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ABSTRACT: In this work, five biosurfactant extracts, obtained from
different sources, all of them with demonstrated antimicrobial properties,
were characterized and subjected to a cytotoxic study using mouse
fibroblast cells (NCTC clone 929). Biosurfactant extracts obtained directly
from corn steep water (CSW) showed similar surfactant characteristics to
those of the extracellular biosurfactant extract produced by Bacillus isolated
from CSW and grown in tryptic soy broth, observing that they are
amphoteric, consisting of viscous and yellowish liquid with no foaming
capacity. Contrarily, cell-bound biosurfactant extracts produced from
Lactobacillus pentosus or produced by Bacillus sp isolated from CSW are
nonionic, consisting of a white powder with foaming capacity. All the
biosurfactants possess a similar fatty acid composition. The cytotoxic test
revealed that the extracts under evaluation, at a concentration of 1 g/L,
were not cytotoxic for fibroblasts (fibroblast growth > 90%). The biosurfactant extract obtained from CSW with ethyl acetate, at 1 g/
L, showed the highest cytotoxic effect but above the cytotoxicity limit established by the UNE-EN-ISO10993-5. It is remarkable that
the cell-bound biosurfactant produced by L. pentosus, at a concentration of 1 g/L, promoted the growth of the fibroblast up to 113%.

1. INTRODUCTION

Synthetic surfactants are amphiphilic molecules composed of
hydrophobic and hydrophilic moieties. This structure allows
them to improve the solubility of different types of
compounds. As a consequence, the use of surfactants is widely
extended in broad fields such as environmental, food, cosmetic,
or pharmaceutical industries.1−3 However, synthetic detergents
have been demonstrated to present negative effects or low
compatibility. In particular, in cosmetic or pharmaceutical
formulations, the relationship between the use of certain
surfactants and the development of dermatitis and skin and
ocular irritation, among others, has been reported.4−7 In this
regard, biosurfactants have arisen as an alternative to
petrochemical surfactants. In contrast to synthetic tensides,
biosurfactants are surface-active compounds produced by
microorganisms composed of natural molecules consisting of
lipids, sugars, and/or proteins. This singular composition
confers them advantageous properties such as better
biodegradability or less toxicity, maintaining similar surface
properties to their synthetic counterparts.8−10 Some authors
have catalogued biosurfactants as the molecules of the 21st
century with multifunctional properties.11,12 Nevertheless, their
high production cost represents their main disadvantage.
Consequently, many authors have proposed alternatives such
as the use of renewable materials as carbon sources. For

instance, canola oil, soybean oil, waste frying oil, or
hydrolyzates from cellulosic or hemicellulosic fractions of
vine-trimming wastes have been proposed as a less expensive
option compared to traditional culture medias.13−17

Biosurfactants not only stand out for being natural
homologous of synthetic surfactants. They are also known
for their multiple applications in food, cosmetic, pharmaceut-
ical, or environmental industries. For instance, the potential
use of a lipopeptide produced by Bacillus cereus UCP 1615 as a
seawater bioremediation agent was demonstrated.18 This
biosurfactant has also been studied by Ostendorf et al.,14

demonstrating its efficacy in removing oil adsorbed to rock. In
addition to environmental applications, some biosurfactants
have been demonstrated to have interesting properties in
cosmetic and pharmaceutical fields. For instance, the
biosurfactant produced by Lactobacillus paracasei is able to
maintain the emulsion stability of a formulation with almond
oil, after 7 days, with a percentage of emulsion volume about
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80%.19 Another biosurfactant, classified as a sophorolipid and
produced by Starmerella bombicola, has been proved to be a
good adjuvant in creams for wound infections.20 On its part,
the biosurfactant extract obtained from the corn-milling
industry stream has been employed in sunscreen formulations,
and its influence in different drug permeation through silicone
membranes with positive effects was also proven.3,21 This
biosurfactant extract, obtained from corn steep water (CSW),
is capable of reducing the surface tension of water up to 39
mN/m, and it possesses a critical micellar concentration
(CMC) between 0.075 and 0.200 g/L, depending on the grade
of purity achieved.22,23

Moreover, it is also used as antimicrobial agents. Thus,
Rodriǵuez-Loṕez et al.24 have demonstrated the antimicrobial
activity of the biosurfactant extract obtained from the residual
stream of the corn-milling industry, observing in addition that
it is nonirritant, contrarily to synthetic surfactants. Vecino and
collaborators25 have also tested the potential use of
glycolipopeptides, similar to the biosurfactant produced by
Lactobacillus pentosus, against skin pathogens such as
Streptococcus agalactiae.25 However, few assays exist about the
cytotoxic effect of biosurfactants. Following this, the few
studies related with the cytotoxic effect of biosurfactants are
revised.
Burgos-Diáz et al.26 evaluated a biosurfactant produced by

