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ABSTRACT

Biosurfactants are surface active agents produced by microorganisms, which help reduce surface or interfacial tension between two immiscible
liquids like oil and water. In recent years, Due to their environmentally friendly nature and wide range of applications in various industries, they can
act as a sustainable alternative to synthetic surfactants. This review article provides an overview of biosurfactants, emphasizing their need for
biosurfactants, the production process, and their classification based on molecular weight, charge, and the microorganism they derived. The
advantages include biodegradability, biocompatibility, low toxicity, surface activity, and specificity, and various areas where the biosurfactant used
are emulsification, thermal stability, pH stability, wetting ability, foaming ability, and spreadability. Research on using biosurfactants in various
formulations like nanoparticles, liposomes, transdermal application, nanoemulsion, and nanocapsules is also highlighted in this review to support
its application in the medical field. Biosurfactants are also utilized in various fields like the pharmaceuticals, cosmetics, food, and oil industries.
However, they have their drawbacks, which include high production costs, variability in production yield, sensitivity to the environment, lack of
standardization, hurdles in regulatory approval, and research and development limitations. Despite certain drawbacks, biosurfactant offers a
sustainable alternative to synthetic surfactants.
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INTRODUCTION This review article delves into research papers sourced from
databases like PubMed, IEEE Xplore, ScienceDirect, and Google
Scholar, spanning the period from 2015 to 2023. The search
incorporated keywords such as Biosurfactant, Cancer, Lipid drug
delivery, Emulsification, Nano particles, and Production. The
emphasis was on studies exploring Production, Classification of
biosurfactant, Advantages over Synthetic surfactant, Their
application in various field and Future of biosurfactants in drug

Surfactants also known as surface active agents [1], which is an
organic compounds with amphiphilic properties that help reduce the
surface and interfacial tension between liquids [2]. Surfactant finds
application in various industries, including pharmaceutical and
cosmetics [3], due to their ability to enhance permeation [4], act as
flocculating agents [5], and serve as emulsifying agents in various

formulations [6].

In pharmaceuticals, surfactants play roles in skin permeation,
respiratory distress therapy [7], suppository base preparation [8],
and drug absorption. They are also involved in transdermal drug
delivery [9], microbiology, gene therapy [10], and drug-resistant
lung cancer treatment [11]. The cosmetic industry utilizes
surfactants in shampoo, lotion cleansing agents, and personal care
products [12]. Furthermore, they are used in the Textile industry,
genetic science, and paint industries [13].

Despite their widespread application, surfactants have drawbacks,
such as influencing microorganism growth [14] and causing skin
irritation [15]. Prolonged use may disturb physiological function,
and some surfactants can be challenging to degrade, posing
environmental risks [16].

Hence there is a need for an alternative to replace fully or partially
to achieve similar characteristics/properties of the surface-active
agent. In this review, an attempt has been made to review/explore
the use, production, classification advantages, and disadvantages of
Biocompatible surfactants i.e., biosurfactants.

delivery system. This methodology highlights recent advancements
in microfluidics for cancer treatment and offers a thorough overview
of breakthroughs in drug discovery and development.

Need of biosurfactant

Biosurfactants are surface-active molecules derived from microbial
sources, exhibiting similar mechanisms as synthetic surfactants in
reducing surface and interfacial tension [17]. They are considered a
promising alternative to synthetic due to lower toxicity, greater
biodegradability, environmental compatibility, good foamability, and
stability at different temperatures and pH levels [18]. Biosurfactants
not only reduce tension but also possess therapeutic activities,
including anti-bacterial, anti-fungal, anti-viral, and anti-adhesive
properties. Recent studies even suggest anti-cancer activity [19].

In addition to these characteristics, biosurfactants are
environmentally friendly, have low toxicity, and serve as a
renewable resource for production. They find applications in various
fields such as oil recovery, agricultural pesticides, pharmaceuticals,
and food industries, acting as stabilization agents, foaming agents,
and anti-microbial agents [20].

