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A PROCESS FOR HYDROLYZING OIL WITH HIGH MELTING POINT BY LIPASE

Technical Field

[0001] The present invention is in the field of oil processing, and specifically the present
invention relates to a process of hydrolyzing an oil with high melting point, such as

hydrogenated castor oil (HCO), by lipase.

Background

[0002] 12-hydroxystearic acid (12-HSA) is an 18-carbon fatty acid having a hydroxyl group
at position 12, and its molecular formula is CH3(CH,)sCH(OH)(CH2)10COOQOH. It is in the
form of white to cream-colored flakes or needle crystals at room temperature and has a
melting point of 72-77°C. Since 12-HSA contains both a hydroxyl group and a carboxyl
group, it has special chemical properties that make it an important raw material for chemical
industries. 12-HSA is also used as an intermediate product in the plastic production or as a
raw material for cosmetic production.

[0003] There are mainly two approaches to prepare 12-HSA. One is to hydrolyze castor oil
under high temperature and high pressure to obtain ricinoleic acid first, which is then
hydrogenated to 12-HSA. During the hydrogenation process, esterification reaction of the
hydroxyl group and the carboxyl group in ricinoleic acid may occur and result in
polymerization, which lowers the production yield of 12-HSA. The other approach is to carry
out hydrogenation of castor oil first to obtain hydrogenated castor oil (HCO), which is then
hydrolyzed by strong alkali and subsequently acidulated with strong acid to prepare 12-HSA.
Although this approach can protect the hydroxyl group from being damaged, the method
generates a large amount of waste water, thereby causing environmental pollutions.

[0004] New developments on the preparation of 12-HSA by enzymatic hydrolysis of HCO
have been reported as followings.

[0005] CN104946692A discloses a method for the hydrolysis of HCO in the presence of a
biohydrolase, wherein HCO and deionized water are mixed in a certain ratio, and three
rounds of hydrolysis was conducted to obtain 12-HSA. Each round of hydrolysis is conducted
under a mass ratio of “HCO: water: hydrolase = 100: 60~100: 0.3~0.5”. The temperature
used for the hydrolysis is 80-85°C, and the hydrolysis continued for 120-180 min. The
reaction temperature of the method is above 80°C. Since most lipases would lose or reduce
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their enzyme activities under a temperature higher than 50°C, this method excludes most
lipases, and only several thermostable lipases are applicable, which are usually expensive.
[0006] JP61139396 also disclosed a process for the preparation of 12-HSA at a temperature
of 75°C. It utilizes an organic solvent with water for the dissolution of HCO, and the
hydrolysis is catalyzed by a lipase derived from a microorganism belonging to the genus
Chromobacterium, Rhizopus, Mucor, or Pseudomonas. This method has the same
disadvantage that the reaction is conducted under a high temperature.

[0007] CN1473199A also reported a method for preparing 12-HSA: mainly to firstly convert
castor oil to ricinoleic acid by one or more lipases at 15-50°C, then the hydrolyzed product is
converted to 12-HSA. Although the method has a low operating temperature during the
enzymatic hydrolysis process, the method causes a loss of hydroxyl groups and a decrease in
the acid value of the final product.

[0008] CN108239663A disclosed a method for enzymatic hydrolysis of HCO at low
temperature in the presence of a first organic solvent, a second organic solvent and water.
The hydrolysis is carried out at 35-55°C, preferably 45-50°C. Any two of lipase from
Thermomyces sp., lipase from Rhizomucor sp. and monoacylglycerol lipase are used in
combination to achieve a maximal hydrolysis rate of 86.21%. This method utilizes a
combination of lipases in a large amount that causes high cost of the process, and the final
hydrolysis rate is still less than 90%.

[0009] The above prior art shows the preparation of 12-HSA by various processes, which
have various disadvantages, such as the loss of hydroxyl groups, high hydrolysis temperature,
limited option of applicable lipases, required use of a plurality of lipases or high cost, etc.
[0010] Therefore, there is need to prepare 12-HSA in a cheap and efficient way, such as
enzymatic hydrolysis of HCO under low temperature by using common lipase, and

achievement of high hydrolysis rate.

Summary

[0011] The first aspect of the present invention provides a process for hydrolyzing an oil
having a high melting point. Said process comprises a step of mixing water, an organic
solvent, and a lipase with said oil to form a mixture, and a step of hydrolyzing the oil in the
mixture to obtain a hydrolysis product, wherein the lipase comprises one or more lipase
derived from Thermomyces sp. but not any monoacylglycerol lipase or any lipase derived

from Rhizomucor sp.
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[0012] In one or more embodiments, said oil having a higher melting point has a melting
point of 40°C or higher, preferably 45°C or higher, or 50°C or higher. The term “higher
melting point” is substitutable with “high melting point”.

[0013] In one or more embodiments, the oil having a higher melting point is hydrogenated
castor oil, and the hydrolysis product is 12-HSA.

[0014] In one or more embodiments, the process is for the preparation of 12-HSA, which
comprises a step of mixing water, an organic solvent, and a lipase with hydrogenated castor
oil (HCO) to form a mixture, and a step of hydrolyzing HCO in the mixture to obtain a
hydrolysis product, wherein the lipase comprises one or more lipase derived from
Thermomyces sp. but not any monoacylglycerol lipase or any lipase derived from
Rhizomucor sp.

[0015] In one or more embodiments, said lipase derived from Thermomyces sp. is derived
from Thermomyces lanuginosus. In one or more embodiments, said lipase derived from
Thermomyces sp. is selected from Eversa Transform 2.0 (Eversa), Lipase LKT400XL, TLL-
SH, derivatives thereof and mixtures thereof.

[0016] In one or more embodiments, before the step of mixing, the oil having a higher
melting point is firstly grinded to a powder form, or firstly melted.

[0017] In one or more embodiments, said powder form has a diameter up to 3 mm, preferably
up to 0.5 mm.

[0018] In one or more embodiments, the ratio of the volume of liquid lipase added in mL to
the weight of HCO in gram is not less than 0.2%, preferably not less than 0.3%, more
preferably from 0.3% to 2%, even more preferably from 0.3% to 1%. By using lipase
concentration in the liquid lipase solution or lipase activity unit provided in the product sheet
of the liquid lipase, the weight or activity units of lipase used could be calculated. Hence,
when the lipase is provided and added in solid form, the weight ratio of lipase to HCO could
be estimated, for example, the weight ratio is not less than 50 ppm, or not less than 57 ppm,
or not less than 75 ppm, or not less than 156 ppm.

[0019] In one or more embodiments, the organic solvent is any one selected from a sterically
hindered alcohol, a non-polar organic solvent, a mixture of water-miscible organic solvent
with non-polar organic solvent.

[0020] In one or more embodiments, the non-polar organic solvent is selected from ethers
and saturated hydrocarbons containing 5 to 12 carbons or the mixture thereof.

[0021] In one or more embodiments, said saturated hydrocarbons are short-chain to mid-

chain alkanes and cycloalkanes containing 5 to 12 carbons.
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[0022] In one or more embodiments, the non-polar organic solvent is selected from
isooctane, n-heptane, cyclohexane, n-hexane, methyl tert-butyl ether (MTBE), diethyl ether,
n-pentane, cyclopentane, petroleum ether, and or the mixture thereof.

[0023] In one or more embodiments, the non-polar organic solvent is selected from
isooctane, n-hexane or their mixture.

[0024] In one or more embodiments, the steric hindered alcohol is tert-butanol (t-BuOH).
[0025] In one or more embodiments, in the mixture of water-miscible organic solvent and
non-polar organic solvent, the water-miscible organic solvent is selected from acetone, tert-
butanol, and the like, and/or the non-polar organic solvent is selected from n-hexane,
isooctane, n-heptane, cyclohexane, and the like.

[0026] In one or more embodiments, the volume ratio of water-miscible organic solvent to
non-polar organic solvent is less than 50:50, preferably from 20:80 to 50:50, more preferably
from 25:75 to 35:65, or from 30:70 to 40:60, most preferably 30:70.

[0027] In one or more embodiments, the ratio of the volume of the organic solvent in mL to
the weight of HCO in gram (V/W) is more than 75% preferably between 100% and 500%,
more preferably between 200% and 500%, even more preferably between 200% and 300%,
or between 300% and 400%.

[0028] In one or more embodiments, the weight ratio of the amount of water added to said
HCO is from 15% to 300%, more preferably from 30% to 250% or from 100% to 300%, even
more preferably from 50% to 250%, such as from 150% to 250%.

[0029] In one or more embodiments, the hydrolysis is conducted under a temperature of 35-
60°C, for example under a temperature of 37-55°C, or 40-55°C, more preferably 45-55°C,
even more preferably 45-50°C, and most preferably 50°C.

[0030] In one or more embodiments, there is glycerol generated during the step of
hydrolyzing oil.

[0031] In one or more embodiments, there is optionally a step of removing water, glycerol
and organic solvent after the step of hydrolyzing the oil.

[0032] In one or more embodiments, a product of the hydrolysis process, i.e. said hydrolysis
product, has an acid value (mgkOH/g) of higher than 160, preferably higher than 165, more
preferably higher than 170, most preferably higher than 175, after removing water, glycerol
and organic solvent.

[0033] The second aspect of the present invention provides a product obtained by a process
for hydrolyzing an oil having a high melting point, the process comprising a step of mixing

water, an organic solvent, and a lipase with the oil to form a mixture, and a step of
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hydrolyzing the oil in the mixture to obtain a hydrolysis product, wherein the lipase
comprises one or more lipases derived from Thermomyces sp. but not any monoacylglycerol
lipase or any lipase derived from Rhizomucor sp., preferably said lipase derived from
Thermomyces sp. is a lipase derived from Thermomyces lanuginosus, more preferably is
selected from Eversa, Lipase LKT400XL, TLL-SH, derivatives thereof and mixtures thereof.
[0034] The third aspect of the present invention provides a use of lipase in the hydrolysis of
oil having higher melting point, or in the preparation of 12-HSA from HCO, wherein the
lipase comprises one or more lipases derived from Thermomyces sp. but not any
monoacylglycerol lipase or any lipase derived from Rhizomucor sp., preferably lipase derived
from Thermomyces sp. is a lipase derived from Thermomyces lanuginosus, more preferably is
selected from Eversa, Lipase LKT400XL, TLL-SH, derivatives thereof and mixtures thereof.
[0035] The forth aspect of the present invention provides a reaction mixture, which
comprises an oil with high melting point, an organic solvent, water and a lipase, wherein the
lipase comprises one or more lipases derived from Thermomyces sp. but not any
monoacylglycerol lipase or any lipase derived from Rhizomucor sp.; preferably said lipase
derived from Thermomyces sp. is a lipase derived from Thermomyces lanuginosus, more
preferably is selected from Eversa, Lipase LKT400XL, TLL-SH, derivatives thereof and

mixtures thereof.

Detailed Description

[0036] The following detailed description refers to specific details and embodiments in
which the invention may be practiced. These embodiments are described in sufficient detail
to enable those skilled in the art to practice the invention. Other embodiments may be utilized
and various changes may be made without departing from the scope of the invention.

[0037] In the context of various embodiments, the term “about” or “approximately” as
applied to a numeric value encompasses the exact value and a reasonable variance.

[0038] In the context of various embodiments, unless otherwise specified, a range expressed
by “from A to B” or “between A and B” includes two endpoint values.

[0039] As used herein, the term “and/or” includes any and all combinations of one or more of
the associated listed items.

[0040] The present invention aims to improve the enzymatic hydrolysis rate of oil with high
melting point, increase the acid value of the final products, and shorten the reaction time for

achieving similar acid value. The hydrolysis of oil with high-melting-point is carried out
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under a low temperature by utilizing a lipase, and the final hydrolysis rate can be remarkably
improved that it can even directly meet with final product specification. In the current
industry practice, enzymatic hydrolysis product from hydrolyzing oil with high-melting-
point, such as HCO, usually could not meet with final product specification, and further
hydrolysis step is needed.

[0041] In the present invention, "high melting point” is substitutable with “higher melting
point”. “High melting point” or “higher melting point” means a melting point of 40°C or
higher, preferably 45°C or higher, or 50°C or higher. In the present invention, “oil with high
melting point” are for example, HCO, palm stearin, lard, and so on. In the present invention,
“oil substrate” means “oil with high melting point”.

[0042] In particular, the invention relates to the hydrolysis of HCO for the preparation of 12-
HSA. A lipase comprising one or more lipases derived from Thermomyces sp. but not any
monoacylglycerol lipase or any lipase derived from Rhizomucor sp. is used for the
hydrolysis.

