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 Implication for health policy/practice/research/medical education:
The experiments revealed that the isolates can be used in pilot scale for industrial production of new biosurfactant/bioemulsifiers.

somal DNA (rDNA) provide accurate basis for phylogenetic 
identification and analysis (2). Lactobacilli are gram-positive, 
non-spore-forming rods (ranging from coccobacilli to long, 
slender bacilli). Bacteriocins are proteinaceous antibacterial 
compounds that exhibit bactericidal activity against species 
closely related to the producer strain. Several important 
types of bacteriocins such as nisin, diplococcin, acidophilin, 
and bulgaricin (3) that are taken from food-associated lactic 

1. Background
Lactobacilli are ubiquitous and widespread commensal 

bacteria in the human and animal microflora. They are 
widely used by humans: as adjuvants against gastrointes-
tinal disorders, as dietary supplements, and as biological 
food processors based on their fermentative properties (1). 
Nucleotide base sequences of Lactobacillus spp. 16S ribo-

Background: The Lactobacilli belong to lactic acid bacteria, whose primary fermentation 
end product from sugars is lactic acid and that is why foods are conserved. Lactic acid 
bacteria have been used for millennia in the production of silage. Therefore, they are an 
indispensable part of intestinal microflora in human and animals. 
Objectives: This research meant to isolate lactic acid bacteria with significant effects 
from different environments. 
Materials and Methods: In this study, heterofermentative LAB were isolated from 
cheese, yoghurt and corn silage in Broujerd ,Iran. The standard biochemical methods 
were applied. Acid tolerance was studied by exposure to acidic PBS and growth in bile 
salt was measured by the spectrophotometric method. The isolated bacteria were stud-
ied for antagonistic effects on environment isolated E.coli, bacteriocin and biosurfactant 
production. Bacterial DNA was extracted, and amplified by PCR method. 
Results: The 3 isolates from cheese, yoghurt and silage were effective against isolated 
E.coli and could produce biosurfactants. Phylogenic relationships of the 3 potential can-
didates were determined comparing the 16Sr DNA gene sequences, they were found to 
be as 3 isolates of Lactobacillus buchneri, L.brevis and L.kefiri that were effective on the iso-
lated E.coli from environment. 
Conclusions: It was found that the isolated bacteria produced biosurfactants that had a 
great potential for different industries.
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acid bacteria, have been previously identified and character-
ized. 

Many microorganisms produce extracellular or membrane-
associated surface active compounds that play essential roles 
in the survival of producing microorganisms. Biosurfactants 
are categorized mainly by their chemical composition and 
microbial origin. Generally, their structures include a hydro-
philic moiety consisting of amino acids or peptides, mono-, 
di- or polysaccharides and hydrophobic moiety comprising 
unsaturated or saturated fatty acids. Accordingly, the major 
classes of biosurfactants include glycolipids, lipopeptides, 
lipoprotein, phospholipids, fatty acids, polymeric biosurfac-
tants and particulate biosurfactants (4).

2. Objectives
The aim of this research was to determine the strains 

of Lactobacillus spp. isolated from yoghurt, cheese and si-
lage and also to demonstrate the antimicrobial activity 
of these isolates. 

3. Materials and Methods
3.1. Isolation and Identification

A 10gr sample of each item (cheese,  yoghurt and silage) 
was taken, aseptically and transferred to the separate ster-
ile plastic bags . Each sample was homogenized in 90 ml of 
sterile saline solution (0.85%, pH 7). Five 5-fold dilutions of 
the homogenates were prepared and inoculated on plates 
of MRS agar and then were incubated anaerobically for 48 
hours at 32°C (5, 6). Colonies with typical characteristics 
were randomly selected from plates and tested for Gram 
stain, cell morphology, growth at 10°C and 50°C in MRS 
broth and arginine hydrolysis, catalase and oxidase reac-
tion before further sugar fermentation, growth at 8 and 
15 ºC in tubes containing MRS broth, growth in 7.5% NaCl, 
and fermentation of carbohydrates were determined as de-
scribed by Sneath et al. (6).

The tested carbohydrates were D (+) cellobiose (Sigma, De-
troit, MI, USA), D (+) galactose (Sigma), inulin (Sigma), lac-
tose (Sigma), fructose (Sigma), maltose l-hydrate (Sigma), 
D mannitol (Sigma), D (+) melezitose (Sigma), melibiose 
(Sigma), D (-) raffinose (Difco), rhamnose (Sigma), ribose 
(Sigma), sorbitol (Sigma), D (+) trehalose (Sigma), and D (+) 
xylose (Merck, Darmstadt, Germany);glucose (Sigma), and 
sterile water were used as positive and negative controls. 
During the test, the - isolates were kept in MRS agar stabs 
at refrigeration temperature. For arginine hydrolysis test, 
base MRS broth without glucose and meat extract contain-
ing 0.3% arginine and 0.2% sodium citrate instead of ammo-
nium citrate was used (1, 7).