Table 1: Production of biosurfactant

Biosurfactant Microorganism Process MW/surface tension in References
water at cmc
Rhamnolipids Pseudomonas aeruginosa, Pseudomonas putida, Adsorption 504-650 gmol'1/29 mN m! [21-23]

Pseudomonas chlororaphis, Bacillus subtilis, Renibacterium

salmoninarum
Cellobiolipids Ustilago maydis

Sophorolipids

Candida bombicola, Candida sphaerica, Candida. Glabrata,

Crystallization 30 mN m? [24, 25]
Solvent extraction 620-720 gmol /33 mN m1 [26-28]

Candida apicola, Torulopsis petrophilum, Torulopsis apicola
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Biosurfactant Microorganism Process MW/surface tension in References
water at cmc
Trehalipids Rhodococcus spp., Tsukamurella spp., Arthrobacter spp. Solvent extraction 1211 gmol1/29 mN m1 [29, 30]
Nocardiasp., Micrococcusluteus
Mannosylerythritol Candida Antarctica, Kurtzmanomyces spp., Pseudozyma Diafiltration and 643 gmol1/28 mN m [31-33]
lipid fusifornata, Pseudozyma rugulosa, Pseudozyma aphidis, precipitation,
Ultrafiltration
Viscosin Pseudomonas fluorescens, Leuconostoc mesenteroides Adsorption 1126.4 gmol'/26.5 mN m? [34, 35]
Iturin B. subtilis Adsorption 1043.2 gmol?/25 mN m [36,37]
Surfactin B. subtilis Acid precipitation, 1036.8 gmol-1/27-32 mN [38-40]
Foam separation, m-1
and precipitation
Lichenysin Bacillus licheniformis Adsorption 1020.7 gmol-! [41, 42]
Emulsan Acinetobacter calcoaceticus Ammonium sulfate 1000 gmol-1/27mN m-! [43-45]
precipitation
Alasan Acinetobacter radioresistens - 1000 gmol-! [46,47]
Liposan Candida lipolytica, Candida tropicalis Solvent extraction 27mN m-1 [48, 49]
Carbohydrate-lipid- Debaryomyces polymorphous, Yarrowia lipolytica, Candida Tangential flow 27mN m-1 [50, 51]
protein lipolytica filtration
Mannoprotein Saccharomyeces cerevisiae, Kluyveromyces marxianus Diafiltration and - [52]
precipitation
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Fig. 1: Classification of biosurfactant

Biosurfactants derived from biological sources demonstrate high
biocompatibility with various production ingredients in industries
like cosmetics, agriculture, and pharmaceuticals. Studies, including
those by Maissa Dardouri et al. (2022) and ]. sangeetha et al
(2013), employ methods such as in vitro direct assay, in vitro
indirect assay, and in vivo subcutaneous implantation in a rabbit

model to assess biocompatibility. Results indicate that medical
devices coated with biosurfactants, specifically rhamnolipids,
exhibit lower toxicity compared to those without biosurfactants
[53]. However, some studies, such as J. sangeetha et al. (2013),
suggest that while biosurfactants are generally biocompatible,
there may still be instances of biocompatibility [54].

Functionalizing with biosurfactants may reduce biocompatibility,
with alternatives like PEG and natural polymer dextran proving to
be more biocompatible.
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(d)
Fig. 2: (a) Rhamnolipid (b) Sophoprolipids (c) Mannosylerythritol lipids (d) Iturin (e) Surfactin (f) Emulsan

(e)

Biodegradation

Biosurfactants derived from renewable sources are characterized by
their biodegradability and minimal harm to natural environments
[55]. Francisco Rios et al. (2019) conducted a study on
biodegradation under various pH, temperature, and time conditions,
revealing an 80.7% degradation of biosurfactants at pH 7 and 25 °
Cover 15 d [56]. Prasanna K. Mohan et al. (2005) compared the
biodegradation of biosurfactants (Rhamnolipids) and synthetic
surfactants (Triton X-100) across aerobic, anaerobic, and anoxic
conditions. The results showed that rhamnolipids exhibited 74%
degradation after 10 d under aerobic conditions, while Triton X-100
degraded 47.1%. However, under anaerobic and anoxic conditions,
rhamnolipids had less than 50% degradation, and Triton X-100 was
not biodegradable under anaerobic conditions, with only slight
degradation under nitrate-reducing conditions [57]. While
biosurfactants are generally biodegradable, certain conditions, such
as anaerobic environments, may pose challenges, with optimal
degradation occurring within 15 to 20 d under aerobic conditions.

