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(57) Abréegée/Abstract:

Methods

and systems for purifying bio-organic compounds are described. In certain embodiments, the methods comprise the

steps of (a) providing a composition or an emulsion comprising a surfactant, host cells, an agueous medium and a bio-organic
compound produced by the host cells, wherein the solubllity of the surfactant in the aqueous medium decreases with increasing

temperat
temperat

Ure and wherein the temperature of the composition or emulsion Is at least about 1 "C below a phase Inversion

Ure of the composition or emulsion; (b) raising the temperature of the composition or emulsion to at least about 1 °C

above the phase Inversion temperature; and (c) performing a liquid/liguid separation of the composition to provide a crude bio-
organic composition or emulsion.
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(57) Abstract: Methods and systems for purifying bio-organic compounds are described. In certain embodiments, the methods
comprise the steps of (a) providing a composition or an emulsion comprising a surfactant, host cells, an aqueous medium and a
bio-organic compound produced by the host cells, wherein the solubility of the surfactant in the aqueous medium decreases with
increasing temperature and wherein the temperature ot the composition or emulsion 1s at least about 1 °C below a phase inversion
temperature of the composition or emulsion; (b) raising the temperature of the composition or emulsion to at least about 1 °C
above the phase inversion temperature; and (¢) performing a liquid/liquid separation of the composition to provide a crude bio-or-
ganic composition or emulsion.
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METHOD FOR PURIFYING BIO-OKGANIC COMPOUNDS FROM FERMENTATION BROTH CONTAINING
SURFACTANTS BY TEMPERATURE-INDUCED PHASE INVERSION

PRIOR RELATED APPLICATION

(00011 This application claims the benetfit under 35 US.C. 119@) ot U.S.
Provisional Patent Application No. 61/373 876, filed August 16, 2010, which 15

incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

{0002} Provided herein are methods for purifying microbial-derived bio-organic
compounds. In some embodiments, the bio-organic compounds comprise one or more
tsoprenowds.” In other embodiments, the bto-organic compounds comprise one or more

farnesenes.
BACKGROUND OF THE INVENTION

10003) Petroleum-denved compounds and composttions are found i a variety of
. products ranging from plastics to household cleaners as well as fuels. Given the
environmental impact of these compositions, there i1s an increasing demand for more

renewable and sustainable alternatives.

10004 Biological engineering can provide renewable sources for such compounds
and compositions. For example, isoprenoids comprise a diverse class of compounds with
over 50,000 members and have a vanety of uses including as specialty chemicals,
pharmaceuticals and fuels. Conventionally. isoprenoids can be synthesized from petroleum
sources or extracted from plant sources. More recently. methods of making such
compounds from microbial cells has been developed. For instance, isoprenoids and other
microbtal-derived compounds and compositions as well as methods of making them have
been described in, for example, U.S. Patent Nos. 7,399,323, 7,540,888, 7,671,243,
7,592.295, 7,589,243 and 7,655.739.

0005] However, cost-ctfective methods of making and purifying such compounds
are desired. For instance, methods tor obtaining the optimal vields of a desired bio-organic

compound are needed. Usetul methods are provided heretn.
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SUMMARY OF THE INVENTION

10006} Provided herein arc methods for purifying and/or isolating a microbial-derived
bio-organic compound. In one aspect, provided herein 1s a method comprising:

(a) providing a composition comprising a surfactant. host cells, an
aqucous medium and a bio-organic compound produced by the host cells, wherein the
solubility of the surfactant in the aqueous medium decreases with increasing temperature
and wherein the temperature of the composition is at least about 1 °C below a phase

inversion temperature or a cloud point of the composition;

(by  raising the temperature of the composition to at least about 1 °C above

the phase inversion temperature or the cloud pomnt; and

(¢)  performing a liquid/liquid separation of the composition to provide a

crude bio-organic composifion.

00071 In some embodiments, the method disclosed herein further comprising a step
of reducing the volume of the composition before step (b) of raising the temperature of the
composition, wherein substantially all of the bio-organic compound remains in the
composition. In certain embodiments, the volume of the composition is reduced by about
75% or more. In some embodiments, the composition disclosed herein is an emulsion. In
certain embodiments. the composition in step (a) above is an oil-in-water emulsion and the

composition in steps (b) and (c) above is a water-in-oil emulsion.

[0008] In another aspect, provided herein is 2 method comprising:
(a)  providing a first composition comprising a surfactant, host cells, an
agueous medium and a bio-organic compound produced by the host cells, wherein the

solubility of the surfactant in the aqueous medium decreases with increasing temperature;

(b)  concentrating the first composition to form a concentrated composition
wherein the concentrated composition comprises substantially all of the bio-organic
compound and the volume of the concentrated composition 1s less than the volume of the
first composition, wherein the temperature of the concentrated composition is at least about

1 °C below a phase inversion temperature or a cloud point of the concentrated composition;

(¢) raising the temperature of the concentrated composition to at least

about 1 "C above the phase inversion temperature or the cloud point; and

(d)  performing a liquid/liquid scparation of the concentrated composition

LW
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to provide a ¢crude bio-organic compostiion.

100091 in another aspect, provided herein 1s a composttion comprising a surtactant,
host cells. an aqueous medium and a bio-organic compound produced by the host cells,
wherein the solubility of the surfactant in the aqueous medium decreases with increasing
temperature and wherein the temperature of the composition is at least about 1 "C above a
phase inverston temperature or a cloud point of the composition. In some embodiments,
the composition 1s an emulsion. In certain embodiments, the composition 1s an oil-in-water

emulsion. In other embodiments, the composttion 1s a water-in-oil emulsion.

j0010] [n another aspect, provided herein is an emulsion comprising a surtactant, host
cells, an aqueous medium and 2 bio-organic compound produced by the host cells, wherein
the solubility of the surfactant 1n the aqueous medium decreases with increasing
temperature and wherein the temperature of the emulsion is at least about 1 °C above a

phase inversion temperature or a cloud point of the emulsion.

0011] In another aspect, provided herein i1s a method comprising:
(a)  providing an otl-in-water emulsion comprising a surfactant, host cells.
an aqueous medium and a bio-organic compound produced by the host cells, wherein the

solubility of the surfactant in the aqueous medium decreases with increasing temperature;
(by  converting the otl-in-water emulsion to a water-in-o1l emulsion; and

{¢) performing a hiquid/liquid separation of the water-in-o1l emulston to

provide a crude bio-organic composiion.

{0012] In some embodiments, the method disclosed herein turther comprising a step
of reducing the volume of the oil-it-water emulsion before step (b) of raising the
temperature of the oil-in-water emulsion, wherein substantially all of the bio-organic
compound remains in the composition. In certain embodiments, the volume of the oil-in-

water emulsion 1s reduced by about 73% or more.
{0013} in another aspect, provided herein 1s a method comprising:

(a} providing a first oil-in-water emulsion comprising a surfactant, host
cells. an aqueous medium and a bio-organic compound produced by the host cells, wherein
the solubility of the surfactant in the aqueous medium decreases with increasing

temperature:
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(b)  concentrating the tirst o1l-in-water emulision to torm a concentrated oil-
in-water emulsion wherein the concentrated oil-in-water emulsion comprses substantially
all of the bio-organic compound and the volume of the concentrated oil-in-water emulsion

1s less than the volume of the first oil-in-water emulsion:

(¢) converting the concentrated oil-in-water emulsion to a water-in-oil

emulston: and

() performing a liqmd/hquid separation of the water-in-oil emulsion to

provide a crude bio-organic composition.

BRIEF DESCRIPTION OF DRAWINGS

10014} Figure 1 1s a plot of 01l recovery as a tunction of the concentration of
surfactants including TERGITOL '™ 162 and TERGITOL™ L64.

10015] Figure 2 1s a plot of o1l release rate as a function of the concentration of
surfactants including TERGITOL™ L62 and TERGITOL™ L64.

10016} Figure 3 1s a plot of 01l recovery as a function of the concentration of
surfactants including TERGITOL™ L62, TERGITOL™ L64, ECOSURF™ SA-7 and
ECOSURF'™ SA-9.

{0017] Figure 4 1s a plot of oil release rate as a function of the concentration of
surfactants including TERGITOL™ 162, TERGITOL™ Lé4, ECOSURF™ SA-7 and
ECOSURF'™ SA-9.

10018} tigure 5 1s a plot of o1l release rate as a function of holding/ mixing time with
samples mixed with difterent methods including vortor mixer. rotating mixer, stir bar and
ULTRA-TURRAX™ disperser.

[0019] Figure 6 is a plot of o1l release rate as a function of mixing time by using
ULTRA-TURRAX® disperser.

{0020} Figure 7 15 a plot of o1l recovery as a tunction of concentration of
TERGITOL™ 1.62. Two mixing methods including ULTRA-TURRAX” disperser and stir
bar were imvestigated.

[0021] Figure 8 is a plot of oil release rate as a function of concentration of
TERGITOL™ L62. Two mixing methods including ULTRA-TURRAX" disperser and stir

bar were investigated.
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DETAILED DESCRIPTION OF THE INVENTION

Termmology

[(0022] “Crude bio-organic composition” refers to a composition comprising a bio-
organic compound wherein the bio-organmic compound 1s present in an amount at least about
75% by weight of the crude hie-organic compostiion. in some embodiments, the bio-
organic compound s present in an amount at most about 8%, about 5%, about 87% or

about 89% by weight of the crude hio-orgamc composition.

10023} ~Bio-organic compound” refers to a water-immiscible compound that is made
by microbial cells (both recombinant as well as naturally occurring). In certain
embodiments, the blo-organic compound is a hvdrocarbon. In certain embodiments, the
bio-organic compound is a C3-Cso containing compound or hydrocarbon. In certain
embodiments, the bio-organic compound is an isoprenoid. In certain embodiments, the bio-
organic compound is a Cs-Cag 1soprenoid. In certain embodiments, the bio-organic

compound is a Cyo-C; 5 1soprenoid.

[0024] “Phase inversion temperature™ or “PIT™ refers to the temperature at which the
continuous and dispersed phases of an emulsion system are inverted {e.g., an oill-in-water

emulsion becomes a water-in-o1l emulsion, and vice versa).

10025] “Cloud pomnt” reters to the temperature at which one or more liquids and/or
solids dissolved i a fluid are no longer completely soluble, precipitating as a second phase

grving the Hluid a cloudy appearance,

[0026] "Phenolic antioxidant™ refers to an antioxidant that is a phenol or a phenol
dertvative, wheremn the phenol derivative contains an unfused phenyl ring with one or more
hydroxy! substituents. The term also includes polyphenols. Hlustrative examples of a
phenolic antioxidant include: resveratrol; 3-tert-butyl-4-hydroxyanisole; 2-tert-butyl-3-
hydroxvanisole; 4-tert-butvleatecho! (which is also known as TBC); 2.4-dimethyl-6-tert-
butylphenol; and 2,6-di-tert-butyl-4-methylphenol (which is also known as
butylhydroxvtoluene or BHT). Additional examples of phenolic antioxidants are disclosed

i U.S. Patent No. 7.179,311.

10027} “Purified bio-organic composition™ refers to a composition comprising a bio-
organic compound wherein the bio-organic compound is present in the composition in an

amount equal to or greater than about 90% by weight. In certain embodiments. the bio-

w3
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organic compound is present in an amount equal to or greater than about 95%. about 96%,

about 97%., about 98%, about 99% or about 99.5% by weight.

{0028] “Polished composition™ refers to a purified bio-organic composition that 1s
further treated, tor example, to reduce formation of peroxides in the composition or to
stabilize the composition with an anti-oxidant or treated with a chelating agent to reduce the

amounts of metals 11 the compositions.

{0029] “Process(es)” reters to a purification method(s) disclosed herein that 1s (are)
useful for 1solating a microbial-denived organic compound. Modifications to the methods

disclosed herein (e.g., starting matenals, reagents) are also encompassed.

10030} In the following description, all numbers disclosed herein are approximate
values, regardless whether the word “about™ or “approximate” 15 used in connection
therewith. Numbers may vary by 1 percent, 2 percent, 5 percent or, sometimes, 10 to 20
percent. Whenever a numerical range with a lower limit, Ry, and an upper limit, Ry, is
disclosed, any number falling within the range 1s specifically disclosed. In particular, the
following numbers within the range are specifically disclosed: R=R +k*(Ry-Ry), wherein k
is a variable ranging from | percent to 100 percent with a | percent increment, i.e.. kK (s |
percent, 2 percent. 3 percent, 4 percent, 5 percent,..., 30 percent, 51 percent, 52 percent,....
95 percent, 96 percent, 97 percent, 98 percent, 99 percent or 100 percent. Moreover, any
numerical range defined by two R numbers as defined in the above is also specifically

disclosed.

