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ABSTRACT: Synthesis of 1,3-dicapryloyl-2-eicosapentaenoyl-
glycerol (CEC) catalyzed by Lipozyme IM (immobilized Rhizomu-
cor miehei lipase) was performed by interesterification of trieicosa-
pentaenoylglycerol (EEE) with caprylic acid (CA) (acidolysis) and
EEE with ethyl caprylate (EtC) (interesterification). Both methods
involved two steps: (i) transesterification at an optimized water
content and temperature for the high yield conversion of the sub-
strate to CEC, 1-capryloyl-2-eicosapentaenoylglycerol (CEOH)
and 2-eicosapentaenoylglycerol (OHEOH), and (ii) reesterification
of CEOH and OHEOH to CEC by water removal under reduced
pressure. Interesterification had clear advantages over acidolysis.
The reaction rates for interesterification were higher and the reac-
tion times shorter. The final yield of CEC by interesterification was
higher, and the extent of acyl migration, indicated by the tricapryl-
oylglycerol content, was lower. The disadvantage of the higher
price of EtC used for interesterification (approximately 10 times
higher than the price of CA) was overcome by synthesizing it di-
rectly in the same reaction vessel prior to the interesterification
step. EtC was rapidly synthesized by esterification of CA with
ethanol in high yield (92% obtained in 2.5 h). The amount of water
added to the reaction mixture and the reaction temperature influ-
enced the yields of CEC, CEOH, and OHEOH in the transesterifi-
cation step for both interesterification and acidolysis methods. The
regioisomeric purity of CEC was 100% for both methods at tem-
peratures of 40°C or less. The highest yield of CEC (81%) was ob-
tained for the interesterification of EEE with EtC, formed directly in
the same reaction vessel, at a CA/EEE molar ratio of 20:1 and 30°C.
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tions (3). 1,3-Dicapryloyl-2-eicosapentaenoylglycerol (CEC)
belongs to this class of compounds and has a wide range of
potential applications in pharmaceutical, cosmetic, and nu-
traceutical formulations (4).

Interesterification catalyzed by a 1,3-specific lipase is a typi-
cal approach for the synthesis of SST (5-9). A certain amount
of mono- and diacylglycerols is present in the reaction mixtures,
as they are essential reaction intermediates. They are undesired
by-products, and optimization of the reaction parameters was
performed to lower their content (7-9). In contrast, di- and
monoacylglycerol formation at an optimized water content of
the reaction mixture was employed in this work to reduce the
content of unreacted substrate (trieicosapentaenoylglycerol,
EEE) and intermediates (1-capryloyl-2,3-dieicosapentaenoyl-
glycerol, EEC; and 1,2-dieicosapentaenoylglycerol, EEOH) in
the final product of interesterification. The di- and monoacyl-
glycerols formed were reesterified regioselectively by remov-
ing the water under reduced pressure. The principles of this
method for the enzymatic synthesis of CEC by interesterifica-
tion of EEE with ethyl caprylate (EtC) were established in our
previous work (10). A similar approach was used here for aci-
dolysis of EEE with caprylic acid (CA). The aim of this work is
to compare acidolysis and interesterification methods for CEC
synthesis in view of prospective industrial-scale application.
The economic efficiency of the interesterification method was
improved by preparing EtC directly in the same reaction vessel
as the subsequent steps.

EXPERIMENTAL PROCEDURES

Materials ImmobilizedCandida antarcticdipase (Novozym
435) andRhizomucor miehdipase (Lipozyme IM) were gen-

Symmetrical structured triacylglycerols (SST) of polyunsaterous gifts from Novo Nordisk Bioindustry (Chiba, Japan).

rated fatty acids (PUFA) with medium-chain fatty acids iGA, EtC, glycerol, and ethanol (min. 99%) were purchased
sn1 andsn3 positions ensure an efficient enteral absorptidrom Wako Pure Chemical Industries, Ltd. (Osakapan).