Low toxicity

Biosurfactants exhibit significantly lower toxicity compared to
synthetic surfactants. For instance, glycolipid biosurfactants were
found to be 50% less toxic than synthetic surfactants like Tween 80
[58]. Studies by Poremba et al. (1981) and Edward et al. (2003) further
support this, demonstrating that biosurfactants, particularly
rhamnolipids and emulsan, showed 10 times less toxicity than
chemical surfactants (e. g, Corexit) [59] and were less toxic than
specific synthetic surfactants (e. g, PSE-61) [60]. The natural origin of
biosurfactants is believed to contribute to their lower toxicity, as they
are derived from sources that do not produce harmful effects, unlike
synthetic surfactants that originate from toxic synthetic chemicals.

Surface and interfacial activity

Biosurfactants demonstrate significant surface and interfacial activity,
effectively reducing tension levels. For instance, surfactin, a
biosurfactant, reduces the surface tension of water to 25
newton/meter, compared to synthetic surfactants that lower it to 35
newton/meter [61]. Cooper et al. (1981) used surfactin to reduce water
surface tension from 72 to 25 mN/m and interfacial tension from 40
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mN/m to 1 mN/m [62]. In another study, Rhamnolipids, a
biosurfactant, was utilized by Zulfigar A. Raza et al. (2011) to create an
emulsion of n-hexane and water, resulting in a reduction of interfacial
tension from 50 mN/m to 29.0 mN/m [63]. Although biosurfactants
generally outperform synthetic surfactants in reducing surface and
interfacial tension, some, like liposan, may lack the ability to reduce
interfacial tension, unlike all synthetic surfactants.

Specificity

Biosurfactants possess complex organic molecules with specific
functionalities, allowing for site-specific actions. This specificity
contributes to the creation of tailored cosmetics and diverse
pharmaceutical applications [64]. Reetz et al. (2013) identified the
wild-type gene, known as rhl-genes, in rhamnolipids and through
laboratory evaluation methods, modified the DNA sequence for
specific targeting [65]. Wittgens et al (2018) focused on
rhamnolipids, optimizing the RhlA acyltransferase responsible for
HAA synthesis. They developed a hybrid model (rhlAB) with P.
aeruginosa and B. glumae to synthesize acyltransferase for specific
fatty acid chain selection [66]. Their findings confirmed that
biosurfactants can bind to specific fatty acid chains with higher
specificity through slight modifications in DNA sequencing. This
specificity enhances their utility in various applications.

Where it's used
Emulsification

Biosurfactants exhibit effective emulsification activity, forming
metastable oil-in-water (0O/W) and water-in-oil (W/0) emulsions.
Examples like rhamnolipid and surfactin demonstrate emulsification
indices exceeding 50% [67]. Marcia Nitschke et al. (2005) studied
lipopeptide emulsification with various hydrocarbons, finding
emulsification activities ranging from 66.6% to 74%, with soybean oil
displaying the highest stability at 74%][68]. However, biosurfactants
such as sophorolipids from Torulopsis bombicola, as produced by D G
Cooper et al. (1984), may exhibit low emulsification activity despite
reducing surface and interfacial tension [69]. The variation in
emulsification activity among biosurfactants could be attributed to their
molecular mass, with higher molecular mass biosurfactants generally
demonstrating better emulsification. In comparison, lower molecular
mass biosurfactants may exhibit reduced emulsification activity.
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Thermal stability /pH stability

Biosurfactants exhibit notable thermal stability, allowing their use in
processes requiring high temperatures. This stability is crucial for
formulations subjected to elevated temperatures. Additionally, the
ionization state of the polar head group in biosurfactants influences
their stability, with pH-stable biosurfactants ensuring the stability of
cosmetic formulations such as emulsions and foams[70]. Mahmoud
Abouseoud et al. (2008) conducted a thermal/pH stability study on
biosurfactants from Pseudomonas fluorescence, demonstrating
stability up to 120 °C for 15 min across pH 4-9 [71]. Deepansh
Sharma et al. (2015) conducted similar stability studies on glycolipid
biosurfactants, subjecting them to temperatures from 0 °C to 125 °C
and pH levels from 4-12 [72]. Their findings confirmed that changes
in temperature and pH did not significantly affect the surface tension
and emulsification index of the biosurfactants, affirming their robust
stability under varied conditions.

