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indicated that the biosurfactant synthesis could depend on
carbon source availability and biomass concentration in the
cultivation medium. The supplementation of the medium after 8
days of cultivation (fed-batch culture), with glucose to 2% (w/v)
and Post-FFA to 20% (v/v), did not increase the concentration of
the biosurfactant in the medium but did increase the total amount
of the product from about 170 to 232g. By increasing the initial
concentration of the biomass to 500g·L-1, the concentration of
biosurfactant was increased to 120.50g·L-1 after 168h.
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IN TRO DUC TION

Biosurfactants are amphiphilic molecules which have both
hydrophilic and hydrophobic parts. They are an important
class of chemical products because of their great variety 
of applications, including the cosmetic, detergent,
bioremediation, food and medical industries. Moreover, they
can be used as emulsifiers, de-emulsifiers, wetting and
foaming agents. These molecules are characterized by a low
toxicity and biodegradability. Some of them exhibit
antibacterial, antifungal and antiviral activities . According to
their chemical structure and biological functions glycolipids
are classified as sophorolipids, mannosylerythritol lipids,
rhamnolipids or trehalose lipids.

One of the most promising groups of biosurfactants are
mannosylerythritol lipids (MEL) because of their unique
properties, possible pharmaceutical applications and relatively

high productivity. MEL are extracellular biosurfactants mostly
synthesized by yeast of the Pseudozyma genus, e.g. P. antarctica,
P. aphidis, P. parantarctica, P. tsukubaensis, P. rugulosa or
Ustilago maydis. MEL (MEL-A, MEL-B, MEL-C and 
MEL-D) contains a hydrophilic part of 4-O-β-D-
mannopyranosyl-D-erythritol and a hydrophobic part of two
fatty acid chains. Each homologue possesses no (MEL-D), one
(MEL-B and MEL-C) or two acetyl groups (MEL-A) located
on C-4’ and/or on the C-6’ mannose moiety. Hydrophobic
parts of MEL consist of C2:0, C12:0, C14:0, C14:1, C16:0,
C16:1, C18:0 or C18:1 fatty acids. Microorganisms synthesize
mixtures of these four MEL but most of them are MEL-A and
MEL-B. The fatty acid composition of glycolipids synthesized
by P. antarctica depends on the composition of fatty acids
present in a medium.

MEL reduce the surface tension of water from 72mN·m-1

to 33.8mN·m-1 and are characterized by a critical micelle

ABSTRACT

It was shown that the addition of lipase to a YPG cultivation
medium containing 5% (v/v) of rapeseed oil increased the yield
of mannosylerythritol lipids synthesized by P. antarctica from
12.69 to 26.97g·L-1 compared to the control culture. As a
renewable resource of free fatty acids for P. antarctica cultivation,
post-refining fatty acids (Post-FFA) were used and after 192h a
85.43g·L-1 of biosurfactant was obtained. The experiments
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concentration (cmc) of 3.6·10-4M . Mannosylerythritol lipids
have also a high antimicrobial activity against Gram-positive
bacteria and weak activity against Gram-negative bacteria.
Moreover, MEL-A and MEL-B particularly induce the
differentiation of several carcinoma cell lines.

Because of the high costs and the small-scale of
biosurfactant synthesis, their use is currently limited. An
economically reasonable solution could be the synthesis of
biosurfactants in a medium containing waste products, i.e. 
a hydrophobic or hydrophilic carbon source and selecting 
a strain capable of producing high yields of biosurfactants.

The aim of the study was to determine factors which
influence the yield of biosurfactant synthesis by Pseudozyma
antarctica (Candida antarctica).

MATERIAL AND METHODS

The yeast culture (Pseudozyma antarctica ATCC 20509;
Candida antarctica) was stored at 4°C in a YPG agar-
medium (yeast extract 1%, peptone 2%, glucose 2%, agar
2% (w/v)), pH 4.5. Inoculum was prepared in 100mL of
the YPG medium, sterilized at 121°C for 20min, in 500mL
Erlenmeyer flask. The cultivation was performed at 30°C
in 100mL of the medium in a 500mL Erlenmeyer flask,
with shaking at 300rev·min-1 for 24h in an Innova 44
shaker (New Brunswick, USA). The cultivation was
started by adding 10% (v/v) of inoculum to the cultivation
medium.

