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Biosurfactant

Biosurfactants are surface-active biomolecules
produced by microorganismes. _
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@Pﬂ Biosurfactant

Classification of Biosurfactants -
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Biosurfactant

v Non-toxic or low in toxicity

v Biodegradable
v Wastes can be used as raw materials

v Able to work at critical condition

v Wide applications

v' Low production yield

v High production cost
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Applications of Biosurfactants

Biosurfactant applications

1. Household detergent
2. Personal care

3. Industrial cleaner
4

6. Agriculture chemicals
7. Textiles
8. Others

Environmental applications
= Soil bioremediation
= Qil dispersant
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N Household Detergent M Personal Care B Industrial Cleaner
N Food Processing B Dilfield Chemicals B Apgriculture Chemicals
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Biosurfactant market volume share (by application, 2013)
(http://www.grandviewresearch.com/industry-analysis/biosurfactants-industry)



@Py Dispersant use for oil spill

1. (Ell]ls:ipeqs;rannrtn ﬁrg&lﬁ:ﬁtgﬁing applied to the slick E;r:f:;::ants in
| O o O0'5 o0 = Blend of two or three surfactants
ir @] [ — . . . .
§ o C o O = EX. nonionic /anionic/solvent

Water :

2. Dispersant droplets diffuse into the oil / emulsion.
Emulsified water settled out.

Oil droplets

Increase natural attenuation and

@ biodegradation by microorganism.

However, synthetic dispersants are
3. Solvent helps to deliver surfactants to oil-water interface. Usua”y t0X|C and may decrease
§ hycropnic par biological activity of microorganisms.

o -
Oil {waterfree)

4. Dispersant-enriched oil disperses info droplet

Qil droplets surmounded Thin sheen
by surfactants {=1um) left on
[’ -~

surface
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b Small il droplets
i {10 - 50 pm) spread
and break away

Mechanism when applying dispersant (modified after
see  Fiocco, 1995).
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e ptt Objectives

Low cost substrates??? @ @ @

Substrates

Microorganisms Production & downstream Biosurfactants
processes

Biosurfactant producing Dispersing oil

Microorganisms??? Production & downstream application???

Processes???




@Pg Scope of Experiment

Isolation of biosurfactant- Evaluation of substrate
producing bacteria utilization

\ 4

\ 4

Production of biosurfactant by chitosan-immobilized cell

\ 4

Purification of biosurfactant by Foam fractionation and Freeze-drying

Biosurfactant

Characterization of Properties & stabilities of Application of biosurfactant
biosurfactant biosurfactant for dispersing oil




@ ptt Biosurfactant producing microorganisms &
- Substrate selection

Isolation of microorganisms

Microbial
screening

Surfacetension

Substrate Selection species <40mN/m
Pure substrate Organic waste ‘ 58 species
“---_.-ll"""-..... _:..S-I.o-p.qu --------------
-~ = Glycerol -, """« Bottom glycerol "’:
= Soybeanoil : = treeniloeeeess
. 1 o ‘
~zpaimoll . v | P
. |:utlé oil : : Bacillus sp. Highestyield
= Diesel = High yield GY19
* Lube = Low cost

= \Waste reduction
=pPFT8roup Use only-




(‘)Pg Screening of biosurfactant-producing bacteria

Surface tension ) )
Highest yield
< 40 mN/m Pure glycerol

107 58 strains Bacillus sp. Yield
» » » Surfactin
strains J » 20 genus J GY19 J 0.13 g/l \ J

Bottom glycerol

_ CH -
Surfactin Leup ® * palm oil
O Glu O CH,
. . . @)
myristoleic acid  HO H Leu Yield 2.8 g/l J

Lipopeptide biosurfactant J

CH

HyC m O CH, va
PLY c COZH

Biosurfactant from pure glycerol
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@Pg Lipopeptide production and recovery processes

Substrate

$

Low cost + Waste
substrate utilization

Waste from biodiesel
production

$

Bottom glycerol
(10% glycerol + fatty
acids and etc.)

Production

$

High production yield

Immobilized bacteria on
cheap and effective
materials

Develop
Cheap, easy and
effective bioprocess

NI
Electrostatic binding
on a surface

Chitosan-immobilized cells

Downstream

$

Efficient recovery and
purification methods

Foam fractionation
— Solvent-free method

Foamate — easy to use
and effective for further

application

Foam fractionation
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Lipopeptide production by chitosan immobilized cells
In stirred tank bioreactor

- Palm oil was added as precursor

- Maximum lipopeptide yield 6.65 g/L

—=—Crude biosurfactant - 0il ——Glycerol

80

Cycle Cycle Cycle | Cycle Cycle ' Cycle
SN\ S S T R . A

Crude biosurfactant (g/L)
Remainging oil (g/L)
Remaining glycerol (g/L)
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Properties of lipopeptide biosurfactant

Cell free supernatant
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Foam-fractionation

Lowest SFT ~ 26 mN/m

25 50 75

Concentration of foamate (%)

100

Freeze-drying

Biosurfactant powder
50% lipopeptide (w/w)

Foamate
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Biosurfactant powder conc. (%, w/v))
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o ptt Stabilities of lipopeptide biosurfactant
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(‘)Pg Lipopeptide toxicity tests

Toxic to brine shrimp at very high concentrations

Brine shrimp
100 -
_ 80 -
©
< 60 -
5 No brine shrimp
x 40 - survive
20 -
0 - Artimia assay (Luna et al., 2013)
0.5XCMC | 1XCMC | 2XCMC | 10XCMC | 50XCMC (1:10 Control
dilution)
0.025 % 0.05% [0.1% (w/v)|0.5% (w/v)|2.5% (w/v)| dispersant
(w/v) (w/v) standard
No toxicity to plant seedlings No toxicity to PAH-degrading bacteria

Water Biosurfactant SDS Biosurfactant LS9TH SDS
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@Py Lipopeptide based dispersant

lipopeptide conc. Petroleum type

e Varying from 0.25-10 % (w/v) e Oman light crude oil
e Arabian light crude oil
e Diesel oil
e Fuel oil
Qil 20 BSF
Seawater ‘ 10

:éfﬁ

o Diameter of clear zone
Oil displacement (%) = Diameter of oil layer X 100

0%
oil displacement

100 %
oil displacement
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(‘)Pg Lipopeptide based dispersant

M Fuel Oil  ®W Oman light crude oil W Arabian light crude oil ™ Diesel oil
100
— 80
S
5
£ 60
ks
©
2
S 40
=
20
0
10 (% w/v) 100 (% w/v)| 1 (%w/v) 3 (%w/v) 4 (%w/v) |10 (% w/v)|| 10 (% w/v)| 10 (% w/v)
BSF foamate BSF powder Slickgone NS| Tween20

Oil displacement activities of foamate and powder were comparable to a commercial
dispersant (Slickgone NS) and much higher than a synthetic surfactant (Tween 20).




Conclusions

Lipopeptide biosurfactant could be produced from chitosan-immobilized

Bacillus sp. GY19 in stirred tank fermenter.

Lipopeptides could be recovered from cell-free culture medium by foam

fractionation process.

Lipopeptides have good surface activity, low toxicity, and stable under

various conditions.

Both foamate and powder containing lipopeptides could be used directly

as dispersants for oil spill remediation

-PTT Group Use only- 18
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