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Abstract  
Biosurfactants are surface-active molecules produced by different microorganisms, including 

Lactobacillus spp. strains, with emulsifying properties. For their emulsifying activities as well as for the 
inhibition of some pathogenic microorganisms, biosurfactants produced by lactobacilli could find 
important applications in food industry. The aim of this study was to screen for biosurfactant production in 
several lactic acid bacteria (LAB) strains. Ten LAB strains selected previously for antifungal activities 
were used in experiments. The biosurfactant production was evaluated both in supernatant and in cells 
cultivated in Man-Sharp-Rogosa (MRS) broth. Oil spreading test, emulsification activity, and drop collapse 
methods were used for evaluation the biosurfactant production. Antimicrobial action of biosurfactants 
against Escherichia coli, Bacillus cereus, Staphylococcus aureus, Candida parapsilopsis and 
mycotoxigenic fungi was also examined. Molecular analyses were performed for characterization of 
selected bacteria. Three out of ten tested LAB strains exhibited clear biosurfactant production. The 
emulsifying action of kerosene was detected both in extracts from supernatants and from cells. For the 
strains L26 and L35, the level of cell-bound biosurfactant production was higher than the excreted one; for 
L61 the emulsifying activity was higher in supernatant, mainly against edible oils. The antimicrobial action 
of extracted biosurfactants suggests that these compounds could be involved in the inhibitory action of 
LAB. This study demonstrates that two strains of L.plantarum (L26 and L35) and one strain of L.brevis 
(L61) were able to produce cell-bound and excreted biosurfactants. High emulsifying activity was detected 
on edible oils, giving stable emulsions, suggesting the possible use of these biosurfactants in food industry. 
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1. Introduction 
Biosurfactants or bioemulsifiers are surface-active compounds produced by various 

microorganisms. They are included in several groups based on their molecular weight, mode of 
action or other physical-chemical properties (L. FRACCHIA& al. [1]. In the category of 
biosurfactants are included low molecular-weight microbial compounds (lipopeptides, 
glycolipids etc.) and high molecular-weight compounds (polysaccharides, lipopolysaccharides 
proteins or lipoproteins), their action being related to the reduction of surface and interfacial 
tension and to emulsions stabilization. The best studied microbial biosurfactants are produced 
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by bacteria, mainly by Bacillus and Pseudomonas genera. Microbial biosurfactants, comparing 
with synthetic surfactants, have the advantage of the diversity and biodegradability that lead to 
specific functions like solubility of hydrophobic compounds, heavy metal binding, 
antimicrobial and antiadhesive properties, biofilm formation etc. (L. RODRIGUES & al. [2]. 
Several studies revealed that various species of LAB, generally recognized as safe (GRAS) 
microorganisms, are able to synthesize surface-active molecules (E.J. GUDINA & al. [3]; A.N. 
MADHU & al. [4]; K. SAMBANTHAMOORTHY & al. [5]). The increased interest in the 
biosurfactant producing lactobacilli is related to the well-known probiotic effects of these 
microorganisms which are natural components of human microbiota (M. SHARMA & al. [6]) 
as well as to the ability of such bacteria to inhibit pathogenic bacteria and fungi (C.P. CORNEA 
& al. [7]) and to reduce adhesion of pathogenic microorganisms to glass, silicone rubber, 
surgical implants etc. (L. FRACCHIA & al. [8]). The chemical structure of the biosurfactants 
produced by lactobacilli was examined for different bacterial species: the L.helveticusderived 
biosurfactant is mainly constituted by lipid and sugar fractions; the L.pentosus, L.lactis and 
L.paracasei biosurfactants are glycoproteins or glycolipopeptides, while the L.plantarum 
biosurfactants are of glycolipidic (J. SAUVAGEAU& al. [9]) or glycoproteic nature (A.N. 
MADHU & al. [4]). The antimicrobial and antiadhesive actions of biosurfactants produced by 
lactobacilli are well documented: A.N. MADHU& al. [4]) reported clear inhibitory action of 
biosurfactant synthesized by L.plantarumCFR2194 against several pathogenic bacteria (E. coli 
ATCC 31705, E. coli MTCC 108, Salmonella typhi, Yersinia enterocolitica MTCC 859, and S. 
aureus F 722); inhibition of adhesion of Enterococcus faecalis to glass treated with 
biosurfactants from L.acidophilus RC14 or L.fermentum B54 was shown (M.M. Velraeds & al. 
[10]); the biosurfactants from L.jensenii and L.rhamnosus were active against clinical Multidrug 
Resistant (MDR) strains of Acinetobacter baumannii, E. coli, and S. aureus (MRSA) (K. 
SAMBANTHAMOORTHY & al. [5]), while the biosurfactants produced by the strain 
Lactobacillus spp. CV8LAC displayed anti-biofilm formation but not antimicrobial activity 
against C.albicans (L. FRACCHIA & al. [1]). Recently, C. DUARTE & al. [11] shown that the 
glycoprotein (BioEG), a biosurfactant produced by L.paracasei subsp. paracasei A20 decreased 
breast cancer cell lines viability, induced the cancer cell cycle arrest at G1 without affecting 
normal fibroblasts. For their emulsifying activities as well as for antimicrobial and antiadhesive 
properties, biosurfactants produced by lactobacili could find important applications in food 
industry. However, despite these potential benefits of biosurfactants produced by LAB, until 
now significantly fewer applications have been reported in food industry due to uneconomical 
or uncompetitive costs for their production when compared to plant or chemical compounds 
(J.M. CAMPOS & al. [12]) or to regulations regarding the approval of new food ingredients. 
The present study is focused on the screening of biosurfactant producing lactobacilli isolated 
from Romanian traditional fermented food products and to determine the antimicrobial 
properties of isolated biosurfactant. 

