A Novel Method for Solvent Fractionation of Two CLA Isomers
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ABSTRACT: Conjugated linoleic acid (CLA) is commercially
available as a mixture consisting of almost equal amounts of the
cis-9,trans-11-CLA (¢9,t11) and trans-10,cis-12-CLA (¢10,¢12) iso-
mers. Separation of the two isomers is highly significant since
each exhibits different biochemical properties. Highly efficient
separation could be accomplished by crystallization in acetone
(solvent) of the two CLA isomers (solutes) in the presence of
medium-chain fatty-acid (MCFA) additives. The relative concen-
tration ratios of the two CLA isomers in the solvent-crystallized
materials varied depending on which MCFA were added. Addi-
tion of lauric and decanoic acids resulted in the crystals predomi-
nantly containing t10,c12, whereas octanoic acid yielded those
predominantly containing ¢9,t11. We have confirmed that one-
time solvent crystallization using decanoic acid and octanoic
acid additives increased the t10,c12 and ¢9,t11 concentrations,
and that repeated solvent crystallization resulted in the ratio of
9,t11 to t10,c12 of at least 4:96 or 98:2.
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CLA is a collective term describing a mixture of positional and
geometrical isomers of linoleic acid involving a conjugated dou-
ble bond at various positions; it is one of the FA contained in
meat and dairy products (1). CLA is manufactured industrially
by alkali-induced conjugation of the linoleic acid-rich oils saf-
flower oil and sunflower oil in the presence of propylene glycol
and is obtained as a liquid mixture consisting of almost equiva-
lent amounts of the isomers, cis-9,trans-11-CLA (¢9,t11) and
trans-10,cis-12-CLA (¢10,c12) (2,3). CLA has various bio-
chemical properties, such as a reduction in cancer incidence
(4-6), a beneficial effect on atherosclerosis (7,8), a decrease in
body fat content (9,10), and an improvement of immune func-
tion (11). Recently, it was reported that the ¢9,¢11 isomer exhib-
ited antitumor activity (12), whereas the #10,c12 isomer de-
creased body fat (13—15), increased energy expenditure (16),
and suppressed the development of hypertension (17). These
findings triggered investigations of isomer separation.

One of the well-known techniques to separate CLA isomers
is the enzymatic (lipase) method (18-21). Lipase has high sub-
strate specificity, and the isomers are separated because of the
difference in the rate of enzymatic esterification or hydrolysis.
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For example, Candida rugosa lipase acted on ¢9,t11 more
strongly than on #10,c¢12 (20,21). Although this is an excellent
method to separate the isomers in terms of yield and purity
(20,21), tedious tail-end procedures are required because the
ester must be separated from the corresponding FA and alcohol
after the enzymatic reaction, and a hydrolytic treatment is re-
quired again when the ester is used as a substrate. Another dis-
advantage of this method is that lipase is very expensive.
Although solvent crystallization has generally been used to
purify fats and FA (22), conventional solvent fractionation
methods were not applied to separate the two isomers because
there may be little difference between the crystallization be-
haviors of the two isomers in the solution phase owing to sub-
tle differences in solubility values of the two isomers. How-
ever, we found that the CLA isomers in an acetone solution
could be separated efficiently by solvent fractionation in the
presence of medium-chain FA. We wished to cause specific
molecular interactions between CLA isomers and additives
containing a -COOH group at one end and a short hydrocar-
bon chain at the other. The -COOH group interacts with the
—COOH group of CLA, whereas the short chain interacts with
the chain segment of the CLA between the -COOH group and
the cis/trans double bond. For this reason, we chose MCFA ad-
ditives, since similarity in chain length of the MCFA and the
chain segments made of -COOH, hydrocarbon chain, and dou-
ble bonds of the CLAs may cause specific molecular interac-
tions. The present paper reports the effects of the chain length,
content of MCFA, and temperature of crystallization on the ef-
ficiency of isomer separation in the fractionation processes.

EXPERIMENTAL PROCEDURES

Materials. Commercially available CLASOHG (Nisshin OilliO
Group, Ltd., Tokyo, Japan) was used as a starting CLA mater-
ial. Octanoic (purity >99%), decanoic (purity >99%), lauric
(purity >99%), myristic (purity >98%), and palmitic (purity
>95%) acids, which were used as the additives in the solvent
crystallization, and 14% methanolic boron trifluoride solution
were purchased from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan). Acetone (purity >99.5%), hexane (purity
>96%), toluene (purity >99.5%), and sodium chlorate (purity
>99.5%) were purchased from Kanto Chemical Co., INC.
(Tokyo, Japan).

