citation Approach Represents the
Research Front Most Accurately? J. Am. Soc. Inf. Sci. 61 (12), 2389–2404.
doi:10.1002/asi.21419

Chen, C. (2006). CiteSpace II: Detecting and Visualizing Emerging Trends and
Transient Patterns in Scientific Literature. J. Am. Soc. Inf. Sci. 57 (3), 359–377.
doi:10.1002/asi.20317

Chen, C., Ibekwe-SanJuan, F., and Hou, J. (2010). The Structure and Dynamics of
Cocitation Clusters: A Multiple-Perspective Cocitation Analysis. J. Am. Soc. Inf.
Sci. 61 (7), 1386–1409. doi:10.1002/asi.21309

Chen, H., Teng, Y., Lu, S., Wang, Y., and Wang, J. (2015). Contamination Features
and Health Risk of Soil Heavy Metals in China. Sci. Total Environ. 512-513,
143–153. doi:10.1016/j.scitotenv.2015.01.025

Crini, G. (2005). Recent Developments in Polysaccharide-Based Materials Used as
Adsorbents in Wastewater Treatment. Prog. Polym. Sci. 30 (1), 38–70. doi:10.
1016/j.progpolymsci.2004.11.002

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., and Lim, W. M. (2021). How to
Conduct a Bibliometric Analysis: An Overview and Guidelines. J. Bus. Res. 133,
285–296. doi:10.1016/j.jbusres.2021.04.070

Durand, D., Vivès, C., Cannella, D., Pérez, J., Pebay-Peyroula, E., Vachette, P., et al.
(2010). NADPH Oxidase Activator P67phox Behaves in Solution as a
Multidomain Protein with Semi-flexible Linkers. J. Struct. Biol. 169 (1),
45–53. doi:10.1016/j.jsb.2009.08.009

Durieux, V., and Gevenois, P. A. (2010). Bibliometric Indicators: Quality
Measurements of Scientific Publication. Radiology 255 (2), 342–351. doi:10.
1148/radiol.09090626

Dutta, S., Bhaumik, A., and Wu, K. C.-W. (2014). Hierarchically Porous Carbon
Derived from Polymers and Biomass: Effect of Interconnected Pores on Energy
Applications. Energy Environ. Sci. 7 (11), 3574–3592. doi:10.1039/c4ee01075b

Esmaeilzadeh, P., Köwitsch, A., Liedmann, A., Menzel, M., Fuhrmann, B., Schmidt,
G., et al. (2018). Stimuli-Responsive Multilayers Based on Thiolated
Polysaccharides that Affect Fibroblast Cell Adhesion. ACS Appl. Mat.
Interfaces 10 (10), 8507–8518. doi:10.1021/acsami.7b19022

Farokhi, M., Mottaghitalab, F., Shokrgozar, M. A., Kaplan, D. L., Kim, H.-W., and
Kundu, S. C. (2017). Prospects of Peripheral Nerve Tissue Engineering Using
Nerve Guide Conduits Based on Silk Fibroin Protein and Other Biopolymers.
Int. Mater. Rev. 62 (7), 367–391. doi:10.1080/09506608.2016.1252551

Faruk, O., Bledzki, A. K., Fink, H.-P., and Sain, M. (2012). Biocomposites
Reinforced with Natural Fibers: 2000-2010. Prog. Polym. Sci. 37 (11),
1552–1596. doi:10.1016/j.progpolymsci.2012.04.003

Finkenstadt, V. L. (2005). Natural Polysaccharides as Electroactive Polymers. Appl.
Microbiol. Biotechnol. 67 (6), 735–745. doi:10.1007/s00253-005-1931-4

Gadenne, V., Lebrun, L., Jouenne, T., and Thebault, P. (2015). Role of Molecular
Properties of Ulvans on Their Ability to Elaborate Antiadhesive Surfaces.
J. Biomed. Mat. Res. 103 (3), 1021–1028. doi:10.1002/jbm.a.35245

Ghasemi-Mobarakeh, L., Kolahreez, D., Ramakrishna, S., and Williams, D. (2019).
Key Terminology in Biomaterials and Biocompatibility. Curr. Opin. Biomed.
Eng. 10, 45–50. doi:10.1016/j.cobme.2019.02.004

Gheorghita, R., Anchidin-Norocel, L., Filip, R., Dimian, M., and Covasa, M. (2021).
Applications of Biopolymers for Drugs and Probiotics Delivery. Polymers 13
(16), 2729. doi:10.3390/polym13162729

Gómez-Guillén, M. C., Giménez, B., López-Caballero, M. E., and Montero, M. P.
(2011). Functional and Bioactive Properties of Collagen and Gelatin from
Alternative Sources: A Review. Food Hydrocoll. 25 (8), 1813–1827. doi:10.1016/
j.foodhyd.2011.02.007