 
2. Materials and methods 

Microorganisms and growth conditions. Ten LAB strains designated as L15, L22, L26, 
L35, L43, L49, L58, L61, L.plantarum IC 12353 (LpL) and L.paracasei CCM 1837 
(Lpa)selected previously for their antifungal activities were used in experiments (O.A. 
SICUIA & al. [13]; M. ZAMFIR & al. [14]). The lactobacilli were stored at −70°C in Man–
Rogosa–Sharpe (MRS) broth, supplemented with 20 % (v/v) glycerol as a cryoprotectant. 
Routinely, LAB strains were grown on MRS broth at 37°C. E. coli, B. cereus, S. aureus,C. 
parapsilopsis, A.flavus, A.ochraceus (two strains) and A.nigerAn4 were the test pathogens 
used for evaluating the antimicrobial properties of the biosurfactants. These microorganisms 
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were maintained on Luria Bertani (LB) medium (the bacterial strains), Yeast Peptone Glucose 
(YPG) (for yeast strain) or Potato dextrose agar (PDA) medium (for filamentous fungi). 

Biosurfactant production. The production of biosurfactant from selected lactobacilli 
was carried out in Erlenmeyer flasks containing MRS broth (100 ml), inoculated with 2 ml of 
an overnight culture of appropriate bacterial strain and incubated for 48 h at 37°C under 
stationary conditions.  

Isolation of biosurfactants. Both cell-bound and excreted biosurfactants were isolated. 
For isolation of the cell-bound biosurfactants, the method described by E.J. GUDINA& al. [3] 
was used: cell biomass of each bacterial strain was harvested by centrifugation (10,000×g, 5 
min, 10°C), washed twice with distilled water, and suspended in 10 ml of phosphate-buffered 
saline (PBS) pH 7.0. The bacterial suspensions were incubated at room temperature up to 4h 
with gentle stirring for releasing the biosurfactant. Bacteria were removed by centrifugation 
and the cell-free supernatants were used for specific tests. For excreted biosurfactants 
recovery, the method of A.N. MADHU& al. [4] was used. In brief, the culture supernatants 
resulted after centrifugation were acidified with 12 N hydrochloric acid to pH 2.0, overnight 
at 4°C. At pH 2.0, the isoelectric point of the biosurfactants was reached resulting in a 
decrease of their solubility. The precipitated biosurfactants were recovered by centrifugation 
(10.000 rpm, 5 min, and 4°C), washed three times in acidic water (pH 2.0) and suspended in 
PBS pH 7.0.  

Oil spreading test was carried out in a Petri dish containing 50 ml of distilled water 
overlaid with 20µL of kerosene or vegetable oils (sunflower and olive oil). 10 µL of crude 
biosurfactant dissolved in PBS was added at the surface of oil and the diameters of clear 
zones were determinate.  