Precrystallization of CLA sample. CLAS8OHG contains
¢9,t11 (39.1%), t10,c12 (40.2%), other CLA isomers (2.6%),
palmitic acid (5.0%), stearic acid (1.6%), oleic acid (8.9%), and
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unknown (2.6%). Crystallization with acetone was therefore
performed to reduce the content of saturated FA (precrystal-
lization). CLASOHG (3,500 g) was dissolved in a volume of
acetone of the same weight (4,425 mL). The solution was
placed in a 10-L flask, and the mixture was cooled overnight
under stirring in a programmed low-temperature thermostatic
bath (TRL-P135; Thomas Kagaku Co., Ltd., Tokyo, Japan).
The temperature of the bath was adjusted so that the liquid tem-
perature gradually decreased to —15°C. The precipitated crys-
tals and supernatant liquid were separated by filtration under
reduced pressure by aspiration, and acetone in the crystals and
the supernatant liquid was evaporated under reduced pressure.

Solvent fractionation for separation of CLA isomers. Small-
scale and large-scale solvent fractionations were carried out.
The former experiments were done to search for optimal crys-
tallization conditions to obtain better separation efficiency at
three typical ratios of CLA-mix and FA additives (FA): CLA-
mix/FA = 8:2, 5:5, and 2:8. The latter experiments were done
to find specific combinations of CLA-mix and MCFA with dif-
ferent CLA-mix/MCFA concentration ratios in accordance
with the results of the small-scale experiments.

We used a 100-mL sample bottle with a stopper for the
small-scale experiments. A total of 10 g of CLA-mix/MCFA
mixture with different concentration ratios was mixed with 38
mL (30 g) of acetone and stirred in the container at 50°C. The
sample bottles were placed in a cooling thermostatic bath
(SYS05009; Tokyo Rika-kikai Co., Ltd., Tokyo, Japan)
overnight without stirring. The bath was adjusted to a specific
cooling temperature for every combination of CLA-mix and
FA so that the yield of isolated crystals was 20 to 30% for every
CLA-mix/FA mixture. The crystallized samples and the super-
natant liquid were separated by filtration under reduced pres-
sure by aspiration. Filtration was carried out in a low-tempera-
ture thermostatic chamber (PG-2KP, Espec Corp., Osaka,
Japan). Filtration was done at the same temperature of cooling.
Acetone in the crystals and supernatant liquid was evaporated
under reduced pressure.

In the large-scale experiments, we used a 1-L three-necked
flask in which a total of 100 g of CLA-mix/FA mixture at dif-
ferent concentration ratios was mixed with 379 mL (300 g) of
acetone. The flask containing the test sample mixture was
placed in the programmed low-temperature thermostatic bath
and cooled under stirring. The cooling temperature was chosen
so that every CLA-mix and MCFA combination could yield op-
timal fractionation efficiency. The crystallized samples and the
supernatant liquid were separated in the same manner as that
used in the small-scale experiment.

Method for analysis of CLA isomers. CLA isomers were an-
alyzed by GC after treatment with boron trifluoride for methyl
esterification (23).

To 25 mg of the test sample were added 1 mL of toluene and
2 mL of a methanolic boron trifluoride solution. The mixture
was then heated to 40°C for 10 min to complete the reaction.
After the reaction had been terminated by adding 3 mL of a sat-
urated aqueous sodium chloride solution, the solution was
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cooled in an ice-water bath. The resulting FAME were ex-
tracted with 2 mL of hexane. The hexane extract was dried with
sodium sulfate.

CLA methyl esters were analyzed on a Shimadzu model
GC-2010 gas chromatograph (Kyoto, Japan) equipped with an
FID. Capillary columns DB-23 (0.25 mm x 30 m; Agilent
Technologies, Inc., Palo Alto, CA) were used for the analysis.
The column temperature was raised from 130 to 220°C at a rate
of 2°C/min, and the final temperature was maintained for 3
min. The temperature of the column inlet and detector was set
at 250°C. The carrier gas was helium with a head pressure of
114.7 kPa. The split ratio was 1:100.

