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PRODUCTION AND PURIFICATION OF ESTERS OF
CONJUGATED LINOLEIC ACIDS

FIELD OF THE INVENTION

[0001] The invention relates to improved methods for the manufacture of conjugated
linoleic acid-containing materials which decrease the formation of undesirable conjugated
linoleic acid isomers; decrease the formation of unconjugated fatty acid esters; reduce or
remove unwanted ester side products and components; decrease processing time; decrease
process stream color; improve oxidative stability of conjugated linoleic acid esters;

streamline the production of conjugated linoleic acid esters; and/or decrease process

waste streams.

BACKGROUND OF THE INVENTION

[0002] Conjugated linoleic acids (CLAs) refer to a mixture of positional and geometric
isomers of linoleic acids, 1.e., octadecadienoic acids, which are unsaturated fatty acids
considered essential to the human diet and found preferentially in dairy products and
meat. CLAs have generated much interest in the academic and business communities
because of their nutritional, therapeutic, and pharmacological properties. There are
numerous known CLA compositions, along with various known methods to prepare
and/or purify such compositions. See, e.g., U.S. Pat. Nos. 6,420,577 (Reaney, et al.);
6,015,833 (Saebo, et. al.); 6,160,140 (Bhaggan, et. al.); 6,034,132 and 6,019,990 (both to

Remmereit, J.); 6,225,486 (Saebo, et. al.), and WO 02/022768 (Cognis Deutschland



10

15

20

CA 02550100 2006-06-12
WO 2005/067888 PCT/US2003/041289

15344WO01
GmbH & Co.). CLAs have become biologically and commercially important, as they

have been observed to inhibit mutagenesis and to provide unique nutritional value.

[0003] Typically, CLAs are a mixture of positional isomers of linoleic acids (C18:2)

having conjugated double bonds. The cis-9, trans-11 (c9,t11) and trans-10, cis-12 .
(t10,c12) isomers are present in greatest abundance in typical CLA compositions, but it 1s
still uncertain to those in the art which isomers are responsible for the biological and
heightened nutritional activity observed with such mixtures. However, it has been noted
from previous labeled uptake studies that the 9,11-isomer appears to be somewhat
preferentially taken up and incorporated into the phospholipid fraction of animal tissues;
and to a lesser extent the 10,12-isomer has been found to be similarly incorporated. See
Ha, et al., Cancer Res., 50:1097 (1991). Others have reported that virtually all of the
biological activity of the mixed CLA isomers could be attributed to the t10,c12-CLA
isomer while very little activity could be ascribed to the c9,t11-CLA isomer. See Sebedio

et al., Inform Vol. 10, No. 5.

[0004] The properties of unsaturated fatty acids and their derivatives can be altered by
rearrangement, i.e., isomerization of the structure of the double bonds, either with respect
to their steric positions or the positions of the double bonds in the carbon chain of a fatty
acid molecule. As noted above, conjugated fatty acid derivatives are of great technical
and commercial interest and, therefore, many attempts have been made to 1somerize
unconjugated fatty acids into conjugated fatty acids. Without being bound by any
particular theory, it is believed that the a shifting of the double bonds within a linoleic
acid is possible because the conjugated form of the linoleic acid has a lower state of

energy than the unconjugated form.
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[0005] Previously known methods to produce conjugated unsaturated compounds

include, for example, hydrogenation of fats using a variety of catalysts. Such a method,
however, often lead to incomplete isomerization and unwanted side reactions, such as
polymerization and intramolecular cyclization. Other known methods, for example,
include isomerization with an excess of alkali metal hydroxide in an aqueous or alcoholic
medium, which leads to a quantitative isomerization. However, this particular method
typically suffers from the limitation that a considerable excess of alkali metal hydroxide
must be utilized so that the conjugated fatty acids or fatty acid compounds are obtained 1n
the form of alkali soaps. Moreover, the resultant conjugated fatty acids or fatty acid
compounds have to be recovered and isolated from the mixture. These techniques also

differ in their use of a particular solvent, temperature and pressure. See, e.g., U.S. Pat.

No. 3,162,658 (Baltes, et. al.).

[0006] It has also been shown that the rearrangement of the double bonds of linoleic acids
to conjugated positions can occur during treatment with catalysts such as nickel or alkali
at high temperatures, and during autooxidation. It is theoretically possible that eight
geometric isomers of 9,11 and 10,12 octadecadienoic acid (c9,c11; c9,t11; t9,c11; t9,t11;
c10,c12; ¢10,t12; t10,c12 and 110,t12) could result from the isomerization of ¢9,cl12-
octadecadienoic acid. Again, without being bound by any particular theory, a general
mechanism for the isomerization of linoleic acids has been described by J. C. Cowan in
JAOCS 72:492-99 (1950).  The formation of certain isomers of CLAs 1s
thermodynamically favored as described therein. The relatively higher distribution of
9,11 and 10,12 isomers apparently results from the further stabilization of the c¢9,t11 or

t10,c12 geometric 1somers.
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[0007] U.S. Pat. No. 6,160,140 (Bhaggan, et al., the ‘140 patent) discloses the

conversion of a linoleic acid-containing oil, free fatty acid or alkyl ester to CLAs by
treating such compositions with a base in an alcohol solution, where the alcohol has at
least 3 carbons and at least 2 hydroxyl groups. Preferably, the ‘140 patent utilizes
potassium hydroxide in propylene glycol. The use of a solvent in the conjugation

(isomerization) step gives rise to the potential formation of unwanted CLA-alcohol esters

(e.g. CLA-propylene glycol esters).

