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Abstract 

A marine bacterial isolate, Pectinatus cerevisiiphilus CT3, was able to grow and produce 
biosurfactant on minimal salts media using glucose and NaNO3 as carbon and nitrogen sources. It was 
found that cellular growth and biosurfactant production in MSM were greatly affected by the medium 
components. After 54 h of cultivation, P. cerevisiiphilus CT3 was able to grow and produce surfactant, 
reducing the surface tension of the medium to 28.0 mN/m with a biosurfactant concentration of 3.05 g/l 
and a critical micelle concentration of 10 mg/l. Biosurfactant recovery by chloroform/methanol extraction 
showed pH and thermal stability with respect to surface tension reduction. It also showed emulsification 
activity and a high level of salt concentration. In addition, promising antimicrobial activity was revealed 
when tested against human pathogenic bacterial and fungal isolates. Based on these results, the isolated 
biosurfactant from the marine bacteria P. cerevisiiphilus CT3 revealed a broad physicochemical stability 
and has excellent antimicrobial properties, indicating the potential for possible use in various therapeutic 
and biomedical applications. 
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Introduction 

Biosurfactants, or microbial surfactants, are a structurally diverse group of surface-active 
compounds produced by microorganisms. They consist of hydrophilic and hydrophobic moieties and are 
able to reduce surface tension and enhance the emulsification of hydrocarbons. Their hydrophilic parts are 
usually composed of sugars, amino acids, or polar functional groups such as carboxylic acid groups. The 
hydrophobic part is typically an aliphatic hydrocarbon chain of β-hydroxy fatty acids. Biosurfactants are 
primarily classified into glycolipids, lipopeptides, polymeric biosurfactants, fatty acids, and phospholipids 
[1-3] according to their molecular structures. 

Biosurfactants possess a high specificity, including low toxicity, high biodegradability, and 
effectiveness at extreme temperatures, pH and salinity. The unique structures of biosurfactants provide 
specific properties that commercial surfactants usually lack [2,3]. In addition to their utilization in 
enhanced oil recovery, bioremediation and industrial emulsification, microbial surfactants have been 
found in recent years to possess several properties of therapeutic and biomedical importance, e.g., 
antibacterial, antifungal and antiviral properties [4-6]. They also have anti-adhesive effects against several 
pathogenic microorganisms [7-9]. The present study examines the production, properties and 
antimicrobial activity of biosurfactant obtained from marine isolates of Pectinatus cerevisiiphilus CT3 
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(AB685263), which has been preliminarily characterized as a biosurfactant-producing strain as reported 
in an earlier study [10]. 
 
Materials and methods  

Microbial strain 
Pectinatus cerevisiiphilus CT3 (accession number AB685263) was isolated from marine sediment 

collected from the Palian River in Trang Province in the south of Thailand [10]. The complete 16S rRNA 
gene sequence from P. cerevisiiphilus CT3 showed 100 % homology to Pectinatus cerevisiiphilus 
CECT4927T (accession number FR870446). P. cerevisiiphilus CT3 was maintained on nutrient agar 
plates and transferred monthly. 
 

Media and cultivation conditions 
Nutrient broth was used to prepare the inoculum using the following composition in distilled water: 

1.0 g/l beef extract, 2.0 g/l yeast extract, 5.0 g/l peptone, and 5.0 g/l NaCl. To make nutrient agar, 15.0 g 
of agar was added to the nutrient broth. The strain was cultivated in the nutrient broth overnight at 30°C. 
This was used as inoculum at the 5 % (v/v) level. For biosurfactant production, a mineral salt medium 
(MSM) with the following composition was utilized: 0.8 g/l K2HPO4, 0.2 g/l KH2PO4, 0.05 g/l CaCl2, 0.5 
g/l MgCl2, 0.01 g/l FeCl2, and 5.0 g/l NaCl [10]. The pH of the medium was adjusted to 7.0. Carbon and 
nitrogen sources were added separately. Cultivation was performed in 250 ml flasks containing 50 ml 
medium at 30 °C, which were shaken in a rotary shaker at 150 rpm for 48 h. 
 

Medium optimization 
Four main factors were chosen to obtain higher productivity from the biosurfactant: carbon sources, 

nitrogen sources, carbon/nitrogen ratio, and inoculum concentration. The used carbon sources were 
glucose, glycerol, molasses, oleic acid, palm oil, soybean oil, stearic acid, and used lubricating oil at a 
concentration of 5 g/l. A medium with no carbon source was used as the control assay. The used nitrogen 
sources were beef extract, monosodium glutamate, NaNO3, (NH4)2SO4, NH4Cl, NH4NO3, peptone, and 
yeast extract at a concentration of 1 g/l. A medium with no nitrogen source was used as the control assay. 
The C:N ratio (with optimized nitrogen source) ranged 1 - 35, while the nitrogen source concentration (1 
g/l) was kept constant. 
 