Grochowski, D. M., Locatelli, M., Granica, S., Cacciagrano, F., and Tomczyk, M.
(2018). A Review on the Dietary Flavonoid Tiliroside. Compr. Rev. Food Sci.
Food Saf. 17 (5), 1395–1421. doi:10.1111/1541-4337.12389

Guerra, N. B., Sant’Ana Pegorin, G., Boratto, M. H., de Barros, N. R., de Oliveira
Graeff, C. F., and Herculano, R. D. (2021). Biomedical Applications of Natural
Rubber Latex from the Rubber Tree Hevea Brasiliensis. Mater. Sci. Eng. C 126,
112126. doi:10.1016/j.msec.2021.112126

Guo, Q., Du, G., Jia, H., Fan, Q., Wang, Z., and Gao, Z. (2021). Essential Oils
Encapsulated by Biopolymers as Antimicrobials in Fruits and Vegetables: A
Review. Food Biosci. 44, 9. doi:10.1016/j.fbio.2021.101367

Harzing, A.-W., and Alakangas, S. (2016). Google Scholar, Scopus and the Web of
Science: a Longitudinal and Cross-Disciplinary Comparison. Scientometrics 106
(2), 787–804. doi:10.1007/s11192-015-1798-9

Hassan, S.-U., Aljohani, N. R., Shabbir, M., Ali, U., Iqbal, S., Sarwar, R., et al. (2020).
Tweet Coupling: a Social Media Methodology for Clustering Scientific
Publications. Scientometrics 124 (2), 973–991. doi:10.1007/s11192-020-
03499-1

Hernes, P. J., and Hedges, J. I. (2004). Tannin Signatures of Barks, Needles, Leaves,
Cones, and Wood at the Molecular Level. Geochimica Cosmochimica Acta 68
(6), 1293–1307. doi:10.1016/j.gca.2003.09.015

Hirsch, J. E. (2005). An Index to Quantify an Individual’s Scientific Research
Output. Proc. Natl. Acad. Sci. U. S. A. 102 (46), 16569–16572. doi:10.1073/pnas.
0507655102

Howard, D., Buttery, L. D., Shakesheff, K. M., and Roberts, S. J. (2008). Tissue
Engineering: Strategies, Stem Cells and Scaffolds. J. Anat. 213 (1), 66–72. doi:10.
1111/j.1469-7580.2008.00878.x

Huang, L., Zhou, M., Lv, J., and Chen, K. (2020). Trends in Global Research in
Forest Carbon Sequestration: A Bibliometric Analysis. J. Clean. Prod. 252.
doi:10.1016/j.jclepro.2019.119908

Huber, D., Tegl, G., Baumann, M., Sommer, E., Gorji, E. G., Borth, N., et al. (2017).
Chitosan Hydrogel Formation Using Laccase Activated Phenolics as Cross-
Linkers. Carbohydr. Polym. 157, 814–822. doi:10.1016/j.carbpol.2016.10.012

Jain, A. S., Pawar, P. S., Sarkar, A., Junnuthula, V., and Dyawanapelly, S. (2021).
Bionanofactories for Green Synthesis of Silver Nanoparticles: Toward
Antimicrobial Applications. Int. J. Mol. Sci. 22 (21), 11993. doi:10.3390/
ijms222111993

Jeong, B., Kim, S. W., and Bae, Y. H. (2002). Thermosensitive Sol-Gel Reversible
Hydrogels. Adv. Drug Deliv. Rev. 54 (1), 37–51. doi:10.1016/s0169-409x(01)
00242-3

Jia, M., Kim, J., Nguyen, T., Duong, T., and Rolandi, M. (2021). Natural
Biopolymers as Proton Conductors in Bioelectronics. Biopolymers 112 (7),
e23433. doi:10.1002/bip.23433

Jia, M. P., Kim, J., Nguyen, T., Duong, T., and Rolandi, M. (2021). Natural
Biopolymers as Proton Conductors in Bioelectronics. Biopolymers 112 (7),
15. doi:10.1002/bip.23433

John,M., and Shaiba, H. (2019). Main Factors Influencing Recovery inMERS Co-V
Patients Using Machine Learning. J. Infect. Public Health 12 (5), 700–704.
doi:10.1016/j.jiph.2019.03.020

Kampf, G., Todt, D., Pfaender, S., and Steinmann, E. (2020). Persistence of
Coronaviruses on Inanimate Surfaces and Their Inactivation with
Biocidal Agents. J. Hosp. Infect. 104 (3), 246–251. doi:10.1016/j.jhin.
2020.01.022

