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Abstract

Two hundred and fifty bacterial strains were isolated from pinyon rhizosphere and screened for biosurfactants production. Among them,
six bacterial strains were selected for their potential to produce biosurfactants using two low cost wastes, crude glycerol and lactoserum,
as raw material. Both wastes were useful for producing biosurfactants because of their high content in fat and carbohydrates. The six
strains were identified by 16S rDNA with an identity percentage higher than 95%, three strains belonged to Enterobacter sp., Pseudomonas
aeruginosa, Bacillus pumilus and Rhizobium sp. All strains assayed were able to grow and showed halos around the colonies as evidence of
biosurfactants production on Cetyl Trimethyl Ammonium Bromide agar with crude glycerol and lactoserum as substrate. In a mineral salt
liquid medium enriched with both wastes, the biosurfactants were produced and collected from free cell medium after 72 h incubation.
The biosurfactants produced reduced the surface tension from 69 to 30 mN/m with an emulsification index of diesel at approximately
60%. The results suggest that biosurfactants produced by rhizosphere bacteria from pinyon have promising environmental applications.
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Introduction

Biosurfactants (BS) are exopolymers mainly pro-
duced by bacteria, yeasts and fungi (Desai and Banat,
1997). BS are amphiphilic biomolecules, with hydro-
phobic and hydrophilic portions. The hydrophobic
part of the molecule is based on saturated or unsatu-
rated fatty acids. The hydrophilic portion can be either
cationic and anionic amino acids or mono-, di-, and
polysaccharides (Banat et al., 2000). Among the various
species of BS, rhamnolipids have been studied exten-
sively; they are among the most effective BS synthe-
sized by Pseudomonas aeruginosa (Prieto et al., 2008).
Some other BS widely known are surfactin produced by
Bacillus subtilis, sophorolipids by Candida bombicola
(Rosenber and Ron, 1999) and emulsan by Acinetobacter
calcoaceticus (Karanth et al., 1999). Some Burkholderia
sp. have demonstrated to be very useful in producing
a considerable diversity of glycolipids (Pérez et al., 2010).

BS reduce surface and interfacial tension at gas-
liquid-solid interfaces and have emulsification and
foaming properties (Dubey et al., 2012; Freitas et al.,

2013; Vecino etal., 2013). BS have advantages over
the highly used synthetic surfactants, such as lower
toxicity or higher stability over extreme temperature,
pressure, pH values and salinity conditions (Gudifia
etal., 2013). Because of these advantages BS have
extensive applications in oil recovery (Youssef etal.,
2007), bioremediation of persistent organic pollutants,
and also in industrial fields as food production and
pharmaceutical (Banat et al., 2010; Ferhat et al., 2011;
Fonseca etal., 2011).

Exploration of the microbial diversity of water and
soil environments, along with the isolation and cul-
tivation of biosurfactant-producing microorganisms
(Makkar and Cameotra, 2002), are highly desired in
order to enhance the biotechnological production of
BS (Yaiiez-Ocampo and Wong-Villareal, 2013). The
search for biosurfactant-producing microorganisms in
the pinyon plant (Jatropha curcas L.) seems to have tre-
mendous potential. This is primarily due to the natural
ability of this plant to survive and grow under extreme
environmental conditions, such as dryness and mar-
ginal soil (Abou-Kheira and Atta, 2009), and besides
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the lack of knowledge about the interaction between
microbes and pinyon roots.

Additionally, agro-industrial organic wastes has
recently been used as substrate to cultivate BS due to
its low cost and high availability (Cassidy and Hudak,
2001; Kitamoto et al., 2002; Abbasi et al., 2012; 2013). It
is well known that wastes from palm oil, canola oil, soy-
bean, glycerol and buttermilk, may be used to achieve
an increase in production of about ten times in the
mass of BS produced higher than that obtained when
the production media contain glucose as the carbon
source (Makkar and Cameotra, 2002). For instance,
Ron and Rosenberg (2001) and Abbasi etal. (2012)
demonstrated that BS can be produced by P. aerugi-
nosa through fruit wastes, waste vegetable oil and food-
industry wastes as the substrate. In this context, agro-
industrial wastes generated in Chiapas are low cost raw
material, renewable and abundant throughout the year,
with a total generation of about 28-140 thousand tons
per year. These wastes include crops and processing
residues of corn, coftee, cocoa, mango, banana, oil palm
and buttermilk (SAGARPA, 2007; Valdéz-Vazquez
etal., 2010). Likewise, huge amounts of glycerol were
generated from the biodiesel fuel production in Chia-
pas during a 5 years operation period and, because this
crude glycerol is expensive to purify for use in other
industries, it remains without any disposal method and
becoming a significant environmental problem, but
potentially valuable as substrate to produce BS.

