
JJBS  
Volume 18, Number 2,June  2025 

ISSN 1995-6673 
Pages  367 – 381 

https://doi.org/10.54319/jjbs/180217  
Jordan Journal of Biological Sciences                                                                                                                                                  

Antimicrobial Potential of Biosurfactants from Microbial 
Sources: A Bibliometric Analysis  

Achmad Rifky Alfian1, Novita Yustinadiar2, Abdul Rahman Siregar2, FurzaniPa’ee3, 
Ekachai Taowkrue4, Neng Tanty Sofyana5, Wahyu Aristyaning Putri2,* 

1International Islamic School Amanatul Ummah, Mojokerto, Indonesia; 2Department of Tropical Biology, Faculty of Biology, Universitas 
Gadjah Mada, Yogyakarta, Indonesia; 3Advanced Herbal and Ethnomedical Research (AdHerb) Research Group, Faculty of Applied 

Sciences and Technology, Universiti Tun Hussein Onn Malaysia, Johor, Malaysia; 4Research, Innovation and Partnerships Office, King 
Mongkut's University of Technology Thonburi, Bangkok, Thailand; 5Marine Science Department, Faculty of Fishery and Marine Science, 

Universitas Padjadjaran, Bandung, Indonesia  

Received: June 24, 2024; Revised: December 10, 2024; Accepted: December 30, 2024  

Abstract 

Background.   Biosurfactants exhibit exceptional biological activities against pathogenic microorganisms, gaining 
significant attention for their potential in combating antimicrobial drug resistance. These molecules have been globally 
studied and widely published in reputable international journals. This study aims to provide a comprehensive bibliometric 
analysis of the global research profile, utilization, and advancements of biosurfactants as antimicrobial agents over the past 
three decades. 
Methods.   Publication data on biosurfactants as antimicrobial agents were obtained from the Scopus database (1991–2023) 
and analyzed bibliometrically through VOSviewer. 
Results.  A total of 908 publications, with an annual average of 28 articles, including notable contributions in Frontiers in 
Microbiology, with 43 documents are obtained in this study. Publication trends have shown consistent growth since 2000, 
peaking in 2022. India emerged as the most prolific contributor, followed by Ulster University as the leading institution and 
Banat, I.M. as the most productive author. Popular research themes include biosurfactants, antimicrobial activity, and anti-
infective agents.  
Conclusion.  This research offers a brief overview of the utilization of biosurfactants as antimicrobial agents research at a 
worldwide level from 1991 through 2023. This analysis highlights research trends and provides a foundation for future 
studies in this field. 
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1. Introduction 

Antimicrobial resistance stands as one of the greatest 
challenges rapidly facing modern medicine and public 
health globally (Rzycki et al., 2024). The World Health 
Organization (WHO) has highlighted that antimicrobials, 
including antibiotic resistance, pose a major concern to the 
public health, with the potential to contribute ineffective 
drugs to treat bacteria to antibiotics due to prolonged and 
improper antimicrobial use (Rzycki et al., 2024; 
Antimicrobial Resistance Collaborators, 2022; Prastiyanto 
et al., 2024). To solve this urgent problem, researchers and 
other groups are actively coordinating action plans to 
develop novel antibiotics and antimicrobial agents. A 
thorough study and screening process are critical to 
precisely characterize compounds and define possible 
targets for tackling antimicrobial resistance and other 
human diseases. 

Natural products (NPs), such as medicinal plants 
(Anand et al., 2019; Manan et al., 2022), fungi (Jakubczyk 

and Dussart, 2020), and endophytic plants have the ability 
to compete with other microorganisms and are abundant 
source of antimicrobial compounds. These compounds 
have unique features when compared to synthetic 
compounds in terms of structural complexity and 
enormous scaffold diversity (Atanasov et al., 2021). The 
phenolic compound of Ruta chalepensis L. leaf extract has 
antimicrobial activity against bacteria, such as Bacillus 
cereus, Pseudomonas aeruginosa, Staphylococcus aureus, 
and fungi like Candida albicans (Al-Ghamdi et al., 2020). 
Plants and fungi-based pharmaceuticals have been used in 
the reduction of human disease for over 5000 years (Hu et 
al., 2019). The endophytic thermophilic fungus 
Gymnascella thermotolerans-GTE-21 on Euphorbia 
geniculata have antimicrobial activity against human 
pathogenic microbial Staphylococcus epidermidis and 
Candida ciferrii (El-Zayat et al., 2024). This highlights 
that natural products are a promising source of 
antimicrobials, particularly biosurfactants derived from 
bacteria, fungi, or plants (Figure 1) (Ceresa et al. 2021, 
Kumar et al. 2021, Sarubbo et al. 2022). 
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Figure 1. Production, Types, and Application of Biosurfactants. 