of the nutritionally valuable PUFA from tteg2 position and EEE (min. 99%) was obtained by esterification of glycerol with
a rapid energy supply conferred by the acids from the primaing stoichiometric amount of eicosapentaenoic acid (EPA) cat-
positions. Medium-chain fatty acids are catabolized quickiyzed by Novozym 435 at 60°C and 3 mm Hg, followed by pu-
and are not stored in the adipose tissues of the body (1rgation on a silica-gel column. EPA (min. 99%) was a product
PUFA in thesn-2 position are presumably protected againsf Nippon Suisan Kaisha, Ltd. (Tokyo, Japan).

oxidation by the two saturated residues at the primary posi-Acidolysis.EEE (0.95 g, 1 mmol), CA (1.44 g, 10 mmol),
Lipozyme IM (0.27 g, 10% of the total reaction mixture with-
out water), and water (0.052 g, 2% of the total reaction mix-
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ture) were mixed in a flask under nitrogen atmosphere at 4( s
and 300 rpm agitation speed, unless otherwise stated.
TransesterificationEEE (0.95 g, 1 mmol), EtC (1.72 g, 1C
mmol), Lipozyme IM (0.30 g, 10% of the total reaction mixtur
without water), and water (0.061 g, 2% of the total reaction m
ture) were mixed in a flask under nitrogen atmosphere at 4(
and 300 rpm agitation speed, unless otherwise stated.
ReesterificationDi- and monoacylglycerols generatec
during CEC synthesis by acidolysis or interesterification we
reesterified by water removal under reduced pressure. £
predetermined time, the reaction vessel was connected thrc
a liquid nitrogen trap to a vacuum pump at 3-5 mm Hg.
Synthesis of CEC with EtC obtained directly in the rea
tion vesselCA (1.44 g, 10 mmol), ethanol (0.46 g, 10 mmol
and Lipozyme IM [0.27 g, 10% of the sum of the amounts
CA, EEE (which is to be added in the following step), ar
Lipozyme IM combined] were mixed at 300 rpm agitatio
speed and 40°C for 1 h. The resulting water was evapora
completely in 0.5 h under 3-5 mm Hg. Extra ethanol (0.15
3.33 mmol) was added, and the second esterification step
performed for 1 h. EEE (0.95 g, 1 mmol) and water (0.027
1% of the amount of CA, EEE, Lipozyme IM, and water con
bined) were added and mixed for 8 h under nitrogen atm:
phere. The reaction vessel was then connected to a vaci
pump for the reesterification of the resulting di- and mon
acylglycerols (see the section on reesterification, above). [
ferent reaction conditions are specified in the text.
AnalysesThe analyses of the reaction products formed |
acidolysis, transesterification, and reesterification were pi
formed by high-temperature gas chromatography (GC). T
acylglycerol species contained in the reaction mixture we
separated according to their molecular weight so that all
the positional isomers (if formed) of each species with a sj
cific molecular weight were included under the same nan ]
Dicapryloylglycerol could not be separated under the appli 6 10 20 20 40 50
analytical conditions. Retention time (min)
A chromatograph (GC-14; Shimadzu Corporation, Kyoto, ) , o
Japan) equipped with an on-column injector (OCI-14: Sl’HG' 1. Ana[ysgs of thfe reaction mixtures. (A) Gas-liquid chromatogram
. . of an acidolysis reaction mixture. EtC, ethyl caprylate; EPA, eicosapen-
madzu Corporation) and an Ultra Alloy-1 (HT) capillary COltaenoic acid; CCOH, dicapryloylglycerol; OHEOH, monoeicosapen-
umn (15 m length, 0.5 mm internal diameter, 0.1 mm f”ltaenoylglycerol; CCC, tricapryloylglycerol; CEOH, capryloyleicosapen-
thickness; Frontier Laboratories Ltd., Kohriyama, Japan) wtaenoylglycerol; CEC, dicapryloyleicosapentaenoylglycerol; EEOH, die-
used. The oven was heated at 10°C/min from 65 to 36(Cicosapentaenoylglycerol; EEC, capryloyldieicosapentaenoylglycerol;
which was then held for 4 min. The on-column injector WGEEE’ trieicosapentaenoyIglyce.ro.l. All the.positional isomer.’s were in-
o o . . cluded under the same abbreviation. (B) High-performance liquid chro-
heated from 65 to 365°C at 20°C/min and held at this tempmatogram of a model mixture containing the regioisomeric pairs (CEC
ature for 18.5 min. The detector was kept at 395°C. A chiy CCE) and (ECE and EEC). EtE = ethyl eicosapentaenoate. For experi-
matogram of a sample from an acidolysis reaction mixturemental details see the Experimental Procedures section.
presented in Figure 1A.
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The analyses of the products of esterification of CA widnoylglycerol (CCE), in the reaction mixtures was analyzed
ethanol were performed on a Hewlett-Packard 5890 gas chsg-high-performance liquid chromatography (HPLC) with a
matograph (Avondale, PA) equipped with a DB-Wax colum®hromSpher 5 Lipids silver ion chromatography column [250
(30 m length, 0.25 mm internal diameter, OL@ film thick- x 4.6 mmx 1/4", from Chrompack (Middleburg, The Nether-
ness; J&W Scientific, Folsom, CA). The oven temperatutgnds)]. A binary solvent gradient made of solvent A (ace-
was held at 100°C for 2 min, raised at 10°C/min to 250°C, anghe) and solvent B (acetone/acetonitrile = 3:1, vol/vol) was
held for 2 min. The injector and detector were kept at 250°@sed. The column was eluted with a linear gradient of A to B