Recovery of biosurfactant 
 Acid and ammonium sulphate precipitations and solvent systems were examined for their 
biosurfactant extraction properties. The four solvent systems were chloroform with methanol (2:1), cold 
acetone, dichloromethane, and ethanol with ethyl acetates [11-14]. The recovery method showing the 
highest biosurfactant activity, chloroform with methanol (2:1), was used to recover biosurfactant from P. 
cerevisiiphilus CT3. 
 

Stability of biosurfactant  
 The biosurfactants were dissolved in distilled water at the critical micelle concentration (CMC), and 
the effects of pH, sodium chloride (NaCl) concentration and temperature on biosurfactant activity were 
investigated. The effects of pH were explored by adjusting biosurfactant solutions with 1.0 N HCl or 
NaOH to obtain a pH of 2.0 - 12.0. The effects of NaCl concentration were explored by adding NaCl to 
the samples to reach final concentrations of 0 - 21 % (w/v). For the thermal stability study, biosurfactant 
solutions were incubated at 4 - 100 ºC for 1 h and at 121 ºC for 15 min and cooled to 25 ºC. The 
remaining activity was then determined. 
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Biochemical composition of the biosurfactant 
 The carbohydrate content of the biosurfactant was determined by the phenol-sulfuric acid method 
[15] using D-glucose as a standard. Protein content was determined by the method of Lowry et al. [16] 
using bovine serum albumin as a standard, and the lipid content was estimated by following the procedure 
of Folch et al. [17]. 

 The chemical composition of the biosurfactant was determined with thin layer chromatography 
(TLC). The purified biosurfactant was spotted in triplicate on readymade silica gel TLC plates (Merck, 
Darmstadt, Germany). After the development in CHCl3:CH3OH:H2O (65:15:1), one of the plates was put 
into a jar saturated with iodine vapors to detect lipids. Another plate was sprayed with rhodamine B 
reagent (250 mg rhodamine B in 100 ml absolute alcohol) and visualized under UV to confirm the 
presence of lipids. The third plate was sprayed with ninhydrin reagent (0.2 % ninhydrin solution in 
acetone) and dried. It was then heated at 120 ºC for 5 min to detect peptides [18]. 
 

Fourier transform infrared spectroscopy 
 Fourier transform infrared spectroscopy (FT-IR) is very useful for identifying types of chemical 
bonds (functional groups) and can therefore be used to analyze the components of an unknown mixture. 
The obtained biosurfactant (10 mg) was ground with 100 mg of potassium bromide and pressed with 
7,500 kg for 30 s to obtain translucent pellets. Infrared absorption spectra was recorded on a Thermo 
Nicolet AVATAR 330 FT-IR system with a spectral resolution and wave number accuracy of 4 and 0.01 
cm-1, respectively. Each set of measurements consisted of 500 scans, and a potassium bromide pellet was 
used as a background reference [19]. 
 

Antimicrobial activity of the biosurfactant 
 The extracted compound was tested for antimicrobial activity using the agar well diffusion method 
as described by Candan et al. [20]. Briefly, the extract was weighted and dissolved in distilled water at a 
concentration of 10 mg/ml and the filter was sterilized by using a 0.2 µm membrane filter. Each tested 
microorganism was suspended in sterile saline and diluted to ca. 106 CFU/ml for bacteria and 1×1 cm2 for 
5-day cultivated fungi (108 spore/ml). Microbial suspensions were overlaid onto the surface of BHI agar 
plates, which were dried for 20 min at room temperature. The wells (5 mm in diameter) were cut from the 
agar and 50 µl of extracted solution was delivered into them. After an appropriate incubation time (1 and 
5 - 7 days for bacteria and fungi, respectively) the clear zone was measured [20]. 
 
 Analytical methods 

Biomass was determined by the dry cell weight. At different stages of fermentation, samples were 
mixed in pre-weighted tubes with chilled distilled water and centrifuged at 9,693 g for 30 min. The 
biomass obtained was dried overnight at 105 °C and weighed. 

Emulsification activity was performed according to [21]. Briefly, 4 ml of oil or other hydrocarbon 
was added to 4 ml of aqueous solution of culture supernatant in a screw cap tube and vortexed at high 
speed for 2 min. The emulsion stability was determined after 24 h and was calculated by dividing the 
measured height of the emulsion layer by the mixture’s total height. The result was them multiplied by 
100. 