Wetting ability

The amphiphilic nature of biosurfactants, containing both water-
attracting and water-repelling components, enhances wetting ability
by lowering surface tension and improving the interaction between
solid and liquid phases. This property is valuable for cleaning and
coating various formulations [73]. G. Ozdemir et al. (2004) compared
the wettability of rhamnolipid biosurfactants with sodium dodecyl
sulfate on different surfaces. The biosurfactants demonstrated
reduced contact angles and adhesion tension on hydrophobic surfaces
compared to sodium dodecyl sulfate [74]. Yutaka Ishigami et al. (1992)
evaluated the wetting action of rhamnolipid B (RB-Na) and its methyl
ester (RB-Me) on real rat skin and artificial biomembrane surfaces. At
certain concentrations, RB-Me showed better wetting effects, while
RB-Na exhibited superior wetting at lower concentrations [75]. Their
conclusion suggests that modifying the carboxylic moiety enhances the
biosurfactant's activity in lowering interfacial tension and improving
wetting action. From the results, biosurfactants demonstrate superior
wetting abilities compared to synthetic surfactants.

Foaming ability

Biosurfactants can generate stable foams by reducing interfacial
tension and the formation and stability of foam structures and
bubbles. In a study by Hary Razafindralambo et al. (1996), the
foaming properties of surfactin biosurfactant were compared with
sodium dodecyl sulfate (SDS) and bovine serum albumin (BSA) at
various concentrations. At the lowest concentration of 0.05 mg/ml,
surfactin demonstrated higher foaming capacity and maximum foam
density compared to SDS and BSA. The foam produced by surfactin
was more stable, while SDS and BSA resulted in unstable foam with
insufficient volume [76]. This study confirms the superior ability of
biosurfactants to form stable foam even at lower concentrations, in
contrast to synthetic surfactants that often require higher
concentrations for foam stability.

Spreadability

Biosurfactants enhance spreadability by reducing interfacial tension,
a crucial parameter in various industries. This improved
spreadability is especially significant in cosmetic formulations like
creams and lotions, as well as in surface cleaning agents for effective
dirt removal [77]. In a study by Sonam Gupta et al. (2017), the
development of a glycolipid-containing ointment demonstrated
notable spreadability with an area of 11.52 cm? [78]. This finding
confirms that biosurfactants exhibit good spreadability, comparable
to synthetic surfactants, making them valuable in the preparation of
various products across different industries.

Biosurfactant-based research work in drug delivery

Biosurfactant finds its value in many of the research and in drug
delivery systems viz., Nanoparticles, Silver/CuO nanoparticles,
liposomes, Transdermal application, Nanoemulsion, and
Nanocapsules/encapsulation.

Nanoparticles

In studies conducted by Gawon Yi and colleagues, they investigated
the use of biosurfactants in in vivo drug delivery to tumors. In the
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2018 study, emulsan, a biosurfactant, was used to prepare
nanoparticles loaded with pheophorbide a (Pba) as a model drug.
The characterized nanoparticles had a size of 165.7 nm, a zeta
potential of -29.4 mV, and exhibited a spherical shape. The
nanoparticles remained stable with a size below 200 nm after one
week of storage. In vivo experiments showed promising results, with
a faster uptake of emulsan-based nanoparticles by tumor cells
compared to free Pba. The concentration of nanoparticles in the
blood circulation and accumulation in the tumor were 3.04-fold
higher than free Pba, suggesting emulsan's potential in tumor drug
delivery [79].

In the 2019 study, rhamnolipid, another biosurfactant, was used to
prepare nanoparticles loaded with Pba. The characterized
nanoparticles had a size of 136.1 nm and a zeta potential of -34.5mV.
These nanoparticles exhibited high stability at pH 7, with no
significant changes in size after storing for 5 d. In vivo experiments
demonstrated a suppression in the growth of tumors within 14 d
using rhamnolipid nanoparticles in photodynamic therapy. The
accumulation of nanoparticles in the tumor was 4.7-fold higher than
free Pba, indicating that rhamnolipids are promising candidates for
drug delivery and biomedical applications [80]. Comparing the two
studies, both emulsan and rhamnolipid were effective in reducing
tumor size, but rhamnolipid nanoparticles showed a higher effect,
possibly due to the photodynamic therapy or inherent anti-tumor
activity of rhamnolipids. These findings collectively suggest that
biosurfactants are excellent candidates for tumor targeting in drug
delivery applications.

