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Abstract

This work aimed to optimize carbon and nitrogen sources for the growth of Enterobacter cloacae B14 and its biosurfactant (BS) production
via One-Variable-At-a-Time (OVAT) method. The BS stability under a range of pH and temperatures was assessed. Antimicrobial activity
against Gram-positive and Gram-negative pathogens was determined by the agar well diffusion method. The results showed that the opti-
mum carbon and nitrogen sources for BS production were maltose and yeast extract, respectively, with a maximum BS yield of (39.8 +5.2)
mg BS/g biomass. The highest emulsification activity (E24) was 79%, which is significantly higher than in the previous studies. We found
that B14 BS can withstand a wide range of pH values from 2 to10. It could also function under a range of temperatures from 30-37°C. Thin
Layer Chromatography (TLC) and Fourier Transform Infrared Spectrometry (FTIR) analysis confirmed that B14 BS is a glycolipid-like
compound, which is rarely found in Enterobacter spp. Cell-free broth showed inhibition against various pathogens, preferable to Gram-
positive ones. It had better antimicrobial activity against Bacillus subtilis than a commonly-used antibiotic, tetracycline. Furthermore, B14
broth could inhibit the growth of a tetracycline-resistant Serratia marcescens. Our results showed promising B14 BS applications not only

for bioremediation but also for the production of antimicrobial products.
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Introduction

Biosurfactants (BS) are amphiphilic molecules con-
taining hydrophobic and hydrophilic moieties pro-
duced by microorganisms. These compounds have
a broad diversity of chemical compounds such as
glycolipids, lipopeptides, lipoproteins, lipopolysaccha-
rides, and phospholipids (Walter etal. 2010; Gudina
etal. 2013). BS exhibit various functional properties,
including emulsification and surface tension reduction
(Jahan et al. 2020).

BS have many advantages over their chemical coun-
terparts (Fracchia etal. 2015; Nurfarahin etal. 2018).
They have lower toxicity, higher biodegradability, and
require milder production conditions, which makes
them more environmentally friendly. They are more
stable at high salinity, pH, and temperature (Sobrinho
etal. 2014). Owing to these properties, BS is benefi-
cial for several applications such as bioremediation of
hydrocarbons in the environment, therapeutic agents

in the pharmaceutical industry, and as a solubilizer in
dairy products (Gharaei-Fathabad 2011; Bhadoriya
etal. 2013; Sekhon Randhawa and Rahman 2014). Due
to its variety of applications, the demand for BS in many
industries becomes increasing.

Several bacterial species, including Bacillus, Pseudo-
monas and Enterobacter, are capable of producing BS
(Ranasalva et al. 2014; Ekprasert et al. 2019). However,
there are only a few BS whose production have been
successfully maximized to an industrial scale due to
their cost of production and recovery (Shete et al. 2006).
To overcome this limitation and obtain higher yield and
BS efficiency, the sources of carbon and nitrogen for
microbial growth should be optimized to decrease the
overall costs associated with a large-scale production
(Wu etal. 2008; Muller et al. 2012).

In our previous work (Ekprasert etal. 2019), we
found that strain B14 can grow on spent engine oil
and perform relatively higher emulsification activity
of BS compared to most of the BS produced by other
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E. cloacae strains. The strain B14, therefore, has the
potential for bioremediation of petroleum contami-
nants in the environment. Here, we investigated further
how the B14 BS activity can be improved by selecting
the optimum carbon and nitrogen sources for micro-
bial growth. One of the frequently used approaches to
optimizing the composition of cultivation medium for
BS production is through the OVAT (one-variable-at-a-
time) method. This serial optimization approach is con-
ducted by varying one factor at a time, while all other
factors are kept at their chosen level. The optimum
level of a parameter will be used for the next round
of OVAT studies conducted with the other factor, and so
on (Rane etal. 2017). Higher BS activity obtained will
be beneficial for applications in industrial scales. We
aimed to optimize carbon and nitrogen sources using
the OVAT method. A comparison of BS activity and
yield derived from cells grown on different growth
media was assessed. Additionally, the stability of BS
under varied pH and temperatures were investigated.
The type of BS was analyzed using Thin Layer Chro-
matography (TLC) and Fourier Transform Infrared
Spectrometry (FTIR). Additionally, the antimicrobial
activity was examined to investigate another potential
use of BS as a therapeutic agent.

