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ABSTRACT. Recently, petroleum-based plastic has become an integral part of human lives; however, its imperishable nature makes it
the leading pollutant in solid waste, creating serious environmental problems. Inadequate plastic waste management increases the toxicity
of landfills and causes air and marine pollution. Several initiatives have been started to overcome these challenges. Its replacement with bio-
degradable plastic is one of the upcoming solutions. This study is carried out to shed light on the past, present, and future research trends
in the bioplastic arena. Such a study is important for bioplastic-related research to be made available at a single source with in-depth anal-
ysis. This study has used 3,802 publications extracted from the Web of Science core collection databases using various combinations of
search strings. VOSviewer was used to analyzing this data. With the help of various analysis techniques available with VOSviewer, many
types of analysis (e.g., predominantly used material, tested properties of bioplastic etc.) were carried out. Through this study, the develop-

ment and various aspect of bioplastic been investigated.
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1. Introduction

In recent years, polymers and their composites for plastic
have received much attention and acceptance. They have become
an integral part of human lives because of their wide range of
applications due to various properties associated with them, such
as good mechanical properties (flexibility, strength, heat resis-
tant, insulating, flame retardant, corrosion resistance), lower pro-
duction cost with much lighter in weight than metals and alloys
(Prabhu and Prashantha, 2018a; Narancic and O’Connor, 2019).
The petroleum-based single-use plastic poses an enormous en-
vironmental problem due to its poor degradability and disposal
techniques. Burning or dumping plastic leads to pollution of air
and soil. Lacking appropriate management techniques for plastic
waste causes air and marine pollution through combustion with
mixed waste and its transport through the river into the ocean.
Due to their partial recycling and reuse, there is an immense
amount of polymer waste in landfills. Plastic mixed with solid
waste in landfills adds toxic compounds to solid waste, which
otherwise have been converted into better quality compost. Sort-
ing recyclable plastic from mixed solid waste is challenging and
involves enormous costs. Also, some plastic resins are difficult
to recycle (Chidambarampadmavathy et al., 2017). Incineration,
pyrolysis, gasification, and energy recovery are the several tech-

" Corresponding author. Tel.: +917923275453.
E-mail address: dayashankar.kaul@sot.pdpu.ac.in (D. S. Kaul).

ISSN: 2663-6859 print/2663-6867 online
© 2025 ISEIS All rights reserved. doi:10.3808/jei1.202400170

112

niques used for plastic disposal and conversion to synthetic gas
or fuel. These methods have their demerits and pose adverse en-
vironmental impacts (Hopewell et al., 2009). A few authors have
projected that global municipal plastic waste generation could
reach 300 million tons annually by 2030 and 380 million tons
by 2060 (Lebreton and Andrady, 2019a). It is estimated that glob-
al daily solid waste generation will reach more than 6 million tons
by 2025 (Hoornweg et al., 2013; Lebreton and Andrady, 2019b).
As per estimates, a fraction of 10% of plastics in the solid waste
stream annually will generate over 200 million tons plastic waste
by 2025 which is comparable to global plastic production of 2002
(Urbanek et al., 2017).

Microplastics in the environment create severe health issues
when they enter the human body through biomagnification and
bioaccumulation. The characteristic of plastics, like resistance
to degradation in the natural environment for several decades
(Urbanek et al., 2017; Abraham et al., 2021a), is a major cause
of'landfill, ocean, air pollution, and health hazards. Thus, the
need for a material that can be easily biodegraded and poses
less adverse impact on the environment at the end of life is war-
ranted. Hence, the concept of bioplastic has come to light. Now-
adays, numerous initiatives have been started towards manufac-
turing bioplastics to prevail over the problems with petroleum-
based plastics.

According to European Bioplastics, bioplastic can be de-
fined as a plastic material that is either biobased, biodegradable,
or features both properties (Gill, 2014). Bioplastics are plastic
derived from biomass or monomers derived from biomass and
renewable raw materials (Memon et al., 2011; Lambert and Wag-
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ner, 2017). The following studies have stated that bioplastics
contain renewable carbon, ranging from 20 to 100% (Civancik-
Uslu et al., 2019; Abraham et al., 2021b). Bioplastics are distin-
guished into three categories such as (i) biobased biodegrade-
able bioplastics (ii) fossil-based biodegradable bioplastics and
(iii) biobased non-biodegradable plastic (Batori et al., 2018).
Bio-based plastics are defined by the origin of their raw materials
and are produced wholly or partly from renewable biological
sources such as plants, algae, or microorganisms; however, being
bio-based does not necessarily imply biodegradability. In con-
trast, biodegradable plastics are defined by their end-of-life be-
havior, as they can be decomposed by microorganisms into nat-
ural substances such as water, carbon dioxide, and biomass under
specific conditions. These plastics may be either biobased or
fossil-based. Bio-based biodegrad-able bioplastics are made of
polysaccharides, proteins, lipids, microorganisms, natural rub-
ber, or synthesized from bioderived monomers. In contrast, fos-
sil-based biodegradable bioplastic can be synthesized from fos-
sil-based polyesters. “Drop-ins” fall under the category of bio-
based non-biodegradable bioplastics. The study also specified
that one metric ton of bioplastics generates 0.8 to 3.2 times less
carbon dioxide than petroleum-based plastics (Pilla, 2011a; Abra-
ham et al., 2021a). European Bioplastics forecasted that the glob-
al production capacity of bioplastics will increase from 2.23 mil-
lion tonnes in 2021 to 2.87 million tonnes in 2025.