[0008] U.S. Pat. No. 3,984,444 (Ritz, et al., the ‘444 patent) describes the isomerization
of an ester of an alcohol having 1 to 12 carbon atoms and a fatty acid having 10 to 24
carbon atoms with isolated double bonds, to the corresponding compound having
conjugated double bonds, through the use of an alkaline metal alcoholate in a strongly
polar aprotic solvent. As noted above, the use of a solvent in the conjugation step 1s

undesirable.

[0009] As previously described, CLAs have a wide variety of nutritional, therapeutic, and
pharmacological uses. Those uses include, for example, body fat reduction, body weight
reduction, increased muscle mass, increased feed efficiency, attenuated allergic reactions,
prevention of weight loss due to immune stimulation, elevated CD-4 and/or CD-8 cellular
counts in animals, increased bone mineral content, prevention of skeletal abnormalities n

animals and/or decreased blood cholesterol levels.

[0010] The anticarcinogenic properties of CLAs have also been well documented.

Administration of CLAs inhibits rat mammary tumorigenesis, as demonstrated by Ha, et
al., Cancer Res., 52:2035s (1992). Ha, et' al., Cancer Res., 50:1097 (1990) reported

similar results in a mouse forestomach neoplasia model as well. CLAs have also been
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identified as a strong cytotoxic agent against target human melanoma, colorectal and

breast cancer cells in vitro. A major review article confirms the conclusions drawn from

individual studies. See Ip, Am. J. Clin. Nutr., 66 (6 Supp.): 1523s (1997).

[0011] More recently, much attention has focused on CLAs nutritively as a dietary
supplement. CLAs have been found to exert a profound generalized effect on body
composition, in particular with respect to redirecting the partitioning of fat and lean tissue
mass. See, e.g., U.S. Pat. No. 5,554,646 (Cook, et al.), which discloses a method utilizing
CLAs as a dietary supplement in various mammals, wherein a significant drop in fat
content was observed with a concomitant increase i protein mass. See also, U.S. Pat.
No. 5,428,072 (Cook, et al.) which discloses that incorporation of CLAs into animal feed
(birds and mammals) increases the efficiency of feed conversion leading to greater weight

gain 1 the CLA supplemented amimals. Thus, the potential beneficial effects of CLA

supplementation for food amimal growers are apparent.

[0012] U.S. Pat. Nos. 6,203,843 and 6,042,869 (both to Remmereit, J.) disclose bulk

animal feeds containing CLAs. U.S. Pat. Nos. 6,242,621 (Jerome et. al.) and 6,333,353

(Saebo, et. al.) both disclose 1somer enriched CLA compositions and methods of

preparing such compositions.

[0013] CLAs are naturally occurring in foods and feeds consumed by humans and
animals alike. In particular, CLAs are abundant in products from ruminants. For

example, several studies have been conducted in which CLAs have been surveyed in
various dairy products. Aneja, et al., J. Dairy Sci., 43:231 (1990) observed that the

processing of milk into yogurt resulted in a concentration of CLAs. Linoleic acid is an

important component of biolipids, and comprises a significant proportion of triglycerides
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and phospholipids. Linoleic acid is also known as an “essential” fatty acid, meaning that

the animal must obtain it from exogenous dietary sources because it cannot be

autosynthesized.

[0014] The problem with most CLA products (which include CLAs and CLA derivatives)
made by conventional approaches is their heterogeneity and the substantial variation 1n
isoform from batch to batch. Considerable attention has been given to the fact that the
ingestion of large amounts of hydrogenated oils and shortenings, instead of animal tallow,
has resulted in a diet high in trans-fatty acid content. For example, Holman, et al., PNAS,
88:4830 (1991) describes rats that had been fed hydrogenated oils to give rise to an
accumulation in the rats’ livers of unusual polyunsaturated fatty acid isomers, which
appeared to interfere with the normal metabolism of naturally occurring polyunsaturated

fatty acids. These concerns were summarized in an early Editorial mn Am. J Public

Health, 84:722 (1974).

[0015] Another problem with most CLA products made by conventional approaches is
that they have a color, normally a straw yellow color, and contain impurities such as
metal 1ons, malonate derivatives, etc. The yellow color detracts from marketability of the
CLA products while the metal 1ons can cause the products to be unstable. In traditional
CLA products, antioxidants are added to improve the oxidative stability of CLAs, CLA

esters, or other CLA derivatives.

[0016] Therefore, there exists a need for an improved process to produce a superior
CLA composition, which is enriched with highly desired ¢9,t11- and t10,c12-CLA
1somers; which 1s low in certain undesirable CLA 1somers and unwanted ester side

products; which 1s clear in color; or which has increased oxidative stability. Additionally,
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there is a need for an improved process to readily and economically prepare such CLA

compositions in a safer and more environmentally friendly way:.

[0017] Prior art describes two basic processes to convert linoleic-rich oil to CLAs. In one
process, the linoleic acid-rich oil undergoes a concurrent saponification/isomerization at
an elevated temperature (typically 170-200 °C) in the presence of a hydroxide 1n a
suitable solvent. Formation of unwanted CLA 1somers from thermal rearrangemeht of the
double bonds in the ¢9,t11- and t10,c12-1somers of CLA has been observed in this
temperature range. This process also suffers in that all of the purification is performed on
the acid form of CLAs, the least suitable derivative of CLA for purification. Such an
unwanted result is due to the acid form’s higher boiling point and higher susceptibility to
oxidation, relative to methyl and ethyl ester derivatives. Additionally, other available

purification methods for the acid form of CLAs are complex or mefficient.

