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The results of the present study show that Lactobacillus pentosus can produce extracellular bio-

emulsifiers by utilizing hemicellulosic sugars from grape marc as a source of carbon. The effectiveness

of these bioemulsifiers (LPEM) was studied by preparing kerosene/water (K/W) emulsions in the

presence and absence of these emulsifiers. Various parameters such as relative emulsion volume

(EV), stabilizing capacity (ES), viscosity, and droplet size of K/W emulsions were measured. The EV

values for K/W emulsions stabilized by concentrated LPEM were approximately 74.5% after 72 h of

emulsion formation, with ES values of 97%. These values were higher than those obtained with

dodecyl sodium sulfate as emulsifier (EV = 62.3% and ES = 87.7%). Additionally, K/W emulsions

stabilized by LPEM produced polydisperse emulsions containing droplets of radius between 10 and

40 μm, which were smaller than those obtained for K/W emulsions without LPEM (droplet radius =

60 -100 μm). Moreover, the viscosity values of the K/W emulsions without and with LPEM were

approximately 236 and 495 cP, respectively.
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INTRODUCTION

One criterion used to define bioemulsifiers is their ability to
maintain at least 50% of the original emulsion volume 24 h after
formation (1). Microbial emulsifiers are produced by various
genera of bacteria and yeast, including lactic acid bacteria (2, 3).
Many of these bioemulsifiers are exopolysaccharides (EPS) that
can be used in the food, pharmaceutical, and petroleum indus-
tries. For example, emulsan is an extracellular protein-associated
lipopolysaccharide produced by Acinetobacter calcoaceticus
RAG 1, having a molecular weight of approximately 1000 kDa
(4). It does not reduce the interfacial tension appreciably but, by
binding to the oil-water interface, protects the oil droplets from
coalescing, thus bestowing stability to the emulsions. Emulsan
could therefore be considered useful for enhanced oil recovery (4).
Many attempts have beenmade to produce emulsifying agents to
test their properties with kerosene and other organic com-
pounds (5-7). In a previous study we reported that Lactobacillus
pentosus produces cell-bound biosurfactants that not only reduce
the surface tension of water but also display emulsifying proper-
ties (8). However, as lactic acid bacteria have the ability to
produce extracellular exopolysaccharides (9-11) and as bioemul-
sifiers do not necessarily lower the interfacial tension, but can

stabilize oil-in-water emulsions (4), it can be hypothesized that
L. pentosus could produce extracellular bioemulsifiers.

The main natural mechanisms of hydrocarbon removal are
photo-oxidation, evaporation, and microbial degradation. These
processes may take years to stabilize and, thus, to remediate
hydrocarbon-contaminated sites (12). Bioremediation of sites
contaminated by hydrocarbons is limited by the poor availability
of these hydrophobic contaminants to microorganisms, which
may be improved by use of bioemulsifiers. Consequently, it is
important to develop low-cost processes with high efficiency of
remediation, such as processes involving the use of natural
bioemulsifiers.

An emulsion consists of two immiscible liquids, with one of the
liquids dispersed as small spherical droplets in the other liquid (13).
Emulsions are classified into different types: emulsions that consist
of water droplets dispersed in an oil phase are referred to as water-
in-oil (W/O) emulsions, and those consisting of hydrocarbon
droplets dispersed in an aqueous phase are referred to as oil-in-
water (O/W) emulsions. The component that makes up the
droplets is known as the “dispersed phase”, and the substance
that makes up the surrounding liquid is referred to as the “con-
tinuous phase” (14).Most surface-active compounds are produced
bymicroorganisms. Compounds that reduce the surface tension at
the air-water interface are called biosurfactants, and those that
reduce the interfacial tension between immiscible liquids, or at the
solid-liquid interface, are called bioemulsifiers (15).
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The physicochemical properties of emulsions are greatly influ-
enced by the characteristics of the droplets that they contain; for
example, the stability of an emulsion is strongly affected by the
size of the droplets.Whenall of the droplets in an emulsion are the
same size, the emulsion is referred to as “monodisperse”, whereas
a “polydisperse” emulsion is characterized by a wide range of
particle sizes (13).

