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Abstract: This review provides a bibliometric survey on the evolution and current state of
research on palm mucilage and its application in the development of biodegradable films, in
order to reveal critical research points and predict future trends. Original scientific and review
articles were searched in the Web of Science data platform by VOSviewer (2012-2022). Tunisia,
the United States, Germany and Luxembourg, as well as institutions related to these countries,
were the most scientifically productive in terms of research on biodegradable palm mucilage
films. It was also found that many researchers and journals focused exclusively on this area.
These results highlight the importance of research into the extraction of palm mucilage and its
application in the development of biodegradable food packaging.
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1. Introduction

In recent years, synthetic polymers based on conventional plastics have created a major
challenge for the world’s population, due to their excessive use in the industrial and domestic
sectors and issues related to environmental pollution. Synthetic materials have an extensive
degradation cycle, which can take several years to decompose, so food packaging developed with
these polymers is considered highly harmful to the environment.[1]

An alternative to minimizing these environmental impacts is the use of natural biopolymers
in the development of biodegradable films. Biopolymers are obtained from renewable sources of
animal and vegetable origin, including proteins such as collagen, chitosan, gelatin, and
polysaccharides such as starch, pectin, cellulose, among others.[2—4] These natural polymers have
been gaining ground in scientific circles, mainly in the biodegradable and flexible packaging
segment, presenting potential for application in food. Another important factor is that the life
cycle of renewable sources is shorter, contributing positively to environmental sustainability.[5,6]

A renewable source for obtaining natural polymers is the palm (Opuntia ficus-indica),
belonging to the Cactaceae family, originally from the American continent, more precisely from
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Mexico, and was introduced in the Northeast of Brazil around 1880 in the state of Pernambuco.
It is considered an exotic plant with a high number of species, which reflects its high genetic
variation due to the different agroclimatic conditions of the regions where it is native.
Furthermore, the palm is made up of cladodes that can be used to obtain mucilage. [7]

Palm mucilage is composed of heteropolysaccharide hydrocolloids with a wide range of
physicochemical properties, considered a non-toxic, viscous and colorless substance, in addition
to presenting properties such as impermeability, plasticity and good capacity for forming
biodegradable films. Furthermore, it is a low-cost, safe and biodegradable source.[8,9]

The combination of mucilage with other biopolymers, such as starch, gelatin, chitosan, and
plasticizers, appears with the purpose of optimizing the hydrophilic/hydrophobic and
mechanical characteristics of polymeric films. Biodegradable films are thin polymeric layers
formed by a dry (e.g. extrusion) or wet (casting) process. They are generally independent
materials used as primary packaging in foods, with the purpose of preserving and extending the
shelf life of the packaged product.[10-12]

Over the last few years, there have been major advances in the extraction of cactus mucilage
and its use as a biopolymer in the development of biodegradable films and coatings, and these
perspectives are accompanied by an increasing number of technical documents and scientific
studies on the subject.[12-14] Depending on the large amount of information available, the use
of data extraction and synthesis tools becomes extremely relevant. The bibliometric method is
based on the quantitative analysis of structures, characteristics and potential relationships
between publications in the same area. VOSviewer is visual analysis software widely applied in
this bibliometric field, as it has the ability to display results in the form of timeline maps, as well
as the cooperation network between these data.[15]

Bibliometric analysis, for example, has been applied in different areas of knowledge[16-18]
to measure and quantify scientific production on a given field or subject in one or more databases,
providing a quick and easy view of related studies through interaction graphs. Given the need to
collect data and analyze research trends in recent years regarding the application of palm
mucilage as a natural polymer in the development of biodegradable films, this review aimed to
carry out a bibliometric analysis, in order to promote a survey of related articles to biodegradable
films produced with mucilage from this cactus, verifying the potential, extraction techniques and
applications in food.

2. Database and methods

The review was carried out using a mixed research methodology, based on bibliometric
analysis and literature review. The literature review consisted of the following topics: “Main
natural polymers combined with palm mucilage to form biodegradable films” and “Trends and
future perspectives on the application of palm mucilage films (Opuntia ficus-indica) in foods”.