|0018] For example, U.S. Pat. No. 6,420,577 (Reaney, et al., the ‘577 patent) describes a
process for making CLAs via simultaneous hydrolysis and isomerization by reacting a
linoleic acid-rich o1l with a base 1n the presence of a catalytic amount of such a base that
is in an aqueous medium. This process utilizes a heightened temperature (>170 °C),
which leads to the formation of undesirable CLA 1somers, including the trans, trans-CLA
isomers. The ‘577 patent also discloses the use of solid phase refining methods to refine the
produced CLAs, for example, using crystallization from organic solvents to partially enrich
and concentrate specific CLA 1somers. However, Example 19 of the ‘577 patent sets forth
that a distillation process “was not an appropriate method of refining CLA” because large
amounts of undesirable CLA by-products of unknown biological activity were formed

during the distillation.
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[0019] The second general process to produce CLAs involves the conversion of the

linoleic acid-rich oil to an alkyl ester that is purified by some method (usually
distillation), and then the ester i1s further isomerized. As mentioned above, there is the
potential for thermal rearrangement of the double bonds of a CLA if the ester 1s
1somerized at an elevated temperature using hydroxide. Should the isomerization of the

purified linoleate ester be effected by an alkoxide, the resulting CLA ester will contain

color bodies and malonate impurities.

[0020] Conventionally, 1t 1s believed that esters of CLAs undergo thermal rearrangement

1 purified via a distillation step due to the prolonged heating in a distillation unit because

the thermal stability of unconjugated linoleate esters 1s believed to be superior to that of
the corresponding conjugated linoleate esters. Therefore, in the prior art, distillation is

done prior to 1somerization.

[0021] WO 02/022768 (Cognis Deutschland GmbH & Co.) and US Pat. No. 6,225,486
(Saebo, et. al.) are examples of the prior art for the purification of alkyl esters of
unconjugated linoleic acids, 1.e., linoleate esters. The linoleate esters were formed by
transesterification of a linoleic acid-rich oil. After purification, such linoleate esters were
isomerized to give conjugated linoleic esters. However, the described isomerization
process generated color bodies and malonate side products. Pre-isomerization distillation
cannot reduce or remove these side products from the CLA ester product. Also,

unconjugated linoleate esters (cis-cis, cis-trans and trans-cis) are left in the ester stream.

[0022] U.S. Pat. No. 3,162,658 (Baltes, et. al., the ‘658 patent) describes the use of alkali
metal hydrocarbyl alcoholates or alkali metal amides to isomerize esters of unconjugated

polyethylene acids such as linoleic acids. The ‘658 patent further describes the
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distillation of the alkyl esters of linoleic acid prior to the isomerization reaction.

Furthermore, the ‘658 patent provides for the utilization of polar solvents for the

1somerization step, which 1s undesirable.

BRIEF SUMMARY OF THE INVENTION

[0023] One object of the presently disclosed technology is to provide a process to

produce compositions containing high levels of desirable CLA isomers.

[0024] Another object of the presently disclosed technology is to provide a process to
produce compositions containing low levels of unconjugated fatty acid esters and

unwanted ester side products.

[0025] A further object of the presently disclosed technology is to provide a process that
can decrease the color of the CLA products and improve the oxidative stability of those

CLA products.

[0026] Still another object of the presently disclosed technology is to provide a process

that can streamline the production of CLA esters and decrease process waste streams.

[0027] Other objects of the presently disclosed technology will become apparent to those

skilled in the art who have the benefit of this specification and the prior art.

[0028] In one embodiment, there is provided a method to refine CLA products by
distilling an ester stream containing CLA esters. The CLA ester stream to be distilled can
be produced by any method disclosed herein or that is currently known or will be known
in the art. Distillation of the present embodiment can be done by a single or multi-pass
distillation operation. Furthermore, the distillation apparatus used may also contain a

fractionating column. During the distillation operation of this embodiment, thermal
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rearrangement of CLA components is prevented or at least reduced by the use of a low

residence time distillation apparatus. Furthermore, the distillation apparatus can be

operated at a reduced pressure.

[0029] By utilizing a distillation operation, the peroxide value of the CLA ester stream
can be significantly reduced. Additionally, the presently described distillation operation
can at least partially remove the side products generated during the formation of the CLA
esters. Such side products, include but are not limited to color bodies, malonate
derivatives, residual glycerides, and unwanted conjugated linoleic acid 1somers. Other
unconjugated linoleic acid components m the CLA ester stream can also be at least

partially removed via this distillation operation. The described distillation operation can

also 1improve the oxidative stability of the distilled CLA esters and CLA derivatives

produced therefrom without the addition of antioxidants.

[0030] Another embodiment provides a process to produce refined CLA products. In
accordance with this embodiment, an alkyl ester composition containing alkyl esters of
linoleic acid-containing fatty acids 1s first generated by transesterification of a linoleic
acid-containing oil, which is then isomerized to form a CLA-containing fatty acid ester
stream, 1.€., an ester stream containing conjugated linoleate esters. Transesteﬂﬁqation 1n
this technology refers to the substitution of one alcohol moiety for another. For example,
conversion of an oil to a methyl ester involves replacing the glycerol portion of the oil

with methanol.

[0031] The embodiment further provides that the CLLA-containing fatty acid ester stream
1s distilled via a low residence time distillation apparatus to produce a refined CLA-

containing fatty acid ester stream that i1s enriched in CLA esters. In this described

10
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embodiment, the isomerization step can be performed at temperatures low enough to

suppress formation of undesirable CLA isomers, but sufficient to cause rearrangement of

the double bonds.

[0032] Moreover, the 1somerization can be catalyzed by a base in a nonaqueous system.
The base catalyst can be, but 1s not limited to, an alkyl alcoholate such as an alkali or
alkaline earth alkoxide salt of a lower alkyl group alcohol having 1-4 carbons. The cation

of the alkoxide salt can be sodium, potassium or calcium. The base catalyst can be

delivered as a solid or as a solution in the conjugate alcohol of the alkoxide, and
preferably, the catalyst 1s added to the alkyl ester of the linoleic acid-rich fatty acid at or
below 140 °C. The preferred operating temperature for this isomerization step is in the
range of about 90-140 °C, more preferably in the range of about 110-120 °C.
Furthermore, the preferred catalyst loading 1s about 1-4% by weight based on the weight

of the linoleic acid-containing material.