(0031} The claimed subject matter can be understood more fully by reterence to the
following detailed description and 1Hustrative examples, which are intended to exemplity

non-{imiting embodiments.

Purification Methods

0032} Provided herein are methods tor purifying the bio-organic compounds
disclosed herein. The bio-organic compounds can be made using any technique deemed
suitable by one of skifl in the art. Some non-limiting ¢xampies of bio-organic compounds
include isoprenoids made using methods such as those described in U.S. Patent Nos.
7.399.323 and 7.659.007; and PCT Publication Nos. WO 2007/140339, WO 2008/140492,
WO 2008/133658 and WO 2009/014636, all of which are incorporated herein by reference

in their entireties. Other examples include fattv-acid derived olefins such as those

H
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described in UJ.S. Patent Publication No. 2009/0047721; and PCT Publication Nos. WO
2008/113041 and WO 2008/151149, all of which are incorporated herein by reference in

their entireties.

10033} Although there are many publications descnbing microbial methods tor
producing bio-organic compounds. there are relatively few publications descnbing
purification methods for such compounds from fermentation or other biological production
systems. For example, PCT Publication WO 2007/139924 relates to systems for making
bio-organic compounds and describes purification methods which generally rely on the
inherent tendency for the bio-organic compound to separate from an aqueous medium.
However, although this separation does occur and puritied bio-organic compounds can be

obtained. there can be sigmficant product losses due to emulsion formation.

10034] In general, an emulsion 1s a mixture of two immiscible liquids, such as water
and an oil (¢.g., a bio-organic compound). Mechanical energy from either fermentation
(e.g. trom agitators or fermentation gases produced by host cells) or downstream processing
can promote emulsion formation where a bio-organic compound 1s produced and
subsequently extracted into, tor example, an agueous fermentation medium. Moreover, as
described by vartous literature references, host cells as well as various bio-molecules
therein can also promote and/or stabilize emulsion formation. For the above reasons,
emulsion formation is inevitable m a microbial production system. Therefore, a simple and
scalable purtfication method that destabilizes an emulsion can be usetul for purifying a

microbtal-derived bio-organic compound cost-ettectively.

{0035} Provided herein are punfication methods that reliably and consistently
destabilize an emulsion and provide cost-effective purification methods for a microbial-
derived bic-organic compound. In general, the method relies on first torming a chemically
defined emulsion 1n an aqueous medium such as fermentation broth. The formation of this
emulision 1s mediated by; the addition of a surfactant whose solubtlity in an agqueous medium
decreases with increasing temperature and the temperature of the aqueous medium is below
its phase mversion temperature or cloud point. The resulting emulsion is then destabilized
by increasing the temperature of the composition to above its phase inversion temperature
or cloud point. In certain embodiments, the emulsions that are first formed are oil-in-water
emulsions. In some embodiments, the oil-in-water emulsions are destabilized to form the

corresponding water-in-ot1l emulsions.
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0036 In one aspect, provided herein are methods that compnse:

(a)  providing a composition comprising a surfactant, host cells, an
aqueous medium and a bio-organic compound produced by the host cells, wherein the
solubility of the surfactant in the aqueous medium decreases with increasing temperature
and wherein the temperature of the composition is at least about 1 °C below a phase

inversion temperature or a cloud point of the composition,;

(by  raising the temperature of the composition to at least about 1 °C above

the phase inversion temperature or the cloud point; and

{(C) performing a liquid/liquid separation of the composition {o provide a

crude bro-organmic composition.

{0037) Any surfactant having a solubility in an aqueous medium {e.g., water or a
liquid comprising water) that decreases with increasing temperature can be used herein. in
certain embodiments, the surfactant 1s or compnses a non-ionic surfactant. In some
embodiments, the non-ionic surfactant is or comprises a polyether polyol, a
polyoxvethylene Cq.ag-alkyl ether, a polyoxyethylene Cga0-alkylaryl ether (e.g.,
polyoxyethylene Cy.yp-alkylphenyl ether), a polyoxyethylene Cy.ap-alkyl amine, a
polyoxyethyiene Cg.ap-alkenyl ether, a polyoxyethylene Cy.y-alkenyl amine, a polyethylene
glycol alkyl ether or a combination thereof. Some non-limiting examples of suitable
polyoxyethylene Cy.0-alkyl ethers include polyoxyethylene lauryl ether, polyoxyethylene
cetyl ether, polyoxyethylene stearyl ethei', polvoxyethviene branched decyl ether,
polyoxyethylene tridecyl ether or a combination thereof. Some non-limiting examples of
suitable polyoxvethylene Cg yp-alkylaryl ethers include polyoxyethylene dodecylphenyl
cther, polyoxyethylene nonylphenyl ether, polvoxyethyiene octyiphenyi ether or a
combination thereof. One non-limiting example of suitable polyoxyethylene Cg.zp-alkenyl
ether is polyoxyethylene oleic ether. Some non-limiting examples of suitable
polyoxyethylene Cg.og-alkyl amines include polyoxyethylene lauryl amine, polyoxyethylene
stearyl amine, polyoxyethylene tallow amine or a combination thereotf. One non-himiting
example of suitable polyoxyethylene Cy_yp-alkenyl amine is polyoxyethylene oleyl amine.
In other embodiments, the non-tonic surtactant 15 a polyether polyol, polyoxyethylene
nonylphenyl ether, polyoxyethylene dodecyiphenyl ether or a combination thereof. In

certain embodiments, the non-ionic surfactant contains a polyoxyethylene hydrophtlic tail.
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{0038] A phase inversion of a composition or an emulsion occurs when the
continuous and dispersed phases of the emulsion are inverted (€ g., an oil-in-water emulsion
becomes a water-in-oil emulsion, and vice versa). The temperature at which such a phase
inversion occurs is the phase inversion temperature (PIT) of the composition or emulsion.
In some embodiments, this phenomenon occurs for a composition or an emulsion
containing a surfactant, an aqueous medium and an otl (such as a bio-organic compound
disclosed heretn), wherein the surfactant has a solubility in the aqueous medium decreasing
with increasing temperature. The phase inversion may occur when the temperature 13
ratsed to a point where the interaction between water and the surfactant molecules
decreases and the surfactant partitioning in water decreases. As a result, the surfactant

molecules begin to partition in the oil phase beyond the phase inversion temperature (PIT).

0039} The PIT of a composition or an emulsion may depend on a number of
physical, chemical and geometric factors. In general, the PIT can be atfected by the
physical properties of the liquid components in the composition or emulsion. Some non-
limiting examples of such physical properties include viscosity, density and interfacial
tension. [n some embodiments, the PIT of the composition or emulsion disclosed herein 1s
adjusted, decreased or increased by varving one or more of the physical properties

disclosed heremn.

0040 The PIT of a composition or an emulsion generally can also be affected by the
aeometric factors of the vessel that contains and/or processes the composition or emulston.
Some non-limiting examples of such geometric factors include the agitation speed, the
number and type of impellers or mixers, the materials of construction and their wetting
characteristics. In some embodiments, the PIT of the composition or emulsion disclosed
herein 1s adjusted, decreased or increased by varying one or more of the geometric factors

disclosed herein.

[0041] The PIT of a composition or an emulsion generally can also be affected by the
chemical properties of the components in the composition or emulsion. Some non-hmiting
examples of the factors are (1) the nature of the hydrophilic and lipophilic moieties of the
surfactant; (2) the mixing of the surfactants; (3) the nature of the oil; (4) the nature of the
additives of the oil and water phases; (3) the concentration of the surfactant; (6) the ratio ot
oil phase to water phase. and {7) the distribution of the chain length of the hydrophilic

moieties {¢.¢., the oxyethylene moiety in polyoxvethylene alkyl ethers) in the surtactant.
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lapan, Vol. 43, No. 10, 3044-3048 (1970). which 1s incorporated herein by reference. In
some embodiments, the PIT of the composition or emulsion disclosed herein is adjusted,

decreased or increased by varying one or more of the chemical properties disciosed herein.

[0042] The nature of the hydrophilic and lipophilic moieties of the surfactant may
affect the PIT. In general, the PIT increases with an increase in the hydrophilic-lipophilic
balance (HLB) value of the surfactant in the composition or emulsion. The HLB value of a
surfactant is generally determined by calculating values for the hydrophilic and/or
lipophilic regions of the molecule, It is a measure of the degree to which the surfactant is
hydrophilic or Lipophilic. The HLB values of the surfactants disclosed herein can be
measured by any method known in the literature, such as the articles by W.C. Griffin,

“Calculation of HLB Values of Non-lonic Surfactants,” Journal of the Societv of Cosmetic

Chemists 3:259 (1954): and 1. T. Davies, “4 quantitative kinetic theory of emulsion tvpe. I

Physical chemistry of the emulsifying agent.” Proceedings of the International Congress of

surface Activity, pp. 426-438 (1957), both of which are incorporated herein by reference.

{0043) In some embodiments, the surtactant disclosed herein has a HLB value from
about 2 to about 16, from about 2.5 to about 15, from about 3 to about 14. from about 3 to
about 10. from about 3 to about 8, or from about 3 to about 6. In certain embodiments, the
surfactant has a HL.B value tfrom about 4 to about {8. from about 4 to about 16. from about
4 to about 14, from about 4 to about 12, from about 4 to about 10. or from about 4 to about
§. Inother embodiments. the surfactant has a HLB value from about 6 to about 18. from
about 8 to about 18, from about 8 to about 16. from about § to about 14 or from about 8 to
about 12. In certain embodiments, the surfactant has a HLB value from about 10 to about

18, from about 12 to about 18 or from about 13 to about 135,

10044 The nature ot the o1l may affect the PIT of the composition or emulsion
comprnising the oil. In general, the PIT increases with increasing lipophilicity of the oil.
Lipophilicity is generally expressed cither by log P or tog D. Log P refers to the logarithm
of the partition coefticient, P, which is defined as the ratio of the concentration of neutral
species 1n octanol to the concentration of the neutral species in water. Log D refers to the
logarithm of the distribution coefticient, D, which is defined as the ratio of the
concentration of all species, both neutral and charged, in octanol to the concentration of the

all species in water. The Lipophilicity of an oil such as the bio-organic compounds
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disclosed herein can be measured by any method known in the hiterature. For exampig, the
partition coefficient of the oil can be measured according to ASTM E1147-92, which s
incorporated herein by reference. Alternatively, the lipophilicity is determined by the
conventional shake-flask method as described in Abraham ef al.. " Hydrogen bonding. Part

9O The partition of solutes betveen water and various alcohols,” Phys. Org. Chem,, 7:712-

716 (1994). which is incorporated herein by reference. In some embodiments, the log P or
log D value of the bio-organic compounds disclosed herein is from about 1 to about 6. from

about 1 1o about 5. from about | to about 4 or from about 1 10 about 3.

{0045] The presence and the nature ot the additives ot the oil and water phases may
atfect the PIT of the composition or emulsion. Optionally, the composition or emuision
disclosed herein can comprise one or more additives. Any additive that can be used to
adjust. decrease or increase the PIT can be used herein. Some non-limiting examples of
additives include water soluble salts and oil soluble components such as paraftins, waxes.
organic alcohols and organic acids. In general. nonpolar paraffins and waxes increase the

PIT whereas polar organic alcohols and organic acids decrease the PIT.

{0046} The concentration of the surfactant may affect the PIT of the composition or
emulsion. In general, the PIT decreases with an increase in the concentration of the
surfactant. In some embodiments, the concentration of the surfactant is at least about
0.01%. about 0.1%, about 0.23%, about (0.5%, about 0.75%. about 1%, about 2%. about
3%, about 4%. about 5%, about 6%, about 7%, about 8%, about 9%, about {0%, about 15%
or about 20% by weight (or by volume), based on the total weight (or volume) of the
composition or emulsion. In certain embodiments, the concentration of the surtactant 1s at
most about (.01%. about 0.1%. about 00.25%. about 0.5%, about 0.75%, about 1%, about
2%, about 3%, about 4%, about 3%, about 6%, about 7%, about 8%, about 9%, about 10%,
about 3% or about 20% by weight (or by volume), based on the total weight (or volumc)

of the composition or emuision.