[0043] In one or more embodiments, the lipase derived from Thermomyces sp. could be
derived from Thermomyces lanuginosus, Thermomyces dupontii, Thermomyces stellatus,
Thermomyces ibadanesis etc.

[0044] In one or more embodiments, the lipase derived from Thermomyces sp. is a lipase
derived from Thermomyces lanuginosus, for example, Eversa Transform 2.0 (Eversa) which
is a lipase derived from Thermomyces lanuginosus and produced in Aspergillus oryzae, or
other lipases derived from Thermomyces sp. and having similar enzyme characteristics to
Eversa, such as Callera Trans® L by Novozymes, Lipozyme® TL 100L or Lipolase® by
Novozymes, Lipase NS-40116 by Novozymes, Lipase LKT400XL by Leveking (Shenzhen).
[0045] In one or more embodiments, the lipase derived from Thermomyces sp. is selected
from Eversa, Lipase LKT400XL, TLL-SH, derivatives thereof and mixtures thereof.

[0046] Lipase LKT400XL is a commercially available product that has lipase with more than
99% identity with the lipase in Callera Trans® L which is a liquid formulation of
Thermomyces lanuginosus lipase provided by Novozymes. TLL-SH is a lipase obtained by
expressing a wild lipase sequence from Thermomyces lanuginosus in Pichia pastoris.

[0047] As used herein, the term “derivative” means the enzyme is resulted from substituting,
deleting or adding one or more amino acids to the amino acid sequence of an enzyme while
retaining the lipase activity of the polypeptides. “More” herein means less than 20,

preferentially less than 10, more preferentially less than 8, and even more preferentially less
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than 5. The term “derived from” means an enzyme is a wild type polypeptide from the
specific specie or a natural or artificial derivative of the wild type polypeptide.

[0048] When it is used in the process of the present invention, the lipase derived from
Thermomyces sp. could be added once or in batch. The lipase could also be recycled and
reused in the process, for example, the aqueous layer of the reaction mixture could be
collected and re-added to the mixture after some reaction by-products are removed. When the
lipase is commercially provided in liquid form or solution form, it is added in liquid form.
The amount of said lipase in liquid form added is not less than 0.2% volume to weight ratio
(V/W, mL/g) of the oil substrate, for example, not less than 0.3%, such as 0.3% to 2%,
preferably 0.3% to 1%, or 0.5% to 1%, or 0.75% to 1%, or 0.8% to 1%, or 0.3% to 0.5%, or
0.3%. By using lipase concentration or lipase activity unit provided in the corresponding
product sheet, the weight or activity units of lipase used could be calculated. Hence, when the
lipase is provided and added in solid form, the weight ratio of lipase to HCO could be
estimated, for example, the weight ratio of lipase to the oil substrate could be not less than 50
ppm or not less than 57 ppm, not less than 75 ppm, not less than 125 ppm, not less than 156
ppm, not less than 250 ppm. Preferably the lipase in solid form used is in the range selected
from 57 ppm to 380 ppm, from 95 ppm to 380 ppm, from 152 ppm to 380 ppm, from 142.5
ppm to 190 ppm, from 152 ppm to 190 ppm, from 50 ppm to 500 ppm, from 75 ppm to 500
ppm, from 75 ppm to 250 ppm, or from 250 ppm to 500 ppm, from 156 ppm to 1040 ppm,
from 260 ppm to 1040 ppm, from 260 ppm to 520 ppm or any combination of the ranges.
[0049] Optionally, the oil with high melting point is firstly milled to a powder form before
the step of mixing. In one or more embodiments, the powder form has a size of smaller than
0.5 millimeter in diameter. The size of the powder form could be measured by using optical
microscope or sieving method. By adding oil substrate in a powder form, the surface area of
the oil substrate is increased and the interaction between oil and enzyme is improved, thus
less enzyme is required.

[0050] The milling of the oil could be done in common ways, such as manually using mortar
and pestle, mechanically using grinder or home blender, or the like.

[0051] Optionally, the oil with high melting point is firstly melted before the step of mixing.
[0052] The hydrolysis is conducted in the presence of organic solvent(s). One or more
organic solvents could be added to the hydrolysis process. Organic solvent that could be used
in the process of the present invention is selected from a non-polar organic solvent, a steric
hindered alcohol, mixtures thereof and a mixture of a water-miscible organic solvent and a

non-polar solvent.
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[0053] Polar solvents are solvents that have large dipole moments, i.e. partial charges, so
contain bonds between atoms with very different electronegativities, such as oxygen and
hydrogen.

[0054] In one or more embodiments, the steric hindered alcohol is tert-butanol (t-BuOH).
[0055] In one or more embodiments, the non-polar organic solvent is ethers and saturated
hydrocarbons containing 5 to 12 carbons or the mixture thereof.

[0056] In one or more embodiments, said saturated hydrocarbons are short-chain to mid-
chain alkanes and cycloalkanes containing 5 to 12 carbons.

[0057] In one or more embodiments, the non-polar organic solvent is selected from
isooctane, n-heptane, cyclohexane, n-hexane, methyl tert-butyl ether (MTBE), diethyl ether,
n-pentane, cyclopentane, petroleum ether, and or the mixture thereof.

[0058] Preferably, the organic solvent is n-hexane or isooctane or their mixture. In one or
more embodiments, the ratio of the volume of organic solvent in mL to the weight of HCO in
gram (V/W) is more than 75%, preferably, between 100% and 500%, more preferably
between 200% and 500%, even more preferably between 200% and 300%, or between 300%
and 400%.

[0059] Preferably, ethers (such as MTBE) is added as the organic solvent. By optimizing
reaction conditions, final products with acid values of higher than 160, or higher than 170
could be obtained.

[0060] Preferably, steric hindered alcohol (such as t-BuOH) is added as the organic solvent.
[0061] In one or more embodiments, the organic solvent is a mixture of water-miscible
organic solvent and non-polar organic solvent.

[0062] Water-miscible organic solvents are those which can be mixed with water in all
proportions, forming a homogeneous solution. A possible function that water-miscible
organic solvent performs in said mixture is to promote the interaction between the organic
phase and aqueous phase, thereby promote the interaction between oil substrate and lipase
and accelerate hydrolysis.

[0063] Said water-miscible organic solvent is selected from acetone, t-BuOH, and the like.
[0064] In one or more embodiments, in the mixture of organic solvents, the volume ratio of
water-miscible to non-polar organic solvents is less than 50:50, preferably from 20:80 to
50:50, more preferably from 25:75 to 35:65, or from 30:70 to 40:60, most preferably 30:70.
[0065] Preferably, a mixture of t-BuOH or acetone with n-hexane or isooctane is added as the
organic solvent. By optimizing reaction conditions, final products with acid values of higher

than 160, or higher than 170 could be obtained. The ratio of total volume of the mixture of
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organic solvents by mL to the quantity of HCO by gram is from 100% to 300%, preferably,
from 150% to 200%.

[0066] Hydrolysis of oil with high melting point, such as HCO, is conducted in the presence
of water. Usually the amount of water could be determined according to the amount of
enzyme and/or the amount of oil substrate and/or the type/amount of organic solvent added.
When non-polar organic solvent is added, usually the weight ratio of water to the oil substrate
is from 15% to 300% or from 30% to 250% or from 50% to 250%. When a mixture of water-
miscible and non-polar organic solvent is added, the weight ratio of water to said HCO is
from 100% to 300%, preferably from 150% to 250%. For the best hydrolysis effect, a person
skilled in the art could adjust the ratio between oil and water according to the amount of the
enzyme used, reaction temperature, the type/amount of solvent used, reaction time, and so on.
[0067] Similarly, suitable amount of organic solvent could be adjusted according to the
amounts of other reagents used.

[0068] To carry out the hydrolysis procedure of the present invention, the oil substrate is
milled into a powder form, then the powder is mixed with water and organic solvent(s), and
subsequently the lipase is added, and mixed well. The mixing could be done by vortexing,
stirring by a stir bar or the like, such as stirring at 450 rpm. If lipase is added in liquid
solution form, preferably water contained in the lipase solution is calculated to be deducted
from the water added to the mixture, so that the weight ratio of water to oil substrate is within
the range specified above.

[0069] The hydrolysis is usually carried out under a temperature of 35-60°C, such as 37-
55°C, or 40-55°C, more preferably 45-55°C, even more preferably 45-50°C, and most

preferably 50°C. When oil substrate and other reagents are mixed, the temperature of the

mixture is gradually elevated to a temperature in the range of 35~ 60°C for the hydrolysis to

be carried out. Usually the temperature is elevated while mixing. The stirring could be
continued through the hydrolysis process. Alternatively, the oil substrate could be melted
firstly under a temperature slightly higher than the melting point of the oil substrate, then the
melted oil substrate is slowly mixed with the water and organic solvent(s) (which are pre-

chilled if the melting point of the oil substrate is very high, such as higher than 80°C) by

stirring or vortexing to bring the system temperature to 35 ~ 60°C. Then lipase is added and

the hydrolysis is carried out. The stirring could be continued through the hydrolysis process.
[0070] The time needed for the hydrolysis is not narrowly limited. According to the weight

of the oil substrate, the type of lipase and the amount of the lipase added, the hydrolysis time
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could be determined. Alternatively, samples could be taken along the process of the
hydrolysis and be analyzed, for example, to get acid values of the samples. When the acid
value or the hydrolysis rate reaches a certain value, the reaction could be stopped.

[0071] In some embodiments, the reaction time is less than 80 hours, preferably no more than
72 hours, such as 48 hours, 36 hours, or 24 hours.

[0072] Direct product of the reaction often has an acid value of higher than 160 after
removing water, glycerol and organic solvent, preferably higher than 165 after removing
water, glycerol and organic solvent, more preferably higher than 170, even more preferably
higher than 175, after removing water, glycerol and organic solvent, most preferably higher
than 180. The hydrolysis rate of the reaction could be calculated by using acid values from
the beginning of the reaction and the end of the reaction.

[0073] In one or more embodiments, Lipase LKT400XL was used to catalyze the hydrolysis
of HCO at a temperature of higher than 40°C, such as between 45°C to 55°C, for example
50°C. By adding saturated hydrocarbons containing 5 to 12 carbons, such as n-hexane or
isooctane, as the organic solvent, acid values of the final product after removing water,
glycerol and solvent are higher than 165, corresponding to hydrolysis rate of higher than
87.3%. Preferably, the ratio of solvent volume in mL to the HCO weight in gram is in the
range of from 100% to 500%. More preferably, the ratio of said saturated hydrocarbons
volume in mL to the HCO weight in gram is in the range of from 200% to 500%, such as
from 200% to 300% or 200%, for achieving acid values of higher than 170, or even higher
than 175, i.e. between 175 and 185.

[0074] In one or more embodiments, ethers (such as MTBE) is added as the organic solvent
for the hydrolysis catalyzed by Lipase LKT400XL. By optimizing reaction conditions, final
products with acid values of higher than 165 were obtained.

[0075] In one or more embodiments, steric hindered alcohol (such as t-BuOH) is added as the
organic solvent for the hydrolysis catalyzed by Lipase LKT400XL. By optimizing reaction
conditions, final products with acid values of higher than 160, or higher than 170 could be
obtained.

[0076] In one or more embodiments, a mixture of t-BuOH or acetone with n-hexane or
isooctane is added as the organic solvent for the hydrolysis catalyzed by Lipase LKT400XL.
By optimizing reaction conditions, acid values of the final product after removing water,
glycerol and solvent are higher than 165.

[0077] In one or more embodiments, when the water amount is in the range of from 50% to

150%, the acid values obtained are basically higher than 165.
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[0078] In one or more embodiments, Lipase LKT400XL is added as commercially provided.
Under optimized reaction conditions, when the amount of LKT400XL solution used by
volume in mL is not less than 0.3% (V/W) of the weight of HCO in gram, reaction product
with acid values of higher than 175 could be obtained, for example from 0.3% to 2%, more
preferably from 0.5% to 2%, even more preferably from 0.8% to 2%, and even more
preferably from 0.75% to 1% or from 0.8% to 1%. By using Bradford assay, the protein
concentration in Lipase LKT400XL is determined to be 19 mg/mL, thus if lipase is added in
dry solid form, the amount of protein or lipase required could be estimated. When added in
solid form, the amount of lipase added is not less than 57 part per million (ppm, related to the
weight of HCO), acid values of higher than 175 could be achieved, such as from 57 ppm to
380 ppm, more preferably from 95 ppm to 380 ppm, even more preferably from 152 ppm to
380 ppm, and even more preferably from 142.5 ppm to 190 ppm or from 152 ppm to 190
ppm.