The bibliometric analysis began with a search on the Web of Science (WoS) data platform
(www.webofknowledge.com) to analyze global scientific production regarding biodegradable
palm mucilage films in the last 10 years (2012-2022). In this study, we used the search terms
“cactus mucilage*” or “cactus mucilage film*” or “palm mucilage*” or “mucilage of Opuntia ficus
indica*” or “mucilage extraction from Opuntia ficus indica*” or “cladode mucilage*” or “opuntia
mucilage®” or “based films of cactus mucilage*” or “cactus mucilage extraction*” or “mucilage
polymer*” to filter the search in the database (WoS). For the search, the topic criterion was used,
thus ensuring the broadest return of works that presented the search expressions in the title,
abstract, Keywords and Keywords Plus. Subsequently, the results were refined into “articles”
and “reviews”, obtaining a total of 90 scientific articles and 3 reviews.

Then, the data obtained from WoS were analyzed using the program VOSviewer version
1.6.15 (Www.vosviewer.com)[19,20] to create bibliometric graphic mapping and network
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visualization, in which “citation” was used. ” as a type of analysis to obtain the most cited
authors, publications, periodicals, institutions and countries, and “occourrence” to obtain the
keywords with the highest occurrence in the analyzed period, both without taking into account
the weight and strength of the link for the ranking of results in the program. After obtaining the
graphs, the weight “citation” was used for the results obtained from this type of analysis and
“occurrences” for the keywords. Furthermore, the OriginPro version 8 program
(www.originlab.com) was used to visualize the analyzed data and draw a global graph showing
the distribution of articles by year.

3. Results and Discussions of Bibliometric Analysis

The search method in the database selected for the research (WoS) allowed us to obtain a
total of 93 works in the last 10 years (2012-2022), including 90 scientific articles and 3 review
articles (Figure 1). Annual articles on the development of biodegradable films using palm
mucilage as a natural polymer have increased over the years, with more comprehensive growth
in 2021 and 2022, with 15 and 17 articles respectively. Palm mucilage as a biopolymer in the
production of packaging is a topic that is still little explored, which justifies the low number of
articles published, however, recent research shows a greater interest among researchers in
explaining this area, promoting new future perspectives for changing this scenario.

I N umber of Publication

Number of Publication

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Year of Publication

Figure 1. Annual distribution of publications related to the use of palm mucilage as a biopolymer in the
production of biodegradable films, according to the Web of Science (WoS) database.

In 2012, the first article published was on the extraction of plant biopolymers, highlighting
guar gum, locust bean gum and palm mucilage, in which they were combined and used in the
treatment of wastewater in the cosmetics industry.[21] In 2016, there was a concentration of
studies related to ways of extracting mucilage from cladodes of Opuntia ficus-indica. Felkai-
Haddache et al[22] used the microwave-assisted extraction technique combined with the
response surface methodology, with the purpose of extracting palm mucilage, and observed a
significant increase in the process yield, indicating the viability of techniques under study.

As of 2017, there has been an increasing focus on the application of palm mucilage in the
development of biodegradable films, emphasizing the combination of mucilage with other
biopolymers, such as chitosan, polyvinyl alcohol, and plasticizing agents, aiming to improve the
mechanical, hydrophobic and hydrophilic characteristics. of the films developed.[7,23] In 2022,
studies became more consistent in the development of biodegradable packaging with active
properties. Makhloufi et al[6] developed active packaging using polysaccharides from cactus
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mucilage and seaweed agar, and observed that the films produced exhibited good mechanical
properties, good protection against UV light, good thermal stability and moderate antioxidant
activity. Therefore, the authors consider it a low-cost and environmentally friendly option for the
development of active materials for food packaging.

In order to determine the results for the 20 most cited countries in the last 10 years, with an
emphasis on research on the extraction of palm mucilage and its application in biodegradable
films, the cooperation networks between the countries were analyzed (Figure 2). 4 different
clusters were observed, with clusters 1 and 2 being the two with the largest number of countries,
both with 6, respectively. Furthermore, these clusters include Tunisia (165 citations) and the
United States of America (144 citations), considered the countries with the highest citation rates.
The high rate of research citations observed for the country of Tunisia was already expected,
given that in this country there is a very high genetic diversity for Opuntia ficus-indica cacti,[24,25]
favoring the expansion of research that involves the extraction of mucilage using different
extraction techniques, in addition to its use as a biopolymer in the development of biodegradable

packaging.
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Figure 2. Visualization map for the 20 most cited countries in palm mucilage research and its application in
biodegradable films, according to a bibliometric analysis in the Web of Science database (2012-2022).

