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ABSTRACT

The production of a new biosurfactant by Candidabghta UCP1002 was studied to evaluate the infleeoicthe
concentration of the cotton seed oil, glucose aedsy extract. The dynamics of the growth and stafec
production were showed for all the cultivation cdiwhs studied. The best emulsification of the radecane,
quantified by the emulsifying index was observethéxmedium containing 7.5% cotton seed oil, 5%age and
0.3% yeast extract. The isolated biosurfactant stbav CMC of 2.5% and the surface tension at thattmhowed
to be 31mN/m. The potential application of the bitectant in oil recovery from the sand, in aciddaalkaline

environments and over exposure to high salinity difiérent temperatures was demonstrated by thegumageof

oil removal and by the stability of the surfacesien, respectively.
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INTRODUCTION biodegradable nature, low toxicity and diversity of
applications. The possibility of modification ofeth
Surfactants are amphipathic molecules, whiclghemical structure and the physical properties of
reduce the interfacial tensions between liquidspiosurfactants through genetic, biological or
solids and gases and confer excellent detergenashemical manipulations, allows the development
emulsifying, foaming and other versatile chemicabf products for specific necessities (Rahman et al.
process (Dubey and Juwarkar, 2001)2003; Queiroga et al., 2003).
Biosurfactants constitute one of the main classeBhe biosurfactants, despite the diversity of
of natural surfactants produced by theindustrial applications, are still not widely used
microrganisms, being classified in accordanceélue to the high costs of the production associated
with their chemical composition or microbial with inefficient methods of recovery of the product
origin. The main classes include glycolipids,and the use of expensive substrates. However, the
lipopeptides and lipoproteins (Ron, 2001; Hua eeconomic problem of the production of
al., 2003). These polymers have attracted, in theiosurfactants can significantly be reduced through
last few years, considerable interest due tthe use of alternative sources easily available and
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of low cost. The effluents of vegetable oillnoculum preparation

industries, petrochemical oil residues or the byThe C. glabratawas grown in solid medium at
products from the food industries have bee27°C for 48-72 h, then, a loopful of the cells were
extensively studied for the microbial production atransferred to Erlenmeyer flasks of 250mL
an experimental scale (Mercade et al., 1993;ontaining 50mL of the Yeast Mold Broth (CYM)
Mercade et al., 1996; Vollbrecht et al., 1999and incubated aerobically for one day at@pn a

Deleu and Paquot, 2004). rotary shaker (150 rpm).
A large number of carbon sources, such as the

sugars and oils are described, as attractiveylture conditions
substrates for the production of biosurfactantThe yeast was cultivated in submerged culture
(Gallert et al., 2002). High incomes in the productwith shaking in a New Bruswick G-25 shaker. The
have been used through the combination betweemgedium was composed of the following
vegetable oil and carbohydrate as substrate (Zh@emponents: NENO; (0.1%), KHPO, (0.02%),
and Kosaric, 1993). Between yeasts, species @®igSQ,.7H,0 (0.02%) and cotton seed oil, glucose
Candidahave been widely used in the productiorand yeast extract in different concentrations, as
of biosurfactants from soluble and insolubledescribed in Table 1. The pH was adjusted to pH
carbon sources (Sarubbo et al., 1997; 1999; 2001,7 with 1M HCI solution. Erlenmeyer’s flasks
In this work, the production of a biosurfactant by(1000ml) were filled with 300 ml of liquid
Candida glabrata UCP1002 was investigated medium and sterilized at 121°C for 20 min. The
using different concentrations of cotton seed oilinoculum was introduced in the amount of*10
glucose and yeast extract as. The surface activells/ml of the 24h culture grown on CYM. The
properties under specific environmental conditiongjasks were incubated at 2T with shaking at 200
and the application of the biopolymer in oilypm for 144 h. The pH of the media was not
removal had been carried through. adjusted during cultivation. The efficiency of
biosurfactant biosynthesis was evaluated in
correlation with the doses of substrates used

MATERIALSAND METHODS during the fermentation. Samples were taken every
6 h during the first 24 h and every 24 h until the
Microrganism end of cultivation period (144 hours) and analysed