Sphingobacterium detergents, observing that the fractions tested
reduced cell proliferation and induced apoptosis. Moreover,
the results achieved with this biosurfactant were better in
comparison with those of dodecyl sodium sulfate, a synthetic
surfactant commonly used in cosmetic formulations. Another
example of less cytotoxicity effect of biosurfactants, in
comparison with synthetic detergents, has been reported by
Patowary and collaborators.27 These authors demonstrated the
antibiotic activity of a biological detergent produced by
Pseudomonas aeruginosa PG1 against pathogenic bacteria and
fungus, as well as its noncytotoxic effect on mouse fibroblasts
(NCTC clone 929). As it can be observed, the studies dealing
with cytotoxic studies of biosurfactants are scarce, and
considering that microorganisms produce biosurfactants with
unique bioactive properties, it should be interesting to evaluate
the cytotoxic effect of biosurfactants from different sources.
Moreover, as it was previously described, some biosurfactants,
including those evaluated in the current work, possess
antimicrobial activity. Therefore, cytotoxic analyses should be
mandatory to discharge any possible alteration on cells
produced by their inclusion in cosmetic or pharmaceutical
formulations.
In this regard, the aim of this work was to characterize and

study the effect of five biosurfactant extracts, all of them with

antimicrobial properties and obtained from different sources,
on fibroblasts. The samples used in this study include two
extracellular biosurfactant extracts obtained directly from
CSW, using different extraction methods; two biosurfactants
(extracellular or cell-bound) produced by an endospore-
forming Bacillus strain, isolated from CSW; and one cell-
bound biosurfactant extract produced by L. pentosus. These last
three extracts were all obtained in controlled fermentations.

2. MATERIALS AND METHODS
2.1. Biosurfactant Extract Production. 2.1.1. Extraction

of Biosurfactants from CSW. Biosurfactants were extracted
from CSW (FEED Stimulants, Netherlands), a residual stream
from the corn-milling industry fermented spontaneously by
lactic acid bacteria and other Bacilli strains, following the
protocol reported by Vecino et al.17 Therefore, CSW was
subjected to 2 different extraction processes, using chloroform
or ethyl acetate, obtaining two biosurfactant extracts, BS1 and
BS2, respectively. The extraction of the biosurfactant with
chloroform was carried out at 56 °C for 1 h using a 2:1 v/v
chloroform/CSW ratio. On the other hand, the extraction with
ethyl acetate was carried out at 25 °C for 1 h with a ethyl
acetate/CSW ratio of 3:1 v/v. After extraction, both organic
solvents were evaporated by vacuum distillation with a
rotavapor R-120 (Büchi Labortechnik, Switzerland), obtaining
two oily extracts, BS1 (extracted with chloroform) and BS2
(extracted with ethyl acetate).

2.1.2. Production and Extraction of the Biosurfactant
from the Bacillus Strain Isolated from CSW. The endospore-
forming Bacillus strain, isolated from CSW in previous works,
has been identified as Aneurinibacillus aneurinilyticus and
corresponds to the strain deposited in the Spanish Type
Culture Collection (CECT) (Valencia, Spain), which was
identified as CECT 9939.29,30 This microorganism was grown
at 37 °C for 48 h in 200 mL of tryptic soy broth (TSB),
previously sterilized at 121 °C for 15 min. The biomass was
separated from the culture media by centrifugation at 5000
rpm in a ROTINA 380R (Hettich, Germany) in order to
extract two different biosurfactants, one from the fermented
broth (BS3) and other from Bacillus cells (BS4). For obtaining
BS3, the culture medium was subjected to extraction with
chloroform, following the same procedure previously ex-
plained.17 However, for obtaining BS4, the biomass was
washed twice with distilled water. This step allowed to
eliminate any compound present in the culture media. In this
case, the extraction of the cell-bound biosurfactant (BS4) was
carried out by stirring the biomass with 100 mL of phosphate-
buffered saline (PBS) (10 mM KH2PO4/K2HPO4 with 150
mM NaCl) for 2 h at 25 °C. The supernatant, containing the

Table 1. Summary of Production and Extraction Conditions of the Biosurfactant Extracts under Study

biosurfactant BS1 BS2 BS3 BS4 BS5
type of
biosurfactant

extracellular extracellular extracellular cell-bound cell-bound

fermentation
process

spontaneous spontaneous controlled controlled controlled

nutritional
medium

CSW CSW TSB TSB MRS broth

microorganism lactic acid bacteria and other Bacilli strains
associated with the steeping process

lactic acid bacteria and other Bacilli strains
associated with the steeping process

Bacillus strain
isolated from
CSW

Bacillus strain
isolated from
CSW

L. pentosus

extraction
process

chloroform ethyl acetate chloroform PBSa PBSa

aBuffer phosphate saline.
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biosurfactant, was submitted to a dialysis process at 4 °C for 48
h in a Spectra/Pore dialysis membrane (molecular weight
cutoff of 6000−8000 Da; Spectrum Laboratories, Inc, Rancho
Dominguez, CA). Finally, the extract (BS4) was lyophilized
using a LyoQuest HT40 (Telstar).
2.1.3. Production and Extraction of the Biosurfactant

Produced by L. pentosus (BS5). L. pentosus CECT 4023T
(ATCC-8041) was obtained from the CECT (Valencia,
Spain). The lyophilized microorganism was grown in a 250
mL Erlenmeyer flask for 24 h, at 31 °C and 200 rpm,
containing 100 mL of MRS Broth (de Man, Rogosa and
Sharpe medium), previously sterilized by filtration through a
0.22 μm polyvinylidene fluoride membrane. For biosurfactant
production, this inoculum was added in a 1000 mL Erlenmeyer
flask, containing 600 mL of MRS broth, which was fermented
at 31 °C and 200 rpm. After 72 h, the stationary phase was
achieved and the fermentation stopped. It should be remarked
that L. pentosus is a lactic acid bacterium, which has been
demonstrated to only produce cell-bound biosurfactants.31,32

Following this, the biomass was separated from the culture
medium by centrifugation and the biosurfactant extracted from
cells with PBS, following the same procedure described above
for BS4 (Table 1).
2.2. Characterization of Biosurfactant Extracts.