3.2. Genetic Analysis of Superior Isolates
3.2.1. Extraction of DNA

DNA was extracted from the bacteria by SET buffer meth-
od Signoretto (3). The bacterial pellets were suspended in 

1 ml of SET buffer (20% sucrose, 50 mM EDTA, 50 mM Tris-
HCl [pH 7.6] containing 1 U of RNase inhibitor, and then 
35 ml of lysozyme (5 mg/ml) was added. The suspensions 
were left on ice for 15 minutes. After this incubation, 9 ml 
of 25% sodium dodecyl sulfate was added immediately, 
and samples were incubated for 60 min at room tempera-
ture. Subsequently, 50 ml of proteinase K (20 mg/ml) was 
added, and the suspensions were incubated at room tem-
perature for 60 min, then 0.5 ml ammonium acetate (7.5 
m) was added and the suspensions centrifuged at 13000 
rpm for 12 min. Two volumes of isopropanol were added to 
the suspensions and then centrifuged at 13000 rpm for 12 
min. The DNA concentration was determined spectropho-
tometrically. Then, to remove contaminating RNA, 50 µl of 
the sample was treated with two microliter of DNase - free 
RNase (3, 8, 9). Partial sequencing of 16S rRNA of two supe-
rior isolates was carried out by universal primers: 

Forward: 5-CCTACGGGAGGCAGCAG -3, Reverse: 5 GACGT-
CRTCCNCDCCTTCCT–3. 

3.2.2. PCR

The amplification reactions of the DNA sample were car-
ried out in 0.2 mL PCR single tube with hinged flat cap in 
an eppendorf. Each PCR consisted 5.0 microliter of 10X buf-
fer (10 mM Tris-HCl, 50 mM KCl) +MgSO4 (50 mM) , 1.0 µl 
dNTPs (5 mM each), 1.0 µl ( 20 pmoles/ microliter ) of each 
universal primer, 0.5 microliter of pfu DNA polymerase (5 
U/µl), 1.0 µl of the DNA template/sample, and sterile water 
to a volume of 50 µl. The PCR amplification has initial DNA 
denaturation at 95°C for three min, followed by one cycle 
of denaturation at 95°C for one min , 30 cycles annealing at 
55°C for one min and extension at 72°C for two min, which 
was followed by a final extension at 72°C for five min. 5 µl 
PCR product was analyzed by electrophoresis (Bio-Rad) in 
1% agarose (Sigma) gel, at 100 volts for 40 min, followed by 
staining with 1% solution of ethidium bromide (50 µl/L). 
Gels were visualized by UV trans illumination (3, 8, 9).

Partial sequencing of 16S rRNA of two superior isolates 
was carried out in Pasteur Institute Laboratories, France. 
Morphological and biochemical identification tests were 
also performed following the directions in Bergey’s Sys-
tematic Bacteriology Manual (3, 8, 9).

3.3. Evaluation of Antagonistic Activity

Antimicrobial effects of presumptive strains of Lactobacil-
lus spp. against isolated E.coli were determined by the agar 
diffusion method. The tested bacteria were incubated in 
nutrient broth at appropriate temperature for 24 hours. Ap-
proximately 105- 107 cfu/ml of the bacteria to be tested for 
sensitivity (indicator bacteria) were inoculated (1%) into 20 
ml of nutrient agar and poured into the Petri dishes. To de-
tect antibacterial activity of Lactobacillus spp., MRS contain-
ing only 0.2% glucose was used. 10 ml of broth was inoculat-
ed with each strain of Lactobacillus spp. and were incubated 
at 35 ˚C for 48 hours. After incubation, a cell-free solution 
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was obtained by centrifuging (6000 × g for 15 min) the cul-
ture, followed by filtration of the supernatant through a 0.2 
µm pore size cellulose acetate filter. Some supernatants were 
neutralized by 1 N NaOH to pH 6.5, and the inhibitory effect 
of the hydrogen peroxide was eliminated by adding catalase 
(5 mg/ml). Unneutralized (general inhibitory effect) and 
neutralized (bacteriocin and bacteriocin-like metabolites) 
supernatants of the strains of Lactobacillus spp. were checked 
for antibacterial activity against pathogenic bacteria in inoc-
ulated nutrient agar. Then 100 ml of cell free supernatants 
was filled in 8-mm diameter sealed wells cut in the nutrient 
agar. Once solidified, the dishes were stored for two hours in 
a refrigerator. The inoculated plates were incubated for 24 
hours at 37 ˚C, and the diameter of the inhibition zone was 
measured by calipers in millimeters (4, 10-12).