[0047] The ratio of il phase to water phase may affect the PIT of the composition or
emulsion. In general, the PIT increases with an increase in the ratio of o1l phase to water
phase. Furthermore, the lower the concentration of the surfactant, the rate of the increase in
the P17 is higher. In some embodiments, the ratio of oil phase to water phase is trom about
1:100 to about 100:1. from about 1:100 to about 100:1, from about 1:530 to about 30:1, from

about 1:20 to about 20:1, trom about 1:10 to about 10:1, from about [:8 to about 8:1, from
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about 1:6 to about 6:1. from about 1:5 to about 5:1, from about 1:4 1o about 4.1, trom about

1:3 to about 3:1 or from about 1:2 to about 2:1.

[(1048] The distribution of the chain length of the hvdrophilic moieties in the
surfactant may affect the PIT of the composition or emulsion. In general, the PIT decreases
with a decrease in the chain length of the hydrophilic moieties (e.g., the oxyethyiene moiety
in polyoxvethylene alkyl ethers or poly(ethylene oxide) alkylaryl cthers). In some
embodiments, the surfactant is a polyoxyethylene alkyl ether or a polyoxyethylene aikylaryl
ether. In certain embodiments, the number of oxyethylene units in the polyoxyethylene
alky!l ether or polyoxyethylene alkylaryl ether is from about 2 to about 20, from about 3 (0
about 18. from about 4 to about 16, from about 4 to about 14, from about 4 to about 12,

from about 4 to about 10 or from about 4 to about 8.

10049] The PIT of the composition or emulsion disclosed herein can be measured by
any method known to a skilled artisan. In some embodiments, the PIT can be determined
hy observation with the naked eve the temperature at which a phase inversion occurs. In
certain embodiments, the PIT can be determined by measuring the pH of the composition or
emulsion. In some embodiments, the PIT can be determined by measuring the conductivity
of the composition or emulsion. In general, there is an observable change or transition
noint in appearance, pH or conductivity or other properties of the composition or emulsion
at the PIT. Some non-limiting examples of methods for determining the PIT of the
composition or emulsion are described in Shi noda et al., “The Correlation between Phase
Inversion Temperature in Emulsion and Cloud Point in Solution of Nonionic Emulsifier,”
The Journal of Physical Chemistry, Vol. 68, No. 12, 3485-3490 (1964); and M ttsut ef af.,

“An Application of the Phase-inversion-femperature Method to the Emulsification of

Cosmetics. I Factors Affecting the Phuse-inversion Temperature,” Bulletin of the Chemical

Socicty of Japan, Vol. 43, No. 10, 3044-3048 (1970), both of which are incorporated herein

bv reference.

[0050] The phase inversion temperature or the cloud point of the compostition or
emulsion can be controlled or adjusted by one or more physical, chemical and geometric
factors disclosed herein. Any phase inversion temperature that is suitable for the methods
disclosed herein can be used. In some embodiments, the phase inversion temperature ot the

cloud point of the composition or emulsion is from about 20 °CC 10 about 90 °C, from about
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25 °C to about 83 °C, from about 30 °C to about 80 °C. from about 35 °C to about 75 “C,
from about 40 “C to about 70 °C or from about 40 °C to about 60 °C.

[0051] In some embodiments, particularly when the PIT is either unknown or ditficult
to determine, the cloud point of the surtactant being used can be used instead of the PIT as
i can act as a good approximation of the PIT of the composition, as described in Shinoda et
al. mentioned above. The cloud point of a surtactant can be measured by any method
known to a skilled artisan. In some embodiments, the cloud noint of a surtactant 18
measured by observing with naked eyes the temperature at which a cloudy appearance
occurs. In certain embodiments, the cloud peint of a surfactant 1s measured by ASTM
D2024-09, titled “Standard Test Method for Cloud Point of Nonionic Surfactants,” which 1s
incorporated herein by reference. In some embodiments, the cloud point is measured by
ASTM D2024-09 at a concentration from about 0.1 wt.% to about 1.0 wt.% in deionized
water from about 20 °C to about 95 °C. In further embodiments, the cloud point is
measured by ASTM D2024-09 at a concentration of about 0.3 wt.% or about 1.0 wt.% in

delonized water.

10052} The composition or emulsion can be an oil-in-water emulsion or a water-in-otl
emulsion, depending on the temperature of the composition or emuision. In some
cmbodiments, the temperature of the composition or the chemically defined emuision is
below the phase inversion temperature or the cloud point of the composition or emulsion.
In certain embodiments, the composition or emulsion 1s an oil-in-water emulsion wherein
its temperature is below i1ts phase inversion temperature or cloud point. in certain
embodiments, the temperature of the composition or emulsion is at east about | °C below
the phase inversion temperature or cloud point of the composition or emulsion. In other
embodiments, the temperature of the composition or emulsion is at least about 5 °C, at least
about 10 °C, at least about 13 "C, at least about 20 °C, at least about 25 “C, at least about 30
°C. at least about 25 °C or at least about 40 °C below the phase inversion temperature or the

cloud point of the composition or emulsion.

{0053} In some embodiments, the temperature ot the composition or chemically-
detined emulsion i1s above the phase inverston temperature or the cloud potnt of the
composition or emulsion. In certain embodiments, the composition or emulsion 1s a water-
in-01l emuision wherein its temperature is above its phase inversion temperature or the

cloud point. In some embodiments, the temperature of the composition or emulston is at
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teast about S “C, at least about 10 °C, at least about 15 °C, at least about 20 °C. at least
about 25 °C, at least about 30 °C, at least about 35 °C or at least about 40 °C above the

phase inversion temperature or the cloud point of the composition or emulsion.
[0054] In another aspect, provided herein are methods that comprise:

(a) providing an otl-in-water emulsion comprising a surfactant, host cells,
an aqueous medium and a bio-organic compound produced by the host cells, wherein the

solubility of the surfactant in the aqueous medium decreases with increasing temperature;
{b) converting the oil-in-water emulsion to a water-in-o1l emulsion: and

(c) performing a liquid/hquid separation of the water-in-oil emulsion to

provide a crude bro-organic composition.

[0055] The conversion of an oil-in-water emulsion to the corresponding water-in-oil
emulston can be effected by any method known in the literature. In some embodiments, the
conversion 1s effect by raising the temperature of the oil-in-water emulsion to a temperature
above its PIT. In certain embodiments, the conversion is effect by (1) keeping the
temperature of the oil-in-water emuision at a particular temperature or in a range of
lemperature: and (2) reducing the PIT of the oil-in-water emulsion to a value below the
particular temperature or the range of temperature using one or more physical, chemical
and geometric factors disclosed herein. In other embodiments, the conversion is effect by
(I} raising or [owering the temperature of the oil-in-water emulsion to a particular
temperature or a range of temperature; and (2) adjusting the PIT of the oil-in-water
ernulston to a value below the particular temperature or the range of temperature using one

or more physical, chemical and geometric factors disciosed herein.

[0056] In certain embodiments, the bio-organic compound 1s a hvdrocarbon. In
certain embodiments, the bio-organic compound is a Cs-Cj;p hydrocarbon. In certain
embodiments, the bio-organic compound 15 an isoprenoid. In further embodiments, the bio-
organic compound 1s a Cs-Cyq tsoprenoid. In additional embodiments, the bio-organic
compound 18 a C¢-Cs 1soprenod. In certain embodiments, the bio-organic compound is a
fatty acid or a fatty acid derivative. In certain embodiments. the bio-organic compound 1s a
(s-C3s tatty acid or a fatty acid derivative. [n additional embodiments, the bio-organic
compound is selected from carene, geraniol, linalool, limonene, myrcene, ocimene, pinene,

sabinene, terpinene, terpinolene, amorphadiene, famesene, tarnesol, nerolidol. valencene
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and geranylgeraniol or a combination thereof. In further additional embodiments. the bio-
organic compound is myrcene. a-ocimene, 3-ocimene, a-pinene, B-pinene, amorphadiene,
a-famesene, B-farnesene or a combination thereot. In certain embodiments, the bio-organic

compound 15 a-tarnesene, f§-tamesene or a mixture thereof.

{0037] In certain embodiments, the microbial cells are bactena. In certain
embodiments, the microbial cells belong to the genera Escherichia. Bacitlus, Lactobacilius.
In certain embodiments, the microbial cells are £. coli. In turther embodiments, the
microbial cells are fungi. In still further embodiments. the microbial cells are yeast. In still
turther embodiments. the microbial cells are Khvveromvees, Pichia, Saccharomyces and
Yarrowia. In additional embodiments, the microbial cells are S. cerevisiae. In certain
embodiments, the microbial cells are algae. In certain embodiments, the microbial cells are
Chlorella minutissima, Chlorelia emersonii, Chloerella sorkiniana, Chlorella ellipsoidea,

Chlorella sp. or Chlorella protothecoides.

[0058] In certain embodiments, the clarifying step occurs by liquid/sohid separation.
In other embodiments, the clarifying step occurs by sedimentation followed by decantation.
In still other embodiments, the claritying step occurs by filtration. In certain embodumuents,
the clarifving step occurs by centrifugation. In certain other embodiments, the clarifying

step oceurs 1n a continuous disk stack nozzie centrituge.

{0059] Optionally, the pH of the composition or emulsion can be adjusted to a pH
greater than about 7.3. In certain embodiments, the pH ot the composition or emulsion is
adjusted to a pH between about 7.5 and about 10. In some embodiments, the pH of the
composition or emulsion 1s adjusted to a pH between about 7.5 and about 9. In other
embodiments, the pH of the composition or emulsion is adjusted to a pH between about 8
and about 8.5. In some embodiments, the pH of the composition or emulsion 1s adjusted to

a pH greater than 9.

10060} The pH of the composition or emulsion can be adjusted by using any base
deemed suitable by one of skill in the art. [llustrative examples of suitable bases include:
ammonia, potassium hvdroxide, barium hydroxide, cesium hydroxide, sodium hydroxide.
strontium hydroxide. calcium hydroxide, lithium hydroxide, rubidium hydroxide and
magnesium hydroxide. Highly soluble and economical bases are generally preferred for
commercial scale operations. [Nustrative examples of such bases include potassium

hvdroxide and sodium hydroxide.
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[0061] In certain embodiments, the composition or emulsion 1s separated by

liquid/liquid separation. In certain embodiments. the composition or emulsion 1s scparated
by centrifugation that relies on the different densities between the bio-organic compound
and the aqueous medium. In certain embodiments, the composition or emulsion s
separated by a continuous disk-stack centrifugation. In certain embodiments, the
composition or emulsion is separated by liquid/liquid extraction (also known as solvent

extraction).

[0062] In certain embodiments. the method further comprises concentrating the bio-
organic compound in the composition or emulsion inte a concentrated composition or
emulsion thereby reducing the volume for subsequent downstream processing. Thus, it the
concentration step occurs, then the pH adjustment step and the liquid-liquid separation step
are performed on the concentrated composition or emulsion instead of on the composition

or emulsion.

[0063] Thus in another aspect, the methods comprise:
(a) providing a first composition comprising a surfactant, host cells, an
aqueous medium and a bio-organic compound produced by the host cells, wherein the

solubility of the surfactant in the aqueous medium decreases with increasing temperature.

(b)  concentrating the first composition to form a concentrated composition
wherein the concentrated composition comprises substantially all of the bio-organic
compound and the volume of the concentrated composition is less than the volume of the
first composition, wherein the temperature of the concentrated composition 1s at least about

1 °C below a phase inversion temperature or a cloud point of the concentrated composition,
P D pt

(¢) raising the temperature of the concentrated composttion to at least

about 1 °C above the phase inversion temperature or the cloud point; and

(d)  performing a liquid/liquid separation of the concentrated composition
to provide a crude bio-organic composition.
[0064] In another aspect, provided herein are methods that comprise:

(a)  providing a first oil-in-water emulsion comprising a surfactant, host
cells, an aqueous medium and a bio-organic compound produced by the host cells, wherein
the solubility of the surfactant in the aqueous medium decreases with ncreasing

temperature:

16
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{h) concentrating the tirst otl-in-water emulsion to form a concentrated oil-
in-water emuision wherein the concentrated oil-in-water emuision comprises substantially
all of the bio-organic compound and the volume of the concentrated oil-in-water emulsion

is less than the volume of the tirst oil-in-water emulsion;

(C) converting the concentrated ol-in-water emuision to a water-in-oul

emulsion: and

(d}  pertorming a hquid/liqud separation of the water-in-oil emulsion to

provide a crude bro-organic composition.

10065] [n certain embodiments, the concentrated composition or emulsion comprises
ahout 50 percent of the volume of the tirst c<'>mposition or emulsion. In certain
embodiments, the concentrated composition or emulsion is at most about 40, 35, 30, 25, 20.
15, 10.5,4,3.20r 1 percent of the volume of the first composition or emulsion. In certain
embodiments, the concentrated composition or emulsion is at most about 235 percent of the
volume of the first composition or emulsion. In further embodiments, the concentrated
composition or emulsion 15 at most about 10 percent of the volume of the first composition
or emulsion. In still further embodiments. the concentrated composition or emuision is at

most about 5 percent of the volume of the first composition or emulsion.

