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 One of the most common dental ailments, dental caries is caused by a long-

term infection of the mouth's natural flora. Sugar-eating bacteria in the 

mouth produce acidic compounds that cause cavities. Six isolates 

Lactobacillus fermentum, Lactobacillus acidophilus and Lactobacillus 

plantarum isolated from dental caries reveled different levels in 

biosurfactant productivity with emulsification indexes (E24%) ranged 

between 6-18% and emulsification activity(E.A.) values ranged between 

3.6-7.2. An adsorption chromatography silica gel column were used to 

purify of biosurfactant then characterized as lipopeptide by thin layer 

chromotography. Eight Candida albicans was obtained from individuals 

afflicted with oral thrush and all these isolates formed biofilm, but at 

varying amounts. The purified biosurfactant revealed antibiofilm activity 

against all Candida albicans isolates with percentage in biofilm inhibition 

ranged between 44-70%. So that Candida albicans-infected oral thrush can 

be treated with biosurfactant. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Caries is a long-term illness that advances slowly and is defined by the loss of the tooth in a specific area. A 

microbial community of dental caries, including numerous Lactobacillus bacteria, has been continuously 

linked to dental caries for a decade [1]. Dental caries is an infective, severe, and transmittable bacterial disease 

with a complex pathophysiology [2]. Cariogenic bacteria, fermentable carbohydrates, a vulnerable tooth, the 

host, and time all play a role in the disease's development [3]. 

 

Surfactants produced by living organisms are known as biosurfactants because of their ability to penetrate the 

surface and emulsify liquids [4], [28- 38]. Researchers are becoming interested in microbial biosurfactants as 

an alternative to their chemically manufactured equivalents. Microorganisms such as bacteria, yeast, and 

filamentous fungus produce biosurfactants that are connected to the cell wall or generated extracellularly [5]. 

They are categorized according to their chemical makeup and bacterial origin. Polysaccharide-protein 
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complexes, protein-like compounds, fatty acids, neutral lipids, and glycolipids are all included in this group 

[6]. 

 

Many sectors, such as petroleum, pharmaceuticals, biomedicine, food processing, and agriculture, may 

benefit from the use of these biosurfactants. For example, biosurfactants have reduced toxicity, are 

environmentally friendly, biodegradable and demonstrate stronger foaming characteristics than chemical 

surfactants. They are also effective at high temperatures, pH and salinity [7]. It has also been shown that 

biosurfactants may be used to inhibit microbial adhesion and stimulate the absorption of substrates into cells 

through binding to heavy metals, aggregation and quorum sensing, biofilm development, and hydrophobic 

chemicals [8]. 

 

As a producer of biosurfactants, several Lactobacillus strains are well-known in the human microbiota. 

Lactobacillus-produced biosurfactants have been proven to be effective in preventing urogenital and 

gastrointestinal tract infections in people, according to research [9]. Antioxidant and antiproliferative 

capabilities on epithelial cells have been demonstrated by Lactobacillus spp. biosurfactants, which have been 

exploited in the creation of new green cosmetic products [7]. 

 

It is possible that Candida species have an edge over other oral microbes by forming biofilms in order to 

escape immune processes, resistance to antifungal medicines, and other oral microorganism resistance [10]. 

Alternative antifungal medications are urgently needed because of the rise in antifungal resistance among this 

opportunistic fungus. Lactobacillus species biosurfactant production was investigated in this work and its 

capacity to destroy C. albicans biofilms was determined. 

 

2. Materials and Methods 

 

2.1 Isolation and bacterial diagnostic for dental caries samples 

Using sterile forceps, 18 samples were taken from patients infected with dental caries and transferred to 

amount of 1% saline solution with aseptic precautions, vortex mixed for one minute, and used to disperse 

microorganisms and samples for subsequent laboratory investigations was used. 

 

Serial dilution technique was done for each sample and plated on sterilized MRS agar plates, after that 

incubated at 37C for 24hour. There were a handful of colonies that showed promising morphological and 

biochemical traits. For example, gram staining was used to identify the colony size, surface opacity (how 

opaque it is), color, motility, and cell shape. An investigation on the biochemical properties of Indole, methyl 

Red and Vogues Proskauer as well as Citrate and Catalase was carried out [7]. 

 

2.2 Detection of biosurfactant producers 

The selected isolates were inoculated to MRS broth that supplemented with olive oil as carbone source and 

incubated for 24 h at 37°C in static condition. After centrifugation at 8000 rpm for 30 min the emulsification 

index and emulsification activity were determined for the obtained supernatant. 

 

2.3 Detection of emulsification index (E24%) 

The rise of the emulsified layer was measured after 24 hours of mixing equal quantities of each crude extract 

and toluene with a vortex for 2 minutes at room temperature. According to [8], the emulsification index was 

calculated using the formula: Index (percentage) = emulsion layer rise/liquid rise divided by 100. 

 

2.4 Evaluation of emulsification activity (E.A.) 
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The crude extract was combined with four times the quantity of Tris-Mg buffer, pH=7, and a tiny amount of 

dodecane, shaken thoroughly, and left for almost an hour before the absorbency was measured at 540 nm. 