Biosurfactants belong to surface-active compounds that 
consist of hydrophobic and hydrophilic moieties of 
biological origin to encourage the presence of interfaces 
with different polarities between fluids (Eras-Munoz et al., 
2022). Biosurfactants possess several benefits compared 
with chemical surfactants, including being non-toxic, 
biodegradable, not accumulating in the environment, and 
stable under several environmental conditions (Alfian et 
al., 2022); thereby providing various future applications, 
including industrial sectors. These surface-active 
compounds possess promising biological features against 
pathogenic microbes in the host organisms, including anti-
biofilm (Ali et al., 2022; Adnan et al., 2023; Kaur and 
Kaur, 2019), anti-adhesive (Mouafo et al., 2023; Firdose et 
al., 2023), and anti-microbial activities (Akgul et al., 2019; 
Adnan et al., 2023; Adu et al., 2022; AA et al., 2020).  

Studies in biosurfactants used for treating pathogenic 
agents in plants and humans are increasing gradually. Low 
molecular weight groups, like glycolipids and lipopeptides, 
have been authorized for biological qualities based on their 
molecular. Glycolipids have been effective therapeutic 
agents in combating various diseases (Shu et al., 2021), 
including antiadhesive (Kadhum and Haydar, 2020), and 
antimicrobial properties, such as antifungal (Ayed et al., 
2023), antibacterial (de Freitas et al., 2019; da Fontoura et 
al., 2020), and antiviral effects (Tsuji et al., 2023). 
Nevertheless, lipopeptides showed biocontrol agents 
against plant pathogens (Huang et al., 2022; Ghazala et al., 
2022; Abdallah et al, 2018), antimicrobial impact in food 
(Ali et al., 2022), biofilm inhibition (Englerova et al., 
2021; Ceresa et al., 2021), and antimicrobial (Chauhan et 
al., 2022). Biosurfactants like rhamnolipid produced by 
Pseudomonas aeruginosa ST5 and surfactin from Bacillus 
amyloliquefaciens ST34 have demonstrated efficacy 

against antibiotic-resistant Escherichia coli and 
Staphylococcus aureus (Ndlovu et al., 2017). Similarly, 
Sambanthamoorthy et al. (2014) reported that 
biosurfactants from Lactobacillus jensenii and 
Lactobacillus rhamnosus exhibit potent antimicrobial and 
anti-adhesive activities against multidrug-resistant (MDR) 
strains, including Acinetobacter baumannii, Escherichia 
coli, and methicillin-resistant Staphylococcus aureus 
(MRSA). 

The aims of this study was to carry out a bibliometric 
analysis of the biosurfactants related-research, especially 
of antimicrobial activities. Bibliometric analysis has been 
widely used in several research worldwide, such as snake 
venom, Indonesian biodiversity through DNA barcoding, 
prevalence of chikungunya cases, prevalence of 
monkeypox cases, organoid in regenerative medicine also 
global trends in non-alcoholic fatty acid liver (Sofyantoro 
et al., 2022a; Priyono et al., 2023; Sofyantoro et al., 2023; 
Sofyantoro et al., 2022b; Setiawan et al., 2024; Putri et al., 
2023). Regarding current bibliometric studies, there is only 
one that evaluates the output of renewable source 
production of biosurfactants quantitively and qualitatively 
(Nunes et al., 2022), and no bibliometric studies of 
biosurfactants as antimicrobial agents. Therefore, 
evaluation the worldwide research profile of literature on 
antimicrobial agents of biosurfactants is critical. In order 
to provide a comprehensive profile of biosurfactants as 
antimicrobial agents literature for the last three decades, 
this study mapped collaboration worldwide, evaluated the 
eminent institutions performance and authors, investigated 
the output of reputable journals, analyzed the highly cited 
articles, as well as highlighted arising research topics. The 
current study findings may present a visual summary of 
research advancements in this field and assess future 
research implications. 

2. Materials and Methods 

This study used data from the Scopus database, 
selected for its broad journal coverage, which supports 
both keyword searches and citation analysis. Scopus also 
indexes journals from other databases (Falagas et al., 
2008). On February 20, 2024, a bibliometric filter was 
generated and run using the key terms (TITLE-ABS-KEY 
( biosurfactant ) AND TITLE-ABS-KEY ( antimicrobial ) 
OR TITLE-ABS-KEY ( antibiotic ) ) AND ( EXCLUDE ( 
PUBYEAR , 2024 ) ) in the title and abstract parts to 
identify biosurfactants as antimicrobial-related 
publications from the Scopus database. Type of 
documents, including key terms, journal titles, publication 
year, countries, institutions, and citations, were extracted. 
The data were analyzed with VOSviewer to evaluate 
global profiles, international and author collaborations and 
to map prevalent keywords over the past three decades 
(McAllister et al., 2022). 