The surface tension measurement of the culture supernatant was determined in a Model 20 
Tensiometer (Fisher Science Instrument Co., Pittsburgh, PA, USA), using the du Nouy ring method [22]. 
The values reported were the mean of the three measurements. All measurements were made on cultures 
obtained by centrifuging the cultures at 9,000 g for 15 min at 4 °C. The CMC was determined by plotting 
the surface tension versus the concentration of biosurfactant in the solution [23]. 

All experiments were carried out in triple for the calculation of the mean value. Two well-defined 
synthetic surfactants, SDS and cetrimonium bromide (CTAB), were used as positive controls. Distilled 
water and an MSM medium were used as negative controls. All of the used chemicals were of analytical 
grade. Statistical analysis was performed using R software (version 2.13.1). 
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Results and discussion 

 Effect of carbon sources on growth and biosurfactant production of Pectinatus 
cerevisiiphilus CT3 

The literature revealed that the type of carbon source markedly affected the biosurfactant production 
[21,24]. This study began with an examination of the effect of carbon sources on biosurfactant 
production. P. cerevisiiphilus CT3 was grown on all of the tested carbon sources. After 48 h cultivation, 
the cultures with glucose and molasses produced 2.55 and 2.41 g/l of biomass, respectively. Meanwhile, 
the maximum biosurfactant production was 0.51 and 0.32 mg/l for glucose and molasses, respectively. 
The resulting biosurfactant-containing supernatant had a surface tension reduction of 20.51 mN/m and 
achieved an E24 of 36.30 % when glucose was used as a carbon source. Table 1 also shows a clear trend 
between biomass yield and biosurfactant yield, strongly depending on the carbon source used.  
 
 
Table 1 Effect of carbon sources on biosurfactant production by Pectinatus cerevisiiphilus CT3, which 
was cultivated in 250 ml flasks containing 50 ml MSM medium at 30 °C in a shaking incubator at 150 
rpm for 48 h (nitrogen source: 1 % (NH4)2SO4). 
 

Carbon source 
(5 g/l) 

Dry cell  
weight (g/l)* 

Surface tension  
reduction (mN/m)* 

Biosurfactant  
(g/l)* 

Emulsification 
activity* (%) 

No carbon source   0.12±0.02f** 0e** 0e** 0f ** 
Glucose 2.55±0.21a 20.51±2.25a 0.51±0.24a 36.30±5.20a 
Glycerol 2.08±0.32b 13.00±0.50c 0.20±0.08b 25.25±3.85b 
Molasses 2.41±0.52a 16.62±0.62b 0.32±0.03b 30.17±2.51ab 
Oleic acid   1.80±0.31b 10.05±2.20cd 0.12±0.26cd 15.20±3.63cd 
Palm oil 1.21±0.15c 9.25±1.81d 0.08±0.28d 10.27±2.58e 
Soybean oil 1.41±0.20c 12.23±3.80cd 0.10±0.30d 12.80±2.35de 
Stearic acid 0.94±0.21d 13.23±2.62c 0.15±0.15bc 17.38±2.57c 
Used lubricating oil 0.50±0.20e 8.65±0.25d 0.10±0.03d 11.87±2.00e 

 
* Values are given as means ± SD from triplicate determinations.  
** Different superscript letters in the same column indicate significant differences (p < 0.05). 
 
 

Effect of nitrogen sources on growth and biosurfactant production by Pectinatus 
cerevisiiphilus CT3 

With glucose as a carbon source, the choice of nitrogen source affecting the biosurfactant 
production is depicted in Table 2. After examining the most commonly used organic and inorganic 
nitrogen sources reported in the literature [25], it was found that NaNO3 was the most efficient nitrogen 
source for P. cerevisiiphilus CT3 to produce biosurfactant, giving a high biosurfactant yield of 2.54 g/l. 
This yield is five times the yield obtained from using (NH4)2SO4 as the nitrogen source. Moreover, using 
NaNO3 as the nitrogen source did not only increase the biosurfactant yield but also resulted in an 
increased biomass and a higher level of surface tension reduction, at 3.25 g/l and 30.30 mN/m, 
respectively. NaNO3 has been previously reported as a suitable nitrogen source for biosurfactant 
production by Anoxybacillus sp. [26], Wickerhamomyces anomalus PY189 [27], Bacillus flexus [28] and 
Virgibacillus salariust [29], with the final surface tension of the production yield in the range of 29.5 - 
42.3 mN/m [26,27,29]. 
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Effect of carbon to nitrogen (C:N) ratio on growth and biosurfactant production by Pectinatus 
cerevisiiphilus CT3 
 The C:N ratio has also been known as a vital factor influencing the performance of biosurfactant 
production [30]. Therefore, the effect of the C:N ratio on biosurfactant production was investigated by 
keeping a constant nitrogen source (1 g/l of NaNO3). In terms of carbon, a lower C:N ratio resulted in 
lower levels of cell growth. The lowest C:N ratio used (C:N=1) resulted in 54 % lower cell growth than 
the highest C:N ratio used (35:1), as shown in Table 3. The best biosurfactant yield (2.94 g/l) was 
obtained at a C:N ratio of 25, whereas the productivity tended to decrease as the C:N ratio increased from 
25 to 35, especially for C:N ratio >30. Some reports have stated that biosurfactant production is more 
efficient under nitrogen limiting conditions [31,32]. The results showed that a possible inhibitory effect 
on the bacterial metabolism may occur due to a likely nutrient transport deficiency. In addition, the 
present study also shows that an appropriate amount of nitrogen source is a prerequisite for efficient 
biosurfactant production with P. cerevisiiphilus CT3. 
 
