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oi |l -bearing plants for thousands of years. A large variety of plants
produce sufficient quantities of oil that can be processed into edible or
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SUMMARY
This invention is based on the discovery that a triglyceride can be readily
extracted from an oil-bearing seed by using a fatty acid alkyl ester as a solvent.
In one aspect, this invention features a method of producing a triglyceride
15 solution. The method includes contacting a liquid fatty acid alkyl ester and a substance
containing triglyceride (e.g., at 15-180°C or 25-150°C } so that the triglyceride is
dissolved into the fatty acid alkyl ester to form a triglyceride solution. Preferably, the
fatty acid alkyl ester is obtained, prior to the contacting step, by reacting alcohol (e.g. a
C1-C8 primary or secondary alcohol) with triglyceride extracted from the same
20 triglyceride-containing substance. Exemplary alcohols include methanol, ethanol, n-
propanol, isopropanol, n-butanol, isobutanol, n-pentanol, isopentanol, neopentanol and n-
hexanol. The fatty acid alky! ester and the triglyceride-containing substance can be
mixed at a weight ratio ranging from 1:2 to 10:1 (e.g., from 1:1 to 6:1).
The triglyceride-containing substance can be oil-bearing seed. The term “oil-
25 bearing seed” refers to any plant seed suitable for oil extraction. Examples of oil-bearing
seed include, but are not limited to, soybean, peanut, sunflower seed, rapeseed, corn (e.g.,
corn germs or distillers dried corn grains), jatropha seed, karanja seed, neem seed, mahua

seed, castor bean, rubber seed, cotton seed, palm kernel, olive, almond kernel, babassu
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seed include, but are not limted to, soybean, peanut, sunflower seed,
rapeseed, corn (e.g., corn gerns or distillers dried corn grains),
jatropha seed, karanja seed, neem seed, nahua seed, castor bean, rubber
seed, cotton seed, palmkernel, olive, alnond kernel, babassu 1 seed, ben
seed, cardoon seed, canelina seed, |linseed, hazelnut kernel, henp seed,
nmustard seed (e.g., Ethiopian nustard seed and I ndian nustard seed), jojoba
seed, poppy seed, safflower seed, sesane seed, wheat grain, sal seed,
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Exenpl ary ty aC| esters 1 nclude t are not limted to, fatty
aci d met hydonegtieg =) oxfygcrt sad&ael, shch@shQCHest PCH=€s¢ yThacéron ‘ifatgrmi)dﬂ esters,
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fatty aci dargampam]tmten@ﬁrﬁ Faity a1 idcdddey b GredIndl ey ko, esﬁrarcsadey@rﬂad ly, the
fatty acid al kyl ester can_. have a b0|I|n% poi nt of 150 500C.
acid, capric acid, lauric acid, myristic acid, palmitic acid, margaric acid, stearic acid,
nonadecanoic acid, arachidic acid, behenic acid, lignoceric acid, palmitoleic acid, oleic
acid, linoleic acid, linolenic acid, cis-11-eicosenoic acid, and erucic acid. Exemplary
fatty acid alkyl esters include, but are not limited to, fatty acid methyl esters, fatty acid
ethyl esters, fatty acid n-propyl esters, fatty acid isopropyl esters, fatty acid n-butyl esters,
20 fatty acid isobutyl esters, fatty acid n-pentyl esters, fatty acid isopentyl esters, fatty acid
neopentyl esters, and fatty acid n-hexyl esters. Typically, the fatty acid alkyl ester can
have a boiling point of 150-500°C.
The details of one or more embodiments of the invention are set forth in the

description below. Other features, objects, and advantages of the invention will be

25 apparent from the description and from the claims.