2.2.1. Critical Micellar Concentration. The CMC represents
the concentration of the surfactant in which the molecules
acquire a micelle conformation. Below the CMC exists a linear
relationship between the concentration of the biosurfactant
and the reduction in the surface tension produced.33 Thus, the
CMCs of all biosurfactant extracts under study were
determined by preparing several solutions at concentrations
from 0 to 1 g/L in the case of BS1, BS2, BS3, and BS4 and
from 0 to 10 g/L in the case of BS5. The surface tension of
these solutions were measured using a tensiometer KRÜSS
(K20 EasyDyne) and by applying the Wilhelmy plate
methodology. Measurements were made in triplicate and the
value of demineralized water (72 mN/m) was used as a
negative control (absence of biosurfactant).
2.2.2. Ionic Charge. An interesting property of surface-

active compounds is their ionic charge as it will determine their
future application. The ionic charge of the biosurfactant
extracts under study was determined using cationic and anionic
resins. For that, 1 g of IR 120 (cationic exchange resin) or IRA
400 (anionic exchange resin) were put in contact with 10 mL
of each biosurfactant extract, according to the protocol
previously described by Rodriǵuez-Loṕez et al.34 After 30
min, the supernatant was separated from the resin and its
surface tension measured, in order to evaluate the presence or
absence of the biosurfactant in the remaining solutions. This
protocol was carried out in triplicate.
2.2.3. Chemical Characterization of Biosurfactant Ex-

tracts. Biosurfactant extracts were chemically characterized in
order to elucidate their main structure and composition.
Elemental analyses, in which total organic C, N, and H were
included, were carried out in triplicate by thermal conductivity
detection. For these analyses, the sample decomposition by
combustion was conducted, followed by thermal conductivity
detection on a Carlo Erba EA-1108CHN-O element analyzer.
The N % was converted in protein content, following the
methodology previously described by Mariotti et al.35

A colorimetric analysis of sugars was also carried out in
order to quantify the amount of carbohydrates present in the
biosurfactant extracts. With this purpose, the methodology

described by Dubois et al was applied.36 A sample of 7 mg of
the biosurfactant extract was measured and mixed with 0.05
mL of 80% phenol in water. Finally, 3 mL of concentrated
sulfuric acid was added. The tubes were allowed to stand 10
min and, then, shaken for 20 min in a water bath at 25 °C. The
colored solutions were measured 480 nm in a V-650
spectrophotometer in triplicate (Jasco, Canada).
In addition, also in triplicate, the lipid content was

determined employing gas chromatography coupled to mass
spectrometry (GC−MS). In this case, the biosurfactant
extracts were methylated and submitted to a transesterification
of fatty acids into fatty acid methyl esters (FAMEs). These
previous steps were carried out following the protocol defined
by the European Standard, EN-ISO-12966-3:2009.
After methylation and transesterification, FAMEs were

separated in a ZB-WAX column (60 m × 0.25 mm i.d. ×
0.25 μm film thickness) with an oven temperature gradient of
60 °C of 2 min, followed by 60−200 °C at a 10 °C/min rate
maintained for 27 min. Then, the temperature increased to 240
°C at 5 °C/min and was held for 20 min. The carrier gas
employed was helium with a flow rate of 1 mL/min, the
temperature of both injector inlet and the transfer line of the
detector being 250 °C. The lipid mass spectra were registered
by a mass selective detector under electron impact ionization
at 70 eV of voltage. The data were acquired over a m/z range
of 40−400. FAMEs were identified using a mass spectra library
from the GC−MS system and comparing retention times. The
FAME standard mix was also injected under the same
conditions.
Finally, in order to compare all the masses present in the

biosurfactant extracts in this study, an electrospray ionization
mass spectrometry/collision-induced dissociation (ESI-MS/
CID) was employed. For that, a current of electrons was used
to ionize the molecules of 1 mg of the biosurfactant extracts,
previously dissolved in chloroform and volatilized under
vacuum. The fragmentation pattern was recorded on a mass
spectrometer Bruker FTMS APEXIII (Fremont, CA) in
positive mode.

2.3. Evaluation of Cytotoxicity. 2.3.1. Cell Culture
Conditions. The cytotoxicity assay was performed with the
NCTC clone 929 (ECACC 88102702) mouse fibroblast cell
line. Cells were cultured in DMEM medium (Lonza),
supplemented with 10% of fetal bovine serum (HyClone);
1% of a combination of penicillin, streptomycin, and
amphotericin B (Lonza) at 37 °C; and 5% of CO2 in a
humidified atmosphere. Cells with their exponential growth
were trypsinized and used in the cytotoxicity assay.