Khan, F. I., Rahman, S., Queen, A., Ahamad, S., Ali, S., Kim, J., et al. (2017).
Implications of Molecular Diversity of Chitin and its Derivatives. Appl.
Microbiol. Biotechnol. 101 (9), 3513–3536. doi:10.1007/s00253-017-8229-1

Khanbabaee, K., and van Ree, T. (2001). Tannins: Classification and Definition.
Nat. Product. Rep. 18 (6), 641–649. doi:10.1039/b101061l

Frontiers in Chemistry | www.frontiersin.org July 2022 | Volume 10 | Article 91564815

Sun et al. Natural Biopolymers; Quantitative Visualization; Bibliometric Analysis

https://doi.org/10.1007/s10570-016-1141-5
https://doi.org/10.1080/00914037.2020.1785454
https://doi.org/10.1080/00914037.2020.1785454
https://doi.org/10.1039/c5gc00282f
https://doi.org/10.1007/s10811-016-0822-7
https://doi.org/10.1007/s10811-016-0822-7
https://doi.org/10.1002/asi.23329
https://doi.org/10.1097/mat.0000000000001356
https://doi.org/10.1002/asi.21419
https://doi.org/10.1002/asi.20317
https://doi.org/10.1002/asi.21309
https://doi.org/10.1016/j.scitotenv.2015.01.025
https://doi.org/10.1016/j.progpolymsci.2004.11.002
https://doi.org/10.1016/j.progpolymsci.2004.11.002
https://doi.org/10.1016/j.jbusres.2021.04.070
https://doi.org/10.1016/j.jsb.2009.08.009
https://doi.org/10.1148/radiol.09090626
https://doi.org/10.1148/radiol.09090626
https://doi.org/10.1039/c4ee01075b
https://doi.org/10.1021/acsami.7b19022
https://doi.org/10.1080/09506608.2016.1252551
https://doi.org/10.1016/j.progpolymsci.2012.04.003
https://doi.org/10.1007/s00253-005-1931-4
https://doi.org/10.1002/jbm.a.35245
https://doi.org/10.1016/j.cobme.2019.02.004
https://doi.org/10.3390/polym13162729
https://doi.org/10.1016/j.foodhyd.2011.02.007
https://doi.org/10.1016/j.foodhyd.2011.02.007
https://doi.org/10.1111/1541-4337.12389
https://doi.org/10.1016/j.msec.2021.112126
https://doi.org/10.1016/j.fbio.2021.101367
https://doi.org/10.1007/s11192-015-1798-9
https://doi.org/10.1007/s11192-020-03499-1
https://doi.org/10.1007/s11192-020-03499-1
https://doi.org/10.1016/j.gca.2003.09.015
https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.1111/j.1469-7580.2008.00878.x
https://doi.org/10.1111/j.1469-7580.2008.00878.x
https://doi.org/10.1016/j.jclepro.2019.119908
https://doi.org/10.1016/j.carbpol.2016.10.012
https://doi.org/10.3390/ijms222111993
https://doi.org/10.3390/ijms222111993
https://doi.org/10.1016/s0169-409x(01)00242-3
https://doi.org/10.1016/s0169-409x(01)00242-3
https://doi.org/10.1002/bip.23433
https://doi.org/10.1002/bip.23433
https://doi.org/10.1016/j.jiph.2019.03.020
https://doi.org/10.1016/j.jhin.2020.01.022
https://doi.org/10.1016/j.jhin.2020.01.022
https://doi.org/10.1007/s00253-017-8229-1
https://doi.org/10.1039/b101061l
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


Khansari, S., Sinha-Ray, S., Yarin, A. L., and Pourdeyhimi, B. (2012). Stress-strain
Dependence for Soy-Protein Nanofiber Mats. J. Appl. Phys. 111 (4), 044906.
doi:10.1063/1.3682757

Kitsara, M., Joanne, P., Boitard, S. E., Ben Dhiab, I., Poinard, B., Menasche, P., et al.
(2015). Fabrication of Cardiac Patch by Using Electrospun Collagen Fibers.
Microelectron. Eng. 144, 46–50. doi:10.1016/j.mee.2015.02.034

Koh, L.-D., Cheng, Y., Teng, C.-P., Khin, Y.-W., Loh, X.-J., Tee, S.-Y., et al. (2015).
Structures, Mechanical Properties and Applications of Silk Fibroin Materials.
Prog. Polym. Sci. 46, 86–110. doi:10.1016/j.progpolymsci.2015.02.001

Koyyada, A., and Orsu, P. (2021). Natural Gum Polysaccharides as Efficient Tissue
Engineering and Drug Delivery Biopolymers. J. Drug Deliv. Sci. Technol. 63,
102431. doi:10.1016/j.jddst.2021.102431

Lahaye, M., and Robic, A. (2007). Structure and Functional Properties of Ulvan, a
Polysaccharide from Green Seaweeds. Biomacromolecules 8 (6), 1765–1774.
doi:10.1021/bm061185q