3. Results 

3.1. Publication profile of biosurfactant as 
antimicrobial-related research from 1991 to 2023 

Between 1991 and 2023, 908 documents were 
published worldwide, generating in an average of 28 
papers a year related to biosurfactants as anti-microbial 
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agents. Since the 2000s, there has been a steady growth in 
the amount of research on biosurfactants as antimicrobial 
agents; the highest number of publications was published 
in 2022 (112 documents).  The highest number published 
were research articles (n = 679), reviews (n = 142), book 
chapters (n = 55), and conference papers (n = 14), 

respectively. English was written in many of the 
documents (n = 893), followed by Chinese (n = 4), and 
French (n = 3). Since 1991, the number of documents 
about biosurfactants as antimicrobial agent has been 
steadily rising, with the maximum productivity recorded in 
2022 (n = 113) (Figure 2). 

 

 
Figure 2. Publication profile of biosurfactant as antimicrobial-related research from 1991 to 2023. 908 documents were obtained from the 
Scopus database.   

3.2. Collaboration and contribution countries of 
biosurfactant as antimicrobial-related research during 
the years 1991-2023 

Between 1991-2023, 79 countries contributed to the 
literature on biosurfactants as antimicrobial agents. The 
publication shares of the top ten most prolific countries 
ranged from 26.9% for India to 3.1% for South Korea. 
Table 1 presents the top ten countries globally related to 
their relative contribution to the total number of 
publications. With 245 (26.9%) documents published, 
India was the top prolific country, followed by Brazil (n = 
84, 9.2%), China (n = 72, 7.9%), the United States (n = 64, 
7.0%), and the United Kingdom (n = 58, 6.3%) (Table 1). 
Figure 3a reveals the formation of nine distinct clusters 
visualized using VOSviewer, each represented by a 
different color: green (Italy, Canada, Belgium), purple 
(Brazil, Portugal), red (Germany, Poland, India), dark blue 
(France, Mexico, Nigeria), yellow (India, Saudi Arabia, 
Egypt), light blue (Thailand), and orange (Spain, Tunisia). 
Meanwhile, Figure 3b maps countries based on publication 
year, with a color gradient from purple to yellow 
indicating older to more recent publications. The earliest 

publication year is 2014, while the most recent one is 
2020. 
Table 1. Collaboration and contribution of the Top Ten Countries 
for Biosurfactant Research Publications on Antimicrobial Agents 
Worldwide.  

SCRa Country Number of Documents (%) 

1 India 245 (26.9%) 

2 Brazil 84 (9.2%) 

3 China 72 (7.9%) 

4 United States 64 (7.0%) 

5 United Kingdom 58 (6.3%) 

6 Spain 43 (4.7%) 

7 France 34 (3.7%) 

8 Germany 31 (3.3%) 

9 Italy 30 (3.2%) 

10 South Korea 29 (3.1%) 
aSCR: standard competition ranking. 
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                                               (a)                                                                                 (b) 
Figure 3. Mapping the collaboration among countries: The number of collaborations with other countries is reflected in the size of the 
circle. Visualizations in (a) network and (b) overlay. The size of the circles corresponds to the frequency of appearances. The degree of 
relationship is indicated by the length of the links. The different colors reveal distinct clusters. The color gradient, from purple to yellow, 
indicates the timeline from older to more recent publications

3.3. The highest journals of biosurfactant as 
antimicrobial-related research during the years 1991-
2023 

Table 2 displays the top fourteen journals with the most 
documents globally, with 195 (21.47%) documents. 

Frontiers in Microbiology (n = 43), Colloids and Surfaces 
B Biointerfaces (n = 15), and Applied Microbiology and 
Biotechnology (n = 15) were the most published journals 
on the study of biosurfactants as antimicrobial agents.  

.  

Table 2. The highest journals in the field of biosurfactant research related to antimicrobials. 

SCR Journal No. of Documents SJR H-index 

1 “Frontiers in Microbiology” 43 (4.73%) 1.19 233 

2 “Applied Microbiology and Biotechnology” 15 (1.65%) 0.968 267 

3 “Colloids and Surfaces B Biointerfaces” 15 (1.65%) 0.868 198 

4 “Bioresource Technology” 13 (1.43%) 2.473 364 

5 “International Journal of Molecular Sciences” 13 (1.43%) 1.154 269 

6 “World Journal of Microbiology and Biotechnology” 12 (1.32%) 0.726 115 

7 “Applied Biochemistry and Biotechnology” 12 (1.32%) 0.514 135 

8 “Pharmaceutics” 11 (1.21%) 0.795 106 

9 “Antibiotics” 11 (1.21%) 0.792 77 

10 “Scientific Reports” 10 (1.10%) 0.973 315 

11 “Process Biochemistry” 10 (1.10%) 0.676 182 

12 “Journal of Applied Microbiology” 10 (1.10%) 0.774 185 

13 “Current Microbiology” 10 (1.10%) 0.526 108 

14 “Biocatalysis And Agricultural Biotechnology” 10 (1.10%) 0.655 70 

SCR: standard competition ranking. 