2.3.2. Cytotoxicity Assay. To evaluate the cytotoxicity each
biosurfactant was weighed and dissolved in the same culture
medium to obtain concentrations of 1, 0.5, 0.2, 0.1, 0.01, and
0.001 g/L. These concentrations were tested in order to
determine the biosurfactant behavior below and above their
CMC, with the exception of L. pentosus, which was evaluated at
the same concentrations for comparative purposes. Following
the UNE-EN-ISO 10993-5:2009, a suspension in DMEM of
fibroblasts of 1 × 105 cells/mL was seeded on a 96-well
microplate in a volume of 100 μL per well. After 72 h of
incubation at 37 °C and 5% of CO2 in a humidified
atmosphere, a sub-confluent layer was formed and the cell
medium was replaced by the already prepared dilutions of the
biosurfactants. Four replicates per concentration were
incubated with the cells for 24 h. As a positive control, a
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phenol solution of 6.4 g/L was employed, whereas the negative
control was the culture medium.
After that time, the cellular viability was quantified by using

the MTS Cell Proliferation Assay Kit (Abcam). This
colorimetric assay is based on the reduction of the MTS
tetrazolium compound only by viable cells to generate a
colored formazan dye that is soluble in the culture medium. A
volume of 10 μL of MTS reactive was added to each well. At
the end of 45 min of incubation (37 °C and 5% CO2), the
absorbance of the resulting solutions was read at a wavelength
of 490 nm in a microplate spectrophotometer (Bio-Rad). The
test was performed in triplicated and results were expressed in
the percentage of viability compared to the negative control,
which was the same medium without the biosurfactant extract
(0 g/L).
Then, a quantitative evaluation of these percentages was also

carried out by using one scale of cytotoxicity (Adapted from
Xian and the UNE-EN-ISO 10993-5:2009), where levels of
cytotoxicity were associated with the percentages of viability
obtained.37,38 Where the value 0 was attributed to 90% of cell
viability and the highest level of cytotoxicity (<10% cell
viability) was attributed to 4 in the scale (Table 2).
2.3.3. Statistical Analysis. Data are presented as means ±

standard error, with n = 4. All obtained data underwent
statistical analysis using IBM SPSS Statistics 23.0 (IBM
Corporation, NY, USA) software package. The nonparametric
Mann−Whitney U test was used to determine the difference
between the values and the limit (70%) of cytotoxicity
(according to UNE-EN-ISO 10993:5). Statistical significance
was determined to be p ≤ 0.05 at the 95% confidence level.

3. RESULTS AND DISCUSSION

3.1. Characterization of Biosurfactant Extracts under
Evaluation. The main chemical and physical properties of the
five biosurfactant extracts in this study are summarized in
Table 3. As it can be observed, BS1 and BS2 possess similar
surfactant properties, with their CMC being 0.139 and 0.176
g/L, respectively. These data are in concordance with the
results previously reported.24,34,39−41 The differences between
BS1 and BS2 can be explained based on the different organic
solvents used during extraction, that produce variations
between both biosurfactant extracts in terms of the
composition (see elemental analyses). Therefore, a higher %
of C in BS1 was observed, consistent with a higher content in
fatty acids as well. Moreover, as it was already mentioned, BS2
possess a higher CMC than BS1, which allows to speculate that
chloroform gives a more active surfactant extract, although
both solvents used were able to extract biosurfactants with
similar surface-active characteristics. Regarding BS3, the CMC
value obtained was similar to BS2, although with a lower
reduction of surface tension (43.4 mN/m).
It is known that lactic acid bacteria and other micro-

organisms are able to grow in CSW; thus, it can be speculated
that BS1 and BS2 are a mixture of biosurfactants produced by
different microorganisms, including the endosporing forming
Bacillus sp used to produce BS3. The carbohydrate content of
BS1 and BS2 was negligible, confirming that the biosurfactants
contained in BS1 and BS2 should be lipopeptides; whereas in
BS3, 2.2% of sugar was observed suggesting that the
biosurfactant extract could be a mixture of lipopeptides and
glycopeptides.
On the other hand, BS4 and BS5 correspond with cell-

bound biosurfactant extracts produced by a Bacillus strain
isolated from CSW (BS4) and by L. pentosus (BS5), both

Table 2. Equivalence between Cell Viability and Cytotoxicity28,29

cell viability (%) >90% 80−90% 50−80% 30−50% <30%
cytotoxic scale 0 (zero) 1 (mild) 2 (moderate) 3 (intense) 4 (severe)

Table 3. Composition and Main Physicochemical Properties of the Biosurfactant Extracts under Studya

biosurfactant BS1 BS2 BS3 BS4 BS5
Physicochemical Properties

CMC (g/L) 0.139 ± 0.003 0.176 ± 0.005 0.174 ± 0.004 0.320 ± 0.010 1.81 ± 0.21
minimum surface tension (mN/m) 39.3 ± 0.6 37.7 ± 0.6 43.4 ± 1.6 42.8 ± 3.0 49.5 ± 0.7
foam capacity negative negative negative positive positive
appearance oily oily oily white powder white powder
ionic behavior amphoteric amphoteric amphoteric nonionic nonionic