The regioisomeric composition of the transesterificatiasver 60 min at a flow rate of 0.75 mL/min. The lipid species
products, CEC and 1,2(2,3)-dicapryloyl-3(1)-eicosapentaere detected with an evaporative light-scattering detector.
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Figure 1B is the chromatogram of a mixture used for setting24 h. Water (2%) that was added to the reaction mixture
up the conditions for HPLC analysis. The mixture was obaised the reaction rates, and the above content decreased to
tained by mixing the reaction mixtures of two enzymatic repproximately 20%. Further addition of water did not bring
actions by which CCE and 2-capryloyl-1,3-dieicosapenany improvement of the final yield.
taenoylglycerol (ECE), and their corresponding regioisomers At reaction temperatures higher than 40°C, the final yield
(CEC and EEC) were obtained selectively. One reaction mof-the product and the desired intermediates (CEOH and
ture was the final product of the transesterification of EEBHEOH) decreased and the content of CCC increased (Table
with EtC obtained directly in the reaction vessel at a CA/EEER. Higher temperatures favored acyl migration which af-
molar ratio = 20:1 and 40°C (its acylglycerol composition fected not only the final yield of the product (higher amounts
shown in the last column of Table 5). The other mixture wag CCC formed) but also its regioisomeric purity. While no
the reaction product of transesterification of tricapryloylgly€cCE isomer was detected in the reaction product at 40°C, the
erol (CCC) (0.47 g, 1 mmol) with ethyl eicosapentaenodt€ EC” product at 50°C was composed of 98.2% CEC and
(EtE) (1.65 g, 5 mmol) catalyzed by Lipozyme IM (0.24 d1.8% CCE. The content of CCE rose to 6.1% at 60°C.
10% of the reaction mixture) for 8 h. The composition of the The time course of the reaction performed with a CA/EEE
latter reaction mixture determined by GC was: CCC 4.8%, 1&olar ratio of 10:1 and 2% added water at 40°C is presented
capryloyl-1-eicosapentaenoylglycerol 11.2%, CCE 31.1% Figure 2. The content of CEC, CEOH, and OHEOH com-
EEOH 4.6%, ECE 45.0%, and EEE 3.3%. The identificatidnined accounted for approximately 76% of the acylglycerols
of the peaks in Figure 1B was performed by GC analysis. Tihg¢he reaction product. Theoretically, if no acyl migration had
eluate corresponding to each peak was collected and injeaedurred, all CEOH and OHEOH formed in the first step
into a gas chromatograph programmed as described abové22.8 and 2.2%, respectively) would have been reesterified to
The acidolysis products were analyzed by HPLC as deEC in the second step. OHEOH was not detected after 6 h
scribed above after the excess of CA has been removedbyeesterification while a part of the CEOH remained unes-
passing the sample dissolved in hexane/diethylether (ltdrjfied even after 19 h of reesterification. The content of CEC
vol/val) through a short column filled with silica gel NHslightly increased from 64.3% at 1 h of reesterification. From
(Chromatore® chromatography silica gel NH, size = 100-20¢hese data, it can be inferred that CEOH formed in the first
mesh; Fuji Silysia Chemical Ltd., Kasugai, Aichi, Japan). step was actually a mixture of 1,2- and 1,3-positional isomers.
Water contents of substrates and Lipozyme IM were mess Lipozyme IM is a 1,3-regiospecific lipase and cannot cat-
sured with a Karl Fischer moisture meter (MKS-1; Kyotalyze the esterification of the hydroxyl group in $ine2 posi-
Electronics, Kyoto, Japan). tion of glycerol, the 1,2-diacylglycerol was probably esteri-
fied quickly to CEC in the second step, whereas the 1,3-di-
acylglycerol remained in the system. The content of CCC,
which is a measure of acyl migration, increased continuously
Enzymatic synthesis of SST by interesterification of a homwith the reaction time. CCC is formed due to acyl migration
geneous triacylglycerol with a 1,3-regiospecific lipase can bkthe di- and monoacylglycerols formed in the reaction. Two
performed either with a fatty acid (acidolysis) or its ethyl
ester (transesterification) as acyl donors. The acid is usu.=llllx\l/3LE1
preferred as it is much cheaper. In the case of CEC synthegzect of water on Acidolysis
CA is approximately 10 times cheaper than its ethyl ester. ;
though good results were obtained for the transesterificatAcylglycerol