The optical density value was used to quantify emulsification activity [11]. 

 

2.5 Biosurfactant purification 

After centrifugation for bacterial culture, the formed supernatant was collected from the best isolate in 

biosurfactant production and subjected to pH adjusting to 2 with using 1 N HCl and kept at 4ºC overnight. 

Following this biosurfactant was gathered by cooling centrifugation at 8000 rpm for 15 min. The formed 

suspension was applied to 60 silica gel column and the elution was performed by chloroform: methanol: water 

(60:20:1, v/v) as solvent system [9]. The active fractions with more emulsification activity (E.A.) were pooled 

for another studies. 

 

2.6 Thin Layer Chromatography (TLC) 

The purified Biosurfactant were spotted onto the silica-coated plates. chloroform: methanol: water (60:20:1, 

v/v) was utilized as the mobile phase for the separation. Ninhydrin, iodine and sulfuric acid solution, were 

used to detected the materials on the plate. Air-dried and heated for 5 minutes at 100°C to identify the 

formation of red spots shows that lipopeptides are present in the biosurfactant [7]. 

 

2.7 Isolation of Candida albicans from oral thrush 

Cotton swabs were used to collect seventeen samples of thrust candidiasis from infected individuals. The 

specimens were cultured for 48 hours at 37C on sabouraud dextrose agar and chromogenic Candida agar. In 

addition to the growth on chromogenic agar and the Vitek 2 technique, the diagnosis included the study of 

the colonies' characteristics by means of culture and microscopy [12]. 

 

2.8 Biofilm formation by microtiter plate method(MTP) 

Each Candida isolate was injected into the sabouraud dextrose broth. A 24-hour incubation period at 37°C 

was followed by a 1:20 dilution with fresh sabouraud dextrose broth of each isolate on a microtiter plate. 

After that a washing with distilled water and an inversion to dry the microtiter. Each well was filled with 

200μl of 1% crystal violet and washed twice with distilled water for a total of 15 minutes. Each well received 

200 μl of ethanol: acetone (80:20) and the absorbance at 450 nm was measured using an Elisa reader. 

Sterilized sabouraud dextrose broth was employed as an optical density cut-off value for the control well. It 

was stated by that samples whose absorption was higher than the cutoff value were regarded positive, and 

those whose absorption was lower were declared negative [12]. 

 

2.9 Inhibition of biofilm formation 

125μl of the purified biosurfactant in 20 mM potassium phosphate buffer(pH 7) was mixed with 125μl of 

yeast suspension to determine the activity of the purified surfactant against biofilm development on microtiter 

plates. After a 24-hour incubation period at 37ºC, the biofilm test was carried out as previously stated. The 

negative control included addition of 125μl of potassium phosphate buffer instead of the purified 

biosurfactant. A formula was used to determine the percentage of biofilm inhibition included [13]: Percentage 

of biofilm inhibition(%) =[O.D control-O.D treatment]/O.D control x100 

 

3. Results and Discussion 

 

3.1 Isolation and bacterial diagnostic for dental caries samples 

Out of 18 samples were taken from patients infected with dental caries, there were eleven Lactobacillus 

isolates that distributed among 3(27%) Lactobacillus fermentum isolates, 5(46%) Lactobacillus acidophilus 
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isolates, 2(18%) Lactobacillus plantarum isolates and 1(9%) Lactobacillus cacei isolate(figure-1). 

 

 
Figure (1): Distribution of Lactobacillus spp in dental caries 

 

For children with dental caries, there were five species of Lactobacillus and Lactobacillus rhamnosus 

detected; this species was the most often found bacteria in the samples of children who had dental caries, 

while the other species being L. acidophilus, L. cacei, L. plantarum and L. fermentus [14]. Another report by 

[15] revealed that particular Lactobacillus species are linked to dental caries dependent on the severity of the 

lesion. For children with moderate to high levels of caries, the most prevalent Lactobacillus species was L. 

fermentum, while for those with low levels of caries, L. salivarius was the most common. Furthermore, the 

children were shown to have genetic variability in Lactobacillus species, with those with high caries incidence 

having many clonel types colonized and L. salivarius which considered as potential pathogen in caries in the 

children, according to the results of this study [16]. 

 

3.2 Detection of biosurfactant producers 

MRS broth that supplemented with olive oil was used to screen maximum production for biosurfactant by the 

selected isolates from dental caries, Depending on the extracted results there were six isolates reveled 

different levels in biosurfactant productivity that included 2 Lactobacillus fermentum isolates, 3 Lactobacillus 

acidophilus isolates and 1 Lactobacillus plantarum isolate with emulsification indexes(E24%) ranged 

between 6-18%  and the isolates of Lactobacillus acidophilus revealed higher productivity for biosurfactant 

than other species as revealed in figure (2), In contrast, the emulsification activity(E.A.) values were 

determined for these isolates and ranged between 3.6 - 7.2. Lactobacillus acidophilus that showed maximum 

pointer in biosurfactant productivity, therefore this isolate was transferred to biosurfactant purification step. 
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Figure (2): Screening of biosurfactant producers among Lactobacillus spp 

 

While cell growth and substrate consumption are modest at this point, biosurfactant synthesis is mostly taking 

place in the first seven hours of development. However, for Lactobacillus strains, biosurfactant synthesis 

continues during the whole 72-hour fermentation period, although at a very modest pace [17]. Product 

inhibition and pH decrease may be to blame for the poor production rate. Because of the simultaneous creation 

of lactic acid, which alters the media in dramatic ways, the pH drops, which inhibits the production of 

biosurfactants. Surface tension was at its lowest near the end of fermentation, therefore biosurfactant 

production by the chosen lactobacilli strains is highest in stationary phase [18]. 