Hence, the isolation of bacteria strains from pinyon
rhizosphere capable of biosurfactant production by
using four agro-industrial wastes as substrate is of inter-
est in commercial production. In the present study, the
presence of potential biosurfactant producer bacteria
was determined by the formation of a complex with
CTAB with methylene blue as an indicator. Moreover,
growth kinetics and BS production were described for
those strains with potential biosurfactant producer
properties. The surface tension and the emulsification
index have also been measured. Finally, sequencing
identification of 16S rRNA has also been used for bac-
terial identification.

Experimental
Materials and Methods

Agro-industrial waste material. Four different
agro-industrial wastes were used as substrates to pro-
duce BS. Lactoserum, coftee husk and palm oil cake res-
idues were obtained from the Ocosingo and Palenque
regions of Chiapas in Mexico. Crude glycerol was
obtained from biodiesel production process via trans-
esterification of waste vegetable oil, also in Chiapas.
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Physicochemical characterization of agro-indu-
strial wastes. Nitrogen content was measured by
Kjeldahl method and protein content was estimated
using an appropriate Nitrogen Factor, carbohydrates
were measured by a gravimetric method and fat content
was measured gravimetrically after Soxhlet extraction
using hexane as a solvent according to the procedures
outlined in Standard Methods (APHA, 2001). The
results were expressed as weight percent.

Isolation of bacterial strains from pinyon rhizo-
sphere. Pinyon plants (Jatropha curcas L.) were col-
lected from the municipality of Mazatan, Tapachula,
Tonald in the state of Chiapas, Mexico. From each sam-
ple, approximately 1 g of the plant root was first mixed
with 9 ml of MgSO ,-7H,010mM in tubes, and shaken
vigorously to obtain a solution containing microorgan-
isms from pinyon rhizosphere. Two hudred pl of sam-
ple solution was then streaked on semisolid medium
Baz (g/l): azelaic acid 2.0, K. HPO, 0.4, KH,PO, 0.4,
MgSO,-7H,0 0.2, CaCl 0.02, Na,MoO,-H,0 0.002,
FeCl, 0.01, bromothymol blue 0.075, agar 2.3, pH 5.7
and incubated at 28°C for a week. Samples that showed
bacterial growth were streaked twice again. Selected
samples were inoculated in solid medium BAc: 0.2%
azelaic acid, 0.02% L-citrulline, 0.04% K, HPO,, 0.04%
KH,PO,, 0.02% MgSO,-7H,0 (Estrada de los Santos
etal., 2001) enriched with cyclohexamide (100 mg/1).
After 7 h of incubation at 28°C, colonies with different
morphology were selected and further purified in BAc
medium. To confirm the purity, isolates were trans-
ferred to PY medium (g/1): peptone 5, meat extract 3,
agar 15. Purified colonies were prepared in 70% gly-
cerol and stored at -70°C, to preserve them for further
characterization.

Preliminary experiments to evaluate BS forma-
tion. Strains were transferred to PY agar (as activation
medium), and incubated for 24 h at 30°C. Subsequently,
strains were inoculated again on CTAB agar (g/l):
KH,PO, 0.7, Na H PO,-7HO 1.7, (NH,) SO, 2.32,
MgSO, - 7H,0 0.4, hexadecyltrimethylammonium bro-
mide (CTAB) 0.2, agar base 15, agro-industrial waste
20, methylene blue (MB) 0.03; with each agro-indus-
trial waste, and incubated for 48 h at 30°C. P. aeruginosa
ATCC 27853 was used as a positive control. Bacterial
colonies surrounded by a translucent halo were identi-
fied as a potential biosurfactant producer. The former,
based on the property that BS can be determined by the
formation of a complex with CTAB with methylene blue
as indicator. In this method, methylene blue is reduced
to methylene white by an excess of reducing sugar that
generates translucent halos. The detection of the translu-
cent halos formed due to complexation between anionic
rhamnolipids and cationic MB/CTAB confirmed the
presence of potential biosurfactant producer bacteria.