Elemental Analyses
N (%) 1.10 ± 0.01 0.82 ± 0.02 7.98 ± 1.55 6.77 ± 3.01 7.11 ± 0.04
H (%) 11.29 ± 0.12 6.68 ± 0.11 4.82 ± 0.21 3.73 ± 0.11 2.97 ± 0.02
C (%) 74.70 ± 0.10 42.51 ± 1.05 32.05 ± 1.91 24.33 ± 0.23 19.83 ± 0.01

Polymeric Analyses
carbohydrates (%) 0.36 ± 0.01 0.60 ± 0.03 2.20 ± 0.03 1.34 ± 0.11 7.80 ± 1.01
protein (%) 6.87 5.12 49.88 42.31 44.44
C16 20.6 21.0 38.5 37.6 14.8
C16:1 1.9
C18 2.8 5.1 61.5 62.4 10.4
C18:1 24.5 18.1 27.4
C18:2 48.4 41.4 47.5
C18:3 2.7 11
C20 and C24 1 1.5

aNot determined.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://dx.doi.org/10.1021/acsomega.0c04933
ACS Omega 2020, 5, 31381−31390

31384

http://pubs.acs.org/journal/acsodf?ref=pdf
https://dx.doi.org/10.1021/acsomega.0c04933?ref=pdf


produced in controlled fermentations using TSB and MRS
broths, respectively. Regarding CMC of the cell-bound
biosurfactants, BS4 showed a CMC value of 0.320 g/L,
whereas BS5 showed 1.81 g/L, observing that lactic acid
bacteria produced biosurfactants with lower surface-active
capacity than the Bacillus sp strain isolated form CSW.
Moreover, CMC of cell-bound biosurfactants are higher than
CMCs of extracellular ones, being this difference particularly
accentuated in the biosurfactant extract produced by L.
pentosus. This value is not surprising, thus, in general, cell-
bound biosurfactants present lower surface activity than
extracellular biosurfactants.42,43 For instance, Bustos et al.44

studied the capacity of L. pentosus for producing biosurfactants
after various fermentative processes, reporting a CMC of 1.95
g/L, which is in consonance with the results obtained in this
work.44 Moreover, regarding carbohydrate content, BS5
showed the highest concentration of the five extracts under
evaluation. This value, in addition to the N % associated with a
higher amount of proteins, suggested that BS5 was a
biosurfactant extract mainly composed of carbohydrates and
peptides/proteins. Consequently, it can be speculated that the
biosurfactants categorized were a glycoprotein or glycolipo-
peptides. Furthermore, the composition of the biosurfactant
extracts obtained from L. pentosus fermentations has been
already reported.44−46 For instance, Vecino et al.45 determined
the optimal extraction conditions, observing independently of
the time or temperature; the biosurfactant extract produced by
L. pentosus was identified as a glycoprotein or a glycolipopep-
tide. Contrarily, based on the composition listed in Table 3,
BS1, BS2, BS3, and BS4 are consistent with the presence of
lipopeptides. This is in consonance with the results previously
reported, in which similar surfactant properties were observed
in the same extracts BS1, BS2, BS3, and BS4,25 in comparison
with surfactin and other biosurfactants produced by Bacillus
subtilis reported in the literature.24,29

Regarding cell-bound biosurfactants, Gudiña et al.47

measured the CMC of the cell-bound biosurfactant produced
by L. paracasei, resulting in a value of 2.5 g/L, which is
comparable to the CMC of the biosurfactant produced by L.
pentosus, evaluated in this work (BS5). Moreover, these
authors have also reported that Lactobacillus agilis
CCUG31450 possess a CMC of 7.5 g/L, which is much
higher than the one obtained for BS5.

In terms of their ionic behavior, BS1, BS2, and BS3 were
entrapped by IRA 400 and IR120, which means that they
possess both cationic and anionic charges. For this reason, they
can be considered amphoteric. This result is in concordance
with the ionic behavior previously observed by Rodriǵuez-
Loṕez et al.34 Contrarily, surfactin, one of the most studied
biosurfactants, was defined as an anionic lipopeptide; in this
case, surfactin was produced by B. subtilis consisting of a cyclic
heptapeptide (Gly-Leu-D-Leu-Val-Asp-D-Leu-Leu).48 Regard-
ing the ionic behavior of BS4 and BS5, neither the anionic nor
cationic resins were able to entrap them. Therefore, both cell-
bound biosurfactant extracts, BS4 and BS5, can be considered
as nonionic.
Despite that ionic behavior of biosurfactants is going to

conditioned their further applications, this property is not
widely studied. Therefore, anionic surfactants have been
reported to be more aggressive and irritant than cationic.
The biosurfactant extracts under evaluation were nonionic or
amphoteric. Usually amphoteric surfactants are widely used in
mild formulations because they are more compatible not only
with other components of the formulation but also with cell
membranes.49,50 This is in consonance with the results
obtained by Rodriǵuez-Loṕez et al.,24 observing that the
biosurfactant extract was obtained from CSW and extracted
with chloroform (BS1), and the one produced by L. pentosus
(BS5) is not eliminate irritant, after analysis, the protocol
established by ISO 11930:201 was followed.
Regarding the fatty acid analyses, the presence of C16 and

