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In this research, biosurfactant-producing bacteria were isolated from the outlet
sludge of a canteen and one promising strain was identified through 16S rDNA sequence
as Bacillus amyloliquefaciens. This strain can utilize water-soluble carbon source and the
FT-IR analysis indicated the biosurfactant was probably glycolipids. Further factors (fer-
mentation time, temperature, carbon source, nitrogen source, ion concentration) affecting
the biosurfactant production were determined. The optimum fermentation conditions and
nutrient concentration were as follows: fermentation time 48 h, temperature 30 °C, fer-
mentation pH 6, glucose concentration 30 g L', peptone concentration 4 g L™, total
phosphorus concentration 8 g L', sodium chloride concentration 2 g L', magnesium
sulfate concentration 0.25 g L', and calcium chloride concentration 0.04 g L™'. In such
conditions, the surface tension of the solution was 28 mN m™'. At the same time, the
formation of biosurfactant and nano-silica complex system was discussed to improve the
biosurfactant performance and provide the basis for expanding the application scope of

biosurfactant.
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Introduction

Petroleum hydrocarbon is the main source of
energy in the world, as well as the main pollutant of
soil and water. Accidental spills, uncontrolled
landfills or improper storage and leaking under-
ground storage tanks can all lead to contamination'.
Compared with physicochemical methods, bioreme-
diation has gained increasing interest in dealing
with petroleum hydrocarbons, as it is environmen-
tally friendly, cost-effective, efficient, while the end
products of this process are mostly not harmful to
environment’. Bioremediation refers to the com-
plete elimination or conversion of toxic recalcitrant
compounds into non-toxic forms by a bacterium or
a microbial consortium®. However, microbial bio-
degradation is usually impeded by the limited low
water solubility of petroleum hydrocarbon and lim-
ited capacity of bacteria to access and degrade the
substrate*. The bioavailability of hydrocarbons can
be enhanced by adding biosurfactant to the contam-
inated ecosystems to facilitate the uptake of bacte-

ria’.

Also, the biosurfactant can help the oil recov-
ery process during water flooding in the oil field.
Biosurfactants are a diverse group of surface-active
chemical compounds with unique biochemical
properties and are produced by a wide variety of
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microorganisms®. Based on the chemical composi-
tion and microbial origin, biosurfactants are
classified as glycolipids, lipopeptides, fatty acids,
polymeric type and particulate biosurfactants’. The
most commonly isolated biosurfactants are glyco-
lipids and lipopeptides, such as rhamnolipids®, so-
phorolipids’®, surfactin and iturin'®. Lipopeptides are
effective biosurfactants which are usually produced
by Bacillus strains.

Biosurfactants are amphiphilic compounds
containing both hydrophilic and hydrophobic moi-
eties in their structure and can reduce both surface
and intersurface tensions which make them useful
in emulsification processes®. They can form mi-
celles to facilitate the process of emulsification of
hydrocarbons in aqueous phase and enhance their
availability for microbial uptake and degradation'!,
the enhancement of biosurfactants is probably due
to the increase in cell surface hydrophobicity that
allows direct contact between the cell and the hy-
drocarbons'?. Hence, they have potential for appli-
cation in the degradation of hydrocarbon pollutants.

Compared with chemically synthesized surfac-
tants, biosurfactants are of better environmental
compatibility, higher foaming activity, lower toxici-
ty, higher selectivity, biodegradability and specific
activity in extreme conditions (temperatures, pH,
and salinities)'>'*. These attributes make biosurfac-
tants promising alternatives to chemical surfactants
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most of which are costly, cause decreased microbial

activity and do not function well under extreme

conditions, thus raising serious environmental con-
15

cern',

Research in the area of biosurfactants has at-
tracted much attention due to their potential use in
different areas, such as the food, agricultural and
pharmaceutical industries, enhanced oil recovery
and remediation of oil spills, petro-chemistry, paper
and pulp industry'®!’. Apart from this, Durgesh
Narain Singh® reported a strain that produced copi-
ous amounts of biosurfactant when coal was added
to the medium, which may be useful in the coal bed
for in situ biotransformation of coal into methane.
Biosurfactants could be useful in a variety of bio-
technological and industrial processes, particularly
in the oil industry'®. A reduction of toxicity in crude
oil by using biosurfactant-producing bacteria may
also support the growth of other hydrocarbon-de-
grading bacterial strains to augment the process of
oil degradation'.

