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ABSTRACT: Monoglycerides of erucic acid (C,,.;, A13), pre-
pared by conventional methods, were reacted with caprylic
acid (octanoic acid, Cg.,) by using lipases as catalysts with the
intention of synthesizing a triglyceride that contains two mole-
cules of caprylic acid and one molecule of erucic acid
(caprucin). The reaction was carried out by mixing lipase pow-
der, a small quantity of water, and the reactants in a tempera-
ture-controlled stirred batch reactor. Organic solvents or emul-
sifying agents were not required. When the nonspecific lipase
from Pseudomonas cepacia was used, a yield of approximately
37% caprucin was obtained, together with a complex mixture
of di- and triglycerides that resulted from the random transester-
ification of the erucic acid. The fatty acid-specific lipase from
Geotrichum candidum promoted minimal transesterification of
erucic acid and resulted in a yield of 75% caprucin and approx-
imately 10% interesterification products. Lipase from Candida
rugosa exhibited a similar, although less pronounced, specificity
to that from G. candidum and promoted more transesterifica-
tion of erucic acid. Optimum conditions for G. candidum lipase
were at 50°C and an initial water content of 5.5%. After the re-
action, erucic acid was converted to behenic acid by hydro-
genation, thereby converting caprucin into caprenin, a com-
mercially available low-calorie triglyceride.
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Lipases have proven to be useful catalysts for the synthesis of
triglycerides and partial glycerides because they possess high
specificity and high activity at relatively low temperatures
(1-5). Materials synthesized by lipase catalysis are therefore
free of the by-products caused by high temperatures and inor-
ganic catalysts, which are often used in chemical processes (6).
Some lipases also have a unique selectivity not shown by
chemical catalysts. Lipases that are 1,3-regioselective have
been successfully used to synthesize structured lipids, such as
cocoa butter substitute (1) and human milk-fat triglycerides (5).

A commercially-available structured lipid called caprenin
has been shown to contain approximately half the calories of
naturally occurring triglycerides due to incomplete absorp-
tion during digestion (7,8). This triglyceride, composed of
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one molecule of behenic acid (C,,.,) and two molecules of
caprylic acid (Cg.) or capric acid (C,.o), may be synthesized
by high-temperature reaction of monobehenin with the free
acids (9) or reaction of monobehenin with a reactive form of
the fatty acids, such as the anhydride, at lower temperatures
{10). The object of the present work is to develop an enzyme-
catalyzed procedure for the synthesis of caprenin that avoids
high temperatures and expensive raw materials such as fatty
acid anhydrides. Initially, caprucin was synthesized, a triglyc-
eride that contains one molecule of erucic acid and two mole-
cules of caprylic acid, which was subsequently converted to
caprenin by hydrogenation of the erucic acid esters. With
caprylic acid and monoerucin as starting materials, fatty acid-
specific lipases were screened for ability to utilize caprylic
acid but inability to hydrolyze ester bonds of glycerol with
C,, fatty acids. In this way, transesterification of the C,, fatty
acid should be minimized, thus eliminating by-product
formation.

EXPERIMENTAL PROCEDURES

Materials. Lipase powders from Geotrichum candidum
(GC-20) and Pseudomonas cepacia (PS-30) were obtained
from Amano Pharmaceutical (Troy, VA). Lipase powder from
Candida rugosa was a gift of Enzeco (Keyport, NY). The
bis(trimethylsilytrifluoroacetamide (BSTFA) was purchased
from Regis Chemical Co. (Morton Grove, IL). Erucic acid
(>95%) was purchased from Lancaster Synthesis (Wyndham,
NH), and octanoic acid {caprylic acid, 99%) was purchased
from Aldrich Chemical Co. (Milwaukee, WI). The following
gas chromatography standards were obtained from Sigma
Chemical Co. (St. Louis, MO): monooctanoin, dioctanoin, tri-
octanoin, and dierucin; and the following from Aldrich
Chemical Co.: octanoic acid and erucic acid.

