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Abstract

Production of conjugated linoleic acids (CLA) using castor oil as starting material involves conversion of ricinoleic

acid to methyl 12-mesyloxy-octadec-9-enoate (MMOE) followed by dehydration. This process usually uses 1,8-

diazabicyclo-(5.4.0)-undec-7-ene (DBU) as an expensive dehydrating reagent. The present study reports that potassium

hydroxide (KOH) can serve as a dehydrating reagent in replacement of DBU. The results showed that conversion of

MMOE to CLA catalyzed by KOH was an efficient reaction, with a 77% conversion efficiency at 80 8C. The CLA

isomeric profile produced in KOH-catalyzed dehydration reaction was similar to that catalyzed by DBU. The CLA

mixture produced in KOH-catalyzed dehydration of MMOE at 80 8C contained 72% 9c ,11t -18:2 and 26% 9c ,11c -18:2

while in that catalyzed by DBU, 9c ,11t -18:2 and 9c ,11c -18:2 accounted for 78 and 16%, respectively. It was found that

the temperature of dehydration was an important factor in the determination of CLA isomer composition and yield of

conversion. Elevating the temperature from 78 to 180 8C decreased not only the conversion efficiency but also

production of total c ,t -18:2 and c ,c -18:2 isomers regardless of dehydration catalyzed by either DBU or KOH. It is

concluded that KOH may replace DBU as a dehydrating reagent in conversion of MMOE to CLA when the reaction

conditions are optimized. # 2002 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

There is increasing interest in producing con-

jugated linoleic acids (CLA) as a food ingredient

and health supplement because of its possible

health benefits associated with its consumption.

CLA has been shown to inhibit tumor growth in

experimental animals (Scimeca, 1999), to reduce

atherosclerotic plaque (Lee et al., 1994; Nicolosi et

al., 1997) and to lower serum cholesterol (Yeung et

al., 2000). CLA may boost immune functions

(Cook et al., 1993; Miller et al., 1994) and reduce

fat accumulation while it increases muscle and

bone mass (Dugan and Aalhus, 1999; Li and
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Watkins, 1998). However, CLA as an antioxidant
is found inconclusive (Chen et al., 1997; Ha et al.,

1990; Ip et al., 1991; van den Berg et al., 1995).

High-performance liquid chromatographic ana-

lysis has demonstrated that CLA is a mixture of

several isomers (Sehat et al., 1998). Dietary CLA

predominately originates from dairy products via

biohydrogenation of polyunsaturated fatty acids

by rumen bacteria (Chin et al., 1992; Ha et al.,
1989; Kepler and Tove, 1967). CLA is also

biosynthesized from desaturation of trans -11 oc-

tadecenoic acid catalyzed by delta-9 desaturase

(Mahfouz et al., 1980) in mammary tissue (Grii-

nari and Bauman, 1999; Griinari et al., 2000),

rodents and humans (Palmquist and Santora,

1999). Commercial production of CLA includes:

(1) alkali isomerization of linoleic acid; (2) dehy-
dration of ricinoleic acid methyl ester (Body and

Shorland, 1965); and (3) microbial synthesis of

9c ,11t -18:2 from linoleic acid using cultures of

different microorganisms (Pariza and Yang, 1999;

Jiang et al., 1998). Each of these methods produces

a different mixture of CLA isomers. Among these

methods, alkali isomerization of linoleic acid is the

most commonly method for production of CLA
because it is economically viable. In contrast, the

production of CLA via dehydration of ricinoleic

acid is an efficient reaction but it involves many

steps (Berdeaux et al., 1997; Lie Ken Jie et al.,

1997), and uses 1,8-diazabicyclo-(5,4,0)-undec-7-

ene (DBU), an expensive dehydration reagent. The

objectives of the present study were to simplify the

dehydration process of ricinioleic acid, and to
compare the isomeric distribution of CLA pro-

duced by the different dehydrating agents.