3.4. The highest cited article of biosurfactant as 
antimicrobial-related research during the years 1991-
2023 

The article titled “Natural functions of lipopeptides 
from Bacillus and Pseudomonas: More than surfactants 
and antibiotics” was the most cited article on 

biosurfactants as antimicrobial-related research in FEMS 
Microbiology Reviews (Table 3). The second-highest cited 
article “Biosurfactant: Potential applications in medicine” 
published in Journal of Antimicrobial Chemotherapy was 
co-authored by Banat, I.M who is the first of the top ten 
authors (Table 5). 
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Table 3. The most cited articles on biosurfactant as antimicrobial-related research 

SCR Authors Article title Journal Year Citation 

1 Raajimakers et al., 2010 

“Natural functions of lipopeptides 
from Bacillus and Pseudomonas: 
More than surfactants and 
antibiotics” 

FEMS Microbiology 
Reviews, 34(6), pp. 1037–1062 2010 779 

2  Rodrigues et al., 2006 “Biosurfactants: Potential 
applications in medicine” 

Journal of Antimicrobial 
Chemotherapy, 57(4), pp. 609–618 2006 724 

3 Abdel-Mawgoud et al., 
2010 

“Rhamnolipids: Diversity of 
structures, microbial origins and 
roles” 

Applied Microbiology and 
Biotechnology, 86(5), pp. 1323–
1336 

2010 656 

4  Singh et al., 2007 
“Surfactants in microbiology and 
biotechnology: Part 2. Application 
aspects” 

Biotechnology Advances, 25(1), pp. 
99–121 2007 595 

5  Galie et al., 2018 
“Biofilms in the food industry: 
Health aspects and control 
methods” 

Frontiers in 
Microbiology, 9(MAY), 898 2018 551 

6  Singh and Cameotra, 2004 “Potential applications of microbial 
surfactants in biomedical sciences” 

Trends in Biotechnology, 22(3), pp. 
142–146 2004 493 

7  Reid et al., 2011  
“Microbiota restoration: Natural 
and supplemented recovery of 
human microbial communities” 

Nature Reviews Microbiology, 9(1), 
pp. 27–38 2011 423 

8  Thomas et al., 2013  “Current developments in solid-
state fermentation” 

Biochemical Engineering 
Journal, 81, pp. 146–161 2013 412 

9  Elshikh et al., 2016  

“Resazurin-based 96-well plate 
microdilution method for the 
determination of minimum 
inhibitory concentration of 
biosurfactants” 

Biotechnology Letters, 38(6), pp. 
1015–1019 2016 399 

10  Van Hamme et al., 2006 

“Physiological aspects. Part 1 in a 
series of papers devoted to 
surfactants in microbiology and 
biotechnology” 

Biotechnology Advances, 24(6), pp. 
604–620 2006 390 

SCR: standard competition ranking. 

3.5. The most productive institutions of biosurfactant as 
antimicrobial-related research during the years 1991-
2023 

Table 4 displays the top 10 productive affiliations 
worldwide in the field of biosurfactants as antimicrobial 
agents from 1991 to 2023, with a total of 133 (14.64%) 
documents. Ulster University is the most prolific 

contributor with 25 (2.73%) biosurfactants as 
antimicrobial-related documents. Second through fifth on 
the list were the Universidade de São Paulo (n = 23, 
2.51%), Universidade do Minho (18, 1.98%), 
Universidade de Vigo (n = 16, 1.75%), University of Sfax 
(n = 13, 1.42%), respectively.  

Table 4. The most productive organization in publications related to antimicrobial agents of biosurfactants. 

SJR Affiliation Country Number of documents (%) 

1 Ulster University Northern Ireland 25 (2.73%) 

2 Universidade de São Paulo Brazil 23 (2.51%) 

3 Universidade do Minho Portugal 18 (1.98%) 

4 Universidade de Vigo Spain 16 (1.75%) 

5 University of Sfax Tunisia 13 (1.42%) 

6 Savitribai Phule Pune University India 12 (1.31%) 

7 Universitat de Barcelona Spain 11 (1.20%) 

8 Universidade Catolica de Pernambuco Brazil 11 (1.20%) 

9 Prince of Songkla University Thailand 11 (1.20%) 

10 Ministry of Education of the People's Republic of China China 10 (1.09%) 

SCR: standard competition ranking.
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3.6. The top authors contributed of biosurfactant as 
antimicrobial-related research during the years 1991-
2023 

Table 5 displays the top 10 authors worldwide who 
commit to the field of biosurfactants as antimicrobial 

agents from 1991 to 2023 according to the amount of 
document publications. Banat, I.M. is the first of the top 
ten authors with 24 documents of biosurfactant as 
microbial-related publication and Vecino, X. is the lowest 
author with 9 documents. 

Table 5. The top ten authors contributed to antimicrobial agents 
of biosurfactants. 