[0033] Any linoleic acid-contaiming oil, such as safflower oil, corn oil, sunflower oil,
soybean oil, cottonseed oil, sesame oil, grape seed oil, derivatives, or combinations

thereof can be used 1n the practice of the described technology.

[0034] In ‘accordance with this embodiment, the transesterification and isomerization
steps of the presently described technology can be performed in one reaction vessel
concurrently or sequentially without an intervening distillation step purifying the alkyl

ester composition.

[0035] Additionally, the ftransesterification and isomerization steps can occur
concurrently i a continuous reaction system using a dual reaction zone apparatus.

Moreover, the transesterification side products can be removed via a centrifuge, an in-line

11
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phasing unit, or a separate phasing vessel. Further, in accordance with this embodiment,

the transesterification reaction can occur in a first reaction zone, and the isomerization

process can be completed in a second reaction zone.

[0036] The embodiment also provides that the CLA-containing fatty acid ester stream
produced from the isomerization step can be distilled in a low residence time distillation
apparatus, preferably at a reduced pressure, to provide a substantially clear CLA-
containing fatty acid ester stream enriched in the conjugated linoleate component, which
can then be further processed to produce CLAs, CLA derivatives and other CLA

products.

[0037] The presently described technology further provides embodiments that encompass

refined CLA ester compositions produced by processes of the present technology.

DETAILED DESCRIPTION OF THE INVENTION

Definitions And Conventions

[0038] As used herein, the term “conjugated linoleic acid(s)” or “CLA(s)” refers to any
conjugated linoleic acid or octadecadienoic free fatty acid. It 1s intended that this term
encompasses all positional and geometric 1somers of linoleic acid with two conjugated
carbon-carbon double bonds at any position in the respective molecule. A CLA differs
from an ordinary linoleic acid in that an ordinary ﬁnoleic acid has double bonds at carbon
atoms 9 and 12 while a CLA has conjugated double bonds. Examples of CLAs include,
but are not limited to, cis- and trans- isomers (“E/Z isomers™) of the following positional
1somers: 2,4-octadecadienoic acid, 4,6-octadecadienoic acid, 6,8-octadecadienoic acid,
7,9-octadecadienoic acid, &8,10-octadecadienoic acid, 9,11-octadecadienoic acid, 10,12-

octadecadienoic acid, and 11,13-octadecadienoic acid. As used herein, the term “CLA(S)”

12
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encompasses a single isomer, a selected mixture of two or more isomers, and a non-

selected mixture of isomers obtained from natural sources, as well as synthetic and semi-
synthetic CLAs.

10039] The term “CLA derivatives” refers to moieties of CLAs recognized by one skilled
in the art as structures that can be readily converted to carboxylic acids. Examples of
such moieties are carboxylic acids, salts of carboxylic acids, carboxylic anhydrdes,
amides, carboxylic esters, ortho esters, 1,3-dioxolanes, dioxanones, oxazoles and
hydrazides.

[0040] As used herein, it is intended that the term “esters” of CLA (or “CLA esters”)
include any and all positional and geometric isomers of CLA bound through an ester
linkage to an alcohol or any other chemical group, including, but not limited to,
physiologically acceptable, naturally occurring alcohols (e.g., methanol, ethanol,
propanol). Therefore, an ester of CLAs or an esterified CLA or a CLA ester may contain
any of the positional and geometric 1somers of CLAsS.

[0041] It is intended that the term “undesirable isomers” of CLAs includes, but 1s not
limited to, c11,t13-; t11,c13-; t11,t13-; c11,c13-; ¢8,t10-; t8,t10-; and c8,c10- 1somers of
octadecadienoic acids, but does not include t10,c12- and c9,t11-1somers of
octadecadienoic acids. Undesirable isomers may also be referred to as “minor 1somers”
of CLAs as these isomers are generally produced in low amounts when CLAs are
synthesized by alkali 1somerization.

[0042] As used herein, the term “c” encompasses a chemical bond 1n the cis orientation,

cctaa

and the term “t” refers to a chemical bond in the trans orientation. If a positional 1somer
of CLA 1s designated without a “c” or a “t”, then that designation includes all four

possible isomers. For example, 10,12 octadecadienoic acid encompasses cl10,t12-;
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t10,c12-; t10,t12-; and ¢10,c12-octadecadienoic acid, while t10,c12-octadecadienoic acid

or t10,c12-CLA refers to just the single 1somer.

[0043] As used herein, the term “o1l” refers to a free flowing liquid containing long chain
fatty acids (e.g., linoleic acids and CLAs) or other long chain hydrocarbon groups, which
can comprise triglycerides of CLAs and linoleic acids. The long chain fatty acids,
include, but are not limited to, the various 1somers of CLAs.

[0044] Additionally, as used herein, 1t is intended that the term “triglycerides” of CLAS
(or linoleic acids) may contain CLAs (or linoleic acids) at any or all of the three positions
on the triglyceride backbone. Moreover, a triglyceride of CLA may contain any of the
positional and geometric 1somers of CLAs.

[0045] Furthermore, as used herein, a “linoleic acid-rich/containing” (or “CLA-
rich/containing™) material 1s a material-—which can be an oil, an ester, a salt or other
derivatives thereof—that 1s rich in or contains linoleic residues (or CLA residues). A
“linoleic acid residue” (or “CLA residue”) means a component which has a fatty carbon
chain length and 1somer distribution that resembling linoleic acids (or CLAs).