C18 fatty acids in all the extracts was detected. In the case of
BS1 and BS2, it was observed that the major fatty acids were
C18:2 (representing 48.4 and 41.4% of the total fatty acids,
respectively); whereas, the fatty acids contained in BS3 and
BS4 were 61.5 and 62.4% C18, respectively, followed by a 38.5
and 37.6% C16. It is interesting to remark that these fatty acids
are also present in corn oil, one of the sources used to obtain
the biosurfactants.51 Moreover, the fatty acids found in these
extracts are similar to the fatty acids found in other lipopeptide
biosurfactants, like surfactin, fengycin, and iturin, which are
composed also of C16 and C18 fatty acids.52−54 Regarding
BS5, produced by L. pentosus, the presence of C16 and C18
fatty acids was also detected but to a lower extent, deduced by
the lower % of C and the highest concentration of proteins
(deduced by the higher % of N). The main fatty acid present in
BS5 was C18:2, followed by C18:1 and C16 fatty acids. These

Figure 1. ESI spectra of biosurfactant extracts in this study BS1 (A), BS2 (B), BS3 (C), BS4 (D), and BS5 (E).
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results are in good agreement with previous studies.55 C16
fatty acids were also detected by Sharma et al.56 in a glycolipid
biosurfactant produced by Enterococcus faecium. Furthermore,
Sharma et al.57 reported the production of a glycolipid
biosurfactant produced by Lactobacillus helveticus, also
composed of C16 fatty acids.
The biosurfactant extracts used in the study were also

characterized using mass spectrometry. Figure 1 records the
main biomarkers present in the biosurfactant samples. In the
cases of BS1 (Figure 1A), BS2 (Figure 1B), BS3 (Figure 1C),
and BS4 (Figure 1D), the signals detected were similar to
those found in the literature for other lipopeptide bio-
surfactants like surfactin.22,29,34 Traditionally, m/z signals
observed between 900 and 1200 Da, the same range as the
biomarkers detected in the biosurfactant extracts in this study,
BS1, BS2, BS3, and BS4, are associated with the presence of
lipopeptide tensides.53,58−60 For instance, 933, 914, and 905
m/z signals were detected in BS1, BS2, and BS4, respectively,
whereas, in BS3, the biomarkers observed within the range
associated with lipopeptides were 1124, 1025, and 926 Da. The
differences could be explained not only because of the
extraction methodologies employed but also taking into
account the culture media in each case. In this sense, it is
usually to find variations in the m/z signals of lipopeptides
produced by the same microorganisms when growth
conditions are modified. Therefore, Bartal et al.,58 who studied
the effect of different cultivation parameters on surfactin,
determined that all the surfactin homologous possess a
molecular weight within 993 and 1049 Da. Some authors
also described other lipopeptides produced by B. subtilis,
namely, Iturin and Fengycin, whose biomarkers were located
around 1000 and 1400 Da, respectively.61 In addition, the
presence of other signals in lipopeptide extracts is common in
literature. For instance, Barbachano-Torres and collaborators62

described lipopeptides with biomarkers at 608, 776, 850, and
924 m/z obtained after several purification steps.

In this sense, it is usual to find mass spectra of lipopeptide
extracts with different molecular sizes, derived not only from
the presence of biosurfactants but also from other secondary
metabolites or molecules extracted from the culture media,
such as antioxidants, phospholipids, or free fatty acids.41 In this
regard, these secondary metabolites are usually associated with
biomarkers with m/z below 400 Da. For instance, Rodriǵuez-
Loṕez et al.41 identified signals of 219 m/z present in
biosurfactant extracts derived from CSW, as a peptide chain
composed of glutamic acid and alanine. Similarly, another
biomarker, 317 m/z was described as a chain of glutamic acid/
glutamine, glycine, and aspartic acid/asparagine. These two
peptide chains could be compared with biomarkers within
318−211 m/z, as recorded in Figure 1. However, it is
important to highlight that in the biosurfactant extract from
CSW, the presence of free fatty acids was also detected, with
m/z under 300 Da. Consequently, it can be speculated that
some of these signals correspond to these lipidic molecules.
Relating to the values detected for BS5 (Figure 1E), the

signals recorded were similar to those found in glycolipids or
glycolipopeptides. Therefore, Dziwornu et al.63 isolated a
glycolipid produced by Laurencia alfredensis, obtaining a
molecular ion at m/z 793 after purification using HPLC.
Other authors described a rhamnolipid produced by P.
aeruginosa, recording m/z signals between 475 and 677.
Some authors64 report that the differences between biomarkers
can be related with the different sizes of the lipidic fraction. In
general, the signals associated with glycolipids and glyco-
lipopeptides are usually in the lower ranges in comparison to
lipopeptides, although they can be derived from higher masses
being more unstable, which have been broken during the
primary ionization process producing multiple-charged ions.