Thus, several researchers are investigating an eco-friendly
alternative to petroleum-based plastic from various renewable
resources to eliminate the negative impact of petroleum-based
plastic. It is important to know the present and future trends in
the field of bioplastics. Study becomes important when several
bioplastic-related pieces of research become available in a sin-
gle place for detailed analysis, and the outcome reaches the re-
search community for future research.

Bibliometric analysis is the statistical analysis that uses bib-
liographic data for the task. It helps to identify the past, present,
and future trends, areas of research strength and weakness, and
research gaps in the particular field of research. The map-based
bibliometric tool allows the bibliometric data to be visualized,
analysed, and interpreted. The tools available are Bibexcel, Bib-
lioshiny, BiblioMaps, CitNetExplorer, SciIMAT, CiteSpacell,
CoPalRed, IN-SPIRE, Leydesdorff’s software, Network Work-
bench Tool, Sci? Tool, Vantage Point, VOSviewer, etc. (Sangam
et al., 2012). Bibliographic data can be extracted using various
keywords relevant to the looked-for field of the study from the
various databases. Subsequently, the software is used to perform
a bibliometric analysis. Databases such as Web of Science, Sco-
pus, Google Scholar, PubMed, Crossref, Dimensions, and vari-
ous reference managers such as EndNote, RefWorks, Mendeley,
etc. can be used. The data need to be extracted in the particular
format which is supported by the software to be used, various
file format that are supported by the different software are .txt,
.csv, .ris, .gml, .clu, .vec, .net, .enw and .json etc.

VOSviewer and CiteSpace supported many databases and
reference managers such as Web of Science, Scopus, Dimen-
sions, Microsoft Academic, Crossref, RIS, CSV, etc. (Moral-
Murioz et al., 2020). Various bibliometric analysis techniques are

associated with each software. Though, some software is featured
with some specific analysis techniques. VOSviewer and Bibex-
cel are associated with all the techniques. However, Bibexcel re-
quires an external source to visualize networks’ graphical pre-
sentation (Bankar and Lihitkar, 2019). While referring to the var-
ious database compatible with VOSviewer software, the Web of
Science database is a comprehensive database for the bibliomet-
ric analysis of the field.

Authors (Cobo et al., 2011) have differentiated the biblio-
graphic coupling and co-citation analysis techniques. A biblio-
graphic coupling is a fixed and permanent relation as it depends
on the same reference cited by the two authors, countries, or-
ganizations, documents, and journals. While the co-citation anal-
ysis relies on two authors, journals, and references cited togeth-
er. Additionally, by manually selecting the keywords of a partic-
ular group, one can analyse the desired topic of the field. A bib-
liometric analysis on bioplastics is necessary at this stage be-
cause the field is expanding rapidly, making it increasingly dif-
ficult to systematically navigate and synthesize the growing body
of literature. Despite extensive research activity, comprehend-
sive quantitative analyses that integrate publication trends and
thematic evolution remain limited. In particular, thematic shifts
cannot be adequately captured through narrative reviews alone.
Given the dynamic and interdisciplinary nature of bioplastics
research, data-driven bibliometric insights are increasingly re-
quired to support informed decision-making in research plan-
ning, policy formulation, and industrial development. Some stud-
ies have been carried out on bioplastic related themes using above
bibliometric methodology (Nnolim and Nwodo, 2005; Akinpelu
and Nchu, 2022). However, these works primarily focus on spe-
cific themes such as biodegradation mechanisms, individual bio-
polymers, or sustainability aspects and concentrated with cita-
tion, author and coauthor, counties, institutional and keyword
analysis.

The present study has concentrated upon mostly technical
aspects of the bioplastic with certain direction of focus. The main
objective is to perform an analysis focusing on identifying vari-
ous materials, manufacturing processes, tested properties of
manufactured bioplastics, and their major application.

2. Methodology

The following criteria and methodologies adopted to per-
form the analysis are given below. Three main steps have been
followed to carry out this study, viz., (1) planning of the analysis
(2) Data query and processing and (3) analysis of data.

2.1. Planning of Analysis

The analysis is divided into four parts, as detailed in Figure
1, where research questions broadly to be addressed have been
listed (refer to top left quadrant), along with inclusion (top right
quadrant) and exclusion (bottom right) criteria for data mining.
A process in the bottom left quadrant shows the quality control
process adopted for quality control (e.g., the data obtained related
to the search string). The step helped in acquiring relevant in-
formation from the database for the analysis.