Experimental

Materials and Methods

Effect of carbon sources on bacterial growth and
the production of biosurfactant. These experiments
were conducted to investigate the effects of different
carbon sources on the growth and BS production of
E. cloacae B14, whose stock culture has been preserved
in the Culture Collection Center at the Department
of Microbiology, Faculty of Science, Khon Kaen Uni-
versity. The inoculum was grown in 100 ml of Nutri-
ent broth (NB) and incubated at 30°C by shaking at
150rpm for 24 hours. The biomass was harvested
and washed twice with equal volumes of Mineral Salt
medium (MS) (Whittenbury etal. 1970). Cell suspen-
sion was inoculated into MS medium to an OD_, of
0.1. Various carbon sources, including glucose, sucrose,
lactose, maltose, and glycerol, were individually added
at a concentration of 1% (w/v). Note that biosurfactant
can be produced during both exponential phase and
stationary phase of growth depending upon bacterial
strains and medium compositions (Nurfarahin etal.
2018), so the incubation was conducted on a 7-day
period, the duration of which covered those two phases
where biosurfactant could be produced. The experi-
ment was carried out in triplicate. MS medium without
inoculum was set up as a negative control. Samples were

taken every 12-24 hr for growth measurement (OD )
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by spectrophotometry analysis and determination of
emulsification activity (E24). The E24 test was per-
formed according to (Cooper and Goldenburg 1987)
and calculated by using the equation below:

(Total height of liquid - Height of emulsifying layer) x 100

% E 24=
’ Total height of the liquid

Effect of nitrogen sources on bacterial growth and
the production of biosurfactant. The One-variable-at-
a-time (OVAT) method was carried out to determine
the nitrogen source appropriate for BS production by
E. cloacae B14. The carbon source supporting the best
growth and BS production was used in this experi-
ment. The nitrogen sources used were yeast extract,
urea, NH,NO,, NH,Cl, and (NH,),SO,. Each nitro-
gen compound was added at a concentration of 1%
(w/v) in 100 ml MS medium. Cultures were incubated
at 30°C with shaking at 150 rpm for seven days. Each
culture was carried out in triplicate. MS medium with-
out inoculum was set up as a negative control. Samples
were taken every 12-24 hr for measurement of growth
at OD, and determination of emulsification activity.

Extraction, purification, and quantification of
biosurfactant. Crude BS was extracted from cell-free
supernatant of 500 ml cultures grown for four days. The
cell pellet was removed by centrifugation at 8,000 g for
20 min. The pH of the supernatant was adjusted to
2.0 with 6N HClI solution. The mixture was kept at 4°C
overnight. Crude biosurfactant was collected by cen-
trifugation to remove supernatant and then dissolved
in 10 ml sterile water. Purification was carried out twice
by vigorously mixing 10 ml of chloroform with crude
extract for 3 min, and then centrifuged to collect the
solvent phase. Then, chloroform was evaporated at 40°C
using a rotary evaporator (LaboGene, China). Purified
BS was weighed and kept at 4°C until use.

TLC analysis. Characterization of the produced
biosurfactants was performed by using TLC analysis.
Samples were prepared by dissolving 0.1 g of purified
BS in 20 ul of methanol. BS were separated on a silica gel
plate using chloroform: methanol: acetic acid=65:15:2
(v/v/v) as mobile phase. The spots which developed on
the TLC plate were visualized by spraying 0.5% (w/v)
of ninhydrin solution and phenol-H,SO, (95 ml ethanol
mixed with 5 ml of H SO, and 3 g of phenol) for amino
acids and carbohydrates, respectively. The TLC plates
were exposed to iodine in an iodine-saturated chamber
in order to visualize lipid fraction. After spraying, the
TLC plates were heated in a 110°C oven for 15 min, or
until colors developed.