{0066} In certain embodiments, the concentration step occurs by tangential flow
filtration (“TFF™). For example the clarified composition or emulsion (which is
substantially free of host cells) is dewatered using TFF to produce a concentrated
composition or emuision. In certain other embodiments, the clarification and concentration
steps occur simultancously. For example, when the clarifying step occurs by sedimentation
of the host cells, the top portion of the mixture, containing substantially all of the bio-
organic compound, can be decanted. This top layer then becomes the concentrated
composition or emulsion. In another example, if the clanifying step occurs from using a
continuous disk stack nozzle centrifuge, then the portion ot the mixture that includes the
bio-organic compound can be separated based on the different densities between the bio-
organic compound and the aqueous medium. The portion containing the bio-organic

compound then becomes the concentrated composition or emulsion.

10067] Optionally, the pH of the concentrated composition or emulsion can be

adjusted to a pH greater than about 7.5, In certain embodiments, the pH of the concentrated
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composition or emulsion is adjusted to a pH between about 7.5 and about 10. In certamn
embodiments, the pH of the concentrated composition or emulsion is adjusted to a pH
between about 7.5 and about 9. In certain embodiments, the pH of the concentrated
composition or emulision 1s adjusted to a pH between about 8 and about 8.5, In additional
embodiments, the pH of the concentrated composition or emulsion is adjusted to a pH

greater than 9.

j0068) [n certain embodiments, the concentrated composition or emulsion is
separated by hquidiliquid separation to provide a crude bio-organic composition. In certain
embodiments, the concentrated composition or emulsion (s separated by centrifugation that
rehies on the different densities between the bio-organic compound and the agqueous
medium. In certain embodiments, the concentrated composition or emulsion s separated
bv a continuous, three-phase, disk-stack centrifugation. In certain embodiments, the
concentrated composition or emulision 1s separated by hqud/liquid extraction ( also known

as solvent exiraction).

10069} In certain embodiments, the method turther comprises purifying the crude bio-
organic composition to yield a puritied bio-organic composition. Any suitable method may
be used and 1s likely to depend on the desired level of purity of the bio-organic compound
or the acceptable levels of impurities in the final composition. Suttable methods include,
but are not {imited to: fractional distillation, adsorption and liquid chromatography. In
certain embodiments, the purification 1s by flash distiliation. In certain embodiments, the
purification is by silica gel filtration. In additional embodiments, the purification is by

alumina Hltration.

{0070] In another aspect, the methods comprise:

(&) providing a first composition or an emulsion comprising a surfactant,
host cells, an aqueous medium and a bio-organic compound produced by the host cells,
wherein the solubility of the surfactant in the aqueous medium decreases with increasing

femperature,

(b}  concentrating the first composition or emulsion to form a concentrated
composition or emulsion wherein the concentrated composition or emulsion compnises
substantially all of the bio-organic compound and the volume of the concentrated
composition or emulsion 1s less than the volume of the first composition or emuision,

wherein the temperature of the concentrated composition or emulsion is at least about 1 °C



CA 02796438 2012-10-12

WO 2012/624186 " PCT/US2011/047616

below a phase inversion temperature or a cloud point of the concentrated composition or

emuision:

(¢)  raising the temperature of the concentrated composition or emuision to

at least about 1 °C above the phase inversion lemperature or the cloud point;

d) centrifuging the concentrated composition or emulsion to scparate the bio-
organic compound from the agueous medium thereby forming a crude bto-organic
composition: and

¢) tlash distilling the neutralized crude composition to yield a neutralized

purified composition.
[0071] [n certain embodiments, the host cells are yeast celis.

[0072] In certain embodiments, the purified composition {whether neutrahized or not)
is turther polished. For example, when the bio-organic compound is an olehn, the method
can further comprise adding an antioxidant to the purified bio-organic composition. The
addition of the antioxidant can retard the formation of peroxides and stabilizes the purified
blo-organic composition. Any anti-oxidant deemed suitable by one of skill in the art can be
used. However, if the olefin is to be subsequently hydrogenated, a phenolic antioxidant
which does not interfere with hydrogenation reactions under mild conditions like certain
commonly used antioxidants such as a-tocopherol is preferred. Hustrative examples of
suitable anti-oxidants include: resveratrol; 3-tert-butyl-4-hydroxvanisole; 2-tert-butyl-4-
hydroxyanisole; 2.4-dimethyl-0-tert-butyiphenol; 2.6-di-tert-butyl-4-methylphenol; and 4-

tert-butyleatechol,

10073 [n another example. the punfied compositions can be turther polished by the
addition of a chelating agent to reduce the amounts of metals in the compositions. In
certain embodiments, the purification step also includes removing metals present in the
crude bio-organic composition by the addition of a chelating agent. Any suitable chelating
agent can be used. Illustrative examples of suitable chelating agents include ascorbic acid,
citric acid, malic actd. oxalic acid, succinic acid, dicarboxymethyllutamic acid,
ethvlenediaminedisuccinic acid (EDDS), ethvlenediaminetetraacetic acid (EDTA) and the

hke.

{0074} While the processes and systems provided herein have been described with

respect to a limited number of embodiments. the specific features of one embodiment

j 4
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should not be attributed to other embodiments of the processes or systems. No single
embodiment is representative of all aspects of the methods or systems. In certam
embodiments, the processes may include numerous steps not mentioned herein. In other
embodiments, the processes do not include any steps not enumerated herein. Vanations

and moditications from the described embodiments exist.

10075] It is noted that the purification methods are described with reference to a
number of steps. In certain embodiments, these steps can be practiced in any sequence. in
certain embodiments, one or more steps may be omitted or combined but still achieve
substantially the same results. The appended claims intend to cover all such variations and

modifications as falling within the scope of the claimed subject matter.

10076} All publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individuoal publication or
patent application was specifically and individually indicated to be incorporated by
reference. Although the claimed subject matter has been described in some detail by way
of illustration and example tor purposes of clarity of understanding, it will be readily
apparent to those of ordinary skill in the art in light of the teachings herein that certain
changes and modifications may be made thereto without departing from the Spirt or scope

of the appended clamms.

EXAMPLES
Example | - Preparation ot CCB
[0077] This example describes a method for preparing concentrated, clarified broth
(hereafter “CCRB”).
[0078] A fermentation harvest broth from pilot plant fermentations was fractionated

using continuous centrifugation in a pilot scale, continuous nozzle centrifuge. Two output
streams {concentrate and cenrtrate) were produced. The concentrate stream containing
sedimented cells and aqueous waste was discharged from the nozzles. From the centrate
strearn, CCB containing about 30 % water and about 30 % farnesene was collected. Each

fermentation lot was given a unique lot number based on the inoculation date.

He 4,
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Example 2 - Effect of different surfactant concentrations on farnesene released from cane

e e oo aa ad o

syrup denived CCB at 60 °C

APy s P et i . A o gyl i B w bt e RS

[0079] This example shows the ettect ot different surfactants, including
TERGITOL™ 162 and TERGITOL™ L64, on farnesene release or the amount of
tarnesenc released (in term of ol recovery and o1l release rate) from cane syrup derived

CCB at incubation temperature of 60 °C.

10080] CCB (Lot No.: PPO31910F2 draw2) (1 ml per tube) was aliquoted into 1.5 ml
microcentrifuge tubes. Different concentrations of TERGITOL™ L62 or TERGITOL™
Lo4 were added into the tubes. The contents ot each tube were then mixed at ambient
temperature tor 10 minutes by a vortex mixer. The tubes were then incubated in a hot bath
at about 60 "C for 30 minutes. Samples (400 ul) from the tubes were added into lumisizer
microcentrifuge cells and analyzed by HIGH-END DISPERSION ANALYSER
LUMISIZER®, an analytical centrifuge commercially obtained from L.U.M. GmbH,
Berlin, Germany, (hereafter “the Lumisizer™). The samples in the Lumisizer were
centrifuged at 4000 rpm (2300 x g) at about 60 °C for 22 minutes. In order to prevent heat
loss during the transfer of the samples into the cells, each cell was placed into a hot bath at
about 60 “C until the transterring step was completed. The samples with TERGITOL™
1,62 were labeled as Example A1, whereas samples with TERGITOL™ 1.64 were labeled
as Example A2. The oil recovery and o1l release rate of Examples A1-A2 were determined
and plots of the oil recovery and o1l release rate versus the conceniration of the surfactants

are shown m Figure 1 and Figure 2 respectively.

[0081] Referring to Figure 1, there were sharp increases in the oil recovery with an
increase in the concentrations of the TERGITOL'™ 162 and TERGITOL ™ L64
respectively. This indicated that there was a critical threshold concentration for emulsion
breakage. Reterring to Figure 2, Example Al has a higher o1l release rate than that of
Example AZ. This indicated that TERGITOL ™ 162 released more oil (i.¢., farnesene)
from cane syrup derived CCB at 60 °C than TERG [TOL™ L64.

Example 3 - Comparsion of oil recovery and oil release rate using difterent surfactants

including TERGITOL™ 162, TERGITOL '™ .64, ECOSURF™ SA-7 and ECOSURF
SA-9

10082] This example shows the etfect of different surfactants, including
TERGITOL™ 162, TERGITOL™ L64, ECOSURE™ SA-7 and ECOSURF™ SA-9, on
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the amount of farnesene released (in term of oil recovery and oil release rate) from cane

syrup derived CCB at incubation temperature of 60 "C.

{00831 Surtactants having similar cloud potnts but difterent chemical structures were
tested for demuisifying CCB. The surfactants used here include TERGITOL™ Lé62.
TERGITOL™ 164, ECOSURF™ SA-7 and ECOSURF™ SA-9,

{0084} CCB (Lot No.: PPO40210F2 _draw1) {1 ml! per tube) was aliquoted into 1.5 ml
microcentrifuge tubes. Different concentrations of ditferent surfactants were added into the
tubes. The contents of each tube were then mixed at ambient temperature for 10 minultes
by a vortex mixer. The tubes were then incubated in a hot bath at about 70 °C for
approximately an hour. Samples (400 ul) trom the tubes were added mto lumisizer
microcentrifuge cells and analyzed by the Lumisizer. The samples in the Lumisizer were
centrifuged at 4000 rpm (2300 x g} at about 60 °C for 22 minutes. In order to prevent heat
loss during the transter of the samples into the cells, each cell was placed into a hot bath at

about 60 “C until the transferring step was completed.

{0085] The otl recovery and o1l release rate of each sample were determined and plots
of the oil recovery and o1l release rate versus the concentration of the surfactants were
shown 1 Figures 3 and 4 respectively, where the samples with TERGITOL™ L62 were
labeled as Example B1: the samples with TERGITOL '™ L64 were labeled as Example B2;
the samples with ECOSURE "™ SA-7 were labeled as Example B3: and the samples with
ECOSURF™ SA-9 were labeled as Example B4,

[0086] Titration curves obtained from Examples Bl and B2 were different trom the
curves obtained from Examples B3 and B4, The curves of Example Bl and Example B2
had a sharp increase in the o1l recovery, whereas each of Examples B3 and B4 had a more

gradual response in the o1l recovery when the concentration of surfactant increased.

{0087] The otl recovertes of Examples Bl and B2 were higher than those of
Examples B3 and B4 at low concentrations of surfactant. The data shows that 0.2 % by v/v
or less of TERGITOL '™ L62 or TERGITOL ™ 1,64 was sufficient to release farnesene

from CCR.
10088] TERGITOL™ 1.62 and TERGITOL™ L64 (obtained from The Dow
Chemical Company, Midland, Michigan) are polyether polyol, nonionic surtactants which

. v 4 N gy Y . t ‘YM
are chemically synthesized compounds, whereas ECOSURF'™ SA-7 and ECOSURF™ SA-

A
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9 {obtained trom The Dow Chemical Company, Midland, Michigan) are moditied alcohol

ethoxylate based. nonionic surfactants which are modified from natural sourced seed oils.

00891 This example shows the effect of the concentration of different surfactants,
including TERGITOL™ Lé64. TERGITOL™ NP-7, and TERGITOL™ TMN-6, on
farnesene release or the amount of farnesene released from cane syrup derived CCB at

incubation temperatures of 30 °C and 40 °C.