113



D. Pansuriya et al. / Journal of Environmental Informatics Letters 14(2) 112-123 (2025)

Research Question

- Various test properties

- Mostly used keywords
by researchers

- Major application of
Bioplastics

-Q1,Q2, Q3, Q4

- Secondary keywords
were chosen

- Appropriate occurrences
of items were gathered and
sorted to reduce the data
to a manageable number

Quality Criteria

Inclusion Criteria

- Bioplastic application
- Bioplastic properties

- Manufacturing process of
Bioplastic

- Bioplastic manufacturing
materials

- Secondary keywords
were chosen

- Appropriate occurrences
of items were gathered and
sorted to reduce the data
to a manageable number

Exclusion Criteria

Figure 1. Methodology and planning adopted in the current study: Q1—Q4 represents key processes, impactful publications,
commonly used materials, and the overall research landscape in bioplastics.

2.2. Data Query and Processing

The second step of the analysis is to extract the data. An
appropriate selection of keywords to extract the data is crucial
in such analysis. Hence, keeping the research questions in mind,
the primary keywords were manually selected from the 85 liter-
ature published on bioplastics. These were then used to extract
numerous publications from the Web of Science database. The
publications and VOSviewer were used to extract secondary key-
words (444 in number). The secondary keywords are reduced
to 142 by following the criteria shown in Figures 1 and 2, respec-
tively. These (142) keywords are then grouped into five cate-
gories, viz., (a) general bioplastic term, (b) manufacturing mate-
rial, (c) bioplastic properties, (d) manufacturing process, and
(f) bio-plastic application (refer to Figure 2). Using the Boolean
operator “AND” and “OR” the numerous search strings were per-
muted from 142 keywords. These strings were used to extract
the data in the .txt format from the database of the Web of Sci-
ence core collection, which was refined by Language — English,
Timespan — all years (1999 to 1st January 2021), Document types
—all, Web of Science categories — all, Web of Science index — all.

2.3. Analysis of Data

The third step was to analyse the extracted data according
to the research questions defined earlier (Figure 1). VOSviewer
software (version 1.6.15) was used for the purpose. This soft-
ware is featured to eliminate duplications in the data file and give
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unique data results. Therefore, analysis was performed with merged
results from all the search strings.

The VOSviewer software comprises five panels that allow
us to visualise, adjust and perform actions on the currently ac-
tive map. The software consists of three visualisations: Network
visualisation, Overlay visualisation, and Density visualisation to
analyse and interpret the map. It is well designed to analyse vari-
ous data types from the respective data source. It presents an anal-
ysis in the form of maps, and a link can create connections be-
tween two items. Each link has strength and is represented by
a positive numerical value.

When creating a network visualization, the strength of the
relationship between two items is indicated by the thickness of
the link. A thicker link suggests a stronger relationship, and vice
versa. However, when using VOSviewer to generate a graph, it
can only display a maximum of 10,000 lines in the graph. VOS-
viewer prioritizes showing stronger relations in the graph. All the
items on the map are grouped into clusters, and an item can be-
long to any cluster. It’s important to note that there may be an
item that does not belong to any cluster (VOSviewer: user man-
ual). The number of items allowed in a cluster can be determined
based on the user’s interest. The graph generated displays the
number of clusters, several items, total links, and total link
strength of the entire map. These graphs provide various types
of data that can be extracted such as the name of the item, the
total number of links, total link strength, and the cluster to which
it belongs.
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444 Keywords
(Total number of keywords extracted from 85 literature)

315 Keywords
(Number of keywords remained after removing duplication)

142 Keywords

(Number of keywords related to the term 'bioplastic' and as per
the inclusion criteria)

59 Search string
(Number of search string used to extract the data)

Keywords Groups

General Manufacturing
Bioplastic term Material

Bioplastics'

Manufacturing Bioplastics'

Properties Process Application

Figure 2. The methodology followed in selecting the keywords and extracting the data from Scopus.
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Figure 3. Growth of the bioplastics publications for the year 1999 ~ 2020.
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Figure 4. Materials used for manufacturing bioplastics.

3. Result and Discussion

This section has been divided into several subsections: bi-
oplastic materials, bioplastic manufacturing process, bioplastic
test properties, frequently used keywords in the field of bioplas-
tic; and most productive publications in the field. The application
of bioplastic, future perspectives and limitations are described
in the last section. Overall, the research on bioplastics has in-
creased substantially. Figure 3 shows the exponential growth of
the study concerning bioplastics, from 45 in 1999 to 542 publi-
cations in 2020, indicating the subject matter’s importance.

3.1. Bioplastics Material

Bio-based materials (viz., polysaccharides, proteins, lipids,
biobased polyesters, microbial polymers, and synthesized bio-
polymers) with additives (viz., plasticizers, stabilizers, antimi-
crobial agents, antioxidant agents, flame retardants), etc., have
been used to manufacture bioplastics. A minimum of one oc-
currence of keywords, one item per cluster, and a maximum of
10,000 lines were considered to identify the widely used mate-
rials for bioplastic manufacturing. Based on that, from the 12,446
keywords, 1,679 were manually selected related to manufactur-
ing materials and bioplastics. Further, out of 1,679 keywords,
1,503 keywords showed a link between them. Thus, the biblio-
metric map of 1,503 keywords containing various materials
used by researchers is provided in Figure S1 in Supplementary
Information.