FTIR analysis. The BS characteristics were con-
firmed by FTIR analysis (Tensor-27, Bruker, USA).
The analysis was performed with a resolution of 4 cm™.
The FTIR spectra were collected from 600-4000 wave-
numbers (cm™).
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Stability studies. The stability of BS under a range
of pH and temperatures was investigated. To determine
its thermal stability, purified BS was tested for its E24
under different temperatures ranging from 30-100°C.
BS was exposed to the temperatures tested for 15 min,
then cooled down to room temperature before conduct-
ing the E24 experiment. To determine the stability of BS
under various pH conditions, the pH of the BS solution
was adjusted to 2-10 using 1IN HCI or IN NaOH. At
that point, the E24 was determined. All experiments
were carried out in triplicate.

Determination of antimicrobial activities by the
agar well diffusion method. Antimicrobial activities
of cell-free supernatant from strain B14 were analyzed
against Gram-positive and Gram-negative pathogenic
bacterial strains, including Escherichia coli, Serratia
marcescens, Pseudomonas aeruginosa, Staphylococ-
cus aureus, Bacillus subtilis, and Bacillus cereus. These
pathogenic strains were obtained from the Medical Cul-
ture Collection Center at the Department of Microbio-
logy, Faculty of Medical Science, Khon Kaen University.
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The NB cultures of pathogenic bacteria grown over-
night were diluted to OD_ =0.1 (equivalent to 0.5 on
the McFarland scale) and then swabbed onto Mueller-
Hinton agar. Holes with 4 mm diameter were created
using sterile cork borer (4 mm) and filled with 20 pl
of B14 cell-free supernatant of the optimized cultures.
Plates were incubated at 37°C for 24 hr. The zone of
inhibition was determined by measuring a clear zone
around the holes. Tetracycline (30 pg/ml) was used as
a positive control.

Results

Effect of carbon sources on growth and biosur-
factant production by strain B14. In order to deter-
mine a suitable carbon source for the growth of strain
B14, we used MS medium where various types of car-
bon compounds were added as sole carbon substrates.
These carbon compounds are glucose, sucrose, maltose,
lactose, and glycerol. Fig. 1 shows that strain B14 could
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Fig. 1. Growth of E. cloacae B14 using different carbon sources (solid lines with filled square markers) - (a) glucose; (b) sucrose;
(c) maltose; (d) lactose and (e) glycerol. Emulsification activity (%E24) of cell-free supernatant obtained from those cultures are shown
as dashed lines with filled circle markers. Error bars indicate standard deviations of triplicate data.
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grow well on all tested carbon compounds. The biomass
obtained after seven days was quite large and approxi-
mately the same in all cultures (OD  ~1.5-2.0). It
suggested that strain B14 can utilize various carbon
compounds for its growth.

This work aimed to investigate the emulsification
properties of BS, in particular, so the E24 test was
mainly used to determine the presence of BS in the sam-
ples. The results also showed that strain B14 could pro-
duce BS with E24 higher than 50% in all cases. In par-
ticular, E24 reached the highest at 89% when strain B14
was grown on maltose. The emulsification activity in
a control experiment where bacterial inoculum was not
added was 50-60%. It is because maltose and glycerol
themselves can assist the formation of emulsion such
as in creamy food products and in soap, respectively (Li
etal. 2013; Zhang et al. 2018). An increase of E24 in B14
culture grown with maltose was about 90%, which was
significantly higher than those in control, and it could
be due to microbial growth. Contrarily, in the case of
glycerol, the E24 of the inoculated cultures decreased
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as cell biomass increased, suggesting that strain B14
consumed glycerol, and the E24 detected throughout
the incubation period was not directly related to the
growth of strain B14. Maltose- and lactose-derived BS
showed the highest E24 within four days of incubation,
while BS from other C-sources showed maximum E24
after five days of incubation. Also, the maximum E24
obtained when using other C-sources (approximately
60%) was much lower than the E24 from maltose (89%)
and lactose (80%). Therefore, maltose was the best car-
bon source for B14 BS production and was used in the
next experiment where nitrogen sources were varied.

Effect of organic and inorganic nitrogen sources
on growth and biosurfactant production. The effects
of nitrogen sources on the growth of strain B14 when
using maltose as a carbon source were investigated.
The nitrogen sources used here are yeast extract, urea,
NH,NO,, NH,Cl, and (NH,) SO,.