In the present study, we investigated the emulsifying capability
of the crude extracellular bioemulsifiers produced by L. pentosus
grown on hemicellulosic sugars obtained from grape marc.
We prepared kerosene/water (K/W) emulsions in the presence
and absence of these emulsifiers, and various physicochemical
properties of emulsions such as droplet size, droplet con-
centration, emulsion viscosity, or emulsion conductivity were
studied.

MATERIALS AND METHODS

Raw Material. Distilled grape marc was chosen as carbon source
because it is an agro-industrial residue and it is cheaper than commercial
sugars. Samples of distilled grape marc were dried at room temperature
and milled to a particle size suitable for hydrolysis (approximately 1 mm).

Preparation of Hemicellulosic Hydrolysates. Prehydrolysis (acid
hydrolysis using a diluted acid) of distilled grapemarcwas carried out in an

autoclave at 130 �C, with 3% H2SO4 acid for 30 min and a liquid/solid

ratio of 8 g/g.

Microorganism. L. pentosus CECT-4023T (ATCC-8041) was obtained
from the SpanishCollection ofTypeCultures (Valencia, Spain). The strain
was grown inMRS (deMan, Rogosa, and Sharpe) broth at 31 �C for 15 h

and 150 rpm. The culture was then centrifuged, and L. pentosus cells were

resuspended in the same volume of hydrolysate for use as inoculum.

Media Preparation and Emulsifier Production. Hemicellulosic hydro-
lysates from grape marc were neutralized with powdered CaCO3 to a final

pHof 6.0, and the precipitatedCaSO4was separated from the supernatant
by filtration. The clarified liquid was supplemented with 10 g/L yeast

extract and 10 g/L corn steep liquor (16), sterilized at 100 �C for 1.25 h, to

avoid the formation of inhibitory products, and used directly as fermenta-

tion medium. For comparative purposes and in order to see differences
with other components present in grape marc hydrolysates, fermentations

were also carried out with a mixture of commercial sugars consisting of

2.3 g/L glucose, 4.7 g/L xylose, 2.3 g/L arabinose, 1.8 g/L galactose, 1.3 g/L
mannose, and 0.19 g/L fructose, which simulates the concentration of

hemicellulosic sugars found in grape marc hydrolysates, also supplemen-

ted with 10 g/L of both yeast extract and corn steep liquor, and minerals

(0.015 g/L MnSO4 3H2O, 5.068 g/L K2HPO4, 0.045 g/L NaOOCCH3,
16.260 g/L CaSO4 3 2H2O, and 2.194 g/L MgSO4 3 7H2O). The emulsifier

was produced in a 2 L Biostat B batch reactor (Braun, Melsungen,

Germany) with 1.5 L of working volume, by the addition of 100 mL of
inoculum suspension. The fermentation was performed at 31 �C and

150 rpm for 12 h. In both cases pHwasmaintained at 6.5 by the addition of

5 M NaOH. At the end of the fermentation period, the culture was

centrifuged and the supernatants containing the LPEM were maintained
at -20 �C until analysis and emulsion experiments.

Ethanol Extraction. In some cases LPEM were precipitated from
supernatants following the protocol proposed by Martı́nez-Checa et

al. (17) by adding 96% ethanol to the cell-free fermentation medium at

a ratio of 1:6 v/v (medium/ethanol). The precipitationwas performed twice

and themediumallowed to stand at 4 �Covernight. The LPEMprecipitate
was then resuspended in distilled water, with the same starting volume of

broth to maintain the initial concentration or with a smaller volume of

water, reduced by evaporation, to observe the effect of higher concentra-

tions of LPEM on the emulsion-forming capacity.

Emulsification Studies. Emulsification was performed according to the
methodology proposed byDas et al. (18).Kerosenewas vortexed for 2min
with an equal volume (2 mL) of aqueous phase. The aqueous phase
consisted of 2 mL of either nonfermented media or fermented media,
always filtered through a 0.2 μm membrane to prevent interference from
solids. The tubes were vortexed and left to stand for 1 h. After this time
(considered as the starting time, 0 h), the relative emulsion volume (EV,%)

and emulsion stability (ES,%)were calculated at 24 h intervals, up to 72 h,
from eqs A.1 and A.2 proposed by Das et al. (18).