The diverse publications used different notations for the
same material, e.g., polylactic acid was written as poly (lactic
acid) or poly(lactic) acid or polylactic acid or polylacticacid
(PLA). Thus, the total number of occurrences was taken as the
summation of all different notations. Likewise, keywords relat-
ed to various sources of starch, cellulose, materials used as a
stabilizer, materials used as a plasticizer, sources of fibers, and
proteins are covered under the head to starch, cellulose, stabi-
lizers, plasticizers, fibers, and proteins, respectively. The total
number of occurrences of respective materials shows how many
times that material had been brought up in literature to manu-
facture the bioplastics. Figure 4 represents researcher’s frequent-
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ly used (top 15, ranked according to their occurrences) materials.
The material id in the figure is as follows: 1: PLA (Polylactic
acid); 2: Starch; 3: PHA (Polyhydroxyalkanoate); 4: PHB (Poly-
hydroxybutyrate); 5: Cellulose; 6: Stabilizers; 7: Plasticizer; 8:
Fibers; 9: Proteins; 10: PHBV (Poly(3-hydroxybutyrate-co-3-
hydroxy-valerate)); 11: PCL (Polycaprolactone); 12: Algae; 13:
PVA (Polyvinyl alcohol); 14: Poly(ethylene glycol); 15: Polyhy-
droxy valerate. Analysis indicated that the bioplastics manufac-
tured from polylactic acid are the most preferred, with the
highest occurrences of 853, followed by starch and others (Fig-
ure 4).

Polylactic acid (C3H40,), is an aliphatic thermoplastic pol-
yester and non-toxic, compostable bioplastic manufactured by
polymerizing lactic acid monomers (C3H¢O3) derived from the
fermentation of starch. High molecular weight PLA (MW >
100,000 D) possesses mechanical strength with a tensile strength
comparable to conventional plastics that is 50 ~ 70 MPa. The de-
gradation of PLA is influenced by pH and UV light; the alkaline
condition favors PLA degradation (Karamanlioglu et al. 2017).
PLA can be easily processed through film extrusion, blow or in-
jection molding, fire spinning, etc. (Tian et al., 2017a). The dom-
inance of polylactic acid (PLA) in the literature reflects its tech-
nological maturity, commercial availability, and compatibility
with conventional plastic processing techniques such as extru-
sion and injection molding. These attributes make PLA an attrac-
tive material for both academic research and industrial applica-
tions, particularly in packaging. The strong research focus on PLA
also indicates an industry-driven preference for bioplastics that
can be integrated into existing manufacturing infrastructure with
minimal modification. In contrast, the increasing attention toward
microbial biopolymers such as PHA and PHBV as well as cel-
lulose-based reinforcements, suggests a growing research effort
to address the limitations of PLA, including brittleness, cost, and
end-of-life performance.

Starch is a biodegradable, cheap, renewable, and abundant-
ly available natural biopolymer (Khan et al. 2017). Various starch
sources are corn, rice, wheat, potato, cassava, tapioca, sago, bar-
ley, jicama, oats, banana, date, soy, olive, peas, sugar, sugar beet
pulp etc. High glass transition temperature and melting temper-
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ature of starch resist using starch itself as a bioplastic. However,
blending with a plasticizer can increase the plasticity of starch
(Khan et al., 2017). A few authors (Edgar et al., 2001a; Jiménez
etal., 2012) stated that starch-based films become stronger, stiffer,
and less flexible after several weeks of storage. Starch’s retrogra-
dation and moisture sensitivity are the major drawbacks but can
be improved by blending with other biopolymers (Prabhu and
Prashantha, 2018b).

PHA (Polyhydroxyalkanoate) is a microbial thermoplastic
polyester of R-hydroxyalkanoic acid. For the industrial produc-
tion of PHA, sucrose and glucose are widely used due to their
lower cost (Urtuvia et al. 2014). PHA with 3 to 6 hydroxyl acids
holds physical, chemical, and mechanical properties similar to
conventional plastics (Devadas et al. 2021). It possesses a higher
melting temperature of PHA 168 (Cooper et al,. 2007a). Various
bacteria derive PHB (Polyhydroxybutyrate) as an intracellular
energy storage material. A biodegradable and biocompatible na-
ture inveigles application in the packaging and biomedical field
(Yeo et al., 2018). PHB holds up to 70% crystallinity and has good
gas barrier properties (Hamid et al., 2019). However, several draw-
backs, such as thermal instability, poor mechanical properties,
and high production cost, can be overcome by blending PHB with
other biopolymers. A few authors (Tian et al., 2017b) suggested
that mixing PHB with several monomers in different concentra-
tions can regulate its thermal and mechanical properties.

