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Abstract: A Brazilian strain of Penicillium citrimim produced a lipopolysaccharide with emulsifier properties
during cultivation on mineral medium, contaimng ammonium sulfate as mtrogen source, with 1% (v/v) olive oil
as the carbon source. The maximal emulsifier production (1.6 UmL™") was obtained after 60 h of cultivation and
the biomass reached 7.5 g 1.™" at the end of fermentation. The production yield i.e. the amount the carbon
source utilized for product synthesis was 54% and the best emulsifying activity was observed for xylene and
diesel o1l when compared to other carbohydrates tested. The emulsifier was shown to be stable to a wide range
of pH and temperature values and was shown to contain D-galactose, D-glucose and D-xylose (8.2:1.0:5.3) with
a total carbohydrate content of 43%. The presence of salts stimulated the emulsification activity, suggesting
potential for its application in industrial waste or marine remediation.

Key words: Penicillium citrimm, cittosan, lipopolysaccharide, emulsifier, surfactant

INTRODUCTION

Emulsifiers are amphyophilic compounds usually
obtamned from plants or manufactured chemically.
However, many microrganisms are now bemg described
as new sources of emulsifying agents. This arises
because a number of microrgamsms that are able to
assimilate hydrocarbons are also capable of emulsifying
these hydrocarbons during the substrate degradation
process (Gutnick and Rosemberg, 1977; Cingliano and
Carman, 1985; Carrillo et al., 1996). Emulsifiers and
surfactants of microbial origin have drawn increasing
mterest because of their biodegradability and potential
commercial applications in food, petroleum spill recovery
technologies, cosmetic and pharmaceutical industries
(Reiger, 1983; Nitschke and Pastore, 2006; Velikonja and
Kosaric, 1993; Banat, 1995). This 1s in contrast to
synthetic emulsifiers and surfactants, the production of
which is often petrochemical dependent and which are
non biodegradable. Most of the microrgamsms reported
to produce bioemulsifiers and biosurfactants are bacteria
and yeasts, although some are filamentous fungi
(Muriel et of, 1996). The isolation of a Penicillium
citrintm Brazilian strain has been previously described
and this stram 15 capable of producing extracellular
lipase when cultivated in ammoma mimmal medium

(Pimental et al, 1996). The production in batch
fermentation of a lipopolysaccharide (called citrosan) with
emulsifying properties from this strain of P. citrimum, is
now reported together with some of its characteristics and
emulsification properties.

MATERIALS AND METHODS

Microorganism strain and media: A Penicillium citrinum
strain (Piumental et al., 1994) was grown in MA medium
(57 mM (NH,),30,, 2.6 mM NaCl, 1.1 mM KH,PO,, 4.5 mM
Mg30,, 5.2 uM ZnS0,, 0.4 uM FeSO,) supplemented with
1% (v/v) either olive o1l, hexadecane, glucose or diesel il
as carbon source.

Cultivation conditions: Batch fermentations were
performed ina 5T, BIOFLO 2000 fermenter (New Brunswick
Scientific Co. New Jersey, USA). Pre-inocula consisting of
MA medium (100 mL) incubated with 10° spores per mL of
a culture of P. citrinum and cultivated for 5 days at 30°C
in a rotatory shaker, were used to inoculate 2.9 I, of MA
medium. Fermentations were carried out at 30°C, 400 rpm
stirring and an aeration rate of 6 volumes of oxygen per
volume of medium per min aeration rate. Small scale
cultivations in flasks were carried out in MA medium
(50 mL) with different carbon sources, using a rotatory
shaker at 30°C and 128 rpm.
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Fig. 1. Time course of production by P. citrinum,
cultivated in a fermenter with 1% olive o1l as
substrate, of emulsifying activity (L), emulsifier
production (y) and biomass (o)
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Fig. 2: Production by F. citrinum of emulsifying activity
as a function of carbon sources
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Fig. 3: Emulsifying activity of the filtered culture medium
with various hydrocarbons and oils
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Fig. 4 Effect of bicemulsifier concentration on the
emulsifying activity in toluene and xylene (4)

Compared to cultivation in the fermenter, production
activity in shake flasks was lower, probably due to an
aeration-dependence, sice the production occurs n the
exponential phase of growth.

Emulsifier composition: The bicemulsifier was shown to
be constituted basically of carbohydrates (43%) and lipids
(51%) and a small content of protem (6%). Similar
component proportions were reported by Pruthi and
Cameotra (1997) for a biosurfactant with emulsification
properties 1solated from Serratia marcescens. HPLC
analysis of the hydrolysate of the bioemulsifier showed
that the carbohydrates (43%) contained pgalactose,
glucose and xylose in the ratio of 8.2:1.0:5.3 (w/w/w).

Emulsifier activity: Bioemulsifier activity was tested with
different hydrocarbons and oils at 42°C because some
vegetable oils tested are solid at room temperature
(Fig. 3). The emulsions showed good stability during the
whole period of observation (20 days) and highest
emulsion values were obtained with xylene and diesel oil.
Citrosan was not effective i emulsifying coconut oil, comn
oil or motor oil, suggesting that citrosan has a high
emulsification specificity. This phenomenon has been
observed by Abu-Ruwaida et al (1991), Kaplan and
Rosenberg (1982) for other surface active compounds
and can be a useful tool for distinct applications for
petroleum and enviromnmental remediation agencies.
After extracting from the culture medium, citrosan was
submitted to different conditions of pH, temperature
and ions to elucidate some of the emulsifier’s properties
(Table 1). The emulsifier showed acceptably good
stability up to 100°C, with 70% of its initial activity
remaiung after 30 mim. Nevertheless, temperatures
above 100°C had a deleterious effect on the emulsifying
activity. The pH did not affect significantly the
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Table 1: Thermal, ionic concentrations and pH stabilities of citrosan
produced by P. citriruam

Factor Value Tnitial emulsifying activity (%6)
pH 3.0 88.0
5.0 100.0
7.0 95.0
10.0 100.0
Temperature (°C) 25.0 100.0
50.0 9.0
70.0 88.0
100.0 720
120.0 44.0

Tonic

concentration 10 150.0
(mM) 1000 132.0

the emulsifying activity, with a slight loss n activity
occurring when a pH as low as 3.0 was reached. These

results are very similar to those reported for
Sphingomonas paucimobilis, Bacillus subtilis and
Rodococcus  species  (Abu-Ruwaida et al, 1991,

Ashtaputre and Shah, 1995; Kim et al., 1997).

Due to the fact that sodium salt is the main
component in sea water and that calcium salt 13 commonly
present in industrial water (Tlori et al., 2005), citrosan was
tested in both sodium and calcium salt solutions. Both
salt solutions caused an increase in emulsifying activity;
a stimulatory effect also observed for the Rodococcus
biosurfactant (Abu-Ruwaida et al., 1991). Since the
bioemulsifier produced by Penicillium citrinum 13 not
strongly affected by changes in pH, temperature and
salinity of the medium, it holds good potential for use in
a variety of situations.

The relationship between the emulsifier concentration
and emulsifying activity (Fig. 4) was approximately linear
with toluene as growth carbon source. This 1s similar to
that obtained by Kim et al. (2005), who described a linear
correlation between emulsifier concentration and
emulsifying activity for Bacillus subtilis emulsifier.
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