Drop collapse test was performed according to A. TAHMOURESPOUR & al. [15]: 
10µL of extracted biosurfactant was pipetted as a droplet onto parafilm; the flattening of the 
droplet and the spreading of the droplet on the parafilm surface was examined over seconds or 
minutes. A result was considered positive for biosurfactant production when the droplet 
diameter was at least 1 mm larger than the one produced by distilled water (negative control). 

Emulsification Index (EI) was determined in graduated glass test tubes with a mixture 
of crude biosurfactants (cell-bound released) (1mL), distilled water (3mL) and 
kerosene/sunflower oil/olive oil (1mL), vigorously shaken for 2 min. After 24 h, the height of 
the emulsion was measured, and emulsification index was calculated. 

Emulsification activity (EA) was evaluated according to A.S.LIMA&R.M. ALLEGRE 
[16] using a mixture of crude biosurfactants (cell-bound released or excreted biosurfactants) 
(1mL), distilled water (3mL) and kerosene/sunflower oil/olive oil (1mL), vigorously shaken for 
2 min, allowed to stand for 10 min before measuring the turbidity at 540 nm. For examination 
the emulsion stability, the absorbance was measured every 10 min over a period of 60 min. 

Antimicrobial effects of LAB biosurfactants. For the detection of the antibacterial/anti 
Candida action of crude biosurfactants, 10 µL of filter sterilized samples were placed on the 
surface of LB/YPG agar containing Petri plates inoculated with E.coli, B.cereus, S. aureus or 
C.parapsilopsis, respectively. In the case of filamentous fungi, a suspension of spores was 
included in 0.6% agar containing culture medium (PDA) and applied at the surface of PDA 
plates, and 10 µL of filter sterilized crude biosurfactants samples were placed on the surface 
of the inoculated plates. The inhibition zones were examined after 24-72h of incubation at the 
appropriate temperature.   

Genotype characterization of selected LAB. Total genomic DNA from selected LAB 
strains was extracted according to D. GEVERS & al. [17]. For taxonomical identification and 
characterization of LAB strains, specie-specific primers were used (Table 1). The 
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amplification conditions were those recommended by the authors (S.Y. SUL& al. [18]; S. 
TORIANI & al. [19];J. VERSALOVIC& al. [20]).  

 
Table 1. Primers used in experiments 

 
Primers Primers sequences Amplico

n size 
(bp) 

Target species Reference
s 

Rham1 GTC GAA CGA GTT CTG ATT ATT G 158 Lb.rhamnosus [18] 
RhamR GAA CCA TGC GGT TCT TGG AT 
LacidoF CAC TTC GGT GAT GAC GTT GG 575 Lb.acidophilus 
LacidoR CGA TGC AGT TCC TCG GTT AAG C 

paraF GTC ACA GGC ATT ACG AAA AC 107 Lb.paraplantarum [19] 
pentF CAG TGG CGC GGT TGA TAT C 218 Lb.pentosus 
planF CCG TTT ATG CGG AAC ACC TA 318 Lb.plantarum 
pREV TCG GGA TTA CCA AAC ATC AC   

BOX A1R CTA CGG CAA GGC GAC GCT GAC G  intra- and 
interspecific diversity 

[20]   

 
 

3. Results and discussions 
 

1. Screening of biosurfactant producing lactobacilli  
Ten strains of lactobacilli, previously selected for their antifungal properties were used in 

this study for cell-bound and excreted biosurfactants by classical methods: drop collapse and 
oil spreading tests. Clear differences among the extracts obtained from the bacterial strains 
were observed (Fig.1). 

 

 a 
 

 b 
 

Fig.1. Differences in the diameter of droplets on Parafilm (drop collapse test): a – cell-bound biosurfactants 
produced by strains of LAB; b – excreted biosurfactants 

 
 

 These results are sustained by the oil spreading tests, using kerosene or vegetable oils 
(sunflower oil and olive oil) as substrate. The oil displacement test is an indirect measurement 
of surface activity of biosurfactants: a larger clear area is correlated with higher surface 
activity. When kerosene was used as substrate, the diameters of the clear zones were larger 
than those on vegetable oils for all the tested strains (Fig.2). 
 