Cellulose is the most abundant natural biopolymer found
mainly as the structural component of plant cell walls (Ferreira
et al., 2018). Cellulose is used in various forms such as cellulose
acetate, carboxymethyl cellulose, cellulose ester, cellulose fibers,
cellulose nanofiber, hemicellulose, lignocellulose, microcrys-
talline cellulose, nanocellulose, etc. Nanocellulose has a high
specific surface area and has more hydroxyl groups and nano-
scale morphology. It provides high strength, transiency, barrier
property, low density, and low thermal expansion to bioplastics
(Suetal., 2018). A few authors (Mohanty et al., 2000) have com-
pared the biodegradability rate and strength of various cellulose
forms which is provided below: Biodegradability rate: Hemicel-
lulose > Accessible Crystalline Cellulose > Non crystalline Cel-
lulose > Crystalline Cellulose > Lignin; Strength: Crystalline Cel-
Iulose > Non crystalline Cellulose + Hemicellulose + Lignin >
Lignin.

The stabilizers used are antimicrobial, antifungal, antibac-
terial, antioxidant, and flame retardants. Oils (like canola oil, cas-
tor oil, cooking oil, cottonseed oil, crude palm oil, edible oil, es-
sential oil, fish oil, jatropha oil, kernel oil, linseed oil, olive oil,
palm oil, rapeseed oil, soybean oil, vegetable oil, waste cooking
oil) and metal oxides or nanoparticles (such as copper nanopar-
ticles, silicon dioxide (Si0,), Titanium dioxide, TiO, nanoparti-
cles, calcium silicates, metallic nanoparticles, montmorillonite,
pd alloy nanoparticles, nanoclay, oxide nanoparticles, silicate na-
nocomposites, zinc oxide nanoparticle, zinc oxide (ZnO), etc.,
are being used. Chitosan has antibacterial properties that pre-
vent the development of many fungi and bacteria on bioplas-
tics” surfaces. A few authors suggested that the chitosan Zn* and
chitosan Ag" complex have more antimicrobial properties than
chitosan (Wang et al., 2004; Al-Tayyar et al., 2020a).

According to research done in (Cooper et al., 2007a), plas-
ticizers’ low molecular weight and non-volatile characteristics
enhance bioplastics’ flexibility. Plasticizers such as glycerol, sor-
bitol, chitosan, citric acid, and malic anhydride provide plastic-
ity to bioplastics (Tian et al., 2017a). The study of (Cooper et
al., 2007b) stated that the interaction of intermolecular hydro-
gen bonding could be reduced by blending glycerol with bio-
plastic, which offers cross linking and improves the flexibility
of bioplastics. Chitosan has low oxygen permeability, good film
formability, and nontoxicity (Farah et al., 2016). Because of its
high antimicrobial activity, chitosan can also be used as an anti-
microbial agent. A few authors (Farah et al., 2016) have found
that sorbitol has increased the elongation with cellulose and chi-
tosan and decreased the tensile strength.

Fibers reinforce bioplastics by enhancing strength and stiff-
ness as they are lignocellulosic. The natural bio-fibers are leaf,
bast, seed, and fruit. Carbon fiber, cellulose, nanofiber, wood
fiber, and wool fiber are other fibers. The modulus of fiber in-
creases with decreasing diameter of fiber (Mohanty et al., 2000).
Other properties such as density, tensile strength, mechanical
strength, electrical conductivity, and moisture content depend
on the fiber’s molecular structure and chemical composition.
Sources of proteins are beans, cheese whey, cottonseed, gluten,
keratin, silk, pea, rice, soy, whey, and by-products of the agri-
food industries It has much lower mechanical properties (Zhuang
etal., 2013). However, it can be upgraded by chemical, enzy-
matic or physical protein treatments (Jiménez-Rosado et al.,
2020). PHBYV is a polyhydroxybutyrate (PHB) derivative with
good moulding properties, low crystallinity, low melting tem-
perature, and less brittleness (Abraham et al., 2021b). It has good
mechanical properties and undergoes rapid enzymatic hydrolysis
in sewage sludge, wastewater, and soil, but anaerobic hydrolysis
is comparatively slow. Temperature, surface area, microbial
density, composition, microbial infiltration, and enzyme perco-
lation are several factors that influence the rate of degradation
of PHBV (Wang et al., 2003). PCL (Polycaprolactone) is a ther-
moplastic polymer derived through the ring opening reaction of
cyclic lactone monomer. PCL is a tough and semi-rigid material
at room temperature, and the modulus lies between LDPE and
HDPE (Mohanty et al., 2000). It provides good water, solvent,
oil, and chlorine resistance (Flieger et al., 2003). According to
the rheological study of PCL (Chavalitpanya and Phattanarudee,
2013), it has higher elasticity and viscosity than PLA.