Leite Lima, P. A., Resende, C. X., de Almeida Soares, G. D., Anselme, K., and
Almeida, L. E. (2013). Preparation, Characterization and Biological Test of 3D-
Scaffolds Based on Chitosan, Fibroin and Hydroxyapatite for Bone Tissue
Engineering.Mater. Sci. Eng. C-Materials Biol. Appl. 33 (6), 3389–3395. doi:10.
1016/j.msec.2013.04.026

Li, Y., Fang, R., Liu, Z., Jiang, L., Zhang, J., Li, H., et al. (2021). The Association
between Toxic Pesticide Environmental Exposure and Alzheimer’s Disease: A
Scientometric and Visualization Analysis. Chemosphere 263, 128238. doi:10.
1016/j.chemosphere.2020.128238

Ling, S., Wang, Q., Zhang, D., Zhang, Y., Mu, X., Kaplan, D. L., et al. (2018).
Integration of Stiff Graphene and Tough Silk for the Design and Fabrication of
Versatile Electronic Materials. Adv. Funct. Mater. 28 (9), 1705291. doi:10.1002/
adfm.201705291

Liu, D. F., Shriver, Z., Gi, Y. W., Venkataraman, G., and Sasisekharan, R. (2002).
Dynamic Regulation of Tumor Growth and Metastasis by Heparan Sulfate
Glycosaminoglycans. Seminars Thrombosis Hemostasis 28 (1), 67–78. doi:10.
1055/s-2002-20565

Lutolf, M. P., and Hubbell, J. A. (2005). Synthetic Biomaterials as Instructive
Extracellular Microenvironments for Morphogenesis in Tissue Engineering.
Nat. Biotechnol. 23 (1), 47–55. doi:10.1038/nbt1055

Lutz, J.-F., Lehn, J.-M., Meijer, E.W., andMatyjaszewski, K. (2016). From Precision
Polymers to Complex Materials and Systems. Nat. Rev. Mater. 1 (5), 16024.
doi:10.1038/natrevmats.2016.24

Lvov, Y., Wang, W., Zhang, L., and Fakhrullin, R. (2016). Halloysite Clay
Nanotubes for Loading and Sustained Release of Functional Compounds.
Adv. Mater. 28 (6), 1227–1250. doi:10.1002/adma.201502341

Madruga, L. Y. C., and Kipper, M. J. (2022). Expanding the Repertoire of
Electrospinning: New and Emerging Biopolymers, Techniques, and
Applications. Adv. Healthc. Mater. 11 (4), 2101979. doi:10.1002/adhm.
202101979

Maghsoudi, S., Shahraki, B. T., Rabiee, N., Fatahi, Y., Dinarvand, R., Tavakolizadeh,
M., et al. (2020). Burgeoning Polymer Nano Blends for Improved Controlled
Drug Release: A Review. Int. J. Nanomedicine 15, 4363–4392. doi:10.2147/ijn.
S252237

Malda, J., Visser, J., Melchels, F. P., Juengst, T., Hennink, W. E., Dhert, W. J. A.,
et al. (2013). 25th Anniversary Article: Engineering Hydrogels for
Biofabrication. Adv. Mater. 25 (36), 5011–5028. doi:10.1002/adma.201302042

McDevitt, J. P., Criddle, C. S., Morse, M., Hale, R. C., Bott, C. B., and Rochman,
C. M. (2017). Addressing the Issue of Microplastics in the Wake of the
Microbead-free Waters Act-A New Standard Can Facilitate Improved
Policy. Environ. Sci. Technol. 51 (12), 6611–6617. doi:10.1021/acs.est.
6b05812

Mizumoto, S., and Sugahara, K. (2013). Glycosaminoglycans Are Functional
Ligands for Receptor for Advanced Glycation End-Products in Tumors.
Febs J. 280 (10), 2462–2470. doi:10.1111/febs.12156

Mohanty, A. K., Misra, M., and Drzal, L. T. (2002). Sustainable Bio-Composites
from Renewable Resources: Opportunities and Challenges in the Green
Materials World. J. Polym. Environ. 10 (1-2), 19–26. doi:10.1023/a:
1021013921916

Mondal, S., Agam, Y., Nandi, R., and Amdursky, N. (2020). Exploring Long-
Range Proton Conduction, the Conduction Mechanism and Inner
Hydration State of Protein Biopolymers. Chem. Sci. 11 (13), 3547–3556.
doi:10.1039/c9sc04392f

Mongeon, P., and Paul-Hus, A. (2016). The Journal Coverage of Web of Science
and Scopus: a Comparative Analysis. Scientometrics 106 (1), 213–228. doi:10.
1007/s11192-015-1765-5

