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ABSTRACT: A highly efficient enzymatic method for the syn-
thesis of regioisomerically pure 1,3-dicapryloyl-2-docosa-
hexaenoyl glycerol (CDC) in two steps was established. 2-
Monoglyceride (2-MG) formation by ethanolysis of tridocosa-
hexaenoylglycerol (DDD) with immobilized Candida antarctica
lipase (Novozym 435) as catalyst was the key step of the syn-
thesis. CDC was finally obtained by reesterification of 2-MG
with ethylcaprylate (EtC) catalyzed by Rhizomucor miehei li-
pase (Lipozyme IM). The regiospecificity of Novozym 435 de-
pended on the type of reaction and the initial composition of
the reaction medium. It displayed strict 1,3-regiospecificity for
ethanolysis at a high excess of ethanol in the reaction mixture
although it displayed no regiospecificity in transesterification
and esterification reactions. The highest yield of CDC (85.4%)
was obtained by ethanolysis at a 4:1 weight ratio of ethanol/
DDD for 6 h followed by reesterification at a 20:1 molar ratio
of EtC/initial DDD for 1.5 h. The regioisomeric purity of CDC
was 100%. Good results were obtained also for the synthesis of
1,3-dicapryloyl-eicosapentaenoylglycerol (CEC) by the same
method: 84.2% yield and 99.8% regioisomeric purity at the
same reactant ratios as above. The yield of the reesterification
step and the regioisomeric purity of the product were influenced
by the molar ratio of the reactants for both CDC and CEC syn-
theses: higher excess of EtC favored higher yields and regioiso-
meric purity of the products.
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Docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA) are polyunsaturated fatty acids (PUFA) involved in a
wide range of biological functions. Their roles in pathologi-
cal conditions, due to imbalances in their intake, have been

studied intensively in recent years (1,2). 1,3-Symmetrically
structured glycerides with a PUFA residue at the second posi-

tion and medium-chain fatty acid residues at the outer posi-
tions, such as 1,3-dicapryloyl-2-docosahexaenoyl (or eicosa-
pentaenoyl) glycerol (CDC or CEC), are bioactive com-
pounds with high potential in biomedical and nutraceutical
applications. In this form, the PUFA residue is protected
against oxidation by the two saturated acyl residues (3) and is
adsorbed better in the intestinal tract as 2-monoglyceride (2-
MG) after pancreatic hydrolysis (4,5). Medium-chain fatty
acids are adsorbed efficiently and are a quick source of en-
ergy without accumulation in adipose tissues. 

1,3-Symmetrically structured glycerides can be obtained
either by chemical or enzymatic methods. The latter have the
advantages of milder reaction conditions, nontoxic reactants
and catalysts, and high positional specificity of catalysts, i.e.,
1,3-regiospecific lipases.

The main impediment in the enzymatic synthesis of CDC
is the very low activity of 1,3-regiospecific lipases on DHA-
containing triglycerides (6–8). Some studies have used oils
with a high DHA content for the enzymatic synthesis of
CDC-rich structured triglycerides by acidolysis with caprylic
acid (CA) catalyzed by 1,3-regiospecific lipases (6,7). Natu-
rally, part of the triglycerides of these oils contain DHA at the
second position and different acyl species at the primary one.
The acyl residues of the outer positions of this type of triglyc-
eride were exchanged for CA. When the DHA residues were
situated at the primary positions, they were very resistant to
lipase action, and remained in place. The final product was
thus a mixture of triglycerides with CDC content.

A high-yield enzymatic method for CDC production has
been established in the present article. The method is based 
on the characteristic of immobilized Candida antarctica
lipase (Novozym 435), an enzyme with higher activity on
DHA and other PUFA, to display 1,3-regiospecificity in the
transesterification of triglycerides with ethanol (ethanolysis).
Tridocosahexaenoylglycerol (DDD) was transformed into 
2-monodocosahexaenoylglycerol (OHDOH) by ethanolysis
with Novozym 435, and then the 1,3-positions were reesteri-
fied with ethyl caprylate (EtC) catalyzed by immobilized
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Rhizomucor miehei lipase (Lipozyme IM). The same method
was used for CEC synthesis from trieicosapentaenoylglycerol
(EEE). 

EXPERIMENTAL PROCEDURES

Materials. Immobilized C. antarctica lipase (Novozym 435)
and R. miehei lipase (Lipozyme IM) were generous gifts from
Novo Nordisk Bioindustry (Chiba, Japan). EtC and ethanol
(>99%) were purchased from Wako Pure Chemical Indus-
tries, Ltd. (Osaka, Japan). DDD and EEE (>99%) were prod-
ucts of Nippon Suisan Kaisha, Ltd. (Tokyo, Japan).