 
Table 2 Effect of nitrogen source on biosurfactant production by Pectinatus cerevisiiphilus CT3, which 
were cultivated in 250 ml flask containing 50 ml MSM medium at 30 °C in a shaking incubator at 150 
rpm for 48 h (carbon source: 5 g/l glucose). 
 

Nitrogen source 
(1 g/l)* 

Dry cell  
weight (g/l)* 

Surface tension  
reduction (mN/m)* 

Biosurfactant 
(g/l)* 

Emulsification 
activity (%)* 

No nitrogen source 0.52 ± 0.10d** 0d** 0e** 0d** 
(NH4)2SO4 2.55 ± 0.21c 20.51 ± 2.25c 0.51 ± 0.20d 36.30 ± 4.20b 

NaNO3 3.25 ± 0.81b 30.30 ± 2.00a  2.54 ± 0.40a 50.10 ± 5.12a 
NH4Cl 2.18 ± 0.72c 25.70 ± 2.21b 1.24 ± 0.63b 39.12 ± 3.05b 

NH4NO3 2.52 ± 0.88c 23.10 ± 3.71bc 1.14 ±0.24b 36.25 ± 3.20b 
Beef extract 3.92 ± 0.60a 15.50 ±2.57d 0.89 ± 0.18c 24.16 ± 4.55c 

Momosodium glutamate 4.18 ± 1.53a 20.19 ± 2.20c 0.62 ± 0.09d 20.50 ± 4.61c 
Peptone 4.09 ± 0.85a 26.34 ± 3.51b 1.30 ± 0.84b 38.28 ± 4.32b 

Yeast extract 4.14 ± 0.68a 22.00 ± 4.25bc 0.65 ± 0.15d 22.60 ± 2.30c 
 
* Values are given as means ± SD from triplicate determinations.  
** Different superscript letters in the same column indicate significant differences (p < 0.05). 
 
 
Table 3 Effect of carbon to nitrogen (C:N)  ratio on biosurfactant production by Pectinatus 
cerevisiiphilus CT3, which were cultivated in 250 ml flask containing 50 ml MSM  medium at 30 °C in a 
shaking incubator at 150 rpm for 48 h. 
 

C:N Dry cell  
weight (g/l)* 

Surface tension  
reduction (mN/m)* 

Biosurfactant  
(g/l)* 

Emulsification  
activity* (%) 

1 1.81±0.09e** 12.50±2.18e** 0.93±0.21d** 30.21±2.84d** 
5 3.25±0.81c 30.30±2.00d 2.54±0.40c 50.10±5.12c 
10 3.52±1.03cd 33.91±3.80cd 2.62±0.29c 55.42±4.36b 
15 3.67±1.02bc 35.02±4.12bc 2.71±0.47bc 56.11±5.21b 
20 3.89±1.01ab 39.30±5.28a 2.85±0.11ab 57.65±4.64ab 
25 4.01±0.74a 42.15±4.61a 2.94±0.20a 59.20±3.52a 
30 4.00±0.13a 42.14±3.20a 2.91±0.13a 58.50±6.51a 
35 3.74±1.25bc 35.32±4.15bc 2.58±1.11c 55.81±5.20b 

 
* Values are given as means ± SD from triplicate determinations. 
** Different superscript letters in the same column indicate significant differences (p < 0.05). 
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Effect of inoculum concentration on growth and biosurfactant production by Pectinatus 
cerevisiiphilus CT3 