SCR Authors No of document H-index 

1 Banat, I.M. 24 80 

2 Moldes, A.B. 13 41 

3 Cruz, J.M. 12 45 

4 Sarubbo, L.A. 12 51 

5 Saimmai, A. 11 14 

6 Rodríguez-López, L. 11 19 

7 Nitschke, M. 11 30 

8 Rodrigues, L.R. 10 66 

9 Maneerat, S. 10 25 

10 Vecino, X. 9 28 

SCR: standard competition ranking. 
Figure 4 maps the occurrence of terms extracted from 

908 documents about biosurfactants as antimicrobial 
agents indexed by Scopus. Of the 8603 terms that were 
retrieved, 81 were determined in more than 50 
occurrences, leading to the formation of 5 distinct clusters: 
red, purple, blue, yellow, and green. (Figure 4a). Terms 
like antibiofilm activity, antibiotic agent, antibiotic 

resistance, biosurfactant, bacterial strain, Candida 
albicans, biofilm, Escherichia coli, human, 
hydrophobicity, Pseudomonas aeruginosa, Staphylococcus 
aureus, 16s RNA, quorum sensing are present in cluster 1 
(red color); cluster 2 (green color): animal, anti-bacterial 
agents, antiinfective agent, chemistry, drug effect, 
genetics, Isolation and purification, metabolism, microbial 
sensitivity test, surface-active agents; cluster 3 (blue 
color): bacteria, biomolecules, bioremediation, 
emulsification, emulsion, Fourier transform infrared 
spectroscopy, surface tension; cluster 4 (yellow color): 
antifungal activity, Bacillus subtilis, biosynthesis, fungi, 
lipopeptide, surfactin; cluster 5 (purple color): 
antimicrobial activity, glycolipid, lipid, rhamnolipid. In 
Figure 4b, the extracted terms are categorized by 
VOSviewer into a color gradient that represents old to 
recent publishing years, ranging from blue to yellow. 
Several key terms including antibiotic agent, biosynthesis, 
bacterial strain, lipopeptide, surfactin, lipid, surface-active 
agents, surface tension, and Bacillus subtilis were 
deciphered upon in the early years of biosurfactant 
research as it pertained to antimicrobials. Meanwhile, 
some keywords like animal, chemistry, drug effect, anti-
infective agent, antibiofilm activity, antibiotic resistance, 
biofilm, Fourier transform infrared spectroscopy, and 16s 
RNA are the topics that have appeared in recent years. 

 

 
                                                          (a)                                                                                                            (b) 

Figure 4. Mapping of occurrence terms retrieved from titles and abstracts in biosurfactant as antimicrobial-related research articles 
conducted by VOSviewer. Visualizations in (a) network and (b) overlay. The circles’ sizes correspond to the frequency of appearances. The 
degree of relationship is indicated by the length of the link. The different colors reveal distinct clusters. The color gradient, from purple to 
yellow, indicates the timeline from older to more recent publications

4. Discussion 

Biosurfactants can be classified as either low-
molecular-weight or high–molecular–weight 
biosurfactants (Kubicki et al., 2019). Lipopolysaccharides, 
lipoproteins, and a combination of these types belong to 
high-molecular-weight biosurfactants (Kubicki et al., 

2019), while low-molecular-weight biosurfactants include 
fatty acids, phospholipids, glycolipids, 
polyketideglycosides, lipopeptides, and spiculisporic acid 
(Vieira et al., 2021). Moldes et al. (2021) reported 
glycolipopeptides and glycopeptides as the least studied 
microbial biosurfactants. Both glycopeptides and 
glycolipopeptides have been investigated and reviewed for 
their antimicrobial ability (Butler et al., 2014; Vecino et 
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al., 2018; Acharya et al., 2022). Glycolipids and 
lipopeptides are the most investigated biosurfactant classes 
for antimicrobial properties as shown in Supplementary 1 
and Supplementary 2. 

Polymyxins biosurfactants from bacteria were first 
reported in 1947 as one of the earliest classes of antibiotic, 
and in 1949, polymyxin E from Paenibacillus 
polymyxa was produced (Ledger et al., 2022). However, 
several adverse effects, including neuromuscular blockade, 
nephrotoxicity, and neurotoxicity as well as the availability 
of less toxic antimicrobials, caused it to lose popularity 
(Grill and Maganti, 2011). Glycopeptides as antibiotics 
from actinomycetes were discovered and reported in 1954 
and introduced clinically in 1958 (Hutchings et al., 2019). 
Iturin as an interesting lipopeptide for antimicrobial and 
antifungal activity (Yaraguppi et al., 2023). Furthermore, a 
review article titled “Natural functions of lipopeptides 
from Bacillus and Pseudomonas: More than surfactants 
and antibiotics” published in FEMS Microbiology 
Reviews (Raajimakers et al., 2010) was the most cited 
article on biosurfactants as antimicrobial-related research, 
indicating that lipopeptide has gained attention in this 
study. 

Based on our findings, India is the most prolific 
country in terms of antimicrobial properties of 
biosurfactants research. Biosurfactant research is gradually 
increasing together with a remarkable market surge in 
growth for biosurfactant demand in India (TechSci 
Research, 2023). This trend is especially apparent in 
personal care products that use antimicrobial natural 
ingredients. Starting in 2016, the number of published 
documents significantly increased, and the highest number 
was in 2022, indicating the field of antimicrobial 
properties of biosurfactants had high research productivity 
in recent years. In the research progress of antimicrobial 
properties of biosurfactant, Saudi Arabia, Egypt, and Iraq 
contributed as collaboration countries besides developed 
countries. This result differs from the institution's 
productivity in publications related to antimicrobial agents 
of biosurfactants. Ulster University from Northern Ireland 
has the most number of documents on antimicrobial 
properties of biosurfactant-related research. 