CDC and CEC syntheses. DDD or EEE (0.1 mmol),
ethanol (its amount varied in each experiment), and Novozym
435 (10% of the total reaction mixture) were mixed in a flask
under nitrogen atmosphere at 35°C and 300 rpm agitation
speed. The final reaction mixture was filtered to remove the
catalyst and then the excess ethanol was evaporated under re-
duced pressure at 35°C. EtC (2 mmol) and Lipozyme IM (10%
of the total reaction mixture) were added and mixed with a
magnetic stirrer at 300 rpm. The reesterification reaction was
performed under 3–5 mm Hg vacuum at 35°C. When different
reaction conditions were used, they are specified in the text.

Lipozyme IM (Novozym 435)-catalyzed interesterification
of DDD with EtC. In certain experiments, a single enzyme
(Lipozyme IM or Novozym 435) was tested in a one-step
interesterification of DDD with EtC. DDD (0.051 g, 0.05
mmol), EtC (0.861 g, 5 mmol), and Lipozyme IM (or
Novozym 435) (0.101 g, 10% of the total reaction mixture)
were mixed in a flask under a nitrogen atmosphere at 40°C
and 300 rpm agitation speed.

Analyses. The glyceride compositions of the reaction mix-
tures were analyzed by high-temperature gas–liquid chroma-
tography. The glycerides contained in the reaction mixture
were separated according to their molecular weight. All the
positional isomers (if formed) of each glyceride species with a
specific molecular weight were included under the same name.

A gas–liquid chromatograph (GC-14; Shimadzu Corporation,
Kyoto, Japan) equipped with an on-column injector (OCI-14;
Shimadzu Corporation) and an Ultra ALLOY-1 (HT) capil-
lary column (10 m length, 0.5 mm internal diameter, and 0.1 µm
film thickness; Frontier Laboratories Ltd., Koriyama, Japan)
was used. The oven was heated from 40°C (held 1 min) at 10°C
/min to 370°C and kept at this temperature for 6 min. The 
on-column injector was heated from 40 to 380°C at 10°C /min
and held at this temperature for 6 min. The flame-ionization
detector was kept at 395°C. Dicapryloylglycerol (CCOH), a 
by-product in the reesterification reaction mixtures of CEC
syntheses, could not be separated under the applied analytical
conditions.

The regioisomeric composition of the final products was
analyzed by high-performance liquid chromatography
(HPLC) with a ChromSpher 5 Lipids silver ion chromatogra-
phy column (250 × 4.6 mm × 1/4″, from Chrompack, Middel-
burg, The Netherlands). A binary solvent gradient made of

solvent A (acetone) and solvent B (acetone/acetonitrile, 3:1,
vol/vol) was used. The column was eluted at a flow rate of
0.75 mL/min with a linear gradient of A to B over 60 min and
then with B for 20 min. The lipid species were detected with
an evaporative light-scattering detector (ELSD). The reten-
tion times of CDC and CCD were confirmed according to our
method reported previously (9).

RESULTS AND DISCUSSION

A well-known method for the synthesis of symmetrically
structured triacylglycerols is the transesterification of a homo-
geneous triglyceride with an acid or its ethyl ester catalyzed
by a lipase with high specificity for the sn-1 and sn-3 posi-
tions of the glycerol backbone (10). Immobilized R. miehei
lipase (Lipozyme IM) is often used, as it has strict 1,3-re-
giospecificity, a broad substrate specificity, and good activity
at low water concentrations in the reaction media. It was used
successfully for CEC synthesis (11) by interesterification of
EEE with EtC (79% CEC yield was obtained in 24 h). CDC
synthesis catalyzed by Lipozyme IM under the same reaction
conditions gave a very low CDC yield (24.8% at 72 h). Other
1,3-regiospecific lipases of fungal origin also have very low
activities toward DHA.

Immobilized C. antarctica lipase (Novozym 435) has a
relatively high activity on DHA (12), and its positional speci-
ficity depends on the reactants. Novozym 435 was tested for
the interesterification of DDD with EtC and expected to dis-
play 1,3-specificity in this reaction. The glyceride composi-
tion of the reaction mixture at 8 h, when the CDC yield was
the highest, was: 27.6% CDC, 21.7% dicapryloylglycerol
(CCOH), 22.9% tricapryloylglycerol (CCC), 9.1% capryloyl-
docosahexaenoylglycerol (CDOH), 0.5% didocosahexa-
enoylglycerol (DDOH), 13.6% capryloyldidocosahexaenoyl-
glycerol (DDC), and 4.6% DDD. The high contents of CCC
and CCOH indicate that Novozym 435 did not display posi-
tional specificity in this reaction.