[0079] In one or more embodiments, lipase Eversa was added as commercially provided to
catalyze the hydrolysis of HCO at a temperature of higher than 40°C, such as between 45°C
and 55°C. By adding saturated hydrocarbons containing 5 to 12 carbons, such as n-hexane or
isooctane, as the organic solvent, acid values of the final products after removing water,
glycerol and solvent are higher than 160. Preferably, the ratio of solvent volume in mL to the
HCO weight in gram is in the range of from 100% to 500%. More preferably, the ratio of C5-
C12 alkane volume in mL to the HCO weight in gram is in the range of from 200% to 500%,

such as from 300% to 400% , for achieving acid values of higher than 170, or even higher

than 175, i.e. around 180.

[0080] In one or more embodiments, steric hindered alcohol (such as t-BuOH) is added as the
organic solvent for the hydrolysis catalyzed by Eversa. By optimizing reaction conditions,
final products with acid values of higher than 160, or higher than 170 could be obtained. The
preferred water amount is 100% or from 300% to 500% (V/W, mL/g) or the weight of HCO.
[0081] In one or more embodiments, ethers (such as MTBE) is added as the organic solvent.
By optimizing reaction conditions, final products with acid values of higher than 160, or
higher than 170 could be obtained. For example, when 200% (V/W, mL/g of HCO) of
MTBE, Eversa in an amount of 1% (V/W, mL/g of HCO), and water amount in a range of
higher than 100% were applied, acid values of higher than 160 were obtained. More
specially, when water amount was from 100% to 300%, preferably around 200%, acid values

of higher than 171 were obtained.
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[0082] In one or more embodiments, a mixture of t-BuOH or acetone with n-hexane or
isooctane is added as the organic solvent. By optimizing reaction conditions, final products
with acid values of higher than 160, or higher than 170 could be obtained. For example, the
water amount added is around 250% (V/W, mL/g) to the weight of HCO.

[0083] In one or more embodiments, water amount used is in the range of from 50% to
200%, and acid values obtained are basically higher than 165. Preferably, the water amount is
in the range of from 50% to 100%, from 100% to 150%, or from 100% to ~200%, such as
from 75% to 100%.

[0084] In one or more embodiments, under optimized reaction conditions, when the amount
of Eversa used was not less than 0.2%, or not less than 0.3%, or not less than 0.5%, especially
not less than 1%, reaction products with acid values of higher than 170, or higher than 175, or
even near 180 could be obtained. Overall 1% Eversa could guarantee acid value of the
hydrolysis product to be higher than 175, or higher than 180. The amount of Eversa solution
used in mL is not less than 0.2% (V/W) of the weight of HCO in gram, preferably from 0.2%
to 2%, more preferably from 0.3% to 2%, even more preferably from 0.3% to 1%, or from
1% to 2%. By using Bradford assay, the protein concentration in Eversa is determined to be
25 mg/mL, thus if lipase is added in dry solid form, the amount of protein or lipase required
could be estimated. When added in solid form, when the amount of lipase added is not less
than 50 ppm, or not less than 75 ppm, or not less than 125ppm, or not less than 250 ppm, acid
values of higher than 170, or higher than 175, or even near 180 could be achieved. The
amount of solid lipase used is not less than 50 ppm, preferably from 50 ppm to 500 ppm,
more preferably from 75 ppm to 500 ppm, even more preferably from 75 ppm to 250 ppm, or
from 250 ppm to 500 ppm.

[0085] In one or more embodiments, other lipase derived from Thermomyces sp. or from
Thermomyces lanuginosus, such as TLL-SH, was used to catalyze the hydrolysis of HCO.
TLL-SH is a lipase obtained by expressing a wild lipase sequence from Thermomyces
lanuginosus in Pichia pastoris. By optimizing ratios and reaction conditions, hydrolysis
products with AV higher than 175 could be easily obtained with a dosage of 1% TLL-SH,
and hydrolysis products with AV higher than 170 could be obtained with a dosage of 0.5%
TLL-SH. Temperature for the reaction is between 37°C and 55°C, preferably between 40 and
55°C, more preferably between 45°C and 55°C, most preferably 50°C; the organic solvent is
n-hexane, isooctane, MTBE, t-BuOH, or a mixture of t-BuOH or acetone with n-hexane or
isooctane. The amount of solvent and water used could be adjusted according to common

technology in the field. The amount of TLL-SH solution used is not less than 0.3% of the
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weight of HCO, preferably from 0.3% to 2%, more preferably from 0.5% to 2%, even more
preferably from 0.5% to 1%. The weight of TLL-SH used could be calculated by using its
protein concentration determined by the Bradford assay. If TLL-SH is added in solid form,
the amount added is not less than 156 ppm, preferably from 156 ppm to 1040 ppm, more
preferably from 260 ppm to 1040 ppm, even more preferably from 260 ppm to 520 ppm.
[0086] In the preparation of 12-HSA from HCO by hydrolysis, the 12-HSA could be
separated and purified by vacuum distillation.

[0087] The present invention also provides a use of lipase in the hydrolysis of oil with high
melting point, in the preparation of 12-HSA from HCO, and in the reaction mixture of
hydrolysis of oil with high melting point or hydrolysis of HCO for the preparation of 12-
HSA. In some embodiments, the lipase comprises one or more lipase derived from
Thermomyces sp. but not any monoacylglycerol lipase or any lipase derived from
Rhizomucor sp.; preferably said lipase derived from Thermomyces sp. is a lipase derived from
Thermomyces lanuginosus, more preferably is selected from Eversa, Lipase LKT400XL,
TLL-SH, derivatives thereof and mixtures thereof. In some embodiments, the lipase is added
in liquid form as commercially provided, and the amount of lipase used is not less than 0.3%
volume to weight (V/W, mL/qg) ratio (for lipase solution) or weight ratio of the oil substrate,
for example, the amount used is 0.3% to 2%, preferably 0.3% to 1%, or 0.5% to 1%, or
0.75% to 1%, or 0.8% to 1%, or 0.3% to 0.5%, or 0.3%. By using lipase concentration or
lipase activity unit provided in the corresponding product sheet, the weight or activity units of
lipase used could be calculated. Hence, when the lipase is provided and added in solid form,
the weight ratio of lipase to HCO could be estimated, for example, the weight ratio of lipase
to the oil substrate could be not less than 50 ppm or not less than 57 ppm, not less than 75
ppm, not less than 125 ppm, not less than 156 ppm, not less than 250 ppm. Preferably the
lipase in solid form used is in the range selected from 57 ppm to 380 ppm, from 95 ppm to
380 ppm, from 152 ppm to 380 ppm, from 142.5 ppm to 190 ppm, from 152 ppm to 190
ppm, from 50 ppm to 500 ppm, from 75 ppm to 500 ppm, from 75 ppm to 250 ppm, or from
250 ppm to 500 ppm, from 156 ppm to 1040 ppm, from 260 ppm to 1040 ppm, from 260
ppm to 520 ppm or any combination of the ranges. In some embodiments, the amount of
organic solvents, the amount of water, and the amount of lipase, and the ratio thereof are
added as stated above.

[0088] The present invention also provides a reaction mixture, wherein the mixture
comprises oil with high melting point, organic solvent(s), water and lipase; wherein the lipase

comprises one or more lipases derived from Thermomyces sp., but not any monoacylglycerol
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lipase or any lipase derived from Rhizomucor sp.; preferably said lipase derived from
Thermomyces sp. is a lipase derived from Thermomyces lanuginosus, more preferably is
selected from Eversa, Lipase LKT400XL, TLL-SH, derivatives thereof and mixtures thereof.
In some embodiments, the amount of oil substrate, the amount of organic solvent(s), the
amount of water, and the amount of lipase, and the ratio thereof are added as stated above. In
some embodiments, the reaction mixture is for the preparation of 12-HSA. In some
embodiments, the reaction mixture is the mixture in the procedure of the present invention for
the preparation of 12-HSA, wherein the reaction mixture might contain 12-HSA.

[0089] By utilizing the procedure and the reaction mixture of the present invention, a final
product with an acid value of more than 160 mgKOH/g could be obtained after removing
water, glycerol and organic solvent; more preferably, a final product with an acid value of
more than 175 mgKOH/g could be obtained after removing water, glycerol and organic
solvent. The hydrolysis rate of the reaction could be calculated by using the acid value at the
beginning of the reaction and at the end of the reaction. At least a hydrolysis rate of more
than 60% could be obtained by using the procedure of the present invention and the reaction
mixture of the present invention. More preferably, a hydrolysis rate of more than 70% could
be achieved, such as a hydrolysis rate of more than 75%. More preferably, a hydrolysis rate
of more than 80% could be achieved, such as a hydrolysis rate of more than 85%. Even more
preferably, a hydrolysis rate of more than 90% could be achieved, such as a hydrolysis rate of
more than 95%. Most preferably, a hydrolysis rate of more than 97% or more than 98% is

achieved.

Examples
[0090] In the following text, the present invention is illustrated in further details by the

following non-limiting examples. The HCO used in the examples below is purchased from
Wilmar Oleochemicals Co., Ltd, China, and its melting point is from 82°C to 88°C. Fine
powder form of HCO is obtained by grinding the HCO flakes with home use blender or
manually grinding with mortar and pestle. N,N-dimethylformamide (DMF), MTBE, diethyl
ether and tert-butanol inanalytical reagent grade were purchased from Sigma-Aldrich
Singapore; n-heptane in analytical reagent grade was purchased from Schedelco; cyclohexane
and isooctane in analytical reagent grade were purchased from Fisher Singapore; acetonitrile
in HPLC grade was purchased from Fisher Singapore; n-hexane in industrial grade was
purchased from Aik Moh Paints & Chemicals Pte Ltd Singapore.
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[0091] The lipases: lipase B Candida antarctica (CalB, #L3170, >5,000 LU/g), lipase A
Candida antarctica (CalA, #L3420, >6,000 LU/g), lipase from Thermomyces lanuginosus
(TLL, #LO777, >100,000 U/g, Lipolase of Novozymes) and lipase from Rhizomucor miehei
(RML, #L4277, >20,000 U/g) were purchased from Sigma-Aldrich Singapore and provided
in solution form. Amano Lipases (AL) M from Mucor javanicus (#534803, >10,000 U/g), AL
AK from Pseudomonas fluorescens (#534730, >20,000 U/g), AL G from Penicillium
camemberti (#534838, >50,000 U/g), AL A from Aspergillus niger (#534781, >12,000 U/g),
and AL PS from Burkhoderia cepacia (#534641, >30,000 U/g) were purchased from Sigma-
Aldrich Singapore and provided in powder form; ResinaseHT solution (>50 KLU/g) was
from Novozymes; Eversa was obtained from Novozymes in liquid form with a concentration
of 25 mg/mL (determined by Bradford assay) and an activity of >100 LCLU/g; Lipase
LKT400XL was from Leveking, Shenzhen, China in liquid form with a concentration of 19
mg/mL (determined by Bradford assay) and an activity of 500,000 U/mL. Lipase LKT400XL
has more than 99% identity with the lipase Callera Trans® L which is a liquid formulation of
Thermomyces lanuginosus lipase provided by Novozymes.

[0092] Preparation process for TLL-SH and G50-SH is shown in Example 11. TLL-SH
solution has a protein concentration of 52 mg/mL, and G50-SH has a protein concentration of
19.5 mg/mL. The protein concentration was determined by Bradford assay.

[0093] The lipase enzymes were added in liquid form, if not specified, and the amount of
lipase added to the hydrolysis reaction was calculated by volume (in mL) to the weight of the
oil substrate (in gram); if lipase was commercially provided in solid powder form, the amount
of lipase added to the hydrolysis reaction was calculated by weight percentage to the oil
substrate. If not otherwise specified, the percentage in the present specification is weight
percentage.

[0094] In the examples, the hydrolysis rate was calculated according to the following

formula:

. AV, — ATV,
Hvdrolysisrate =" " %« 100%
T SV - AV,

[0095] Wherein, AV is the acid value of the oil substrate, which is determined to be 1.04
mgKOH/g for HCO used in the present application; AV is the acid value of the hydrolysis
product at time t; SV refers to the saponification value of the hydrolyzed/hydrolysis product
12-HSA which is determined to be 188.93 mgKOH/g in the present application by using
AOCS Cd 3-25 method.
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[0096] The acid value (AV, mgKOH/g) of the hydrolysis product is determined by
evaporating the organic solvent completely with rotary evaporator, washing the melted
residue with water at 90°C-95°C to remove glycerol, and then titrating the completely dried
water-washed hydrolysis product with standard KOH solution using AOCS Da 14-48

method.