Brazil was one of the countries that occupied Cluster 2, ranking in the seventh position with
the highest citation rate (74), in addition, there was greater interaction for this country with 12
countries, highlighting the United States, Algeria, Germany (Cluster 1), Tunisia, Luxembourg,
Thailand, Palestine (Cluster 2), Mexico, Colombia, South Africa (Cluster 3), Malaysia and Saudi
Arabia (Cluster 4), indicating that researchers from Brazil carry out scientific research together,
promoting an expansion of information sharing with international researchers. Some studies
involving these connections are based on the extraction of cactus cladode mucilage, as a new
natural structuring material for nanoencapsulation;[26] Development of biodegradable films
containing palm mucilage, chitosan and polyvinyl alcohol (PVA) in different concentrations.[23]

In clusters 3 and 4, there are countries with lower citation rates, highlighting Palestine, Egypt
and Portugal, with 8, 4 and 3 citations, respectively. The countries described present low scientific
production, with the development of a maximum of two articles in the last 10 years, indicating
that the area of research on palm mucilage and its inclusion in biodegradable films is quite limited
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in these countries. The citation index is related to the number of articles produced, so the greater
the scientific production, the greater the percentage of citations, in addition, it allows us to refine
the discrimination of the impact of publications by experienced researchers on the existing
knowledge in their areas.[27]

Figure 3 illustrates the results obtained from the 20 most cited institutions in the last 10 years.
The institutions that demonstrated the greatest relevance for the article citation index were the
University of South Florida (124), National Institute of Research and Physico-chemical Analysis
(108), Luxembourg Institute of Science Technology (108) and Polytechnical Institute National
Mexico (102). Therefore, it was analyzed that the institutions with the highest citation rate
belonged to countries such as the United States, Tunisia, Luxembourg and Mexico, where they
were characterized as the main research centers in the area of mucilage extraction and its
application in film development. Furthermore, the University of Béjaia organization showed
greater interaction with the second cluster, indicating a strong influence on the relationship
within the cooperation networks, which revealed that the scholarship holders of this institution
were more independent.
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Figure 3. Collaborative network of the 20 most cited institutions in palm mucilage research and its
application in biodegradable films, according to a bibliometric analysis in the Web of Science database (2012-
2022). Note: VOSviewer. Federal University of Paraiba (Brazil); National Institute of Research and Physico-
chemical Analysis (Tunisia); University of South Florida (United States); Luxembourg Institute of Science
Technology (Luxembourg); Aveiro University (Portugal); INRAP- National Institute for Preventive
Archaeological Research (France); National Institute of Research and Safety for the Prevention of Work
Accidents (France); Polytechnical Institute National Mexico (Mexico); University of Boyaca (Colombia);
University of Béjaia (Algeria); University of Bremen (Germany); University of Lorraine (France); Carthage
University (Tunisia); Pedagogical and Technological University of Colombia (Colombia); University of
Bouira (Algeria); University of M'sila (Algeria); Université Akli Mohand Oulhadj (Algeria); Cadi Ayyad
University (Morocco); Centre de Recherche en Technologies Agro-Alimentaires (Algeria); University
Mohamed Boudiaf (Algeria).

Institutions such as the Federal University of Paraiba and Aveiro University were classified
as some of the organizations with the least notoriety in relation to the number of citations, a fact
justified by the development of recent scientific research, highlighting the publication of articles
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on the development of active packaging with Opuntia ficus-indica mucilage, and its applications
in food in the year 2022. Generally, to increase the citation rate of articles recently published by
institutions, a longer period of time is needed for them to be cited, and thus gain credibility by
researchers from other countries. countries, favoring the expansion of the collaborative network
between countries that carry out similar research.[28]

According to an analysis of the WoS database, Table 1 shows the 18 journals with the highest
number of citations on palm mucilage and its application as a natural polymer in biodegradable
films in the last 10 years (2012-2022). Of the 18 main journals, 28% were from the Netherlands,
22.20% from the United Kingdom, 22.20% from Switzerland, 11.10% from the United States of
America, 11.10% from Saudi Arabia and 5.40% from Taiwan. Therefore, 50% were European
journals, 33% Asian and 17% North American. The magazine Carbohydrate Polymers, published
by Elsevier, topped the ranking in first place, with 2 articles and 148 citations, receiving an
average of 74 citations per published article.

The high leadership rating of Carbohydrate Polymers was already expected, given that it is
a journal that mainly covers studies on the exploration of polysaccharides that have current or
potential application in areas such as bioplastics, biomaterials, and biodegradable packaging for
food, the latter area being, the focus of this review.