2 Biosurfactants production using organic wastes 185

Growth Kkinetics in liquid culture medium.
Growth kinetics and BS production were described
for those strains with potential biosurfactant producer
bacteria. A pre-inoculum in PY medium was incubated
at 30°C for 24 h. For biomass collection, samples were
centrifuged at 10.000 x g during 20 min at 4°C. Growth
kinetic was conducted in Erlenmeyer flask (125 ml)
containing 80 ml aliquots of mineral salt media. For
each strain, the mineral media was supplemented with
20 g/1 carbon source, from its respective agro-industrial
residue, and the flasks were inoculated with a 1% (v/v)
inoculum. Kinetics were monitored for 72 h. At regular
intervals, samples were submitted to analysis of biomass
by dry weight and to BS production by surface tension.

Surface tension measurement. BS production was
quantified through the determination of surface ten-
sion. Culture samples were centrifuged at 15.000 x g for
20 min at 4°C to remove the cells and the supernatant
was submitted to surface tension measurements. Sur-
face tension was carried out by the Whilhelmy plate
method using an Easy Dine KRUSS K20 Tensiometer.
This method consists in determining the force exerted
on the liquid surface by a platinum plate until it pene-
trates a certain depth from the liquid surface and breaks
the interfacial surface tension. For the measurements,
distilled water was used as a control with a surface ten-
sion of 66-67 mN/m.

Emulsification Index (EI,,%). The emulsification
index of culture samples was determined by adding
2 ml of cell-free supernatant to 2 ml of diesel in a test
tube, mixing with a vortex for 1 min and leaving to
stand for 24 h at environmental temperature. Emulsions
formed by the isolates were compared to those formed
by Sodium Dodecyl Sulfate (SDS) 5% (w/v) as control.
The emulsification index was calculated by dividing the
height of the emulsion layer (H,) by the total height of
the mixture (H,) and multiplying by 100, as following:
EL, (%)= (H,/H,)*100. Finally, EI,, was carried out at
the beginning of the test and 24 h later, to confirm its
stability through time (Abbasi et al., 2011).

All experimental measurements were performed in
triplicate, data were averaged and was calculated stand-
ard deviation using Minitab® 17 software package.

Sequencing identification of 16S rRNA. 16S ribo-
somal RNA gene was amplified by using rD1 and {D1
oligonucleotides according to conditions described

by Saitou and Nei (1987) and Weisburg et al. (1991).
The amplification products were purified in gel using
the purification kit GeneJET (Thermo Scientific).
The purified products were sent for sequencing con-
struction to the Sequencing Unit at the Biotechnology
Institute of the National Autonomous University of
Mexico (UNAM). Sequence of the 16S rRNA isolates
were compared with 16S rRNA genes from the Gen-
Bank database.
Results

Physicochemical characterization of agro-indus-
trial residues. Agro-industrial residues were analysed
to determine its composition. Protein, carbohydrate
and fat content were quantified from lactoserum, cof-
fee husk, palm oil cake and crude glycerol residues
(Table I). Crude glycerol showed the highest carbohy-
drate content among the four residues.

Strains selection from preliminary detection of
biosurfactant assays. Two hundred fifty bacterial
strains from pinyon rhizosphere were isolated and
further inoculated on CTAB agar using lactoserum,
coffee husk, palm oil cake and crude glycerol residues.
Blue methylene was used as indicator of BS produc-
tion. Translucent halos were detected in six strains from
lactoserum and crude glycerol residues, demonstrating
the presence of BS. Strains were named based on the
agro-industrial residue that allowed the evident halo
presence. Strains showing halo in lactoserum were
named LS1, LS8 and LS147; strains showing a halo in
crude glycerol were named CG12, CG18 and CG101
(Table II).

Growth Kkinetics in liquid culture medium with
CG and LS. Growth kinetics were carried out in liquid
culture medium with lactoserum and crude glycerol
using LS1, LS8, LS147 strains and CG12, CG18, CG101
strains respectively. As shown in Fig. 1, the exponential
growth of biomass from CGI18 strains was observed
and the maximum biomass (2.1 g/l) was reached at 48 h
of cultivation; while the maximum growth of biomass
using lactoserum was reached at 48 h of cultivation with
LS8 strain (1.34 g/1). All strains showed typical bacterial
growth with both agro-industrial wastes.