Silver/cuo nanoparticles

In a study by Ana Maria Salazar-Bryam et al. (2021), rhamnolipid-
stabilized silver nanoparticles were synthesized using a top-down
approach. Rhamnolipids significantly reduced the surface tension of
water to one-third of the original surface tension. At different pH
levels (5.0 to 9.0), there was no significant effect on surface tension.
The particle size ranged from 56 to 190 nm, and the zeta potential
varied from-14.33 mV to-36.8 mV at pH 3.0 to 9.0. Field emission
gun scanning electron microscopy confirmed the round shape of the
nanoparticles. The study concluded that the presence of
rhamnolipids in the formulation directly impacted the size and
stability of silver nanoparticles [81].

In another study by K. Athira et al. (2021), CuO nanoparticles were
biosynthesized using rhamnolipids via a hydrothermal method.
Characterization was conducted through FTIR, TGA, XRD, SEM, and
TEM. The antimicrobial activity of the nanoparticles was assessed
using the resazurin assay, with the morphology identified as
spherical by FE-SEM. The nanoparticles exhibited excellent
antimicrobial activity against both bacteria and fungi, with a
minimum inhibition concentration (MIC) of 7.8 pg/ml. The findings
suggest that rhamnolipids can be beneficial in formulating
antimicrobial and antiviral formulations [82]. The collective results
from these studies indicate that rhamnolipids play a crucial role in
the synthesis and stabilization of metal nanoparticles. Different pH
conditions can affect the particle size and zeta potential of silver
nanoparticles, possibly due to the influence of pH on the surface
activity of rhamnolipids. Additionally, the CuO nanoparticles
synthesized with rhamnolipids showed enhanced antimicrobial
activity, suggesting the potential use of rhamnolipids in formulating
effective antimicrobial and antiviral formulations.

Liposomes

In a study by Yoshie Maitani et al. (2006), a biosurfactant-based gene
delivery system using liposomes was developed for herpes simplex
virus. Two different biosurfactants, -sitosterol 3-D-glucoside (sit-G)
and mannosyl erythritol lipid A (MEL), were used to formulate
liposomes. Three types of liposomes were prepared: control, sit-G,
and MEL. The particle sizes of the control, sit-G, and MEL liposomes
were 120£1.3 nm, 163+3.0 nm, and 85.7+9.7 nm, respectively. The
cytotoxicity of the liposomes indicated a cell viability of 70% for sit-
G lipoplex and 30% for MEL lipoplex. Sit-G showed an effect in
reducing tumor size within 30 d [83].

In another study by Ce Cheng et al. (2019), liposomes containing
curcumin were developed using rhamnolipids to enhance stability,
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loading capacity, and sustained release. Liposomes were prepared
with different ratios of phospholipids and rhamnolipids. The particle
sizes for various ratios were 251 nm (10:1), 206 nm (5:1), 97.7 nm
(2:1), and 46.4 nm (1:1). The stability of liposomes at different pH
levels showed minimal sedimentation, with a particle size ranging
from 207 to 213 nm after 7 d. The study demonstrated 71.5%
curcumin retention after 60 min and a 59% in vitro release in 72 h
[84]. Comparing the studies, both Yoshie Maitani et al. (2006) and Ce
Cheng et al. (2019) focused on developing liposomes using different
biosurfactants or their combination. The liposomes with mannosyl
erythritol lipid A showed a particle size below 100 nm, indicating
good size control. In the case of Ce Cheng et al (2019), a
combination of phospholipids and rhamnolipids demonstrated
better thermal stability, higher loading capacity, and sustained
release compared to the use of a single biosurfactant. Therefore,
combining biosurfactants appears to be a more effective strategy for
liposome formulation

Transdermal application

In a study by Agnieszka Lewinska et al. (2022), surfactin-stabilized
polymeric (D, L-lactide) nanoparticles were developed for
transdermal application. The nanoparticles, prepared by
nanoprecipitation, were quasi-spherical in shape, with particle sizes
ranging from 11443 to 168+8 nm at different surfactin
concentrations (0.1% to 2%). After 90 d of storage, the particle size
varied between 102+2 to 197+9 nm. The polydispersity index (PDI)
values ranged from 0.074 to 0.154 initially and between 0.80 to
0.264 after 90 d. Zeta potential ranged from-86 to-60mV initially and
between-73 to-42mV after 90 d. The safe concentration of surfactin
was identified as 0.25%, showing 80% cell survival even after 48 h
of incubation. The nanoparticles permeated into the deeper skin
layers, indicating their potential for transdermal application [85].