Thin-layer chromatography (TLC) was done on 0.25-mm
silica gel 60 plates purchased from Merck (Montreal,
Canada). Nuclear magnetic resonance spectra ('H and *C
NMR) were obtained on a JEOLCO JNM-GX400 FT NMR
spectrometer (Jeol, Peabody, MA) with deuteriochloroform
as solvent and tetramethylsilane (TMS) as an internal stan-
dard. For 13C NMR, only diagnostic signals are reported, and
the signals are given as ppm downfield from TMS. Infrared
(IR) spectra were obtained on a Perkin-Elmer 1310 spec-
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trophotometer (Norwalk, CT) with 1% solutions in carbon
tetrachloride. All solvents were of high-performance liquid
chromatography (HPLC) grade, and all reagents were pur-
chased either from Aldrich Chemical Co. or from Lancaster
Synthesis, HPLC was accomplished with a Spectra-Physics
(Piscataway, NJ) Model 8800 ternary pump, an SP8480XR
ultraviolet (W) detector, and a Supelco (Bellefonte, PA) Sp
silica gel column (4.6 mm i.d. X 25 ¢m) with solvents and
flow rates as indicated.

Synthesis of 1-monoerucin, rac I-erucoyl-3-capryloylglyc-
erol, rac I-erucoyl-2-capryloylgiycerol and rac I-erucoyl-2,3-
dicapryloylglycerol. Glycerol (13.8 g, 0.15 mmol) and ace-
tone (22 mi.,, 0.30 mmol) were heated in benzene (100 mL),
containing p-toluenesulfonic acid (0.15 g), under reflux to
azeotropically remove water. After 4 h, water was no longer
being removed from the reaction, erucic acid (16.9 g, 0.050
mmol) was added, and heating was continued for another 4 h.
The reaction mixture was diluted with 50 mL ether, washed
with aqueous NaHCO, and with water (2 x 100 mL), and
dried over MgSO,. The solvent was removed by flash evapo-
ration, and then the acetonide group was cleaved by heating
the crude erucoylated product in 2-methoxyethanol (80 mL)
containing H3B{)3 (30 g, 0.48 mmol) at 90-100°C for 2 h.
The reaction product was diluted with water and extracted
with ether. After the ethereal extract had been washed thor-
oughly with water, it was dried (MgSO,) and concentrated.
The crude monoerucin was crystallized under hexane (40
mL), filtered, and recrystallized from methanol (20 mL),
yielding I-monoerucin (5.4 g, 27%): m.p. = 48-49°C, TLC
(4% ethyl acetate-chloroform) R; 0.11; IR 3600b, 1740

: 'TH NMR & 5.34 (bt, 2H, HC CH), 4.23 and 4.16
{ABX, 2H, J,g = 11.6 Hz, J,y = 5.0 Hz, Jg = 5.6 Hz,
CH,OC(=0)R], 3.93 [m, IH, OCC(OH)HCO], 3.69 and
3.62 [CDX, 2H, Jop, = 11.5 Hz, J oy = 4.0 Hz, Jy = 5.8 Hz,
CH,O0C(=O0)R], 2.35 (1, 2H, CH,C=0), 2.01 (m, 4H,
CH,C=CCH,), 1.63 (m, 2H CH,CH, C 0), 1.27 (CH, env.),
0. 88 (bt, 3H, CH,) ppm; Bc NMR 5 174.32 (C=0), 12991
(C=0), 70.32, 65.18, 63.37 (C-0) ppm.

Monoerucin (1.03 g, 2.50 mmol) was dissolved in CHCI,
(10 mL) that contained pyridine (0.65 mL, 8.0 mmol). A so-
lution of capryloyl chloride (1.3 mL, 7.5 mmol) in CHCI, (5
mL} was added dropwise with ice bath cooling. The resulting
mixture was stirred at ambient temperature for 3 d, and then
worked up in the usual manner. The crude product was puri-
fied by flash chromatography (11) with 7% ethyl
acetate—hexane and yielded rac 1-monoerucoyl-2,3-dicapry-
loylglycerol (1 47 g, 88.6%): TLC (solvent above) R; 0.74;
IR 1740 cm™'; '"H NMR & 5.34 [m, 3H, HC= CH and
CH,OC(=0)R], 4.30 and 4.14 [A,B,X, 4H, J ., = 12,0 Hz,
Jax = 4.3 Hz, Jy = 5.9 Hz, CH OC( O)R], 2.31 (¢, 6H,
CH,C=0), 1.99 (m, 4H, CH, C =CCH,), 1.61 (m, 6H,
CH,CH,C=0), 1.27 (CH, env.), o 88 (bt, 9H, CH,) ppm; °C
NMR § 173.22 and 172.82 (C=0), 129.87 (C=C), 68.92 and
62.10 (C-O) ppm.