Novozym 435 was used in some previous studies for the
ethanolysis of fish oil and glycerides rich in DHA and eicosa-
pentaenoic acid (EPA) (13,14). Complete (100%) conversion
of glycerides to ethyl esters was obtained in 22 h at an ap-
proximately 1.7:1 molar ratio of ethanol/acyl equivalents at
20°C (13). A similar approach was used for DDD as a sub-
strate at a higher ethanol/DHA equivalents molar ratio (22:1),
which was expressed as ethanol/DDD weight ratio in this ar-
ticle (3:1 in this case). Surprisingly, a 93% yield of OHDOH
was obtained in 4 h at 35°C (Table 1). We supposed that the
monoglycerides were mainly 2-MG, and tried to reesterify
them with EtC to form CDC. Novozym 435 could not be used
to catalyze the reesterification as it displayed low positional
specificity in this reaction (the results are discussed later).
Lipozyme IM gave good results for the reesterification of par-
tial glycerides in CEC synthesis (11), and, therefore, it was
used to catalyze the reesterification of MG in this study also.
Prior to the reesterification step, Novozym 435 was removed
by filtration and the excess ethanol was evaporated under vac-
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uum. EtC was used as the acyl donor for reesterification rather
than the free acid (CA) because the latter fosters acyl migra-
tion in partial glycerides (11). The ethanol resulting from the
esterification reaction was evaporated under reduced pressure
to push the reaction equilibrium toward the synthetic side.
Although glycerol (if formed) could not be detected under the
applied analytical conditions for ethanolysis, it would be es-
terified to 1,3-dicapryloylglycerol in the second step and
quantified in the reesterification reaction mixtures.

The maximal yield of CDC was attained at 1.5 h (Table 1).
OHDOH and DDOH disappeared completely by this time.
The regioisomeric composition of the product (CDC + CCD)
checked by silver-ion HPLC was 100% CDC. The amounts
of CCOH (most probably the 1,3-isomer) and CCC formed in
the second step might be the result of the acyl migration
process combined with the action of the lipases (Novozym in
the first step and Lipozyme in the second) on the sn-2 posi-
tion of glycerol. The amount of CCOH and CCC combined
(approximately 11%) remained unchanged from 1.5 h on, but
the CCC/CCOH molar ratio increased. The small amount of
CDOH (which remained in the reaction mixture at an almost
unchanged value from 1.5 h) was probably the 1,3-isomer re-
sulting from the esterification of the 1-MG of DHA formed in
the first step with a CA residue.

The effects of the substrate ratio were studied briefly for
both steps. The excess ethanol used in the ethanolysis step
acted as a substrate and a solvent in this reaction. In the begin-
ning, the reaction mixture was heterogeneous with two immis-
cible liquid phases (i.e., ethanol and DDD) in which the cata-
lyst was suspended. As the reaction proceeded, the two liquid
phases became completely miscible. This phenomenon was
responsible for the reaction time-lag, which was more marked
at low substrate ratio (Fig. 1). Higher ethanol/DDD ratios im-
proved the final yield of MG. The reaction at an ethanol/DDD
ratio of 3:1 (w/w) (67:1 in molar ratio) was the fastest, with an
almost 93% yield obtained in 4 h. The MG yield increased

slightly for the reaction at an ethanol/DDD ratio of 4:1 (w/w)
(89:1 in molar ratio), but it required a longer time (6 h). Fur-
ther increase of the reactant ratio resulted in longer reaction
times with lower reaction yields affected by acyl migration.
The reaction at a 2:1 ratio was slow and the MG yield was only
76% at 6 h. Reactant ratios close to the stoichiometric ratio
(ethanol/acyl equivalents molar ratio of 1:1) influence not only
the reaction rates, but most likely the positional specificity of
the enzyme. This hypothesis is supported by the results of a
work using Novozym as catalyst for the ethanolysis of fish oil
glycerides at a 1.7:1 molar ratio of ethanol/acyl equivalents
(13). That complete conversion to ethyl esters was obtained in
relatively short reaction times (22 h) at low temperature
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TABLE 1
Glyceride Composition (mol%) During CDC Synthesis