In another study by Balakrishnan Muthukumar et al. (2023), a nano
herbal ointment loaded with tridax procumbens for wound healing
was developed using rhamnolipid biosurfactants. The ointment,
composed of 30% water and 70% oil, demonstrated long-term
stability with an average particle size of 120 nm and a zeta potential
of-0.4mV. Minimum inhibitory concentration was 256pg/ml,
minimum bacterial concentration was 100ug/ml, and cytotoxicity
studies showed cell viability within the range of 92 to 99%. The
wound scratch assay indicated significant cell migration (44%, 64%,
and 90%) at different periods of 24, 48, and 72 h, respectively. The
herbal ointment facilitated the rapid disappearance of scratch areas
within 3 d [86]. Comparing both studies, Agnieszka Lewinska et al.
(2022) and Balakrishnan Muthukumar et al (2023) used
biosurfactants (surfactin and rhamnolipids) for topical applications,
demonstrating particle sizes between 100 to 200 nm. Both
biosurfactants exhibited high stability properties over time.
Additionally, the transdermal applications showed good permeation
to deeper skin layers and wound healing properties without causing
cytotoxicity.

Nanoemulsion

In a study by Ali Sedaghat Doost et al. (2018), nanoemulsion was
developed using essential oil (oregano) and quillaja saponin
biosurfactant. The comparison was made with three different
surfactants: quillaja saponins (QS), sucrose monopalmitate (SMP),
and octyl-modified starch (OMS). The nanoemulsion with QS with
the particle size of 146 nm and SMP had 171 nm at a lower
concentration. After 48 h of storage, the QS nanoemulsion was
unstable, with an increased particle size, while the SMP
nanoemulsion showed a slight increase. After 20 d of storage, the
particle size of SMP increased to 250 nm, and QS increased to 330
nm. Stress conditions revealed phase separation for SMP, while QS
remained stable. The minimum inhibitory concentration (MIC) of the
nanoemulsion was 0.5 mg/ml, and QS was considered a good
candidate for nanoemulsion formulations in food and cosmetic
products [87].

In another study by Feride Hande Kural et al. (2011), a self-micro
emulsifying drug delivery system was formulated using surfactin.
The formulation stability was studied in different regions of the
ternary phase diagram, with the formulation being more stable at
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region A, unstable at region B, and leading to coarse emulsion at
region C. The blank formulation had an average particle size of
8.80+0.03 nm, while the surfactin formulation had an average
particle size of 9.46+0.02 nm. The successful production of a
pharmaceutical dosage form using surfactin was demonstrated [88].

Agnieszka Lewinska et al. (2020) developed a nanoemulsion with a
multifunctional and custom-designed smart delivery system using
surfactin. The nanoemulsion, formulated with a phase diagram,
encapsulated active substances like vitamin C, vitamin E, and
curcumin. The nanoemulsion without active substances had a
particle size of 69.3+1.4 nm, and with vitamin C, vitamin E, and
curcumin, the particle sizes were 176.46+0.50 nm, 183.9+7.64 nm,
and 89.18+1.35 nm, respectively. The nanoemulsions remained
stable for 6 mo and demonstrated penetration of actives into the
skin, indicating potential applications in the cosmetic industry [89].

In a study by Rushikesh Fopase et al. (2020), controlled drug delivery
using lipopeptide (surfactin) and essential oil (eucalyptus)-based
nanoemulsion was developed. The nanoemulsion, loaded with
doxorubicin, was characterized by FTIR and DLS, showing particle
sizes ranging from 145 to 200 nm. The stability of the nanoemulsion
was confirmed under external shear and various pH conditions. The
drug release of doxorubicin from the nanoemulsion was slower
compared to other formulations, and the nanoemulsion exhibited
broad-spectrum antibiotic activity [90]. Overall, these studies
highlight the versatility of surfactin in nanoemulsion formulations
for various applications, including food and cosmetic products,
pharmaceutical dosage forms, and controlled drug delivery systems
with anti-tumor and anti-bacterial activities.