Surface tension and emulsification index. BS pro-
duction was quantified by surface tension measurements
and emulsification index using diesel as hydrophobic

Table I

Physicochemical analysis of agro-industrial wastes

Physicochemical Agro-industrial wastes

parameter (%) Lactoserum Crude glycerol Coffee waste Oil palm cake
Proteins 0.54+0.06 0.93+0.013 0.94+0.06 2.59+0.13
Carbohydrates 7.03+£0.024 31.76 £0.15 21.21+0.00 12.84+0.00
Fats and oils 4.23+0.36 53.69+0.136 2.7+0.64 6.6£0.09
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Table IT
Test result of BS presence on agar CTAB and agro-industrial waste
Agar CTAB and Bacterial strains isolated from pinyon rhizosphere
agro-industrial waste | gy LS8 | LS147 | CGI2 | CGI8 | CGl01 | PA
Lactoserum + + + - - - -
Crude glycerol NC NC NC + + + +
Coffee husk - - - NC NC NC NC
Oil palm cake - - - NC NC NC NC

PA = Pseudomonas aeruginosa ATCC 27853. NC = no growth. + = positive response and halo presence.

- = negative response, growth without halo

phase (EL,%). Cell-free supernatant from lactoserum
and crude glycerol culture samples were analysed.
Figures 2A and 2B showed the response surfaces
determined at 72h of the growth kinetic assays. The
results obtained showed that BS produced by CG12,
CG18 and CG101 strains reduced the surface tension
to 28-30 mN/m, meanwhile LS1, LS8 and LS147 strains
reduced the surface tension to 38-43 mN/m. On the
other hand, emulsification activity was quantified by
determining EI,%. The biosurfactants produced by

Biomass Dry Weight (g/1)

lactoserum strains showed emulsification index values
of 44 to 69% whereas BS produced by crude glycerine
strains showed EI, values of 5 and 26%.

Sequencing of 16S rRNA gene. Sequencing of 16S
rDNA showed that strain LS1 was closely related to
Enterobacter sp. CIFRI D-TSB-9-ZMA, strain LS8 to
Enterobacter sp., strain LS147 to P. aeruginosa SWD,
strain CG12 to B. pumilus OCOBS5, strain CG18 to
Rhizobium sp. BGC8 and finally, strain CG101 was
related to Enterobacter sp. NCCP-291 (table IIT).
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Fig. 1. Growth of CG and LS strains during cultivation at 30°C in a culture medium with mineral salts,
crude glycerol (up) and lactoserum (down) as carbon source
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Fig. 2. Surface tension and emulsification index of BS from CG and LS strains, after 72 h incubation.

ST =surface tension (up). EI,,% = emulsificaton index (down). PA ATCC 27853 = P. aeruginosa reference strain.
SDS =Sodium Dodecyl Sulfate. DW = Distilled water

Discussion

It is estimated that the raw material accounts for
30-40% of the total production cost in most biotech-
nological processes (Liu et al., 2011; Pereira et al., 2013).
In order to reduce cost for biosurfactants production
at industrial scale, it is desirable to use low cost raw
materials (Jain et al., 2013a; 2013b). In this paper, crude
glycerol and lactoserum wastes, due to their content
in fat and carbohydrates, were used as carbon source
for biosurfactant production by bacteria. According
to Gudifa etal. (2015), the high nutritional content

Table III
Molecular characterization by 16S rDNA gene
and the percentage of identity of the bacterial strains isolated
from pinyon rhizosphere

Strain code Name of specie % Identity
LS1 Enterobacter sp. CIFRI D-TSB-9-ZMA 95
LS8 Enterobacter sp. 95
LS147 P. aeruginosa SWD 96
CGI2 B. pumilus OCOB5 97
CG18 Rhizobium sp. BGC8 98
CG101 Enterobacter sp. NCCP-291 93

of both substrates, along with their low price, make
them useful to be used as culture medium or nutrient
supplements for microorganisms in diverse industrial
fermentation processes.

In contrast, the low content in fat and carbohy-
drate in coffee husk and palm oil cake wastes, do not
suggest that they can be used as raw material for BS
production (Makkar and Cameotra, 2002). There are
few reports on utilizing these wastes to BS production
by microorganisms (Jain et al., 2013a; 2013b; Rocha e
Silva et al., 2014).