Publications using palm mucilage as a polysaccharide in the preparation of films as parts of
food packaging were reported by Gheribi et al[7] who developed edible films combining Opuntia
ficus-indica mucilage with different plasticizers, and found that the type of Plasticizer significantly
influenced the physical, thermal, mechanical and barrier properties of the films. Manhivi et al[29]
investigated the aqueous extraction of palm cladode mucilage in order to characterize it in terms
of composition, thermal and viscosity properties for potential applications in the food sector.

The Journal Environmental Science & Technology was the second most relevant journal in
the area, with its works totaling 93 citations, with an impact factor of 11.40 and CiteScore 16.70.
The scope of this journal consists of rigorous studies of complex environmental phenomena,
particularly with regard to fate, transport, and transformation in natural and engineered systems,
while facilitating the solution of critical environmental problems. Fox et al[30] developed a
flocculation coagulation system using a combination of cactus mucilage and ferric salt to remove
toxic compounds from water. Other studies were reported in order to minimize environmental
impacts, consumer health concerns and economic limitations associated with synthetic plastics,
in which researchers applied natural biopolymers classified as renewable, biodegradable and
edible resources to the development of food packaging.[31]

LWT- Food Science and Technology and Separation and Purification Technology ranked
third and fourth among the most cited journals, demonstrating an impact factor of 6.00 and 8.60
and 3 and 2 publications on the topic, respectively. His main areas of publication were:
biochemistry, food science and technology, chemical engineering, environmental engineering,
microbiology and nutrition. Among these scientific areas, the study by Carmona et al[32] stands
out, who carried out the encapsulation of mucilage from the palm Opuntia ficus-indica using
maltodextrin as an encapsulating agent (EA), and evaluated the performance of the
microparticles as a colorant in yogurt. Otalora et al[33] extracted mucilage from cladodes of
Opuntia ficus-indica and created a coacervate combining mucilage and gelatin, and observed that
this system had bioactive properties with application in the food industry.
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Table 1. The top 18 most cited journals in palm mucilage research and its application in biodegradable films, according to a bibliometric analysis in the Web of Science database

(2012-2022).

Journal Country Citations Publications Impact factor* CiteScore

Carbohydrate Polymers United Kingdom 148 2 11,20 18,90

Environmental Science & Technology United States 93 2 11,40 16,70

LWT- Food Science and Technology Switzerland 73 3 6,00 6,70

Separation and Purification Technology Netherlands 70 2 8,60 12,70

Food Chemistry United Kingdom 58 3 8,80 14,90

Coatings Switzerland 40 1 3,40 4,70

Journal of Electroanalytical Chemistry Netherlands 31 1 4,50 7,50

Colloids and Surfaces B: Biointerfaces Netherlands 31 1 5,80 11,00

Water Science and Technology United Kingdom 31 1 2,70 3,40

Saudi Pharmaceutical Journal Saudi Arabia 31 1 4,56 5,70

International Journal of Biological Macromolecules Netherlands 28 2 8,20 14,50

Journal of the Taiwan Institute of Chemical Engineers Taiwan 24 1 5,70 9,60

Food Packaging and Shelf Life Netherlands 17 1 8,00 12,90

Journal of Food Measurement and Characterization United States 13 2 3,06 3,00

Molecules Switzerland 11 1 4,60 6,70

International J. of Environmental Analytical Chemistry = United Kingdom 8 1 2,73 5,45

Saudi Journal of Biological Sciences Saudi Arabia 5 1 4,05 5,30

Polymers Switzerland 4 1 5,00 6,60

* 2022 Impact Factor.
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Polymers is a journal that publishes articles and reviews on innovative and significant advances
in Physics, Chemistry and Polymer Technology with an emphasis on packaging application and
development. In this bibliometric analysis, the journal with the lowest citation rate was considered,
in which this result is justified due to the publication of recent articles (2022), limiting citation by
other researchers. One of the focuses of their publications was reported by Todhanakasem et al[34]
who evaluated formulations of active films composed of cactus mucilage, added with probiotic
extract (E. faecium FM11-2 from fermented chicken isolates), and applied to slices of minimally
processed apples. The results demonstrated that the active film resulted in a greater shelf life
extension, preserving the original characteristics of the packaged product.