Fig. 2 shows that strain B14 could grow well in
almost all nitrogen sources (OD, ~1.5-2.0), except
NH,CI (OD_,~0.6). Also, the E24 of BS is almost the
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Fig. 2. Growth of E. cloacae B14 on maltose using different nitrogen sources (solid lines with filled square markers) - (a) yeast extract;
(b) urea; (c) NHNO,; (d) NH,CI and (e) (NH,),SO,. Emulsification activity (%E24) of cell-free supernatant obtained from those
cultures are shown as dashed lines with filled circle markers. Error bars indicate standard deviations of triplicate data.
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Fig. 3. Biosurfactant yielded from E. cloacae B14 grown on malt-
ose media with different nitrogen sources. Error bars indicate
standard deviations of triplicate data.

same in all cases (~70-90%). Both yeast extract and
urea provided relatively high OD_ and the E24 within
the shortest incubation time. Therefore, we further
quantified the amount of BS in mg BS/g cell dry weight
to determine the optimum nitrogen sources for BS pro-
duction by E. cloacae B14 in the next experiment.

Quantification of BS produced using maltose as
a carbon source. In order to compare the BS yield,
the weights of extracted BS, after being purified, were
measured per gram of the B14 cell dry weight. The
results shown in Fig. 3 indicated that B14 grown using
yeast extract could produce the largest BS (39.8 5.2 mg
BS/g cell dry weight). It is most likely because yeast
extract can serve as both carbon and nitrogen sources
for cell growth and thus effectively produce BS.

Stability of BS under a range of pH and tempera-
tures. Cell-free supernatant of B14 grown in different
media was tested for its stability to emulsify oil-water
mixture under various pH and temperature conditions.
All cell-free broth showed good emulsification activity
under a wide range of pH (Fig. 4).

The best activity was obtained when the pH of sam-
ples was maintained at the value of 7. It is because pH 7
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facilitated the best growth of B14 and, therefore, is the
most suitable working condition for its BS activity.
Interestingly, the emulsification activity was still rela-
tively high (up to 43%) even at alkaline pH (pH 9-10).
It suggested the potential application of B14 BS in
an alkaline environment. The highest E24 was still
found when using yeast extract as a nitrogen source.
Although the concentration of BS from urea- and yeast
extract-containing media were relatively similar, their
E24 during a range of pH exposure was different. It is
probably because urea-derived BS did not behave as an
emulsifier, while yeast extract-derived BS showed dis-
tinct characteristics. We remark that different nitrogen
sources resulted in the production of BS with differ-
ent emulsification activity is probably due to nutrient
transport efficiency (Onwosi and Odibo 2012), but not
exactly the types of biosurfactant produced. Zhang et al.
(2016) reported that Bacillus atrophaeus 5-2a produced
BS with different levels of emulsification activity when
grown on different nitrogen sources. Khopade etal.
2012 suggested that some nitrogen sources affected the
pH of the culture medium and resulted in a change in
the efficiency of BS.

The results of BS stability, depending on temperature,
are shown in Fig. 5. The E24 decreased with increasing
temperature in all media. BS was still active when the
temperature was increased to 37°C. However, the E24
was quite low at 100°C due to structural alteration in the
BS molecules according to extreme temperature (Aparna
etal. 2012). Cell-free supernatant from maltose-yeast
extract cultures exhibited a significantly higher E24
than that from cells grown on other culture media. The
highest %E24 (62.5+3.2%) was obtained when tested at
30°C. According to these results (Fig. 1-5), we selected
to use maltose and yeast extract as the optimum carbon
and nitrogen sources for BS production by E. cloacae
B14. The BS derived from this optimized medium was
then used in the next experiments.
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Fig. 4. Stability of biosurfactant under a range of pH. Error bars indicate standard deviations of triplicate data.



278 Ekprasert J. etal. 3

70
B yeast extract
60 = urea
(NH,),S0,
50 B NH,NO,
] NH,CI
40
<
N
W
X
30
20
10
0

Temperature (°C)

Fig. 5. Stability of biosurfactant under a range of temperatures. Error bars indicate standard deviations of triplicate data.