Example 1. Comparison of lipases for the hydrolysis of HCO

[0097] 5 grams of HCO in the form of fine powder was put into a reactor, then deionized
water was added to the amount of 25% of the oil weight (including water in the enzyme
solution), and 25 mL of isooctane as organic solvent (the ratio of “the volume of organic
solvent in mL to the weight of oil in gram (V/W)” was 500%) was added into the reactor.
Then 100 pL of enzyme solution if provided in solution form or 100 mg of enzyme powder if
commercially provided in powder form was added into the mixture as shown in the Table 1
below. The mixture was heated with a stirring rate of 450 rpm to the reaction temperature of
37°C. The stirring was continued through the reaction, and the reaction time was 24 or 72
hours. After the completion of the reaction, acid values (AV) were determined and shown in
Table 1 below.

Table 1. Lipases for the hydrolysis of HCO

Exp. No. 1 2 3 4 5 6 7
Enzyme CalB CalA TLL Eversa RML ALM TLL-SH
AV 22.52 44.59 59.0 107.80 (24| 50.09 40.15 175.66
h) (24 h)
(24 h) (24 h) (24 h) (24 h) (72 h)
Exp. No. 8 9 10 11 12 13
Enzyme ALA AL AK ALG ALPS |Resinase| LKT400XL N/A
HT
AV 11.38 (24 4524 (24 h) | 5.71(24h) |55.08 (24| 45.93 [107.85 (24 h)
h) h) (72 h)

[0098] Table 1 shows TLL, Eversa, RML and AL PS, LKT400XL and TLL-SH were able to
obtain hydrolysis product with an acid value of more than 50 after 24 hours. Eversa and
LKT400XL were very efficient that their hydrolysis products achieved an acid value of 107.8
after 24 hours of reaction, and TLL-SH was able to achieve an acid value of 175.66 after 72

hours of reaction.
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Example 2 — Hydrolysis of HCO by lipase LKT400XL
2.1 The effect of n-hexane amount on the hydrolysis catalysed by lipase LKT400XL

[0099] 5 grams of HCO in the form of fine powder was put into a reactor, then deionized
water was added to the amount of 50% (V/W) of the oil weight (including water present in
the enzyme solution), and 5, 10, 15 or 25 mL of n-hexane (the ratio of “the volume of organic
solvent in mL to the weight of oil in gram (V/W)” was 100%, 200%, 300% or 500%) were
added into the reactor. Then 100 pL lipase LKT400XL (2% (V/W) of HCO) was added into
the mixture. The mixture was heated with a stirring rate of 450 rpm to the reaction
temperature of 45°C. The stirring was continued through the reaction, and the reaction lasted
for 72 hours. After the completion of the reaction, the acid values were determined and

shown in the Table 2 below.

Table 2. Different amount of n-hexane for the hydrolysis of HCO by LKT400XL

Exp. No. 14 15 16 17
HCO Powder 5g
n-Hexane, mL 5 10 15 25
water 25mL
Temp. 45°C
LKT400XL 100 pL, 2% (V/W) of HCO
AV (72 h) 168.11 179.23 172.68 175.64
Hydrolysis 88.92 94.84 91.35 92.93
rate, %

[0100] By using n-hexane as the organic solvent, acid values of the final product could reach
higher than 165. When the ratio of n-hexane volume in mL to the HCO weight in gram was
in the range of from 100% to 500%, acid values of higher than 165 were achieved,
corresponding to hydrolysis rate of higher than 87.3%; And when the ratio was in the range
of from 200% to 500%, acid values of higher than 170 were achieved, corresponding to
hydrolysis rate of higher than 88.95%; even acid values of higher than 175 were achieved,
which directly meets with AV in the product specification of 12-HSA, i.e. between 175 and
185.
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2.2 The effect of water amount on the hydrolysis catalysed by lipase LKT400XL with n-
hexane as the organic solvent

[0101] Experiments 18 to 21 were conducted as described in 2.1, except that different
amount of deionized water was added to the amount of 15%, 25%, 150%, 200% of the oil
weight (including water present in the enzyme solution), and 10 mL of n-hexane (the ratio of
“the volume of organic solvent in mL to the weight of oil in gram (V/W)” was 200%) was
added. After the completion of the reaction, the acid values were determined and shown in

the Table 3 below.

Table 3. Different amount of water for the hydrolysis of HCO

by LKT400XL with n-hexane

Exp. No. 18 19 15 20 21
HCO powder 5g

n-Hexane 10 mL

Water 750 pL 1.25mL 2.5mL 7.5mL 10 mL
LKT400XL 100 pL, 2% (V/W) of HCO

Temp. 45°C
AV (72 h) 126.85 145.05 179.23 173.62 | 160.39
Hydrolysis

rate, % 66.96 76.65 94.84 91.85 84.80

[0102] Water amount in the range of more than 25% and no more than 200% of the HCO
weight was helpful for achieving acid values higher than 160. When the water amount was in
the range of from 50% to 150%, the acid values obtained were basically higher than 165,
corresponding to hydrolysis rate of higher than 87.3%.

2.3 The effect of temperature on the hydrolysis catalysed by lipase LKT400XL with n-
hexane as the organic solvent

[0103] Experiments 22 to 26 were conducted as described in 2.1, except that deionized water
was added to the amount of 150% of the oil weight (including water present in the enzyme
solution), and 10 mL of n-hexane as organic solvent (the ratio of “the volume of organic
solvent in mL to the weight of oil in gram (V/W)” was 200%) and 50 pL lipase LKT400XL
(1% V/W of HCO) was added. The hydrolysis reactions were undergone at different

temperature while stirring at 450 rpm. The stirring was continued through the reaction, and
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the reaction time was 72 hours. After the completion of the reaction, the acid values were

determined and the hydrolysis rates were calculated and shown in Table 4.

Table 4. Different temperatures for the hydrolysis of HCO by LKT400XL with n-hexane

Exp. No. 22 23 24 25 26
HCO Powder 5g
n-Hexane 10 mL
water 7.5mL
LKT400XL 50 pL, 1% (V/W) of HCO
Temp. (°C) 37 40 45 50 55
AV (72 h) 105.12 119.31 146.79 176.64 151.38
Hydrolysis 1 '55.39 | ¢, o5 77.57 93.46 80.01
rate, %

[0104] When the reaction was conducted under a temperature of higher than 40°C, final
products with higher acid values were obtained. Especially when the temperature was

between 45°C and 55°C, higher acid values were obtained.

2.4 The effect of enzyme dosage on the hydrolysis catalysed by Lipase LKT400XL with n-
hexane as the organic solvent

[0105] Experiments 27 to 30 were conducted as described in 2.3, except that reaction
temperature was 50°C, and different amount of Lipase LKT400XL (100 pL, 37.5 uL, 25 pL
or 15 pL corresponding to 2%, 0.75%, 0.5% or 0.3% (V/W) of HCO) was added into the
mixture. After the completion of the reaction, acid values were determined and hydrolysis

rates were calculated as shown in Table 5.

Table 5. Different dosage of enzyme for the hydrolysis of HCO

by LKT400XL with n-hexane

Exp. No. 27 25 28 29 30
HCO powder 5g
n-Hexane 10 mL
Water 7.5mL
LKT400XL, %
(V/W) of 2% 0.50% 0.30%
HCO 1% 0.75%
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Temp. 50°C

AV (72 h) 179.73 176.64 176.38 144.84 122.35
Hydrolysis
rate, % 95.10 93.46 93.32 76.53 64.56

[0106] When the amount of enzyme used was more than 0.5% (V/W) of HCO, especially not
less than 0.75%, hydrolysis product with an acid value of higher than 175 could be obtained.

2.5 The effect of isooctane amount on the hydrolysis catalysed by lipase LKT400XL

[0107] 5 grams of HCO in the form of fine powder was put into a reactor, then 2.5 mL of
deionized water was added to the amount of 50% of the oil weight (including water in the
enzyme solution), and 5, 10, 15 or 25 mL of isooctane as the organic solvent (the ratio of “the
volume of organic solvent in mL to the weight of oil in gram (V/W)” was 100%, 200%,
300% or 500%) was added into the reactor. Then 100 pL lipase LKT400XL (2% (V/W) of
HCO) was added into the mixture. The mixture was heated with a stirring rate of 450 rpm to
the reaction temperature of 45°C. The stirring was continued through the reaction, and the
reaction time was 72 hours. After the completion of the reaction, the acid values were

determined and hydrolysis rates were calculated and shown in Table 6.

Table 6. Different amount of isooctane for the hydrolysis by LKT400XL

Exp. No. 31 32 33 34
HCO powder 5¢g
Isooctane 5mL 10 mL 15mL 25mL
water 2.5mL
Temp. 45°C
LKT400XL 100 pL, 2% (V/W) of HCO
AV (72 h) 159.31 178.42 177.19 175.10
Hydro(l(\;:,)is rate 84.24 94.41 93.75 92.64

[0108] When the ratio of isooctane volume in mL to the HCO weight in gram was bigger
than 100%, acid values of higher than 160 were achieved. Especially, when the ratio was
between 200% and 500%, acid values of higher than 175 were obtained, corresponding to

hydrolysis rates of higher than 92.59%.
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2.6 The effect of water amount on the hydrolysis catalysed by lipase LKT400XL with
isooctane as the organic solvent

[0109] Experiments 35 to 39 were conducted as described in 2.5, except that different
amount of deionized water was added (corresponding to the amount of 25%, 75%, 100%,
150% and 200% of the oil weight (including water present in the enzyme solution)), and 10
mL of isooctane as the organic solvent (the ratio of “the volume of organic solvent in mL to
the weight of oil in gram (V/W)” was 200%) was added. After the completion of the reaction,
the acid value and hydrolysis rate were calculated as shown in Table 7.

Table 7. Different amount of water for the hydrolysis

by LKT400XL with isooctane

Exp. No. 35 32 36 37 38 39
Isooctane 10 mL

1.25 (25%) 3.75 5 75 10

2.5 (509

Water, mL S(50%) | 7500) | (100%) | (150%) | (200%)
Temp. 45°C
LKT400XL 2% (V/W) of HCO
AV (72 h) 177.68 178.42 | 177.23 181.50 180.11 | 179.63
Hydrolysis 94.01 94.41 | 93.77 96.05 95.31 95.05
rate (%)

[0110] When the ratio of isooctane volume in mL to the HCO weight in gram was 200% and
the amount of LKT400XL added was 2%, different amounts of water all ended in final
products with acid values higher than 175. Preferably, water amount in the range of 20%-
200% of the weight of HCO was used.

2.7 The effect of temperature on the hydrolysis catalysed by lipase LKT400XL with
isooctane as the organic solvent

[0111] Experiments 40 to 43 were conducted as described in 2.5, except that 5 mL of
deionized water and 10 mL of isooctane were added. The hydrolysis reactions were
undergone at different temperature (37°C, 40°C, 50°C and 55°C). After the completion of the

reaction, the acid value and hydrolysis rate were calculated as shown in Table 8.
Table 8. Different temperatures for the hydrolysis of HCO by LKT400XL with isooctane
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Exp. No. 40 41 37 42 43
HCO powder 5g
Isooctane 10 mL
water 5mL
LKT400XL 2% (V/W) of HCO
Temp. (°C) 37 40 45 50 55
AV (72 h) 158.77 152.99 181.50 180.93 179.27
Hydrolysis rate (%) 83.95 80.87 96.05 95.74 94.86

[0112] The reaction can be conducted between 37°C-55°C. When the reaction was conducted
under a temperature of higher than 40°C, final product with higher acid value was obtained.
Especially when the temperature was between 45°C and 55°C, acid values around 180 were

obtained.

2.8 The effect of enzyme dosage on the hydrolysis catalysed by lipase LKT400XL with
isooctane as the organic solvent

[0113] Experiments 44 to 50 were conducted as described in 2.7, except that different
amount of Lipase LKT400XL (50 uL, 40 uL, 25 pL or 15 pL corresponding to 1%, 0.8%,
0.5% or 0.3% of HCO) was added and the reaction was conducted at a temperature of 45°C
or 50°C. After the completion of the reaction, the acid values were determined and hydrolysis

rates were calculated and shown in Table 9 and Table 10.