DETAILED DESCRIPTION
This invention relates to extracting a triglyceride from an oil-bearing plant using a
fatty acid alkyl ester as a solvent at a certain temperature (e.g., 15-180°C) to obtain an

extraction solution. When the oil-bearing plant contains a high oil content, the plant can



The details of one or nore enbodinents of the invention are set forth in
the description below. O her features, objects, and advantages of the
invention will be 25 apparent fromthe description and fromthe cl ai ns.
DETAI LED DESCRI PTION This invention relates to extracting a triglyceride
froman oil-bearing plant using a fatty acid alkyl ester as a solvent at a
certain tenperature (e.g., 15-180C) to obtain an extraction solution. Wen
the oil -bearing plant contains a high oil content, the plant can 2 be
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extraction may also produce more impurities (e.g., phosphorus and moisture). The

15 weight ratio between the solvent and the oil-bearing plant used in the extraction process
depends on various factors, e.g., the type of the oil-bearing plant and the oil content in the
oil-bearing plant. For example, one can use a low weight ratio for extracting a prepressed
oil-bearing plant, from which a portion of the oil in the plant has been removed.
Typically, the weight ratio is in the range of 1:2 to 10:1. Other extraction conditions

20 (e.g., the extraction time) can be determined empirically.

The fatty acid alkyl ester used in the extraction process can be prepared by known
methods. For example, a fatty acid alkyl ester can be prepared by an esterification
reaction between an alcohol (e.g., ethanol) and a fatty acid (e.g., stearic acid). As another
example, a fatty acid alkyl ester can be prepared by a transeterification reaction between

25 an alcohol and a triglyceride, such as the transeterification reactions described in U.S.
Patent Application 10/945,339. Preferably, the fatty acid alkyl ester is prepared from a
C1-C4 alcohol. Extractions with such a fatty acid alkyl ester generally produce a
triglyceride solution that contains less impurities (e.g., phosphorus and moisture). The
triglyceride used to prepare the fatty acid alkyl ester can be obtained from a plant

30 different from the plant to be extracted. Preferably, the triglyceride is obtained from a

plant that is the same as the plant to be extracted. In that case, the triglyceride extracted
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Typically, the weight ratio is in the range of 1:2 to 10:1. O her
extraction conditions 20 (e.g., the extraction tine) can be determ ned
enpirically. j The fatty acid al kyl ester used in the extraction process
can be prepared by known nethods. For exanple, a fatty acid al kyl ester
can be prepared by an esterification reaction between an al cohol (e.g.,
ethanol) and a fatty acid (e.g., stearic acid). As another exanple, a
fatty acid al kyl ester can be prepared by a transeterification reaction
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extraction solution. The reno step can be ¢arried out

usi ng a vaetivasid elkyhester and ieextragtert tiglyaerideranditlst ¢dd use bbihe ertrdctedor any ot her

sui tabl e cﬁag |%e.c*mown in the art. 10 Whether to renove the fatty acid al kyl
1zlveeride, . h .

ester parti y Of conpletely froman extraction solution or to renove it

at all depends Tk exmidtaligigh@elidy Gn bs fiitheRprotliBed Rl iuge MGkhawOA ahdie fatty

acid 1aI kyl hest er anfi‘ t he extracted triglyceride and the end use of the

ext r a@t eq Pharmaceutical industries. It can also be used as a raw material for preparing fatty acid
alkyl esters or fatty alcohols. Fatty acid alkyl esters are useful as diesel fuels, lubricant
oils, or chemical intermediates. Fatty alcohols are useful as surfactants in detergent
industry.

The specific examples below are to be construed as merely illustrative, and not
20 limitative of the remainder of the disclosure in any way whatsoever. Without further

elaboration, it is believed that one skilled in the art can, based on the description herein,

utilize the present invention to its fullest extent. All of the publications cited herein,

including patents, are hereby incorporated by reference in their entirety.

25 Example 1

Soybeans were first ground into a powder and sieved through a filter having a size
of 40 mesh (about 425-520 um). Soybean powder having an average particle size of less
than 40 mesh, which is similar to a dehulled powder, was collected and used for oil
extraction.