Various types of algae have been used for bioplastics. A
few authors (Tibbetts et al., 2015; Khoo et al., 2019; Koyande et
al., 2019; Tang et al., 2020) have defined microalgae’s bioactive
composition as containing 12 ~ 48% lipids, 18 ~ 46% proteins,
18 ~46% carbohydrates, and 10 ~ 14% carotenoids. PVA (Poly-
vinyl alcohol) is a synthetic water-soluble polymer with good
chemical resistance and biodegradability (Al-Tayyar et al., 2020b).
It is a hydrolysed product with admirable strength and flexibili-
ty (Wang et al., 2003). PVA can resist oxygen permeation through
bioplastic and has good mechanical, and thermal properties and
transparency (Abdullah and Dong, 2019). Lower molecular
weight PEG (Polyethylene glycol) improves elongation at break
and softness while blending with other biopolymers (Pivsa-Art
etal., 2016). PEG can increase the mobility of PLA. PHV (Poly-
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Table 1. Summary Table on Advantages and Disadvantages of Various Bioplastics

Bioplastic Type Advantages Disadvantages

PLA Renewable, versatile, well understood Brittleness, low heat resistance, requires industrial composting
PHA/PHB/PHBV Full biodegradability, biocompatible High cost, variable mechanical properties

PBS/PBSA Tough, biodegrades faster than PLA Less available, processing adjustments needed
Starch/Cellulose Cheap, abundant, biodegradable Poor moisture and mechanical performance

hydroxyvalerate) is a copolymer of PHB. The PHV has better
phys-icochemical properties, such as lower crystallinity degree
and more flexibility than PHB (Simo6-Cabrera et al., 2021). A
bried summary of advantages and disadvantages of above mate-
rials is shown in Table 1.

3.2. Bioplastic Manufacturing Process

Bioplastics can be manufactured similarly to conventional
plastics using extrusion, molding, casting, etc. A minimum of one
number of occurrences, minimum of one item per cluster, and
a maximum of 10,000 lines of the map were taken. Thus, from
the 12,446 keywords, 33 keywords (combined, including com-
ercial and laboratory scale manufacturing processes) were man-
ually selected related to manufacturing processes and bioplas-
tics. These 23 keywords were linked together and represented
as the bibliometric map (Figure S2 in Supplementary Informa-
tion), illustrating various manufacturing processes used in vari-
ous publications. Each manufacturing process’s occurrences re-
present how often the researchers have used that process to man-
ufacture bioplastics.

Figure 5 shows the widely used processes to manufacture
bioplastics. From the analysis, the extrusion process is mostly
used as a manufacturing process in 74 kinds of literature, i.e.,
52.9%, followed by an injection molding process (20.0%) and
others. Most researchers have used compact-sized machinery or
casting to manufacture bioplastics in a lab. The predominance of
lights a strong emphasis on scalability and industrial relevance
in bioplastics research. Extrusion is a well-established, cost-effec-
extrusion as the most widely used manufacturing process high-
tive technique that allows efficient blending and compounding
of biopolymers with additives, making it suitable for both lab-
oratory and industrial production. The frequent use of injection
molding further supports the trend toward process compatibil-
ity with existing polymer manufacturing systems. In contrast,
casting-based approaches are primarily associated with laborato-
ry-scale material development, indicating early-stage research
or proof-of-concept studies.

3.3. Bioplastic Test Properties

After manufacturing bioplastics, various properties must
be tested before bringing them to the commercial market. A min-
imum of one occurrence of all keywords, minimum of one item
per cluster, and a maximum of 10,000 lines of the map were
taken. Thus, from the 12,446 keywords, 280 keywords were se-
lected manually related to properties and bioplastics. Of the 280
keywords, 240 keywords were linked. Hence created bibliome-
tric map (Figure S3 in Supplementary Information) represents
various properties of bioplastics that the researchers have test-
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ed. Figure 6 below represents the researchers’ most tested (top
10) properties of manufactured bioplastics. The properties’ oc-
currences demonstrate how often that property has been tested
earlier. Researchers tested mechanical properties the most, fol-
lowed by degradation properties and several others. The mechan-
ical properties dominate bioplastics testing, reflecting the neces-
sity to benchmark strength, stiffness, and durability against con-
ventional petroleum-based plastics, particularly for packaging
and load-bearing applications. Degradation-related studies form
the second most prominent category, underscoring growing reg-
ulatory pressure and environmental concern regarding end-of-
life performance. Thermal, barrier, and rheological properties ap-
pear with moderate frequency, indicating their relevance in de-
termining processing feasibility, shelf life, and suitability for
food and biomedical applications. In contrast, properties such
as optical, electrical, and long-term environmental performance
are comparatively less investigated, likely due to their applica-
tion-specific nature or the complexity and time-intensive require-
ments of such assessments. This uneven distribution of tested
properties suggests that current research is primarily driven by
short-term functional validation and process compatibility, while
comprehensive evaluation under real-world service and envi-
ronmental conditions remains limited. Addressing these under-
explored property domains will be essential for expanding bio-
plastics into high-performance and long-duration applications.