Table 9. Different dosages of LKT400XL for the hydrolysis

with isooctane at 45°C

Exp. No. 37 44 45 46 47
HCO powder 5g
Isooctane 10 mL
water 5mL
Temp. 45°C
LKT400XL 2% 1% 0.8% 0.5% 0.3%
AV (72 h) 181.50 175.92 137.14 93.02 92.32
Hydro(';:‘)is rate | 96.05 93.08 72.44 48.95 48.58

22




10

15

Table 10. Different dosages of LKT400XL for the hydrolysis

with isooctane at 50°C

Exp. No. 42 48 49 50
HCO powder 5g
Isooctane 10 mL
Water 5mL
Temp. 50°C
LKT400XL 2% 0.8% 0.5% 0.3%
AV (72 h) 180.93 170.58 150.31 115.39
Hydrolysis rate 9574 79.45 60.86
(%) 90.23

[0114] When the amount of enzyme used was not less than 1%, reaction product with acid
values of higher than 170 could be obtained. LKT400XL has better catalyzing activity under
50°C, and reaction product with acid values of higher than 170 could be obtained with 0.8%

of enzyme.

Example 3 — Eversa catalysed HCO hydrolysis
3.1 The effect of different organic solvents on the hydrolysis

[0115] 5 grams of HCO in the form of fine powder was put into the reactor, then 5 mL
(including the water present in the enzyme solution) of deionized water (100% of the weight
of oil) was added, and 25 mL of organic solvent (the ratio of “the volume of organic solvent
in mL to the weight of oil in gram (V/W)” was 500%) was added into the reactor. Then 100
pL of Eversa (2% (V/W) of HCO) was added into the mixture. The mixture was heated to the
reaction temperature of 37°C while stirring at 450 rpm. The stirring was continued through
the reaction, and the reaction was stopped after 24 hours for analysis. The acid values of the
hydrolysis products were determined and the hydrolysis rates were calculated and shown in
Table 11.

Table 11. Comparison of different organic solvents for the hydrolysis of HCO

Exp. No Organic solvent AV (24 h) Hydrolysis
rate, %
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51 acetone 35.88 18.54
52 acetonitrile 42.10 21.85
53 N,N-dimethylformamide 44.88 23.33
(DMF)
54 tert-butanol (t-BuOH) 74.05 38.86
55 diethyl ether 129.03 68.12
56 MTBE 130.52 68.91
57 n-hexane 126.82 66.94
58 cyclohexane 133.24 70.39
59 n-heptane 135.15 71.38
60 isooctane 171.23 90.58

[0116] Non-polar solvent generally has better effects on obtaining final products with higher

acid values. t-BuOH was better than other polar solvent. With optimization of reaction

conditions, steric alcohol like t-butanol, non-polar solvent used alone or mixed with each

other was potentially possible for achieving high acid value.

3.2 MTBE as solvent for Eversa catalysed HCO hydrolysis.

3.2.1 The effect of MTBE amount on the hydrolysis catalysed by Eversa

[0117] 5 grams of HCO in the form of fine powder was put into a reactor, then 5 mL of

deionized water were added to the reactor to the amount of 100% of the oil weight (including

water present in the enzyme solution), and different volume (5 mL, 10 mL, 15 mL or 25 mL)

of MTBE as organic solvent (the ratio of “the volume of organic solvent in mL to the weight
of oil in gram (V/W)” was 100%, 200%, 300% or 500%) was added into the reactor. Then 50
ML of Eversa (1% (V/W) of HCO) was added into the mixture. The mixture was heated with

a stirring rate of 450 rpm to the reaction temperature of 45°C. The stirring was continued

through the reaction, and the hydrolysis reactions were monitored at 48 h. After the

completion of the reaction, acid values were determined and the hydrolysis rates were

calculated and shown in Table 12 below.

Table 12. Different amount of MTBE for the hydrolysis of HCO by Eversa

Exp. No.

61

62

63

64
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HCO powder 5g

MTBE (% (V/W) of

HCO) 5 mL (100%) 10 mL (200%) 15 mL (300%) 25 mL (500%)
5 mL, 100% (V/W) of HCO
Water
Eversa 50 uL, 1% (V/W) of HCO
Temp. 45°C
AV (28 h) 166.84 156.57 149.84 156.13
AV (48 h) 161.26 164.57 161.74 153.51

Hydrolysis rate at
48 h (%) 85.27 87.03 85.53 81.15

[0118] When 100% to 300% of MTBE was used, the acid values of the reaction products

were higher than 160 after 48 h reaction.

3.2.2 The effect of water amount on the hydrolysis catalysed by Eversa with MTBE as

the organic solvent.

[0119] Experiments 65 to 71 were conducted as described in 3.2.1, except that different
amount of deionized water was added, and 10 mL of MTBE was added (the ratio of “the
volume of organic solvent in mL to the weight of oil in gram (V/W)” was 200%). The
reaction temperature was 50°C. After the completion of the reaction at 72 h, the acid values
were determined and hydrolysis rates were calculated as shown in Table 13. Experiments 72
to 75 were similarly conducted, but for 48 h under a temperature of 45°C, and with 10 mL
(200% (V/W) of HCO) of MTBE. The AV and hydrolysis rates are shown in Table 14.

Table 13. Different amount of deionized water for the hydrolysis of HCO

by Eversa with MTBE as the organic solvent

Exp. No. 65 66 67 68 69 70 71
HCO powder 5g
MTBE 10 mL, 200% (V/W) of HCO
Water 25% 50% 75% 100% 150% 200% 300%
Eversa 50 uL, 1% (V/W) of HCO
Temp. 50°C
AV (72 h) 161.92 168.73 | 166.85 | 173.30 174.56 178.43 175.18
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Hydrolysis 8562 | 89.25 | 88.25 | 91.69 | 92.35 | o441 | 28
rate, (%)

Table 14. Different amount of deionized water for the hydrolysis of HCO

by Eversa with MTBE as the organic solvent

Exp. No. 72 73 62 74 75
HCO 58
MTBE 10 mL, 200% (V/W) of HCO
Water 25% 50% 100% 150% 200%
Eversa 50 L, 1% (V/W) of HCO
Temp. 45°C
AV (48 h) 149.18 151.19 164.57 1634 171.89
Hydrolysis rate, % 78.84 79.91 87.04 86.01 90.93

[0120] When 200% of MTBE was used in the hydrolysis of HCO by Eversa, by adjusting
water amount, acid values of higher than 165 could be easily achieved under 50°C with water
amount in a wide range.

[0121] When 200% of MTBE was used in the hydrolysis of HCO by Eversa under 45°C, by
using water amount in a range of not less than 100%, acid values higher than 160 could be
achieved. Especially when water amount is in a range around 200%, acid values of higher

than 170 was obtained.

3.3 n-Hexane as solvent for Eversa catalysed HCO hydrolysis.

3.3.1 The effect of water amount on the hydrolysis catalysed by Eversa withn-

hexane as the organic solvent
[0122] 10 grams of HCO in the form of fine powder was put into a reactor, then deionized
water were added to the reactor to the amount of 15%, 25%, 50%, 75%, 100%, 150%, 200%
of the oil weight (including water present in the enzyme solution), and 30 mL of n-hexane as
organic solvent (the ratio of “the volume of organic solvent in mL to the weight of oil in gram
(V/W)” was 300%) was added into the reactor. Then 50 pL of Eversa (0.5% (V/W) of HCO)
was added into the mixture. The mixture was heated with a stirring rate of 450 rpm to the

reaction temperature of 50°C. The stirring was continued through the reaction. After 72 h, the
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acid values were determined and hydrolysis rates were calculated. Details are shown in Table
15.

Table 15. Different amount of water on the hydrolysis by Eversa

with n-hexane as organic solvent

Exp. No. 76 77 78 79 80 81 82 83
HCO 10g
powder
Eversa, pL 50 100
(% (V/W) 0.5% (1%)
of HCO) (0.5%) °
H,O0, mL (% 1.5 2.5(25%) 5.0 (50%)| 7.5 [10(100%)|15 (150%)|20 (200%)| 1.5 (15%)
(V/W) of (15%) (75%)
HCO)
n-Hexane, 30 (300%) 20
mL (% .
(V/W) of (200%)
HCO)

AV (72 h) 92.03 142.49 172.06 | 180.23 | 179.10 107.03 110.74 175.10

Hydrolysis 48.43 75.28 91.02 95.37 94.77 56.41 58.39 92.64
rate, %

[0123] When the water amount was higher than 25% and lower than 150%, acid values for
the hydrolysis products obtained were higher. Especially when water amount was in the range
of from 50% to 100%, acid values were higher than 170, corresponding to hydrolysis rate of
higher than 89.92%.

[0124] However, if the amount of Eversa was increased to 1% (Exp. No. 83), even under a
water amount of 15% and a n-hexane amount of 200%, acid value of higher than 175 was

obtained.

3.3.2 The effect of n-hexane amount on the hydrolysis catalysed by Eversa
[0125] Experiments 84 to 87 were conducted as described in 3.3.1, except that 7.5 mL of
deionized water were added, and 10, 20, 40 or 50 mL of n-hexane as the solely organic
solvent (the ratio of “the volume of organic solvent in mL to the weight of oil in gram
(V/W)” was 100%, 200%, 400% or 500%) was added. After the completion of the reaction,
the acid values were determined and hydrolysis rates were calculated, and results are shown
in Table 16.
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Table 16. Different amount of n-hexane on the hydrolysis of HCO by Eversa

Exp. No. 84 85 79 86 87
HCO, g 10
H,0, mL (% 7.5 (75%)
(V/W) of
HCO)
n-Hexane, 10 (100%) 20 (200%) 30 (300%) 40 (400%) 50 (500%)
mL (%
(V/W)of
HCO)
AV (72 h) 172.23 165.68 180.23 180.63 168.88
Hydrolysis 91.11 87.63 95.37 95.58 89.33
rate, %

[0126] When water was used with the amount of 75% of the weight of HCO, acid value of
final products could achieve higher than 165 easily. The data in the table shows n-hexane
amount in the range of from 200% to 500% (V/W) of HCO could help achieve acid values
higher than 170, or even around 180, especially when n-hexane amount was in the range of
from 300% to 400%.

3.3.3 The effect of Eversa dosage on the hydrolysis catalysed by Eversa with n-
hexane as the organic solvent.

[0127] Experiments 88 to 94 were conducted as described in 3.3.1, except that 7.5 mL of
deionized water, 10, 20 or 30 mL of n-hexane as the solely organic solvent, and different
amount of Eversa (100 pL, 50 pL or 30 pL corresponding to 1%, 0.5% or 0.3% (V/W) of
HCO) were added. Results are shown in Table 17.

Table 17. Different dosages of Eversa on the hydrolysis of HCO

with n-hexane as solvent

Exp. No. 88 84 89 90 91 92 93 79 94
HCO, g 10 50
H20, mL (% 7.5 (75%) 37.5
of HCO) (75%)
n-Hexane, 10 10 10 20 20 20 30 30 100
mL
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(200%)

Eversa, ulL (% 100 50 30 100 (1%)| 50 30 100 50 150

of HCO) (1%) (0.5%) | (0.3%) (0.5%) | (0.3%) | (1%) | (0.5%) | (0.3%)

AV (72 h) 180.53 | 172.23 | 177.22 | 180.62 | 165.68 | 177.73 |181.33| 180.23 | 165.25

Hydrolysis 9553 | 91.11 | 93.77 | 95.58 | 87.63 | 94.04 | 95.96 | 95.37 | 87.40
rate, %

[0128] When 100% n-hexane and 75% water were used, acid value can easily reach 170 or
higher by using Eversa in the amount of from 0.3% to 1%. When 200% n-hexane was used,
acid values were easily achieved higher than 165. When 300% n-hexane was added, Eversa
in higher amount of >0.5% could help achieve acid values around 180. Overall 1% Eversa
could guarantee acid value of the hydrolysis product to be around 180. Even using Eversa in
an amount of <1% under mild reaction conditions could achieve acid value higher than 170,

or near 180.

3.3.4 The effect of temperature on the hydrolysis catalysed by Eversa with n-hexane
as the organic solvent

[0129] Experiments 95 to 98 were conducted as described in 3.3.1, except that 7.5 mL of
deionized water and 30 mL of n-hexane as organic solvent were added. The hydrolysis
reactions were undergone at different temperature (37°C, 40°C, 45°C and 55°C) while stirring
at 450 rpm. After the completion of the reaction, the acid values were determined and

hydrolysis rates were calculated. Results are shown in Table 18.

Table 18. The effect of temperature on the hydrolysis by Eversa

with n-hexane as solvent

Exp. No. 95 96 97 94 98
HCO powder 10g
n-Hexane 30 mL
water 7.5mL
Eversa 0.5% (V/W) of HCO
Temp. (°C) 37 40 45 50 55
AV (72 h) 118.59 150.81 152.68 180.23 160.52
Hydro('};:')is rate 62.56 79.71 80.71 95.37 84.88
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[0130] When the hydrolysis was carried out under a temperature between 40°C and 55°C,
higher acid values were obtained. Hydrolysis at a temperature of 50°C seems to be the most

optimized one.