The effect of the inoculum concentrations on the growth and biosurfactant production of P. 
cerevisiiphilus CT3 cultivated in optimal medium (25 g/l glucose and 1 g/l NaNO3) is illustrated in Table 
4. Cell growth of P. cerevisiiphilus CT3 increased when the inoculation concentration increased. 
Increasing the inoculum concentration from 2.0 to 5.0 % (v/v) resulted in a higher level of surface tension 
reduction (19.5 - 42.15 mN/m) and emulsification activity (35.12 - 42.15 %). However, further increase in 
inoculum concentration did not affect surface tension reduction and emulsification activity. These results 
were in accordance with [13], who reported that increasing the inoculum’s size from 1.0 to 5.0 (v/v) 
resulted in an increase of biomass and biosurfactant yield from Selenomonas ruminantium CT2. However, 
an inoculum concentration of more than 5.0 (v/v) did not have a significant impact in enhancing the 
biosurfactant production. 
 
 
Table 4 Effect of inoculum concentrations on biosurfactant production by Pectinatus cerevisiiphilus CT3, 
which were cultivated in 250 ml flask containing 50 ml MSM medium at 30 °C in a shaking incubator at 
150 rpm for 48 h. 
 

Inoculum 
concentration 

(%, v/v) 

Dry cell 
weight (g/l)* 

Surface tension 
reduction (mN/m)* 

Biosurfactant 
(g/l)* 

Emulsification 
activity* (%) 

2 2.18±0.95d** 19.50±3.81d** 1.95±0.18c** 32.12±5.40d** 
3 3.05±1.58c 23.63±2.57c 2.14±0.54c 45.10±3.21c 
4 3.51±1.03b 30.11±3.09b 2.52±0.98b 50.21±4.36b 
5 4.01±0.74a 42.15±4.61a 2.94±0.20a 59.20±3.52a 
6 4.09±1.84a 42.30±4.81a 2.85±0.63a 59.51±5.41a 
7 4.11±1.41a 42.50±4.06a 2.94±0.21a 59.01±3.22a 

 
* Values are given as means ± SD from triplicate determinations. 
** Different superscript letters in the same column indicate significant differences (p < 0.05). 
 
 

Time course of growth and biosurfactant production by Pectinatus cerevisiiphilus CT3 
  Time course studies were conducted on growth and biosurfactant production by P. cerevisiiphilus 
CT3 in MSM (pH 7.0) supplemented with 25 g/l glucose and 1 g/l NaNO3 as carbon and nitrogen sources, 
respectively. A 5 % (v/v) overnight inoculum concentration was incubated at 30 °C in a rotary shaker at 
150 rpm for 72 h (Figure 1). It was observed that this strain started to excrete biosurfactant after the lag 
phase, which was after 6 h. of cultivation, as indicated by a decrease in the surface tension of the culture 
media. Under the studied conditions, the log phase occurred and ranged 9 - 48 h. The surface tension of 
the culture medium was markedly reduced and it reached a minimum (28.0 mN/m) after 51 h of 
cultivation. However, the highest level of biosurfactant yield (3.05 g/l) and emulsification activity (60 %) 
was obtained as the cultivation time approached 54 h, which corresponded to the stationary phase of the 
microbial growth. Therefore, it can be concluded that the biosurfactant produced by P. cerevisiiphilus 
CT3 is a growth-associated production, or primary metabolite. In this case, there is a parallel relationship 
between the substrate utilization, growth, and biosurfactant production [33]. Growth-associated 
production of biosurfactant has been reported for Pseudomonas fluorescens Migula 1895-DSMZ [34], 
Selenomonas ruminantium CT2 [13], Deinococcus caeni PO5 and Halobacteriaceae archaeon AS65 
[35]. From the results obtained, it can be seen that a cultivation time of 54 h can give the highest 
biosurfactant activity. 
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Recovery of biosurfactant 
  Crude extract of biosurfactant was recovered from the culture supernatant of P. cerevisiiphilus CT3 
by precipitation and extraction with several organic solvents. The highest yield (5.45 g/ml) was obtained 
from acid precipitation; however, the CMC and surface tension at CMC of this method was high (40 mg/l 
and 60 mN/m, respectively) when compared with other recovery methods (Table 5). Normally, 
biosurfactants recovered by acid precipitation are high molecular-weight biosurfactants which tend to 
exhibit emulsification activity rather than the reduction of surface tension [13,14]. Among the six 
methods, chloroform:methanol was the most efficient in biosurfactant recovery with 3.05 g/l, 10 mg/l and 
28.0 mN/m for yield, CMC and surface tension at CMC, respectively. It has also been previously reported 
that the extraction of biosurfactants consisting of hydrophilic and hydrophobic parts by a mixture of 
chloroform and methanol is highly efficient [11,36]. The efficiency of chloroform:methanol extraction 
may be a result of this solvent system containing both non-polar (chloroform, Log P = 1.97) and highly 
polar (methanol, Log P = -0.74) solvents. Thus, it is more effective than the single solvent (ethyl acetate, 
Log P = 0.73) used. Chloroform:methanol extraction has been reported for biosurfactant recovery from 
Bacillus licheniformis TR7 and Bacillus subtilis SA9 [37], Leucobacter komagatae 183 [11] and 
Oleomonas sagaranensis AT18 [12]. 
 