Morisada, S., Rin, T., Ogata, T., Kim, Y.-H., and Nakano, Y. (2011). Adsorption
Removal of Boron in Aqueous Solutions by Amine-Modified Tannin Gel.
Water Res. 45 (13), 4028–4034. doi:10.1016/j.watres.2011.05.010

Nair, L. S., and Laurencin, C. T. (2007). Biodegradable Polymers as Biomaterials.
Prog. Polym. Sci. 32 (8-9), 762–798. doi:10.1016/j.progpolymsci.2007.05.017

Oliveira, P. E., Petit-Breuilh, X., Díaz, P. E., and Gacitúa,W. (2020). Manufacture of
a Bio-Tissue Based on Nanocrystalline Cellulose from Chilean Bamboo
Chusquea Quila and a Polymer Matrix Using Electrospinning. Nano-
Structures Nano-Objects 23, 100525. doi:10.1016/j.nanoso.2020.100525

Prabaharan, M. (2008). Chitosan Derivatives as PromisingMaterials for Controlled
Drug Delivery. J. Biomaterials Appl. 23 (1), 5–36. doi:10.1177/
0885328208091562

Reddy, M. S. B., Ponnamma, D., Choudhary, R., and Sadasivuni, K. K. (2021). A
Comparative Review of Natural and Synthetic Biopolymer Composite
Scaffolds. Polymers 13 (7), 51. doi:10.3390/polym13071105

Ripamonti, U. (2004). Soluble, Insoluble and Geometric Signals Sculpt the
Architecture of Mineralized Tissues. J. Cell. Mol. Med. 8 (2), 169–180.
doi:10.1111/j.1582-4934.2004.tb00272.x

Robic, A., Sassi, J. F., and Lahaye, M. (2008). Impact of Stabilization Treatments of
the Green Seaweed Ulva Rotundata (Chlorophyta) on the Extraction Yield, the
Physico-Chemical and Rheological Properties of Ulvan. Carbohydr. Polym. 74
(3), 344–352. doi:10.1016/j.carbpol.2008.02.020

Roy, H., Nayak, B. S., and Nandi, S. (2020). Chitosan Anchored Nanoparticles in
Current Drug Development Utilizing Computer-Aided Pharmacokinetic
Modeling: Case Studies for Target Specific Cancer Treatment and Future
Prospective. Curr. Pharm. Des. 26 (15), 1666–1675. doi:10.2174/
1381612826666200203121241

Roy, S., Priyadarshi, R., Ezati, P., and Rhim, J. W. (2022). Curcumin and its Uses in
Active and Smart Food Packaging Applications-A Comprehensive Review.
Food Chem. 375, 17. doi:10.1016/j.foodchem.2021.131885

Sadeghi, A., Moztarzadeh, F., and Mohandesi, J. A. (2019). Investigating the Effect
of Chitosan on Hydrophilicity and Bioactivity of Conductive Electrospun
Composite Scaffold for Neural Tissue Engineering. Int. J. Biol. Macromol.
121, 625–632. doi:10.1016/j.ijbiomac.2018.10.022

Samir, M., Alloin, F., and Dufresne, A. (2005). Review of Recent Research into
Cellulosic Whiskers, Their Properties and Their Application in Nanocomposite
Field. Biomacromolecules 6 (2), 612–626. doi:10.1021/bm0493685

Sell, S. A., McClure, M. J., Garg, K., Wolfe, P. S., and Bowlin, G. L. (2009).
Electrospinning of Collagen/biopolymers for Regenerative Medicine and
Cardiovascular Tissue Engineering. Adv. Drug Deliv. Rev. 61 (12),
1007–1019. doi:10.1016/j.addr.2009.07.012

Shen, S., Cheng, C., Yang, J., and Yang, S. (2018). Visualized Analysis of Developing
Trends and Hot Topics in Natural Disaster Research. Plos One. 13 (1). doi:10.
1371/journal.pone.0191250

Shi, Q., Wang, A., Lu, Z., Qin, C., Hu, J., and Yin, J. (2017). Overview on the
Antiviral Activities andMechanisms of Marine Polysaccharides from Seaweeds.
Carbohydr. Res. 453-454, 1–9. doi:10.1016/j.carres.2017.10.020

Shiffrin, R. M., and Borner, K. (2004). Mapping Knowledge Domains. Proc. Natl.
Acad. Sci. U. S. A. 101, 5183–5185. doi:10.1073/pnas.0307852100

Shivananda, C. S., Rao, B. L., and Sangappa, M. B. (2020). Structural, Thermal and
Electrical Properties of Silk Fibroin-Silver Nanoparticles Composite Films.
J. Mater. Science-Materials Electron. 31 (1), 41–51. doi:10.1007/s10854-019-
00786-3