The purposes of this study were to isolate a
strain that could produce a biosurfactant from a car-
bon source and investigate the cultural factors af-
fecting the production of the extracellular biosur-
factants to find the optimal composition of the
growth medium and optimum culture conditions for
the production in flask. The characteristics of the
extracted biosurfactant have been studied. In addi-
tion, when the surfactant is used in the petrochemi-
cal industry, it can be compounded with other re-
agents and compounds, and the performance of the
surfactant is greatly improved®. Therefore, in this
paper the formation of biosurfactants and nano-sili-
ca complex was discussed to improve the biosurfac-
tant performance and provide the basis for expand-
ing their scope of application.

Materials and methods
Materials

All chemicals of analytical reagent grade were
purchased from Beijing Chemical Factory (Beijing,
China). All the biochemical reagents were pur-
chased from Beijing Biological Technology Factory
(Beijing, China). The strains were stored in a tube
slant culture at 4 °C. General biological equipment
was purchased from Shanghai Precision Instrument
Co., LTD (Shanghai, China).

Culture media and microorganism culture

The composition of blue agar culture medium
was as follows (per liter): cetyltrimethylammonium
bromide (CTAB) 5.00 g, methylene blue 0.02 g,
beef extract 5.00 g, peptone 10.00 g, NaCl 5.00 g,

agar 20.00 g. Fermentation/enrichment medium
contained (per liter): glucose 20.00 g, peptone 4.00 g,
KH PO, 5.00 g, K. HPO, 5.00 g, MgSO, - 7H,0 0.25 g,
NaCl 2.00 g, CaCl, 0.08 g. Starch agar medium
was composed of (per liter): peptone 10.00 g, beef
extract 5.00 g, starch 2.00 g, agar 20.00 g. The com-
position of peptone water medium was as follows
(per liter): peptone 10.00 g, NaCl 5.00 g, pH 7.6.
Citrate medium was composed of (per liter): NH,H,PO,
1.00 g, K. HPO, 1.00 g, NaCl 5.00 g, MgSO, 0.20 g,
sodium citrate 2.00 g, agar 20.00 g, 1 % (w/w) bro-
mine thymol blue ethanol solution 10 mL, pH 6.8.

Isolation of hydrocarbon-degrading
microorganisms

1 g canteen outfall sludge was added to 99 mL
stilled water as 107" dilution, then 1 mL solution
was diluted in 10 times until 103 times. 5 mL dilu-
tion was added to a 100 mL flask containing 50 mL
enrichment culture medium, and cultured at 30 °C,
150 rpm for 2 d.

The dilution was smeared on the blue agar cul-
ture medium and cultured in the incubator at 30 °C
for about 6 days, the strains with blue circle pro-
duced around the colonies were isolated and puri-
fied, and stored in the slant culture at 4 °C.

Isolation of biosurfactant-producing
microorganisms

Each isolated strain was first activated and in-
cubated into the 250 mL flask with 50 mL fermen-
tation culture medium at the amount of 10 %, then
incubated at 28 °C, 150 rpm for 2 days.

The biosurfactant produced was measured by
the oil spreading method, and the diameter of the
clear zone on the oil surface was related to the con-
centration of biosurfactant?!.

For the oil spreading experiment, 60 mL of dis-
tilled water was added to a large petri dish, followed
by addition of 8§ mL of liquid paraffin to the surface
of the water to form an oil membrane. The fermen-
tation liquor (1 mL) was added to the surface of oil
membrane. The diameter of the clear zone on the oil
surface was measured, and strains with diameter of
the clear zone larger than 3 cm were chosen for next
research.