Glyceride Ethanolysis stepb Reesterification stepc

speciesa 1 h 2 h 3 h 4 h 1.5 h 2.5 h 3.5 h

CCOH 9.2 8.1 6.6
OHDOH 14.7 51.7 81.6 92.7 0.0 0.0 0.0
CCC 1.5 3.0 4.3
CDOH 1.5 1.4 1.4
CDC 79.4 79.0 79.5
DDOH 13.7 10.9 7.5 5.3 0.0 0.0 0.0
DDC 8.4 8.5 8.2
DDD 71.6 37.4 10.9 2.0 0.0 0.0 0.0
aCCOH, dicapryloylglycerol; OHDOH, monodocosahexaenoylglycerol;
CCC, tricapryloylglycerol; CDOH, capryloyldocosahexaenoylglycerol; CDC,
dicapryloyldocosahexaenoylglycerol; DDOH, didocosahexaenoylglycerol;
DDC, capryloyldidocosahexaenoylglycerol; DDD, tridocosahexaenoylglyc-
erol. All the positional isomers (if formed) were included under the same ab-
breviation.
bEthanolysis step was performed at ethanol/DDD ratio = 3:1 (w/w) with
Novozym 435 (Novo Nordisk Bioindustry, Chiba, Japan) as catalyst.
cReesterification step was performed at ethylcaprylate (EtC)/initial DDD
molar ratio = 20:1 with Lipozyme IM (Novo Nordisk Bioindustry) as catalyst.

FIG. 1. Effect of the excess of ethanol on ethanolysis of tridocosa-
hexaenoylglycerol (DDD) with Novozym 435 (Novo Nordisk Bioindus-
try, Chiba, Japan). Ethanol/DDD ratio (w/w) shown as 4:1 (�), 3:1 (��),
and 2:1 (��).

TABLE 2
Effect of CA-Et/DDD Molar Ratio on Lipozyme IM-Catalyzed 
Reesterification Step of CDC Synthesis

Glyceride composition (mol%)b

Glyceride 10:1 20:1
speciesa (molar ratio) (molar ratio)

CCOH 17.4 11.8
OHDOH 0.0 0.0
CCC 3.8 0.0
CDOH 4.1 0.8
CDC 73.8 85.4
DDOH 0.0 0.0
DDC 0.9 2.0
DDD 0.0 0.0
aFor abbreviations and manufacturer see Table 1.
bGlyceride composition of the reesterification reaction mixture at 1.5 h. The
ethanolysis step was performed with Novozym 435 as catalyst for 6 h at
EtOH/DDD = 4:1 (w/w) for both experiments.



(20°C), where spontaneous acyl migration is not significant,
suggests that the lipase acted in a nonpositionally specific
manner at these reaction conditions.

The effect of the molar ratio of EtC/DDD in the reesterifi-
cation step of the stepwise synthesis of CDC catalyzed by
Lipozyme IM was investigated at 10:1 and 20:1 ratios
(Table 2). The ethanolysis step was performed with Novozym
435 at an ethanol/DDD molar ratio of 4:1 (the results shown
in Fig. 1). The regioisomeric purity of product CDC was
100% for both experiments. The CDC yield was significantly
lower for the reaction at a 10:1 molar ratio due to the higher
amounts of CCC and CCOH formed. Actually, no CCC was
detected at 1.5 h for the reaction at a 20:1 molar ratio of reac-
tants. This difference might be the result of either different
acyl migration conditions or modified positional specificity
of Lipozyme. The short reaction times and the relatively low
reaction temperature rule out acyl migration as the main cause
for this difference. There is a high probability that the posi-
tional specificity of Lipozyme is also affected by the reaction
conditions. Similar results obtained for CEC synthesis with
the same method back up this hypothesis (the results are dis-
cussed later).

The positional specificity of Novozym for the reesterifica-
tion step was investigated in an experiment at the optimal 
reaction conditions found previously (weight ratio of ethanol/
DDD at 4:1 for ethanolysis and molar ratio of EtC/initial
DDD at 20:1 for reesterification). The ethanolysis step was
performed for 6 h (based on the results in Fig. 1), then the
ethanol was completely evaporated at 35°C. EtC in excess
was added and the vessel was connected to 3–5 mm Hg vac-
uum. The glyceride composition of the reaction mixture after
2 h of reesterification was: 21.6% CDC, 34.9% CCOH,
27.5% CCC, 7.8% CDOH, and 8.21% DDC. The DHA

residue at the sn-2 position of glycerides was exchanged par-
tially with CA, and therefore large amounts of CCC and
CCOH were formed. The HPLC analysis of the CDC regio-
isomers showed that the formed product was 87.5% CDC and
12.5% CCD. These results indicate that Novozym displays
very low 1,3-positional specificity in this reaction and justify
the change of the catalyst for the reesterification step.