C. glabrata UCP 1002 was isolated from thetoo biomass, monitored by cells counts on
mangrove sediments of Rio Formoso city,Neubauer Camera and plated on Yeast Mold Agar,
Pernambuco, Brazil (Gomes et al., 2000). It wapH, and emulsification activity. Experiments were
kindly supplied from the culture collection of thedone in duplicate and results reported are the
Universidade Catolica de Pernambuco (UNICAP)average from three independent experiments.
Brazil, maintained at & on Yeast Mold Agar
(YMA) slants containing (w/v) yeast extract Emulsification activity
(0.3%), malt extract (0.3%), tryptone (0.5%), D-Emulsification activity was measured using the
glucose (1%), and agar (5%). Transfers were domaethod described by Cooper and Goldenberg
to fresh agar slants each month to maintai1987), whereby 6 ml of n-hexadecane was added
viability. to 4 ml of the culture broth free of cells in a
graduated screwcap test tube and vortexed at high
speed for 2 min. The emulsion stability was
Reagents determined after 24 h, and the emulsification index
N-Hexadecane was obtained from Sigmawas calculated by dividing the measured height of
Chemical Co. (St. Louis, MO); food grade cottonthe emulsion layer by the mixture's total height
seed oil was obtained from Bunge Alimentos S.Aand multiplying by 100.
(SC, Brasil). Other chemicals used were analytical
grade.
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Table 1 - Substrates concentrations utilized in the catton ofC. glabrataUCP1002 in mineral medium
Substrate concentration (%)

Conditions

Cotton seed ail Glucose Y east extract
A 5.0 - 0.2
B 10.0 - 0.2
C 5.0 10.0 0.2
D 10.0 10.0 04
E 5.0 - 0.4
F 10.0 - 0.4
G 5.0 10.0 0.4
H 10.0 10.0 0.2
I 7.5 5.0 0.3

Determination of the stability of the air/water. These effects are proportional to
biosurfactant biosurfactant concentration in dissolution untisth
Stability studies were done using the cell-freeeaches the Critical Micelle Concentration (CMC).
broth obtained by centrifuging the cultures at 5000he CMC was determined by measuring the
rpm for 20 minutes. Samples of the cell - freesurface tensions of dilutions of purified
culture broth were maintained at 4, 27 and 80°C tbiosurfactant in distilled water up to a constant
10 minutes and cooled to room temperature, aftefalue of surface tension. The value of CMC was
which the surface tension was measured. To studyptained from the plot of surface tension versus
the pH stability of the cell-free broth, the pHtbé the logarithm of the concentration. The CMC
cell-free broth was adjusted to different pH valuesalue was determined to befydf biosurfactant.

(2 to 12) and the surface tension was measured.

The effect of NaCl concentrations (2 to 10%) ompplication of the biosurfactant in motor oil

the surface tension of the culture broth free d6ce removal from contaminated sand

was also determined. Biosurfactant suitability for enhanced oil recovery
was carried using 60g of beach sand impregnated
I solation of biosurfactant with 5 mL of motor oil. Fractions of 20g of the

The 144h culture was refrigerated for 24h tacontaminated sand were transferred to 250mL

solidify the remaining oil and to effect yeastErlenmeyer flasks, which were submitted to the

settling. The culture was filtered through Whatmarfollowing treatments: addition of 60mL distilled

no. 1 filter paper and centrifuged at 10000 x g fowater (control) and addition of 60 mL of aqueous

15 minutes. The cell-free broth was concentratedolution of biosurfactant at 1.5% and at the CMC

(500 ml) by freeze drying and extracted thre€2.5% concentration). The samples were incubated

times with chloroform (1:1, by wvol.)) in a on a rotary shaker (150 rpm) for 24 h at 27°C and

separatory funnel at 28°C (Sarubbo et al. 2006). then were centrifuged at 5000 rpm for 20 minutes
for separation of the laundering solution and the

Determination of surface tension and critical sand. The amount of oil residing in the sand after

micellar concentration (CMC) the impact of biosurfactant was gravimetrically

The measurement of the surface tension weadetermined as the amount of material extracted

carried out on the cell-free broth obtained byfrom the sand by hexane (Nistchke and Pastore,

centrifuging the cultures at 5000 rpm for 202002).

minutes by the ring method using a Sigma 70

Tensiometer (KSV Instruments LTD - Finland) at

room temperature. Stabilization was allowed t(RESULTS AND DISCUSSION

occur until standard deviation of 10 successive

measurements was less than 0.4 mN/m. Eadhinetic growth of Candida glabrata

result was the average of 10 determinations aft@revious works have demonstrated the

stabilization. combination of a carbohydrate plus vegetal oil as a

Biosurfactant production reduces the interfacialery interesting alternative for the production of