2. Materials and methods

2.1. Reagents

Castor oil (89% ricinoleic acid), boron trifluor-
ide in methanol (14%, w/w), and linoleic acid were

purchased from Sigma (St. Louis, MO). Methan-

sulfonylchloride was obtained from Merck-Schu-

chardt (Hohenbrunn, Germany) while DBU was

purchased from Fluka Chemie AG (Buchs, Swit-

zerland). CLA standard was obtained from Sigma.

2.2. Conversion of ricinoleic acid from castor oil to

CLA

2.2.1. Preparation of ricinoleic acid methyl ester

(RAME)

As shown in Fig. 1, ricinoleic acid was converted

to RAME by mixing 6 g castor oil, 50 ml of

methanol and 12 ml of 14% boron trifluoride in

methanol. The mixture was refluxed for 1 h at

65 8C and then cooled to room temperature

followed by adding 100 ml of distilled water. The

reaction mixture was then extracted three times

with 50 ml of diethyl ether, followed by removal of
the solvent using a rotary evaporator under

vacuum. RAME (4.7 g) was purified on a silica

column (60�/3.4 cm, I.D.) using a mixture of

petroleum ether and diethyl ether (6:4, vol./vol.) as

an eluting solvent, and then dissolved in CDCl3 for
1H-NMR analysis (Bruker Avance DPX 300

Spectrometer, 300 MHZ, Fällanden, Switzerland).
1H-NMR spectrum showed that RAME had the
following characteristics (CDCl3, d): 0.76 (t , 3H,

CH3); 1.20�/1.50 (m , 20H, CH2); 1.93 (m , 2H, 8-

H); 2.09 (t , 2H, 11-H); 2.18 (t , 2H, 2-H); 3.48 (s ,

1H, CH-OH); 3.54 (s , 3H, COOCH3); 5.26�/5.42

(m , 2H, 9H and 10H).

2.2.2. Preparation of methyl 12-mesyloxy-octadec-

9-enoate (MMOE)

As shown in Fig. 1, MMOE was prepared by

mixing RAME (2 g), methanesulfonyl chloride

(1.6 g, 1.4 mmol), triethylamine (2 ml) and

dichloromethane (20 ml), and stirring it for 45
min on an ice water bath. The reaction mixture

was diluted with 50 ml of dichloromethane and

successively washed with 10 ml of HCl solution (2

N) and twice with 20 ml of distilled water. The

mixture was then dried over anhydrous sodium

sulfate, filtered, and the solvents were removed in

a rotary evaporator to obtain 2.2 g MMOE. 1H-

NMR spectrum showed that MMOE had the
following characteristics (CDCl3, d): 0.86 (t , 3H,

CH3); 1.25�/1.63 (m , 20H, CH2), 1.98 (m , 2H, 8-

H), 2.26 (t , 2H, 2-H), 2.56 (m , 2H, 11-H), 2.95 (s ,

3H, CH3 of OMS), 3.65 (s , 3H, COOCH3), 4.66

(quintet , 1H, CH-OMs), 5.33 (m , 1H, 9-H), 5.51

(m , 1H, 10-H).
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2.2.3. Production of CLA via dehydration of

MMOE catalyzed by KOH

KOH-dependent dehydration of MMOE was

accomplished in either absolute ethanol or ethyl-

ene glycol (50, 80, 120, 160, 180 8C). In brief, 20

ml of absolute ethanol (or ethylene glycol) and 1.4

g KOH were placed in a two-neck round-bottom

flask (100 ml) equipped with a reflux condenser

and a stream of nitrogen gas was bubbled through

the solution for 5 min followed by adding 0.5 g

MMOE. Then reaction mixture was refluxed with

constant stirring for 8 h under a gentle stream of

nitrogen gas. The flask was removed from the oil

bath and cooled to room temperature. To the

flask, 10 ml of distilled water was added and the

solution was then transferred to a 250 ml separa-

tion funnel. The mixture was acidified with 10 ml

of HCl solution (6 N) and extracted three times

with 40 ml of diethyl ether. The combined ether

extract was then washed with 15 ml of NaCl

solution (0.9%) and dried over anhydrous sodium

sulfate. Diethyl ether was removed in a rotary

evaporator and the product was purified on a silica

column (30�/2.5 cm, I.D.) and eluted using the

solvent mixture of petroleum ether and diethyl

ether (6:4, vol./vol.). The fractions containing

CLA were pooled. Individual CLA isomers were

identified according to the eluting pattern of silver-

ion high performance liquid chromatography (Ag-

HPLC) previously described (Sehat et al., 1998;