Monoerucin (2.06 g, 5.0 mmol) was treated as above with
pyridine (0.26 mL, 3.2 mmol) and capryloyl chloride (0.51
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mL, 3.0 mmol) to produce a mixture of diglycerides. These
were separated and purified by flash chromatography with
14% ethyl acetate~hexane while monitoring the eluant by
TLC (4% acetone-CHCl;;. Obtained in this manner was rac
1-erucoyl-3-capryloylglycerol as an oil (1.7 g, 63%): HPLC
(2% iso-propanol-hexane at 0.5 mL/min) R, = 9.4 min; TLC
(4% acetone~chloroform) R; 0.43; IR 3600, 1740 cm™!; 'H
NMR § 5.34 (bt, 2H, HC= CH) 4.14 (m, 5H, CH,0 and
CHO), 2.34 (1, 4H, CH,C=0), 2.01 (m, 4H, CH,C=CCH,),
1.62 (m, 4H, CH,CH, C 0), 1.27 (CH, env.), 0.88 (bz, 6H,
CH,) ppm; B¢ NMR 8 173.88 (C=0), 129.88 (C=C), 68.39
and 65 03 (C-O) ppm; and rac 1-erucoyl-2-capryloylglycerol
asan oil (0.4 g, 15%): R = 15.5 min; TLC (same solvent) R,
0.26; IR 3600, 1740 cm™!; "H NMR & 5.35 (b1, 2H, HC—*CH)
4.2 (m, SH, CH,0, CHO), 2.35 (1, 4H, CH,(C=0), 2.0 (m, 4H,
CH,C=CCH,), 1 63 (m, 4H, CH,CH,C= O) 1.28 (CH, env.),
0. 88 (bt, 6H, CH;) ppm; Be NMR (sample contained the 1,3-
diglyceride) 8 173.91 (C=0’s not distinguishable), 129.91
(C=0), 72.16, 62.04, 61.60 (C-O) ppm.

Hydrogenation of caprucin to caprenin. Caprucin (1.0 g)
was dissolved in absolute ethanot (10 mL) and swirled briefly
with 0.1 g of PtO,. The mixture was filtered, a fresh portion
of catalyst was added, and the mixture was then hydrogenated
at ca. 20 1b pressure for 0.5 h. The mixture was diluted with
water and extracted with ether. The ethereal layer was dried
(MgS0,) and concentrated to produce caprenin in quantita-
tive yield: m.p. = 30-31°C.

Lipase-catalvzed esterification of monoerucin with
caprylic acid. One g of monoerucin, prepared as described
above, was mixed with 0.7 g caprylic acid in a flat-bottom
glass tube, 3 x 5 ¢m, resulting in a mole ratio of caprylic acid/
monoerucin of 2:1. The tube was placed in a glass mantle
through which water was circulated from a constant-tempera-
ture water bath. A small quantity of distilled water was added
to the reactants, typically 100 uL., which were then mixed for
3 min. Lipase powder, 50 mg, was then added to start the re-
action. The reaction mixture was agitated by magnetic stir-
ring at 600 rpm throughout the reaction.

Analysis of the reaction mixture. During the course of the
reaction, samples of approximately 5 mg were removed from
the reaction mixture and mixed with 50 uL dry pyridine and
100 uL. BSTFA. Partial glycerides and the free fatty acids were
converted to their TMS derivatives by heating the sample for
15 min at 100°C. After dilution with 5 mL hexane, the sam-
ples were analyzed by gas chromatography as follows: a 15-m
long, nonpolar high-temperature capiliary column, i.d, 0.32
mm, film thickness 0.1 micron, was used (DB1-HT; J&W Sci-
entific, Folsom, CA). An aliquot of 0.5 uL of derivatized sam-
ple was injected directly on-column in a Hewlett-Packard
5610 gas chromatograph (Palo Alto, CA); helium carrier gas
flow rate was 5.5 mL/min, and flame-ionization detection with
an initial oven temperature of 70°C was followed by a temper-
ature program of 20°C/min to a final temperature of 350°C,
which was held for 3 min. Peaks in the chromatograms were
identified by comparing retention times to those of standards,
purchased commercially (see the Experimental Procedures
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section) or synthesized as described above (monoerucin,
1-erucoyl-2-octyl-glycerol, 1-erucoyl-3-octyl-glycerol, 1-eru-
coyl-2,3-dioctyl-glycerol, and 1-behenoyl-2,3-dioctyl-glyc-
erol). Other peaks were identified by inference. Relative re-
sponse factors were calculated for the major components
based on seven injections of a standard mixture and were used
to convert the integrator response to wt%: erucic acid = 0.69,
monoerucin = 0.71, 1-erucoyl-3-octyl-glycerol = 0.91, and 1-
erucoyl-2,3-dioctyl-glycerol = 1.00.