30 The soybean powder obtained above Was dried until it had a moisture content of

less than 6 wi%. The powder was then extracted using soybean based fatty acid methyl
4



triglyceride. The extracted triglyceride can be further processed for use
In the food and 15 pharmaceutical industries. It can also be used as a raw
material for preparing fatty acid alkyl esters or fatty alcohols. Fatty
acid al kyl esters are useful as diesel fuels, lubricant oils, or chem cal
I nternmedi ates. Fatty al cohols are useful as surfactants in detergent

I ndustry. The specific exanples below are to be construed as nerely
illustrative, and not 20 limtative of the renmainder of the disclosure in
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KF Monsture Titrator Kyoto Electronic Manufacturing Co. Ltd, Ver. 04, #595-0006. The
phosphorus content in the miscella was determined according to American Oil Chemist’s
Society official method Ca 12-55. The results showed that miscella contained a moisture

15 content of 818 ppm, a phosphorus content of 14.4 ppm, and an 0il content of 3.60 wt%.
The weight of the extracted oil was 20% of that of the soybean powder.

The soybean powder was also successively extracted with FAMESs at a reduced
solvent-to-powder ratio in a beaker. Specifically, the powder was extracted twice at a
solvent-to-powder ratio of 1: [ by agitating the beaker at a rpm of 1,000 for 15 mintues.

20 After the first extraction, the miscella contained a moisture content of 989 ppm, a
phosphorus content of 23.4 ppm, and an oil content of 14.08 wt%. After the second
extraction, the miscella contained a moisture content of 1,428.3 ppm, a phosphorus
content of 14.23 ppm, and an oil content of 6.13 wt%. After two extractions, the total
weight of the extracted oil was 21.59% of that of the soybean powder.

25 Finally, the soybean powder obtained above was also extracted via a conventional
method. Specifically, the powder was extracted by Gerhardt’s Soxtherm automated
soxlet system using hexane as a solvent at a solvent-to-powder ratio of 8:1 at 65°C. This
method is described in Official and Tentative Methods, the American Qil Chemist
Society, Vol. 1, AOCS Champaign IT (1980) Method Am 2-93. The results show that the

30 oil contained a phosphorus content of 265 ppm. The weight of the extracted oil was

18.8% of that of the soybean powder.



by HPLC (JASCO nodel 1580; columm: Luna Su C18, 2 pm 250*4.6 nmm
Phenonenex, Torrance, CA; npbil e phases: nethanol, and hexane/i sopropyl

al cohol (4:5); UV 10 detector: UV-2075, JASCO Inc., Tokyo, Japan). The

noi sture content in the mscella was determ ned by the Karl-Fi sher nethod
according to the operation manual, MKC-500 KF Misture Titrator Kyoto

El ectronic Manufacturing Co. Ltd, Ver. 04, #595-0006. The phosphorus
content in the mscella was determ ned according to Anrerican O 1| Chemist's
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54.83% of that of the sunflower seeds.

yuv)

15 Peanuts were ground into a powder having an average particle size of less than
25 mesh (i.e., about 425-710 um) and then dried until it contained less than 6 wt% of
moisture. The powder was then extracted four times in a beaker with peanut based
FAMEs at a solvent-to-powder ratio of 1:1. Each extraction was conducted by agitating
the beaker at a rpm of 1,000 for 15 minutes at 35°C. After the first, second, third, and

20 fourth extractions, the miscella contained a moisture content of 701, 690, 661, and 661
ppm, respectively, a phosphorus content of 23.5, 16.4, 0, and 0 ppm, respectively, and an
oil content of 31.4, 10.9, 2.63, and 0.78 wt%, respectively. After three extractions, the
total weight of the extracted oil was 45.83% of that of the peanuts. After four
extractions, the total weight of the extracted oil was 47.48% of that of the peanuts.

25
Example 3

Soybeans were extracted by soybean based fatty acid ethyl esters (FAEEs).
Soybean based FAEEs were prepared by a transesterification reaction between ethanol
and triglycerides obtained from soybeans.

30 Soybeans were first ground into a powder having an average particle size of less

* than 40 mesh and then dried until it had a moisture content of less than 6 wi%. The
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Two types of oil-bearing seeds were extracted by FAMEs prepared from
triglycerides obtained fromtheir corresponding oil sources. Specifically,
sunfl ower seeds were extracted by sunflower seed based FAMES and peanuts
(ground nuts) were 5 extracted by peanut based FAMES. Sunfl ower seeds were
dehul l ed and ground into a powder having an average particle size of |ess
than 40 nesh. The powder was dried until it had a noisture content of |ess
than 6 W% It was then extracted twice in a beaker with sunflower seed

based FA - i g i.on was
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oil was 54.83% of that of the sunfl ower seeds. Peanuts were ground into

a powder hehespipragrontzer Al pasSi t4-@remzesisetivebs gnd panil comertd 40P, e. , about
425- 710 ”)5.99,%& o3 vﬂ%, ?ngﬁt\/él? Ilftef FiLeAIXRESion ,Zﬁ?({ol?aﬁgve@%h%?/ pgf noisture.

