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Abstract

detectable loss of activity.

The objective of this study was to analyze the use of Spray Drying for concentration and preservation of
biosurfactants produced by Bacillus subtilis LBBMA RI4914 isolated from a heavy oil reservoir. Kaolinite and
maltodextrin 10DE or 20DE were tested as drying adjuvants. Surface activity of the biosurfactant was analyzed by
preparing dilution x surface activity curves of crude biosurfactant, crude biosurfactant plus adjuvants and of the
dried products, after their reconstitution in water. The shelf life of the dried products was also evaluated. Spray
drying was effective in the recovery and concentration of biosurfactant, while keeping its surface activity. Drying
adjuvants were required to obtain a solid product with the desired characteristics. These compounds did not
interfere with tensoactive properties of the biosurfactant molecules. The dehydrated product maintained its
surfactant properties during storage at room temperature during the evaluation period (120 days), with no
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Introduction

Biosurfactants are surface active metabolites produced by
various micro-organisms, which may either remain at-
tached to the cell surface or be secreted into the culture
medium. These molecules, like any surfactant, lower the
surface tension of a liquid, the interfacial tension between
two liquids, or that between a liquid and a solid, acting as
detergents, wetting agents, emulsifiers, foaming agents,
and dispersants. The surfactants of microbial origin are a
diverse group of molecules and are known to occur in a
wide variety of chemical structures, such as glucolipids,
lipopeptides, lipoproteins, fatty acids, neutral lipids, phos-
pholipids, and polymeric or particulate structures. The
characteristics that make biosurfactants a promising alter-
native to synthetic surfactants are their low critical micelle
concentration (CMC) (Ghojavand et al. 2008), low toxicity
(Lima et al. 2011a), high biodegradability (Lima et al
2010) and high stability under extreme conditions of pH,
salinity and temperature (Desai & Banat 1997). Moreover,
unlike the synthetic surfactants, which are usually ob-
tained from petroleum, biosurfactants can be produced in
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microbial fermentation processes from renewable and
low cost substrates (Fox & Bala 2000; Maneerat 2005;
Mukherjee et al. 2006; Nitschke et al. 2005; Nitschke &
Pastore 2006).

Given the aforementioned advantages, biosurfactants
have the potential to be used in many fields, including
agriculture and food industries, chemical and pharma-
ceutical industries, cosmetics, etc. (Banat et al. 2010;
Muthusamy et al. 2008; Sober6n-Chévez & Maier 2011).
Furthermore, many of the properties of biosurfactants,
as emulsification/demulsification, dispersion, foaming,
wetting, etc., make them ideal for use in many environ-
mental processes (Pacwa-Plociniczak et al. 2011). These
include remediation of organic contaminants such as
petroleum hydrocarbons (Lima et al. 2011b; Maneerat
2005) and pesticides (Wattanaphon et al. 2008), remedi-
ation of heavy metals-contaminated areas (Das et al. 2009;
Lima et al. 2011b; Mulligan et al. 2001), enhanced oil
recovery (Youssef et al. 2007), among others.

Despite having all the desirable characteristics of a sur-
factant, the biosurfactants are not widely commercialized.
This is due mainly to the high costs of production and
purification and of low yields (Mukherjee et al. 2006),
which makes the price of the final product less competitive
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with synthetic surfactants. However, for many applications
in environmental biotechnology, purification is not neces-
sary, what reduces considerably the cost of production and
enables the use of such compounds on a large scale. In this
case, storage and transportation logistics of the product to
the site where it must be used become the main obstacles,
since without a prior concentration step, a large volume of
liquid needs to be transported under controlled conditions.
The best option for transportation of any product is in
solid state, which minimizes the volume, losses by ther-
mal or microbial degradation, and eliminates the need
for special storage conditions. In this work, we applied
the technique of spray drying for the recovery and con-
centration of biosurfactants. This process, widely used in
food and pharmaceutical industries, consists of three
basic steps: (i) first, the fluid is dispersed as microdro-
plets, increasing the surface area, (ii) the droplets are
placed in contact with a stream of heated air; the large
surface area of the microdroplets propitiates an efficient
heat transfer; (iii) in the final step, solvent evaporation
occurs, resulting in the formation of solids containing
the product of interest (Broadhead et al. 1992; Masters
1985; Nonhebel & Moss 1971; Rankell et al. 2001; Shaw
1997). This work is based on the assumption that this
technique can not only solve the problem of transporta-
tion and storage logistics of biosurfactants, but also con-
tribute to reduce the cost of their production and use.