[0090] CCB (Lot No.: PPO40910F 1) (1 ml per tube) was aliquoted into 1.5 ml
microcentrituge tubes. Different concentrations of surfactants were added nto the tubes.
The contents of each tube were then mixed at ambient temperature for about 10 minutes by
a vortex mixer. The tubes were then incubated at 30 °C and 40 °C respectively for about 15
minutes. After incubation, the tubes were centrifuged at 10,000 x g at the incubation

temperatures for 5 minutes.

106091] The tubes incubated at 40 °C with TERGITOL™ L64 in an amount ranged
from 0.1% to 0.4% by v/v were labeled as Examples C1-C4 respectively. The tubes
incubated at 40 °C with 0.2 vol.% and 0.5 vol.% of TERGITOL ™ NP-7 were labeled as
Examples C5-C6 respectively. The tubes incubated at 40 °C with 0.2 vol.% and 0.5 vol.%
of TERGITOL"™ TMN-6 were labeled as Examples C7-C8 respectively. The tubes
incubated at 30 °C with TERGITOL'™ L64 ranged from 0.1% to 0.4% by v/v were labeled
as Examples C9-C172 respectively. The tubes incubated at 30 °C with 0.2 vol.% and 0.5
vol.% of TERGITOL™ NP-7 were labeled as Examples C13-C 14 respectively. The tubes
incubated at 30 °C with 0.2 vol.% and 0.5 vol.% of TERGITOL™ TMN-6 were labeled as

Examples C15-C16 respectively.

{0092] Two control experiments {(i.e., Controls C1-C2) were done at 30 °C and 40 °C
respectivelv according to the same procedure above except without the addition of a

surfactant. Table 2 below provides the conditions for Examples C1-C16 and Controls Cl1-

C2.

0093] By observing the samples atter centrifugation, it was found that there were 2
layers (an aqueous phase bottom layer and an emulsified tamesene top layer) in Controls
(' 1-C2 whereas there were 3 layers (an aqueous phase bottom layer, an emulsified

farnesene middle laver and a clear farnesene top layer) in Examples C'1-C16. The amount

fa
o’
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of the clear farnesene top layer in Examples C6 and C14 were observed to be highest

among all samples. Therefore, the TERGITOL™ NP-7 in Examples C6 and C14 was

found to be highly effective in releasing farnesene from the cane syrup derived CCBata

temperature as low as 30 °C, which was consistent with the cloud point (20 °C) of the

TERGITOL™ NP-7 used. The amount of the clear famesene top layer in Example C8 was

about the same as those in Examples C6 and C14. However, the amount of the clcar

farnesene top layer in Example €16 was much less than those in Examples C8 and C6 and

Cl4

 Therefore, the TERGITOL™ TMN-6 was found to be highly effective in releasing

farnesene from the cane syrup derived CCB at a temperature as low as 40 °C, although not

at 30 °C, which was consistent with the cloud point (36 °C) of TERGITOL™ TMN-6.

However, the amounts of the clear farnesene top layer in Examples C1-C4 and C9-C12

were much less than those in Examples C8 and C6 and C14. Therefore, TERGITOL™ L-
64 was found not effective in releasing farnesene from the cane syrup derived CCB at both
30 °C and 40 °C, which was consistent with the cloud point (62 °C) of TERGITOL™ L-64.

Table 2. A list of conditions of Examples C1-C16 and Controls C1-C2

A A A

i S o Incubation I " T Concentration of Surfactant ]

i ample Temperature (°C Type of Surfactant % by v/v

| Example C| I [ "TERGITOL™ L64

| Example C2 40 | TERGITOL™L64

ExampleC3 | 40 | TERGITOL™ L64

| Example (Aj: 40 TERGITOL™ Lé4

* Example C5 | 40 TE R(:ffOLWM NP.7

| Example C6 | 40 TERGITOL™ NP-7

Example C7 | 40 | TERGITOL™ TMN-6 .

| Example C8 "40 | TERGITOL™ TMN-6 05 )

_Example C9 ji O L TERGITOL™L64 | 01

Example C10 | L 30 . TERGITOL™L64 | 02

4 B\ampleLlI 30 TERGITOL™ L6403

| Example C12 | 30 ' TERGITOL'™L64 | 04

CExampleCI3| 30| TERGITOLVNP7 |~ 02

CExample Cl14| 30 ’WH&Q}TOL*“’\:M | 0.5

;Example{.l’* L 30 ? TERGITOL™ TMN-6 ﬂ; b2 ]
Example C16 30 ?;"ifx(,nou“ TMN-6 | 0.5 =

E Control C1 | 40 3 . z, {

AAAAA N .S SV S Y
Lomml (""’ 'g 30 T iiiiiii - e 0 -
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released from cane syrup dervied CCB

[0094] This example shows the effect of incubation temperatures at 30 “C, 40 °C, 50
°C and 60 °C and different surfactants. including TERGITOL™ 162, TERGITOL™ L64,

and TRITON™ X114, on the amount of farnescne released from cane syrup derived CCB.

10095} CCB (Lot No.: PPO41610F2) (1 ml per tube) was aliquoted mto 1.5 ml
microcentrifuge tubes. Ditferent surtactants, including TERGITOL™ 162, TERGITOL™
.64 and TRITON ™ X114, in an amount of 0.5% by viv were added into the tubes. The
contents of each tube were then mixed at ambient temperature for about 10 minutes by a
vortex mixer. The tubes were then incubated at 30 °C, 40 °C, 50 °C and 60 °C for about 13
minutes respectively. Samples (400 ul) from the tubes was added into lumisizer
microcentrifuge cells and analyzed by the Lumisizer. The samples in the Lumisizer were

centrifuged at 4000 rpm (2300 x g) at the incubation temperatures for 22 minutes.

[0096) The samples with 0.5% by viv of TERGITOL ™ 162 incubated at 30 °C, 40
°C. 50 °C and 60 °C were labeled as Examples D1, D4, D7 and D10 respectively. The
samples with 0.5% by v/v of TERGITOL™ L64 incubated at 30 °C, 40 °C, 50 °C and 60
°C were labeled as Examples D2, D5, D8 and D11 respectively. The samples with 0.5% by
/v of Tritron X114 incubated at 30 °C, 40 °C, 50 °C and 60 °C were labeled as Examples
D3, D6. D9 and D12 respectively. Four control experiments (Controls D1-D4) were
carried out according to the procedure as mentioned above except without the addition of a

surfactant. Table 3 provides the conditions of Examples D1-D12 and Controls D1-D4.

[0097] The oil release rate and oil recovery of Examples D1-D12 and Controls D1-D4
were determined. Tables 3 and 4 provide the oil release rate and oil recovery results for

Examples D1-D12 and Controis D1-D4.

2
LA
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Table 4. Oil recovery of Examples (D1-D12) and Controls D1-D4

L
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0098 The oil release rate of the sample (Example D3) with TRITON™ X114
(incubated at 30 °C’) was the highest among the samples (Examples D1-D3) with same
incubation temperature which was consistent with the cloud point of TRITON'™ X114 (25
°C). The oil release rate of the samples with TERGITOL™ 162 and TERGITOL™ Lé4
increased with the incubation temperature which was consistent with the cloud points of

TERGITOL™ L62 and TERGITOL™ 1.64 at 32 °C and 62 °C respectively.

|0099] This example shows the effect of different surfactants, including
TERGITOL ™ 1.62 and TRITON™ X114, on the amount of farnesene released from a

detined medium fermentation broth derived CCB at incubation temperature of 50 °C.

100100] CCB 1solated from the defined media fermentation was aliquoted in an amount
of 1 mi per tube into 1.5 mi microcentrifuge tubes, Different surfactants, inéluding
TRITON™ X114 in an amount of 0.2% or 0.5% by v/v; and TERGITOL™ L62 in an
amount of 0.2 % by v/v, were added nto the tubes. The contents of each tube were then
mixed at ambient temperature for about 10 minutes by a vortex mixer. The tubes were then
incubated at about 50 °C for about 15 minutes. Samples (400 ul) from the tubes were
added 1nto lumisizer microcentrifuge cells and analyzed by the Lumisizer. The samples in

the Lumisizer were centrifuged at 4000 rpm (2300 x ¢) at 50 °C for 22 minutes.

[00101]  The samples with 0.2% or 0.5% by v/v TRITON™ X114 were labeled as
Examples E1 and E2 respectively. The sample with 0.2% by v/v TERGITOL™ 162 was
fabled as Example E3.

[00102] The oif release rate and o1l recovery of each sample were determined. Tables

> and 6 provide the oil release rate and o recovery resulis for Examples E1-E3.

Table 5. Oil release rates of Examples E1-E3

Sample Type of Surfactant I Conceatrx;tmn of Surfactam ‘Oil release rates
AAAAAAAAAAAAAAAA ! (e by viv) | (pm/sec) |
%;}amp!ef El ) TR%TO\I‘“ Xi l-¥ . 0.2% 217 |
 ExampleE2 | TRITON™X l 5% )23
__Example B3 TERGT roxx“ L62 | 0.2% | 35.9 |
S-SR ST PRI SN ]

h

ans L
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Table 6. Oil recovery of Examples E1-E3

Emulsion | Clearoil | .o Clear Ol
| Concentration | Jemp. | 7 " 7 o in Emulsion
Type of : e Length Length L
Surfactant of Surfactant | (C) (mm) mm) {(which is equal
) ("% by v/v) - {0 Ol recovery)
- Example | TRITON" S
| N v >0
Exampie | TRITON™ [~ ,.
L2 Xtid 1} {}.5% 20
.~ . ‘ ~ = *) | .' TR A AR R S -
f:,x?t:pie T{,R(l};z{v. L. 030, "

Example 7 - Process at pilot scale
[00103] This example demonstrates the possibility of releasing famesene from CCB at
pilot scale.

(00104] Whole cell broth (WCB) was obtained directly from the termentor. CCB was

collected from the centrate as mennioned in Example |.

[00105]  TRITON'™ X114 (0.2 % by viv) was added to WCB, mixed and heated to 53
"C. The mixture was centrifuged at 4000 rpm (2300 x g) for 22 minutes at 53 °C.

[00106] CCB (2.5 L) solated from a detined media termentation (20 L) was treated
with TRITON™ X114 (0.2% by v/v), mixed and then heated to about 53 °C for 15 minutes.
The mixture was centrifuged at 4000 rpm (2300 x g) for 22 minutes at 33 °C.

[00107] The concentration of farmesene was measured by gas chromatography with
tlame onization (GC-FIDy.

{00108] Table 7 provides the average concentration of tarnesene, step volume and

weight of farnesene extracted from WCB, CCB, liquid/liquid aqueous phase and crude

farnesene which were labeled as Examples Fi, F2, F3 and F4 respectively.
[00109] Contracted manufacturing organization (CMO) process was tollowed:

{00110} The pH ot each run was titrated to 9.5 with SN NaOH. NaCl (0.56 M) was
added. TERGITOL™ 1.81 was added and the mixture was mixed for an hour at ambient

temperature.

100111} Table 8 provides the conditions, 2.e., pH 9.5/0.65M NaCl/0.5% L81, and the
concentration of faresene in the liquid/liquid aqueous phase obtained from sampies with

different extraction processes. i.¢., (MO process (Examples F5-F9) and Ixample F3. The
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concentration of farnesene in the hquid/liquid aqueous phase ot Examples F5-1'9 ranged
from 23 g/1. to 67 ¢/L.. The concentration of farnesene in the liquid/liquid aqueous phase of
Fxample F3 with 0.2 % TRITON™ X114 at 53 °C was merely S g/L. which was at least 5
foids reduction compared with those of Examples F5-F9. The data suggest that the
TRITON™ X114 process may result in a reduction in famesene loss across the
iquid/Liquid centrifugation unit operation.

Table 7. Average concentration of farnesene, step volume and weight of farnesene
extracted from WCB, CCUB, Liquid/liguid Aquecous Phase and Crude farnesene

Average Concentration of
Famesene

Original Step Yolume (L) | Farnesene (g)

Example | Whole cell broth
. o AWCERB) I
E: l g

i CCB 598 8
F*cample‘ Liquid/Liguid AN |

0.2

k3 1 Aqueous Phase
Example Crude farnesene 479

Fd

Table 8. Concentration of farnesene in the liguid/lignid aqueous phase obtained from
samples with different extraction processes

AN
i
4
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b y
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r
| 3 . Chemistry & - Liquid/Liquid Aqueous
>ample | Ran Aec - (?oncentration N Phase Titer (g/L.)
- Example | 4500 L CMO Chemically defined v 507 ‘ 1 |
s Run  medium prNa(, 0.5% L81 25
Example | 600001 | Chemically defined | - o
PP | on | Cremelrseed | punacioswist | 30
Example | 60000 L. Chemically defined e e
% F'?p (MO Run medium pH;’Nqu,f() 5% L81 67
T Example || 60000L | Chemically defined | . ... ' S
; F8 ! CMO Run | medium prNa(,LO dhat 2
i _,..__? o e e st . e _Er i VEIVOUURITYY THr—— ; s s it e —
1 anmpie | S&%??{ I{;n j (..hem;i:ggx lieﬁncd E SH/NaCl :‘0 o0 18] | 51 ﬂ]
anmpie T”Oi Scaled | Chemically defined E 0.2% TRITON™ ‘ p
. Down | medium | XHs3°C | T

Example 8 — Etfect of surfactant concentration on {arnesene released from cane syrup

dervied WCB at 40 °C and 50 °C

[00112] This example shows the etfect of surfactant concentration on the amount of
farnesene released from cane syrup derived WCB at incubation temperatures of 40 °C and
S0 °C and demonstrates a similar eftect of surfactant concentration on the amount of

farnesene released from cane syrups derived WCB and CCB.