Nanocapsules/encapsulation

In a study by Sameer S. Katiyar et al. (2020), nanocapsules with high-
loading capacity were developed for breast cancer using lipids and
biosurfactants. The nanocapsules, prepared by the antisolvent
precipitation technique, utilized various lipids such as capmul,
peceol, captex, acconon, precious, and compritol, with paclitaxel
(PTX) as the loaded drug. Among the lipids tested, Acconon
exhibited a high loading capacity, resulting in nanocapsules with a
particle size of 253 nm, PDI of 0.224, and drug loading of 19.24%.
The nanocapsules demonstrated a controlled release profile,
reducing cell viability in MCF cell lines compared to free PTX. In
tumor inhibition studies, nanocapsules with PTX showed a
significant reduction in tumor volume compared to other anti-cancer
drugs, indicating increased therapeutic efficacy and reduced toxicity
[91].

Maria A. Azevedo et al. (2023) developed nanostructured lipid carriers
(NLCs) to encapsulate vitamin D3 wusing rhamnolipids as
biosurfactants. The NLCs were formulated with a solid lipid (glycerol
monostearate), liquid lipid (medium-chain triglycerides with 2.75%
vitamin D3 [MCT+VD3]), and rhamnolipids. Different formulations
with varying ratios of solid lipid to liquid lipid were studied. The
particle size increased with a decrease in the concentration of solid
lipids, ranging from 92.07 nm to 108 nm. The NLCs exhibited good
stability, and the lower concentration of solid lipids resulted in greater
stability. Cytotoxicity studies in the caco-2 cell line showed no
cytotoxicity at concentrations below 0.25 mg/ml. Bioaccessibility
studies indicated the influence of the solid-to-liquid ratio on the
encapsulated vitamin D3's release during the intestinal phase. The
NLCs with rhamnolipids were identified as promising candidates for
vitamin D3 encapsulation [92]. Both studies demonstrate the potential
of biosurfactants, such as rhamnolipids, in the development of
nanocapsules and NLCs for drug delivery applications. These
formulations offer controlled release, enhanced stability, and reduced
cytotoxicity, making them promising candidates for various
therapeutic applications.

Comparison of biosurfactant with synthetic surfactant

In a study by Zhenbao Zhu et al. (2018), a comparison was made
between natural biosurfactants (tea saponin [TS], quillaja saponin
[QS]) and a synthetic surfactant (Tween 80 [T80]) based on their
interfacial and emulsification properties. Nanoemulsions (NE) were
prepared using medium-chain triglyceride (MCT) oil through high-
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shear homogenization, with an oil phase concentration of 10% and
an aqueous phase concentration of 90%. The interfacial tension in
the absence of surfactant was reduced to 4.8 mN/m, 2.8 mN/m, and
6.4 mN/m for TS, QS, and T80, respectively. Tea saponin exhibited
the highest affinity for emulsion formation with excellent interfacial
properties. It resulted in the smallest droplet size (186 nm) and a
loading capacity of 3.1 mg m”-2. The stability of TS and QS NE was
evaluated at different pH levels, showing stability from pH 3 to 9,
with only TS NE exhibiting coalescence and flocculation at pH 2.

Int ] App Pharm, Vol 16, Issue 2, 2024, 34-43

Both TS and QS NE demonstrated long-term stability at 5, 37, and 55
°C for 30 d, with no phase separation and minimal changes in
droplet size. However, T80 NE was unstable at 55 °C [93]. The study
concluded that tea saponin, a natural biosurfactant, was more
effective than the synthetic surfactant Tween 80. The biosurfactant
showed superior results across various temperatures and pH levels,
with long-term stability, indicating its potential as a more efficient
and stable surfactant compared to the synthetic counterpart.

Table 2: Industrial application

Biosurfactant Application

References

Rhamnolipids Antimicrobial activity, Antiadhesive activity, Uptake of hydrophobic substrates, Thickener, Bioremediation agent,  [94-96]
Emulsification

Trehalolipids Increase the bioavailability of hydrocarbons, Anti-adhesive activity against several bacteria and yeast, and [97,98]
Activity in extreme conditions.