Ostrowska et al., 2000). The structure of the CLA

was further confirmed by comparing its NMR

spectra with those published previously (Lie Ken

Jie et al., 1997). 1H-NMR spectrum showed that

Fig. 1. Production of conjugated linoleic acids. (A) Castor oil was converted to fatty acid methyl esters followed by isolation of

ricinoleic acid methyl ester (RAME, 1) which was then used for preparation of methyl 12-mesyloxy-octadec-9-enoate (MMOE, 2);

conversion of MMOE to conjugated linoleic acids was catalyzed by 1,8-diazabicyclo-(5.4.0)-undec-7-ene (DBU) or potassium

hydroxide (KOH). (B) Alkali isomerization of linoleic acids.
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CLA prepared at 78 8C had the following char-
acteristics (CDCl3, d ): 0.89 (t , 3H, CH3), 1.20�/

1.40 (m , 18H, CH2), 2.00�/2.30 (m , 4H, 8-H2 and

13-H2), 2.28 (t , 2H, 2-H), 5.27�/6.28 (m , 4H, 9-,

10-, 11-, 12-H). The CLA mixture was also

subjected to Ag-HPLC analysis.

2.2.4. Production of CLA via dehydration of

MMOE catalyzed by DBU

The method previously described by Lie Ken Jie

et al. (1997) was adopted for dehydration of

MMOE. In brief, 0.5 g MMOE was mixed with

1.3 g DBU in 4 ml of dimethylsulfoxide in a two-

neck round-bottom flask. The reaction mixture

was refluxed at different temperatures under

nitrogen gas for 12 h. The reaction mixture was

purified on a silica column (30�/2.5 cm, I.D.)
using the solvent mixture of n -hexane and diethyl

ether (9:1, vol./vol.). The CLA methyl ester frac-

tions were hydrolyzed with 10 ml of ethanolic

KOH solution (5%) at room temperature for 1 h.

After the reaction, 12 ml of distilled water was

added and the solution was acidified with 10 ml of

1N HCl solution followed by three extractions

with 20 ml of diethyl ether. The ether extract was
washed twice with 15 ml of distilled water and

dried over anhydrous sodium sulfate. After re-

moval of ether, the crude CLA mixture was

crystallized three times in 10 ml of ethanol. The

resulting CLA had the following 1H-NMR char-

acteristics (CDCl3, d): 0.88 (t , 3H, CH3);1.20�/1.62

(m , 18H, CH2); 2.00�/2.09 (m , 4H, 8-H2 and 13-

H2); 2.33 (t , 2H, 2-H2); 5.36�/6.28 (m , 4H, 9-H, 10-
H, 11-H and 12-H).

2.3. Production of CLA by alkali isomerization of

linoleic acid

Linoleic acid was isomerized to CLA as pre-

viously described by Chin et al. (1992). In brief,

linoleic acid (1 g) was mixed with 2.6 g KOH in 10

ml of ethylene glycol and refluxed at different
temperatures under nitrogen for 4 h. To the

reaction mixture, 20 ml of methanol was added

followed by acidification with 40 ml of 3 N HCl.

The reaction mixture was then extracted three

times with 20 ml hexane. The hexane extract was

washed thrice with 15 ml of 30% methanol in

water, three times with 15 ml of distilled water,
and then dried over anhydrous sodium sulfate.

Hexane was removed in a rotary evaporator under

vacuum. The crude CLA produced the following
1H- NMR characteristics (CDCl3, d): 0.89 (t , 3H,

CH3); 1.30�/1.40 (m , 18H, CH2); 2.08�/2.17 (m ,

4H, 8-H2 and 13-H2), 2.35 (t , 2H, 2-H2); 5.28-6.30

(m , 4H, 9/10-H, 10/11-H, 11/12-H and 12/13-H).