In the CTAB agar test for tensoactive agents, growth
and presence of halo around bacterial colonies of LS1,
LS8, LS147, CG12, CG18 and CGI101 strains was
observed. However, on CTAB agar with coffee husk and
palm oil cake wastes, LS strains grew but there was no
halo. Same behaviour was observed with CG strains on
lactoserum, there was no evidence of a halo. This sug-
gests that thecarbon source from both wastes, employed
for synthesis of biomass.

CTAB agar, is a selective culture medium that con-
tirms glycolipids presence. This medium has been used
for anionic biosurfactants detection like rhamnolipids
produced by Pseudomonas sp. (Siegmund and Wag-
ner, 1991; Soberon-Chavez etal., 2005; Smyth etal.,
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2010). In the CTAB agar assay, the strain P.aerugi-
nosa ATCC 27853 was employed as positive control,
so probably the BS produced by CG and LS strains are
glycolipidic nature.

The LS strains were not capable to grow on crude
glycerol. Probably impurities from crude glycerol pro-
duced an inhibitory growth effect. According to da
Silva et al. (2009), Fonseca et al. (2009; 2011), glycerol
is a biodegradable molecule by aerobic or anaerobic
pathway, however because its alkalinity and impurities,
it is necessary to neutralize and filter it, in order that
microorganisms can use it as carbon source. Liu et al.
(2011) and Rywinska et al. (2013) have reported alkali
12-16%, methyl esther 15-18%, methanol 8-12% and
water 2-3% as glycerin impurities.

During the kinetics performed in liquid medium
with crude glycerol and lactoserum, the strains CG and
LS had a typical microbial behaviour growth. In station-
ary growth phase (50 h), the quantity of biomass, in dry
weight, for CG12, CG18 and CG101 strains was 1.51,
1.54, 1.06 g/l respectively, whereas LS1, LS8 and LS147
strains produced 1.31, 1.34 y 0.84 g/l respectively. These
results indicate that the bacterial strains isolated from
pinyon rhizosphere are capable to grow on crude gly-
cerol and lactoserum, as the only carbon source.

In parallel with kinetic growth, the surface tension
(ST) from cell-free supernatants was quantified in order
to evidence BS production. The CG strains reduced
ST between 28-30mN/m and LS strains between
38-42 mN/m. Gudina et al. (2015) and Al-Bahry et al.
(2013) also used ST to show BS production in a liquid
medium with molasses as carbon source, in which
B. subtilis and P, aeruginosa were grown. The ST reported
by both authors was 23 and 30 mN/m respectively.

The emulsification indexes of cell-free supernatants
showed that BS produced by the bacterial strains iso-
lated from pinyon rhizosphere, have emulsifier proper-
ties stable by 24 hours (strains CG 5-26% and strains
LS 44 a 69%). The ability to form stable emulsions is an
important feature to be considered for the application
of biosurfactants, mainly for environmental applica-
tions such as bioremediation and enhanced oil recovery
(Gudina et al., 2015).

BS produced by CG and LS strains cultured with
crude glycerol and lactoserum had a similar behaviour
in ST and EL,%, to positive controls: BS from P, aeru-
ginosa ATCC 27853 (25 mN/m, 38 EL, %) also synthetic
surfactant SDS 5% (29 mN/m, 56 EI,%). Distilled water
was used as negative control (69 mN/m, 1.2 EL, %). Thus,
a cell-free broth-containing biosurfactant can be directly
used without purification steps, which would further
reduce the biosurfactant production cost (Déziel et al.,
1999). Biosurfactants produced by CG and LS strains,
can be applied in enhanced oil recovery. Similar results
were obtained by Nalini and Parthasarathi (2014).
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In this study, two hundred and fifty strains were iso-
lated from the pinyon rhizosphere of plants collected
in Chiapas. Six of them demonstrated potential biosur-
factant production. It was evident that crude glycerol
and lactoserum are wastes that can be used as raw mate-
rial for biosurfactant production. These BS can reduce
the surface tension and emulsify diesel. The strains
CG12 and CG18 identified as B. pumilus OCOB5 and
Rhizobium sp. BGC8 are not yet reported as biosur-
factants producers. The results are of great interest for
biotechnology applications in bioremediation of heavy
metals, hydrocarbons and pesticides (Sastoque-Cala
etal.,, 2010). They suggested that strains that showed
BS are also capable to solubilize phosphates, grow in
insoluble carbon sources such as benzene and phenol
and, at the same time, desorb heavy metals in soil.
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