tension oil/water and the superficial tensionsurfactants by the yeasts (Davila et al., 1992;
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Garcia-Ochoa and Casas, 1999; Zhou and Kosariof the cotton seed oil, glucose and yeast exteact,
1993; 1995; Sarubbo et al., 2006). showen in Table 1. The change in the biomass,
Biosurfactant  production was studied inemulsification activity and pH of the cultivations
experiments by varying the initials concentrationsith time is shown in Fig. 1.
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Figure 1 - Biosurfactant production bZandida glabratagrown in mineral medium supplemented
with: (A) 5% cotton seed oil and 0.2% yeast extré8}; 10% cotton seed and 0.2% yeast extract; (C)
5% cotton seed oil, 10% glucose and 0.2 % yeagi@xi(D) 10 % cotton seed oil, 10% glucose and 0.4
% yeast extract; (E) 5 % cotton seed oil and 0.ye#st extract; (F) 10% cotton seed oil and 0.4%tyea
extract; (G) 5% cotton seed oil, 10 % glucose addyeast extract; (H) 10% cotton seed oil, 10 %
glucose and 0.2 % yeast extract; (I) 7.5 % cotewdil, 5% glucose and 0.3 % yeast extract. Bismas
produced, pH and emulsification activity.

The kinetics of growth of C. glabrata phase of the growth, probably due the production
demonstrated a diauxic profile. The presence aff metabolic organic acids. On the other hand, in
glucose in the cultivation medium was a decisivéhe absence of glucose (Figs. 1A, 1B, 1E and 1F),
factor for the acidity of the culture since witls it an increase of the pH was observed in the initial
presence there was a reduction in the pH (Figs. 1Gours of cultivation, which reached values close to
1D, 1G, 1H and 1), which reached stable values.0, with stabilization around 7.0 until the end of
around 3.0, in the beginning of the stationaryl44 h. The kinetics of emulsification activity
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demonstrated thaC. glabrata was not able to Propertiesof the selected biosurfactant

emulsify the n-hexadecane indeed in the mediufihe tests accomplished in the cell-free broth,
without glucose (Figs. 1A, 1B, 1E and 1F). In theregarding the variation of the pH, demonstrated an
media containing cotton seed oil and glucoseffective stability of the surface tension (Fig. 2)
(Figs. 1C, 1D, 1G 1H and 1I), peaks ofThese results were in agreement with the surface
emulsification activity were observed along thetension values found for the biosurfactant of
cultivation. The medium cultivation containing Nocardia sp L-417, which remained stable in all
7.5% cotton seed oil, 5% glucose and 0.3% yeashte pH values tested (from 2 to 12), indicating tha
extract (Fig. 11), presented similar results to the¢he variation of the pH didn't also have significan
conditions obtained in Figs. 1G and 1H, in what ieffect on the superficial tension (Kim et al., 200
referred to the emulsification of n-hexadecane. The surface tension of the biosurfactant produced
The results obtained permitted to select théy Bacillus subtilliswas also stable under different
medium cultivation containing 7.5% cotton seedoH values (Makkar and Cameotra, 1998), although
oil, 5% glucose and 0.3% yeast extract (Fig.akl) the effectiveness of liposan &. lipolytica as
the best condition for biosurfactant productionemulsifier was limited to the acid to neutral pH
regarding the emulsification with n-hexadecandCirigliano and Carman, 1984).

(66%) after 96 h of fermentation.

50

Surafce
Tension
(mN/m)

pH

Figure 2 - Influence of pH on the surface tension of celefteroth ofCandida glabratagrown on
mineral medium supplemented with 7.5% cotton sée& 8% glucose and 0.3% yeast
extract.

The surface tension of the cell-free brothbiosurfactant (Fig.4), it was observed that theesam

containing the biosurfactant showed to be stabletable front stayed to the studied temperatures. Th

independent of the concentration of salt addetksults obtained by Brown et al., (1991) for the

(Fig. 3). biosurfactant produced by a bacterium designated
Desai and Banat (1997), reported thats isolated 1165 showed a reduction of the surface
concentrations above 2% of NaCl were enough ttension in the cell-free broth when submitted to

inactivate a synthetic surfactant. Reductions wereemperatures among 0 C° and 4°C, although
also observed in the emulsification activity of theexposure to high temperatures (100 and 120 °C)
surfactant produced bg. lipolytica cultivated in  did not affect the surface tension values. On the
n-hexadecane (Cirigliano and Carman, 1984) another hand, Markkar and Cameotra (2002)

of the surfactant from mixed cultures cultivated inobserved the stability of the surface tension after
molasses (Ghurye et al., 1994). the exposure of the biosurfactant produced by
Regarding the influence of the temperature on thBacillus subtilisat 100C.

surface tension of the cell-free broth containimg t
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Figure 3 - Influence of different sodium chloride concetitras on the surface tension of cell-free
broth of Candida glabratagrown on mineral medium supplemented with 7.5%ocot
seed oil, 5.0% glucose and 0.3% yeast extract.
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Figure 4 - Influence of temperaturen the surface tension of cell-free brothGzndida glabrata
grown on mineral medium supplemented with 7.5%ocoeed oil, 5.0% glucose and
0.3% yeast extract.