Antimicrobial activities. The antimicrobial activ-
ity test was also investigated (Table I). In this work, we
selected tetracycline as a positive control because it is
a widely-used antibiotic with a broad spectrum against
pathogenic bacteria. The activity of cell-free superna-
tant containing B14 BS was better against Gram-posi-
tive, showing clear zone diameters of 20.7-26.7 mm. In
contrast, the activity against Gram-negative pathogenic
bacteria was in a range of 9.7-17.0 mm. The cell-free
broth showed more significant inhibition against B. sub-
tilis (a clear zone diameter of 22.0+1.8 mm) than the
commonly-used antibiotic tetracycline (a clear zone
diameter of 20.0+ 1.1 mm) (Fig. 8b). Furthermore, the
cell-free broth could inhibit the growth of a tetracy-
cline-resistant strain of S. marcescens (Fig. 8a). It sug-

Table I
Antimicrobial activity of cell-free supernatant of E. cloacae B14
against Gram-positive and Gram-negative pathogens using
30 ug/ml tetracycline as a control. Standard deviations were
calculated from the data obtained from triplicate experiments.

Inhibition zone diameter (mm)
+ standard deviation
Pathogenic bacteria Cell-free Tetracycline
supernatant 30 pg/ml
of B14 cultures (control)
Gram-negative bacteria
Escherichia coli 123+1.1 21.1+£0.5
Pseudomonas aeruginosa 17.0+1.4 20.0+0.7
Serratia marcescens 9.7+1.5 0.0+0.0
Gram-positive bacteria
Bacillus cereus 20.7+2.0 30.0+2.0
Bacillus subtilis 22.0+1.8 20.0+1.1
Staphylococcus aureus 26.7+2.1 30.0+1.8

gested the potential use of B14 biosurfactant for the
production of antimicrobial products in the future.
Characterization of B14 biosurfactant by TLC.
Purified BS was separated on a silica gel plate using
chloroform : methanol : acetic acid=65:15:2 as an
eluting solvent (Fig. 6). On the TLC plate, BS fractions
did not show a positive reaction with the ninhydrin
solution. It indicated the absence of amino acid groups
in the BS molecule. The dark brown spot correspond-
ing to the R value of 0.95, which appeared after spray-
ing phenol-H,SO, reagent, confirmed the presence of
carbohydrate fraction. A yellow spot (R, value=0.92),

Solvent front

Y\

) Rf =0.92

Baseline

Fig. 6. TLC analysis of the purified B14 BS obtained from an opti-
mized culture. Samples on TLC plates were sprayed using ninhy-
drin solution (1); phenol-H,SO, solution (2) and iodine vapor (3).
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Fig. 7. FTIR spectrum of the purified B14 biosurfactant.

Tetracycline:
positive control

Negative
B

. B

Fig. 8. Antimicrobial activity of B14 supernatant compared to tetracycline (positive control) and non-inoculated medium
(negative control) - a) the activity against S. marcescens and b) the activity against B. subtilis.

which appeared after exposure to iodine vapor, was
attributed to lipid moiety of the BS molecular struc-
ture. Our TLC results revealed that B14 BS tends to
be a glycolipid.

Characterization of B14 biosurfactant by using
FTIR. Fig.7 shows the FTIR spectrum of purified
BS produced in maltose-yeast extract medium by
E. cloacae B14. The spectrum illustrated a broad peak
at 3,367.54cm™, indicating -OH stretching vibration
of the hydroxyl group. The strong absorption spec-
trum at 2,924.95 and 2,854.93 cm™' showed -CH, and
-CH, bonds of hydrocarbon chains. A sharp peak at
1,709.48 cm™ elucidates carbonyl groups of lipid moi-
ety. A stretch signal appearing at 1,215.10 cm ™ indicates
C-O-C bond (Jadhav etal. 2011). Finally, a character-
istic peak appearing between 700 and 950 cm™ was
marked as anomeric carbon of the carbohydrate finger-
print (Fusconi etal. 2010). Similar absorption in FTIR
spectra was reported as glycolipid-like BS (Derguine-
Mecheri etal. 2018). Our FTIR analysis, combined with
the TLC results, confirms that B14 BS is a glycolipid.