RESULTS AND DISCUSSION

After the precrystallization process, the CLA mixtures in the
supernatant liquid contained 9,711 (40.5%), t10,c12 (41.4%),
and other CLA isomers (2.7%), palmitic acid (2.8%), stearic
acid (0.7%), and oleic acid (9.8%); this supernatant liquid was
called CLA-mix. The isomeric CLA content in the precipitated
crystals was not greatly different from that in the solution (crys-
tal yield 6.6%; FA composition 15.8% ¢,9,t11 and 19.6%
t10,¢12; isomer ratio ¢9,¢11/¢10,c¢12 = 45:55).

Figure 1 presents three typical data plots of the GC analyses
of (i) starting CLA-mix sample, (ii) crystallized materials ob-
tained by the solvent crystallization at -30°C using the CLA-
mix and octanoic acid additive with a mixing ratio of 8:2, and
(iii) crystallized materials obtained by the solvent crystalliza-
tion at -32°C using the CLA-mix and decanoic acid with a mix-
ing ratio of 5:5, the latter two of which were obtained in the
small-scale experiments. The peaks at retention times around
27 min correspond to the two CLA isomers. In Figure 1A, the
starting CLA-mix sample had two peaks with almost the same
height, indicating almost equal amounts of the two CLA iso-
mers. In addition, the peaks for palmitic, stearic, and oleic acids
appear at retention times of 15 to 23 min. It is notable that the
9,111 peak was higher than that of #10,c12 when octanoic acid
was added, as shown in Figure 1B, whereas the opposite result
was observed in Figure 1C in which decanoic acid was added.
In both cases, the GC peaks of palmitic acid, oleic acid, and the
added MCFA appeared at the appropriate times according to
previously reported times for standards. Relative concentration
ratios of the two CLA isomers were calculated from the corre-
sponding GC peak areas.

Table 1 shows the results of the small-scale experiments car-
ried out with CLA-mix/FA ratios of (i) 8:2, (ii) 5:5, and (iii)
2:8. The experiments were repeated twice for every condition,
and the average values are listed in Table 1. At the 8:2 CLA-
mix/FA ratio (Table 1, part a), the decanoic and palmitic acid
additives did not change the concentration ratios of ¢9,¢11 to
t10,c12, but the myristic and lauric acid additives changed the
concentration ratios of ¢9,711 to #10,c12 toward a ¢10,c12-rich
direction. The addition of octanoic acid, however, remarkably
increased the concentration of ¢9,711, in contrast with the other
four FA additives. With the CLA-mix/FA ratio of 5:5 (Table 1,
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FIG. 1. Three typical data plots of the GC analyses of (A) starting CLA-mix sample, (B) crystal-
lized materials taken with CLA-mix/octanoic acid = 8:2 at =30°C, (C) crystallized materials
taken with CLA-mix/decanoic acid = 5:5 at —=32°C.

part b), adding decanoic acid increased the concentration of
110,c12 at the expense of ¢9,711. However, the additions of lau-
ric, myristic, and palmitic acids did not change the
¢9,t11/t10,c12 ratio. Adding octanoic acid slightly increased
the relative concentration of ¢9,711, but the change was not as
pronounced as that observed in Table 1, part a. Table 1, part ¢
indicates that the ¢9,¢11/¢10,c12 concentration ratio did not
change with the lauric, myristic, and palmitic acid additives.

The small-scale experiments summarized in Table 1 indi-
cated that the separation efficiency of the two CLA isomers
was most manifest for ¢9,£11 and #10,c12 with the additions of
octanoic acid and decanoic acid, respectively. Large-scale sol-
vent crystallization was then carried out under more precise
conditions using the addition of these two acids.

Table 2 shows the effects of the addition of decanoic acid on
the separation efficiency of the two CLA isomers carried out
with CLA-mix/decanoic acid ratios of 8:2, 7:3, 6:4, 5:5, 4:6, 3:7
and 2:8 in the large-scale experiments. A ¢9,¢11/¢10,c12 ratio of
22:78 was obtained at CLA-mix/decanoic acid ratios of 6:4, 5:5,
and 4:6. At the same time, the ¢10,c12 recovery yields were
larger for the CLA-mix/decanoic acid ratios of 6:4, 5:5, and 4:6
than at the other ratios. Considering these results together with
those of the small-scale examination, we concluded that the iso-
mer ratio of the solvent-crystallized materials depended on the
ratio of decanoic acid to CLA-mix.