2.4. Ag-HPLC analysis

Individual CLA isomers were quantified accord-

ing to Ostrowska et al. (2000). In brief, the above

mentioned CLA preparations (8 mg/ml) were

separated using an Alltech Model 525 HPLC

equipped with a ternary pump delivery system, a

stainless steel silver-ion impregnated column
(250�/4.6 mm, I.D., 5 mm, Chrompack, Bridge-

water, NJ), a rheodyne valve injector. Hexane

containing 1.4% acetic acid and 0.014% acetoni-

trile was chosen as a mobile phase at a flow rate of

1.0 ml/min. The separated individual CLA isomers

were quantified at 233 nm using a UV detector

(UVIS-205, Alltech, Deerfield, IL). The Ag-HPLC

is not capable of separating a cis,trans-18:2 species
with a trans,cis species with same conjugated

double bond positions. For example, 9c ,11t-18:2

and 9t ,11c -18:2 co-elute as a single peak. To

simplify the presentation, the two isomers were

hereafter designated as 9c ,11t-18:2 only. This will

apply for 8c ,10t-18:2, and 10c ,12t -18:2.

3. Results

Castor oil was used as a source of ricinoleic acid.

Transesterification process led to produce a mix-

ture of fatty acid methyl esters in which 89% was

RAME. A silica column was used to isolate

RAME with purity of 99%. RAME was subse-

quently used to prepare MMOE. Potassium hy-

droxide was evaluated in this study as a
dehydrating reagent to produce CLA. As shown

in Fig. 2, only two CLA isomers, namely 9c ,11t �/

18:2 and 9c ,11c -18:2, were obtained at 50 8C.

When the temperature was increased to 120 8C,

two additional isomers namely 10t ,12t-18:2 and

9t ,11t-18:2 were also produced. At 160 8C, t ,t -

L. Yang et al. / Chemistry and Physics of Lipids 119 (2002) 23�/3126



18:2 including 9t ,11t -18:2, 10t ,12t-18:2 and

8t ,10t-18:2 became the major products followed

by total c ,t-18:2 isomers, while only minor

amounts of total c ,c -18:2 isomers were formed

during the dehydration process. The change in

CLA profile with increasing temperature is best

illustrated in Fig. 3. Elevation of temperature

increased production of total t ,t-18:2 isomers

while it decreased both total c ,t -18:2 and c ,c-

18:2 products.
When DBU was used as a dehydrating reagent,

the CLA profile was similar to that when MMOE

was dehydrated by KOH (Fig. 4). At less than

80 8C, the major product was 9c ,11t -18:2 fol-

lowed by 9c ,11c-18:2 with production of a trace

amount of 9t ,11t-18:2. When the temperature was

elevated to 120 8C, the amount of 9t ,11t-18:2 was

increased to a level similar to that of 9c ,11c -CLA,

and at 180 8C, there were total 11 CLA isomers

formed with t ,t-18:2 being the major isomers.

Among these t ,t-18:2 isomers, 9t ,11t-18:2 was

most abundant. Similar to KOH as a dehydrating

reagent, the profile of CLA isomers was a function

of temperature. At a lower temperature, c ,t-18:2

isomers were predominant while total t ,t-18:2

isomers became the major CLA isomers at a

higher temperature (Fig. 3).

The profile in alkali isomerization of linoleic

acid was different from that of the CLA mixture

produced by dehydration of MMOE with DBU or

KOH. As shown in Fig. 5, 10c ,12t-CLA and

9c ,11t -CLA were the two major isomers with

production of trace amounts of 9c ,11c -18:2,

10c ,12c -18:2, and 10t ,12t-18:2. The temperature

had less influence on the profile of CLA isomers

formed. In the absence of oxygen, 94% of total

CLA formed was c ,t-18:2 isomers.