Materials and methods

Bacterial isolate and growth conditions

The bacterium used in the experiments was Bacillus subtilis
LBBMA RI4914 (GenBank accession no. KF945169), be-
longing to the culture collection of the Laboratory of
Biotechnology and Biodiversity for the Environment
(LBBMA), Department of Microbiology, Universidade
Federal de Vigosa, Vicosa, Minas Gerais - Brazil. This
bacterium was isolated from a heavy oil reservoir from
Itatnas’s Oilfield, Concei¢io da Barra - ES - Brazil. B. subtilis
LBBMA RI4914 produces Surfactin, as confirmed by infra-
red spectrum and NMR analysis of the biosurfactant
molecules (data not shown). The strain was maintained
in glycerol-TSA at -80°C. The bacterium was revived
on LB agar for 24 h at 30°C, transferred to LB broth
and incubated for 24 h at 30°C and 200 rpm. Inoculum
was produced by cultivating the bacterium twice in
mineral medium M2 (g L™": hydrolyzed casein, 10.0;
KH,PO,, 1.5; NayHPO,, 4.0; MgSO,, 0.2; CaCl,.H,0,
0.013; CgHs,4yFeN,O, 0.005; glycerol, 38.0) for 18 h
at 30°C and 200 rpm. For biosurfactant production,
the inoculum was centrifuged, washed twice in saline
(NaCl 85 g LY and then used to inoculate two liters
of mineral medium M2. The culture was incubated for
48 h at 30°C and 200 rpm in an orbital shaker. The
culture was autoclaved at 121°C for 20 min and the
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resulting crude extract was used as the surfactant
solution in the following experiments.

Spray drying

Spray drying of crude biosurfactant was done in a bench
top Mini Spray Dryer Buchi model B-191. The equip-
ment was configured with inlet temperature of 170°C
and exhaust temperature of 65°C. Flow dynamics of the
apparatus was adjusted to obtain a suction of 0.83% and
a pumping of 0.25%.

Drying adjuvants

Given the low concentration of solids and high concen-
tration of organic acids in the crude biosurfactant, and
hence low glass transition temperature of the dry solid,
it was necessary to use drying adjuvants to obtain a
product with low moisture content. Tested adjuvants
were kaolinite (100 or 200 g L), and maltodextrin with
different DE (dextrose equivalents). Maltodextrin is a
polysaccharide that is used as a food additive. It is pro-
duced from starch by partial hydrolysis. Maltodextrin
consists of D-glucose units connected in chains of variable
length. The glucose units are primarily linked with a(1 — 4)
glycosidic bonds. Maltodextrin is typically composed of a
mixture of chains that vary from three to seventeen glucose
units long. Maltodextrin 10DE was tested at 250 g L™ and
maltodextrin 20DE at 100 or 250 g L™. The effect of the
drying adjuvant on the tensoactive properties of biosurfac-
tant was evaluated by preparing a curve of surfactant dilu-
tion x surface tension (CMD curve, item 2.3) of the crude
biosurfactant in presence of drying adjuvants at the initial
concentrations previously reported. The data were com-
pared with those obtained with the crude biosurfactant
extract without the addition of the drying adjuvants.

Surface activity and critical micellar dilution of crude
biosurfactant

Surface activity and relative concentration of biosurfac-
tant in crude extracts, exposed or not to spray drying,
were evaluated by determining the Critical Micellar Di-
lution (CMD), the dilution above which the concentra-
tion of surfactant molecules becomes lower than the
Critical Micellar Concentration (CMC). CMD was deter-
mined by measuring surface tension of increasing dilu-
tions of the autoclaved crude biosurfactant. Surface
tension (ST) was determined by the Wilhelmy plate
method, using an automatic tensiometer (Dataphysics,
model DCAT-11). The CMD was defined as the dilution
above which surface tension starts to increase (Risch &
Reuneccius 1993).