Identification of biosurfactant-producing strain

For 16S rDNA gene amplification, the genomic
DNA of optimum strain was extracted using Andy-
bio DNA kit following the manufacturer’s instruc-
tions.

The 16S rDNA was amplified using the uni-
versal primers. PCR amplification was performed
under the following conditions: 4 min at 94 °C;
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35 cycles of 30 sec at 94 °C, 30 sec at 52 °C, and
2 min at 72 °C, plus an additional 10 min cycle at
72 °C. The automatic sequence was carried out by
Beijing Sun Biotech Co., Ltd. The 16S rDNA se-
quence was checked in GeneBank.

Optimum culture conditions
for biosurfactant production

Experiments for optimum fermentation time

As the diameter of exclusive circle of biosur-
factant was related to the concentration and activity
of biosurfactant, a loop of slant culture was inocu-
lated to the 250 mL flask with 50 mL fermentation
culture medium, the fermentation experiment was
carried out at 30 °C, 160 rpm, with an initial pH
of 6. The diameter of exclusive circle was measured
every 4 hours and the curve of the exclusive cir-
cle-time relationship was made.

Experiments for optimum culture conditions

To study the effect of pH on biosurfactant pro-
duction, pH of the fermentation medium was ad-
justed to 4, 5, 6, 7, 8, 9, and cultured in the same
conditions as in 2.6.1. Similarly, the temperature
was adjusted to 25 °C — 40 °C to determine the ef-
fect of temperature on biosurfactant production.

Different carbon source may have a different
effect on biosurfactant production; glucose, lactose,
liquid paraffin and soluble starch (all at 20 g L)
were chosen as carbon source, while the other con-
stituents remained the same to determine the best
carbon source, and a set of 1 %, 2 %, 3 %, 4 %, 5 %
of the concentration of the best carbon source was
arranged to detect the optimum carbon source con-
centration. Similarly, based on the fermentation me-
dium, NH,Cl, peptone, yeast extract, NH,NO,, urea,
NaNO, (4 g L") was added as nitrogen source in
the fermentation medium to determine the optimum
nitrogen source. In addition, the ratio of KH,PO, to
K, HPO, (w/w) was 1:1, the total phosphate concen-
tration was set as 0.6 g L' to 1.4 g L' to determine
the optimum phosphate concentration. The mass
fraction of NaCl was setas 0 g L' t0o 0.5 g L!; and
concentration of Ca?*, Mg?" was set as 0, 0.04 g L,
008 g L', 012 gL' 0.16 g L', 0.2 g L' and
0,025gLL05gL"1,075¢gL" 1gL"!to deter-
mine the optimal fermentation conditions.

Preliminary characterization of biosurfactant

The fermentation liquor was centrifuged at
10000 rpm for 20 minutes, supernatant was adjust-
ed to pH 2 by concentrated hydrochloric acid, stored
overnight at 4 °C; then centralized again at 10000 rpm
for 20 minutes, sediment was collected, washed and
diluted with hydrochloric acid of pH 2, and then ad-

justed to pH 7 by 1 mol L' NaOH solution, crude
biosurfactant was obtained after drying at 60 °C.
Crude biosurfactant was extracted by CH,Cl,, after
extraction CH,Cl, was removed by rotary evapora-
tion, pure biosurfactant was obtained after drying at
60 °C.

Fourier transform infrared spectroscopy (Nico-
let 5700, Thermo-Electron Co. Ltd, Madison, WI
USA) was used for the analysis of the component of
purified biosurfactant. About 2 mg of dried biosur-
factant was milled with 200 mg of KBr to form a
very fine powder. This powder was then compressed
into a thin pellet which could be analyzed by FT-IR
spectra measurement in the wave number range of
4000—400 cm ™.