3.4 Isooctane as solvent for Eversa catalysed HCO hydrolysis.

3.4.1 The effect of water amount on the hydrolysis catalysed by Eversa with
isooctane as solvent.

[0131] 10 grams of HCO in the form of fine powder was put into a reactor, then deionized
water were added to the reactor with the amount of 25%, 50%, 100%, 150%, 200% of the oil
weight (including water present in the enzyme solution), and 30 mL of isooctane as organic
solvent (the ratio of “the volume of organic solvent in mL to the weight of oil in gram
(V/W)” was 300%) was added into the reactor. Then 100 pL of Eversa (1% (V/W) of HCO)
was added into the mixture. The mixture was heated with a stirring rate of 450 rpm to the
reaction temperature of 50°C. The stirring was continued through the reaction, and the
hydrolysis reactions were monitored at 72 h. After the completion of the reaction, the acid
values were determined and the hydrolysis rates were calculated. Results are shown in Table
19.

Table 19. Different amount of water for hydrolysis by Eversa with isooctane

Exp. No.
99 100 101 102 103
HCO powder
10g
H,0, mL (% of
HCO) 2.5 (25%) 5.0 (50%) 10 (100%) 15 (150%) 20 (200%)
Isooctane
30mL
Eversa
100 pL (1% of HCO)
AV (72 h)
161.44 166.33 177.08 177.12 169.46
Hydrolysis
rate (%) 85.37 87.97 93.69 93.71 89.64

[0132] When isooctane is used as the organic solvent, water amount in the range of higher
than 25% could help achieve acid values higher than 160, preferably from 50% to 200%
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could help achieve acid value higher than 165, more preferably from 50% to 200%, even
more preferably from 100% to 200%, most preferably from 100% to 150%.

3.4.2 The effect of isooctane amount on the hydrolysis catalysed by Eversa
[0133] Experiments 104 to 106 were conducted as described in 3.4.1, except that 15 mL of
deionized water, and different amount of isooctane (the ratio of “the volume of organic
solvent in mL to the weight of oil in gram (V/W)” was 100%, 200%, or 500%) were added.
After the completion of the reaction, the acid values were determined and the hydrolysis rates

were calculated. Results are shown in the Table 20.

Table 20. Different amount of isooctane for the hydrolysis by Eversa

Exp. No. 104 105 102 106
HCO, g 10
H,0, mL 15
Eversa 100 pL (1% (V/W) of HCO)
Isooctane, mL 10 (100%) 20 (200%) 30 (300%) 50 (500%)
(% of HCO)
AV (72 h) 179.35 175.58 177.12 184.95
Hydrolysis rate (%) 94.90 92.89 93.71 97.88

[0134] Different amount of isooctane can easily help acid values of the reaction products
reach higher than 175, especially when from 100% to 500% of isooctane is used. Most

preferably, 500% isooctane was used to obtain acid value around 185.

3.4.3 The effect of Eversa dosage on the hydrolysis with isooctane as the organic

solvent
[0135] Experiments 107 to 109 were conducted as described in 3.4.1, except that 15 mL of
deionized water, 30 mL of isooctane, and different amount of Eversa (50 pL, 30 pL or 20 pL
corresponding to 0.5%, 0.3% or 0.2% (V/W) of HCO) were added. After the completion of
the reaction, the acid values were determined and the hydrolysis rates were calculated.

Results are shown in Table 21.

Table 21. Different dosage of Eversa on the HCO hydrolysis with isooctane

Exp. No. 102 107 108 109
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HCO powder, 10
8

H,0, mL (% of 15 (150%)
HCO)

Isooctane 30 mL (300% of HCO)

Temp. 50°C

Eversa, pL 100 (1%) 50 (0.5%) 30(0.3%) 20(0.2%)

(% of HCO)

AV (72 h) 181.12 178.76 160.13 150.03

Hydrolysis 95.84 94.59 84.67 79.30
rate (%)

[0136] Eversa dosage higher than 0.3% could help obtain reaction products with acid values
higher than 160, especially Eversa dosage of 0.5% to 1% could get acid values higher than
175. Higher amount of Eversa dosage will help obtain acid values no less than Exp. 102 and
107.

3.5 Tert-butanol as solvent for Eversa catalysed HCO hydrolysis.

3.5.1 The effect of water amount on the hydrolysis catalysed by Eversa with t-BuOH
as organic solvent.

[0137] 5 grams of HCO in the form of fine powder was put into a reactor, then different
amount of deionized water was added to the amount of from 25% to 500% (V/W) of the oil
weight (including water present in the enzyme solution), and 5 mL of t-BuOH (the ratio of
“the volume of organic solvent in mL to the weight of oil in gram (V/W)” was 100%) were
added into the reactor. Then 50 puL Eversa (1% (V/W) of HCO) was added into the mixture.
The mixture was heated with a stirring rate of 450 rpm to the reaction temperature of 50°C.
The stirring was continued through the reaction, and the reaction lasted for 72 hours. After
the completion of the reaction, the acid values were determined and the hydrolysis rates were

calculated. Results are shown in Table 22 below.

Table 22. Different amount of water for hydrolysis by Eversa with t-BuOH

Exp. No. 110 111 112 113 114 115 116 117 118
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HCO 5
powder, g
H,0, mL (% 1.25 2.5 3.75 |5(100%) 7.5 10 15 20 25
of HCO) (25%) | (50%) | (75%) (150%) | (200%) | (300%) | (400%) | (500%)
t-BuOH, mL 5 (100%)
(% (V/W) of
HCO)
Eversa 1%
AV (72 h) 76.67 |125.14| 124.17 | 157.42 | 127.77 | 140.84 | 153.74 | 154.97 | 157.19
Hydrolysis 40.25 | 66.05 | 65.53 83.23 67.45 74.41 81.27 81.93 83.11
rate, %

3.5.2 The effect of t-BuOH amount on the hydrolysis catalysed by Eversa
[0138] Experiments 119 to 121 were conducted as described in 3.5.1, except that 5 mL of
deionized water, and different amount of t-BuOH (the ratio of “the volume of organic solvent
5 in mL to the weight of oil in gram (V/W)” was 200%, 300%, or 500%) were added. After the
completion of the reaction, the acid values were determined and the hydrolysis rates were

calculated. Results are shown in Table 23.

Table 23. Different amount of t-BuOH for hydrolysis by Eversa

Exp. No. 113 119 120 121

HCO powder, g 5

H,0, mL (% of
HCO)

5 (100%)

t-BuUOH, mL (%
(V/W) of HCO)

5 (100%)

10 (200%)

15 (300%)

25 (500%)

Eversa

1%

AV (72 h)

157.42

36.69

46.04

117.28

Hydrolysis
rate, %

83.33

18.97

23.95

61.87

Time, h

72
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3.6.1 Acetone/n-hexane mixture as organic solvent for hydrolysis catalysed by

Eversa.
[0139] 10 grams of HCO in fine powder form was put in the reactor, then 25 mL of deionized
water was added. 15 mL of acetone and n-hexane mixture in different ratio was added as
shown in the Table 24. 30 uL of Eversa (0.3% (V/W) of HCO) or 50 pL of Eversa (0.5%
(V/W) of HCO) was then added to the reactor. The mixture was heated with a stirring rate of
450 rpm to the reaction temperature of 50°C. The stirring was continued through the reaction,
and the reaction continues 72 hours. After the completion of the reaction, the acid values

were determined and the hydrolysis rates were calculated. Results are shown in Table 24.

Table 24. Acetone/n-hexane mixture for the hydrolysis by Eversa

Exp. No. 122 123 124 125 126 127
Eversa (% (V/W) of 0.5% 0.3%
HCO)
HCO powder (g) 10
Acetone/n-hexane, 0/15 3/12 4.5/10.5 6/9 7.5/7.5 6/9
mL (V:V)
(0:100) (20:80) (30:70) (40:60) (50:50) (40:60)
H,0 25 mL (250%) 15 mL
(150%)
AV (72 h) 181.28 169.47 165.25 163.02 164.48 159.78
Hydrolysis rate, % 95.93 89.64 87.40 86.21 86.99 84.49
Time 72 h
Temp. (°C) 50°C 50°C (24
h)+45°C
(48 h)

[0140] Table 24 shows by adding the mixture of acetone/n-hexane as the organic solvent, the
maximal AV achieved with 0.3-0.5% Eversa is near 170, and AV can easily reach 160 and

165 under optimized reaction conditions.
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3.6.2 t-BuOH/n-hexane mixture as the organic solvent for hydrolysis catalysed by

Eversa.

3.6.2.1 The effect of mixing ratio and solvent amount on the hydrolysis catalysed by

Eversa with t-BuOH/n-hexane.
[0141] 10 grams of HCO in fine powder form was put in the reactor, then 15 mL of t-
BuOH/n-hexane mixture with different volume to volume ratio (t-BuOH:n-hexane 25:75,
30:70 or 35:75) was added to the reactor. 15 mL of deionized water (150% weight of HCO)
was then added. 30 pL of Eversa (0.3% (V/W) of HCO) was added. The mixture was heated
with a stirring rate of 450 rpm to the reaction temperature of 50°C. The stirring was continued
through the reaction, and the reaction was undertaken at 50°C for 66 hours. After the
completion of the reaction, the acid values were determined and hydrolysis rates were

calculated. Results are shown in Table 25.

Table 25. t-BuOH/n-hexane mixture in different ratios for the hydrolysis by Eversa

[0142] B Exp. No. 128 129 130
y HCO powder 10g
optimiz . —
_ t-BuOH:n-hexane 25:75 30:70 35:65
ing ratio
mixing t-BuOH, mL 3.75 4.5 5.25
ratio, t- n-Hexane, mL 11.25 10.5 9.75
BuOH/ Water 15 mL
n- Eversa 0.3% (V/W) of HCO
hexane Temp. 50°C
mixture AV (66 h) 152.17 166.69 155.23
could -

Hydrolysis rate, % 84.44 88.16 82.06
be used

as organic solvent for achieving AV higher than 165 in the hydrolysis of HCO catalyzed by

0.3% of Eversa.

3.6.2.2 The effect of water amount to the Eversa catalyzed hydrolysis with t-

BuOH/n-hexane as organic solvent.
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[0143] Experiments 131 to 135 were conducted as described in 3.6.2.1, except that 15 mL of
t-BuOH/n-hexane mixture with volume to volume ratio of 30:70 was added to the reactor,
and different amount of deionized water (7.5 mL, 10 mL, 20 mL, 25 mL or 30 mL
corresponding to 75%, 100%, 200%, 250% or 300% of the weight of HCO, respectively) was
then added. After the completion of the reaction, the acid values were determined and the

hydrolysis rates were calculated. Results are shown in Table 26.

Table 26. Different amount of water for the hydrolysis by Eversa with t-BuOH/n-

hexane mixture

[0144] W
Exp. No. 131 132 129 133 134 135
hen
HCO
_ 1
t powder O
Bu t-BUOH 4.5 mL
OH n-Hexane 10.5mL
In-
Water 7.5 mL 10 mL 15 mL 20 mL 25 mL 30 mL
hex
Eversa 0.3% (V/W) of HCO
ane
) Temp. 50°C
mix
¢ AV (66 h) 161.02 157.17 166.69 173.28 177.52 162.40
ure
is Hydrolysis | g¢ 15 83.10 88.16 91.67 93.93 85.88
rate, %
use

d as organic solvent, water amount in the range of more than 100% and less than 500% could
help achieve acid values of higher than 160; and water amount in the range of from 150% to
300% could help achieve acid values of higher than 165. Under optimized conditions, acid

values could reach higher than 170.

3.6.2.3 The effect of Eversa dosage to the hydrolysis of HCO with t-BuOH/n-hexane
(3:7) mixture as the organic solvent.

[0145] Experiments 136 to 138 were conducted as described in 3.6.2.2, except that 10 mL of
deionized water and different Eversa dosage was added as shown in Table 27. After the
completion of the reaction at 72 h, the acid values were determined and the hydrolysis rates
were calculated. Results are shown in Table 27,
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Table 27. Eversa dosages for the hydrolysis with t-BuOH/n-hexane mixture
Exp. No. 136 137 134 138
HCO powder, 10
g
H,0, mL (% of 25 (250%)
HCO)
t-BuOH/n- 15 mL (150% (V/W) of HCO)
hexane (3:7)
Temp. 50°C
Eversa (% of 100 puL (1%) 50 pL (0.5%) 30 pL (0.3%) 20 pL (0.2%)
HCO)
AV 178.99 (72h) | 176.44(72h) | 177.52(66h) | 165.68 (72 h)
Hydrolysis 94.71 93.35 93.93 87.79
rate, %

3.6.2.4 The effect of temperature to the Eversa hydrolysis of HCO with t-BuOH/n-

hexane (3:7) mixture as the organic solvent.