Analysis of spray dried products
The dried products were diluted in distilled water in
order to achieve the same concentration of biosurfactant
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and adjuvants contained in the crude extracts before
drying. Thus, 1.0 g or 2.5 g of clay or maltodextrin-
containing dried products (samples from treatments
with 100 and 250 g L™ of kaolinite and maltodextrin,
respectively), were dissolved in 10.0 mL of distilled water.
After solubilization, the samples were diluted for surface-
tension and CMD determination (Section 2.3). The results
were compared with those obtained with crude surfactant
before spray drying. Analyses were made one day after
spray drying.

To check the shelf life and maintenance of surface-active
properties of spray dried biosurfactants, the products were
stored in white plastic flasks for four months at room
temperature and humidity. After this period, the products
were reconstituted in distilled water (item 2.4), following
ST and CMD analysis, as described in Section 2.3.

Results and discussion

Drying adjuvants

Drying of crude biosurfactant produced by B. subtilis
LBBMA RI4914 (and possibly other biosurfactants) with-
out adjuvants resulted in a viscous, pale yellow and diffi-
cult to manipulate product, which stuck on the walls of
the equipment. According to Adhikari et al. (Adhikari
et al. 2003), the formation of a product with such char-
acteristics, during dehydration of microbial cultures, is
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attributed to the presence of products of microbial me-
tabolism (organic acids, proteins and fatty acids) and to
the low concentration of solids.

Maltodextrin at a concentration of 100 g L' was not
sufficient to obtain a solid material with the desired
characteristics. In this treatment, it was obtained a stick-
ing yellowish powder with high hygroscopicity (Figure 1),
unsuitable, therefore, for storage and handling.

The addition of maltodextrin 10DE or 20DE at 250 g L™
resulted in a dry solid product with desirable characteris-
tics for storage, handling and transportation (Figure 2a
and b). A white, or almost white, slightly sticky and low
hygroscopic powder was obtained. The tackiness is similar
to pure maltodextrin. There was no effect of different
grades of dextrose on the dried product, and the choice
between maltodextrin 10DE and 20DE should be made
according to the use of the product and the relative cost
of each adjuvant.

Both clay concentrations tested (100 or 200 g L) were
effective in obtaining a dried solid product (Figure 2c
and d). The material was characterized as a yellowish
powder with low hygroscopicity and no stickiness, simi-
lar to original kaolinite. The lower concentration
(100 g L 1) was considered as the best choice, due to
the lower cost with the adjuvant and with storage, trans-
portation and final application.

drying adjuvant.

Figure 1 Solid obtained after spray drying autoclaved culture of B. subtilis LBBMA RI4914. Maltodextrin (100 g L") was added as a
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Figure 2 Solids obtained after spray drying autoclaved culture of B. subtilis LBBMA RI4914 containing the drying adjuvants: a) 250 g L™
maltodextrin 10DE; b) 250 g L' maltodextrin 20DE; c) 100 g L™* kaolinite; d) 200 g L™ kaolinite.

The solids obtained by spray drying were easily re-
suspended in deionized water at room temperature.
Maltodextrin was completely solubilized and the clay
was put in suspension by simple shaking.

The addition of drying adjuvants to the crude extract
of biosurfactant produced by B. subtilis LBBMA RI14914
caused a small change in the surface tension of the sur-
factant solution. The surface tension of the diluted crude
extract in deionized water (1:1) was 30.0 mN m™. This
value increased to 31.4 and 32.3 mN m™* when clay was
added at concentrations of 100 and 200 g L™, respect-
ively (Figure 3). The data reflect a possible interference
of clay with the surface activity of biosurfactants, since
the graphics of CMD do not indicate loss of biosurfac-
tant by adsorption to the clay lamellae. This conclusion
comes from the observation that, as the samples were
diluted, less difference between the values of surface ten-
sion of the samples with clay and the crude surfactant
control was found.