RESULTS

Reaction at 35°C. The minimum temperature at which the re-
action mixture was liquid was approximately 35°C. Initially,
experiments were conducted at this temperature as described
above with lipase frem G. candidum in tightly-stoppered re-
action vessels. Because the rate of synthesis of 1-erucoyl-2,3-
dicapryloyl-glycerol (caprucin) was extremely slow, the reac-
tion was then carried out under the same conditions but in an
open vessel. The time course of the reaction for each system
is compared in Figure 1. In the reaction in a tightly-stoppered
vessel (Fig. 1A), approximately 80% of the monoerucin has
been converted, compared to 97% in the unstoppered reaction
(Fig. 1B) after 96 h. The diglyceride intermediate, erucoyl-
octyl-glycerol, reaches a maximum of 65% in the stoppered
vessel and 80% in the unstoppered vessel. The conversion of
this diglyceride to caprucin occurs more slowly in a stoppered
vessel, reaching a maximum of 22% by the end of the reac-
tion period, while in the unstoppered vessel, the maximum of
54% is reached in 50 h. Because of the higher reaction rates
and higher conversions, all subsequent reactions were carried
out in unstoppered vessels.

Variation of initial water content. To optimize the reaction
conditions further, the initial water concentration in the reac-
tion mixture was varied from 3 to 10.5% of the total weight
of the reaction mixture. Table 1 shows the concentration of
caprucin in the reaction mixture after 48 h and the initial
rates of consumption of monoerucin and production of eru-
coyl-octyl—glycerol and caprucin. Unstoppered reaction ves-
sels and G. candidum lipase at 35°C were used. A maximum
in both the rate of caprucin synthesis and the concentration of

TABLE 1

1303

80

CONCENTRATION (wt%)

REACTION TIME (h)

FIG. 1. Composition of the reaction mixture during esterification of mo-
noerucin with caprylic acid at 35°C and Geotrichum candidum lipase
as catalyst: A = reaction carried out in stoppered vessel, B = reaction in
unstoppered vessel. Legend: O, monoerucin; @, erucoyl-capryloyl-
glycerol; O, erucoyl-dicapryloyl-glycerol {caprucin); B, erucic acid;
A, dierucin; A, dierucoyl-capryloyl-glycerol; ¥, monocaprylin; ¥, di-
caprylin; @, tricaprylin.

caprucin after 48 h was observed at an initial water content of
5.5%. At initial water contents of 4.5% or lower, almost no
synthesis of caprucin occurred. Although the rate of caprucin
synthesis at 5.5% initial water content was three times higher
than at 5.0 or 8.0% water content, a high concentration of
caprucin was detected in these samples after 48 h reaction (43
and 49% caprucin, respectively). At all initial water contents,

Effect of Initial Water Content on Initial Rates of Conversion of Monoerucin and Production

of Erucoyl-Octyl-Glycerol and Caprucin (wt%/h) Catalyzed by Geotrichum candidum

Lipase (the concentration of caprucin after 48 h reaction is also shown)

— -
Initial water initial rate (wt%/h)

Caprucin content

content (Wt%) Monoerucin  Erucoyl-octyl-glycerol Caprucin (Wt% after 48 h)
3.0 0.3 0.3 0.0 0.0
3.5 0.8 0.6 0.0 0.0
4.0 1.5 1.6 0.0 0.0
4.5 2.0 2.0 0.0 1.0
5.0 18.9 15.9 0.9 48.9
5.5 35.0 32.0 3.5 53.6
8.0 22.3 224 1.1 42.6
10.5 16.4 16.7 0.7 38.7
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production of erucoyl-octyl-glycerol could be detected. The
rate of production increased with increasing water content up
to 5.5% and thereafter decreased again. A dramatic increase
occurred between 4.5 and 5.0% initial water, with relatively
small changes at higher water levels. The rate of decrease in
monoerucin concentration paralleled the changes observed
with erucoyl-octyl-glycerol.