The composite of biosurfactant and nano SiO,

A certain concentration of biosurfactant solu-
tion was prepared. For the oil spreading experiment,
the diameter of the clear zone on the oil surface was
measured. A certain quantity of nano-silica (particle
diameter: 1545 nm) was added in the biosurfactant
solution and the solution was mixed in an ultrasonic
generator for 40 minutes to form the mixture. The
diameter of the clear zone on the oil surface was
then measured.

Analytical methods

The pH was measured by a pH meter (PHS-3B,
Shanghai Precision & Scientific Instrument Co.
Ltd, Shanghai, China). Surface tension was mea-
sured by a surface tensiometer (Shanghai Precision
Instrument Co. Ltd.), and component of biosurfac-
tant was analyzed by Fourier transform infrared
spectroscopy (Nicolet 5700, Thermo-Electron Co.
Ltd, Madison, WI USA). The morphology of
nanoparticles was observed by TEM (JEM-2010,
Japan Hitachi Ltd., Japan). The water-oil interfacial
tension was measured by interfacial tension mea-
surement (QJZY-1, Shanghai Xuan Ping Scientific
Instrument Co. Ltd., China). All experiments were
carried out four times.

Results and discussion

Isolation of hydrocarbon-degrading
microorganisms

The canteen outfall sludge was diluted, and af-
ter enrichment the dilution was smeared on the blue
agar culture medium and cultured in the incubator.
As a result, 9 strains with blue circle produced
around the colonies were isolated and purified, and
stored in the slant culture at 4 °C.
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Isolation of biosurfactant-producing
microorganisms

Each isolated strain was first activated and then
incubated in the fermentation culture medium. After
fermentation, the biosurfactant produced was mea-
sured by the oil spreading method as mentioned
earlier. The diameter of the clear zone on the oil
surface was measured, and the results are shown in
Table 1.

Table 1 — Diameter of the clear zone on the oil surface of
different isolated strains

Strain 1 2 1314|516 7]8]9

Diameter/cm 3.7 3.1 25 24 24 20 1 0 0

As shown in Table 1, strain 1 has the largest
diameter of oil spreading circle, while strain 8

@ Bacillus sp. zzx16

and strain 9 did not produce biosurfactant at all,
strain 1 was chosen as the optimum biosurfac-
tant-producing microorganism. The diameter of the
clear zone on the oil surface was 3.7 cm. In other
literature??, the diameter of the clear zone was
3.4 cm. The biosurfactant production by bacterial
strain 1 was slightly higher. Also the optimal fer-
mentation conditions for biosurfactant production
were studied.

Identification of biosurfactant-producing
strain

The identification of strain 1 was carried out
through 16S rDNA sequence by Beijing Sun
Biotech Co. Ltd., which showed that strain 1
was 100 % identical to Bacillus amyloliquefaciens
and the Accession No. was HQ824986.1. The
phylogenetic neighbor-joining tree is shown in
Figure 1.

* # Bacillus amyloliquefaciens strain KOPRI 25811

@ Bacillus sp. 3403

@ Bacillus subtilis

8 Bacillus sp. XPP6-1

L
@ Bacillus sp. G1-13

]

# Bacillus amyloliquefaciens strain

| 0.0002 |

@ Bacillus amyloliquefaciens strain Dé

Fig. 1 — Phylogenetic neighbor-joining tree of the strain
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Optimal cultural conditions for biosurfactant
production of strain 1

Effect of fermentation time on biosurfactant
production

A loop of slant culture was inoculated to the
250 mL flask with 50 mL fermentation culture me-
dium, the fermentation experiment was carried out
at 30 °C, 160 rpm, with an initial pH of 6. The ex-
clusive circle was measured every 4 hours and the
curve of the exclusive circle-time relationship was
made as shown in Figure 2.

—

diameter {cm)

W77 7T VT T T T T T T T T T
] 4 8 12 16 20 24 28 32 36 40 44 48 52 B8 80

time (h}

Fig. 2 — Effect of fermentation time on biosurfactant production

As shown in Figure 2, the biosurfactant pro-
duced by strain 1 was a primary metabolite, the di-
ameter of explosive circle reached the max at 48 h,
and the produced biosurfactant might have been
consumed as nutrient as the fermentation went on,
the optimum fermentation time was 48 h.