Discussion

In our previous work (Ekprasert et al. 2019), we used
spent engine oil as sole carbon and energy source for
microbial growth and found the E. cloacae B14 BS activ-
ity to be 42.2%. In this recent work, the use of maltose
and yeast extract as the carbon and nitrogen sources can
increase the BS activity by up to 79% (Fig. 2), which is
significantly higher than that of previous results. This
activity was also higher than that of some other Entero-
bacter spp. such as strain SF-4 (40%) (Batool et al. 2017),
strain LS1 (44%), strain CG101 (15%), and LS8 (50%)
(Wong-Villarreal et al. 2016). The amount of BS obtained
per gram cell dry weight was (39.8+5.2) mg (Fig. 3). It
suggested that water-soluble substrates were preferred
to immiscible ones in strain B14, which is in agreement
with some other hydrocarbon-utilizing bacteria. For
example, in Pseudomonas putida SOL-10 isolated from
an oil-contaminated soil, yeast extract was the prefer-
able substrate for rhamnolipid production (Nwaguma
etal. 2016). Likewise, Bacillus mojavensis A21 was
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capable of producing lipopeptides in higher concentra-
tions of when grown in media containing glucose and
yeast extract (Onwosi and Odibo 2012). However, some
BS producers, such as Klebsiella pneumoniae IVN51, use
dextrose and NH,NO, as carbon and nitrogen sources
(Nwaguma etal. 2016). The highest E24 obtained from
strain IVN51 was still only 23.20+1.41%, which is far
lower than the E24 obtained from B14 BS in this study
(79%). Additionally, rhamnolipid production in some
Pseudomonas spp. was less when water-immiscible
carbon sources like hydrocarbons, vegetable oil, and
crude oil were used (Moya Ramirez etal. 2015; Varjani
and Upasani 2016). A variety of BS producers, such as
Pseudomonas nitroreducens (Onwosi and Odibo 2012),
Candida lipolytica UCP0988 (Rufino etal. 2014), and
Bacillus sp. (Joshi and Shekhawat 2014) showed a pref-
erence toward nitrate-based nitrogen sources, such as
NH,NO,, for BS production. It is probably because the
nitrogen content in this chemical was readily available
for microbial growth and BS production. Note that, in
our experiment, the high E24 was also obtained from
NH,NO, culture (Fig. 2), as in agreement with previous
literature. Despite that, the best nitrogen source for B14
BS production was yeast extract, not NH NO,, due to
having the highest yield and better stability. Although in
this work we only focused on effects of different types
of C and N sources to cell growth and biosurfactant
production, different concentrations of C or N sources
will affect the microbial growth and the production of
BS as well (e.g., Fontes etal. 2010), which is also worth
investigating in the future.

The usefulness of BS in various fields depends on
its stability under different temperatures and pH. Par-
ticularly, BS that can withstand a range of pH variation
would be beneficial for antimicrobial coating agents
because, for example, the pH of saliva varies depend-
ing on the patient’s diet (Sharma and Saharan 2016). We
found that when pH was lower than 6, BS tends to pre-
cipitate due to its anionic nature, resulting in a decrease
in emulsification activity. In this case, B14 BS became
less stable under an acidic environment. Emulsion lay-
ers formed by B14 BS obtained when cells are grown on
an optimum culture medium, were stable under a wide
range of pH (2-10), and temperature (30-37°C). This
result was in agreement with the glycolipid derived
from Pseudomonas otitidis, isolated from a coal mine,
whose E24 could still be detected when exposed to pH
3-11, and the temperature was as high as 80-100°C
(Singh and Tiwary 2016). The stability studies on gly-
colipid BS derived from P, aeruginosa HAKO1 indicated
that this BS was able to function under a wide range
of temperatures (40-121°C) and pH (4-10) (Khad-
emolhosseini etal. 2019). Furthermore, an effective
oil-degrading Rhodococcus erythropolis S67 produced
glycolipid, which could function at a temperature as low
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as 10°C (Luong et al. 2018). Our findings suggested that
glycolipid BS was able to withstand extreme pH, as it is
consistent with other reports.