 

3.3 Biosurfactant purification 

The crude biosurfactant subjected to pH adjusting to 2 to enhance biosurfactant precipitation followed by 

purification in adsorption chromatography silica gel and the elution was performed by chloroform: methanol: 

water (60:20:1,v/v) as solvent system. The active fraction with higher emulsification activity was pooled for 

characterization of the purified biosurfactantas shown in figure (3) with emulsification activity equal to 11.4. 
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Figure (3): adsorption chromatography silica gel for purification of biosurfactant from Lactobacillus 

acidophilus 

 

Ammonium sulfate precipitation and solvent extraction followed by Fast Protein Liquid 

Chromatography(FPLC) were performed to purification of biosurfactant from Brevibacillus sp. [19]. Also 

biosurfactants were purified from L. acidophilus and L.  pentosus by using acids precipitation and adsorption 

chromatography on silica gel column [9]. 

 

3.4 Thin Layer Chromatography (TLC) 

Biosurfactant contents that produced by L. acidophilus was analyzed by TLC to determine its components. 

The Rf values of biosurfactant were so close to the acid hydrolyzed biosurfactant. The Rf values of lipopeptide 

were 0.33 and 0.42 while the Rf values of lipids and proteins were 0.32 and 0.43, respectively. This result 

indicated that the purified biosurfactant was composed solely of lipopeptide(figure-4). proteins were detected 

using ninhydrin, which indicated the presence of amino acids, and lipids were identified using iodine reagent, 

which indicated the presence of fatty acids on the TLC plate. 

 

 
Figure (4): Thin layer chromatography for purified biosurfactant from Lactobacillus acidophilus by using 

proteins and lipids as standards 

 

In a study by [9] reported that in TLC of biosurfactant fractions from L. pentosus were identified as glycolipid. 

While L. acidophilus biosurfactant were identified as lipopeptide. Sugar moieties may be seen as dark red 

spots on the TLC plate after being sprayed with the Sulfate reagent. Spraying a plate with ammonium 

molybdate to see the dark blue spot of the lipid moiety. When the plate was stained with the ninhydrin reagent, 

no spots appeared, indicating that no amino acid was present [7]. 

 

3.5 Isolation of Candida albicans from oral thrush and biofilm formation 

Candida albicans was found in 8 of the 17 cotton swab samples obtained from individuals afflicted with oral 

thrush. Microscopically, they were gram positive and oval to spherical in form, with light greenish colonies 

on chromogenic media. 

 

Microbiota of Candida albicans are found in the mouth, but when they become pathogenic and invade the 

tissues of the host, they result in oral thrush [20], [21]. There are a large number of "isolated" Candida 

albicans was shown to be the most common cause of dental caries in the mouth, followed by Candida 

tropicalis and Candida krusaei, respectively [20]. 
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Candida albicans isolates were tested for biofilm development, and it was shown that all isolates formed 

biofilm, but at varying amounts and according to this study C. albicans3 isolate was the most prolific biofilm 

producers. 

 

Biofilm can be formed on saliva-coated surfaces by Candida albicans, which colonizes the human oral cavity 

with a diverse microbiota. There has been evidence that Candida albicans and Streptococcus work together 

to promote Candida albicans' adhesion to dental tissues and the formation of biofilms, which is consistent 

with its inclusion in the human oral microbiota as a typical component [23]. Biofilms such as this one may 

be useful for introducing new cells into the oral cavity, where they might help species adapt to their new 

environment and ensure their own survival [10]. 

 

3.6 Inhibition of biofilm formation 

The purified biosurfactant revealed antibiofilm activity against all Candida albicans isolates. Biofilm 

inhibition percentage was calculated as in the figure(5) which is showed that the percentage in biofilm 

inhibition ranged between 44-70%. 

 

The biosurfactant might destroy biofilms besides to affecting on the morphologically converting from yeast 

to hyphae and the DNase was found to promote the dissolution of Candida albicans and S. epidermidis mixed-

species biofilms [24]. Biofilm and hypha development, enzyme production, and attachment to host tissues 

are all significant in Candida pathogenesis (the disease it causes) [25]. So that the biosurfactant may be an 

alternative to antibiotics and chemically manufactured hazardous antibiofilm medicines for the prevention of 

oral illness such as dental caries. 

 

 
Figure (5): Inhibition of Biofilm formation by Candida albicans isolates by purified biosurfactant from 

Lactobacillus acidophilus 
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