Effect of pH on biosurfactant production

The pH of solution has an important influence
on the growth of microorganism. In the process of
microorganism growth, the pH may cause changes of
cell membrane, and thereby change the permeability
and electric charge of the membrane. At the same
time, pH may also cause changes in the degree of
ionization of various ionic substances required for
microorganism growth, and thus affect both the ab-
sorption of nutrients and the growth and reproduction
of microorganisms. On the other hand, the activity of
various enzymes involved in the microbial physio-
logical and biochemical activity is influenced by the
pH of the intracellular environment. Therefore, pH
for bacterial growth played a pivotal role.

As microorganisms can generally grow well in
the range of pH 4-9, the fermentation were carried
out with an initial pH of 4 to 9, inoculation amount
of 10 %, and cultured at 30 °C, 160 rpm, 48 hours.

The results are shown in Figure 3(a). The biosurfac-
tant production reached maximum at pH 6, indicat-
ing that the optimum fermentation initial pH was 6.

Effect of temperature on biosurfactant production

Temperature is an important survival factor of
microorganisms. Temperature affects the activity of
the enzyme and changes the rate of enzymatic reac-
tion. Within the appropriate temperature range, if
the temperature is increased, the enzymatic reaction
rate will increase and lead to a corresponding in-
crease in the rate of metabolism and growth rate of
the microorganisms. At appropriate temperature,
microorganisms can obtain the fastest growth and
reproduction rate.

Strain 1 was inoculated in the fermentation me-
dium with the inoculation amount of 10 %, pH of
6.0. The temperature gradient ranged from 25 °C to
40 °C. After fermentation at 160 rpm for 48 h, the
diameter of explosive circle was measured. The
results are shown in Figure 3(b). In the range of
25-30 °C, biosurfactant production increased as
the temperature increased. However, above 30 °C,
although Bacillus amyloliquefaciens was thermophilic,
the biosurfactant production decreased apparently; thus,
the optimum fermentation temperature was 30 °C.

Effect of carbon source on biosurfactant production

Carbon is one of the most essential elements
forming functional compounds, to all heterotrophic
microorganism, the carbon source also provides en-
ergy, the proper carbon source can assimilate the
growth and metabolism of microbes.

To determine the best carbon source for biosur-
factant production, the carbon source of the fermenta-
tion medium was replaced by lactose, liquid paraffin,
and soluble starch (all at 20 g L"), respectively. Fer-
mentation was carried out at 30 °C, 160 rpm, initial
pH of 6 for 48 hours. The results showed that fer-
mentation with glucose as carbon source had the larg-
est diameter of the explosive circle, and was easier to
utilize compared with other alternatives. The diame-
ters of the explosive circle of fermentation with lig-
uid paraffin and soluble starch as carbon source were
the same, and only a slightly smaller than with glu-
cose, indicating that liquid paraffin and soluble starch
could be the alternative carbon source, and might be
used in the biodegrading aspect.

Concentration of carbon source can affect the
osmotic pressure, extracellular hypertonic solution
can lead to plasmolysis, while hypotonic solution
makes cells swell; thus, only isotonic solution is
suitable for microbe growth and metabolism.

In order to assure the optimum carbon source
concentration for biosurfactant production, concen-
tration of glucose in the fermentation medium was
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Fig. 3 — Effect of pH, temperature, carbon source and nitrogen source on the biosurfactant production

adjusted to 10 g L', 20 g LY, 30 g L', 40 g L,
50 g L' with initial pH of 6 and cultured at 30 °C,
160 rpm for 48 hours. As the results show in Figure
3(c), in the range of 10-30 g L, the diameter of
explosive circle increased with higher concentra-
tions, but when above 30 g L', due to the viscosity,
it became unsuitable for microbe growth and bio-
surfactant production, and biosurfactant production
was limited. The suitable glucose concentration was
20-30 g L.