RESULTS

Acylglycerol composition (mol%)”

of EEE with EtC (10), acidolysis should not be ruled out, sPecies’ 0% H,0¢ 2% H,09 3%H,0¢ 10% H,0¢
it would be more advantageous economically. A comparisSOHEOH 0.0 2.2 2.9 6.8
of the two methods would be useful for choosing the syst«CCC 4.3 3.8 2.1 1.2
for the industrial-scale production of CEC. CEOH 13.1 22.8 22.3 30.0
. ; . X . . CEC 23.7 51.2 45.8 34.7
AC|d9IyS|_s,.The_aC|donS|s reactlon. was performed in twig,, 20 25 20 39
steps: (i) acidolysis of EEE at an optimized water content fggc 38.7 14.9 21.9 20.4
the high yield conversion of the substrate to CEC, 1-capreEee 18.2 2.6 3.0 3.8

oyl-2-eicosapentaenoylglycerol (CEOH), and 2'eicosapeaOHEOH, monoeicosapentaenoylglycerol; CCC, tricapryloylglycerol; CEOH,
taenoylglycerol (OHEOH), and (ii) reesterification of CEOlcapryloyleicosapentaenoylglycerol; CEC, dicapryloyleicosapentaenoylglyc-

and OHEOH to CEC by water removal under reduced pr(erol; EEOH, die_ic_osapentaenoylglycero[; EEC, capry[p}/[diei_cosapentaeno_y[—
glycerol; EEE, trieicosapentaenoylglycerol. All the positional isomers were in-

sure. Lipozyme IM (immobilize®R. miehelipase) was used Cjuded under the same abbreviation. For example, COHE and OHCE were in-
as catalyst for both the steps. gkude? in ?Eon{ o - | .
; ; ; esults of 24-h reaction. The reactions were performed at a caprylic aci
The amount of water addEd, t.O the reac_tlon mIthfIre Inﬂ(CA)/EEE molar ratio of 10:1 and at 40°C. The \F/)vater contents of t?\gstarting
enced the acylglycerol composition of the final reaction promaterials were as follows: Lipozyme IM (Novo Nordisk Bioindustry, Chiba,
uct (Table 1). When no water was added to the reaction mapan), 4.23%; CA, 0.03%; and EEE, 0.004%.
ture, the combined content of the unreacted substrate (E[N Water was added to the reaction mixture,