At the higher concentration of biosurfactants (and
consequently of drying adjuvants), maltodextrin had a
higher effect on the surface tension of the crude ex-
tract of biosurfactant than clay (compare the surface
tensions of the dried formulations and their respective
non-dried controls at 50% (1:1) dilution in Figures 4
and 5). Surface tensions of the diluted extract (1:1)
were 33.1 and 35.1 mN m™ in the presence of malto-
dextrin 20DE and 10DE, respectively (Figure 4). These

results indicate that different concentrations of dex-
trose in maltodextrin 20DE and 10DE may be the re-
sponsible for the differences between the surface tensions
measured in the treatments at the lower (50%) dilution.
As the samples were diluted (and consequently the con-
centration of the drying adjuvant), the difference between
the surface tension of the maltodextrin-containing treat-
ments and the non-dried control (no drying adjuvant
added) were reduced, similar to the results obtained with
clay.

Surface activity of dried products

The biosurfactant produced by B. subtilis LBBMA RI4914
retained its surface activity after dehydration by spray dry-
ing and reconstitution (Figure 5). As already reported for
other biosurfactants (Darvishi et al. 2011; Desai & Banat
1997; Pornsunthorntawee et al. 2008), the surfactant
produced by B. subtilis RI4914 was resistant to high
temperature, maintaining its stability after autoclaving.
However, this is the first report of maintenance of sur-
face activity of a biosurfactant after exposure to a
temperature of 170°C, even for a short period. This
thermal stability is essential for biosurfactant concen-
tration and recovery by spray-drying, and also rein-
forces the potential of these molecules for use in
biotechnological processes in which thermal stability is
necessary, such as in Microbial Enhanced Oil Recovery
(MEOR) of high temperature oil reservoirs.
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When clay was used as drying adjuvant, there was a
subtle difference between the curves of CMD of the
crude biosurfactant extracts before and after its dehydra-
tion by spray drying. It was observed a faster rise of the
surface tension along the dilution, after the clay-crude
biosurfactant mixture was spray dried (Figure 5a). This
behavior of the CMD curve indicates a lower concentra-
tion of biosurfactant in the extract subjected to spray
drying, which was attributed to adsorption of molecules
to the clay or thermal loss of some molecules. Under

conditions of neutral pH, such as used in this work, an-
ionic molecules, such as surfactin, present net negative
charge (Shen et al. 2011), which may contribute to their
adsorption onto clay in the presence of divalent Mg
present in the growth medium.

No difference of surface tension was observed between
surfactin solutions containing maltodextrin before and
after spray drying (Figure 5b), indicating that most of
the biosurfactant molecules contained in the initial
crude extract were active upon spray-drying and that
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Figure 4 Effect of maltodextrin 10DE or 20DE (250 g L") on surface tension x dilution curves of crude biosurfactant produced by
B. subtilis LBBMA RI4914.
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these molecules were released into solution upon dis-
solving the dried solid product.

The different results when using clay or maltodextrin
as drying adjuvant are attributed to the mechanism of
action of these adjuvants during spray drying. The pro-
tective mechanism of the compound of interest by
maltodextrin, during and after the drying process, is
microencapsulation, which consists of forming a wall
around the microdroplet of the product (Krishnaiah
et al. 2012). The mechanism of action of the clay
involves the adsorption of the biosurfactant into its
lamellae. However, further studies must be conducted
in order to clarify the types of interaction between the

biosurfactant molecules and the surface of such adju-
vant, as well as what are the factors that interfere with
these interactions.

Stability of dried biosurfactant

The surface-active properties of biosurfactant remained un-
changed after four months of storage at room temperature
and humidity (Figure 6). There was a slight reduction of
the ST in the curves of CMD of the clay-based product
after storage, this reduction being proportional to the
amount of clay used (Figure 6a and b). These data reinforce
the hypothesis of adsorption of the biosurfactant to the la-
mellae of the clay during drying (and not a thermal loss of
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some molecules), and suggest a possible gradual release of
these molecules during storage. This type of interaction,
apparently more stable than the interaction between bio-
surfactant and maltodextrin, may explain the reduction of
the concentration of biosurfactant after resuspension of the
product containing clay (Figure 5a).

The gradual release of the molecules of biosurfactant
from clay can be advantageous, depending on the
process wherein the compound is applied (for example,
in bioremediation of hydrophobic organic contami-
nants in soils and sediments). In this case, the clay
containing biosurfactant could be incorporated into
the soil, to provide a gradual and continuous release of
the surfactant molecules in the soil solution. Given the
high biodegradability of biosurfactants (Lima et al.
2010), this gradual release can ensure the bioavailabil-
ity of hydrophobic contaminants for a longer period,
thereby facilitating their biodegradation.