Effect of reaction temperature. Synthesis of caprucin with
G. candidum lipase in unstoppered reaction vessels was car-
ried out under the conditions described above (5.5% initial
water content) but at 35, 50, and 60°C. At 60°C, the concen-
tration of caprucin in the reaction mixture only reached 14%
after 48 h reaction time (data not shown). This result is simi-
lar to that obtained at 35°C in a stoppered reaction vessel
(Fig. 1A). As shown in Figure 2, a reaction temperature of
50°C resulted in a faster and more complete reaction than ob-
tained at 35°C (Fig. 1B). A concentration of 75% caprucin
was reached, the monoerucin concentration was less than
0.5%, and the concentration of erucoyl-octyl-glycerol was
reduced to approximately 10% after reaching a peak of 80%.
Figure 2 also shows that, under these reaction conditions, the
concentrations of dierucoyl-octyl-glycerol and trioctanoin
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also increase, with the combined concentration of these and
other minor components reaching approximately 15% after
100 h.

Effect of octanoic acid concentration. Optimum conditions
for reaction vessel (unstoppered), initial water content
(5.5%), and reaction temperature (50°C) were used in the in-
vestigation of the effect of octanoic acid concentration on the
G. candidum lipase-catalyzed synthesis of caprucin. The mole
ratio of octanoic acid-to-monoerucin at the beginning of the
reaction was varied from 1:1 to 6:1. As shown in Table 2, the
initial rate of synthesis of caprucin is highest at a mole ratio
of 2:1. At mole ratios higher than 2:1, the rate of synthesis is
lower, but the concentration of caprucin after 120 h ap-
proaches that obtained at 2:1. A mole ratio less than 2:1 re-
sults in both a lower rate of synthesis and a low caprucin con-
centration after 120 h reaction.

Farty acid selectivity. Saturated fatty acids with even car-
bon numbers ranging from C to C, , were reacted singly with
monoerucin at a fatty acid/monoerucin mole ratio of 2:1
under the optimized conditions for octanoic acid as described
above. All reaction mixtures were liquid under those condi-
tions. Figure 3 shows the relative initial rates of conversion
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FIG. 2. Time course of the reaction between caprylic acid and monoerucin at 50°C with Geotrichum candidum lipase as catalyst. Composition of

the reaction mixture. Legend as in Figure 1.
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TABLE 2
Effect of Initial Octanoic Acid Concentration on Initial Rates of Conversion of Monoerucin
and Production of Erucoyl-Octyl-Glycerol and Caprucin (wt%/h) Catalyzed by Geotrichum
candidum Lipase (the concentration of caprucin after 120 h reaction is also shown)
Mole ratio Initial rate (wtve/h) Caprucin content
Cg/monoerucin -~ Monoerucin  Erucoyl-octyl-glycerol Caprucin  (wt% after 120 h)
1.0:1 12.0 12.2 0.0 1.8
1.5:1 32.0 321 0.3 12.6
2.0:1 60.9 57.0 3.3 75.3
3.0:1 42.7 39.2 2.1 75.6
4.0:1 33.7 299 1.4 69.4
6.0:1 18.8 15.6 0.7 46.0
of monoerucin for each acid, with the rate for octanoic acid 80 ( : . : .
set to 1.0. Clearly, G. candidum lipase is highly selective for
octanoic acid and utilized the other fatty acids between 10 and A
30 times more slowly. 60 H -
Comparison of lipases. Lipase from C. rugosa and P. cepa-
cia were used to catalyze the reaction between octanoic acid :
and monoerucin (mole ratio 2:1) under the optimum condi- 40 | 7
tions devised for G. candidum lipase. Candida rugosa lipase Q
showed little activity at 50°C, and it was necessary to carry 9§ 0
out this reaction at 35°C. The time course of the reaction is z 20 ]
shown in Figure 4A and is similar to the time course obtained &
at 35°C with G. candidum lipase (Fig. 1A). However, with C. g
rugosa lipase, a lower final concentration of caprucinwasob- @ 9
tained (45%), although conversion of both monoerucin and E B
erucoyl-octyl-glycerol was approximately the same. This ‘é’ ]
difference can be explained by the appearance of 10% erucic % 60
O
40 o “ll
1.2
20 | T
1.0+ 1 )
- 0
‘:S* 0.8 / 7 0 20 40 60 80 100 120
=
< / REACTION TIME (h)
S 06 / .
2 FIG. 4. Comparison of lipases as catalysts for the esterification of mo-
- noerucin with caprylic acid. A, Candida rugosa lipase at 35°C; B,
é 0.4 | -] Pseudomonas cepacia lipase at 50°C. Legend as in Figure 1.
(4
0.2 / -
/ ‘ acid and 13.5% Cg glycerides in the reaction mixture. Lipase
0.0 A2, ' %' Zz7za  W7777 from P. cepacia was active at 50°C, and the reaction time
. ) . . :
c6 c8 c10 c12 ci4 course is shown in Figure 4B. In contrast to lipases from both
G. candidum and C. rugosa, a complex mixture of products
FATTY ACID was formed. Clearly, the erucic acid was transesterified dur-