The powder was then extracted four. tines 1n a beaker wth peanut based
FAVEs at eexttottednil wae2@d%ddithat af the sofbein powdach extracti on was conduct ed by
agitating the beaker at a rpmof 1,000 for 15 minutes at 35C. After the
first, second, third, and 20 fourth extractions, the mscella contained a
nmoi sture coahpi4of 701, 690, 661, and 661 ppm respectively, a phosphorus
content of 23.5, 16.4, 0, and O ppm respectivel and an oil content of
31.4,1910. 9, 2. &9ybemswereaxitggtey by éw&%@@ismlay.tomﬁ{éeﬁcmbﬁde@@%ppla&i ons, the

total wei ghtefthat gtﬁl;@&ﬁ BREd ﬁg%%lh in@']? e#ﬁg %13%92 wel@hseRfas hREvRganuts. After

four extractions, e total i ght extracted oil was 47.48% of that
of the pednybean bagsl A Werc preporaddarrsiraneesteridictticnaeadion pewwehadntanak ed

fatty aci dan8ttxjﬁéﬁ/ce%ﬁtése(gb%aiggdoﬁgnsl)si)ybeans.
After the first, second, and third extractions, the miscella contained a moisture
15 content of 576, 519, and 479 ppm, respectively, a phosphorus content 0£27.32,13.49, and
0.96 ppm, respectively, and an oil content of 15.93, 5.10, and 1.60 wt%, respectively.
After three extractions, the total weight of the extracted oil was 21.6% of that of the

soybean powder.

20 Example 5
Soybeans were extracted by a method similar to that described in Example 4

except that the extractions were conducted at a reduced agitation rate, i.e., at a rpm of
500. Further, the extractions were conducted at four different temperatures, i.e., 35°C,
60°C, 100°C, and 150°C.

25 The results show that the total weight of the extracted oil increased at higher
temperatures. Specifically, at 35°C, 60°C, 100°C, and 150°C, the total weights of the
extracted oil were respectively 21.42, 23.25, 28.4, and 32.8% of those of soybean
powder, The results also show that at 35°C, 60°C, 100°C, and 150°C, the phosphorus
contents in a mixture containing a combination of miscella obtained after each extraction

30 were 16.2, 18.64, 48.32, and 91.12 ppm, respectively.



Soybean based FAEEs were prepared by a transesterification reaction between
ethanol and triglycerides obtained from soybeans. 30 Soybeans were first
ground into a powder having an average particle size of less than 40 nesh
and then dried until it had a noisture content of less than 6 w% The 6
powder was then extracted three tines in a beaker with soybean based FAEEs
at a solvent-to-powder ratio of 1: 1. Each extraction was conducted by
agitating the beaker at a rpmof 1000 for 15 minutes at 35C. After the
first, secggggﬂégd third extractions, the mscella contained a noisture
content of , 052, and 694 ppm respectively, a 5 phosphorus content of
39.4, 23.3, 16.Dwppikbeargpeeds wab pxiramted barF AMEs preptued ffroof trighc@@des 5. 93, and
1.05 Wt % respectiv . After three extracti.ons, .the total. weight of the
oxtract o BTRGLLYGhelt sitssSonind sofiies SuHRRRe AR Sat DT
Soybeans wejuce£)Sped A, QinflaweRicb@tvt Bkdated sy JunAbwelesed bReIFAMHsxanpl e 3
except that soybean based fatty acid butyl esters (FABE5) were used as a

sol verft . &S\ ¥bgen bassd & AMMBEeniuepasufsereundpuip)were exagricskhyarepnyt basedon

reaction beiNESRnAsHeARsed RARHS! | 9l ycerides obtained from soybeans. After
the first, second, dnd third extractions, the mscella contained a noisture