The most influential researchers on the production of research involving the extraction of palm
mucilage and its use in biodegradable packaging are presented in Figure 4. Dr. Rim Gheribi was
considered the most cited and influential author in the last 10 years, with 3 articles published,
receiving 165 citations. The author is a researcher at the National School of Agronomy and Food
Industries at the University of Lorraine, where she has been carrying out research with
polysaccharides, highlighting palm mucilage, and its use as a material for food packaging, considered
an ecologically correct alternative. Furthermore, the researcher has a collaborative network with
multidisciplinary research, developed with international researchers from countries such as France,
Italy, Luxembourg and Tunisia.
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Figure 4. Collaborative network between the 20 most cited authors in palm mucilage research and its application
in biodegradable films, according to a bibliometric analysis in the Web of Science database (2012-2022).

Researcher Dr. Khaoula Khwaldia is Tunisian, from the Institut National de Recherche et d’Analyse
Physico-Chimique, ranked as the second most cited author (164 citations). She has experience in the
area of biotechnological and food processes, working on investigating the valorization of
biopolymers for inclusion in food packaging, as well as studying the interaction mechanisms between
biodegradable packaging and food. Furthermore, she co-authored with researcher Dr. Rim Gheribi
on experimental studies on the optimization of the physical, mechanical and thermal properties of
cactus mucilage films combined with other natural polymers. Dr. Pierre Verge, based at the
Luxembourg Institute of Science and Technology (LIST), presents a collaborative partnership with
the two previous authors, being considered the third most influential researcher on the subject, with
108 citations. All the researchers mentioned above make up the second Cluster.

In relation to the first cluster, it was made up of ten researchers, among the most influential, Dr.
Norman Alcantar, Dr. Dawn Fox and Dr. Daniel Yeh, three researchers from the University of South
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Florida, who together produced 5 publications and 253 quotes. In addition to Dr. Khodir Madani,
professor and researcher at the University of Bejaia, considered the tenth most cited author (59
citations), where the focus of the research carried out was based on the extraction of mucilage from
cladodes of Opuntia ficus-indica, using green technologies, such as microwave-assisted extraction. It
appears that the composition of this cluster consisted mainly of researchers from the United States
and Algeria, corroborating data from the countries most cited in research on palm mucilage (Figure
2).

Regarding the most cited articles (Table 2), a research article produced by Otalora et al. stands
out in first place with 133 citations.[35] The researchers explained the importance of
microencapsulation of bioactive pigments, using Opuntia ficus-indica mucilage and maltodextrin as
coating materials, in order to obtain natural microcapsules for application in food. Gheribi et al.[7]
developed the second article with the highest citation index (108 citations), in this research they
reported the potential of cactus mucilage to form edible films and coatings, in which they created
biodegradable films using palm mucilage with the inclusion of different plasticizers, the in order to
investigate the effects of different plasticizers on film properties, as well as to design new applications
of this sustainable biomaterial.

The third most cited article (54 citations), written by Di Lorenzo et al.[36] this is a characterization
of the cladode mucilage of Opuntia ficus-indica (L.), and they observed the presence of high molecular
weight components such as a linear galactan polymer and a highly branched xyloarabinan,
compounds that perform antioxidant activity and healing. The article entitled “Extraction and
Characterization of Mucilage From Wild Species of Opuntia”[37] is in fourth position, with 51
citations. The objective of this article was to characterize the mucilage extracted from six species of
Opuntia, and determine the best extraction conditions to obtain an unchanged chemical structure of
the mucilage. The authors reported that the optimal extraction condition that promoted the highest
yield was the option that used a 50% ethanol solution in a 1:1 (m/v) ratio, a temperature of 22 °C and
precipitation of the mucilage with an ethanol solution. to 96%, in a ratio of 1:4 (v/v). Furthermore, the
mucilage obtained has the potential to be used for commercial purposes as biopolymers and additives
in the food industry.

Table 2. The 20 most cited articles in palm mucilage research and its application in biodegradable films,
according to bibliometric analysis in the Web of Science database (2012-2022) presented in descending order of

citations.

Publication Year NC Journal Reference

Microencapsulation of betalains obtained
from cactus fruit (Opuntia ficus-indica) by
spray drying using cactus cladode 2015 133 Food Chemistry  Otalora et al. [35]
mucilage and maltodextrin as
encapsulating agents
Development of plasticized edible films

¢ e lace: A
rom Opm?tm ficus-indica mucilage 2018 108 Carbohydrate Gheribi et al. [7]
comparative study of various polyol Polymers

plasticizers

The polysaccharide and low molecular

weight components of Opuntia ficus indica Carbohydrate  Di Lorenzo et al.
. - 2017 54

cladodes: Structure and skin repairing Polymers [36]

properties
Extraction and characterization of Journal of Food Rod’nguez—
) . . . 2014 51 Process Gonzalez et al.
mucilage from wild species of Opuntia . .
Engineering [37]

Spray drying microencapsulation of

betalain rich extracts from Escontria 2019 43 Food Chemistry Delia et al. [38]
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NC: Numero de citagoes.