Simoneit, B. R. T. (2002). Biomass Burning - A Review of Organic Tracers for
Smoke from Incomplete Combustion. Appl. Geochem. 17 (3), 129–162. doi:10.
1016/s0883-2927(01)00061-0

Sionkowska, A., and Planecka, A. (2013). Preparation and Characterization of Silk
Fibroin/chitosan Composite Sponges for Tissue Engineering. J. Mol. Liq. 178,
5–14. doi:10.1016/j.molliq.2012.10.042

Sun, Y., Wu, S., and Gong, G. (2019). Trends of Research on Polycyclic Aromatic
Hydrocarbons in Food: A 20-year Perspective from 1997 to 2017. Trends Food
Sci. Technol. 83, 86–98. doi:10.1016/j.tifs.2018.11.015

Tan, H., Li, J., He, M., Li, J., Zhi, D., Qin, F., et al. (2021). Global Evolution of
Research on Green Energy and Environmental Technologies:A Bibliometric
Study. J. Environ. Manag. 297, 113382. doi:10.1016/j.jenvman.2021.113382

Frontiers in Chemistry | www.frontiersin.org July 2022 | Volume 10 | Article 91564816

Sun et al. Natural Biopolymers; Quantitative Visualization; Bibliometric Analysis

https://doi.org/10.1063/1.3682757
https://doi.org/10.1016/j.mee.2015.02.034
https://doi.org/10.1016/j.progpolymsci.2015.02.001
https://doi.org/10.1016/j.jddst.2021.102431
https://doi.org/10.1021/bm061185q
https://doi.org/10.1016/j.msec.2013.04.026
https://doi.org/10.1016/j.msec.2013.04.026
https://doi.org/10.1016/j.chemosphere.2020.128238
https://doi.org/10.1016/j.chemosphere.2020.128238
https://doi.org/10.1002/adfm.201705291
https://doi.org/10.1002/adfm.201705291
https://doi.org/10.1055/s-2002-20565
https://doi.org/10.1055/s-2002-20565
https://doi.org/10.1038/nbt1055
https://doi.org/10.1038/natrevmats.2016.24
https://doi.org/10.1002/adma.201502341
https://doi.org/10.1002/adhm.202101979
https://doi.org/10.1002/adhm.202101979
https://doi.org/10.2147/ijn.S252237
https://doi.org/10.2147/ijn.S252237
https://doi.org/10.1002/adma.201302042
https://doi.org/10.1021/acs.est.6b05812
https://doi.org/10.1021/acs.est.6b05812
https://doi.org/10.1111/febs.12156
https://doi.org/10.1023/a:1021013921916
https://doi.org/10.1023/a:1021013921916
https://doi.org/10.1039/c9sc04392f
https://doi.org/10.1007/s11192-015-1765-5
https://doi.org/10.1007/s11192-015-1765-5
https://doi.org/10.1016/j.watres.2011.05.010
https://doi.org/10.1016/j.progpolymsci.2007.05.017
https://doi.org/10.1016/j.nanoso.2020.100525
https://doi.org/10.1177/0885328208091562
https://doi.org/10.1177/0885328208091562
https://doi.org/10.3390/polym13071105
https://doi.org/10.1111/j.1582-4934.2004.tb00272.x
https://doi.org/10.1016/j.carbpol.2008.02.020
https://doi.org/10.2174/1381612826666200203121241
https://doi.org/10.2174/1381612826666200203121241
https://doi.org/10.1016/j.foodchem.2021.131885
https://doi.org/10.1016/j.ijbiomac.2018.10.022
https://doi.org/10.1021/bm0493685
https://doi.org/10.1016/j.addr.2009.07.012
https://doi.org/10.1371/journal.pone.0191250
https://doi.org/10.1371/journal.pone.0191250
https://doi.org/10.1016/j.carres.2017.10.020
https://doi.org/10.1073/pnas.0307852100
https://doi.org/10.1007/s10854-019-00786-3
https://doi.org/10.1007/s10854-019-00786-3
https://doi.org/10.1016/s0883-2927(01)00061-0
https://doi.org/10.1016/s0883-2927(01)00061-0
https://doi.org/10.1016/j.molliq.2012.10.042
https://doi.org/10.1016/j.tifs.2018.11.015
https://doi.org/10.1016/j.jenvman.2021.113382
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


Terasaka, S., Iwasaki, Y., Shinya, N., and Uchida, T. (2006). Fibrin Glue and
Polyglycolic Acid Nonwoven Fabric as a Biocompatible Dural Substitute.
Neurosurgery 58 (2), 134–138. doi:10.1227/01.Neu.0000193515.95039.49

van Eck, N. J., and Waltman, L. (2010). Software Survey: VOSviewer, a Computer
Program for Bibliometric Mapping. Scientometrics 84 (2), 523–538. doi:10.
1007/s11192-009-0146-3