[0046] It should be understood that the fatty acid distribution in the examples of the present
application was determined by gas chromatography (GC) using a Chrompack CP-Sil 88
capillary column (100 m x 0.25 mm, df = 0.2 microns) using helium carrier at approximmately
1.0 mL/minute. And the following temperature parameters were used: injector at 250 °C;

detector at 250 °C; oven temperature at 75 °C for 2.0 minutes (min), then increased at 5

°C/min to 185 °C and held for 30.0 min, then increased at 4 °C/min to 225°C and held for

36.0 min.

Description Of The Invention
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[0047] While the presently described technology will be described in connection with one

or more preferred embodiments, it will be understood that the technology is not limited to
those embodiments. On the contrary, the presently described technology includes all
alternatives, modifications, and equivalents as may be included within the spirit and scope

of the appended claims.

[0048] The presently described technology encompasses a process to use distillation to
refine CLA esters. It also encompasses a process to produce CLA esters by
transesterification and isomerization, and then subsequently refine the CLA esters by
distillation. The presently described technology further encompasses a refined CLA ester
composition produced by such processes. Finally, the described technology also
contemplates a method that streamlines the o1l to CLA esters process by reducing the oil

to ester transesterification step and the i1somerization of the linoleic-acid rich fatty acid

ester step to a single unit operation.

[0049] The presently described technology also provides a process to distill an ester
stream containing CLA esters to produce a refined ester stream enriched in esters of
desirable CLA 1somers. Although not wanting to be bound by any particular theory, it is
believed that the data and examples supplied herein show that distillation of the
conjugated linoleate esters 1s more efficient than the distillation of linoleate esters. Other
constituent fatty acid esters found in CLA ester streams are more readily removed from

the CLA esters via distillation than from the corresponding unconjugated linoleate esters.

[0050] More specifically, the distillation operation of the present technology can be a
single or multi-pass distillation operation. Such distillation operations can include a batch

distillation or one in which the stream to be distilled is fed to a wiped-film distillation
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apparatus a number of times, with each pass increasing the content of the CLA

derivatives. The final pass of such a run can be used to remove color and impurities with
a higher boiling point than that of the CLA derivatives. Optionally, a fractionating

column can be used as part of the distillation apparatus.

[0051] During the distillation operation, in accordance with one embodiment of the
present technology, a low residence time distillation apparatus such as a thin-film or
wiped-film evaporator can be used to prevent or at least reduce thermal rearrangement of
CLA components. Such a distillation apparatus can also be operated at a reduced
pressure of lower than 760 mmHg, preferably from about 0.0lmmHg to about 50 mmHg,
more preferably from about 0.05 mmHg to about 20 mmHg, more preferably from about
0.1 mmHg to about 10 mmHg. An example of a suitable low residence time distillation

apparatus to one of ordinary skill in the art is a hybrid wiped-film/fractional still system

supplied by Pope Scientific, Inc. (Saukville, WI).

[0052] In such a system, only a small portion (typically 0.1-5%) of the total feed quantity
is heated at any given moment during the run. This greatly reduces the cumulative
detrimental effects of exposure of the feedstock to elevated temperatures. In contrast, a
batch distillation exposes the entire feedstock, or that which remains in the vessel, to

elevated temperatures for the duration of the distillation run.

[0053] In one embodiment of the present techmnology, the distillation operation can
significantly reduce the peroxide value of the CLA ester stream. In another embodiment,

undesired side products, such as residual glycerides, color bodies, malonate derivatives,
unreacted unconjugated linoleic species, unwanted CLA 1somers generated during the

formation of the CLA ester stream (e.g., during the transesterification and 1somerization
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steps) can be substantially removed with a single distillation. Other non-CLA

components in the CLA ester stream can also be substantially removed via distillation.
The distillation operation of the presently described technology can also improve the

oxidative stability of the distilled CLA esters and CLA derivatives produced from the

distilled CLA esters without the addition of antioxidants.

[0054] Co-pending U.S. Patent Application No. 10/434,011 provides a process to produce
a CLA product enriched in desired CLA isomers, which include the following steps,
isomerization of an alkyl ester of a linoleic acid-containing material (such as sunflower
oil or safflower oil) to effectuate conjugation of the double bonds; saponification of the
resultant CLA-containing fatty acid ester to produce a CLA-containing fatty acid salt; and
then optionally neutralization of the CLA-containing fatty acid salt with an acid source to
produce a CLA-containing fatty acid. U.S. Patent Application No. 10/434,011 1s

incorporated herein by reference 1n 1ts entirety.

[0055] The distillation operation of the present technology can also be used 1n
combination with the process disclosed 1 U.S. Patent Application No. 10/434,011 as an
intervening step between the 1somerization and the saponification steps. But, the CLA
ester stream to be distilled can be produced or prepared in any method disclosed in this

application or that 1s currently known or will be known 1n the art.

[0056] In accordance with another embodiment of the presently described technology, an
alkyl ester composition containing alkyl esters of linoleic acid-rich fatty acids 1s
generated by the transesterification of a linoleic acid-rich oil. The alkyl ester composition
1s 1somerized to form a fatty acid este:r stream rich 1 CLA esters, 1.€., conjugated

linoleate esters. This CLA-rich fatty acid ester stream 1s then distilled via a low residence
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time distillation apparatus such as a think film or wiped film evaporator at a reduced

pressure of, for example, about 0.01-10 mmHg . The new ester stream resulting from the

distillation operation is enriched in esters of desirable CLA isomers and contains a

reduced amount of side products or impurities.