EV; % ¼ emulsion height; mm� cross-section area; mm2

total liquid volume; mm3
ðA.1Þ

ES; % ¼ EV, at time; h

EV; at 0 h
� 100 ðA.2Þ

The emulsions stabilized by LPEMwere also comparedwith those formed
by 1% (w/v) solution of the chemical surfactant sodium dodecyl sulfate
(SDS) in deionized water (18).

In addition, the percentage of emulsified organic phase (EOP) was
calculated from eq A.3

EOP; %

¼ vol TOP; mm3 - ðNEOP; mm� cross-section area; mm2Þ
vol TOP; mm3

� 100

ðA.3Þ
where TOP is the total volume of organic phase and NEOP is the
nonemulsified organic phase.

Furthermore, taking into consideration that other authors (19-22)
have reported different methodologies for emulsification studies with low
volumes of organic phase, 50-350 μL of kerosene was added to a test tube
containing 4 mL of fermented or nonfermented medium and vortexed for
2 min. The emulsions thus formed were left to stand for 1 h, and the
absorbance was measured at 500 nm, at 12 h intervals for up to 48 h. The
emulsification results are presented as means of three replicates.

Droplet Size Measurements. Microscopy. A Nikon Eclipse E800
optic microscope equipped with a Nikon camera was used to observe the
emulsion droplets. The emulsion was observed through a 10� objective
lens. NIS Elements D2.30 SPI software from Nikon was used to produce
photographs and to measure the radii of the droplets.

Dynamic Light Scattering. A Zetasizer Nano-ZS (Malvern Instru-
ments, Malvern, U.K.) was used to measure the size of the droplets in
dilute, nonhomogenized emulsions, achieved by mixing 4 mL of the
aqueous phase (fermented media) with 50 μL of kerosene.

Droplet Concentration. The concentration of droplets in the emulsions
was calculated in terms of the dispersed phase volume fraction, which is
equal to the volume of emulsion droplets (VD) divided by the total volume
of emulsion (VE), following the procedure proposed byMcClements (13).

Emulsion Viscosity. Viscosity of emulsions was measured with a
Brookfield viscometer (model LVDV-IIþ) at 25 �C. To performmeasure-
ments, 120 mL of emulsion was placed in a tall 150 mL beaker, at 10 rpm.
The results are presented asmean values of two replicates for each sample.

Emulsion Conductivity. Conductivity of emulsions was measured to
identify the continuous and disperse phases (23), with a Crisson GLP 32
conductivimeter.

RESULTS AND DISCUSSION

Emulsions were made with the crude cell-free broth obtained
from 12 h fermentations performed with L. pentosus growing on
supplemented grape marc hydrolysates or with commercial
medium as the aqueous phase according to the methodology
proposed by Das et al. (18). The crude cell-free broth displayed
the capacity to produce metastable (kinetically stable) kerosene-
in-water (K/W) emulsions; that is, the mixture remained stable
for a certain period before complete separation of the phases (13).
This indicates that the presence of extracellular bioemulsifiers
produced by L. pentosus (LPEM) stabilized the emulsions. To
rule out the presence of endogenous emulsifiers associated with
the fermentation media, a series of emulsions were made with
unfermented culture media as aqueous phase. The mixture
emulsified to a certain degree, but the emulsions thus obtained
were unstable and tended to separate into the original phases. A
photograph of 24-h-oldK/W emulsions stabilized with LPEMor
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SDS is shown in Figure 1. An emulsion layer was observed in all
cases, but the almost complete absence of free kerosene was
observed only in the emulsions stabilized with LPEM from
fermented hydrolysates (K/WH þ LPEM) or commercial med-
ium (K/WS þ LPEM). The same was observed in the case of
reference emulsions stabilized with SDS (K/W þ SDS).