The cited articles produced by Delia et al.[38] and Gheribi and Khwaldia[39], presented 43 and
41 citations, respectively. In the first article, the researchers focused on green technologies, in which
they tested the capacity of palm mucilage as a walling agent in the microencapsulation of pigments
from the pulp and skin of Escontria chiotilla and Stenocereus queretaroensis through a spray dry process.
The second is a review article that highlights the application of mucilage in the food packaging
industry, through the development of films and coatings. The authors report the importance of these
cactus-based biomaterials due to their functional properties and their potential in preserving food
quality and extending shelf life.

The other themes were based on extraction and characterization techniques of Opuntia ficus-
indica mucilage.[26,40,41] Felkai-Haddache et al.[22], explained about microwave-assisted extraction,
which is a technology for obtaining natural biopolymers, with emphasis on palm mucilage, and
observed that this method has advantages in saving extraction time, amount of solvent and
consumption of energy. Messina et al.[42] evaluated the technological, nutritional and bioactive
properties of palm mucilage (Opuntia ficus-indica), and found good nutritional properties,
highlighting the presence of polyunsaturated acids (EPA and DHA), in addition, high antioxidant
power was observed, being considered as an option for potential application at industrial level in the
food or nutraceutical sector.

The other experimental articles classified among the 20 most cited articles were focused on the
development of bioactive films for application in food, containing cactus mucilage (Opuntia ficus-
indica) and other biopolymers, highlighting starch, chitosan and polyvinyl alcohol.[10,23,34,46] While
Ligdrio et al.[44] developed an edible coating using palm mucilage combined with ascorbic acid, and
applied it to strawberry fruits in order to increase shelf life during refrigerated storage. Morais et
al.[43] produced coatings with palm mucilage, and applied it to minimally processed yam, and the
results indicated that the biocoating reduced dehydration and maintained the visual and sensorial
quality of the yam slices.

Figure 5 shows the occurrence analysis carried out over the last 10 years (2012-2022) using
keywords with at least 3 occurrences. Figure 5A represents an overlaid visualization map,
demonstrating the keywords with a minimum number of occurrences of 3 in the 93 publications on
palm mucilage and its application in biodegradable films. The bibliometric analysis showed that most
of the keywords appeared in the period from 2016 to 2022, which probably revealed that films
developed with palm mucilage was an emerging area, indicating greater interest among researchers
in the extraction of polysaccharide biopolymers and their application in the packaging sector, as an
alternative to synthetic materials.
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Figure 5. The 30 most frequently occurring keywords in palm mucilage research and their application in the

development of biodegradable films by (A) Overlay visualization and (B) Network visualization, according to
the bibliometric analysis of the Web of database Science (2012-2022).

The key words were divided into 4 clusters (Figure 5B), with the words with the highest
occurrences being found in cluster 1 and 3, highlighting “Polysaccharides” with a total of 13
occurrences, “mucilage” with 12 occurrences and “Opuntia ficus-indica” with 9 occurrences.
Furthermore, the trend of these keywords with greater occurrence has been emerging since 2016,
indicating once again that research with palm mucilage for the development of biodegradable films
in the last decade (2012-2022) is few, making it If necessary, an expansion of this research, as it
remains directly linked to studies of extraction, characterization and microencapsulation
technologies.[26,38]

In cluster 4, the focus of the keywords was mainly on obtaining mucilage from Opuntia ficus-
indica cladodes, formation of biodegradable films and their application in food. It was found that in
recent years, some researchers have focused on incorporating probiotics and other active plant
extracts to create edible biodegradable films, promoting the emergence of new ecologically
sustainable technologies. Todhanakasem et al.[34] developed palm mucilage-based films with
inclusion of probiotic strain of Enterococcus faecium FM11-2 as active component, and the results
indicated that the film played a significant active role in extending food stability, minimizing weight
loss. and maintaining the freshness of freshly cut apple slices. According to Makhloufi et al.[6], the
production of films derived from renewable resources for food packaging applications is an
important area of research within the scope of sustainable development, aiming to replace
conventional plastics, as well as minimize environmental impacts.