Synthesis of biosurfactants in a shake-flask culture

The batch cultivation of P. antarctica was performed in an
Erlenmeyer flask containing 100mL of the medium at 30°C
with shaking at 300rev·min-1 for 168h. Based on the
preliminary experiments, a 100mL of YPG medium for
cultivation of P. antarctica was supplemented with 5% (v/v)
rapeseed oil (Kruszwica, Poland) and 100µL Lipozyme
TL100L (Novozymes).

In the next stage of experiments, the synthesis of
biosurfactants was performed in conditions as presented
above but in a YPG medium supplemented with post-
refining fatty acids (Post-FFA, Elstar Oils, Poland) (20%, v/v)
for 240h.

Fed-batch synthesis of biosurfactant in fermenter

P. antarctica was cultivated at 30°C and 300rev·min-1 using
BioFlo 115 (New Brunswick, USA), in 3L of the YPG
medium (initial pH 4.5) containing 20% (v/v) Post-FFA.
After 8 days of cultivation the medium was supplemented
with glucose and Post-FFA (20%, v/v) to obtain an initial
concentration of carbon sources of 2% (w/v) and 20%
(w/v), respectively. The cultivation was performed for 20
days.

The influence of the initial amount of biomass in the
cultivation medium on the synthesis of biosurfactant by
P. antarctica was performed by adding: 5, 50, 100 or 500g·L-1

of wet biomass to the YPG medium containing 20% (v/v)
Post-FFA (acid value 34.8mg of KOH per g; lipid content
527.1g·L-1; fatty acid composition (%): 18:0, 0.73; 18:1, 68.08;
18:2, 18.71; 18:3, 9.01). The cultivation was performed in
conditions as above for 168h.

During the cultivation experiments, the following
parameters were determined: pH value of the medium,
surface tension (σ, mN·m-1), diameter of the medium drop
(DMD, mm), biomass concentration (Y, gdry matter·L-1), yield
of the glycolipids (B, g·L-1) and glucose concentration
(GLU, g·L-1).

Biomass concentration assay
The biomass was separated from the medium by
centrifugation (5000×g, 10min, 4°C), washed with
ethanol:butanol:chloroform mixture (10:10:2, v/v/v) and
de-ionized water. The biomass concentration was
determined gravimetrically after overnight drying at
105°C.

Determination of glucose concentration
Glucose (GLU, g·L-1) content was determined by a standard
method using 3,5-dinitrosalicylic acid (DNS).

Glycolipid concentration assay
The glycolipid assay was carried out by triple extraction with
ethyl acetate from the cultivation medium, without biomass
separation. The excess lipidic carbon sources were removed
by washing the extract three times with n-hexane. The
solvents were removed in a rotor vacuum evaporator at 50°C,
240mbar. The crude biosurfactants containing mainly extra-
cellular (but also intra-cellular) compounds were determined
gravimetrically.

Surface activity determination
The surface tension was quantified at 25°C with the Du Noüy
ring method using a K-9 tensiometer (Krüss).

The surface activity of the medium was determined by the
ability to collapse medium droplets on the hydrophobic
surface of Parafilm M® laboratory film. The diameter of the
medium drop (DMD) (50µL) on parafilm was determined
using AnalySIS software (Soft Imaging System).

The results are the mean of triplicate experiments and the
standard deviation did not exceed 8% of the recorded value.

RESULTS AND DISCUSSION

The efficient synthesis of biosurfactants usually requires a
hydrophobic and hydrophilic carbon-source in the cultivation
medium. In our earlier studies, we demonstrated that waste
products could be used as a carbon source for surface active
compound synthesis. However, the influence of the lipase
activity and biomass amount on the synthesis of biosurfactants
was controversial and ambiguous. 
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The synthesis of biosurfactant by P. antarctica was detected
in the medium containing only glucose as a carbon source
(Figure 1) but Morita et al. (2007) did not observe the
synthesis of MEL by Pseudozyma aphidis when the only
substrate was glucose. The addition of 5% (v/v) of rapeseed
oil increased the synthesis of surface active compounds from
2.20 to 12.69g·L-1 (Figure 1). The addition of rapeseed oil to
the cultivation medium decreased the surface tension and
increased both DMD and the biomass concentration
(Figure 1).