>0
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{00113] WCB without hiquid/soiid centrifugation was evaluated using Harvest broth

from a 300 . fermentation utilizing cane syrup media.

[00114] Various concentrations of TRITON™ X114 ranged from about 0.01 % to
about 0.2 % by viv were added into the WCB, and then incubated for 30 minutes at 40 °C

and 50 “C separately.

100115]  WCB incubated at 40 °C with TRITON"™ X114 (0.01, 0.03. 0.07. 0.1 and
0.2 % by viv) were labeled as Examples G1-G3 respectively; whereas the WCB incubated
at 50 °C with TRITON™ X114 (0.01, 0.03. 0.07, 0.1 and 0.2 % by v/v) were labeled as

Examples G6-(G10 respectively.

100116] A control expenment {Control G1) was done according to the procedure
mentioned above except without the addition of surfactant. The o1l release rate and oil
recovery were measured by the Lumisizer at 4000 rpm (2300 x g) at the incubation
temperature tor 22 minutes. Table 9 and 10 provide the oil recoverv and oil release rate

results of samples having different concentrations of TRITON™ X114 at 40 °C and 50 °C.

[00117] The data suggest that the same absolute amount of TRITON™ X114 can be

added to either WCB or CCB to provide similar vield improvement properties.

Table 9. The O1l release rates of Examples G1-G10 and Controls G1-G2

] T Concentration | ., . T I
. ? Type of - | Incubation N i
Sample | ’ , N/ ,

1 D | Surfactant | of 1l’Surfm:tant Temperature (°C) Qil release rate (um/sec) !

) - i__”(/o by v/v) i . e

f_ Control G1 - | - ' 042¢

¥ S S

TRITON™ X114
TRITON™ X 14 |

¢
- ﬁwmplc(;t |
T ™
Example G3 %V RIFON X!M
.
|

| E‘(ampit {2 '

k-ww

| Example G4 TRITON™ X114 |
Soes bt A AR A A
Example G5 | TRI I'ONW X114 %
Control (G2 G2 | E | | | |
| Example G6 TRITON™ X114 | 0.01 50 0.0295
- Example G7 TRITON™ X114 | 0.03 50 0.8715
| ' e e |
. Example G8 TRITON™ X114 0.07 | 50 1.4496 |
- - S oS S } _— oo *"“""’"‘"“‘1
Example G9 TR!TO\"‘ X114 0.1 50 1 28966 |
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Table 10. The Oil Recovery Results of Examples G1-G10 and Controls G1-G2

- " — - ) o e . ——vavs ot . ARARAAAA S 444 0 ot B« - e s adossd Vesrmray B Fadiie AR SRR P ASRASARIRA
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100118] There were more than two times increase in oil recovery of the samples

(Example G3 and Example G8 respectively) with TRITON™ X114 (0.07% by v/v) at both
incubation temperatures compared with that of the corresponding control experiments

(Control G1 and Control G2 respectively).

100119] The data suggest that the same absolute amount of TRIT ON™ X114 can be

added to either WCB or CCB to provide similar yield improvement properties.

Example 9 - Eftect of different surfactants, i.e.. TRITON' X114 and TERGITOL'™ L62,

B Ak abdd

on farnesene released from cane syrup denved WCB at 50 °C and 60 °C

prrvyvTTpTI T TS W—ﬂ-v— Lo Al

[00120] This example shows the effect of difterent surfactants, including T RITON™
X114 and TERGITOL™ L62. on the amount of farnesene released from cane syrup derived
WCB at incubation temperatures of 50 °C and 60 °C and demonstrates the difference in the
offect of different surfactant on the amount of farnesene released trom cane syrup derived

WCB and CCB.

100121] WCB (1 ml per tube) was aliquoted into the 1.5 ml microcentrifuge tubes.

Different concentrations of TRITON™ X114 and TERGITOL" L62 in an amount ranged



CA 02796438 2012-10-12

WO 2012/024186 PCT/US2011/047616

from about (.01% to about 0.1% were added into the tubes. The contents of each tube were
then mixed at ambient temperature tor 10 minutes by a vortex mixer, The tubes were then
mcubated at 50 °C and 60 °C for about 15 minutes. After incubation, the tubes were

centrifuged at 4000 rpm (2300 x p) for 22 minutes at the incubation temperatures.

100122]  The tubes with TRITON™ X114 (0.01.0.03, 0.05, 0.07 and 0.1 % by v/v)
incubated at 50 °C were labeled as 'xamples H1-H3. The tubes with TERGITOL™ L62
(0.01, 0.03. 0.05. 0.07 and 0.1 % by v/v) incubated at 50 °C were labeled as Examples Ho-
H10. The tubes with TRITON™ X114 (0.01. 0.03, 0.05, 0.07 and 0.1 % by v/v) incubated
at 60 °C were labeled as Examples H11-H15. The tubes with TERGITOL™ L62 (0.01.
0.03, 0.05, 0.07 and 0.1 % by v/v) incubated at 60 °C were labeled as Examples H16-H20.

100123] Control experiments {(Controls H1-H2) were carried out according to the
nrocedure mentioned above except without the addition of surfactant. The ol release rate
and oil recovery of each sample were determined. Tables 11 and 12 provide the conditions

and the oil rclease rate and ol recovery of the samples respectively.

[00124] The oil release rate of Controls H1-H2 and samples with TERGITOL™ L62
(Examples H6-HO9, H16-H20) were found to be negative as shown in Table 11 which
indicated a low oil breakout rate. The oil release rate of samples (Examples Hi-H4, H12-
H15) with TRITON'™ X114 were found to be positive and the oil release rate generally

increased with the concentration of TRITON™ X114 and the incubation temperature.

[00125] There was less discrepancy n the o1l recovery between the samples with the
same absolute amount of TRITON'™ X114 and TERGITOL™ L62. The data suggest that
although the o1l release rates of the TRIT ON'™ X114-containing samples were higher than
that of the TERGITOL ™ L62-containing samples, it did not necessarily translate into a
much higher recovery of crude farmesene. This may be due to the tact that the o1l release
rate 1s an indication of centrifuge capacity for a given condition. The data suggest that the
samples having TRITON ™ X114 may allow a faster separation and higher throughput in

the scaled process.

[00126] Fxample 9 demonstrates large performance differences between TRITON™
X-114 and TERGITOL"™ L62 when applied to WCB. However, the performance
differences between TRITON™ X114 and TERGITOL ™ 162 when applied to CCB are

minimal.

I
{4 d
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Table 11. Oil release rates of Examples H1-H20 and Controls H1-H2

| Sample | Typeof Surfactant ! «,uff‘;'ifﬁﬁi'?ﬁl”&"ﬁu  Temperature. rftfl f;':ﬁ::c) f
memmz T g - j:“ 50 Tw 00791 |
| ExampleHl | TRITON™Xil4 | 0.01 500 | 0057
“eenpera | TRTONTX [ om w0 | uw ]
| Example 3 | TRITON™ X114 005 O | 04168 j
Exarple H4 ‘ TRITON™ X114 0.07 L 50 T 5209
 Example HS _;: TRITON™ X114 oo 1 50 | 0791
L‘(ampie H6 i TERGY HJLN 1.62 o OOiw e 50 L Lw “““““ -0 I«i? M,}
 Example H7 | TERGITOL™ L62 0.03 | 50 | 0.0673
 Example H§ ERGITOL™Le2 | 005 AL 0 1 00377 |
| FxampleH9 | TERGITOL™L62 L0022
%‘Ammptemo_r FERGITO[ ™ wa 69465
(.{mtmi H7 ?*‘A t - o ) -0, 067” )
| L‘(dmp!e}lil t TRITON™ X114 JI 0.0231 |
| Fxample H12 I TRITON™ X114 I _ 04487
L Example HI3 | TRITON™ X114 L 1.5305
Example H14 # TRITON™ X114 ;
' Lxample H1S TR!TON“"XHéij o
| Example HI6 | TERGITOL™L62 |
| Example HI7 | TERGITOL™ L62 f ﬁﬁﬁﬁﬁ 0209
| ExampleH1s | TERGITOLMi62 | oos | 60 | 02028 |
""""" Example H19 | TERGITOL™162 | 007 | 60 | 01538 |
Lffampie H20 | TERGITOL™L62 | B e E 60 0.0672
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Table 12. The Oil Recovery Results of Examples H1-H20 and Controls H1-H2

‘” """" 1T L % Clear Oil |
| | . .
i : T ; i Concentration } Tem - EBmulsion | Clear Oil In Emulsion 5
t : L + bl .
| Sample | ; }’fpé:i , | of Surfactant % {OC!)) . Length 1ength | {which 15 §
| j  unacian f (% by viv}) 1 |  equal to oil
i i ! | recovery) |
N Rt ——— s e st .mb“....w.w...ig- s . - - *
Control H1 71 : : E 6% |
{ Example | TR[}FON 001 A
| H LS RE 1 ; A |
gf Exampic TR!TONW 002 z 139 ;
i H. X1i4 i e L j
F - g e e e i
. Lxample TRITON I o | | 40 ;
: : U8 ! 44%% :
i H3 Xl]dm i 1
% Example FRITON | 0.07 | 0%
;'"- H3 Xiid o ;...........L R
i Example TRITON™ | ") | 510, %
L HS X114 o L
i Exz;{n;ple I‘FR(ZIJOL § 0.01 ; | NJA
T e e -— 4
| Example | TERGITOL 0o 7 50 1 134 0 44 3% |
i 1'47 j Lﬁ.& : ! ! . - '
Example | TERGITOL™ | . . b ! ’ 1
XAMpic 3 s V& { g - - § 65 399
" 62 | 005 S0 143 036 39%
E "??;"““ | ER‘&EOL 007 50 131 0.52 40%
‘ —e - - i e et vt evossrmsosarsmnerererstrasimind
i TW"‘“ R —— S ,
Example | TERGITOL . - | o |
i 0.1 P ) }.33 0.6 | 453% |
;—i i 0 | Lﬁ" % vases - Ry Jp— %mmmkuaun«uﬁmmyﬁ ........ -~
[ LontmlH’ | - % . 60 1,78 | 0.71 j{ 41% —]
Example | TRITON'® | a | : N/A II
__Hu X1 003 _ A A o I:f‘ T R ;
* 1 , o - , ,
t‘é’;’f le | er;(ff 003 | 60 I‘ 186 1| s4%
i st i:_u# e et reostan e N _’ L — s smmamesooson
! Example TRITON™ 0.0 2 | . < ; .
N 05 1 1,93 P23 6d°
oW 4 X T ) I
Example | TRITON 007 L 60 | 15 102 | 68% |
H14 X114 j S DA | | | | S
: TS BT T Y it B m—— T : - A
Example | TRITON o ; | | .
:: , ' 44 : 1.01 0% |
COHIS X114 . o } i s |
| ; L IS I S |
| Example JERGFTOLES 0.01 60 | {.57 { 0.56 36% |
. Hi6 Lo2 i e ot SRR NI S ]
| E"‘S*;‘f"’ TER{;‘@* R S X S 157 | 0T 6%
= ! " S ; N R B NS VRS —
- F ‘;‘;’g'e ‘ TER(E'E';OL 0056 s | on %
I lmW1 oL T o l L !
B S Cea 00T 60 } 138 | 0.76 ( 8%
— — R PNV
~ brample | TERGITOL™ 0.1 60 Tﬁ 159 | 083 1 §2%
SRAY Lo L62 K SRR ,.__{W NS OUEURU S | ; "
100127] Based on the above. the effects of TRITON'™ X-114 at 0.25% v/v and

TERGITOL'™ L-62 at 0.25%. 0.5%. 0.75%, and 1.0% v/v were tested on CCB derived

from very high polarity refined sucrose fermentations and subsequently heated to 60 “°C and

Ly |
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centrifuged to evaluate emulsion breakage. Under these conditions, all of the emulsions
broke equally well except for the control sampies (which were run under the same
conditions except without surfactant). In another vanation, a sait (NaCl varying from 3 g/L
to 25 g/L) was added to the surfactant sampies to see 1f the salt could further improve the
amount of famesene released from CCB. However, it was found that the salt in general had

no additional impact on the amount of tarnesene released from CCB.