Frontiers in Microbiology was listed as the most 
prominent journal with many documents discussing the 
antimicrobial properties of biosurfactants in this study. The 
first publication from Frontiers in Microbiology obtained 
in this study was published in 2014 titled "Analysis of 
biosurfactants from industrially viable Pseudomonas strain 
isolated from crude oil suggests how rhamnolipids 
congeners affect emulsification property and antimicrobial 
activity” by Das and colleagues from China (Das et al., 
2014). Frontiers in Microbiology journal contributed 
4.73% (n = 43) of the total publications retrieved from the 
Scopus database. Interestingly, although the oldest article 
related to antimicrobial properties of biosurfactants in 
Colloids and Surfaces B Biointerfaces journal was 
published in 1996 (Araki et al., 1996), this journal was 
identified as having the third-highest number of published 
documents 1.65% (n = 15).  

The highest citations of research articles in Table 3 
emphasize the most significant studies in biosurfactants as 
research with an antimicrobial focus. They can be used as 
references in finding present trends and prospects. 
According to the cluster formed (Figure 4), the red color 

(cluster 1) indicated the biological activity of biosurfactant 
and pathogen-caused infection. The green color (cluster 2) 
indicated the relationship between biosurfactant properties 
within organisms and their drug combination. The blue 
color (cluster 3) showed the characterization of 
biosurfactants, followed by the yellow color showed 
certain biosurfactants (lipopeptide and surfactin) with their 
antifungal activity. The purple color showed the major 
biosurfactants studied, such as glycolipid and rhamnolipid 
with their antimicrobial activity.  As shown in Figure 4, 
biosurfactant research starting in 2017 has the emerging 
trend research in several keywords, such as animal, 
chemistry, drug effect, anti-infective agent, antibiofilm 
activity, antibiotic resistance, biofilm, Fourier transform 
infrared spectroscopy, and rna 16s.  

Antimicrobial resistance like antibiotic resistance in 
2019 caused 1.27 million deaths globally (Antimicrobial 
Resistance Collaborators, 2022). Exploration of natural 
compounds particularly biosurfactants for tackling human 
disease due to antimicrobial resistance is interesting 
among researchers worldwide. Several studies have 
demonstrated the biological activity of biosurfactants in 
vivo or cell line animals like mice (Huang et al., 2018; 
Tsuji et al., 2023), human cells (Vazquez et al., 2018), 
mouse fibroblast and mouse macrophage cell lines (Farias 
et al., 2019), chorioallantoic membrane (Rodriguez-Lopez 
et al., 2019), and Aedes aegypti larvae (de Andrade 
Teixeira Fernandes et al., 2020).  Biosurfactants are 
capable of degrading microbial cell membranes. These 
molecules, composed of a hydrophilic head and a 
hydrophobic tail, interact with bacterial membrane lipids, 
leading to cellular damage. The mechanism begins with 
biosurfactants binding to lipopolysaccharides and 
peptidoglycan in the bacterial membrane, followed by their 
accumulation on the membrane surface. Furthermore, 
biosurfactants disrupt membrane proteins, triggering 
membrane disintegration and ultimately causing bacterial 
cell lysis (Lourenco et al., 2024; Adu et al., 2020).  

Biofilm formation enhances antimicrobial resistance by 
increasing bacterial metabolism and strengthening 
defenses against antimicrobial agents (Uruen et al., 2020; 
Zhao et al., 2023). Many studies informed the antibiofilm 
potential of biosurfactants on the host or medical devices 
(Supplementary 3). Biosurfactants form micelles that 
interact with bacterial membranes, modifying the 
hydrophobic layer to inhibit biofilm formation and 
adhesion. They also alter surface tension and membrane 
permeability, causing membrane leakage (Jimoh et al., 
2023). Moreover, the established combination formula of 
biosurfactant to combat antibiotic resistance and 
multidrug-resistant (MDR) strains has also been reported 
including nanoparticle-promising technology 
(Supplementary 4) (Falakaflaki et al., 2022; Diaz De 
Rienzo et al., 2016; Arif et al., 2021; Amirinejad et al., 
2023; Sharaf et al., 2022; Giordani et al., 2019; Lin et al., 
2023). Combining natural and synthesized compounds, 
this technology possesses a synergetic action against 
antimicrobial resistance compared to biosurfactants or 
drugs alone. Additionally, this strategy developed 
widespread biosurfactant applications related to the 
keyword “drug effect” on the host.  