Surface tenson and critical micellar  biosurfactant produced b{. glabrata was of
concentration (CM C) of the biosurfactant approximately 2.5% and the surface tension at that
The presence of a surfactant reduces the surfapeint was of 31 mN/m. This tension value was
tension air/water, which was proportional to thesimilar to the values described for other potent
concentration of the biosurfactant in the solutionbiosurfactants produced by the yeasts cultivated in
until it reached the CMC (Ron and Ronsenberghe vegetable oils plus carbohydrates as substrates
2001). As shown in Fig. 5, the CMC of the(Davila et al., 1992; Marin, 1996).
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Figure5 - Surface tension versus concentration of theatedl biosurfactant produced Bandida
glabrata grown on mineral medium supplemented with 7.5%ocoseed oil, 5.0%
glucose and 0.3%yeast extract.

Application of the biosurfactant in the oil al., (1991) for the cell-free broth containing a

removal biosurfactant produced byRhodococcuscells,
Table 2 describes the removal of motor oil bywhich was able to recover 86% of crude residual
different concentrations of the biosurfactant. oil adsorbed in the sand, while distilled water

The results obtained demonstrated that theemoved about 65% of the oil.

biosurfactant solution at 2.5% concentration (at thCameotra and Makkar (1998) demonstrated that
CMC) was capable to remove 84% of the oithe biosurfactant isolated fornPseudomonas
adsorbed in the sand, while the distilled wateaeruginosawas able to recover 56% of the oil
(control) removed 56% of the contaminated oiladsorbed to the sand contained in a column.
Similar results were obtained by Abu-Ruwaida et

Table 2 - Removal of motor oil from contaminated sand gy ggrown on mineral medium supplemented with 7.5%
cotton seed oil, 5.0% glucose and 0.3%yeast extract

Treatment Residual oil (%) Removed oil (%)

1.5% biosurfactant solution 36.4 63.6

2.5% biosurfactant solution 16 84

Distilled water (control) 43.7 56.3
CONCLUSIONS to scale up the growth conditions and biosurfactant

production in the bioreactors.
The results obtained in this work showed that the
biosurfactant produced byC. glabrata had
attractive properties as low surface tension at trRCKNOWLEDGEMENTS
CMC, stability over a wide range of pH and
temperature and exposure to high salinity. Th&his work was supported by Agéncia Financiadora
ability in recovering the oil from oil-saturatednsh de Estudos e Projetos (FINEP) and Conselho
was also demonstrated. Thus, these characteristidsicional Cientifico e Tecnolégico (CNPq), Brazil
indicated potential use of the biosurfactant in th&Ve are grateful to Nucleo de Pesquisas em
oil industry, especially in MEOR (microbial Ciéncias Ambientais (NPCIAMB) laboratories,
Enhanced Oil Recovery). Studies are in progreddniversidade Catdlica de Pernambuco, Brazil.
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RESUMO Davila, A.M.; Marchal, R. and Vandecastele, J.P.
(1992), Kinetics and balance of a fermentation free

A producdo de um novo biossurfactante por from product inhibition: sophorose lipid production
P ¢ b by Candida bombicola Applied Microbiology and

Candida glabrata UCP1002 foi inicialmente !

. . T : Biotechnology38 6-11.

!nve§tlggda com a flrlalldade de avaI|,ar esai J.D. and Banat, .M. (1997), Microbial
influéncia da concentracao dos substratos 0leo d&roquction of surfactants and their commercial
algodao, glicose e extrato de levedura. As cingtica potential Microbial Molecular Reviews1, 47-64.

de crescimento e de producao do surfactante forapeleu, M. and Paquot, M. (2004), From renewable
demonstradas para todas as condicdes de cultivoregetables resources to microorganisms: new trends
testadas. A melhor emulsificacdo do n- in surfactantsCompters Rendus Chimie. (article in
hexadecano, quantificada através do indice depPress). _
emulsificacdo foi observada na condicdo d&ubey, K. and Juwarkar, A. (2001), Destillery and
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0 a a O
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