{00128} Two other control experiments were conducted. In one control experiment,
samples were treated as descnibed n the previous paragraph where the surfactant was added
except that the samples were not heated 10 a temperature above its respective PIT (or cloud
point). In the second control experiment, surfactant was not added, but the samples were
heated to a temperature above the PITs. On both control experiments, the respective
samples had little or no tarnesene release and were substantially similar to the samples

which were neither treated with surfactant nor heated.

Fxample 10 - Effect of different mixing methods on the o1l release rate

{00129} The purpose of this example 15 10 examine the possibility of reducing the time
required for incubation by studying the etfect of different mixing methods on the oil release

rate.

00130] The effect of mixing or power input on the amount of farnesene released from
CCB was studied by utihizing different mixing equipment, including an ULTRA-
TURRAXY disperser (commerically obtained from IKA®. Staufen, (Germany), a stir bar at

1100 rpm and 600 rpm, a vortex mixer and a rotator mixer.

{00131} Firstly, two different lots of CCB were titrated with TERGITOL™ L62 to
determine the quality of CCB. CCB was not demulsified fully by TERGITOL™ 162 but to
stgnificant degree of about 50 % of CUB. The titration was carned out according to the
hitration procedure in Example |, Based on the titration results, CCB (Lot. No.:
PPO51410F1 drawl) was used and TERGITOL™ 162 (0.1%) was added into each sample.
All samples were mixed with the vortex mixer with maximum speed for 10 seconds at
ambient temperature atter the addition of TERGITOL™ L62. The samples were then

mixed for certain time at ambient temperature with the tollowing methods and conditions.

{00132] Vortex mixer (labeled as Example [3): CCB (5 ml) in a 15 mi conical bottom

centrifuge tube was mixed at the beginning of each time of taking sample.
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100133 Rotating mixer {(labeled as Example 14): CCB (3ml) in a 15 ml conical bottom

centrifuge tube was mounted to the tube rotator for mixing.

{00134} Sur bar (labeled as Fxamples 11 and 12): CCB (10 ml) was placed into a 25

mi scintitlation vial and stirred with the stir bar at 1100 and 600 rpm respectively.

{00135] ULTRA-TURRAX" disperser (labeled as Example 15 CCB (20 ml) was
placed 1nto a 50 mi centrifuge tube and mixed contintously at 15000 rpm. The tube was
placed into a water bath io order to remove heat generated in the process of mixing.
Temperature of the sample was monitored during the mixing process to ensure the

temperature of CCB was at ambient temperature,

00136} Samples were taken from the tubes or vials and incubated in an o1l bath at

about 30 °C for 15 minutes.

{00137} After incubation at about 30 °C, samples (400 ul) from the tubes were added
into lumisizer microcentrifuge cells and analyzed by the Lumisizer. The samples in the

Lumisizer were centrifuged at 4000 rpm (2300 x g) at about 50 °C for 22 minutes.

[00138] The o1l release rates of the samples were determined and a plot of the o1l
release rate versus holding/mixing timne with ditferent mixing methods is shown in Figure
3.

100139] Referning to Figure §, Example [3 was found to have a high steady oil release
rate starting as early as 10 minutes. The data in Figure 5 indicate that mixing method can

have sigmficant effect on the 01l release rate and thus the centnfuge capacity.

Lxample 11 - Effect of mixing time on the oil release rate of samples mixed with UL TRA-
TURRAX" disperser

{00140} Example 1| demonstrates the investigation on the minimum time for mixing
samples with the ULTRA-TURRAX™ disperser to achieve good mixing as indicated by the

ot] release rate.
00141} The procedure for preparing Example J1 was as follwed:

[00142] CCB (Lot No.: PP0O42310F1 draw3) (20 ml) was added into a 30 mi
centri fuge tube and TERG ITOL™ L62 (0.1 % v/v) was added into the tube at ambient
temperature. The mixture was mixed continuously at 15000 rpm for 15 minutets wath the

ULTRA-TURRAX™ disperser. The tube was placed into a water bath in order to remove
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heat generated m the process of mixing. The temperature of the sample was monitored
during the process to ensure the temperature of CCB was at ambient temperature. CCB

was taken from the tube and incubated 1n the o1l bath at 30 °C for 135 minutes.

100143] Two control experiments {(Controls J1-J2) were done. The first control
experiment {Control J1) was done according to the procedure mentioned above except the
content of the tube was mixed only by a vortex mixer at maximum speed for 5 seconds
after the addition of TERGITOL '™ 162 and without mixing with the UL TRA-TURRAX"®
disperser. The second control experiment (Control J2) was done according to the procedure
mentioned above except without the addition of TERGITOL™ L62 and without mixIng
with the ULTRA-TURRAX" disperser.

[00144] At different time intervals, samples (400 ul) from the tubes was added into
lumisizer microcentrifuge cells and analyzed by the Lumisizer. The samples in the

Lumisizer were centrifuged at 4000 rpm (2300 x g) at 50 °C for 22 minutes.

100145] The ol release rates of the samples were determined and a plot of the oil
release rate versus the mixing time with the ULTRA-TURRAX® disperser is shown in

Figure 6.

{00146] The data suggests that there is a significant increase in oil release rate of
Exampte J1 i the first 10 mmutes compared with the oil release rate obtained from Control
Il

™

—

Example 12 - Effect of different mixing methods and the concentration of TERGITOL
L.62 on the o1l recovery and o1l release rate

00147} This example shows the effect of different mixing methods and the

concentration of TERGITOL '™ L62 on the oil recovery and oil release rate.

[00148] Example 12 evaluated the amount of TERGITOL™ 1,62 required {o give
opimai farnesene release under “low mix” and “high mix” regimes. The effectiveness of
demulsitication of samples having different concentrations of TERGITOL ™ L62 was
studied using two mixing equipment, the stir bar and ULTRA-TURRAX®™ disperser. The

procedure of Example 12 was as followed:

{00149} Stir bar {labeled as Example K1): CCB (Lot No.: PP052110F2 drawl) (2 ml
per vial) was aliqouted into 4 ml scintillation vials. Then TERGITOL'™ L62 in different

amounts ranged from 0 to 0.5 % by v/v was added into the vials. After the addition of the

‘o

e
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TERGITOL ™ 162, each sample was mixed by a vortex mixer for 3 seconds at maximum
speed at ambient temperature. The contents in each vial were then mixed penodically at

maximum speed with vortex mixer for 13 minutes at ambient temperature.

[00150] ULTRA-TURRAX" disperser (labeled as Example K2): CCB (Lot No.:
PPO52110F2 drawl) (2 mi per tube) was aligouted tnto each 15 mi conical bottom
centrifuge tubes. Then TERGITOL ™ 162 in different amounts ranged from 0 to 0.5 % by
v/v was added into the tubes. After the addition of the TERGITOL™ 162, each szimple
was mixed by a vortex mixer for 5 seconds at maximum speed at ambient temperature.
Then the contents in each tube were mixed with ULTRA-TURRAX" disperser at 15000
rpm for 15 minutes at ambient temperature, The tube was placed into a water bath in order

to remove heat generated in the process of mixing.

[00151] CCB was taken from the vials and the tubes and incubated in an oil bath at

about 60 °C for 15 mmutes.

{00152] Samples (400 ul) from the tubes were added into lumisizer microcentrituge
cells and analyvzed by the Lumisizer. The samples in the Lumisizer were centrifuged at

4000 rpm (2300 x g) at about 60 °C for 22 minutes.

100153} The oil recovery and oil release rate of each sample was determined and plots
of the oil recovery and oil release rate versus the concentration ot TERGITOL™ L62 are

shown in Figures 7 and 8 respectively.

[00154] Referring to Figure 7, the oil recovery of Example K1 increased sharply with
the concentration of TERGITOL ™ 1.62. On the other hand, Example K2 had a more
gradual response in oil release rate. More importantly, the oil recovery of Example K1 was
significantly higher than that of Example K2 when the concentrations of TERGITOL™

L62 were lower than 0.1 % by v/v such as 0.02 % and 0.05 % by v/v.

[00155] On the other hand. there might be a critical concentration range for
TERGITOL™ 162 to achieve a maximum oil release rate when the ULTRA-TURRAX"
disperser was used for mixing. The plot shown in Figure 8 shows that the critical
concentration range of TERGITOL™ 1,62 was from 0.1 to0 0.2 % by v/v. This suugests that
the concentration of TERGITOL™ 162 may need to be optimized to achieve desired oil

recovery and o1l release rate.
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|00156] The data in this example show that protens are a main bio-emuisifier present
in the farnesene emulsion. Protein may be displaced after the addition of TERGITOL ™
L62, which s consistent with the transformation from a bro-emulsion to a chemical

emuision.

[00157] The aqueous phase protein content of a sample by bicinchoninic acid protein
assay {BCA) (Bovine Serum Albumin {BSA) standard curve) was found to be 0.95 g/l
before TERGITOL™ 62 addition, and 1.84 ¢/L after TERGITOL™ 1,62 addition.

{00158] Other data (not shown) demonstrated that protease treatment reduced the size
of the emulsion. turther supporting the hypothesis that proteins stabilize the farnesene

emulsion.

Example 14 - Comparsion of process vield between previous liquid separation process and
the new liquid separation process from cane svrup CCB

{00159] The process vield of three previous liquid separation processes and an
embodiment of the inventive liquid separation process trom cane syrup CCB are shown in

Tables 13 and 14 respectively.

Table 13. Process vields of previous liquid separation processes from cane syrup CCB

Liquid Yield (%) Chemistry

e ) pH 9.5/0.5% L-
8-92 81/0.65 M NaCl

073009C2 (Y1551, Un-clanfied syrup)

Campinas (Y1531, Un-clarthied syrup)

082809C1T (Y2450, low solids syrup)

Table 14. Process yield of an embodiment of the inventive liquid separation process
from cane syrup CCB

AR A o d s 4 Vg A Y B & e e aamaaam -k ‘Hﬂ'
3

4

4

l Tropicalized DSP Yield on 2 June 2010 {(N=4)

Liquid Yield (%)

985+ 0.2 |

)
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Example 15 ~ Large Scale Famesene Separation Process

{00160] A continuous disk stack nozzle centrifuge (Alfa Laval DX203 B-34) was used
to separate cells from the fermentation broth. The hquid/sohid centrifuge was fed directly
from the fermentor, or the termentation broth or fermentation harvest broth was transterred
to a harvest tank or hold tank. The tank used to feed the centrifuge was mixed and
temperature was controlled at about 30 °C- 35 °C. In the batch process. about 83% of the
volumetric tlow, which contained cells and one or more liquids, exited from the nozzles of
the centrifuge, while about 153% of the volumetric flow was captured as CCB. The heat
exchanger/centrifuge feed flow rate was about 14,000 L/hr. This process substantially
reduced the volume which needed to be separated in the three-phase separation sicp. The
farnesene at this stage was presented either as a clear product, or in an emulsified state with

waier and cells.

{00161] The harvest cell broth was held in the harvest tank for about 24-48 hours at
about 4 °C to about 8 “C before processing through the liquid/solid centrifuge. The harvest

was warmed to about 30 °C before processing through the liguid/solid centrifuge.

00162] The Liquid/Solid centrifugation product, 1.¢., CCB. was stored at about 4 °C
to about 8 °C up to about 72 hours before the next step. CCB was warmed to ambient

temperature betore the next step.

100163] The transter/feed lines and the tank seals were selected to be chemically or
physically compatible with the farnesene product. For example, VIT ON® lines and seals

were selected whereas EPDM hines and seals were not.

[00164] CCB was treated to reduce the level of emulsification prior to the liquid/liquid
separation. The treatment was accomplished by two steps: (a) the addition of TRITON'™
X114 (0.23% by v/iv) to CCB, and (b) in-line heating of the mixture ot CCB and
TRITON™ X114, After the addition of the TRITON'" X114 to CCB, the mixture was
mixed for about 1.3-2 hours at ambient temperature (up to about 30 °C) before the next
step. The mixture was stored tor up to about 3 days at about 4 °C to 8 °C betore

hguid/igquid separation with no adverse cffects on product recovery.