3.2. Cytotoxicity. Nowadays, the exposure of humans to
synthetic surfactants is widening. Consequently, the cases of
people who present side effects have increased as well. In this
regard, EU countries have declared it to be mandatory to

Figure 2. Cell viability detected in mouse fibroblast cells (NCTC clone 929) in the presence of different concentrations (g/L) of BS1, BS2, BS3,
BS4, and BS5, compared to the positive control (phenol) and negative control (DMEM, 0 g/L biosurfactant). Results were expressed in percentage
compared to the negative control. The dotted line indicated the limit (70%) of cytotoxicity according to UNE-EN-ISO 10993-5 standard, whereas
the solid line marked 90% of cell viability, indicating the mild cytotoxicity.
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evaluate the irritant potential and the cell damage caused by
new products or ingredients for pharmaceuticals.65

For this reason, the cytotoxicity evaluation of the
biosurfactant extracts was carried out following the MTS
assay suggested by the UNE-EN-ISO 10993-5:2009. Five
biosurfactant extracts were tested in a wide concentration
range from 0 to 1 g/L, achieving different viability percentages,
as shown in Figure 2. All the experiments were compared to a
negative control, which was the same medium without a
biosurfactant extract (0 g/L), and a positive control,
represented by phenol. The dotted line indicated the limit
(70%) of cytotoxicity according to the UNE-EN-ISO 10993-5
standard. In Table 2, the equivalences between cellular viability
and values in cytotoxicity scale were summarized, 0 being the
lowest toxicity value and 4 the highest.
As it was reflected in Figure 2, the five biosurfactant extracts

at the concentrations studied are above the cytotoxicity limit.
Going into detail, BS1 presented cellular viability closer than
the negative control for all the concentrations tested except for
0.001 and 0.01 g/L. It can be highlighted that all
concentrations are above the cytotoxicity limit (dotted line),
the cytotoxicity being at 1 g/L zero. These results are
consistent with those previously obtained by Rodriǵuez-Loṕez
et al.,24 in which it was reflected that the same extract studied
in this work (BS1), at 1 g/L, has no eye irritant capacity in the
chorioallantoic membrane (HET-CAM test), being perfectly
suitable for their use in cosmetic products.
On the other hand, comparatively, for BS2, the results

obtained were better than those of BS1, reaching identic or
higher values for cell viability at all concentrations except for
the maximum tested. In the same way, the cytotoxicity was 0 in
all the concentrations tested with one exception, at 1 g/L. In
this last case, at 1 g/L, the cytotoxicity was categorized as mild,
obtaining a value of 1. Moreover, the cellular viability was
lower than the negative control and BS1. This fact could be
explained by the differences found in the biomarkers detected
in BS1 and BS2 and by the lower C content of BS2, which is
consistent with a lower amount of fatty acids in BS2 in
comparison with BS1.
Similarly, BS3, with comparable physicochemical properties

to BS1 and BS2, gave cytotoxicity values of 0 at all the
concentrations tested except for 0.01 g/L. According to the
results obtained, when BS3 was tested at 0.01 g/L it gave a cell
viability of 89%, which is considered as a mild cytotoxic
substance. However, at 1 g/L, the cell viability determined was
96%. On the other hand, BS4, despite the fact of being
produced by the same microorganism as BS3, reflected a
slightly higher cytotoxicity, although the values are not
significant. In fact, in this particular case, at 0.001 and 1 g/L,
the cytotoxicity was categorized as zero, whereas the other
concentrations tested were classified as mild, with a value of 1.
These results should be pointed out, especially in

comparison to those found in the literature (Table 4). For
instance, Burgos-Diáz and collaborators26 tested two fractions
of biosurfactant extracts produced by Sphingobacterium
detergens, using the MTT methods. These two extracts
consisted of a phospholipid fraction and a polar lipid mixture.
Both portions showed a decrease in cell viability, reaching
values below 25% in the case of phospholipids and 75% for the
lipid mixture at concentrations of 1 g/L. Moreover, Basit et
al.66 have found a lipopeptide produced by Bacillus cereus,
which presented cell viability from 63 to 92% at concentrations
tested from 10 to 5 g/L, respectively. However, in that case,

the biosurfactants produced by B. cereus were tested on baby
hamster kidney (BHK-21) cell lines, different than the
fibroblast employed in this work. Other lipopeptides produced
in this case by Bacillus stratosphericus FLU5 have been
demonstrated to maintain the viability of human embryonic
kidney cell line (HEK293) after 24 h of incubation in a 96%
cell viability, at a concentration of the biosurfactant of 1 g/L.67

Related to the biosurfactant produced by L. pentosus, BS5,
results have shown its positive effect on fibroblasts, achieving a
113% of cell viability at 1 g/L, although no significant
differences were observed between the values of the different
concentrations. This behavior was similar in all the
concentrations tested, increasing the number of viable cells
in comparison to the control. In fact, the percentage of viable
cells decreased as long as the concentration decreased. As a
consequence, it can be speculated that BS5 presents benefits
for the growth of fibroblasts, being a potential growth factor. A
similar behavior has been observed for other biosurfactants,
particularly in the lipopeptides produced by Streptosporangium
amethystogenes sub sp. fukuiense Al-23456. This biosurfactant
showed a proliferative effect on bone marrow cells from
BALB/c female mice.68 Other lipopeptides, like a type of
surfactin produced by B. subtilis, have been proven to have a
proliferative and a differentiation effect on mammalian cells.69