In the treatment with maltodextrin, no difference was
observed in CMD curves after storage, indicating that all
biosurfactant molecules present in the solid were active
after four months (Figure 6c). By providing protection of
target molecules through microencapsulation, maltodex-
trin prevents loss of the encapsulated material by avoid-
ing its exposure to adverse conditions, such as those
found during the spray drying process and storage (Risch
& Reuneccius 1993; Shahidi & Han 1993).

Conclusions

The spray drying technique was proven effective in the
recovery and concentration of surfactin, while maintain-
ing the tensoactive properties of the molecule. The use
of drying adjuvants was necessary to obtain a solid prod-
uct with adequate hygroscopicity and moisture. These
compounds do not interfere with tensoactive properties
of the surfactant molecules.

Spray drying of biosurfactants open a new horizon in
environmental biotechnology, since it leads to a signifi-
cant reduction of volume and increased stability of the
product, thus facilitating its storage and transportation.

Competing interests
The authors declare that they have no competing interests.

Authors' contribution

GSB and LCPD carried out the production of biosurfactants, preparation of
spray-dried formulations and analysis of surface tensions. PLF carried out the
production of biosurfactants, preparation of spray-dried formulations, analysis
of surface tensions and drafted the manuscript. RCRF carried out the isolation
and identification of the bacterial isolate used in this study and drafted the
manuscript. KHMK carried out sequencing of the 165 rDNA and sequence
alignment. ACB and MRT supervised the study and prepared the final version
of the article. All authors read and approved the final manuscript.

Received: 23 July 2013 Accepted: 10 January 2014
Published: 24 January 2014

Page 8 of 9

References

Adhikari B, Howes T, Bhandari BR, Truong V (2003) Characterization of the surface
stickiness of fructose-maltodextrin solutions during drying. Dry Technol
21:17-34

Banat IM, Franzetti A, Gandolfi I, Bestetti G, Martinotti MG, Fracchia L, Smyth TJ,
Marchant R (2010) Microbial biosurfactants production, applications and
future potential. Appl Microbiol Biotechnol 87:427-444

Broadhead J, Edmond SKR, Rhodes CT (1992) The spray drying of
pharmaceuticals. Drug Dev Ind Pharm 18:1169-1206

Darvishi P, Ayatollahi S, Mowla D, Niazi A (2011) Biosurfactant production under
extreme environmental conditions by an efficient microbial consortium,
ERCPPI-2. Colloids Surf B: Biointerfaces 84:292-300

Das P, Mukherjee S, Sem R (2009) Biosurfactant of marine origin exhibiting heavy
metal remediation properties. Bioresour Technol 100:4887-4890

Desai JD, Banat IM (1997) Microbial production of surfactants and their
commercial potential. Microbiol Mol Biol Rev 61:47-64

Fox SL, Bala GA (2000) Production of surfactant from Bacillus subtilis ATCC 21332
using potato substrates. Bioresour Technol 75:235-240

Ghojavand H, Vahabzadeh F, Mehranian M, Radmehr M, Shahraki K, Zolfagharian F,
Emadi M, Roayaei E (2008) Isolation of thermotolerant, halotolerant, facultative
biosurfactant-producing bacteria. Appl Microb Cell Physiol 80:1073-1085

Krishnaiah D, Sarbatly R, Nithyanandam R (2012) Microencapsulation of Morinda
citrifolia L. extract by spray-drying. Chem Eng Res Des 90:622-632

Lima TMS, Procépio LC, Branddo FD, Carvalho AMX, Tétola MR, Borges AC (2010)
Biodegradability of bacterial surfactants. Biodegrad 22:585-592

Lima TM, Procépio LC, Brandao FD, Ledo BA, Tétola MR, Borges AC (2011a)
Evaluation of bacterial surfactant toxicity towards petroleum degrading
microorganisms. Bioresour Technol 102:2957-2964

Lima TMS, Procédpio LC, Branddo FD, Carvalho AMX, Tétola MR, Borges AC
(2011b) Simultaneous phenanthrene and cadmium removal from
contaminated soil by a ligand/biosurfactant solution. Biodegrad 22:1007-1015