Effect of nitrogen source and phosphate
on biosurfactant production

Nitrogen is one of the main elements in the com-
position of protein and nucleic acid, and makes up
12-15 % of cell dry weight. To determine the best
nitrogen source for biosurfactant production, the ni-

trogen source of the fermentation medium was re-
placed with NaNO,, urea, yeast extract, peptone,
NH,CI (4 g L"), respectively, glucose concentration
was 30 g L™ with initial pH of 6, cultured at 30 °C,
160 rpm, 48 hours. The results indicated that ionized
nitrogen source is not easily utilized compared to
protein, and peptone was the most favorable nitrogen
source. Different carbon-nitrogen ratios have differ-
ent effects on microbes, and in order to produce bio-
surfactant, a proper carbon-nitrogen ratio is import-
ant. Fermentation was carried out with initial pH of
6, glucose 30 g L', 30 °C, 160 rpm, the concentra-
tion of peptone ranged from 0.2 % to 1 %, after 48 h,
the diameter of explosive circle was measured, and
the results are shown in Figure 3(d). In the low con-
centration, biosurfactant production increased with
higher concentrations, but above 4 g L', it became
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unsuitable for microbe growth and biosurfactant pro-
duction due to the viscosity limitation. The optimum
peptone concentration was 4 g L1,

Phosphate exists in many compounds, enzymes,
DNA and so on, microbes mainly obtain phosphate
from inorganic phosphate. A lack of phosphate may
lead to low activity of enzymes, which affects the
physiological function of microbes. In order to deter-
mine the optimum phosphate concentration the ratio
of KH,PO, to K,HPO, (w/w) was 1:1, the total phos-
phate concentration was set from 6 g L' to 14 g L,
with an initial pH of 6, glucose 30 g L', peptone 4 g L',
after fermentation at 30 °C, 160 rpm for 48 h, the
diameter of explosive circle was measured, and the
results are shown in Figure 4(a). The diameter of ex-
plosive circle reached maximum when the concentra-
tion was 8 g L™, high concentration of K* could have
an influence on the osmotic pressure, and lead to the
low production of biosurfactant. The optimum phos-
phate concentration was 8 g L.

6.0 7
5.5
5.0
4.5
4.0
2.5
2.0 a
2.5
20
1.E
1.0
0.0

Diameter (cm)

6 8 10 12

-1
Phosphate source (gl )

6.0
5.5
B0 7
4.5

4.0

3.5

2.0 C
25
20
16 .
10 -

Diameter icm)

X

025 050 075 1.00

-1
Magnesium sulfate (gL 1‘)

0.00

Diameter (cm)

Diameter (cm)

Effect of concentration of metallic ions
on biosurfactant production

Na* acts as a regulating substance and maintains
the osmotic pressure, proper concentration of Na*
should be achieved in the fermentation medium.

In order to determine the optimum salt concen-
tration for biosurfactant production, salt concentra-
tions ranged from 0 g L' to 5 g L™, with initial pH of
6, glucose 30 g L, peptone 4 g L', total phosphate
concentration of 8 g L, after fermentation at 30 °C,
160 rpm for 48 h, the diameter of explosive circle
was measured, and the results are shown in Figure
4(b). NaCl could promote the synthetizing of biosur-
factant, the diameter doubled when concentration of
NaCl was 2 g L' compared with no addition of
NaCl. However, high concentration of NaCl could
have caused the high osmotic pressure and thus re-
duced the production of biosurfactant. The optimum
concentration of NaCl was 2 g L.