3.4. Frequent Used Keywords in the Bioplastic Field

The co-occurrence analysis technique helps analyse the
most frequently used keywords by authors. The network is cre-
ated by taking a minimum of 2 occurrences of keywords, min-
imum of 1 item per cluster, and a maximum of 10,000 lines.
Thus, of the 12,446 total keywords, 3,598 keywords meet the
threshold, indicating that the remaining were used only once.
Among them, the largest set of related keywords consists of
3,597 keywords. Accordingly, 3,597 keywords have a link with
other keywords. The represented co-occurrence analysis map
(Figure S4 in Supplementary Information) shows 23 clusters
consisting of 3,597 items with 91,368 links (one item links with
other items) and 133,158 total link strength (total of the how
many times each item links with other items). From the network
of co-occurrence analysis, “bioplastics” is the most frequently
used keyword by authors, with the highest number of 726 oc-
currences. Figure 7 represents the top 10 most frequently used
keywords in the bioplastics field. The most frequently occur-
ring keywords are strongly centered on bioplastics, specific
materials such as polylactic acid (PLA) and starch, and perfor-
mance-related terms including mechanical properties and bio-
degradation. This pattern indicates that current research is pri-
marily focused on improving the functional performance and
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Table 2. Most Impactful Publications

Rank Document title Citations  Reference
1 Biofibres, biodegradable polymers, and biocomposites: An overview 1,993 (Mohanty et al., 2000)
2 An overview of the recent developments in polylactide (PLA) research 1,317 (Nampoothiri et al., 2010)
3 Sustainable biocomposites from renewable resources: Opportunities and challenges 1,288 (Siracusa et al., 2008a)
in the green materials world
4 Biological degradation of plastics: A comprehensive review 873 (Shah et al., 2008)
5 Biodegradable polymers for food packaging: A review 868 (Siracusa et al., 2008b)
6 A microbial polyhydroxyalkanoates (PHA) based bio and materials industry 697 (Chen, 2009)
7 Biodegradable composites based on LignocellulosicFibers — An overview 690 (Satyanarayana et al., 2009)
8 Advances in cellulose ester performance and application 680 (Edgar et al., 2001b)
9 Surface modifications of natural fibers and performance of the resulting 556 (Mohanty et al., 2001)
biocomposites: An overview
10 Thermoplastic films from plant proteins 505 (Reddy and Yang, 2013)
Other
1.7%
Biobased Products
9.4%
Biodegradable Plastic Film
12.2%

Biomedical Applications
16.6%

Packaging
60.2%

Figure 8. Frequently used keywords for major applications of bioplastics in various fields.

environmental compatibility of established bioplastic materials
rather than exploratory polymer discovery. The prominence of
application-related keywords, particularly those associated with
packaging, reflects the dominant role of packaging as a driver
for bioplastics research, largely influenced by regulatory pres-
sure and high consumption volumes. Additionally, the frequent
appearance of property- and process-related keywords suggests
that researchers are emphasizing material optimization, pro-
cessing feasibility, and end-of-life behavior to facilitate the tran-
sition of bioplastics from laboratory-scale development to in-
dustrial and commercial implementation.

Top keywords seem to provide only traditional knowledge,
if we explore the large keywords at the periphery, it will help
better visualize the new reseach that may pore into the field of
new bioplastic research as in supplementary (Figure S4 in Sup-
plementary Information).

3.4.1. Most Impactful Publications

To analyse the most impactful publication of the field, the
citation analysis in the unit of documents can be used. The bib-
liometric network of this analysis represents the most cited doc-
uments in the particular field, and the link strength between two
documents represents the number of times that two documents
have been cited together. Here, the network was created by tak-
ing a minimum 70 number of document citations. Thus, of the
3,802 documents, 233 meet the threshold, and the largest set of
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related documents consists of 191 documents. The bibliometric
map (Figure S5 in Supplementary Information) consists of 20
clusters with 191 documents and 430 links. The most impactful
publication in the field is “Biofibers, biodegradable polymers,
and biocomposites: An overview,” with 1,993 citations authored
by A. K. Mohanty, M. Misra, and G. Hinrichsen and published
in the Macromolecular Materials and Engineering journal. Ta-
ble 2 shows the top 10 impactful publications in the field. The
most influential publications identified through the bibliometric
analysis are predominantly qualitative and systematic reviews
that focus on specific material classes, applications, or degrada-
tion mechanisms. For example, highly cited works by Mohanty
etal. (2000a, 2001b), Siracusa et al. (2008a, 2008b), and Satya-
narayana et al. (2009) emphasize biofibres, biocomposites, and
packaging applications, while Nampoothiri et al. (2010) and
Chen (2009) provide in-depth material-centric reviews on PLA
and PHA, respectively. These studies consistently highlight PLA
dominance, the importance of extrusion-compatible processing,
and packaging as the leading application — findings that are
strongly aligned with the trends revealed by our bibliometric re-
sults. While these qualitative reviews provide deep material-spe-
cific insights, they are limited in scope and temporal integration,
often focusing on selected polymers or applications rather than
the broader evolution of the field. In contrast, the bibliometric
analysis captures research expansion dynamics across materi-
als, processes, properties, and applications over decades. Notably,
the bibliometric results indicate increasing attention toward mi-
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crobial biopolymers, cellulose-based reinforcements, and com-
posite systems — emerging directions that are less emphasized
in these narrative reviews. Thus, top publication does not cap-
tures the recent trend; for the recent trend, publication on the
periphery should be explored rather as in Supplementary Infor-
mation (Figure S5).