15 content of SW@flogtOseednders 28trmed witlegpdlower sley based fadddrorduseybmant ent  of

27.32,13. .95 pp respect.i vel and, an. oi | ntent, of 15. 93,

5 10" and Mo PAMEY SReBRETDIE nhfL e P AL BRI e el ¢ of a

wei ght of doiensitpanice thtioidf cViasasdbe®adahatidnit o extla@ionSasheadrmwder . 20
eans were tracted by a nmethod simlar to that described in

Ex le 5 b
Exg%og 4 Egév{ééepfxtfaﬁfa?n Wﬁ@ swtongt 5e8 hasedd e prfLioyberndesed hddliedbe
agi tati on pAat&la donflined 3imddsthiRPoRent 01366 alllzéjgﬁdﬁm, g%%@ct?\?&i)f, aohoPASrder €

conducted at four different tenperatures, 1. :
content of 10.6 and 12.78 ppm, respectively, and an oil content of 6.33 and 4.06 wt%,

respectively. The total weight of the extracted oil was 39.0% of that of the sunflower
seeds when sunflower seed based FAMEs were used as the solvent and 24.71% of that of
15 the sunflower seeds when soybean based FAMEs were used as the solvent.

Peanuts were extracted with peanut based FAMEs and soybean based FAMEs
using a method similar to that described in Example 2 except that the solvent-to-powder
ratio was 6:1 and that only one extraction was performed. After the extraction with
peanut seed based FAMEs and soybean based FAMESs, the miscella contained a moisture

20 content of 470 and 718 ppm, respectively, a phosphorus content of 19.36 and 10.0 ppm,
respectively, and an oil content of 6.23 and 6.83 wt%, respectively. The total weight of
the extracted oil was 39.1% of that of the peanuts when peanut based FAMEs were used
as the solvent and 39.8% of that of the peanuts when soybean based FAMEs were used as
the solvent.

25 The above results show that oil could be extracted from a plant seed using
FAMESs prepared from oil of the same plant seed and FAMEs prepared from oil of a
different plant seed.

OTHER EMBODIMENTS

All of the features disclosed in this specification may be combined in any

30 combination. Each feature disclosed in this specification may be replaced by an

8



60C, 100C, and 150C. 25 The results show that the total weight of the
extracted oil increased at higher tenperatures. Specifically, at 35C, 60C,
100C, and 150C, the total weights of the extracted oil were respectively
21.42, 23.25, 28.4, and 32.8% of those of soybean powder. The results al so
show that at 35C, 60C, 100C, and 150C, the phosphorus contents in a

m xture containing a conbination of mscella obtained after each extraction
30 were 16.2, 18.64, 48.32, and 91.12 ppm respectively. 7 Exanple 6 Two
oi | -bearin gﬁﬁﬁ, i ted.b 0 [ erides

obt ai ned f%gn1t gﬁ%ﬁﬁgﬁgg@ gﬁﬁ?ﬂﬁ”%?ﬁéggﬁP@§§H§558P§%bﬁ?@%#@kﬁg obt ai ned

f r om anot hepressly statminteewisSpech faatmt digclosdri§ bdyen esegds ofvegmerx seriest ed by
sunfl ower s ed.b%§§d FAWEjEﬁ and soybean based FAMEs, and peanuts (ground
nuts) wer e® S PACTY Mt based FAMEs and soybean based FAMEs.

Sunf | ower seedsFroarthe Bdve dedcaiftiod, bhe SNéd WRE ars epcbabifisRdertMES eadtiioybean
based FAMEs using.a nethod simlar to that descrjbed in Exanple 2 except

that & sofhpeasterisicssdiitedrresentipyengpenging wighoupdepartiag dropnisie spifit ynchssepe

extractio . ot CoT ceed based
FAVES and eybaen bakCato e URIREH P AT A LR O

a contai ne norsture content
of 466 andva@®es pgages andspeditipnse Thus, atheh empbdimests acoaiscewithio thel@ope afithe 12. 78
ppm requ%hgwg%%1i%nd an oil content of 6.33 and 4.06 w% respectively.
The tot al MEIgh of 'the extracted oil was 39.0%of that of the sunflower
seeds when sunfl ower seed based FAMES were used as the solvent and 24.71%
of that of 15 the sunflower seeds when soybean based FAMEsS were used as the
sol vent. Peanuts were extracted with peanut based FAMEs and soybean based
FAVEsS wusing a nethod simlar to that described in Exanple 2 except that