4. Main Natural Polymers Combined with Palm Mucilage to Form
Biodegradable Films

In the literature there is a diversity of natural polymers that are used in the production of
biodegradable packaging, highlighting starch, agar, alginate, gelatin, chitosan and pectin.[47] Figure
6 shows the main biopolymers used in the production of biodegradable films. Starch is a
biodegradable polymer obtained from some plants such as rice, wheat, potatoes, taro, yam, corn, etc.
It is considered a naturally abundant material in nature, in addition to being classified as a good
candidate for film production as it has several physicochemical, morphological, hydration, gluing,
gelatinization, retrogradation and rheological properties.[48,49]

Gelatin is one of the most conventional biopolymers, derived from proteins, with high
abundance, relatively low cost and is widely used in film formation. Film production by applying
pure gelatin solution has several advantages (including high transparency, high rigidity, favorable
biocompatibility and no characteristic odor), while the disadvantages are low water resistance, low
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ductility and easy dissolution in water.[50,51] However, due to its interesting properties, gelatin has
been considered a promising biopolymer for the development of biodegradable food packaging, and
a possible alternative to synthetic materials.[52]

‘ Starch Sources Palm (Opuntia Ficus-indica) ‘ Sources of Gelatin l
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Figure 6. Record of biopolymers used in the development of biodegradable films for application in food.

Chitosan is another natural polymer produced by the deacetylation of chitin and can be found
in several renewable sources, mainly from by-products of aquatic organisms, specifically
crustaceans.[53] It is a biodegradable, non-toxic, biocompatible material and has antibacterial,
antifungal and metal chelating characteristics. Furthermore, researchers have developed some
studies related to the area of packaging, because chitosan presents exceptional properties for film
formation, highlighting its morphological, physical (especially surface characteristics, appearance
and barrier properties), thermal, antimicrobial and mechanical characteristics. (i.e. flexibility and
tensile strength).[54,55]

Another biopolymer with application in biodegradable films is pectin, a component found
mainly in the cell walls of plant tissues. Pectin is a vegetable polysaccharide characterized as a
hydrocolloid with good thickening and gelling properties, ability to retain greater amounts of water,
non-toxic, and easily accessible in nature.[56,57] According to Gupta et al.[58], the polymer film
composed only of pure pectin presents poor physical properties, including low values of tensile
strength, greater hydrophilicity and brittleness. Thus, one of the alternatives to improve mechanical
properties and substantially reduce flexibility, consists of combining pectin with other biopolymers,
in order to obtain a more resistant packaging for application in foods.

Agar is a hydrophilic colloid extracted from red seaweed family (Rhodophyta). This biopolymer
consists of agaropectin, a non-gelling component, and agarose, a gelling component, where the
agarose double helix structure develops in the agar gel as a result of the hydrogen bond between the
agarose and is nourished by water molecules, and this is how the polymeric material is formed.[59]
However, pure agar film is relatively fragile when compared to packaging materials made from
plastic. Furthermore, it has limited mechanical strength, low heat resistance, significant
responsiveness to water and chemicals, along with substantial water vapor permeation, so due to all
these limitations, film development containing only agar is not recommended.[60]
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Alginate is a water-soluble anionic linear polysaccharide, mainly obtained from the cell walls of
seaweed, and synthesized by microorganisms. It is a non-toxic, biodegradable, biocompatible and
low-cost hydrocolloid, in addition to presenting desirable characteristics that include a low solubility
polymer, with good mechanical and barrier properties, as well as the ability to form polymeric
gels.[61] Due to these properties, alginate is classified as a biopolymer with numerous applications
in different fields of research, with emphasis on the production of packaging to reduce dehydration
of meat, a gelling and stabilizing agent in the beverage industry and in the pharmaceutical area as
polymeric matrices for encapsulate medicines, proteins, cells and DNA.[62,63]

Polymer blending has been well documented as a versatile and cost-effective strategy to develop
a polymeric material with excellent overall performance, compensating or eliminating the weakness
of a single-component polymer, and thus promoting the formation of stronger biodegradable films.
improving barrier, solubility, mechanical and thermal properties.[64] Some researchers have
reported that palm mucilage (Opuntia ficus-indica) is an ideal candidate in combination with other
natural polymers in order to obtain a more efficient packaging to protect the packaged food.[10,65]

Todhanakasem et al.[34] developed six biodegradable film formulations, in which they used a
combination of palm mucilage, gelatin and two types of plasticizers, sorbitol and glycerol, in addition
to an antioxidant agent (Enterococcus faecium FM11-2). The authors concluded that the film
formulation containing palm mucilage, gelatin, glycerol and probiotic was considered the most ideal
option due to presenting the best physicochemical and physical properties, and consequently played
a significant active role in prolonging stability. of food, minimizing weight loss and maintaining the
freshness of freshly cut apple slices.