3.3.1. Bacteriocin Detection

Isolated bacteria were propagated in 1000 ml MRS 
broth (pH 7.0, glucose, 0.25% w/v, peptone, 0.5% w/v) for 72 
hours at 37 °C anaerobically (Oxide Gas Generating Kit) in 
triplicate. To extract bacteriocin, a cell-free solution was 
obtained by centrifuging (10,000 rpm for 20 min. at 4ºC 
with Beckman L5050B) the culture and adjusting pH at 
7.0 by means of 1M NaOH to exclude the antimicrobial ef-
fect of organic acid, followed by filtration of the super-
natant through a 0.2 mm pore-size cellulose acetate filter. 
The supernatant was dialyzed for 24 hours at 4 °C. Inhibi-
tory activity from hydrogen peroxide was eliminated by 
adding 5 mg/ml catalase (C-100 bovine liver, Sigma) (11). 
The suspension was boiled for five minutes and the wells 
were cut in nutrient agar plate by a sterile Pasteur pipette 
and sealed at the bottom by adding one to two drops of 
agar. The agar surface was overlaid by isolated E.coli and 
an additional 30 microliter of the supernatant in the 
sealed wells and then, the plates were incubated at 37 °C 
aerobically for 24 hours in triplicate (13, 14).

3.3.2. Preliminary Screening of Biosurfactant Producing 
Bacteria

A modified oil collapse method was carried out using 96 
well microtiter- plates containing 100 µl mineral oil which 
was equilibrated for an hour at room temperature. 10 µl 
of supernatant of culture broth was added to the surface 
of a well and the picture captured after one min using 10 
× objective microscope lens. Biosurfactant production was 
considered positive when the drop diameter was at least 0.5 
mm larger than those produced by distilled water and also 
by culture medium as negative controls (2, 15, 16). 

Isolates were screened on blood agar plates containing 
5% (v/v) sheep blood and incubated at 37 °C for 48 hours. 
Hemolytic activity was detected as the presence of a clear 
zone around bacterial colonies (2, 15, 16).

3.4. Complementary screening

The emulsifying capacity (E24) was evaluated by an 

emulsification index (E24). The E24 of culture samples 
was determined by adding 2 ml of kerosene and 2 ml of 
the cell-free broth in test tube, vortexed at high speed for 
two minutes and was allowed to stand for 24 hours. The 
E24 index was given as percentage of the height of emul-
sified layer (cm) divided by the total height of the liquid 
column (cm). The percentage of emulsification index was 
calculated throughthe following equation (2, 15, 16).

E24 = Height of emulsion formed × 100 / Total height of 
solution

Surface tension reduction was measured by Krüss Ham-
burg Nr 2215 Tensiometer and also by submerging the plati-
num ring in the cell free culture broth and recording the 
force required to pull it through the air–liquid interface. 
The results were compared to that of distilled water and 
medium composition (as negative control) and Tween 20 
(as a positive control). The ability of the isolates to reduce 
surface tension below 40 mN/m was used as a criterion to 
select biosurfactant-producing agents (2, 15, 16).

4. Results
4.1. Morphological and Biochemical properties

The isolated bacteria were gram-positive, catalase-negative 
and heterofermentative bacilli that have yellowish, mocoid, 
rounded colonies. The carbohydrates fermentation pattern 
of Lactobacillus spp. has been previously shown.

The isolated bacteria were grown at 10°C and 50°C. These 
bacteria hydrolyzed arginine and produced NH3. The Pro-
duction of NH3 was detected by Nesler reagent (Table 1). 

Isolates From

Cheese Silage Yoghurt

Cellobiose - - -

Galactose - + +

Lactose + - +

Fructose - - -

Maltose - - +

Mannitol - - +

Melezitose - - -

Melibiose + + -

Raffinose - - -

Rhamnose - + -

Ribose - - +

Sorbitol + + -

Terehalose - + -

Xylose + + -

Glucose + + +

Arginine dehydrogenase + + +

Catalase + + +

Oxidase - - -

Growth in 7.5% NaCl + - -

Growth at 8 ºC + + +

Growth at 15 ºC + - -

Table 1. Biochemical Tests and Enzyme of Isolates
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4.2. Genetic Analysis of Superior Isolates

Sequencing 16S rDNA produced by polymerase chain re-
action of bacterial DNA using universal primers revealed 
that superior gram positive biosurfactant-producing 
isolates were closely related to three Lactobacillus spp., 
including Lactobacillus buchneri (isolated from yoghurt), 
L.brevis (isolated from cheese) and L.kefiri (isolated from 
silage). PCR was performed and products were visualized 
by agarose gel electrophoresis (Figure 1).