Fungi can degrade free fatty acids and triacylglycerols to
provide a carbon and energy source. The uptake of fatty acids
is possible after its release from acylglycerols and it is well-
known that fatty acids are utilized by microorganisms
(degraded by β-oxidation or stored into lipid bodies) and
some fatty acids, e.g. medium chain fatty acids inhibit the
growth of fungi. P. antarctica is a well-known producer of
lipases that split the acylglycerols into free fatty acids and
glycerol enables their transport into the cell usually by 
a specific multi-component complex. In addition to lipases,
some microorganisms, e.g. Yarrowia lipolytica, synthesize
surfactants which promote the surface-mediated transport of
hydrophobic substrates by reducing the size of hydrophobic
droplets.

One of the major components of fatty acids of rapeseed oil
and Post-FFA is oleic acid (C18:1) which has a beneficial
effect on the growth of yeast during the synthesis of
biosurfactants. Felse et al. (2007). have shown that fatty acids
with more than one unsaturated bond reduce the synthesis of
biosurfactants by Candida bombicola, while medium and long
chain fatty acids composed from 10 up to 14 carbons are
metabolized by yeast in a path of de novo synthesis of C16 or
C18 fatty acids.

The addition of Lipozyme TL 100L (Novozymes) to 
a YPG medium containing 5% (v/v) of rapeseed oil increased
the synthesis of biosurfactant by P. antarctica. It was shown
that the addition of the enzyme probably increased the
bioavailability of fatty acids by reducing the size of
hydrophobic droplets and produced a more than 2-fold
increase in the synthesis of biosurfactants. After 168 hours of
cultivation, the content of biosurfactants was 26.97g·L-1

(Figure 1). 

One of the factors limiting the widespread utilization of
biosurfactants is the high cost of their synthesis and
downstream processing. The application of waste products in
the synthesis of biosurfactants can be an economically
attractive and environmentally-friendly method of their
bioutilization. Based on the preliminary experiments, a YPG
medium containing 20% (v/v) of Post-FFA was used for
synthesis of MEL by P. antarctica. The highest content of
biosurfactant (85.43g·L-1) was achieved after 192h of
cultivation. After 216h of cultivation a decrease in the yield
of biosurfactant was observed (Figure 2), probably because of
an insufficient amount of hydrophilic and/or hydrophobic
carbon sources in the medium. However, in some cases, the
biosurfactants from the medium could be either inactivated
or incorporated into other metabolites, e.g. with no surface
activity. It was also shown that the decrease in biosurfactant
concentration could be a result of its uptake by the cells.

The surface changes in the cultivation medium were
controlled by using two methods, i.e. the Du Noüy ring
method (which is accurate, but requires about 50mL of the
sample) and a drop-collapse assay (which is simple and quick
and is very often used for screening purposes). During the

Figure 1. The influence of medium composition on
biosurfactant synthesis by PPsseeuuddoozzyymmaa  aannttaarrccttiiccaa (30°C, 168h).
Surface tension (σ, mN·m-1), diameter of the medium drop
(DMD, mm), biomass concentration (Y, gdry matter·L-1), yield of
the glycolipids (B, g·L-1).

Figure 2. The synthesis of biosurfactants in a shake‑flask
culture by Pseudozyma antarctica (YPG medium, 20% (v/v)
Post‑FFA, 30°C, 240h). Biomass concentration (Y, gdry matter·L-1),
yield of the glycolipids (B, g·L-1), glucose concentration (GLU,
g·L-1), surface tension (σσ, mN·m-1).
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cultivation, a reduction in the surface tension of the medium
from 38.33 to 33.40mN·m-1 was observed (Figure 2). The
highest DMD value of 8.40mm was measured after 96h of
cultivation and no relationship was found between the DMD
and the synthesis of biosurfactant. Morita et al. (2007) did
not find a relationship between DMD and the yield of
biosurfactant. It is probable that, besides the presence of the
synthesized biosurfactant, other components of growth
medium influenced the size of the droplet diameter as well as
the results of surface tension obtained by the ring method.