Sophorolipids Enhancement of oil recovery, Heavy metal removal, Emulsifiers In various personnel care products and cosmetics. [99-101]

surfactin Antiviral antibiotics, Antifungal activity, Enhanced oil recovery, Inhibition of fibrin clots, Antitumor activity, and [102, 103]
antimicrobial activity

Iturin Potential antifungal, Enzyme inhibitor, Antifungal agent, Non-toxic and non-pyrogenic immunological adjuvants. [104, 105]

Emulsan Stabilization of hydrocarbon in water emulsion, Potent Emulsifier and Structural tailoring [106, 107]

Liposan Solubilization, Emulsification, and Stabilization of hydrocarbon in water emulsion In the cosmetic and food industry. [108-110]

Drawbacks and antifungal agents for multi-drug resistant pathogens. As it has

High production cost

Biosurfactants are naturally occurring surfactants produced by
microorganisms and some plants. Their production is a complex and
expensive process compared to chemical surfactants [111].

Variability in production yield

Achieving consistent and high production of biosurfactants is
challenging due to various factors, including strain selection, growth
conditions, purification methods, and fermentation techniques
[112].

Sensitivity to environment

Biosurfactants are sensitive to environmental factors like
temperature, pH, and salinity, which can affect their performance
and stability [113].

Lack of standardization

Biosurfactants are still in the development stage, lacking
standardized production, characterization, quality control, and
regulatory approval processes, hindering their commercialization
and adoption across industries [114].

Hurdles in regulatory approval

Limited data on biosurfactants' safety, environmental impact, and
efficacy compared to synthetic surfactants poses challenges in their
regulatory approval and adoption across industries [115].

Research and development limitations

Despite potential applications, biosurfactant RandD is hampered by
microbial complexity, scale-up challenges, funding limitations, market
competition, knowledge gaps, and resource-intensive production
[116].

Future perspectives

The use of biosurfactants in the future has n-number of
opportunities and possibilities as it has been proven to be better
than synthetic surfactants, especially in the Targeted Drug Delivery
System. In the Targeted Drug Delivery System, Biosurfactants can be
used as it can bind with the specific receptors on the cell, thereby
reducing the adverse effects. Biosurfactants improve the
bioavailability, which leads to lowering the dose and side effects. It
also has the ability to form nanovesicles, leading to the delivery of
fragile genetic material for gene therapy. Biosurfactants can also
disrupt the biofilm, which enhances the antibiotic activity of
antibiotics, and it can also be used for formulating new antibacterial

wound healing and tissue regeneration properties, it could promote
tissue regeneration and promote wound healing. It can be used as a
vaccine adjuvant, which leads to boosting immune response and
lowering the dosage.

Overall, biosurfactant is a promising excipient in the
pharmaceutical industry with being biocompatible,
biodegradable, and versatile in nature. With further research
and development, these could be the most sustainable and
effective future for medicine.

CONCLUSION

There is always demand for surfactants not only in the
pharmaceutical industry but also in cosmetics and food. At the same
time, surfactants are often more toxic, and non-biodegradable,
allergic reactions, skin sensitivities (or) irritation, and
biocompatibility issues. To overcome all these problems,
biosurfactants can be used as an alternative to chemical surfactants,
which are composed of lipids, proteins, and carbohydrates.
Biosurfactants have good biocompatibility, are more biodegradable,
less toxic, and with good stability. There is certain scope for further
research for formulation, more specifically in nanotechnology
(nanoemulsion, liposomes, nanocapsules, nanostructured lipid
carrier, nano herbal ointment, gene delivery, nanoparticles, etc.).
These formulations could show excellent stability, with less particle
size, Polydispersity index (PDI), and zeta potential within the range.
The biosurfactant has its own antibacterial, antifungal activity, anti-
viral activity, and cytotoxicity activity, which acts as an aid for
certain formulations, especially in anticancer formulations (because
of its intrinsic anticancer activity with which they can also enhance
the anticancer activity of active constituents). So biosurfactants can
be a promising alternative to the chemical surfactants with less
toxicity.
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