In the growth process and metabolism of micro-
organism, certain trace elements act as regulators in
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Fig. 4 — Effect of phosphate, sodium, magnesium and calcium on the biosurfactant production
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the synthesis of physiologically active materials,
Mg** is cofactor and activator of a variety of en-
zymes, involved in many metabolic processes, such
as oxidative phosphorylation, glycolysis, cell repro-
duction, nucleic acid metabolism and protein synthe-
sis. Experiments were conducted to determine the
optimum concentration of Mg*" for microbe growth
and biosurfactant production. Fermentation medium
with an initial pH of 6, glucose 30 g L', peptone 4 g L',
NaCl 2 g L', total phosphate concentration of 8 g L,
concentration of Mg?* was set from 0 to 1 g L™, after
fermentation at 30 °C, 160 rpm for 48 h, and the re-
sults are shown in Figure 4(c). A certain concentra-
tion of Mg?* can advance the synthesis of biosurfac-
tant, but a high concentration of SO,* leads to sedi-
ment with Ca?', and decreases the production of
biosurfactant. The optimum concentration of MgSO,
was 0.25 g L.

Ca* can lower the permeability of cytoplasm, ad-
just the pH value and alleviate the damage caused by
other basic ions. Fermentation was carried out to de-
termine the optimum Ca?" density for biosurfactant
production, fermentation medium was composed of
glucose 30 g L', peptone 4 g L', NaCl 2 g L', total
phosphate concentration of 8 g L™', MgSO, 0.25 g L',
initial pH was 6, cultured at 30 °C, 160 rpm for 48 h
with a range of CaCl, from 0 to 0.2 g L'; the results
are shown in Figure 4(d). A larger amount of CaCl,
can promote the production of biosurfactant, but a
high concentration of CaCl, can lead to sediment with
MgSO,, the optimum concentration was 0.04 g L. As
shown in the results, optimum pH was 67, in this
range, pH had less effect on biosurfactant production,
and this was in agreement with a former report®. Glu-
cose was also the optimal carbon source, while
diameters of explosive circles with liquid paraffin and
soluble starch as carbon source were the same, and
only slightly smaller than with glucose, indicating that
they could be used as alternative carbon sources.

In general, MgSO, and phosphate addition was
important for the biosurfactant production. Phosphate
was a source of K and PO, and it can also act as a
buffer, and this result matched the description in the
other report*. CaCl, and NaCl were also important
for biosurfactant production in our research.

Analysis of the component in the biosurfactant
and measurement of surface tension

The infrared spectrum was employed as a con-
venient way to analyze the component in the super-
natant of fermentation broth. The results are shown
in Figure 5.

Infrared spectrum of the biosurfactant disclosed
a broad stretching peak at 3420 cm™', which was
characteristic of hydroxyl groups. Absorption
around 2930 cm™' was assigned to the symmetric

120 ; . , : l

10 e e

80

® 60

40

20

gfases
i

0 I ! } 1
4000 3500 3000 2500 2000 1500 1000 500 0

wavelength (/cm)
Fig. 5 — FT-IR spectra of the dried biosurfactant

stretch of CH, and CH, groups of aliphatic chains.
The absorption peak at 1640 cm™' showed the
existence of C=0O amide. The absorption around
1080 cm! was stretching of C-O-C, which could be
related to the presence of glycolipids substances in
the biosurfactant.

Biosurfactant production was evaluated for
surface tension reduction?*, surface tension was
measured by a surface tensiometer, and the surface
tension could be reduced to 28 mN m™'. Former re-
ports showed that surface tension could be reduced to
28 mN m™' % and 27 mN m™ %, indicating that strain
1 was of great value in biosurfactant research and
production. More research should be conducted.

The complex system of nano-SiO,-biosurfactant

A quantity of nano-silica was added to the
surfactant solution, after ultrasonic vibration treatment
to obtain the nano-silica composite with biosurfactant.
In order to improve the application effect of surfac-
tant, nano-silica particles with a surfactant complex
were formed. The diameter of oil spreading circle was
measured. Among them, the added mass of nano-sili-
ca was different. The diameters of oil spreading circle
are also shown in Table 2. When the nano-silica com-
pound was combined with the biosurfactant, the sur-
face-active property could be greatly improved. In the
oil-water interface layer, the hydrophilic group of sur-
factant was in the molecule of the aqueous phase, and
the lipophilic group was in the oil phase, forming
a certain intensity of water interfacial membrane. The
nanoparticles do not have such an amphiphilic struc-
ture, but also have the ability to stabilize the structure.
The nano-powder has high surface energy which can
absorb some of the molecules in solution, thereby
changing the wettability of the surface and reducing
surface tension. The optimum surface-active perfor-
mance was obtained when the mass ratio of surfactant
to nano-particles was 7:5.