Van Vlierberghe, S., Dubruel, P., and Schacht, E. (2011). Biopolymer-Based
Hydrogels as Scaffolds for Tissue Engineering Applications: A Review.
Biomacromolecules 12 (5), 1387–1408. doi:10.1021/bm200083n

Verlee, A., Mincke, S., and Stevens, C. V. (2017). Recent Developments in
Antibacterial and Antifungal Chitosan and its Derivatives. Carbohydr.
Polym. 164, 268–283. doi:10.1016/j.carbpol.2017.02.001

Vert, M. (2005). Aliphatic Polyesters: Great Degradable Polymers that Cannot Do
Everything. Biomacromolecules 6 (2), 538–546. doi:10.1021/bm0494702

Vieira, M. G. A., da Silva, M. A., dos Santos, L. O., and Beppu, M. M. (2011).
Natural-based Plasticizers and Biopolymer Films: A Review. Eur. Polym. J. 47
(3), 254–263. doi:10.1016/j.eurpolymj.2010.12.011

Vishwanath, V., Pramanik, K., and Biswas, A. (2016). Optimization and Evaluation
of Silk Fibroin-Chitosan Freeze-Dried Porous Scaffolds for Cartilage Tissue
Engineering Application. J. Biomaterials Science-Polymer Ed. 27 (7), 657–674.
doi:10.1080/09205063.2016.1148303

Volova, T. G., Shumilova, A. A., Shidlovskiy, I. P., Nikolaeva, E. D., Sukovatiy, A.
G., Vasiliev, A. D., et al. (2018). Antibacterial Properties of Films of Cellulose
Composites with Silver Nanoparticles and Antibiotics. Polym. Test. 65, 54–68.
doi:10.1016/j.polymertesting.2017.10.023

Wang, H., Gurau, G., and Rogers, R. D. (2012). Ionic Liquid Processing of
Cellulose. Chem. Soc. Rev. 41 (4), 1519–1537. doi:10.1039/c2cs15311d

Wang, W., Guo, X., and Yang, Y. (2011). Lithium Iodide Effect on the
Electrochemical Behavior of Agarose Based Polymer Electrolyte for Dye-
Sensitized Solar. Electrochimica Acta 56 (21), 7347–7351. doi:10.1016/j.
electacta.2011.06.032

Wang, Y., Yokota, T., and Someya, T. (2021). Electrospun Nanofiber-Based Soft
Electronics. Npg Asia Mater. 13 (1), 22. doi:10.1038/s41427-020-00267-8

Winnacker, M., and Rieger, B. (2017). Copolymers of Polyhydroxyalkanoates and
Polyethylene Glycols: Recent Advancements with Biological and Medical
Significance. Polym. Int. 66 (4), 497–503. doi:10.1002/pi.5261

Xie, P. (2015). Study of International Anticancer Research Trends via Co-word and
Document Co-citation Visualization Analysis. Scientometrics 105 (1), 611–622.
doi:10.1007/s11192-015-1689-0

Xiong, R., Luan, J. Y., Kang, S., Ye, C., Singamaneni, S., and Tsukruk, V. V. (2020).
Biopolymeric Photonic Structures: Design, Fabrication, and Emerging
Applications. Chem. Soc. Rev. 49 (3), 983–1031. doi:10.1039/c8cs01007b

Yadav, A., Kumar, N., Upadhyay, A., Pratibha,and Anurag, R. K. (2021). Edible
Packaging from Fruit Processing Waste: A Comprehensive Review. Food Rev.
Int. 32. doi:10.1080/87559129.2021.1940198

You, J., Li, M., Ding, B., Wu, X., and Li, C. (2017). Crab Chitin-Based 2D Soft
Nanomaterials for Fully Biobased Electric Devices. Adv. Mater. 29 (19),
1606895. doi:10.1002/adma.201606895

Zeeb, B., Yavuz-Duzgun, M., Dreher, J., Evert, J., Stressler, T., Fischer, L., et al.
(2018). Modulation of the Bitterness of Pea and Potato Proteins by a Complex
CoacervationMethod. Food & Funct. 9 (4), 2261–2269. doi:10.1039/c7fo01849e

Zhang, H.-J., Mao, W.-J., Fang, F., Li, H.-Y., Sun, H.-H., Chen, Y., et al. (2008).
Chemical Characteristics and Anticoagulant Activities of a Sulfated
Polysaccharide and its Fragments from Monostroma Latissimum.
Carbohydr. Polym. 71 (3), 428–434. doi:10.1016/j.carbpol.2007.06.012

Zhang, L., Yang, Y. B., Tan, J., and Yuan, Q. (2020). Chemically Modified Nucleic
Acid Biopolymers Used in Biosensing. Mater. Chem. Front. 4 (5), 1315–1327.
doi:10.1039/d0qm00026d