 
 
 



CALINA PETRUȚA CORNEA, FLORENTINA ISRAEL ROMING, OANA ALINA SICUIA, CATALINA VOAIDEȘ, MEDANA ZAMFIR, SILVIA-SIMONA GROSU-TUDOR  

Romanian Biotechnological Letters, Vol. 21, No. 2, 2016  11316

 
Fig.2. Oil spreading test on kerosene (left) and olive oil (right) of biosurfactants from lactobacilli. P1 = cell-

bound biosurfactants; P2 = excreted biosurfactants 
 

Differences between droplets diameter and areas of oils displacement suggest that at least 
three lactobacilli (strains designated as L26, L35 and L61) were able to produce 
biosurfactants: both cell-bound and excreted biosurfactants (except the strain 35 that seems to 
produce mainly cell-bound surface-active molecules). These three strains of lactobacilli (L26, 
L35 and L61) were selected as biosurfactant producers and used for further analysis. These 
results, at least for two of the selected lactobacilli, are different from those reported in 
literature were the biosurfactants recovered from bacterial producers are either cell-bound or 
secreted (E.J. GUDINA & al. [21]; A.N. MADHU& al. [4]).  

Moreover, the detection of important surface activity of biosurfactants recovered from 
cells (cell-bound biosurfactant) or from culture supernatant (excreted biosurfactant) suggests, 
at least for L61, the existence of a mixture or several compounds with surface active 
properties. Similar aspects were detected for L.paracasei biosurfactants(E.J. GUDINA & al. 
[21]; L.R. RODRIGUES & al. [22]). 

 
2. Growth curves and biosurfactant production 
The bacterial strains were cultivated in MRS broth for 48h and based on the evolution of 

OD600nm it was observed that the stationary phase started after 12-13h of cultivation and is 
maintained after 48h. The pH value of the cultures after 48h was low: 3.7 for the strain L26, 
3.8 for the strain L35, and 4.35 for the strain L61, due to the synthesis of lactic acid, these 
data being in accordance to the previous data regarding the quantification of organic acids for 
these strains (O.A. SICUIA & al.[13]). Regarding the biosurfactant production during 
cultivation in MRS medium, at least for cell-bound biosurfactants, it was shown that small 
areas of oil displacement were detected after 4h of cultivation for all strains, with slight 
increase after 6 h (Fig.3). For all strains the cell-bound biosurfactant production increased 
significantly after 24h of cultivation, with highest values after 48h of cultivation.    

 
 

 
 
 
 
 

Fig.3. Biosurfactant production in selected lactobacilli 
(strains L26, L35 and L61) during cultivation in MRS 

broth, tested by oil spreading technique 
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These results suggest that the production of biosurfactants in all the tested strains starts 
during the exponential growth phase and continues in the stationary phase, at least for two 
days. Similar results were reported by other authors (L.R. RODRIGUES & al. [22]; L. 
FRACCHIA& al. [1]; M.M. VELRAEDS & al. [10]; C. CERESA & al. [23]) for various 
lactobacilli species (L.casei, L.brevis, L.pentosus, L.rhamnosus etc.) which observed that the 
biosurfactant production continues during 72 h of fermentation but at a very slow production 
rate, probably as a consequence of product inhibition and pH reduction.  

 
3. Properties of biosurfactants 
The emulsification index of the produced biosurfactants was evaluated against substrates 

as kerosene, sunflower oil and olive oil. The lowest EI value was obtained for kerosene 
(Table 2), while olive oil gave the highest values in all the strains. 

 
Table 2. Emulsification index of biosurfactants produced by lactobacilii for different substrates 

 
Substrate Bacterial strains 

L26 L35 L61 
Kerosene 8.22 8.5 12.75 

Sunflower oil 14.4 14.82 16,43 
Olive oil 18.6 18.26 26.5 

 
The emulsification activity of cell-bound biosurfactants produced by selected lactobacilli 

was measured on three water-immiscible substrates: kerosene, sunflower oil and olive oil. It 
was determined that both vegetable oil were efficiently emulsified by all crude biosurfactants 
(Table 3) and the emulsions formed with the edible oils (widely used for food formulations) 
were more stable than emulsions formed with kerosene. The best results were obtained with 
the strain L61on olive oil.  