3.5. Applications of Bioplastics

Plastic is everywhere! Nowadays, the application of bio-
degradable plastics is warranted to reduce the use of single-use
plastics. The bibliometric map of various applications of bio-
plastics was generated by co-occurrences analysis of all keywords
by considering a minimum of one occurrence of a key word and
manually selecting the keywords related to various applications
of bioplastics. Thus, the bibliometric map (refer to Figure S6 in
Supplementary Information) represents the various applications
of bioplastics mentioned by the researchers in their publications.
Each application’s occurrence shows how many times that ap-
plication has been mentioned in the various publications by the
researchers. Figure 8 shows the major application of bioplastics
in various fields. Bioplastics have been extensively used in food
packaging and eco-friendly & sustainable packaging. According
to (Pilla, 2011b), approximately 65% of the total bioplastics mar-
ket is involved in the packaging industry. It has been widely used
in biomedical applications in tissue engineering, orthopedic ap-
plications, biotechnological and clinical applications. Biodegrad-
able plastic films are used as packaging and antimicrobial. Bio-
based products include biodegradable bags, plastic bottles, bev-
erage cups, and cutleries. Different application domains are as-
sociated with distinct types of bioplastics, reflecting variations
in performance requirements and end-use conditions. Packaging
applications predominantly utilize polylactic acid (PLA), starch-
based plastics, and cellulose derivatives due to their ease of pro-
cessing, cost-effectiveness, and acceptable mechanical and bar-
rier properties for short-term use (Siracusa et al. 2008b; Farah et
al., 2016; Prabhu and Prashantha, 2018a). In biomedical and clin-
ical applications, materials such as PLA, PHA, and polycaprolac-
tone (PCL) are more frequently employed because of their bio-
compatibility, controlled degradation behavior, and suitability
for tissue engineering and drug delivery (Flieger et al., 2003; Chen,
2009; Yeo et al., 2018). Agricultural and composite applications
often rely on starch- and cellulose-based bioplastics reinforced
with natural fibers, where biodegradability and economic feasibil-
ity are prioritized over long-term durability (Mohanty et al., 2000;
Satyanarayana et al., 2009). These trends demonstrate that bio-
plastics are not a uniform material class; rather, their selection is ap-
plication-specific and driven by differences in chemical structure,
mechanical performance, degradation behavior, and processing
compatibility (Lambert and Wagner, 2017; Narancic and O’Con-
nor, 2019). Thus, bioplastics can be a better alternative to petro-
leum-based plastics to reduce plastic pollution and landfill toxi-
city and replace conventional plastics in the upcoming years.

3.6. Future Perspective and Limitations

Several polymers have been investigated to produce bio-
plastic. Several properties govern their usage and non-usage.

Research is moving ahead, but a polymer possessing a few good
properties fails on other metrics. The future should further in-
vestigate the wonder material possessing petroleum-based plas-
tic properties, except biodegradability. Bibliometric trends in-
dicate that future research in bioplastics should prioritize the
development of multi-functional materials that combine me-
chanical performance, processability, and controlled biodegra-
dability. Packaging applications are expected to remain the pri-
mary driver of bioplastics research due to regulatory pressure
and high consumption volumes; however, expanding into multi-
purpose and durable applications will require improvements in
thermal stability, toughness, and moisture resistance. Emerging
interest in bio-composites, reinforced bioplastics, and micro-
bial polymers suggests promising pathways to overcome current
material limitations. Additionally, greater emphasis on standard-
ized degradation assessment and real-environment performance
evaluation will be critical for advancing both scientific understand-
ing and industrial adoption. The study has used only web of sci-
ence data; standalone data from Scopus could provide addition-
al insight.

4. Conclusion

The growth of the study concerning bioplastics has increased
exponentially from 1999 to 2020. This study shows that polylac-
tic acid is the most used material to manufacture bioplastics, and
starch is the second most used material, followed by many others.
The extrusion and molding processes are the most processes for
manufacturing, followed by many others. The mechanical pro-
perties have been tested the most, and degradation is the second
used test, followed by many others. The applications of bioplas-
tics are widespread in the field of packaging and biomedical
engineering. The bibliometric study of the data of 3,802 publi-
cations identified the most impactful, collaborative, and cited
countries, institutions, authors, journals, and publications from
1999 to 1% January 2021. This information could provide insight
to future researchers in choosing areas of their choice at places
where focused research with the scientist of the field of research
stakes a heavy claim on the future of the bioplastic.
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