Table 3 presents the results of solvent fractionation using
the octanoic acid additive; the CLA-mix/octanoic acid ratios
were 9:1, 85:15, 8:2, and 7:3. We did not perform experiments
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TABLE 1
Effects of the Chain Length of Added FA (small-scale experiments)
FA additives
Octanoic Decanoic Lauric Myristic Palmitic
(@) CLA-mix/FA = 8:2
Cooling temperature (°C) -30 -30 -29 -18 6
Yield (%) 21.3 354 13.8 17.5 13.8
MCFA (%) 3.1 17.3 41.8 47.6 68.2
c9,t11-CLA (%) 53.2 34.5 13.4 16.1 11.6
t10,c12-CLA (%) 25.0 34.2 27.4 21.7 12.2
c9,t11/t10,c12 ratio 68:32 50:50 33:67 43:57 49:51
(b) CLA-mix/FA = 5:5
Cooling temperature (°C) —42 =35 =10 6 21
Yield (%) 17.2 35.1 11.8 19.9 21.3
MCFA (%) 22.8 51.1 59.6 86.8 82.6
9,t11-CLA (%) 35.3 10.9 14.4 4.0 6.5
t10,c12-CLA (%) 26.2 29.8 17.0 4.7 6.8
c9,t11/t10,c12 ratio 57:43 27:73 46:54 46:54 49:51
(c) CLA-mix/FA = 2:8
Cooling temperature (°C) —a -20 0 15 29
Yield (%) — 25.1 39.1 42.0 36.1
MCFA (%) — 90.5 91.9 92.8 91.7
c9,t11-CLA (%) — 3.0 2.8 2.3 2.8
t10,c12-CLA (%) — 4.5 3.3 2.6 2.9
c9,t11/t10,c¢12 ratio — 40:60 46:54 47:53 49:51
?Data not available for —42°C. MCFA, medium-chain FA.
TABLE 2
Effects of the Ratio of CLA-mix/Decanoic Acid (large-scale experiment)
Ratios of CLA-mix/decanoic acid
8:2 7:3 6:4 5:5 4:6 3:7 2:8
Cooling temperature (°C) =32 =32 =31 =32 =29 —24 =20
Yield (%) 27.6 24.0 27.4 30.1 37.6 22.2 29.0
Decanoic acid (%) 17.3 31.8 36.7 52.3 70.1 83.6 90.2
c9,t11-CLA (%) 33.2 13.5 11.4 8.5 5.3 4.1 3.0
t10,c12-CLA (%) 32.8 40.8 40.8 30.9 19.2 8.3 4.6
c9,t11/t10,¢12 ratio 50:50 25:75 22:78 22:78 22:78 33:67 39:61
t10,c12 recovery yield (%)? 27 34 45 45 44 15 16

“The recovery yield was calculated as the amount of t10,c12 contained in the crystals relative to that contained in the test

sample (CLA-mix/decanoic acid mixture).

TABLE 3

Effects of the Ratio of CLA-mix/Octanoic Acid (large-scale experiment)

Ratios of CLA-mix/octanoic acid

9:1 85:15 8:2 7:3
Cooling temperature (°C) -24 -26 -28 -30
Yield (%) 20.5 38.2 49.3 35.4
Decanoic acid (%) 3.0 5.6 10.8 14.0
c9,t11-CLA (%) 56.1 45.9 40.8 41.7
t10,c12-CLA (%) 18.0 32.0 33.3 29.4
c9,t11/t10,c12 ratio 76:24 59:41 55:45 59:41
9,11 recovery yield (%)? 32 51 62 52

“The recovery yield was calculated as the amount of ¢9,t11 contained in the crystals relative to that
contained in the test sample (CLA-mix/octanoic acid mixture).
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SCHEME 1

using concentrations of octanoic acid higher than 40% because
efficient fractionation was not expected based on the results in
Table 3 and because the solvent crystallization temperature was
decreased below —40°C, which is not practical. We found that

A c9t11/t10c12 =4:96

265

TABLE 4
Effects of Cooling Temperature

Cooling temperature

-32°C -34°C
Yield of isolated crystals (%) 30.1 52.5
Decanoic acid (%) 52.3 53.2
c9,t11-CLA (%) 8.5 10.8
t10,c12-CLA (%) 30.9 28.5
€9,t11/t10,¢12 ratio in crystals 22:78 27:73

t10,c12 recovery yield in crystals (%) 45 72
9,t11/t10,c12 ratio
in supernatant liquid

61:39 72:28

the ¢9,711 isomer increased at the expense of #10,c12 only with
the CLA-mix/octanoic acid ratio of 9:1. Under this condition,
the ¢9,¢11/t10,c12 ratio varied between 55:45 and 76:24, when
the starting material of the CLA mixture varied from one sam-
ple to the others. The minor components such as oleic acid or
unknown polymerized substances included in the CLA mix-
ture may thus disturb the solvent fractionation.