Several methods exist to investigate biosurfactant 
composition (Barale et al., 2022; Gharaei et al., 2022; Sen 
et al., 2017), such as Thin Layer Chromatography (TLC), 
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nuclear magnetic resonance (NMR), high-performance 
liquid chromatography (HPLC), gas chromatography-mass 
spectrometry (GC-MS), liquid chromatography-mass 
spectrometry (LC-MS), and Fourier transform infrared 
spectroscopy (FTIR). In this study, FTIR is the prominent 
compositional analysis to determine the functional groups 
of biosurfactant compounds (Arif et al., 2021; Nataraj et 
al., 2021; AA et al., 2020; Alfian et al., 2022; Athira et al., 
2021; Challaraj Emmanuel et al., 2019;). On the other 
hand, the established technique for identifying 
biosurfactant-producing bacterial strains was 16S rRNA 
gene sequence analysis (Saleh et al., 2019; Rani et al., 
2020; Englerova et al., 2021; Elkhawaga et al., 2018; 
Cheffi et al., 2021; Reddy et al., 2018; Buonocore et al., 
2020; Challaraj Emmanuel et al., 2019) besides 
biosurfactant-producing yeast strains using rDNA regions 
(the D1/D2 LSU domains and ITS) (Sen et al., 2017). 
Interestingly, Villela et al., (2023) carried out whole-
genome gene markers not just the 16S rRNA gene to 
identify strains. The result showed identified strains 
differed from the original paper.  

5. Future Perspective 

Biosurfactants have recently drawn the attention of the 
research area on drug-delivery systems, pharmaceuticals, 
and especially antimicrobial resistance. Firstly, further 
exploration of the functional roles of biosurfactants could 
enhance our understanding of their impacts on tackling 
human diseases. Moreover, the exploration of 
biosurfactants is boundless from direct producers like 
bacteria, plants, and fungi, yet it can be produced by 
producers associated with animals and sponges. On the 
other hand, the adverse effect due to the interaction of the 
properties should be emphasized especially for differences 
in application effects. The challenges regarding the cost 
and effectiveness of biosurfactant applications are 
important to be resolved.  

6. Conclusion 

A total of 908 documents have been published over 
three decades, with an average of 28 publications per year. 
Most publications were reported in 2022. India emerged as 
the leading country in publication volume, while Ulster 
University ranked as the top institution. Banat, I.M. was 
identified as the most prolific author. Prominent keywords 
in this research include biosurfactants, antimicrobial 
activity, and anti-infective agents. In summary, the data 
provided in this study illustrates the advancements made in 
the scope of biosurfactants research focusing on their 
antimicrobial properties from 1991 to 2023, and it may 
help provide insights for future research. 

7. Limitations of Study 

A limitation of this study is that it primarily focuses on 
data from Scopus databases, which may not include all 
consistent publications. Additionally, the selection of 
keywords and filters could unintentionally narrow the 
scope, possibly skewing results toward particular research 
areas or geographic regions. Another limitation is the 
potential impact of publication bias, where studies with 
more favorable or significant results are more likely to be 

published, potentially leading to an overestimation of the 
antimicrobial potential of biosurfactants. Lastly, the timing 
of publications could influence trends observed in the 
analysis, with surges in publication frequency possibly 
reflecting external factors such as increased funding or 
interest rather than true advancements in the field. 
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Supplementary 1. Antimicrobial activities of biosurfactants produced by microorganisms. 

Producer microorganism Biosurfactant 
class 

Biosurfactant type Antimicrobial activity Reference 

Bacillus amyloliquefaciens Lipopeptides  Agrobacterium tumefaciens Abdallah et al., 2018 

Bacillus alveayuensis  Mixture of surfactins, 
iturins, and fengycins 

Desulfovibrio marinus Argentin et al., 2023 

Bacillus subtilis  Iturin A Phytophthora infestans Wang et al., 2020 

Serratia marcescens  Serrawettin Pseudomonas aeruginosa, methicillin-
resistant Staphylococcus aureus, 
Cryptococcus neoformans 

Clements et al., 2019 

Pseudomonas aeruginosa Glycolipids Rhamnolipids Bacteria: Serratia marcescens, 
Enterobacter aerogenes, Klebsiella 
pneumoniae, Staphylococcus aureus, 
Staphylococcus epidermidis, Bacillus 
subtilis, and phytopathogenic fungal 
species: Chaetonium globosum, 
Penicillium funiculosum, Gliocadium 
virens and Fusarium solani 

Haba et al., 2003 

Candida tropicalis  Sophorolipids Escherichia coli, Listeria monocytogenes 
and Staphylococcus aureus 

Ankulkar et al., 2019 

Rhodococcus fascians  Trehalose lipid Vibrio harveyi and Proteus vulgaris Janek et al., 2018 

Pseudozyma aphidis  Mannosylerythritol 
lipids-A 

Listeria monocytogenes Liu et al., 2020 

Cryptococcus humicola and 
Pseudozyma fusiformata 

 Cellobiose lipids pathogenic Cryptococcus and Candida 
species 

Kulakovskaia et al., 
2007 

Streptomyces Polyketides  Pathogenic fungi, various bacteria Risdian et al., 2019 

 

Supplementary 2.  Antimicrobial activities of biosurfactants produced by plants. 