The conversion efficiency was different among

the three methods. As shown in Fig. 6, the yield of

alkali isomerization could reach 90% when the
temperature was set at 160 8C or above, but below

120 8C, the conversion was 20% or less. In

contrast, when KOH was used to dehydrate

MMOE, the conversion was most efficient at

80 8C (77%). When the temperature of dehydra-

tion was increased to 160 8C, the conversion

efficiency decreased gradually to 34%. The yield

of CLA production by dehydration of MMOE
using DBU reached 88% at 80 8C similar to

KOH. At higher reaction temperatures, the con-

version efficiency was less (60�/63%) but relatively

consistent. Among the three methods, the conver-

sion efficiency of alkali isomerization was most

temperature-dependent, while the change in the

CLA profile was most significant with increasing

temperature when MMOE was dehydrated by
either DBU or KOH.

4. Discussion

Dehydration of MMOE is the most attractive

alternative to produce CLA by alkali isomeriza-

tion of linoleic acid. The starting material, castor

Fig. 2. Typical silver-ion high-performance liquid chromatograms of conjugated linoleic acids as free fatty acids produced by KOH-

catalyzed dehydration of methyl 12-mesyloxy-octadec-9-enoate (MMOE). Separation was performed on a silver-ion impregnated

Chrompack analytical column (250�/4.6 mm. I.D.) using hexane/1.4% acetic acid/0.014% acetonitrile as mobile phase at a flow rate of

1 ml/min.
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oil, is relatively inexpensive. However, DBU, the

previously reported (Lie Ken Jie et al., 1997), is six

times as expensive as KOH. The present study was

to seek an alternative dehydrating reagent to

replace DBU without comprising the conversion

efficiency. This is the first to show that KOH

served as an efficient dehydrating reagent of

MMOE. This method has the potential of being

scaled up to produce an inexpensive and efficient

CLA product.

The result clearly demonstrated that conversion

of MMOE to CLA by KOH was an efficient

reaction with a 77% conversion efficiency com-

pared to 88% conversion efficiency using DBU at

80 8C (Fig. 3). The present results using DBU are

in agreement with those reported by Berdeaux et

al. (1997) to produce pure 9c ,11t-18:2 at a

conversion efficiency of 87% (sum of 9c ,11t-18:2,

9c ,11c -18:2 and 9t ,11t -18:2). Lie Ken Jie et al.

(1997) showed a similar conversion efficiency of

91% (sum of 9c ,11c-18:2 and 9c ,11t-18:2) for

dehydration of MMOE using DBU. The present

study found that replacement of DBU with KOH

was chemically viable without significantly com-

prising the yield of CLA produced.

The CLA composition produced by KOH

dehydration was similar to that produced by

DBU dehydration. In KOH dehydration at

80 8C, 9c ,11t-18:2 was predominant, accounting

for 72% of total CLA, followed by 9c ,11c -18:2

(26%). Similarly, DBU dehydration led to produc-

tion of a CLA mixture in which 9c ,11t-18:2

Fig. 3. Effect of temperature on isomeric distribution of total

t ,t -18:2, c ,t -18:2 and c ,c -18:2. (A) KOH-catalyzed dehydra-

tion of methyl 12-mesyloxy-octadec-9-enoate (MMOE). (B) 1,8-

diazabicyclo-(5.4.0)-undec-7-ene (DBU)-catalyzed dehydration

of MMOE. (C) Alkali-isomerization of linoleic acid.

Fig. 4. Typical silver-ion high-performance liquid chromatograms of conjugated linoleic acids as free fatty acids produced by1,8-

diazabicyclo-(5.4.0)-undec-7-ene (DBU)-catalyzed dehydration of methyl 12-mesyloxy-octadec-9-enoate (MMOE). Separation was

performed on a silver-ion impregnated Chrompack analytical column (250�/4.6 mm. I.D.) using hexane/1.4% acetic acid/0.014%

acetonitrile as mobile phase at a flow rate of 1 ml/min.
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accounted for 78% followed by 9c,11c-18:2, which

accounted for 16% of total CLA at 80 8C. The

data were in agreement with that of Berdeaux et al.