Conductivity measurements performed on the emulsion layer
confirmed the presence ofK/W emulsions, with values of 328 and
148 μS/cm for the emulsions stabilized by LPEM from hydro-
lysate and commercial fermented media, respectively. These
values indicate that the aqueous solution is the continuous phase
of the emulsions, whereas kerosene droplets are trapped by the
action of the bioemulsifier.

Study of Resistance to Creaming of K/W Emulsions Stabilized

with LPEM. When the density of the droplets of the disperse
phase is lower than that of the surrounding liquid (continuous
phase), the droplets tend to move upward in a phenomenon
referred to as “creaming” (14). Thus, emulsions formed by adding
2 mL of kerosene, as proposed byDas et al. (18), tended to cream
rapidly, so that the emulsion layer became a cream (Figure 1). To
assess the stability in terms of resistance to creaming, a series of
low-concentration emulsions, with kerosene concentrations ran-
ging from 50 to 350 μL, were prepared with 4 mL of aqueous
phase. The absorbance of the bottom of the emulsion was
measured, at 500 nm, and compared with a control consisting
of the crude cell-free broth containing LPEM fromhemicellulosic
grape marc or commercial sugars without kerosene. It was
assumed that the increase in absorbance relative to the control
was because the kerosene had not creamed but had dispersed in
the aqueous phase in the form of small droplets trapped by the
molecules of the bioemulsifiers. The results (Figure 2) clearly
reflect the higher resistance to creaming of the emulsions made
with LPEM from hydrolysates, in comparison with those made
with LPEM from commercial medium. The absorbance values
were not only higher for these emulsions but also increased with
increasing concentrations of kerosene, until reaching amaximum,
as the ratio kerosene/bioemulsifiers was high, and thus favored
creaming and, consequently, migration of kerosene from the bulk

of the aqueous phase to the top. Creaming was also affected by
the age of the emulsion, as a reduction in the absorbance was
observed over time, before it finally stabilized at a value that
depended on the volume of kerosene added: when the ratio of
kerosene/bioemulsifiers was very high, kerosene droplets were
poorly stabilized, and creamed, resulting in final absorbance
values close to zero (Figure 2). However, with a low ratio of
kerosene/bioemulsifiers, stabilization of the kerosene droplets is
expected so that they will remain in the aqueous phase without
creaming and produce higher absorbance values than those
corresponding to the aqueous phase without kerosene (as oc-
curred with the lowest volume of kerosene added).

Additionally, the size of kerosene droplets was measured by
dynamic light scattering for those emulsions in which creaming
was not favored (emulsions formed with 4 mL of both commer-
cial and hydrolysate-fermented media containing LPEM and
50 μL of kerosene). Analysis was also carried out in both
fermented media without addition of kerosene. Figure 3 clearly
shows the similar behavior of the commercial and hydrolysate
media containing LPEM, but reflects a large difference in the
media with and without kerosene and suggests the existence of
some particles in the fermented hydrolysates that can be con-
sidered as bioemulsifiers. In effect, in the absence of kerosene,

Figure 1. Photograph of 24-h-old emulsions of kerosene and aqueous
solution stabilized with LPEM or SDS. K/WH, kerosene/water emulsion
without LPEM, with the nonfermented grape marc hydrolysates as the
aqueous phase; K/WHþLPEM, kerosene/water emulsion with LPEM, with
the fermented grape marc hydrolysates as the aqueous phase; K/WS,
kerosene/water emulsion without LPEM, with the nonfermented commer-
cial fermentation medium as the aqueous phase; K/WS þ LPEM,
kerosene/water emulsion with LPEM, with the fermented commercial
medium as the aqueous phase; K/W þ SDS, kerosene/water emulsion
stabilized by SDS.

Figure 2. Absorbance (measured at 500 nm) of the bottom of the
emulsions at different times after mixing 4 mL of hydrolysate (solid
symbols) or commercial (open symbols) fermented media and different
volumes of kerosene.
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small particles that may correspond to the emulsifier micelles
were observed but completely disappear when the hydrocarbon is
present and emulsified, and in this case larger particles that may
correspond to the droplets of kerosene stabilized by the emulsifier
molecules were observed.