FIG. 3. Initial rates of conversion of monoerucin during Geotrichum
candidum lipase-catalyzed reaction of monoerucin with saturated fatty
acids of differing chainlength. Results are expressed relative to Cy (value
setto 1).

ing the reaction, resulting in a high concentration of dieru-
coyl-octyl-glycerol (23%) and trioctyl-glycerol {14%). The
random mixture of products formed is consistent with the
known nonspecific nature of P. cepacia lipase.
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Hydrogenation. After reacting monoerucin with octanoic
acid for 120 h (30°C), with G. candidum lipase as catalyst, a
sample was removed and hydrogenated as described in the Ex-
perimental Procedures section. Hydrogenation converted the
reaction mixture from a liquid at room temperature to a waxy,
white solid. After hydrogenation, the retention time of glyc-
erides that previously contained erucic acid, eluted approxi-
mately 6 s later on gas chromatograms. Glycerides that con-
tained only octanoic acid had identical retention times before
and after hydrogenation. The retention time of the shifted
caprucin peak was identical to the retention time of chemically
synthesized caprenin (described above). This indicated that the
erucic acid had been converted to behenic acid. The concentra-
tions of caprucin before hydrogenation and of caprenin after
hydrogenation were almost identical (approximately 75%).

DISCUSSION

The lipase from G. candidum has a well-known fatty acid
specificity (12) and hydrolyzes esters that contain fatty acids
with a double bond at the A9 position more rapidly than other
fatty. acids. More detailed studies showed that this lipase also
catalyzes hydrolysis of trioctanoin more readily than
monoacid triglycerides that contain saturated fatty acids of
other chainlengths (13). Another study demonstrated that
fatty acids with chainlengths longer than 18 carbons were
poor substrates for G. candidum lipase, regardless of the po-
sition of the double bond (14).

In the present study, this lipase was applied successfully
as a catalyst for the synthesis of caprucin (monoerucoyl-di-
capryloyl-glycerol), which was quantifatively converted to
caprenin by hydrogenation of the double bond in the erucic
acid ester. The lipase possessed high selectivity for caprylic
acid and against erucic acid. As a result, caprylic acid was es-
terified fo monoerucin with little synthesis of transesterifica-
tion products. These products were either di- or triglycerides
that contained either no erucic acid or two molecules of eru-
cic acid due to the transfer of erucic acid to a glyceride that
already contained erucic acid. Although reactivity of fatty
acids other than C; was low, the reaction conditions used in
this study were optimized for Cy. It may be possible to in-
crease the reactivity of other fatty acids by specifically opti-
mizing the conditions for these acids,

It is well known that the water content of the reaction
medium is critical for the activity of the lipase and the equi-
Tibriany position of the reaction when enzymes are used to cat-
alyze glyceride synthesis or transesterification (4,15). This
also was found in the present work when a sharp maximum
i activity was observed at 5.5% water content. Also, the re-
action rate was significantly higher when the reaction vessel
was open throughout the reaction. A similar observation was
made by Ergan and co-workers (2) during the synthesis of tri-
olein from fatty acids and glycerol. These workers suggested
that water, which was produced by ester bond formation, was
removed through evaporation, thus changing the reaction
equilibrium toward ester synthesis.
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Increasing the reaction temperature up to 50°C increased
both reaction rate and yield of caprucin in the case of G. can-
didum lipase. Because higher temperatures resulted in inacti-
vation of the enzyme, further improvements in caprucin yield
that are based on temperature must be carried out with en-
zymes stabilized by immobilization. Due to the poor temper-
ature stability of the lipase, esterification of monobehenin
with caprylic acid could not be carried out because of the high
melting point of monobehenin (85°C).