t he solvent-to-powder ratio was 6:1 and that only one extraction was

performed. After the extraction with



peanut seed based FAMEs and soybean based FAMES, the miscella contained a
noi sture 20 content of 470 and 718 ppm respectively, a phosphorus content
of 19.36 and 10.0 ppm respectively, and an oil content of 6.23 and 6. 83
wt % respectively. The total weight of the extracted oil was 39.1 % of
that of the peanuts when peanut based FAMES were used as the solvent and
39.8% of that of the peanuts when soybean based FAMES were used as the
solvent. 25 The above results show that oil could be extracted froma pl ant
seed usi ”QWN’IE@/E? r fromoil of the same plant seed and FAMES
prepared from oi %qgﬁ%?§T erent plant seed. OTHER EMBODI MENTS All of the
features disclosed in this specification nay be conbined in any 30

conbi nati on. Eakh f amathed of Broducing a inelydstide sqbettint comprisorg eragactieg 2 epl aced

by an 8 aj. Y2 rving the .aqui val ept r.sinl.ar
pur pose. ?Ilﬁ(i}g& f‘hﬁtk Iaélgg fk?fgé%‘“{rgg § ?ﬁ‘\ﬂé tag'tc‘;:e né%ﬁ%?\’/t\ﬁ‘%q g%le”ggcsz te%]?ﬁ?%ly(éﬁrlggl osed
i s only anisdisasipddintfthafagenaeiliatkyd esteras foraf a eiplycendeslutivh. si mi | ar features.

From t he above description, one skilled in the art can easily ascertain the
essential s characteristics of the present invention, and w thout

departing fromzhe spiiidhcdif cRHEANS whélRRItBOigl@AddBkRaiNAL sitnedANges and
nodi fications of the invention to adapt it to~ various usages and

condi t i onsfrontangil-bgarngplaribodi nents are also within the scope of the
following claims. 9 WHAT IS CLAIMED IS: 1. A nethod of producing a
triglyceride solution, conprising contacting a liquid fatty acid al kyl
ester and a sul¥st andée owsitodiofichgn 2t whtrginahd ol bsminiipdint ishicethrargpylaeri de i s

di ssol ved f-‘ru%?ulﬁ,@%1l&%%8/d,%r algaéj.‘l kyl ester to forma triglyceride solution.

4, The method of claim 2, wherein the triglyceride-containing substance is

oil-bearing seed.

5. The method of claim 4, wherein the oil-bearing seed is soybean, peanut,
sunflower seed, rapeseed, corn, jatropha seed, karanja seed, neem seed, mahua seed,
castor bean, rubber seed, cotton seed, palm kernel, olive, aimond kernel, babassu seed,
ben seed, cardoon seed, camelina seed, linseed, hazelnut kernel, hemp seed, mustard
seed, jojoba seed, poppy seed, safflower seed, sesame seed, wheat grain, sal seed, crambe

seed, cuphea seed, nahor seed, or tobacco seed.

6. The method of claim 1, wherein the fatty acid alkyl ester contains a C6-
C24 fatty acid moiety.
7. The method of claim 1, wherein the fatty acid alkyl ester contains a C1-C8

primary or secondary alkoxy moiety.

10




2. The nethod of claim1l, wherein the triglyceride-containing substance is
froman oil-bearing plant. 3. The nethod of claim2, wherein the
oil-bearing plant is rice bran, palm fruit pulp, yell owmwod, or algae. 4.
The nethod of claim2, wherein the triglyceride-containing substance is

oi | -bearing seed. 5. The nethod of claim4, wherein the oil-bearing seed is
soybean, peanut, sunflower seed, rapeseed, corn, jatropha seed, karanja
seed, neem seed, mahua seed, castor bean, rubber seed, cotton seed, palm