Emulsifying and Stabilizing Capacity of LPEM. To obtain
further information about the emulsifying and stabilizing capa-
cities of LPEM, the emulsion volume and emulsion stability were
determined. The emulsion-forming capacity, expressed as percen-
tage of relative emulsion volume (EV), and stabilizing capacity,
expressed as emulsion stability (ES), of kerosene/water emulsions
(K/W) stabilized by extracellular emulsifiers produced by
L. pentosus (LPEM), by fermentation of grapemarc hydrolysates
or commercial sugars, are shown in Figure 4. This preliminary
study was carried out with K/W emulsions made with the crude
cell-free broth as aqueous phase in the presence or absence of
LPEM. The EV and ES were therefore also measured in emul-
sions consisting of kerosene and nonfermented media. In the
absence of LPEM, these emulsions produced EV values of 46.7
and 23.7% 24 h after emulsion formation and 29.1 and 13.5%
after 72 h of emulsion formation for K/W emulsions made with
grape marc hydrolysates or dissolved commercial sugars as the
aqueous phase. Furthermore, when EV values were obtained for
K/W emulsions in the presence of LPEM, the corresponding
values increased to 62.7 and 53.9% after 24 h of emulsion
formation for K/W emulsions with grape marc hydrolysates or
dissolved commercial sugars as the aqueous phase, which were
kept after 72 h of emulsion formation (61.7 and 53.2%, re-
spectively). The values were higher than those obtained in a
previous study (8) in which the bioemulsifying properties of cell-
bound biosurfactants produced by L. pentosus-induced fermen-
tation of grape marc hydrolysates were tested and similar to the
EV value of emulsions stabilized by SDS (EV=62.3% after 72 h).
The results obtained by Portilla-Rivera et al. (8) showed that
biosurfactants from grape marc produced K/W emulsions with
EV values of approximately 49.0% after 24 or 72 h of emulsion
formation. Following the criterion cited by Willumsen and
Karlson (1), only those compounds that have the ability to
maintain at least 50% of the original emulsion volume 24 h after
formation can be considered emulsifiers. Thus, on the basis of the
previous results it is clear that L. pentosus has the ability to
produce extracellular emulsifierswith either commercial sugars or

sugars from grape marc hydrolysates as the carbon source.
Nevertheless, the EV value ofK/W emulsion stabilized by LPEM
increased, by approximately 13.7%, after 72 h of emulsion
formation when LPEM were obtained using grape marc hydro-
lysates as carbon source rather than commercial sugars
(Figure 4A). The ability of these surface active compounds to
maintain the emulsion over time (ES) is another important
parameter to consider in studying the emulsifying capacity of
LPEM. The LPEM produced K/W emulsions with ES values of
97.3 and 96.4% after 72 h of emulsion formation for LPEM
obtained fromgrapemarc hydrolysates or commercial sugars and
were higher than those obtained with SDS as emulsifier (ES =
87.7%), whereas emulsions without LPEM produced unstable
emulsions with ES values of 44.8 and 29.9% for K/W emulsions
with the crude cell-free broth from grape marc hydrolysates or
dissolved commercial sugars as the aqueous phase.

The above emulsionsweremadewith the fermentation broth as
the aqueous phase in the presence or absence of LPEM, although
to determine the effect of the concentration of bioemulsifiers on
the emulsifying capacity of LPEM, these were precipitated with
ethanol and concentrated 2- or 3-fold in distilled water, and the
properties of K/W emulsions with and without LPEM were
studied. The EV values obtained with concentrated or noncon-
centrated LPEM are shown in Figure 5. When LPEM produced
from grape marc hydrolysates were precipitated and redissolved
inwater prior to formation of the kerosene-in-water emulsion, the

Figure 3. Particle sizes and percentage of particles (relative to the total
amount of particles) for the different particle sizes measured by dynamic
light scattering in the hydrolysate (circles) or commercial (triangles)
fermented media without (open symbols) and with 50 μL (solid symbols)
of emulsified kerosene.