While there were many reports of E. cloacae strains
producing lipopeptides (Mandal et al. 2013; Jemil et al.
2019), our TLC and FTIR results confirmed that B14
produced a glycolipid-type BS. It should be noted that
there have been only a few cases of E. cloacae strains,
which can produce glycolipid BS (Jadhav etal. 2011).
In order to investigate our glycolipid potential applica-
tion, antimicrobial activity of cell-free broth containing
B14 BS derived from cultures grown on an optimized
medium was tested. Although biosurfactant will typi-
cally be used in actual application in the form of pure
compounds, the cell-free supernatant could be used
as a pre-screening process for stability studies and
antimicrobial tests (Singh and Tiwary 2016; Mouafo
etal. 2018). At this stage, we then selected to use the
cell-free supernatant from strain B14 for these studies,
as it is also less time-consuming. We found that the
broth could inhibit a wide range of bacterial pathogens.
Higher activity was detected against Gram-positive ver-
sus Gram-negative ones. Notably, the cell-free broth
could inhibit the growth of S. marcescens strain, which
is not sensitive to tetracycline, a commonly used anti-
biotic. It also showed greater inhibition toward B. sub-
tilis when compared to tetracycline. This biosurfactant’s
possible antimicrobial mechanism is that it can bind
to the phospholipid surface of the cytoplasmic mem-
brane through electrostatic forces. With the help of
water in the supernatant, biosurfactant then diffuses
into the inner hydrophobic part of the membrane and
weakens the lipid structure. It results in the leakage of
essential molecules and the dissolution of the proton
motive force (Sheppard etal. 1997; McDonnell etal.
1999). There was evidence that glycolipid tends to
have higher specificity to inhibit the growth of Gram-
positive pathogens. For example, B. cereus and S. aureus
were sensitive to rhamnolipid (de Freitas Ferreira et al.
2019). We further discovered that the antimicrobial
activity of B14 BS was not similar to that of some other
E. cloacae strains. For example, the inhibitory activity of
lipopeptide from E. cloacae C3 was more effective with
Gram-negative than Gram-positive pathogens (Jemil
etal. 2019). However, C3 lipopeptide did not inhibit
the growth of B. cereus and E. coli; whereas, our BS has
potent activity against them.

It should be noted that there were not many reports
showing glycolipid BS that could inhibit the growth of
antibiotic-resistant S. marcescens like what we found
with the case of B14 BS. Our results suggested that
a cell-free broth from B14 cultures can be used directly
as an antimicrobial agent without purification of BS.
It could significantly reduce the cost of BS produc-
tion (Wong-Villarreal etal. 2016). This paper aimed



3 Biosurfactant production by E. cloacae B14

to investigate emulsification activity because it is the
major property that helps diminish biofilm forma-
tion by pathogens, and thus involves the antimicrobial
activity of the compound. This work could be extended
towards the study of the chemical structures of bio-
surfactant by, e.g., using nuclear magnetic resonance
(NMR) and mass spectrometry (MS), so that the mode
of action at molecular level could be determined.

Moreover, further investigation on the reduction of
surface tension will provide us the information on criti-
cal micelle concentration (CMC) of the biosurfactant
extracted of strain B14. A study on the synergistic effect
of biosurfactant and broad-spectrum antibiotics would
also be very interesting. All of which are planned for
the future.

Conclusions

We investigated the effects of carbon and nitrogen
sources for BS production by E. cloacae B14. It was
found that E. cloacae B14 could grow well on various
carbon and nitrogen sources. This finding suggests sev-
eral advantages when maximizing BS production on
an industrial scale. The optimum culture medium for
producing the highest emulsification activity and yield
of B14 BS was maltose-yeast extract medium. The pro-
duced BS was stable in a wide range of pH from 2-10
and a temperature range of 30-37°C. Antimicrobial
activity assays suggested that cell-free broth containing
B14 BS could inhibit various Gram-positive and Gram-
negative pathogens. An inhibition effect of the broth
against the growth of pathogens was more specific to
Gram-positive than Gram-negative ones.

Interestingly, a tetracycline-resistant strain of Ser-
ratia marcescens was sensitive to B14 broth. The B14
cell-free broth can be used as an antimicrobial agent
without purification steps, which could be economi-
cal for BS production in the industry. Our results then
suggested that the B14 BS has the potential to apply not
only for bioremediation but also for the production of
antimicrobial products.
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