kernel, olive, '”D”ﬂghﬁtﬂ&i?f€$ﬁﬁf§ﬁwﬁ$9ﬁe idﬁﬁﬂﬁ§§§§§9%9 s88d,

canel i na seed, Tinseed, hazeln érne eﬁ% see eed, jojoba
seed, poppmetwbestersafattly avdretlybeder, s fstgraridaemdpylwhient faraadik isspdopgeed,
cranbe see cuphea ,seed, nahor,. seed,. or tobacco.seed, 6. The nethod of
latm 1, whtiret Y RERIRRY SRRa R iSbur SBR L o e et 1y act d
noi ety. 7. fafip@cideidpestyPdstez]| 2affy dcid WosHefiyD edtdtCorl Platty acig incheﬁg“éé{er.ESt er

contains a C 1-C8 prinmary or secondary al koxy noiety. 10 The net hod of
claim1l1, wherein the fatty acid alkyl ester is a fatty acid nethyl ester,

fatt id etgyl ith el ' ’ LR
a fatty acid etdl cfichendy Sl Aclhd: BE AW sl el ARWNGAR D

i sopropyl ester, ester, atty aci

a fatty acpantofgdéS90°Gster, a fatty acid isopentyl ester, a fatty acid
neopentyl ester, or a fatty acid n-hexyl ester. 9. The nethod of claim1,
wherein the fatty acid al kyl ester has a boiling point of 150-500C 10.

The met hod of ciloai mThe midiRseofitldifel, dbbleactht BehtSdtiop siep isenduabes Bt 15-

180C. 11. The method of claim 10, wherein the contacting step is conducted
at 25- 180°C.

11.  The method of claim 10, wherein the contacting step is conducted at 25-

150°C.

12.  The method of claim 1, wherein the fatty acid alkyl ester and the

triglyceride-containing substance are contacted at a weight ratio ranging from 1:2 to 10:1.
13. The method of claim [, wherein the fatty acid alkyl ester is obtained, prior
to the contacting step, by reacting alcohol with triglyceride extracted from the same

triglyceride-containing substance.

14, The method of claim 13, wherein the triglyceride-containing substance is

from an oil-bearing plant.

15.  The method of claim 14, wherein the oil-bearing plant is rice bran, palm

fruit pulp, vellowwood, or algae.

16.  The method of claim 14, wherein the triglyceride-containing substance is

oil-bearing seed.

11



150C. 12. The nethod of claim1l, wherein the fatty acid al kyl ester and the
triglyceride-containing substance are contacted at a weight ratio rangi ng
from1l:2 to 10:1. 13. The method of claiml1l, wherein the fatty acid al kyl
ester is obtained, prior to the contacting step, by reacting alcohol wth
triglyceride extracted fromthe sane triglyceride-containing substance.

14. The nmethod of claim 13, wherein the triglyceride-containing substance
is froman oil-bearing plant. 15. The nmethod of claim 14, wherein the

oi |l -bearing pla I Sl b 1o pal.m . frui Ihp. . yel | oowwooed, or al gae. 16.
The met hod of ol i m i Taped &t B bpngishe MiaBrink el VAR Bep e o
oi | - bear i nginfleedr sekd, rdpeseelheorngatheptha ededCkahnin 3&ed, ndear €ed rhdh@a eddd; bear i ng

seed i s soybeap, peaput, sunflower seed, rapeseed, ,corn, jatropha seed,
kar anj a seé&t,or @g%ﬁeﬂ%ﬁw S§\é€di’f‘lsm gﬁg?loﬁ?l“f?eélﬂ}onﬂﬁfﬁ‘ﬁ'@ bahasy seedst t on

seed, pal npdnaeaElcardobd ¥Rd, RhRRAKE NMGled, RBBASEKerSE Sbmp R6M nfiRRfy car doon
seed, canelina seed, |inseed, hazelnut kernel, he seed, nustard seed,

j 0j oba see¥ed.geippy sesdawppy aderl] wikowes send, sesenamedswhent gigire a2l segdapnambsal
seed, cra , e eed, or tobacco seed. 18. The
t F%icﬁﬁ%,se% H%@ so 91‘ tf)g%?(? feed!