[0146] Experiments 139 to 142 were conducted as described in 3.6.2.2, except that 10 mL of
deionized water was added, and reaction was conducted under different temperature as shown
in Table 28. After the completion of the reaction at 72 h, the acid values were determined and

the hydrolysis rates were calculated.

Table 28. Different temperature for the hydrolysis by Eversa with t-BuOH/n-hexane

mixture

Exp. No. 139 140 141 134 142

HCO powder, 10
g
H,0, mL (% of 25 (250%)
HCO)

t-BuOH/n- 15 mL (150% (V/W) of HCO)

hexane (3:7)

Eversa (% of 30 uL (0.3%)

HCO)
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Temp. °C 37 40 45 50 55
AV 95.47 (72 10491 |114.65(72|177.52 (66 | 176.94 (72
h) (72 h) h) h) h)
Hydrolysis 50.79 55.28 60.47 93.93 93.62
rate, %

3.6.3 t-BuOH/isooctane mixture as organic solvent for hydrolysis catalysed by Eversa.
3.6.3.1 The amount of t-BuOH/isooctane (3:7) mixture for Eversa catalysed
hydrolysis of HCO.

[0147] 10 grams of HCO in fine powder form was put in the reactor, then different volume of
t-BuOH/n-hexane mixture with V/V ratio of 3:7 was added to the reactor. 25 mL of deionized
water (150% weight of HCO) was then added. 30 pL of Eversa (0.3% (V/W) of HCO) was
added. The mixture was heated with a stirring rate of 450 rpm to the reaction temperature of
50°C. The stirring was continued through the reaction, and the reaction was undertaken at
50°C for 72 hours. After the completion of the reaction, the acid values were determined and

the hydrolysis rates were calculated. Results are shown in Table 29.

Table 29. Different amount of t-BuOH/isooctane mixture (3:7)

for the hydrolysis by Eversa

Exp. No. 143 144 145 146 147
HCO powder (g) 10
H,0 25 mL (250%)
Eversa 0.3% (V/W) of HCO
t-BuOH/isooctane 7.5mL 10 mL 15 mL 20 mL 25 mL
(3:7) (mL)
AV (72 h) 168.28 163.03 173.03 164.61 162.40
Hydrolysis rate, % 89.01 86.22 91.54 87.06 85.88
Temp. 50°C

3.6.3.2 The water amount for Eversa catalysed hydrolysis of HCO with t-

BuOH/isooctane (3:7) mixture as the organic solvent.
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[0148] Experiments 148 to 150 were conducted as described in 3.6.3.1, except that 15 mL of
t-BuOHY/isooctane mixture (3:7) was added to the reactor, and different amount of deionized
water (15 mL, 20 mL, or 30 mL corresponding to 150%, 200%, or 300% V/W of the weight
of HCO, respectively) was then added, as shown below in Table 30. After the completion of

the reaction at 72 h, the acid values were determined and the hydrolysis rates were calculated.

Table 30. Different amount of water for the hydrolysis by Eversa with t-

BuOH/isooctane mixture

Exp. No. 148 149 145 150
HCO powder (g) 10
t-BuOH/isooctane 15 mL
(3:7) (mL)
Eversa 0.3% (V/W) of HCO
H,O 15 mL 20 mL 25 mL 30 mL
AV (72 h) 162.54 165.87 173.03 169.37
Hydrolysis rate, % 85.95 87.73 91.54 89.59
Temp. 50°C

3.6.3.3 The effect of Eversa dosage on the hydrolysis of HCO with t-BuOH/isooctane
(3:7) mixture as the organic solvent.

[0149] Experiments 151 and 152 were conducted as described in 3.6.3.2, except that 25 mL
of deionized water and different dosages of Eversa were added as shown below in Table 31.
After the completion of the reaction after 72 h, the acid values were determined and the

hydrolysis rates were calculated.

Table 31. Eversa dosages for the hydrolysis with t-BuOH/isooctane mixture

Exp. No. 151 145 152
HCO powder, g 10
H,0, mL (% of HCO) 25 (250%)
t-BuOH/isooctane (3:7) 15 mL (150% (V/W) of HCO)
Temp. 50°C
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Eversa (V/W % of HCO) 100 pL (1%) 30 L (0.3%) 20 pL (0.2%)
AV (72 h) 174.18 173.03 146.31
Hydrolysis rate, % 92.15 91.54 77.32

Example 4 — TLL-SH catalysed HCO hydrolysis

4.1 The effect of water amount to the TLL-SH catalysed HCO hydrolysis with n-hexane as
organic solvent

5 [0150] 10 grams of HCO in fine powder form was put in the reactor, then 30 mL of n-hexane
was added to the reactor. Different amount of deionized water (2.5 mL, 5 mL, 7.5 mL, 10
mL, 15 mL, 20 mL, 30 mL or 40 mL corresponding to 25%, 50%, 75%, 100%, 150%, 200%,
300% or 400% of the weight of HCO, respectively) was then added. 100 pL (1% (V/W) of
HCO) of TLL-SH was added. The mixture was heated with a stirring rate of 450 rpm to the

10  reaction temperature of 50°C. The stirring was continued through the reaction, and the
reaction was undertaken at 50°C for 72 hours. After the completion of the reaction, the acid
values were determined and the hydrolysis rates were calculated. Results are shown in Table
32.

Table 32. Different amount of water for the hydrolysis by TLL-SH with n-hexane
Exp. No. 153 154 155 156 157 158 159 160
HCO 10
powder, g
H,0, mL .
(% of 2.5 | 5(50%) 7.5 10 15 20 30 40
HCO) | (25%) (75%) | (100%) | (150%) | (200%) | (300%) | (400%)
n-Hexane, .
mL (% 30 (300%)
(V/W) of
HCO)
TLL-SH
1% (V/W) of HCO
AV (72h) | 177.71 | 181.06 | 180.59 | 181.01 | 181.55 | 183.57 | 179.85 | 178.66
Hydrolysis | 94.03 | 9581 | 9556 | 95.78 | 96.07 | 97.15 | 94.64 | 94.53
rate, %
15  [0151] By optimizing ratios and reaction conditions, hydrolysis products with AV higher

than 175 could be easily obtained with a dosage of 1% TLL-SH.
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4.2 The effect of TLL-SH dosage to HCO hydrolysis

[0152] 5 grams of HCO in fine powder form was put in the reactor, then different amount of
n-hexane as shown in the table was added to individual reactor. Different amount of
deionized water as shown in the table was then added. 100 pL, 50 pL or 25 pL (2%, 1% or
0.5% of (V/W) of HCO) of TLL-SH was added. The mixture was heated with a stirring rate
of 450 rpm to the reaction temperature of 37 or 50°C. The stirring was continued through the
reaction, and the reaction was undertaken at the same temperature for 72 hours. After the
completion of the reaction, the acid values were determined and the hydrolysis rates were

calculated.

Table 33. TLL-SH dosages for the HCO hydrolysis with n-hexane

Exp. No. 7 161 162
HCO powder 5g
n-Hexane 25mL 15 mL 15 mL
H,0 1.25mL 3.75mL 3.75mL
TLL-SH, pL (% (V/W) 100 (2%) 50 (1%) | 25 (0.5%)
of HCO)
Temp. (°C) 37 50 50
AV (72 h) 175.66 182.22 171.15
Hydrolysis rate, % 92.94 96.43 90.54

Example 5 — Comparative experiments with bi-enzyme and bi-organic solvent system

[0153] 10 grams of HCO in the form of flake was put into the reactor, then 40 mL of
deionized water was added (400% (V/W) of the HCO weight), and 40 mL of organic solvent
or organic solvent mixture (the ratio of “the volume of organic solvent in mL to the weight of
oil in gram (V/W)” was 400%) was added to the reactor according to the Table 34. Then
different amount of enzyme(s) was added into the mixture according to the Table 34 below.
The mixture was heated with a stirring rate of 450 rpm to the reaction temperature of 45°C.
The stirring was continued through the reaction, and the reaction time was 24 hours. After the
completion of the reaction, the acid values were determined and the hydrolysis rates were

calculated.
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Table 34. Comparative experiments

Exp. No. 163 164 165 166 167 168 169
Organic acetone/n | isooctane n-hexane [isooctan n- isooctan |acetone/
solvent, -hexane e hexane e n-hexane
(mL) (16+24) (40) (40) (16+24)
(40) (40) (40)
pL of 200 200 TLL-SH | 200 TLL-SH 200 400 400 200 TLL-
Eversa (2%) + 200 | (2%)+200 | Eversa | Eversa | Eversa [SH (2%) +
Enzyme (2%) 2%) | (4%) | (4%) |200G50-
(V/W% of G50-SH G50-SH SH
HCO) . .
(2%) (2%) (2%)
AV (24 h) 148.79 135.35 98.65 151.37 | 159.37 | 166.51 | 127.62
Hydrolysis 78.64 71.50 51.95 80.01 84.27 88.07 67.37
rate, %

Example 6 — Melting HCO and conducting hydrolysis under different temperature

[0154] 2.5 mL of deionized water and 15 mL of isooctane were added into a reactor. The
mixture was chilled to 4°C. HCO was melted at 95°C and slowly added to the chilled mixture
while stirring. The reaction mixture was brought to the desired reaction temperature (Table
35) while stirring at 450 rpm. 15 pL of Eversa was then added to the reactor and the stirring
was continued through the reaction. The reaction time was 72 hours. After the completion of

the reaction, the acid values were determined and the hydrolysis rates were calculated.

Table 35. Hydrolysis under different temperatures by adding melted HCO substrate

Exp. No. 170 171 172 173
Eversa, % (V/W) of HCO | 15 L, (0.234%) 15 plL, 15 plL, (0.283%) | 15 pL, (0.283%)
(0.283%)
HCO liquid (g) 6.4 5.3 5.3 5.3
Isooctane 15 mL
H,0 2.5mL
AV (72 h) 139.64 155.28 168.70 154.83
Hydrolysis rate, % 73.77 82.09 89.23 81.85
Temp. (°C) 40 45 50 55
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Example 7 — Adding HCO in the form of flake vs in the form of powder

[0155] HCO powder was prepared by breaking the HCO flake into fine powder with a size of
smaller than 0.5 millimeter in diameter with a home blender. The size of the HCO powder
was examined by using optical microscope and sieving method. HCO in flake or powder
form was added to a reactor with water, n-hexane and Eversa respectively according to Table
36 below. The stirring was continued through the reaction, and the reaction time is 72 hours
at 40°C. The acid values were then determined and the hydrolysis rates were calculated.

Results are shown in Table 36.

Table 36. Adding HCO in flake form vs. in powder form

Exp. No. 174 175
HCO, g 20 40
(flake) (powder)
Eversa, uL (% (V/W) of 300 400
HCO)
(1.5%) (1%)
H,0, mL (% (V/W) of 3 (15%) 6 (15%)
HCO)
n-Hexane, mL (% 40 (200%) 80 (200%)
(V/W) of HCO)
AV (72 h) 175.0 177.0
Hydrolysis rate, % 92.59 93.65

[0156] When HCO fine powder form was used as substrate, higher acid value of hydrolysis
product was achieved even with a lower enzyme dosage compared with the flake form
wherein a higher enzyme dosage was used. The result indicates that the hydrolysis is more

efficient when fine powder form HCO is used.

Example 8 — Adding enzyme in batches

[0157] Experiment No. 176: 100 g of HCO in the form of fine powder was put into the
reactor, then 50 mL deionized water was added, and 200 mL of isooctane were added into the
reactor. Then 300 pL of Eversa (0.3% (V/W) of HCO) was added into the mixture. The

mixture is heated with a stirring rate of 450 rpm to the reaction temperature of 50°C. The
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stirring was continued through the reaction, and the reaction time was 70 hours. After the
completion of the reaction, the acid values were determined to be 154.88. If add another 0.1%
Eversa, and let the hydrolysis being carried out for another 24 hours, an acid value of 175.68

was achieved.