During the study it was found that the intensive synthesis
of biosurfactant caused an increase in the pH of a medium to
pH 6.1 as a result of the transformation of free fatty acids
present in the medium, similar to the results presented by
Adamczak and Bednarski (2000b).

A significant increase in the biomass concentration during
cultivation of P. antarctica was observed and the highest
concentration of biomass of 23.63g·L-1 was achieved after
216h (Figure 2). A reduction in the biomass concentration
was then recorded which was related to the depletion of the
carbon source. 

Figure 3. The synthesis of biosurfactants in a fed-batch culture
by PPsseeuuddoozzyymmaa  aannttaarrccttiiccaa in the YPG medium containing 20%
(v/v) Post-FFA. The arrow indicates the time when the
medium was supplemented with Post-FFA and glucose
(30°C, 20 days). Surface tension (σσ, mN·m-1), biomass
concentration (Y, gdry matter·L-1), yield of the glycolipids 
(B, g·L-1), glucose concentration (GLU, g·L-1).

In the following steps of the experiment the synthesis of
biosurfactant was stimulated by fed-batch cultivation of
P. antarctica. A mixture of a hydrophobic and hydrophilic
carbon source after depletion of the carbon source on day 8
of cultivation was added to obtain an initial glucose and Post-
FFA concentration of 2% (w/v) and 20% (v/v), respectively
(Figure 3). The addition of substrates increased the
concentration of MEL to about 85g·L-1 and substantially
increased the total amount of biosurfactant from about 170g
(batch culture) to 232g (Figure 3). The higher concentration

of biosurfactant resulted in a higher decrease in surface
tension from 39.0 to 33.3mN·m-1 (Figure 3).

The mannosylerythritol lipids have many unique
properties, and applications and the yield of synthesis is
usually about 40g·L-1, although it could also reach 165g·L-1. 

Figure 4. The influence of initial biomass concentration on
the synthesis of biosurfactants by PPsseeuuddoozzyymmaa  aannttaarrccttiiccaa (30°C,
168h). Surface tension (σσ, mN·m-1), diameter of the medium
drop (DMD, mm), yield of the glycolipids (B, g·L-1), biomass
concentration (Y, gdry matter·L-1).

The initial concentration of biomass was chosen as the
second parameter that could influence the synthesis of MEL
by P. antarctica. To the YPG medium containing 20% (v/v) of
Post-FFA, wet biomass in the amount of 5, 50, 100 or 500g·L-1

was added (Figure 4). Following the addition of standard
inoculum, 79.60g·L-1 of biosurfactant was obtained after 168h
of cultivation. After the addition of 5, 50, 100 or 500g·L-1

(w/v) of biomass at the beginning of cultivation the following
concentrations of biosurfactant were obtained: 81.2, 88.5,
93.2 and 120.5g·L-1, respectively. It should be noted that
despite the different amount of biomass at the beginning of
cultivation, the concentration of biomass after 168h did not
substantially differ (Figure 4). The lowest value of the surface
tension (31.5mN·m-1) was obtained for the highest yield of
MEL while the largest value of DMD was 7.9mm.

CONCLUSIONS

The application of waste products in the synthesis of
biosurfactants may be an attractive method for the
environmentally-friendly conversion of waste into valuable
compounds. Lipids present in the waste, especially free fatty
acids, are preferred substrates for the synthesis of MEL by
P. antarctica. The synthesis of MEL is usually performed in a
shake flask while very few attempts have been made to
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produce it in a fermenter. It is necessary to optimize MEL
synthesis in a bioreactor and analyze the possibility of using 
a high cell density culture for its synthesis. MEL are attractive
because of their varied biochemical functions and potential
pharmaceutical applications. Another major issue in the
widespread use of MEL is the need to analyze the structural
and functional relationship in the structural diversity of this
group of surface active compounds.
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