Finally, Table 4 presents the effects of final temperature of
the cooling procedure on the separation efficiency, using de-
canoic acid at a CLA-mix/decanoic acid ratio of 5:5. The yield
of isolated crystals increased from 30 to 53%, and the

t10c12
10:0
16:0
18:0 c9tll
L | Jlo
0.0 5.0 10.0 15.0 20.0 25.0 min
B ¢9t11/t10c12=98:2
Solvent c9tll
8:0 18:1 t10c12
M A %
0.0 5.0 10.0 15.0 20.0 25.0 min

FIG. 2. GC analysis data plots with the ¢9,t11/t10,c12 ratio of 4:96 (A) and 98:2 (B).
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€9,t11/t10,c12 ratio changed from 22:78 to 27:73 when the final
temperature decreased from —32 to —34°C. The ¢10,c12 recov-
ery yield increased from 45 to 72% because of the increased
yield of isolated crystals. As a result, the ¢9,¢11/¢10,c12 ratio in
the supernatant liquid increased from 61:39 to 72:28 as the final
temperature was decreased. This indicates that the rate of sol-
vent crystallization was increased by decreased final tempera-
ture, influencing the extent of the crystallized materials and rel-
ative concentration ratio of the two CLA isomers.

Based on these experimental results, we concluded that the
optimal conditions for efficient fractionation of the two CLA
isomers were decanoic and octanoic acids as the additives and
a CLA-mix/decanoic acid ratio of 5:5. Scheme 1 depicts a typ-
ical example of continuous solvent fractionation processes.
After the first solvent fractionation at —34°C, the ¢9,¢11/t10,c12
ratios are 27:73 in the precipitate and 72:28 in the supernatant
liquid. The precipitate is subjected to further solvent fractiona-
tion by adding acetone. It is worth noting that the optimal frac-
tionation temperature increases with increasing concentration
of t10,c12 from —27 (first repeat) to —26°C (second repeat). The
¢9,t11/¢t10,c12 concentration ratio became 4:96 when solvent
fractionation was repeated twice, as evidenced by the GC
analysis results in Figure 2A. Decanoic acid was removed from
the supernatant liquid by distillation at 100 to 150°C, and oc-
tanoic acid was added to the distilled supernatant liquid at am-
bient temperature at a supernatant liquid/octanoic acid ratio of
7:2. Further solvent fractionation at —30°C then changed the
¢9,t11/t10,¢12 concentration ratio from 72:28 (initial), to 90:10
(first repeat) and 98:2 (second repeat), as evidenced by the GC
analysis results in Figure 2B.

A unique property of the solvent fractionation reported in
the present work is the use of additives in the solvent crystal-
lization of CLA isomers that cannot be separated by the more
usual methods without the additives because of similarity in
their solubilities. The MCFA additives can easily be distilled
by commonly used techniques. Starting from material with the
same additive (decanoic acid), #10,c12 was rich in the precipi-
tate and ¢9,711was rich in the supernatant liquid after the initial
solvent fractionation, as demonstrated in Scheme 1 and Table
4. Further solvent fractionation of the precipitate (supernatant
liquid) can purify #10,c12 (¢9,711), and eventually it is easy to
achieve ¢9,111/t10,c12 ratios of either 1:99 or 99:1. Based on
the findings that the 710,c12 isomer crystallized concurrently
with MCFA and that the ¢9,¢11 isomer crystallized without a
concomitant crystallization of FA, we speculate that MCFA, in
particular decanoic acid, interact more strongly with the
t10,c12 isomer than with the 9,711 isomer. It is also possible
that the position of the cis-double bond in the CLA isomers
may greatly affect isomer separation because the isomer com-
position of the deposited crystals depended on the chain length
of the added FA.
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