 

 
Figure 1 Time course of growth and biosurfactant production by Pectinatus cerevisiiphilus CT3 in 
optimal medium (25 g/l glucose and 1 g/l NaNO3) at 150 rpm and 30 °C). Bars indicate standard 
deviations from triplicate determinations. 
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Table 5 Effect of extraction methods on yield and critical micelle concentration (CMC) of biosurfactant 
produced by Pectinatus cerevisiiphilus CT3. 
 

Recovery method Yield (g/l)* Critical micelle concentration 
(mg/l)* 

Surface tension 
(mN/m)* 

Acetone precipitation 5.15±1.12b** 35.00±0.00b** 55.0±2.50b** 
Acid precipitation 5.45±1.87a 40.00±0.00a 60.0±5.00a 
(NH4)2SO4 precipitation 5.02±0.54b 20.00±0.00c 42.5±4.50c 
CH3Cl:MeOH extraction 3.05±0.42d 10.00±0.00d 28.0±3.50f 
Ethanol precipitation 3.71±0.35c 20.00±0.00c 30.5±4.50e 
Ethyl acetate extraction  3.25±0.47d 20.00±0.00c 35.5±3.50d 
 
* Values are given as means ± SD from triplicate determinations. 
** Different superscript letters in the same column indicate significant differences (p < 0.05). 
 
 
 Surface tension and Critical Micelle Concentration (CMC) of the biosurfactant  

The surface tension of biosurfactant solution from P. cerevisiiphilus CT3 was measured as a 
function of concentration in order to compare the surface activities of excreted biosurfactant. A 
comparison of surface tension with biosurfactant concentration indicated that the surface tension of pure 
water rapidly decreased as the concentration of biosurfactant increased, and a minimum surface tension 
(28.0 mN/m) was observed (Figure 2). From the break point of the plotting of surface tension against 
biosurfactant concentration, the critical micelle concentration (CMC) was 10 mg/l. The CMC is a key 
characteristic of a surfactant [2,3]. Before the CMC is reached, according to the concentration of 
surfactant, the surface tension significantly varies; however, the surface tension remains relatively 
unchanged after reaching the CMC [1,4]. Temperature, pressure, and the presence or concentration of 
other surface-active substances and electrolytes play important roles as controllers of the CMC value for a 
given dispersant in a given medium [8]. Micelles only show above critical micelle temperature [6,7]. 
Biosurfactant production from P. cerevisiiphilus CT3 showed a lower minimum surface tension and CMC 
value than that of biosurfactant from Bacillus subtilis (29.0 mN/m, 40 mg/l) [38], Rhodococcus sp. strain 
PML026 (29.0 mN/m, 250 mg/l) [39], Bacillus subtilis LB5a (26.6 mN/m, 33.0 mg/l) [40], Bacillus 
subtilis PT2 (26.4 mN/m, 25.0 mg/l) and Pseudomonas aeruginosa SP4 (28.3 mN/m, 120 mg/l) [41], 
Pseudomonas aeruginosa S6 (33.9 mN/m, 50 mg/l) [42], Pseudomonas aeruginosa Bs20 (29.5 mN/m, 
13.4 mg/l) [43], and Lactobacillus paracasei (41.8 mN/m, 250 mg/l) [44]. 
 