. . . he amount of water added to the reaction mixture is expressed as a percent-
and intermediates EEC and EEOH was approximately 5%ge of the total reaction mixture.
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TABLE 2 tion and trisaturated impurities formation during interesterifi-
Effect of Temperature on Acidolysis cation was performed by Bloomet al. (9).

Acylglycerol composition (mol%)? Transesterification-or the comparison of the two methods
Acylglycerol species 20°C 50°C socc  (i-e., acidolysis and transesterification), the transesterification of
oREon - > e EEE with EtC was perform_e_d at the same .molar.ratlo_ of the re-
ccc 38 44 11.1 actants and reaction conditions as the acidolysis (Fig. 3). The
CEOH 22.8 18.9 117  transesterification was much faster than the acidolysis. The yield
CEC 51.2 51.9 49.9  of CEC, CEOH, and OHEOH combined reached a plateau after
EEOH 2.5 0 0.8 8h at 78% which is slightly higher than the corresponding yield
EEC 14.9 21.7 23.2

for acidolysis after 24 h (approximately 76%, Fig. 2). The con-
= : : tent of partial glycerides (OHEOH and CEOH) in the final reac-
e e eson v on product was much higher for ransesteriication (49.496)
For other abbreviations see Table 1. than for acidolysis (25%).

Transesterification of EEE with EtC obtained directly in the
routes for CCC formation from CEOH can be imagined. Omeaction vesselAs the interesterification is faster than acidoly-
is the acyl migration of CEOH to COHE and then interestesis, it would be preferred for CEC synthesis if the price of EtC
fication to COHC followed by migration to CCOH and finallyvas not much higher. This drawback can be overcome if EtC is
reesterification to CCC. The other route is the acyl migratisginthesized directly in the reaction vessel and used subse-
of CEOH to COHE followed by another migration step tquently for transesterification and reesterification steps.
OHCE and then esterification to CCE and interesterification EtC was synthesized easily by Lipozyme IM (Table 3). The
to CCC. For both routes, the acyl migration steps are rate-thaction was very fast with an equilbrium reached after 1 h at
termining. At 40°C, the rates of acyl migration are mud8B.5% EtC yield. The yield was increased by the removal of the
slower than for interesterification so that COHE is most prolvater formed under vacuum, followed by addition of fresh
ably interesterified quickly to COHC (former route) beforethanol in slight excess. The yield of esterification decreased a
the migration to (OH)CE takes place (latter route). This hfjew percent after the water removal due to the simultaneous re-
pothesis was supported by the HPLC analysis of the fimabval of the unreacted ethanol. Actually, the ethanol is removed
product that showed no detectable amount of CCE isomerfesster than water as it has a lower boiling point and the reaction
sulting from the process. An interesting study on acyl migrequilibrium was shifted toward the hydrolytic side. After the ad-