[0057] The alkyl ester composition used in the process of the invention 1s derived from a
suitable fatty oil. Such oils include, for example, those which are naturally high 1n
linoleic acid residues, such as safflower oil, corn oil, sunflower oil, soybean oil, grape
seed o1l, cottonseed oil, sesame oi1l, combinations of such oils, or derivatives thereof.
Typically, fatty oils are triglycerides which can be wholly or substantially converted to an
alkyl ester material by transesterification. Such alkylation can be accomplished by
known esterification routes using short chain C; - C4 alcohols or any other suitable
alcohol. The resulting alkyl ester may be known as a lower alkyl ester. During the
transesterification (sometimes also called alkylation or interesterification) s;‘.ep,
triglycerides 1 a suitable fatty oil are converted to the alkyl ester composition containing
alkyl linoleate esters. This alkyl ester composition may also contain small amounts of
incompletely transesterified monoglycerides and/or diglycerides along with a significant

amount of glycerine.

[0058] In addition, the isomerization step is typically catalyzed by a base in a nonaqueous
system, and the catalyst can be an alkali or alkaline earth alkoxide salt of an alkyl group
alcohol, 1.e., alkyl alcoholates, or alkali or alkaline earth metal amides. Any alkali or
alkaline earth metal compound of any monohydric alcohol can be used as a catalyst for
the isomerization step of the present technology described herein. Examples of such alkyl
alcoholates catalysts are alcoholates of monohydric alcohols with 1-18 carbon atoms of

the alkali or alkaline earth metals. Such alkali or alkaline earth metal alcoholates include,
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but are not limited to, alcoholates of methyl, ethyl, propyl, butyl, tertiary butyl, lauryl,

stearyl, oleyl, or benzyl alcohols. The specific alcoholates set forth in this paragraph
except those derived from benzyl alcohol can be termed as alkali or alkaline earth metal
alcoholates. Alkali or alkaline earth metal alcoholates can also be called alkali or alkaline
S earth metal hydrocarbyl alcoholates. Cesium, rubidium, potassium, sodium, calcium,
lithium, magnesium or zinc alcoholates are typically utilized, along with mixtures of such

alcoholates.

[0059] Substances such as alkali or alkaline earth metals, alkali or alkaline earth metal
hydrides, and other organic alkali or alkaline earth metal compounds, e.g., triphenyl
10 sodium, may also be used in accordance with the presently described technology so long
as they react in the reaction mixture to form active catalysts such as alkali or alkaline

earth metal alcoholates or alkali or alkaline earth metal amides.

[0060] Sodium (Na), potassium (K) or calcium (Ca) alkoxide salts of lower alkyl group
alcohols (1-4 carbons) are preferred. The catalyst loading can be 1-7% by weight,
135 alternatively 1-4% by weight, alternatively 1.8—-3 % by weight, based on the weight of the
alkyl ester composition of lower alkyl linoleate esters. The catalyst can be delivered as a

solid or as a solution in the conjugate alcohol of the alkoxide.

[0061] The isomerization step can be performed at temperatures low enough to suppress
formation of undesirable CLA 1somers but sufficient to cause rearrangement of the double
20 bonds. Such temperatures can be at or below 140 °C, alternatively between about 90-130
°C, alternatively between about 110-120 °C, and alternatively at about 120 °C. The

catalyst can be added to the alkyl ester composition at 140 °C or below.
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[0062] In accordance with a further embodiment of the present technology, no solvent 1s

added for the isomerization step. The catalyst for the isomerization step may be added in
a solvent, but the alkyl ester of the linoleic acid-containing material is not dissolved m a
solvent. Relative to the ester quantity, the catalyst solvent is present in a minimal and
negligible amount at any given time since the catalyst solvent 1s distilled from the reactor
soon after it is added. By avoiding the use of solvent in the isomerization step, the
potential formation of unwanted CLA-alcohol esters 1s eliminated.

[0063] However, a person of ordinary skill in the art will understand that the process of
the invention can optionally, be carried out in the presence of solvents which do not
interfere with the overall conjugation reaction. Examples of such optional solvents,
which can be used in an amount of 10 to 50 percent based on the weight of the alkyl ester
composition, are methyl, ethyl, isopropyl, butyl, amyl alcohol, pentane, hexane, heptane,

heptylene-(1), octylene-1, benzene, toluene, or a combination thereof.

[0064] In accordance with another embodiment of the present invention, the
transesterification and isomerization steps can be performed i1n one reaction vessel either
concurrently or sequentially, without an mtervening distillation step to refine the alkyl
ester composition resulting from the transesterification step. The transesterification and
isomerization reactions can occur concurrently in a continuous reaction system using a
dual reaction zone apparatus, and the transesterification side products can be substantially
removed via a centrifuge (for example, a Lavin centrifuge from AML Industries, Inc.,
(Hatboro, PA)), an 1n-line phasing unit, or a separate phasing vessel. An in-line phasing
system allows the separation of immiscible parts of a stream by providing a region for
continuous decanting set up such that additional motive force is not necessary to move the

desired process phase out of the phasing system. Also, when a continuous reaction
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system using a dual reaction zone apparatus is employed, the transesterification step can

occur in the first reaction zone, while the isomerization step can be completed in the
second reaction zone. The individual reaction zones can be envisioned as a heated length

of piping equipped with in-line mixing sections or as a stirred reaction vessel.

[0065] Additionally, the refined ester stream enriched in desirable conjugated linoleate
esters can be further processed, for example, in accordance with the saponification and

neutralization steps described in U.S. Patent Application No. 10/434,011.