Example 9 — Palm stearin ( IV15, melting point 56-61°C; IV35, melting point 47-55°C; IV38,
melting point 32-49°C)

[0158] The hydrolysis of three kinds of palm stearins with different iodine value (IV15, V35
and 1\V38) was studied. The experiments were set up as shown in Table 37 and 38 below. 10
grams of palm stearin was mixed with 30 mL of n-hexane and 7.5 mL of deionized water
(including the water present in the enzyme). Different amount of Eversa was added according
to the tables. The mixture was heated with a stirring rate of 450 rpm to the reaction
temperature of 50°C. The stirring was continued through the reaction, and the reaction time
was 72 hours. After the completion of the reaction, the acid values were determined and the

hydrolysis rates were calculated as shown in Table 37 and Table 38.

Table 37. Hydrolysis of palm stearins by different dosages of Eversa

Exp. No. 177 178 179 180 181 182
Palm stearin IV15,10g | Iv15,10g | Iv35,10g | IvV35,10g | Iv38,10g | IV38,10¢g
H,0, mL (% 7.5 (75%)
(V/W) of palm
stearin)
n-Hexane, mL 30 (300%)
(%(V/W) of
palm stearin)
Eversa 50 pL (0.5%) 100 L |50 pL (0.5%)| 100 pL (1%) |50 puL (0.5%)| 100 uL (1%)
(%(V/W) of (1%)
palm stearin)
Temp. 50°C
AV (72 h) 89.22 131.64 54.37 112.98 141.79 154.29
Hydrolysis 40.98 60.77 25.05 53.11 67.33 73.29
rate, %

Table 38. Hydrolysis of palm oil stearins by high dosage of Eversa
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Exp. No. 183 184 185
Palm stearin IV15,10¢g IV35,10¢g IV38,10¢g
H,0, mL (% (V/W) of palm 7.5 (75%)
stearin)
n-Hexane, mL (%(V/W) of 30 (300%)
palm stearin)
Eversa (%(V/W) of palm 500 uL (5%) 500 pL (5%) 500 pL (5%)
stearin)
Temp. 50°C
AV (72 h) 202.97 153.86 204.88
Hydrolysis rate, % 94.03 72.68 97.41

Example 10 — Lard (melting point 28°C -44°C)

[0159] The hydrolysis of lard was studied. The experiments were set up as shown in the table
below. 10 grams of lard was mixed with 30 mL of n-hexane and 7.5 mL of deionized water
(including the water present in the enzyme). Different amount of Eversa (50 puL or 100 pL,
corresponding to 0.5% or 1% (V/W) of lard) was added according to the table. The mixture
was heated with a stirring rate of 450 rpm to the reaction temperature of 50°C. The stirring
was continued through the reaction, and the reaction time was 72 hours. After the completion

of the reaction, the acid values were determined and the hydrolysis rates were calculated and

shown in the table below.

Table 39. Hydrolysis of lard by different dosages of Eversa

Exp. No. 185 186
Lard 10g
H,0, mL (% of lard) 7.5 (75%)
n-Hexane, mL (% (V/W) of lard) 30 (300%)
Eversa (% (V/W) of lard) 50 pL (0.5%) 100 pL (1%)
Temp. 50°C
AV (72 h) 147.36 164.99
Hydrolysis rate, % 71.56 79.68
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Example 11 — Preparation of TLL-SH and G50-SH

11.1 Expression vector construction

[0160] Thermomyces lanuginosus lipase (TLL-SH) and Penicillium camemberti lipase (G50-
SH) were codon optimized according to Pichia pastoris preference and synthesized by
Sangon Biotech (Shanghai) Co., Ltd. with an EcoRl restriction enzyme site (GAATTC) at the
3’ end of each gene. The sequences of two lipase genes were list in SEQ NO.1 and SEQ
NO.2, which contain underlined a-factor signal peptide sequence before the nucleic acid
coding for the mature peptide.

[0161] Lipase gene fragments were respectively ligated after Pichia pastoris AOX1
promoter, from commercial plasmid pAO815, by overlapping polymerase chain reaction
(PCR). The overlapping PCR product and pAO815 plasmid were double digested by Aatll
and EcoRl to construct the recombinant vector pAO-TLL-SH and pAO-G50-SH.

11.2 Recombinant Pichia pastoris strain construction and expression

[0162] Pichia pastoris GS115 host (Invitrogen, C181-00) was used for the transformation of
recombinant vectors pAO-TLL-SH and pAO-G50-SH. Then activity display plates (MYO
plates: 1% Yeast nitrogen base, 1% methanol, 3% olive oil, 0.37% Poly (vinyl alcohol), 10
pg/mL Rhodamine B indicator, 2% agar for TLL-SH. MYP: 1% Yeast nitrogen base, 1%
methanol, 1% Polysorbate 80, 10 pg/mL Rhodamine B indicator, 2% agar for G50-SH) were
used for screening positive transformants. Recombinant colony with biggest hydrolysis circle
was selected for enzyme production. Fermentation and enzyme recovery process were carried
out as described in CN 106884009A.

SEQ NO. 1 Thermomyces lanuginosus lipase sequence (TLL-SH)

atgagatttccttcaatttttactgcagttttattcgcageatectecgeattagetgetccagtcaacactacaacagaagat
gaaacggcacaaattccggetgaagetgtcatcggttactcagatttagaaggggatttcgatgttgetgtittgecattttec
aacagcacaaataacgggttattgtttataaatactactattgccageattgctgctaaagaagaaggggtatctcttgaga
daagagaggctgaagctgaagtctctcaagacttgttcaaccagttcaacttgttcgetcaatactctgecgetgectactgt
ggtaagaacaatgatgctccagcetggtactaacattacctgtactggtaacgcettgtccagaagttgagaaggcetgatgeta
ccttectgtactccttcgaagactctggagttggagatgttactggtttcctggecttggataacactaacaagttgategttc
tgtccttcagaggttccagatccatcgagaactggattggtaacttgaactttgacttgaaggagatcaacgacatctgttct
ggatgtcgtggtcacgatggatttacctectcttggagatctgttgctgataccttgagacagaaggtcgaagatgetgtcag
agaacatccagactatagagttgtcttcactggtcactecttgggaggtgecttggetactgttgetggtgctgacttgegtgg
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taatggttatgacattgatgtcttctcctacggtgctccaagagttggtaategtgecttegetgagtttctgaccgtccaaac
tggaggtactttgtacagaattacccatactaacgacattgttccaagattgccaccacgtgagttcggatactctcattect
ctccagagtactggatcaagtctggaaccttggttccagtcactcgtaacgacatcgtcaagattgaaggtattgatgecac
tggaggtaacaatcaaccaaacattccagacattccagctcacttgtggtactttggtctgattggtacttgettgtaaGAA
T7C

SEQ NO.2 Penicillium camemberti lipase sequence (G50-SH)

ATGAGATTTCCTTCAATTTTTACTGCAGTTTTATTCGCAGCATCCTCCGCATTAGCTGCTCCAGT

CAACACTACAACAGAAGATGAAACGGCACAAATTCCGGCTGAAGCTGTCATCGGTTACTCAG

ATTTAGAAGGGGATTTCGATGTTGCTGTTTTGCCATTTTCCAACAGCACAAATAACGGGTTATT

GTTTATAAATACTACTATTGCCAGCATTGCTGCTAAAGAAGAAGGGGTATCTCTTGAGAAAAG

AGAGGCTGAAGCTGATGTCTCCACTTCCGAACTGGACCAGTTCGAGTTCTGGGTTCAATACGC

AGCCGCCTCTTACTACGAGGCTGATTACACCGCACAGGTTGGTGATAAGCTGTCCTGCTCTAA
GGGTAACTGCCCAGAAGTTGAAGCAACCGGTGCAACTGTGTCTTACGACTTCTCCGATTCCAC
GATCACTGACACCGCAGGTTACATCGCAGTTGATCACACCAACTCCGCAGTGGTACTGGCATT
CCGTGGTTCTTACTCCGTACGTAACTGGGTTGCTGATGCTACTTTCGTCCATACCAACCCAGGT
CTGTGTGATGGTTGTCTGGCTGAGCTGGGTTTCTGGTCTTCCTGGAAGCTGGTTCGTGATGAT
ATTATCAAAGAACTGAAAGAAGTGGTGGCACAGAACCCAAACTATGAACTGGTGGTCGTGG
GCCACTCCCTGGGTGCTGCTGTGGCTACTCTGGCTGCTACCGACCTGCGTGGTAAAGGTTATC
CATCTGCTAAACTGTACGCTTACGCTTCCCCTCGTGTTGGCAACGCAGCCCTGGCCAAATATAT
CACCGCCCAGGGCAACAACTTCCGTTTCACCCACACCAATGACCCAGTACCTAAACTGCCACT
GCTGTCTATGGGCTATGTACATGTTTCTCCTGAATATTGGATCACCTCTCCTAACAACGCCACT
GTTTCTACCTCTGACATCAAAGTCATTGACGGCGACGTATCTTTTGACGGCAATACCGGCACG
GGCCTGCCTCTGCTGACGGACTTTGAAGCCCACATTTGGTACTTTGTACAGGTTGACGCCGGC

AAAGGTCCTGGCCTGCCATTCAAACGTGTTTAAGAATTC
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CLAIMS

1.

A process of hydrolyzing hydrogenated castor oil to obtain 12-hydroxystearic acid, the
process comprising

a step of mixing water, an organic solvent, and a lipase with the hydrogenated castor oil
to form a mixture,

and a step of hydrolyzing the hydrogenated castor oil in the mixture to obtain 12-
hydroxystearic acid with an acid value of higher than 160,

wherein the lipase comprises one or more lipase derived from Thermomyces sp. but not
any monoacylglycerol lipase or any lipase derived from Rhizomucor sp., and the organic
solvent is any one selected from a sterically hindered alcohol, a non-polar organic
solvent, and a mixture of a water-miscible organic solvent with a non-polar organic

solvent.

The process of Claim 1, wherein the lipase derived from Thermomyces sp. is derived from

Thermomyces lanuginosus.

The process of Claim 2, wherein the lipase derived from Thermomyces sp. is selected from
Eversa Transform 2.0, Lipase LKT400XL, TLL-SH, derivatives thereof and mixtures

thereof.

. The process of any one of Claims 1 to 3, wherein the lipase derived from Thermomyces

sp. is provided in solid form or in liquid solution form.

The process of Claim 4, wherein if the lipase derived from Thermomyces sp. is provided
in liquid solution form, the ratio for the volume of the lipase derived from Thermomyces
sp. in mL to the weight of the substrate hydrogenated castor oil in gram is not less than
0.2%, preferably not less than 0.3%, more preferably from 0.3% to 2%, even more
preferably from 0.3% to 1%,; if the lipase derived from Thermomyces sp. is provided in
solid form, the weight ratio of the lipase derived from Thermomyces sp. to the weight of
the substrate hydrogenated castor oil is not less than 50 ppm of the hydrogenated castor

oil, or not less than 57 ppm, or not less than 75 ppm, or not less than 156 ppm.
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6. The process of any one of Claims 1 to 5, wherein the lipase derived from Thermomyces

sp. is added once or in batch.

7. The process of any one of Claims 1 to 6, wherein optionally the oil is melted or grinded

8.

10.

11.

12.

to a powder form before the step of mixing.

The process of any one of Claims 1 to 7, wherein the non-polar organic solvent is a
saturated hydrocarbon containing 5 to 12 carbons, preferably alkane or cycloalkane
containing 5 to 12 carbons; and/or

the non-polar organic solvent is selected from isooctane, n-heptane, cyclohexane, n-
hexane, methyl tert-butyl ether (MTBE), diethyl ether, n-pentane, cyclopentane,
petroleum ether, and mixtures thereof; and/or

the steric hindered alcohol is tert-butanol (t-BuOH); and/or

the water-miscible organic solvent is selected from acetone, tert-butanol and their
mixture; and/or

in the mixture of a water-miscible organic solvent with a non-polar organic solvent, the
volume ratio of the water-miscible organic solvent to the non-polar organic solvent is
from 20:80 to 50:50.

The process of any one of Claims 1 to 8, wherein the step of hydrolyzing the oil is
conducted under a temperature of 30 °C to 60 °C.

The process of any one of Claims 1 to 9, wherein glycerol is generated during the step
of hydrolyzing oil, and optionally there is a step of removing water, the glycerol, and the

organic solvent after the step of hydrolyzing the oil.

The process of any one of Claims 1 to 10, wherein the 12-hydroxystearic acid product
has an acid value of higher than 165, more preferably higher than 170, even more

preferably higher than 175.

The process of any one of Claims 1 to 11, wherein the weight ratio of the water and the
hydrogenated castor oil is from 15% to 300%, more preferably from 30% to 250% or
from 100% to 300%; and/or
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the ratio of the volume of the organic solvent in mL to the weight of the hydrogenated

castor oil in gram is more than 75%, preferably, between 100% and 500%.
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