Figure 4. (A) Emulsion-forming capacity, expressed as percentage of
relative emulsion volume (EV) and (B) stabilizing capacity expressed as
emulsion stability (ES), respectively, of kerosene/water emulsions (K/W)

stabilized by extracellular emulsifiers produced by L. pentosus (LPEM)
during fermentation of grape marc hydrolysates or commercial sugars.
K/WH, kerosene/water emulsion without LPEM, with the nonfermented
grape marc hydrolysates as the aqueous phase; K/WHþ LPEM, kerosene/
water emulsion with LPEM, with the fermented grape marc hydrolysates
as the aqueous phase; K/WS, kerosene/water emulsion without LPEM,
with the nonfermented commercial fermentation medium as the aqueous
phase; K/WS þ LPEM, kerosene/water emulsion with LPEM, with the
fermented commercial medium as the aqueous phase.
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EV values of K/W emulsion increased to 65.5% after 72 h,
whereas the LPEM produced from commercial sugars precipi-
tated and concentrated 2-fold gave an EV value of 47.0%.
Additionally, when the LPEM were precipitated and concen-
trated three times, they produced an EV value for K/W emulsion
of approximately 74.5% after 72 h of K/W emulsion forma-
tion and were again clearly higher than the value proposed by
Willumsen and Karlson (1) for a substance to be considered
bioemulsifier. The ES values of K/W emulsions stabilized by
extracted LPEM were approximately 97.0%, close to the value
obtained with K/W emulsions stabilized by the raw LPEM and
using the fermentation medium as aqueous phase.

The percentage of emulsified kerosene (EOP) in K/W emul-
sions is shown in Figure 6A, and it was found that emulsions
stabilized with LPEM emulsified 87.2 and 85.9% of kerosene
after 24 h of emulsion formation when LPEM obtained by
fermentation of grape marc hydrolysates or commercial sugars
were used. The values for K/W emulsions stabilized with LPEM
maintain the percentage of emulsified kerosene after 72 h of
emulsion formation, whereas K/W emulsion without LPEM
produced unstable emulsions, with EOP values of approximately
45.0 and 24.1% obtained after 72 h of emulsion formation, for
K/W emulsion without LPEM, and in presence of unfermented
commercial sugars or grape marc hydrolysates as aqueous phase
(Figure 6A). The EOP obtained for K/W emulsions stabilized by
several different concentrations of LPEMare shown inFigure 6B,
which shows that LPEM obtained from fermentation of grape
marc hydrolysates and concentrated 3-fold were able to emulsify
100%of kerosene and that this value remained stable after 72 h of
emulsion formation.

Droplet Characterization. Droplet Concentration. The con-
centration of droplets in an emulsion influences the stability of
the emulsion (13). The droplet concentrations in the K/W
emulsions stabilized by LPEM are shown in Figure 7; the droplet
concentration was stable over time, and when the 2-fold concen-
trated LPEM was included, the droplet concentration in the
emulsions increased to 0.8 mm3 when LPEM obtained from
fermentation of grape marc hydrolysates or commercial sugars
were used as emulsifiers.

Optical Images of Droplets. The optical images of K/W
creamed emulsions stabilizedbyLPEMobtainedby fermentation
of grapemarc or fermentation of commercial sugars are shown in

Figure 8A,B and can be compared with K/W emulsions without
LPEM (Figure 8C). It can be seen that in the K/W emulsions
stabilized by LPEM (Figure 8A,B), the size of droplets in the

Figure 5. Emulsion-forming capacity, expressed as percentage of relative
emulsion volume (EV) for K/W emulsions stabilized by extracted LPEM.
K/W þ LPEMH, kerosene/water emulsion stabilized by unconcentrated
LPEM from grapemarc hydrolysates; K/Wþ LPEMH� 2, kerosene/water
emulsion stabilized by 2-fold concentrate of LPEM from grape marc
hydrolysates; K/W þ LPEMH � 3, kerosene/water emulsion stabilized
by 3-fold concentrate of LPEM from grape marc hydrolysates; K/W þ
LPEMS � 2, kerosene/water emulsion stabilized by 2-fold concentrate of
LPEM from commercial fermentation medium.