met hod of erein the y acid al kyl ester contains a C6- C24
fatty acid noiety. 19. The nethod of claim 18, wherein the alcohol is a
Cl-C8 primary of, secondar ohqgl,. 20.. The_nmet hqd of claim 19, erein
the fatty acid & kyﬁ%&&%‘i“%’i@ C%‘?i?tvﬁ%{ﬁli“& < Ry Ao a&!@’ﬁ giter cgnipins 05 g

et hyl est er24 aulatitmeaayd n-propyl ester, a fatty acid isopropyl ester, a
fatty acid n-butyl ester, a fatty acid isobutyl ester, a fatty acid

n-pentyl ester, a
19.  The method of claim 18, wherein the alcohol is a C1-C8 primary or

secondary alcohol.

20.  The method of claim 19, wherein the fatty acid alkyl ester is a fatty acid
methyl ester, a fatty acid ethyl ester, a fatty acid n-propyl ester, a fatty acid isopropyl
ester, a fatty acid n-butyl ester, a fatty acid isobutyl ester, a fatty acid n-pentyl ester, a

fatty acid isopentyl ester, a fatty acid neopentyl ester, or a fatty acid n-hexyl ester.

21.  The method of claim 20, wherein the fatty acid alkyl ester and the

triglyceride-containing substance are contacted at a weight ratio ranging from 1:2 to 10:1.

22.  The method of claim 21, wherein the contacting step is conducted at 15-
180°C.

23.  The method of claim 22, wherein the contacting step is conducted at 25-
150°C.

24.  The method of claim 13, wherein the fatty acid alkyl ester contains a C6-
C24 fatty acid moiety.

12



fatty acid isopentyl ester, a fatty acid neopentyl ester, or a fatty acid
n- hexyl ester. 21. The nethod of claim 20, wherein the fatty acid al kyl
ester and the triglyceride-containing substance are contacted at a wei ght
ratio ranging from1:2 to 10:1. 22. The nmethod of claim 21, wherein the
contacting step is conducted at 15- 180C. 23. The nethod of claim 22,
wherein the contacting step is conducted at 25- 150C. 24. The net hod of
claim 13, wherein the fatty acid al kyl ester contains a C6- C24 fatty acid

noi ety. 12 25. e nethod, o lai m,13, wherte is a Cl-C8
primry or sec%gr]lda[?h arpg[h o?ff:daé%'.rﬁl%ﬂ'gerﬁ%}'ﬁ%aﬁgl?oq %%%3‘)“%%?& n the
fatty aci dsegbidaky glsdlml. is a fatty acid nethyl ester a fatty acid ethyl

ester, a fatty acid n-propyl ester, a fatty acid isopropyl ester, a fatty
acid n-butyl ester, a fatty acid isobutyl ester, a fatty acid n-pentyl

ester, a fatty)@ci dFHeﬁﬁéiﬁ(BH Miclzﬁ‘ﬁtl@ar wh@refnathé Yat@%bﬂ a'ﬂ@@@ﬁ&tll’h taflfIg Oor a
fatty acid n-hexyl ester. 27. claim13, wherein the fatty

aci d al kyl mehybestanzastagty beid Iethnfbestq@oa fattyafsldlsmoad@@er agattyrseéd isepropy of ci ai m

13, wher el haefaftg) Q{;] AL Mr?l}? e§t%xe B fétért &?&ggﬁhgldegﬁé @ éfgtt)é %c%g&pe%gbﬁg}e%mt hod of

cl ai m 28, € co ep I's con The
met hod of fattwaml lﬁ)pem_hleﬁsmr ra fhﬂnﬁadldihéqpeﬂg/il cktal doyd fattp bedd nadredyltdler.
triglyceride-containing substance are contacted at a weight ratio ranging
from1l:2 to 10:1. 13

27.  The method of claim 13, wherein the fatty acid alkyl ester has a boiling
point of 150-500°C.

28.  The method of claim 13, wherein the contacting step is conducted at 15-

180°C.

29.  The method of claim 28, wherein the contacting step is conducted at 25-
150°C.

30.  The method of claim 13, wherein the fatty acid alkyl ester and the

triglyceride-containing substance are contacted at a weight ratio ranging from 1:2 to 10:1.

13