EEE 2.6 1.9 1.6

-«——— Acidolysis ——————»-+—— Reesterification —

01 A 100"
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FIG. 2. Acylglycerol composition during CEC synthesis by acidolysis  FIG. 3. Acylglycerol composition of reaction mixture during synthesis
method (A) triacylglycerols: CCC (o), CEC (m), EEC (A), EEE (+). (B)  of CEC by transesterification with EtC obtained directly in the reaction
Mono- and diacylglycerols: OHEOH (o), CEOH (@), EEOH (4). All the  vessel. Transesterification was performed following EtC formation in the
positional isomers were included under the same name. For abbrevia-  reaction vessel (see Table 3). For symbols see Figure 2, and for abbrevi-
tions see Figure 1. ations see Figure 1.
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TABLE 3 TABLE 4
EtC Yield During Esterification of CA with Ethanol Effect of Water on Transesterification with EtC Formed Directly in the
1st esterification Water 2nd esterification  eacton Vessel
1t o/ \a
step removal step Acylglycerol Acylglycerol composition (mol%)
Time (h) 05 1 0.5 0.50 1° species 0% H,0" 2% H,0  3%H,0  10% H,0°
H 0,
EtC yield (mol%) 83.1 83.5 79.6 91.8 92.2 OHEOH 17 13.9 75 240
“Elapsed time from the start of water removal under vacuum. CCC 0 0 0 0
bElapsed time from the second addition of ethanol to the reaction mixture.  CEQH 34.0 32,5 34.8 122
For abbreviations see Tables 1 and 2. CEC 27.8 31.1 226 2.9
EEOH 1.4 0.7 7.7 5.4

" . I _EEC 18.6 16.8 20.2 1.7
dition of extra ethanol, the reaction equilibrium was reeste - 6.5 50 25 438

IiSh.ed atl h.at approximately 92% EtC Yi.eld' The interesu:}ri"Reaction mixture compositions at 8 h of transesterification. The reactions

cation reaction was started by the addition of EEE and Xvere performed at a CAp/EEE molar ratio of 10:1 and 40°C. 'i'he water con-

water at this moment (Fig. 3). The yield of CEC, CEOH, attents of the starting materials were as follows: Lipozyme IM, 4.23%; CA,

OHEOH combined (approximately 77%) after 8 h of transest|0-03T°/°t?)]EtO1Hf 0(.1223%; and EEE, 0.004%. For abbreviations and manufacturer

ification was almost as high as for the reaction that was Stalf’i?te?] isof ae:terif'ication (EtC formation), all the water in the reaction mix-

directly with EtC (78%). The reesterification of di- and monoiure was removed at low pressure and then extra ethanol and EEE were

cylglycerols in the reaction mixture was very fast with the mag\%iid-rw ot removed after 1 b of EC formation. EEE and the extra ethanol

imal yield obtained at 2 h (approximately 69%, Fig. 3). OHEOwe?eeaddisd t?) thi: ;tgrif?c:tion n(ﬁ)ixture(;t 1ah.ON.0 ext‘—:a wateerewaaseadjeg.

disappeared after 1 h of reaction, but again, a part of the CEThe water percentage was calculated for 90% yield of EtC formation.

remained unesterified even after 4 h of water removal. The con-

tent of CCC in the final reaction product was much smaller (Figitio of 20:1 (Table 5). The yield of the transesterification

3) than for the acidolysis method (Fig. 2). Longer reaction timgfethod increased more than 10% due to the combined effect of

necessary for acidolysis accompanied by the catalytic effectigé higher molar ratio of the reactants and lower reaction tem-

the free acid in the acyl migration mechanism could account ffrature (30°C). The reaction at 30°C had the advantage of re-

this difference. duced acyl migration, which resulted in an increase in the final
The effect of water amount (added to the reaction mixtujld although the reaction times were longer for both transes-

after the EtC formation step) influenced the reaction yieldstgfification and reesterification step.

the transesterification step (Table 4). When no water was addeghe isomeric purity of CEC obtained in all the transesterifi-

to the reaction mixture, the extra ethanol added at the same @@on experiments was 100%.

with EEE reacted with the remaining CA and the resulting water

was used by the enzyme for the transesterification reaction. The

ethanol that remained in the reaction mixture in small excddSCUSSION

could also react as an acyl acceptor in the transesterificatiomgn, di- and monoacylglycerols formed during the transes-

the acylglycerols present and promote the formation of di- adlification process are regarded as undesired by-products

monoacylglycerols (alcoholysis). The yield of the desired prog~—9), but they were key intermediates for the achievement of

uct and intermediates increased slightly when 1% water wagh final yields of the product in this work. They could be

added before the interesterification step. Larger contentse@kily reesterified after the transesterification step by the re-

water reduced the final yields. moval of water from the reaction mixture. The excess of acyl
The effect of temperature was studied at a CA/EEE mosnor (CA or EtC), the lower activity of Lipozyme IM on

TABLE 5
Effect of Temperature on Transesterification With EtC Formed Directly in the Reaction Mixture

Acylglycerol composition (mol%)?