(1997), who showed that DBU dehydration of

MMOE produced 66% 9c ,11t-18:2, 20.7% 9c ,11c-

18:2 and 0.6% 9t ,11t-18:2. However, the profile of

CLA isomers produced by KOH dehydration was

markedly different from that of alkali isomeriza-

tion of linoleic acid, in which two CLA isomers

were produced (c ,t-10,12-18:2 and 9c ,11t �/18:2) in

about equal abundance (Fig. 5).

The temperature of the dehydration reaction

was an important factor in the CLA isomer

composition and yield of conversion. When the

temperature was elevated to 180 8C, 9t ,11t-18:2

was predominant for both DBU and KOH dehy-

dration, because the trans configuration is chemi-

cally more stable than cis configuration. In

contrast, the isomer distribution during alkali

isomerization of linoleic acid was less influenced

by temperature. The conversion of MMOE to

CLA was most efficient at 80 8C using either

DBU or KOH as dehydrating agent. The conver-

sion rate declined at 180 8C probably due to

thermal oxidation of CLA (Eulitz et al., 1999;

Yang et al., 2000). The lower temperature (B/

80 8C) for conversion of MMOE to CLA using

KOH dehydration has an advantage over CLA

produced by alkali isomerization of linoleic acid

because of possible double bond migrating (�/

160 8C).

We are unaware of any studies that have

compared the isomeric distribution of CLA pro-

duced either by DBU dehydration of MMOE or

alkali isomerization of linoleic acid. In the present

study, the dehydration reaction of MMOE cata-

lyzed by both KOH and DBU produces mainly

one positional isomer (9c ,11t-18:2) at temperature

below 120 8C (Figs. 2 and 4). In contrast, alkali

isomerization reaction of linoleic acid produces

mainly two CLA isomers (9c ,11t-18:2 and

10c ,12t-18:2) at the three temperatures studied

(Fig. 5). This can be explained by the different

natures of the two reaction mechanisms. The

dehydration of MMOE tends to occur between

positions 12 and 11, leading to production of

9c ,11t-18:2 with the lowest free energy due to

resonance conjugated structure. However, the

isomerization of linoleic acid at high temperature

involves migration of the two double bonds. Thus,

Fig. 5. Typical silver-ion high-performance liquid chromatograms of conjugated linoleic acids as free fatty acids produced by alkali-

isomerization of linoleic acids. Separation was performed on a silver-ion impregnated Chrompack analytical column (250�/4.6 mm.

I.D.) using hexane/1.4% acetic acid/0.014% acetonitrile as mobile phase at a flow rate of 1 ml/min.

Fig. 6. Effect of temperature on production of conjugated

linoleic acids. j, KOH-catalyzed dehydration of methyl 12-

mesyloxy-octadec-9-enoate (MMOE). m, 1,8-diazabicyclo

(5.4.0)undec-7-ene (DBU)-catalyzed dehydration of MMOE.

', alkali-isomerization of linoleic acid (LA).
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the double bond at position 9 migrates towards
position 10 to produce 9c ,11t-18:2, and the double

bond at position 12 migrates towards position 11

to form 9c ,11t-18:2.

The present study examined the effects of

temperature and dehydration reagents on the

CLA production and when ricinoleic acid and

linoleic acid were used as starting materials. The

results clearly demonstrated that dehydration of
MMOE and alkali isomerization of linoleic acid

produced different CLA profiles. It is premature

to assess merits of one method over another at the

present time because the information on biological

activities of each CLA isomer is still limited. Some

evidences suggested that 9c ,11t-18:2 was the active

isomer (Ip et al., 1991; Knekt et al., 1996) while

several recent reports showed that 10c ,12t-18:2
was biologically more potent than 9c ,11t-18:2

(Leung and Liu, 2000; Lin et al., 2001; Park et

al., 1999). If 9c ,11t-18:2 were the only active

isomer, dehydration of MMOE catalyzed by

KOH would be a preferred method to produce

CLA. If 9c ,11t-18:2 and 9c ,11t-18:2 were both

biologically active, alkali isomerization would be

preferred to synthesize the CLA because it pro-
duced equal amounts of these two isomers.
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