Figure 6. Percentage of emulsified kerosene (EOP) in K/W emulsions
stabilized by LPEM. (A) Assays were carried out without extraction of
LPEM. K/WH, kerosene/water emulsion without LPEM, with the nonfer-
mented grape marc hydrolysates as the aqueous phase; K/WHþ LPEM,
kerosene/water emulsion with LPEM, with the fermented grape marc
hydrolysates as the aqueous phase; K/WS, kerosene/water emulsion
without LPEM, with the unfermented commercial medium as the aqueous
phase; K/WS þ LPEM, kerosene/water emulsion with LPEM, with the
fermented commercial medium as the aqueous phase. (B) Assays were
carried out with extracted LPEM. K/Wþ LPEMH, kerosene/water emulsion
stabilized by unconcentrated LPEM from grape marc hydrolysates; K/Wþ
LPEMH� 2, kerosene/water emulsion stabilized by 2-fold concentrate of
LPEM from grapemarc hydrolysates; K/Wþ LPEMH� 3, kerosene/water
emulsion stabilized by 3-fold concentrate of LPEM from grape marc
hydrolysates; K/W þ LPEMS � 2, kerosene/water emulsion stabilized
by 2-fold concentrate LPEM from commercial fermentation medium.

Figure 7. Droplet concentration for K/W emulsions stabilized by LPEM
from grape marc hydrolysates (FH) or commercial sugars (FS).
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emulsion decreased and thus the stability of emulsions was higher
than in the controlwithoutLPEM(Figure 8C). In addition, panels
A and B of Figure 8 show that the K/W emulsion stabilized by
LPEM is a polydisperse emulsion characterized by droplets of
different sizes, whereas the droplet size distribution in the K/W
emulsionwithoutLPEM(Figure 8C) wasmore homogeneous, but
with larger droplets than in the emulsions stabilized by LPEM.

Droplet Size Distribution. The distribution of droplet radius
for the creamed emulsions stabilized with LPEM is shown in
Figure 9, in which it can be observed that the K/W emulsion
without LPEM comprised 55.6% of droplets of radius between
60.0 and 79.9 μm and 29.6% of droplets of radius between
80.0 and 99.9 μm respectively, whereas the K/W emulsions
stabilized by LPEM obtained from fermentation of grape marc
hydrolysates or commercial sugars contained 85.5 or 64.4% of
droplets of radius <19.9 μm. It is known that emulsions with
smaller droplets cream more slowly and create more stable
emulsions (24).

Viscosity. LPEM increased the viscosity of the K/W emulsion
by 48.5 and 52.5% for K/W emulsions stabilized by LPEM from
commercial medium or grape marc hydrolysates compared with
K/W emulsions in the absence of LPEM. The viscosity values of
the K/W emulsion stabilized with LPEM obtained from fermen-
tation of grape marc hydrolysates or commercial sugars were 496
and 344 cP, respectively, whereas emulsions in the absence of
LPEM gave viscosity values around 236 cP for grape marc
hydrolysates and 167 cP for commercial sugars.

During the production of bioemulsifiers fromgrapemarc using
L. pentosus, not only are bioemulsifiers obtained but also lactic
acid and biosurfactants (8, 25). This fact would increase the
profits of the process, because various subproducts can be
obtained in a single fermentation step. On the other hand, we
have to take into account that grape marc can be toxic for plants
when it is spilled to the environmental without any stabilization of
the organicmatter (26). Consequently, when bioemulsifiers, lactic
acid, or biosurfactants are produced from grape marc hydro-
lysates not only are valuable products obtained but also a residue
is removed from the environmental.

On the basis of the previous assays this study concludes thatL.
pentosus produces extracellular emulsifiers by fermentation of
grape marc hydrolysate and that these emulsifiers stabilize K/W
emulsions with results comparable to, and in some cases even
better than, those obtained with a chemical emulsifier (SDS),
although further investigations are required to determine the
composition of the LPEM.
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