 
Figure 2 Surface tension vs biosurfactant concentration produced by Pectinatus cerevisiiphilus CT3. 
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Effect of temperature, pH and salinity on biosurfactant stability 
  The results obtained from thermal stability analysis of biosurfactant over a wide range of 
temperatures (4 - 121 ºC) revealed that the biosurfactant from P. cerevisiiphilus CT3 was thermostable 
(Figure 3). Heating of the biosurfactant solution up to 100 ºC (or its autoclaving at 121 ºC) caused little 
effect on emulsification capacity and surface tension activity. An approximately 15 % reduction in 
emulsification activity (E24) and surface tension was observed after autoclaving at 121 ºC for 20 min. The 
surface tension reduction and E24 were relatively stable at such temperatures (ST ≈ 29 mN/m, E24 ≈ 57).  
 Figure 4 shows the effect of pH on the biosurfactant stability. The emulsification ability and surface 
activity of the obtained biosurfactant remained relatively stable for pH changes between pH 6 and 11, 
showing higher stability for alkaline conditions than acidic conditions. At pH 12, the E24 and surface 
tension values were 57 % and 32 mN/m, respectively. However, at pH 5, E24 decreased to 40 % and 
surface tension increased to 45 mN/m. In addition, for pH values lower than 4, the samples become 
turbid, due to partial precipitation of the biosurfactant. The optimum pH for both parameters, namely 
biosurfactant activity (ST = 28 mN/m) and emulsification capacity (E24 = 60), was determined to be 6 - 7.  
  Figure 5 demonstrates the effect of NaCl on the surface tension and E24 of obtained biosurfactant. 
As shown in Figure 5, negligible changes were observed in the surface activity for an increase in the NaCl 
concentration up to 12 %. Likewise, an increase in NaCl concentration up to 15 % did not significantly 
affect E24. However, both E24 and surface activity were affected at NaCl concentrations higher than 15 %, 
with E24 decreasing to less than 50 % and surface activity increasing to more than 35 mN/m. 

 
 

 
Figure 3 Effect of temperature on activity of biosurfactant produced by Pectinatus cerevisiiphilus CT3. 
Bars represent the standard deviation from three determinations. 
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Figure 4 Effect of pH on activity of biosurfactant produced by Pectinatus cerevisiiphilus CT3. Bars 
represent the standard deviation from three determinations. 
 
 

 
Figure 5 Effect of NaCl concentration on activity of biosurfactant produced by Pectinatus cerevisiiphilus 
CT3. Bars represent the standard deviation from three determinations. 
 
 
  Biosurfactant Characteristics 
  The chemical nature of biosurfactant from P. cerevisiiphilus CT3 was observed as a single spot on 
TLC. This fraction showed a positive reaction with ninhydrin reagent and iodine vapor, indicating the 
presence of peptide and lipid moieties in the molecule (data not shown). The biochemical composition of 
the biosurfactant revealed that it is a mixture of proteins and lipids in a combination of 69 and 25 %, 
respectively. These results indicated the existence of lipopeptide biosurfactant. The lipopeptide nature of 
the biosurfactant was further confirmed by FT-IR spectra of the compound (Figure 6). The IR spectrum 
in KBr showed bands characteristic of peptides at 3,432 - 3,306 cm-1 (NH stretching mode). At 1,654 cm-

1, the stretching mode of a CO-N bond was observed, and at 1,552 cm-1, a deformation mode of the NH 
bond combined with an NH stretching mode occurred. The presence of an aliphatic chain was indicated 
by the CH stretching modes at 2,958 - 2,854 and 1,464 - 1,022 cm-1. These results strongly indicate that 
the biosurfactant contains aliphatic and peptide-like moieties. The biosurfactant composition contains 
more aliphatic than peptide-like moieties, making it preferable for use as a hydrophobic solvent rather 
than in a hydrophilic solution [45,46]. 
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Figure 6 Fourier transform infrared spectrum of biosurfactant produced by Pectinatus cerevisiiphilus 
CT3. 
 
 

Antibacterial activity of biosurfactant 
 The antibacterial activity of biosurfactant from P. cerevisiiphilus CT3 is shown in Tables 6 and 
Figure 7. Biosurfactant from P. cerevisiiphilus CT3 was found to have antimicrobial activity against 
several strains of the tested bacteria. The biosurfactant showed inhibitory activity against Gram-positive 
bacteria B. cereus and S. aureus and Gram-negative bacteria E. coli, S. Thyphi, V. vulnifus and V. 
choleare. The highest concentration tested (200 mg/ml), biosurfactant from P. cerevisiiphilus CT3 was 
active against all tested bacterial strains. The antimicrobial activity against Gram-positive bacteria was 
lower than the activity against Gram-negative bacteria.  The biosurfactant was able to inhibit B. cereus 
and S. aureus in concentrations as low as 25 mg/ml. However, the MIC values for most of the tested 
Gram-negative bacteria (E. coli, S. thyphi, V. vulnifus and V. choleare) were 50 mg/ml. High MIC-values 
correlating with higher resistance were often seen when Gram-negative microorganisms were tested [47]. 
Gram-negative bacteria have been reported to be more resistant to external substances [48]. This higher 
level of resistance has been attributed to the presence of lipopolysaccharides in their outer membranes, 
making them naturally resistant to certain antibacterial agents [49]. On the other hand, Gram-positive 
organisms that were tested showed higher sensitivity towards the biosurfactant than the Gram-negative 
bacteria. The reason could be attributed to the differences between their cell wall compositions. Gram-
positive bacteria contain an outer peptidoglycan layer, which is an infective permeability barrier [50]. 
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Table 6 Antimicrobial activity of  biosurfactant produced by Pectinatus cerevisiiphilus CT3 by agar well 
diffusion method against bacteria and fungi. 
 