Zhang, S., Lu, F., Tao, L., Liu, N., Gao, C., Feng, L., et al. (2013). Bio-Inspired Anti-
oil-fouling Chitosan-Coated Mesh for Oil/Water Separation Suitable for Broad
pH Range and Hyper-Saline Environments. Acs Appl. Mater. Interfaces 5 (22),
11971–11976. doi:10.1021/am403203q

Zhang, W., Weng, T. T., Li, Q., Jin, R. H., You, C. G., Wu, P., et al. (2021).
Applications of Poly(caprolactone)-Based Nanofibre Electrospun Scaffolds in
Tissue Engineering and Regenerative Medicine. Curr. Stem Cell Res. Ther. 16
(4), 414–442. doi:10.2174/1574888x15666201014145703

Zhang, Z., Chen, Z., Shang, L., and Zhao, Y. (2021). Structural ColorMaterials from
Natural Polymers. Adv. Mater. Technol. 6 (11), 2100296. doi:10.1002/admt.
202100296

Zhao, X. (2017). A Scientometric Review of Global BIM Research: Analysis and
Visualization. Automation Constr. 80, 37–47. doi:10.1016/j.autcon.2017.04.002

Zhou, G., Al-Khoury, H., and Groth, T. (2016). Covalent Immobilization of
Glycosaminoglycans to Reduce the Inflammatory Effects of Biomaterials.
Int. J. Artif. Organs 39 (1), 37–44. doi:10.5301/ijao.5000468

Zhou, Z., Shi, Z., Cai, X., Zhang, S., Corder, S. G., Li, X., et al. (2017). The Use of
Functionalized Silk Fibroin Films as a Platform for Optical Diffraction-Based
Sensing Applications. Adv. Mater. 29 (15), 1605471. doi:10.1002/adma.
201605471

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Sun, Bai, Yang, Bu, Tanveer and Hai. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Chemistry | www.frontiersin.org July 2022 | Volume 10 | Article 91564817

Sun et al. Natural Biopolymers; Quantitative Visualization; Bibliometric Analysis

https://doi.org/10.1227/01.Neu.0000193515.95039.49
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1021/bm200083n
https://doi.org/10.1016/j.carbpol.2017.02.001
https://doi.org/10.1021/bm0494702
https://doi.org/10.1016/j.eurpolymj.2010.12.011
https://doi.org/10.1080/09205063.2016.1148303
https://doi.org/10.1016/j.polymertesting.2017.10.023
https://doi.org/10.1039/c2cs15311d
https://doi.org/10.1016/j.electacta.2011.06.032
https://doi.org/10.1016/j.electacta.2011.06.032
https://doi.org/10.1038/s41427-020-00267-8
https://doi.org/10.1002/pi.5261
https://doi.org/10.1007/s11192-015-1689-0
https://doi.org/10.1039/c8cs01007b
https://doi.org/10.1080/87559129.2021.1940198
https://doi.org/10.1002/adma.201606895
https://doi.org/10.1039/c7fo01849e
https://doi.org/10.1016/j.carbpol.2007.06.012
https://doi.org/10.1039/d0qm00026d
https://doi.org/10.1021/am403203q
https://doi.org/10.2174/1574888x15666201014145703
https://doi.org/10.1002/admt.202100296
https://doi.org/10.1002/admt.202100296
https://doi.org/10.1016/j.autcon.2017.04.002
https://doi.org/10.5301/ijao.5000468
https://doi.org/10.1002/adma.201605471
https://doi.org/10.1002/adma.201605471
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/chemistry
www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles

	Global Trends in Natural Biopolymers in the 21st Century: A Scientometric Review
	1 Introduction
	2 Methodology and Data
	2.1 Data Source and Retrieval
	2.2 Activity Index and Attractive Index

	3 Results and Discussion
	3.1 Characteristics of Publication Outputs
	3.2 Analysis of Subject Categories, Countries/Regions, Institutions, Highly Cited Journals, and Highly Cited Articles
	3.2.1 Subject Categories
	3.2.2 Country/Region
	3.2.3 Institution
	3.2.4 Highly Cited Journals
	3.2.5 Highly Cited Articles

	3.3 Knowledge Structure and Sub-Fields
	3.3.1 Development of Natural Biopolymers
	3.3.2 Performance and Operation
	3.3.3 Analysis of Biological Research
	3.3.4 Application in the Medical Field
	3.3.5 Derivatives

	3.4 Research Frontier Identification
	3.5 Emerging Research and Potential Value (2018–2021)
	3.5.1 Medical Field
	3.5.2 Biochemistry Field
	3.5.3 Food Science Field


	4 Conclusion
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