Lira-Vargas et al.[66]studied the combination of cactus mucilage, gelatin and beeswax to prepare
biodegradable films, and were characterized by microscopy, morphology, thickness, transparency,
tensile strength and permeability to water vapor, O: and COz. The results indicated that this
packaging system has great potential for application in the area of post-harvest conservation of
horticultural products, as it demonstrates good mechanical resistance and gas barrier properties.

Sandoval et al.[67] used Mexican Opuntia ficus-indica mucilage combined with pectin and
glycerol in order to determine the best formulation for application in food products with the aim of
preserving their quality and increasing shelf life. The authors demonstrated in their research that the
combination of these polymers resulted in low permeability to water vapor (1.63 x 101! g- m s '-Pa
1), which may prevent the exchange of humidity and reduce product deterioration, and
consequently, extend the shelf life of packaged products. Olicon-Hernandez et al [68] developed an
edible film with palm mucilage and chitosan, as an alternative defense for tomato crops against
fungal infections, and observed that the film demonstrated a strong antifungal effect against Rhizopus
stolonifer under in vitro conditions, prolonging the shelf life of tomatoes. Therefore, the combination
of mucilage with other biopolymers has great potential in the production of biodegradable films,
providing an attractive polymeric packaging option for application in food products.

5. Trends and Future Perspectives on the Application of Palm Mucilage Films
(Opuntia Ficus-Indica) in Foods

Obtaining palm mucilage (Opuntia ficus-indica) constitutes an alternative that, in addition to
the cultural, economic and socio-environmental benefits, has great potential for use as a biopolymer
in the development of biodegradable packaging, making it possible to replace the amount of synthetic
polymers used by industries of packaging. Recently, one of the main focus areas in the research of
biodegradable films with palm mucilage consists of its application in perishable vegetables and fruits,
aiming to increase the shelf life and maintain the original characteristics of the products.[34,43]

Biodegradable films improve the shelf life of food by protecting it against internal and external
factors, such as microorganisms, humidity, gases and temperature. Furthermore, films can also be
used as carriers of ingredients and components such as vitamins, minerals, antioxidants,
antimicrobials, and nutraceuticals, in addition to acting as a barrier.[69] Makhloufi et al.[6] developed
a film containing palm mucilage and agar, using the casting technique, and observed good
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antioxidant activity, characterizing itself as an active packaging for food, being recommended for
food products with low moisture content.

The packaging industry is a growing area, where there are several opportunities for new
research involving the production of active or smart films. The development of these packaging
systems using palm mucilage (Opuntia-Ficus-indica) as a polymeric material is a promising alternative
to favor innovation possibilities, encourage the cultivation and use of previously undervalued plants,
and minimize environmental problems.[14,70]

One of the future perspectives is to direct the field of application of biodegradable palm
mucilage films to dairy products, specifically aged cheeses, as there is still no research in the
literature, being an alternative to diversify this area, as well as promoting conservation and quality.
of products packaged with this system. The beneficial properties of palm mucilage discussed in this
review can play important roles in the packaging field. Therefore, its extraction must be better
explored by relevant industries in the sector, as well as maintaining partnerships between
researchers, research institutions and industries, in order to explore these trends in detail and
promote innovative alternatives for consumers.

6. Conclusion

Bibliometric analysis presented itself as an important tool to identify the main scientific
productions of palm mucilage and its application in the development of biodegradable films. This
review pointed out that palm (Opuntia ficus-indica) is a species considered a source of mucilage,
present mainly in cladodes, being characterized as a promising biopolymer in the production of
biodegradable films. Strong collaborative relationships were observed between researchers,
countries and organizations that investigated the use of mucilage in film formulation, which has
contributed to the dissemination of knowledge.

In this context, the number of publications on biodegradable films has increased significantly
since 2019, due to the great interest in mucilage derived from cactus, in order to use it as a biopolymer
in the formation of biodegradable packaging, as well as the growing awareness of the environmental
impacts generated by synthetic polymers used in the traditional packaging system. This review is
expected to encourage the use of biodegradable palm mucilage films in new research, promoting
their application in all food groups.
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