30°°Ch 40°C

Transesterification Reesterification Transesterification Reesterification
Acylglycerol species 20 h 22 h 2h 3h 14 h 16 h 1h 2h
OHEOH 14.3 12.6 0 0 8.7 5.4 0 0
CCC 0 0 0.9 1.7 0 1.2 2.3 3.7
CEOH 47.1 47.9 5.8 3.2 44.8 47.8 9.0 7.4
CEC 23.1 24.8 79.1 81.1 32.2 32.8 75.5 77.0
EEOH 3.5 3.4 0 0 2.6 2.1 0 0
EEC 9.4 9.2 13.8 14.0 10.0 9.5 13.2 11.9
EEE 2.6 2.1 0.4 0 1.7 1.4 0 0

9Reactions performed at CA/EEE molar ratio of 20:1. For abbreviations see Tables 1 and 2.
bThe EtC synthesis step was performed at 40°C (Table 3); then the temperature was lowered to 30°C for the transesterification and reesterification steps.
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EPA, and its strict 1,3-positional specificity ensured that ontyyzed tuna oil with a 12-fold molar excess of CA in three cy-
the 1,2-diacylglycerols and 2-monoacylglycerols are reestatlies of 2-d reaction catalyzed Bhizopus delemdipase (11).
fied with caprylic acid, maintaining the high isomeric puritifter each cycle, the acylglycerols were recovered by extraction
of the product. with hexane after the neutralization of the excess of fatty acid
An evident difference between transesterification and awiith a solution of alkali and then reacted with fresh CA.
dolysis is the amount of di- and monoacylglycerols formed The interesterification at higher excess of EtC is slower,
during the transesterification step. Approximately 50% of theit the gains in the reaction yield are substantial. The effect
acylglycerols in the reaction product at 8 h were di- arod EtC/EEE molar ratio on transesterification of EEE with
monoacylglycerols for interesterification, whereas their co&tC was studied in our previous work (10). At a 10:1 EtC/
tent was only 27% for acidolysis at 24 h (Fig. 2). In the chefBEE molar ratio, the initial rate of transesterification was
ical equilibrium of the ester hydrolysis reactions, the excesd.06 of the rate at 5/1 molar ratio, but the final yields of
of free acid inhibits the hydrolytic reactions by pushing tHeEC were 64.8 and 48.7%, respectively. All these considera-
equilibrium toward the synthetic side. This leads to high&ons justify the use of higher molar rates of reactants in the
yield of the product (CEC) by acidolysis (51% at 24 h) thgmoduction of CEC.
by transesterification (28% at 8 h) at reaction times close to
equilibrium. The excess of ethyl ester acts in an opposite
by promoting the hydrolytic side reactions. The rates of \Q@%ERENCES
drolytic reactions are also raised, and equilibrium is reacheld Hedeman, H., H. Brgndsted, A. Mullertz, and S. Frokjaer, Fat
faster. This effect makes the transesterification method fasterEmuisions Based on Structured Lipids (1,3-specific triglyc-
. . ) erides): An Investigation of thie Vivo Fate,Pharm. Res. 13
than acidolysis. Almost the same conversion of the substrate;,5_75g (1996).
to CEC, CEOH, and OHEOH was obtained three times faster christensen, M.S., C.E. Hay, C.C. Becker, and T.G. Redgrave,
for transesterification than for acidolysis. Intestinal Absorption and Lymphatic Transport of Eicosapen-
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