In the same way, as it occurred with BS1, these results are in
concordance with previous works, in which the irritancy
response of the biosurfactant extract produced by L. pentosus
was negligible.24

In comparison to other biosurfactants produced by lactic
acid bacteria, it has been found that the biosurfactant produced
by E. faecium, characterized as a glycolipid, reduced the cell
viability of fibroblasts up to 90% at 6.25 g/L. In that work, it
was also compared to a commercial rhamnolipid, which
showed a cell viability of 35.33%.56 In this sense, BS5 would
have a more intense effect, due to the fact that at lower
concentrations it was able to increase the cell concentration
after 24 h. Moreover, a glycolipid produced by Cyberlindnera
saturnus SBPN-27, named cybersan gave a negative effect on
fibroblasts 3T3, reducing their viability up to 70% at 1 g/L.70

Although the biosurfactant extracts tested in this work (BS1,
BS2, BS3, BS4, and BS5) are not the same type of molecules,
the slight differences in their cytotoxicity could be caused not
only by their structure but also because of the extraction

Table 4. Overview of the Effect of Biosurfactants on Cell
Viability Reported in the Literature

biosurfactant
concentration

(g/L)
cell viability

(%) references

BS1 1 91 under
study

BS2 1 80 under
study

BS3 1 96 under
study

BS4 1 97 under
study

BS5 1 113 under
study

lipopeptide from Bacillus cereus 10 63 66
lipopeptide from Bacillus
stratosphericus

1 96 67

glycolipid from Enterococcus
faecium

6.25 90 56

glycolipid from Cyberlindnera
saturnus

1 70 68
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process. It is important to remember that BS1, BS2, and BS3
are obtained through an organic solvent extraction, whereas
BS4 and BS5 are extracted with a saline aqueous solution.
Nevertheless, it is remarkable that the biosurfactant extracts
under this study evidenced lower cytotoxicity against
mammalian cells in comparison to other well-known lip-
opeptide biosurfactants such as surfactin or glycolipids.71−73

Statistical analysis performed at all concentrations of each
biosurfactant show that there are significant differences (p ≤
0.05) in all cases with respect to the cytotoxicity limit (70%)
established by the UNE-EN-ISO10993-5. These observations
confirm the biocompatibility of the biosurfactant extracts
under this study, and their nontoxicity toward fibroblasts
(NCTC clone 929). Furthermore, they represent an
interesting alternative to synthetic surfactants, particularly in
those areas such as cosmetics or pharmaceutics, in which the
contact between the surface-active compound and the cells are
unavoidable.

4. CONCLUSIONS

In the current work, five biosurfactant extracts, three of them
secreted extracellularly and the other two obtained from the
cell membrane of microorganisms (cell-bound biosurfactants)
were characterized and evaluated in terms of cytotoxicity on
fibroblasts (NCTC clone 929). It has been demonstrated that
these five biosurfactant extracts at the concentrations studied
are above the cytotoxicity limit according to the UNE-EN-ISO
10993-5 standard. Moreover, at 1 g/L, the biosurfactant
extracts tested had no cytotoxicity. In this sense, although at
lower concentrations, some of the samples evaluated gave mild
toxicity, the least cell viability percentage achieved was 78%,
detected for BS2 and still much higher than those reported in
the literature with other biosurfactants. Furthermore, it was
even detected that the biosurfactant extract produced by L.
pentosus was able to increase the cell concentration, what could
have interesting applications in skin regeneration for cosmetic
or pharmaceutical purposes.
In general terms, this work proves the reliability of all the

biosurfactants under study in cosmetic, pharmaceutical, or
healthcare applications because their presence does not affect
fibroblast (NCTC clone 929) growth.
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Marqueś, A. M. Vitro Study of the Cytotoxicity and Antiproliferative
Effects of Surfactants Produced by Sphingobacterium Detergens. Int.
J. Pharm. 2013, 453, 433−440.
(27) Patowary, K.; Patowary, R.; Kalita, M. C.; Deka, S.
Characterization of Biosurfactant Produced during Degradation of
Hydrocarbons Using Crude Oil as Sole Source of Carbon. Front.
Microbiol. 2017, 8, 1−14.

(28) Vecino, X.; Barbosa-Pereira, L.; Devesa-Rey, R.; Cruz, J. M.;
Moldes, A. B. Optimization of Liquid−Liquid Extraction of
Biosurfactants from Corn Steep Liquor. Bioprocess Biosyst. Eng.
2015, 38, 1629−1637.
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(59) Boḱa, B.; Manczinger, L.; Kecskemet́i, A.; Chandrasekaran, M.;
Kadaikunnan, S.; Alharbi, N. S.; Vaǵvölgyi, C.; Szekeres, A. Ion Trap
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