 
Microorganisms 

Antimicrobial zone diameter (mm) at concentration (mg/ml)* 

200 100 50 25 12.5 
Gram-positive bacteria 
     Bacillus cereus  
     Staphylococcus aureus 
Gram-negative bacteria 
     Escherichia coli 
     Salmonella Thyphi 
     Vibrio vulnificus 
     Vibrio cholerae 
Fungi 
     Aspergillus niger   
     Aspergillus oryzae 
     Candida albicans 
     Mucor sp. 
     Penicillium sp. 
     Phytophthora palmivora 
     Rhizopus oryzae 

 
20.23±3.21ab** 
18.27±4.25bc 

 
12.11±2.10d 
10.14±2.15d 
20.48±4.10ab 
12.37±1.15d 

 
18.01±5.54bc 
16.86±5.29c 
12.64±2.02d 
22.43±4.12a 
9.04±2.17d 

20.38±3.62ab 
10.81±2.21d 

 
18.53±3.06ab** 
16.93±6.15bc 

 
8.53±1.06ef 
7.27±2.15ef 

18.13±2.06ab 
8.27±1.06ef 

 
15.52±7.21bc 
12.97±4.54d 
10.52±2.03de 
19.43±1.37a 
6.73±4.32f 

17.51±2.80abc 
8.80±3.60ef 

 
11.17±4.15b** 
10.57±3.12bc 

 
7.57±2.11de 
6.23±1.05de 

10.97±3.12bc 
7.03±2.15de 

 
12.23±3.25b 
10.4±4.87bc 
8.01±2.53cd 
15.05±2.84a 

0 
12.66±1.09b 
5.81±2.20e 

 
7.94±2.01b** 
6.06±2.15b 

 
0 
0 
0 
0 
 

6.03±2.12b 
8.13±2.42ab 
6.59±1.02b 
9.59±1.02a 

0 
8.03±2.51ab 
4.87±1.21c 

 
0 
0 
 

0 
0 
0 
0 
 

0 
0 
0 
0 
0 
0 
0 

 
* Values are given as means ± SD from triplicate determinations. 
** Different superscript letters in the same column indicate significant differences (p < 0.05). 
 

 

 
 
Figure 7 Antibacterial activity of biosurfactant from Pectinatus cerevisiiphilus CT3 against Bacillus 
cereus (a) and Staphylococcus aureus (b). Numbers 1 - 4 denote 25 mg/ml of biosurfactant dissolved in 
distilled water. Distilled water (5) was used as a control. 
 
 

Antifungal activity of biosurfactant 
  The results of antifungal activity testing of biosurfactant from marine isolated P. cerevisiiphilus 
CT3 are given in Table 6. At the highest tested concentration, the obtained biosurfactant was active 
against all seven tested fungal strains. The highest inhibition was found for Mucor sp. followed by 
Phytophthora palmivora, Aspergillus niger Aspergillus oryzae, Candida albicans, Rhizopus oryzae and 
Penicillium sp., respectively. Figure 8 shows the antifungal activity of the biosurfactant from isolated P. 
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cerevisiiphilus CT3 against Mucor sp. and P. palmivora. Several biosurfactants are known to contain 
peptides with antibiotic properties against bacteria, fungi and yeasts [3]. However, this is the first report 
describing the antimicrobial activity of biosurfactant obtained from genus Pectinatus. 
 
 

 
 
Figure 8 Antifungal activity of biosurfactant from Pectinatus cerevisiiphilus CT3 against Mucor sp. (a) 
and Phytophthora palmivora (b) after incubation in Sabouraud Dextrose Agar for 7 days. Number 1 
denotes 25 mg/ml of biosurfactant dissolved in distilled water. Distilled water (2) was used as a control. 
 
 
Conclusions 

 This study examined the optimization for biosurfactant production by P. cerevisiiphilus CT3. The 
growth characteristics were obtained, and the properties of the biosurfactant were studied for indications 
of its possible industrial application. The potential of this biosurfactant for industrial uses was examined 
by studying its physical properties, i.e., the surface tension, CMC and emulsification activity. The 
chemical characterization of the biosurfactant obtained from FT-IR spectroscopy revealed the presence of 
lipopeptide in the molecules. The properties of the biosurfactant that were obtained indicate its suitability 
as an alternative to synthetic medicines and antimicrobial agents, indicating that it may be used as a safe 
and effective therapeutic agent. 
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