Two other lipases were evaluated in the present investiga-
tion. Lipase from C. rugosa is partially selective against eru-
cic acid but not against shorter-chain fatty acids (14,16).
When used as a catalyst for the synthesis of caprucin in the
work described here, erucic acid was not transesterified ex-
tensively, but the content of transesterification products was
approximately two times higher than obtained with G. can-
didum lipase at the same yield of caprucin. Also, a high con-
version of substrates was not possible because the reaction
was carried out at 35°C, due to instability of the lipase at 50°C
(17). Optimization of the reaction conditions specifically for
C. rugosa lipase may result in a higher yield of caprucin.

Pseudomonas cepacia lipase was used for comparative
purposes as a catalyst for caprucin synthesis because it
is known to be a nonspecific lipase. The results indicate that
extensive transesterification of erucic acid had occurred,
giving a complex mixture of mono-, di-, and triglycerides,
which is not useful for the synthesis of caprenin. A similar
complex mixture is obtained when interesterification of
tribehenin and trioctanoin is carried out with a chemical cata-
lyst such as sodium methoxide (18). The use of fatty acid-spe-
cific lipases for the synthesis of caprenin is clearly superior to
nonspecific lipases or chemical catalysts and provides a prac-
tical route to the synthesis of structured lipids such as
caprenin.

ACKNOWLEDGMENTS

Donations of lipase from Amano Pharmaceutical and Enzeco are
greatly appreciated.

REFERENCES

1. Macrae, AR., J. Am. Qil Chem. Soc. 60:243A (1983).

2. Ergan, F., M. Trant and G. Andre, Biotech. Bioeng. 35:195
(1990).

3. Hoq, M\M.,, T. Yamane, S. Shimizu, T. Funada and S. Ishida, J.
Am, Oil Chem. Soc. 61:776 (1984).

4. McNeill, G.P., S. Shimizu and T. Yamane, Ibid. 67:779 (1990},

5. Quinlan, P., and S. Moore, INFORM 4:580 (1993).

6. Sonntag, N.O.V., in Bailey's Industrial Oil and Fat Products,
Vol. 2, 4th edn., edited by D. Swern, John Wiley and Sons, New
York, 1982, p. 97.

7. Webb, D.R., and R.A. Sanders, J. Am. Coll. Toxicol. 10:325
(1991).

8. Peters, J.C., B.N. Holcombe, L.K. Hiller and D.R. Webb, Ibid.
10:357 (1991).

9. Kleusener, B.W., G.K. Stipp and D.K. Yang, U.S. Patent
5,142,071 (1992).



10.
11.

12,
3.

14.

15.

LOW-CALORIE TRIGLYCERIDE SYNTHESIS 1307

Stipp, G.K., and B.W. Kleusener, U.S. Patent 5,142,072 (1992).  16. Lie, O., and G. Lambertson, Fette Seife Anstrichm. 88:363

Still, W.C., M. Kahn and A. Mitra, J. Org. Chem. 43:2923 (1986).
(1978). 17. Tomizuka, N., Y. Ota and K. Yamada, Agric. Biol. Chem.
Jensen, R.G., Lipids 9:149 (1974). 30:576 (1966).

Macrae, AR., in Microbial Enzymes and Biotechnology, edited  18. Seiden, P., European Patent Application, EP 322,027 (1987).
by W.M. Fogarty, Applied Science Publishers, 1983, p. 225.

Sonnet, P.E., T.A. Foglia and M.W. Baillargeon, J. Am. Oil

Chem. Soc. 70;1043 (1993).

Yamane, T., Biocatalysis 2:1 (1988). [Received July 21, 1994; accepted March 21, 1995]

JAOCS, Vol. 72, no. 11 (1995)