5. Discussion
This study tried to screen several types of microorgan-

isms which are capable or incapable of producing biologi-
cal surfactants or bacteriocin. The drop collapse test was 
rapid and suitable for this purpose. Results indicated that 

Preliminary Methods Complementary Methods

Hemolytic Activity Oil Collapse Emulsification Capacity (E24) In Presence of Crude Oil Surface Tension, mN/m

LC a + ++ 2.27 ± 1.23 64 ± 0.56 51.6 ± 1.69

LY a + ++ 2.90 ± 0.46 72 ± 0.23 43.1 ± 0.80

LS a + +++ 2.90 ± 0.46 68 ± 1.23 57.6 ± 2.29

Water - - 0 ± 0 100 ± 0 -

Table 2. Detection of Biosurfactant Producing Isolates by Preliminary and Complementary Screening Methods.

a Abbreviation: LC, Isolated Lactobacillus spp. from cheese; LY, Isolated Lactobacillus spp. from yoghurt; LS, Isolated Lactobacillus spp. from silage

Lanes 2, 3, and 4 Show the Lactobacillus buchneri ,L.brevis and L.kefiri. Lane 1  
shows the molecular weight marker, with band sizes (Kb) indicated at the right

Figure 1. Agarose Gelelectrophoresis of PCR Products

4                      3                      2                      1

a LC, Isolated Lactobacillus from Cheese; LY, Isolated Lactobacillus from Yo-
ghurt; LS, Isolated Lactobacillus From Silage

Figure 2. Distilled Water Drop on the Oily Surface in the Micro Well Plate 
(W). (It is not Collapsed). Lactobacilli Supernatants on the Oily Surface. 
They Are Collapsed.

LS a

LY a LC a

W a

3.34 mm

3.23mm

3.10mm

2.04 mm

4.3. Bacteriocin and Biosurfactant Production

The isolated bacteria were effective against isolated 
E.coli from cheese, yoghurt and silage. However, they 
were not able to produce bacteriocin. The isolates re-
sponded positively to oil collapse method and emulsi-
fication capacity. Distilled water did not collapse on the 
oily surface of the well and appeared as a bead. However, 
the Lactobacillus supernatants collapsed and appeared 
like firm drops (Figure 2). The putative biosurfactants 
producing isolates were screened in complementary 
stage by two methods. Results from these experiments 
indicate that the surface tension varies from 23.3 mN/m 
to 57.6 mN/m and the emulsion activity ranges from 0 
to 100% for different hydrocarbon sources (Table 2).

acid tolerance of isolated Lactobacillus spp. varied at dif-
ferent pHs. Such difference was however lower between 
isolated Lactobacilli and L. plantarum .The isolated Lacto-
bacilli were bile salt intolerant. In contrast, the isolated 
bacteria showed significant tolerance to bile salts , how-
ever ,when the tolerance level was compared with the 
standard strain, the difference was insignificant .Pure 
isolates were cultured in production medium and fol-
lowing centrifugation, supernatants were used to detect 
bacteriocin and preliminary screening since excretion 
type bacteria release biosurfactants.

The primary screening of biosurfactants producing bac-
teria was carried out using hemolytic activity and oil col-
lapse techniques. They did not produce bacteriocin. The 
results of the current experiments indicated that two iso-
lates were positive for hemolytic activity and none of the 
isolates were considered negative based on oil collapse 
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and emulsion activities. As already mentioned by Youssef 
et al. (16) and Plaza et al. (15) in the hemolytic method, 
there are many bio-products that can cause red blood cell 
lysis and they do not necessarily have to be surface active 
molecules.

The drop collapse method is based on the principle 
that a drop of liquid containing a biosurfactant collapses 
and spreads over the oily surface. There is a direct rela-
tionship between the diameter of the sample and con-
centration of the biosurfactant and in contrast, the drop 
lacking biosurfactant remains beaded due to the hydro-
phobicity of the oil surface that causes aggregation of 
droplets. Nucleotide base sequences of Lactobacillus spp. 
16S ribosomal DNA (rDNA) provide an accurate basis for 
phylogenetic analysis and identification. The sequences 
obtained from an isolates can be compared to those of 
Lactobacillus spp. held in data banks. (8, 9, 11). The 16S re-
gion of isolated Lactobacillus spp. have been sequenced 
and compared with the sequences of type cultures and 
other valid strains recorded in GenBank (National Center 
for Biotechnology Information, Bethesda, Md.).

In the present study, isolates (L.buchneri, L.salivarius 
and L.routeri) with biosurfactant-producing ability were 
identified. These identified Lactobacillus spp. were in ac-
cordance with those earlier identified in different envi-
ronments by Beasley et al (1). Based on the results of the 
current study, the employed method is a relatively simple 
and rapid method by which lactobacilli can be identified 
without resorting to the use of species-specific PCR prim-
ers. 
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