Maneerat S (2005) Production of biosurfactants using substrates from
renewable-resources. Songklanakarin J Sci Technol 27:675-683

Masters K (1985) Spray Drying Handbook, 4th edn. George Godwin, Londres

Mukherjee S, Das P, Sem R (2006) Towards commercial production of microbial
surfactants. Trends Biotechnol 24:509-515

Mulligan CN, Yong RN, Gibbs BF (2001) Heavy metal removal from sediments by
biosurfactants. J Hazard Mater 85:111-125

Muthusamy K, Gopalakrishnan S, Ravi TK, Sivachidambaram P (2008)
Biosurfactants: properties, commercial production and application. Curr Sci
94:736-747

Nitschke M, Pastore G (2006) Production and properties of a surfactant obtained
from Bacillus subtilis grown on cassava wastewater. Bioresour Technol
97:336-341

Nitschke M, Costa SGVA, Haddad R, Gongalves LAG, Eberlin MN, Contiero J (2005)
QOil wastes as unconventional substrates for rhamnolipid biosurfactant
production by Pseudomonas aeruginosa LBI. Biotechnol Prog 21:1562-1566

Nonhebel G, Moss AAH (1971) Drying of Solids in the Chemical Industry.
Butterworths, Londres

Pacwa-Plociniczak M, Ptaza GA, Piotrowska-Seget Z, Cameotra SS (2011) Environmental
applications of biosurfactants: recent advances. Int J Mol Sci 12:633-654

Pornsunthorntawee O, Wongpanit P, Chavadej S, Abe M, Rujiravanit R (2008)
Structural and physicochemical characterization of crude biosurfactant
produced by Pseudomonas aeruginosa SP4 isolated from petroleum-contaminated
soil. Bioresour Technol 99:1589-1595

Rankell AS, Lieberman HA, Schiffman RF (2001) Secagem. In: Lachman L,
Lieberman HA, Kanig JL (eds) Teoria e pratica na indUstria farmacéutica.
Calouste Gulbenkian, Lisboa, pp 83-112

Risch JR, Reuneccius GA (1993) Encapsulation: Overview of uses and techniques.
ACS Symposium Series, 590, American Chemical Society, Washington, DC,
pp 3-7

Shahidi F, Han XQ (1993) Encapsulation of food ingredients. Crit Rev Food Sci
Nutr 33:501-547

Shaw FV (1997) Spray drying as an alternative granulation technique. In: Parikj
DM (ed) Handbook of Pharmaceutical Granulation Technology. Marcel
Dekker, Nova York, pp 75-96

Shen HH, Lin TW, Thomas RK, Taylor DJF, Penfold J (2011) Surfactin structures at
interfaces and in solution: the effect of pH and cations. J Phys Chem B
115:4427-4435

Soberén-Chavez G, Maier RM (2011) Biosurfactants: a General Overview. In:
Soberén-Chévez G (ed) Biosurfactants. Springer-Verlag, Berlin, pp 1-11



Barcelos et al. SpringerPlus 2014, 3:49
http://www.springerplus.com/content/3/1/49

Wattanaphon HT, Kerdsin A, Thammacharoen C, Sangvanich P, Vangnai AS (2008)
A biosurfactant from Burkholderia cenocepacia BSP3 and its enhancement of
pesticide solubilization. J Appl Microbiol 105:416-423

Youssef N, Simpson DR, Duncan KE, Mclnerney MJ, Folmsbee M, Fincher T (2007)
In-situ biosurfactant production by Bacillus strains injected into a limestone
petroleum reservoir. Appl Environ Microbiol 73:1239-1247

doi:10.1186/2193-1801-3-49
Cite this article as: Barcelos et al.: Spray drying as a strategy for
biosurfactant recovery, concentration and storage. SpringerPlus 2014 3:49.

Page 9 of 9

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Introduction
	Materials and methods
	Bacterial isolate and growth conditions
	Spray drying
	Drying adjuvants

	Surface activity and critical micellar dilution of crude biosurfactant
	Analysis of spray dried products

	Results and discussion
	Drying adjuvants
	Surface activity of dried products
	Stability of dried biosurfactant

	Conclusions
	Competing interests
	Authors' contribution
	References