Producer plants Biosurfactant class Biosurfactant type Antimicrobial activity Reference 

Chenopodium quinoa Saponins   Bezerra et al., 2021 

Glycine max Saponins   Bezerra et al., 2021 

Malphiguia ermaginata Saponins 

 

  Bezerra et al., 2021 

Quillaja saponaria Saponins  Asaia spp. biofilm Antolak et al., 2018 

Chenopodium quinoa 
Wild. 

Saponins  Staphylococcus aureus, 
Staphylococcus 
epidermidis, 

B. aureus, 

S. enteritidis, 

P. aeruginosa, 

L. ivanovii 

Dong et al., 2020 

Sapindus mukorossi fruits Saponins Sapindoside B, 

Sapinmusaponin A, 

Sapinmusaponin F, 

Sapinmusaponin N 

B. subtilis, 

B. linens, 

M. luteus, 

S. epidermidis, 

E. coli, 

P. fluorescens 

Sarethy et al., 2015 
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Supplementary 3. Antibiofilm properties of biosurfactants 

Producer microorganism Biosurfactant 
class 

Biosurfactant type Antibiofilm activity Reference 

Endophyte Burkholderia sp.  Glycolipid  Staphylococcus aureus AA et al., 2020 
Paenibacillus polymyxa Lipopeptide Polymyxin D1 

Surfactins 
Bacillus subtilis, Micrococcus 
luteus, Pseudomonas aeruginosa,  
S. aureus, Streptococcus bovis. 

Quinn et al., 2012  

Nesterenkonia sp. Lipopeptide  Staphylococcus aureus Kiran et al., 2017  
Lactobacillus jensenii P6A and 
Lactobacillus 
gasseri P65 

Unclassified  Staphylococcus saprophyticus, 
Enterobacter aerogenes and 
Klebsiella pneumoniae 

Morais et al., 2017 

Bacillus subtilis Lipopeptide  Achromobacter xylosoxidans, 
Alcaligenes faecalis, Pseudomonas 
alcaligenes 

de Souza Freitas et 
al., 2020 

Acinetobacter junii Lipopeptide  Proteus mirabilis, S. aureus, 
Pseudomonas aeruginosa 

Ohadi et al., 2020  

Pseudozyma aphidis Glycolipid Mannosylerythritol lipids S. aureus Shu et al., 2020  
Bacillus velezensis Lipopeptide Surfactin P. aeruginosa, 

E. coli,  
K. pneumoniae,  
S. aureus 

Ali et al., 2022  

Shewanella algae Glycolipid  Bacillus cereus, Streptococcus 
pneumoniae, Pseudomonas 
aeruginosa, Escherichia coli, K. 
pneumoniae, Acinetobacter sp. 

Gharaei et al., 2022 

Lactobacillus acidophilus Unclassified  Chromobacterium violaceum,  
Serratia marcescens, Pseudomonas 
aeruginosa 

Adnan et al., 2023  

Bacillus subtilis B. 
vallismortis 

Lipopeptides Iturin 
Fengycin 
Surfactin 

Malassezia furfur Da Silva et al., 2021 

Pseudomonas plecoglossicida Glycolipid Rhamnolipid S. aureus,  
B. subtilis, Aeromonas hydrophila 

Sabarinathan et al., 
2021  

Bacillus amyloliquefaciens Unclassified  Acinetobacter baumannii Amer et al., 2023  
P. aeruginosa Glycolipid Rhamnolipid Baumannii, 

Enterococcus faecium 
Firdose et al., 2023  

Lactobacillus paracasei  glycolipoprotein E. coli, 
S. aureus, 
Salmonella enteritidis, P. 
aeruginosa, Yersinia enterolitica, 
Proteus mirabilis, 
K. pneumoniae 

Mouafo et al., 2023 
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Supplementary 4.  Development of Biosurfactant formulation strategy  

Formulation strategy Antimicrobial activity Reference 
Liposomes containing biosurfactants S. aureus Giordani et al., 2019  
Toothpaste with biosurfactant and chitosan 
or sodium fluoride 

Streptococcus mutans Resende et al., 2019  

Garlic extract with biosurfactant S. aureus Mohamed et al., 2020  
Chitosan-based nanoparticle  Helicobacter pylori Arif et al., 2021 
Lipopeptides and glycolipids combination albicans 

Staphylococcus spp. 
Ceresa et al., 2021  

Usnic acid-loaded Rhamnolipid vesicle S. aureus Falakaflaki et al., 2022 
Rhamnolipid-coated iron oxide 
nanoparticles 

coli 
S. aureus 

Sharaf et al., 2022  

Glycolipid and antibiotics combination S. aureus 
A. baumannii 

Amirinejad et al., 2023  

Biosurfactant nanoemulsion E. coli 
S. aureus 

Haddaji et al., 2023 

 

 

 