[0066] In the saponification step, the refined CLA ester stream enriched in CLA-
containing fatty acid ester can react with an inorganic hydroxide or an alkyl ammonium
hydroxide to produce a CLA-containing fatty acid salt. The saponification step can be
performed between ambient temperature and 100 °C, alternatively between 45 °C to 100
°C. The cation of the inorganic hydroxide can be sodium (Na), potassium (K) or calcium
(Ca), and the cation of the alkyl ammonium hydroxide can be a symmetrical lower
tetraalkyl (1-4 carbons) (tetramethyl, tetraethyl, tetrapropyl and tetrabutyl), benzyl trialkyl
(1-4 carbons), dibenzyl dialkyl (1-4 carbons) or long chain alkyl (12-18 carbons) trialkyl
(1-4 carbons) ammonium group. The hydroxide/ester ratio can be within the range of

1.05-2.5, and preferably within the range of 1.05-1.5.

[0067] The saponification step can be performed in an aqueous or nonaqueous aliphatic
mono-alcohol, or mixed aqueous/alkyl mono-alcohol system. Examples of such solvents

include, but are not limited to, water, methanol, ethanol, isopropanol, butanol and

combinations thereof.
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[0068] In the optional neutralization step, a concentrated acid is added to the CLA-

containing fatty acid salt solution to liberate the CLAs. Examples of suitable acids for the
neutralization are sulfuric, phosphoric, hydrochloric, citric and oxalic acids.

[0069] The CLA-containing fatty acid esters or other CLA products or derivatives
resulting from the presently described technology, are enriched in desirable cis-9, trans-
11 (c9,t11) and trans-10,cis-12 (t10,c12)-CLA isomers, but contain very small amounts of
undesirable isomers, unconjugated linoleic acid components, and other side products or
impurities. Such superior CLA products or derivatives have wide nutritional, therapeutic,

pharmacological or other uses as those are currently known or will be known in the art.

[0070] The presently described technology and 1ts advantages will be better understood
by reference to the following examples. These examples are provided to describe specific

embodiments of the present technology and to demonstrate how 1t works. By providing
those specific examples, the inventors do not limit the scope of the present technology. It
will be understood by those skilled in the art that the full scope of the presently described
technology encompasses the subject matter defined by the claims concluding this

specification, and any equivalents of the claims.

Examples

Example 1: Purification of Conjugated Linoleic Acid Methyl Esters via Distillation

[0071] A conjugated linoleic acid methyl ester (CLME) stream was distilled via two
passes 1n a thin film evaporator, which is a low residence time distillation apparatus.
Distillation conditions were: oil temperature range of 120-125 °C; reduced system
pressure of 0.05-0.1 mm Hg. The initial CLME stream composition was methyl palmitate
(C16:0): 6.20%; methyl stearate (C18:0): 2.37%; methyl oleate (C18:1): 12.65%; methyl

linoleate (unconjugated C18:2): 2.42%; CLME (conjugated C18:2): 75.00%. After the
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two pass distillation run, the CLME stream composition was methyl palmitate: 2.69%;

methyl stearate: 2.34%; methyl oleate: 11.37%; methyl linoleate: 2.14; CLME: 80.34%.

The fatty acid distribution was determined by GC, and no thermal rearrangement products

were detected after the distillation operation.

[0072] Comparing the CLME content of the ester stream after distillation to that before
distillation, the data represents an increase of 7.1% in the CLME content. The data also

shows that the contents of other components were all decreased.

Example 2: Purification of Safflower Oil Methyl Esters via Distillation

[0073] In this example, a composition containing unconjugated linoleic acid methyl
esters was distilled, and the result was compared with that of Example 1 in which a
stream containing conjugated linoleic acid methyl esters was distilled using the same

distillation apparatus.

[0074] A safflower oil methyl ester (SOME) stream was distilled via two passes 1n a thin
film evaporator, which 1s a low residence time distillation apparatus. Distillation
conditions were: oil temperature range of 115-125 °C ; reduced system pressure of 0.05-
0.1 mm Hg. The mitial SOME stream composition was methyl palmitate: 6.22%; methyl
stearate: 2.34%; methyl oleate: 12.50%; linoleic acid methyl ester (methyl linoleate):
76.38%. After the two pass distillation run, the SOME stream composition was methyl
palmitate: 3.78%; methyl stearate: 2.61%; methyl oleate: 13.01%; methyl linoleate:

78.12%. The fatty acid distribution was determined by GC.

[0075] The data represents an increase of only 2.2% in the methyl linoleate content of the

ester stream after distillation. A comparison of Examples 1 and 2 reveals that the increase
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in the desired esters components obtained from the CLME distillation was over 300%

ereater than that obtained by the SOME distillation (7.1% vs. 2.2%).

Example 3: Thermal Stability Study of SOME at 200 °C

[0076] SOME was held at 200 °C under nitrogen for 50 hours. The solution was sampled
intermittently and analyzed by GC. After 50 hours, the methyl linoleate content (c9, c12
isomer) decreased from 78.0% to 77.0%. Other unconjugated linoleate 1somers (¢9, t12;
t9, ¢12) grew from 0.49% and 0.48% to 0.82% and 0.76%, respectively. No increase in
conjugated linoleate esters was observed. This example illustrates that unconjugated

SOME is substantially stable thermally.

Example 4: Thermal Stability Study of CILME at 195 °C

[0077] CLME was held at 195 °C under nitrogen. Samples were taken and analyzed by
GC. After 77 minutes at 195 °C, the amount of the c11,t13 1somer of CLME grew from
nondetectable to 2.3%. No increase in unconjugated linoleate esters was observed.
Comparison of the results of Examples 3 and 4 highlights the differences between CLA

esters and SOME. These esters have different thermal stabilities and undergo

significantly different thermal rearrangement pathways.