 
Table 3. Emulsification activity (OD540nm) of biosurfactants produced by lactobacilli for different 

substrates(after 10 minutes of incubation at room temperature) 
 

Substrate Bacterial strains 
L26 L35 L61 

Kerosene 0.285 0.360 0.553 
Sunflower oil 0.487 0.528 1.026 

Olive oil 0.675 0.695 1.372 
 
4. Antimicrobial activity of biosurfactants 
Several papers published worldwide indicate important antimicrobial and antiadhesive 

activities against various pathogens, including C.albicans. In this study the antimicrobial 
activity of crude biosurfactants (cell-bound and excreted ones) was examined against bacteria 
(E coli, B. cereus, and S. aureus), yeasts (C.parapsilopsis) and filamentous fungi (A.flavus, 
A.ochraceus, and A.niger), the majority having significance in food contamination/spoilage. 
Growth inhibition was detected against E.coli both for cell-bound and excreted biosurfactants 
(Fig.4). Low inhibitory effect was observed for biosurfactants produced by the strain L61 
with respect to the growth of B.cereus, while against S.aureus no significant effects were 
observed for none of the tested samples. Similar aspects were observed in C.parapsilopsis but 
these results are in accordance with those observed by other authors for C.albicans: the 
biosurfactant produced by LAB displayed anti-biofilm formation but not antimicrobial 
activity (L. FRACCHIA & al. [1]). 
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Regarding the action of biosurfactants against mycotoxigenic fungi used in experiments it 
was observed that all the samples induced an inhibition of sporulation (mainly the cell-bound 
biosurfactants) but did not affect significantly the mycelial growth (fig.4). It is possible that 
these results to be related to the concentration of crude biosurfactants recovered. 

 

  
 

Fig.4. Antimicrobial effect of crude biosurfactants produced by selected lactobacilli against E.coli and A.flavus. 
B –bacterial suspension of appropriate strain; P1 – cell-bound biosurfactant; P2 – excreted biosurfactant. 
 
However, although the antifungal activity of biosurfactats is low, it could be assumed that 

this is another possible mechanism of the inhibitory action of LAB, beside the production of 
organic acids, previously proven (O.A. SICUIA& al. [13]; C.P. CORNEA& al. [7]).  

 
5. Genotype characterization of lactobacilli 
In order to identify the selected lactobacilli, specie-specific PCR was performed, using 

primers recommended for L.plantarum, L.acidophilus, L.rhamnosus, L.paraplantarum, and 
L.pentosus. The results obtained by this method suggest that the strains L26 and L35 belong 
to L.plantarum (Fig.5). 

 

 
 

Fig.5. Agarose gel electrophoresis pattern of amplicons obtained with the specie-specific primers: 1= 1kb DNA 
ladder (Roth), 2-3 = L.paracasei Lpa; 4 = L.plantarum Lpl, 5=L8; 6= L15; 7= L22; 8 = L26; 9=L35; 10=L43; 

11=L49; 12=L58; 13=L61; 14-15= L115. 
 
No significant differences were revealed by BOX PCR between L26, L35, and Lpl used 

as reference, but various amplicons were observed in the case of L61, as a proof that it belong 
to a different species (Fig.6).  
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Fig.6. REP-PCR results for several lactobacilli, including L26, L35 and L61 (arrows).  

 
The sequencing of the amplicons corresponding to 16S RNA gene confirmed the 

identification as L.plantarum of the isolates L26 and L35, and identified the strain L61 as 
L.brevis (data not shown). The identification is in accordance with the strains origin: L26 and 
L35 were isolated from a Romanian traditional fermented food product named „borș”, while 
the strain L61 was isolated from sauerkraut.   

 
4. Conclusions 

Although the best biosurfactant producer are bacteria belonging to Bacillus and 
Pseudomonas genera, and lactobacilli produce lower amounts of  biosurfactants comparing to 
them, they are more important for food industry utilization, mainly because they are GRAS 
microorganisms and are found in various food products. Moreover, the level of biosurfactants 
produced by lactobacilli could be increased through the optimization of the media 
composition and culture conditions. The L.plantarum L26, L.plantarumL35, and L.brevis L61 
identified in this study as promising biosurfactant producers could be important for food 
industry because of their emulsifying properties against edible oils and for the antimicrobial 
properties. Further studies are necessary to establish the chemical nature of the biosurfactants 
produced by these bacteria and to evaluate not only their antimicrobial but also the 
antiadhesive properties against biofilm producing pathogenic microorganisms.  
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