At the same time, after studying the oil spreading
performance of nano-silica, the ability of the complex
system of nano-SiO -biosurfactant to reduce the inter-
facial tension between oil and water was investigated
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Table 2 — Diameter of the clear zone on the oil surface after biosurfactant and biosurfactant nano-treatment

Bio-surfactant | 0.10 % | 0.20 % 0.30 % | 0.40 % | 0.50 %
Diameter/cm 2.2 2.7 4 43 5
Bio-surfactant | 0.60 % | 0.70 % 0.80 % | 0.90 % | 1.00 %
Diameter/cm 5.8 6.2 6 6 6
Bio-surfactant+Nano | 0.7 %+0.1 % | 0.7 %+0.2 % 0.7 %+0.3 % | 0.7 %+0.4 % | 0.7 %+0.5 %
Diameter/cm 6.8 6.8 7.5 8.5 9
Bio-surfactant+Nano | 0.7 %+0.6 % | 0.7 %+0.7 % 0.7 %+0.8 % | 0.7 %+0.9 % | 0.7 %+1.0 %
Diameter/cm 8.6 7.9 7.5 7.6 7.2

and the result is shown in Figure 6. The mass ratio of
surfactant to nano-particles was 7:5 according to the
former research. The concentration of surfactant was
0.7 %. The interfacial tension rapidly declined
with time, and the biosurfactant was preferentially ad-
sorbed. The reason was that the nano-particle mole-
cule was relatively larger than the biosurfactant mole-
cule. The diffusion rate of nano-particle was slower.
However, later the nano-particle was absorbed by the
oil and water interface and then the interfacial tension
was reduced. This indicates that nano-silica can effec-
tively reduce the water-oil interfacial tension.

TEM analysis of the nano-system was carried
out at the same time. The solution was dropped on
the carbon film and after drying the sample was ob-
served by TEM. The observation is shown in Figure
7. It was shown that the system with nano-silica
formed a stable particle structure. The nano-parti-
cles and the surfactant formed a stable system,
which gave the oil-water interface membrane large
intensity. So, the oil droplets in the drawing process
could achieve a low interfacial tension value, and
maintain it for certain period of time.
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Fig. 6 — Interface tension after the treatment of biosurfactant
and nano-Si0, — biosurfactant

Fig. 7~ TEM observation of nano-SiO -biosurfactant

Conclusions

An efficient biosurfactant-producing strain was
isolated from canteen outfalls screened sludge. Fer-
mentation experiments showed the biosurfactant was
a primary metabolite and might be consumed as a
nutrient in the growth process, the maximum produc-
tion was reached at 48 hours. FT-IR analysis indicat-
ed the biosurfactant could be polysaccharide or poly-
saccharide-like. Identification of the 16S rDNA
indicated this strain was 100 % identical to Bacillus
amyloliquefaciens and the Accession No. was
HQ824986.1. The optimum fermentation medium for
biosurfactant production was glucose 30 g L', pep-
tone 4 g L', NaCl 2 g L', total phosphate concentra-
tion of 8 g L', MgSO, 0.25 g L, CaCl, 0.04 g L',
initial pH was 6, culture condition was 30 °C, 160
rpm for 48 hours. Surface tension could be reduced
to 28 mN m!, suggesting this strain was valuable in
biosurfactant production and research. The nano-par-
ticles and the surfactant formed a stable system,
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which gave the oil-water interface membrane large
intensity, so that the oil droplets in the drawing pro-
cess could achieve a low interfacial tension value,
and maintain it for a certain period of time.
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