Example 5: Conversion of Safflower Oil to CLME

[0078] Safflower o1l ( 421.38 g, 0.487 mol) was combined with methanol (93.19 g, 2.909
mol). A 25% solution of sodium methoxide (8.38 g, 0.5 wt % active) was added at 65 °C.
After 1 hour, the lower phase was removed. The organic phase was washed, dried under
vacuum and then heated to 120 °C. A 25% solution of potassium methoxide (33.4 g, 2%
wt) in methanol was added to the ester solution at 120 °C. After completion of the

conjugation reaction, the catalyst was neutralized with dilute citric acid solution. The
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CLME product was washed once with water and dried under vacuum. This example

shows one way to convert a linoleic acid-rich oil to a composition rich in conjugated
linoleic acid esters via a transesterification step followed by an 1somerization step.

Example 6: Purification of CLME via Distillation through A Rectification Column

[0079] A CLME stream was distilled in a unit consisting of a thin film evaporator
connected to a rectification column (10 inches of packing). Distillation conditions were:
still heater temperature range 240-270 °C; system pressure 0.35-0.5 mm Hg (top of the
column). The initial CLME stream composition was methyl palmitate: 3.96%; methyl
stearate: 2.62%; methyl oleate: 14.57%; methyl linoleate (unconjugated C18:2): 1.00%;
CLME (conjugated C18:2): 74.84%. At the end of the distillation run, the bottoms stream
composition was methyl palmitate: 0.46%; methyl stearate: 2.36%; methyl oleate:
10.56%; methyl linoleate: 0.79%; CLME: 83.03%. The fatty acid distribution was

determined by GC. No thermal rearrangement products were detected after the

distillation operation.

[0080] This data represents an increase of 10.9% 1n the CLME content of the ester stream
after distillation. A comparison of Examples 2 and 6 reveals that the increase in the
desired esters components obtained from the CLME distillation operated in the mode of

Example 6 was nearly 500% greater than that obtained by the SOME distillation (10.9%

vs. 2.2%).

[0081] The results of Examples 1 and 6 1llustrate that although CLA esters may have a
reduced thermal stability compared to SOME, CLA esters still can be safely distilled

under controlled conditions without undergoing significant thermal rearrangements.
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[0082] The invention is now described in such full, clear, concise and exact terms as to

enable any person skilled in the art to which it pertains, to practice the same. It 1s to be
understood that the foregoing describes preferred embodiments of the mmvention and that
modifications may be made therein without departing from the spirit or scope of the
invention as set forth in the claims. A person of ordinary skill in the art will also
understand that besides manufacture of the desirable CLA product, the invention can be
used to recover fatty acids from corresponding esters, isomerize unsaturation in aliphatic

compounds, and reduce formation of undesired 1somers in long chain polyunsaturates.
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CLAIMS

WHAT IS CLAIMED IS:

1. A process to refine a conjugated linoleic acid-containing material comprising:

distilling a first ester stream containing esters of conjugated linoleic acids using a
distillation apparatus; and

producing a second ester stream enriched in the esters of conjugated linoleic acids.
The process of claim 1, wherein the distilling step uses a single or multi-pass
distillation operation.
The process of claim 1, wherein the distillation apparatus optionally contains a
fractionating column.
The process of claim 1, wherein the distillation apparatus is a low residence time
distillation apparatus.
The process of claim 1, wherein the distillation apparatus is operated at a reduced
pressure of greater than about 0 and lower than about 760 mmHg.
The process of claim 1, further comprising the step of at least partially removing side
products generated during the formation of the first ester stream.
The process of claim 1, further comprising the step of at least partially removing
unconjugated linoleic acid components 1n the first ester stream.
A process to produce a refined conjugated linoleic acid-containing material,
comprising:

transesterification of a linoleic acid-containing oil to generate a composition

containing linoleic acid esters;
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isomerization of the composition containing linoleic acid esters to form a first

stream containing conjugated linoleic acid esters; and

distillation of the first stream to produce a second stream enriched in conjugated
linoleic acid esters.
The process of claim 8, wherein the distillation step 1s performed by a low residence
time distillation apparatus capable of being operated at a reduced pressure.
The process of claim 8, wherein the step of 1somerization is catalyzed by a catalyst
base in a nonaqueous system.

The process of claim 10, wherein the catalyst base is an alkali or alkaline earth

alkoxide salt of a C1-Cy4 alkyl group alcohol.

The process of claim 11, wherein the cation of the alkoxide salt 1s a sodium, a
potassium or a calcium cation.

The process of claim 10, wherein the catalyst base is a solid or a solution 1n a
conjugate alcohol of the alkoxide.

The process of claim 8, wherein the step of isomerization 1s performed between about
90-140 °C.

The process of claim 8, wherein the step of 1somerization 1s performed between about
110-120 °C.

The process of claim 8, wherein the linoleic acid-containing o1l 1s selected from the
group consisting of safflower oil, corn oil, sunflower oil, soybean oil, grape seed oil,
cottonseed oil, sesame o1l, derivatives thereof, and combinations thereof.

The process of claim 8, wherein the transesterification and isomerization steps are
performed in one reaction vessel concurrently or sequentially without an intervening

distillation step.
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18. The process of claim 8, wherein the transesterification and 1somerization steps occur

19.

20.

21.

22.

concurrently in a continuous reaction system using a dual reaction zone apparatus.

The process of claim 18, further comprising the step of at least partially removing side
products from the transesterification step.

The process of claim 18, wherein the transesterification step 1s completed 1n a first
reaction zone and the isomerization step is completed in a second reaction zone.

A composition enriched in refined conjugated linoleic acid esters produced by a
process comprising:

providing a first stream containing conjugated linoleic acid esters; and

distilling the first stream to produce a second stream enriched in refined conjugated
limmoleic acid esters.

The composition of claim 21, wherein the first stream 1s produced by:
transesterification of a linoleic acid-containing oil to generate a composition
containing linoleic acid esters; and
isomerization of the composition to form the first stream containing conjugated

linoleic acid esters.
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