[00165] A continuous, three-phase, disk-stack centrifuge was used to sceparate the clear
farnesene phase from the heavy aqueous phase and solids. Prior to feeding the three-phase

centrifuge, the mixture of CCB and TRITON™ X114 was de-emulsified by heating the
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muxture in-fine. The mixture was fed through a heat exchanger where the mixture was
heated to about 60 °C for about 30 seconds. After passing through the heat exchanger, the
product was fed into the centrifuge with a teed flow rate of 2,000-4,000 L/hour. The light
and heavy phases exited through respective outlets into bowls. Solids gradually
accumulated in the bowl and was discharged periodically to maintain the separation

efficiency.

[00166] The residual solids in the crude famesene phase were removed as a last step
using either hquid/sohid centrifugation or filtration. After the polishing step. an anti-
oxidant (100 ppm w/w) {e.g. tert-butyl catechol) was added to the crude farnesene to
stabilize the product for storage and shipment. The yield of the crude farnesene by this
process was about 70-90% based on measuring the content of farnesene with GC-FID

analysis. The purity of the ¢rude famesene was about 95%.

00167} The examples set forth above are provided to give those of ordinary skill in the
art with a complete disclosure and description of how to make and use the claimed
embodiments and are not intended to limit the scope of what is disclosed herein.
Modifications that are obvious to persons of skill in the art are intended to be within the
scope of the following claims, All publications, patents and patent applications cited in this
specification are incorporated herein by reference as if each such publication, patent or
patent apphcation were specifically and individually indicated to be incorporated herein by

reference,
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REPLACEMENT SHEETS

1. A method comprising:

(a)  providing a composition comprising a surfactant, host cells, an
aqueous medium, a bio-organic compound produced by the host cells and an o1l-in-water
emulsion formed therefrom, wherein the solubility of the surfactant in the aqueous medium

decreases with increasing temperature and wherein the termperature of the composition 1s at

least about 1 °C below a phase inversion temperature of the composition;

(b)  raising the temperature of the oil-in-water emulsion to at least about 1
°C above the phase inversion temperature, thereby converting the oil-m-water emulsion to a

water-in-o1l emulsion; and

(¢)  performing a liquid/liquid separation of the composition to provide a

crude bio-organic composition.

2. The method of claim 1 further comprising a step of reducing the volume of the
composition before step (b), wherein substantially all of the bio-organic compound remains

in the composition.

3. The method of claim 2, wherein the volume of the composition 1s reduced by

about 75% or more.

4. The method of claim 1, 2 or 3, wherein the surfactant comprises a non-ionic

surfactant.

5. The method of claim 4, wherein the non-ionic surfactant is a polyether polyol,
a polyoxyethylene Cgao-alkyl ether, a polyoxyethylene Cgoo-alkylaryl ether, a
polyoxyethylene Cs.20-alkyl amine, a polyoxyethylene Cg20-alkenyl ether, a polyoxyethylene
Cs.00-alkenyl amine, a polyethylene glycol alkyl ether or a combination thereof; or a
polyether polyol, polyoxyethylene nony! phenyl ether, polyoxyethylene ded ecyl phenyl ether‘

or a combination thereof.

6. The method of any of claims 1-5, wherein the temperature in step (a) is at least

about 5 °C or at least about 10 °C below the phase inversion temperature.

7. The method of any of claims 1-5, wherein the temperature in step (b) 13 raised
to at least about 5 °C or at least about 10 °C or at least about 15 °C above the phase inversion
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8. The method of any of claims 1-7, wherein the bio-organic compound 1s a
hydrocarbon, or an isoprerioid, or a farnesene.
0. The method of claim 8, wherein the farnesene is an a-farnesene, p-farnesene

or a combination thereot

10.  The method of any of claims 1-9, wherein the host cells are bacteria, fungy,

algae or a combination thereof.

11.  The method of any of claims 1-9, wherein the host cells are selected from the
genera Escherichia, Bacillus, Lactobacillus, Kluyveromyces, Pichia, Saccharomyces,
Yarrowia, S. cerevisiae, Chlorella minutissima, Chlorella emersonii, Chloerella sorkiniana,

Chiorella ellipsoidea, Chlorella sp., Chlorella protothecoides and combinations thereof.

12.  The method of any of claims 1-11, wherein the method further comprises

purifying the crude bio-organic composition to yield a purified bio-organic composition.

13.  The method of claim 12, wherein the purification of the crude bio-organic

composition 1s by flash distillation.

14.  The method of claim 12 further comprising treating the purified bio-organic

composition with an antioxidant, or a phenolic antioxidant.

15. A composition comprising a surfactant, host cells, an aqueous medium and a
bio-organic compound produced by the host cells, wherein the solubility of the surfactant m

the aqueous medium decreases with increasing temperature and wherein the temperature of
the composition is at least about 1 °C above a phase inversion temperature of the composition,

wherein the bio-organic compound is an isoprenoid.

16.  The composition of claim 15, wherein the surfactant comprises a non-ionic

surfactant,

17.  The composition of claim 16, wherein the non-1onic surfactant is a polyether
polyol, a polyoxyethylene Cyao-alkyl ether, a polyoxyethylene Cso-alkylaryl ether, a
polyoxyethylene Cs.zo-alkyl amine, a polyoxyethylene Cso-alkenyl ether, a polyoxyethylene

Cs.20-alkenyl amine, a polyethylene glycol alkyl ether or a combination thereof; or a
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polyether polyol, polyoxyethyl éne nonyl phenyl ether, polvoxyethylene dedecyl phenyl ether

or a combination thereof.

18.  The composition of any of claims 15-17, wherein the temperature of the
composition is at least about § °C, at least about 10 °C or at least about 15 °C above the phase

mversion temperature.

19.  The composition of any of claims 15-18, wherein the isoprenoid is a farnesene.

20.  The composition of claim 19, wherein the farnesene is an a-farnesene, B-

farnesene or a combination thereof

21, The composition of any of claims 15-20, wherein the host cells are bacteria,

fungi, algae or a combination thereof.

22.  The composition of any of claims 15-20, wherein the host cells are selected
from the genera Escherichia, Bacillus, Lactobacillus, Kluyveromyces, Pichia,
Saccharomyces, Yarrowia, 8. cerevisiae, Chlorella minutissima, Chlorella emersonii,

Chloerella sorkiniana, Chlorella ellipsoidea, Chlorella sp., Chlorella protothecoides and

combinations thereof,

23.  The composition of any of claims 15-22, wherein the composition is an

emulsion.

24. A method comprising:

(a)  providing an oil-in-water emulsion comprising a surfactant, host cells,
an aqueous medium and a bio-organic compound produced by the host cells, wherein the

solubility of the surfactant in the aqueous medium decreases with increasing temperature;
(b}  converting the oil-in-water emulsion to a water-in-oil emulston; and
(c)  performing a liquid/lignid separation of the water-in-oil emulsion to

provade a crude blo-organic composition.

25.  The method of claim 24 further comprising a step of reducing the volume of
the oil-m-water emulsion before step (b), wherein substantially all of the bio-orgamc

compound remains in the composition.

45



CA 02796438 2012-10-12

PCT/US2011/045856

26.  The method of claim 235, wherein the volume of the o1l-in-water emulsion is

reduced by about 75% or more.

27.  The method of any of claims 24-26, wherein the surfactant comprises a non-

tonic surfactant.

28.  The method of claim 27, wherein the non-ionic surfactant is a polyether polyol,
a polyoxyethylene Cs.o9-alkyl ether, a polyoxyethylene Cs.po-alkylaryl ether, a
polyoxyethylene Cs;-alkyl amine, a polyoxyethylene Cs o o-alkenyl ether, a polyoxyethylene
Csoo-alkenyl amine, a polyethylene glycol alkyl ether or a combination thereof; or a
polyether polyol, polyoxyethylene nonyl phenyl ether, polyoxyethylene dedecyl phenyl ether

or a combination thereof.

29.  The method of any of claims 24-28, wherein the bio-organic compound is a

hydrocarbon, or an 1soprenoid, or a farnesene.

30.  The method of claim 29, wherein the farnesene is an a-farnesene, B-farnesene

or a combination thereof

31.  Themethod of any of claims 24-30, wherein the host cells are bacteria, fungi,

algae or a combination thereof.

32.  The method of any of claims 24-30, wherein the host cells are selected from
the genera Escherichia, Bacillus, Lactobacillus, Kluyveromyces, Pichia, Saccharomyces,
Yarrowia, S. cerevisiae, Chlorella minutissima, Chlorella emersonii, Chloerella sorkiniana,

Chlorella ellipsoidea, Chlorella sp., Chlorella protothecoides and combinations thereof

33.  The method of any of claims 24-32, wherein the method further comprises

purifying the crude bio-organic composition to vicld a purified bio-organic composition.

34.  The method of claim 33, wherein the purification of the crude bio-organic

composition 18 by flash distillation.

35.  The method of claim 34 further comprising treating the purified bio-organic

composition with an antioxidant, or a phenolic antioxidant.

36.  The method of any of claims 1-14, wherein the compositton in step (a) 18 an

oil-in-water emulsion and the composition in steps (b) and (c) is a water-in-o1l emulsion.

46



CA 02796438 2012-10-12

Application number / Numéro de demande: _ ([ S 2p / / . (-/?'@ ( é

Figures: / Q K

Pages:

Unscannable items received with this application
(Request original documents in File Prep. Section on the 10" floor)

Documents recu avec cette demande ne pouvant étre balayes
(Commander les documents originaux dans la section de la preparation
des dossiers au 101eme etage)



;

Yo

(il Recovery (¢

o S

£ 13

H
A A,
%* '\w"
o e
m oo Im:

"

W
£k

P
L

.ztf}‘f:s
AR

Fioure 1

il e il o e E E R | .'........-.--,,,, CRELN AP A AP g o ST AT T A A A A www T E. BB LA R ALt rar st sl ' W T BT A A A wwwww OB AR h s A Pl e e P,

,aﬁff’

................................. e USSR
// xxk.g:‘f&w////////#wz /// 9 L
. 7
rrrrmrrrrrifprerivess IRZLY STTPPUDUP
7 7
- ;
7

f/y//ﬂ//////////////ﬁ///////&’(fl[l////////////////////ﬁ'in.?ﬁ?)?/)&f?k//// // s /'./WW/,»///
----------------------- //é/pmm{?ﬂfﬂw/ vevseeey
/

Ilff"”’ilfﬂ’f#i"l'd#dd----"""}CQQQQ‘AA‘.------FFF'ﬁﬁf,fﬁ”’f’fﬁfﬁ’f{”"‘dd----vvv.’.0I‘O..‘Iﬁﬁ“‘-ﬁﬂF-FFFf'l'ﬁﬁ”fJ’f!ffﬁff"‘

e i S e N L
3

%‘ddd------'-vqooccaqaatnn-----n-apnlFﬁffﬂ‘rr"f.r,.o-'daﬂf‘wr'ffooddvd-------qoo.occq.&.nt---------4-4-4-4-p'o.‘b’,.-p/,ﬁ,o-,r,-,o.n,',r-',".‘,-.’g-------.'..'......“‘.‘-_------ppp,pﬁp;,,,,rfffii,
A .
.
.
.

.\§$SS$SSss$s$s3§sba\

- - - ;ﬁﬁifﬂfrf/daididwwfoIodddd-------}}}}0.-0.-...*.--------pppﬁﬁlot#rrf”,fpfmﬂffiipp"g‘uu--------voqooqoccananni----r----FFFﬁlfflllffﬁffffiidf""lodddd------vvo}cc}!l}h‘

;ﬁgﬂﬂﬂ rﬁrrrr,,,rwwvawrdwe"‘ofdd---------vqooccoccoc.nan-a-------pppp,,,;;p,,,/,,,,,;,,,,,‘,,,,,,,,,,,-,,},}}.}.......‘..‘-.--.-,,pp,,',,,p’,,,f,,’f,i,,,,‘,,‘,

’A"#"'J’fﬂfﬂ/f .-----774}00.‘}}}“.*.‘5-------FFFFFlll)f/prrf’f’ffvddffr"'IJ-oo-ﬂ------covcoo.0..00‘.“&---------FFFFﬁlIlt)#/pl,ppﬁﬂfﬂdiﬁ/lfloediddd--------}}0..0..0““‘&‘------‘“FFFIFIlféfrrIfi.

O L 02 03 44 05 06 07

o
73
»

L 4

{_oncentration of surfactant (% by v/v )

oy

TERGITOL™
L6Z (BExample Al)

wifpe TERGITOL™
Lo4 (Example AZ)

#///////Z///A&



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - drawings
	Page 50 - abstract drawing