The same method of ethanolysis with Novozym 435 fol-
lowed by reesterification with Lipozyme IM was applied to
CEC synthesis. The ethanolysis step was faster and the MG
yield higher for EEE than for DDD owing to the higher speci-
ficity of the enzyme for EPA than for DHA (Table 3 vs.
Table 1). The molar ratio of EtC/initial EEE in the Lipozyme
IM-catalyzed reesterification step of the CEC stepwise syn-
thesis influenced not only the reaction yield but also the re-
gioisomeric purity of the product (CEC + CCE). The product
at a 10:1 molar ratio consisted of 97.3% CEC and 2.7% CCE
while the one at a 20:1 ratio was made of 99.8% CEC and
0.2% CCE. Since the ethanolysis step was performed at ex-
actly the same conditions, these differences are the results of
the phenomena occurring in the reesterification step. The dif-
ference in the regioisomeric purity of the products obtained
at different reactant molar ratios also strongly supports the
hypothesis of variable positional specificity of Lipozyme.
Lipozyme was used previously for the reesterification of par-
tial glycerides resulting from the interesterification of EEE
with EtC (15). At 1:10 and 1:20 EtC/initial EEE molar ratios,
it produced CEC of 100% regioisomeric purity for both ratios
although the reaction times were much longer and the reac-
tion temperature higher (over 10 h at 40°C). It is thus inferred
that Lipozyme also might change its positional specificity de-
pending on the properties of the reaction media. In this case,
it might have become partially able to work on the second po-
sition of glycerol. This effect is more evident for EPA since
Lipozyme has higher specificity for it than for DHA. How-
ever, more studies are necessary to clearly elucidate these
phenomena.

The ethyldocosahexaenoate or ethyleicosapentaenoate
formed in the ethanolysis step can be separated after comple-
tion of the reesterification step by either molecular distilla-
tion or liquid chromatography and reused as a substrate for
DDD and EEE preparation.

The present approach is a breakthrough for synthesis of
pure structured glycerides of DHA as it has solved the prob-
lem of finding a lipase that displays 1,3-regiospecificity and
also reasonable activity on DHA residues. The reaction times
are much shorter than in preceding enzymatic methods, and
simple intermediary operations are necessary. The 2-MG in
the final ethanolysis reaction mixture need not be purified be-
fore their use in the reesterification step. Thereby, sponta-
neous acyl migration due to long handling time is minimized.
The ethanolysis step itself can become a powerful method for
2-MG synthesis from various sources.

Thus, the optimum procedure for CDC and CEC pro-
duction starting from DDD and EEE is the two-step synthe-
sis, with 2-MG as intermediates, newly established in this
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TABLE 3
Glyceride Composition (mol%) During CEC Synthesis

Ethanolysis Reesterification
stepb step (1.5 h)c

Glyceride 10:1d 20:1d

speciesa 1 h 1.5 h (EtC/EEE molar ratio) (EtC/EEE molar ratio)

OHEOH 91.7 98.5 0.0 0.0
CCC 3.7 2.4
CEOH 13.7 7.8
CEC 74.7 84.2
EEOH 4.0 1.1 0.0 0.0
EEC 7.9 5.6
EEE 4.3 0.4 0.00 0.0
aOHEOH, monoeicosapentaenoylglycerol; CCC, tricapryloylglycerol;
CEOH, capryloyleicosapentaenoylglycerol; CEC,dicapryloyleicosapenta-
enoylglycerol; EEOH, dieicosapentaenoylglycerol; EEC, capryloyldieicosa-
pentaenoylglycerol; EEE, trieicosapentaenoylglycerol. All the positional iso-
mers (if formed) were included under the same abbreviation.
bEthanolysis was performed at EtOH/EEE = 4:1 (w/w) with Novozym 435 as
catalyst.
cReesterification of partial glycerides was performed with Lipozyme IM as
catalyst.
dGlyceride composition of the reesterification reaction mixture at 1.5 h after
1.5 h ethanolysis.



paper.

ACKNOWLEDGMENT

The authors are grateful to Novozyme Japan Ltd. for providing the
enzymes.

REFERENCES

1. Emken, E.A., R.O. Adlof, S.M. Duval, and G.J. Nelson, Effect
of Dietary Docosahexaenoic Acid on Desaturation and Uptake
in Vivo of Isotope-Labeled Oleic, Linoleic, and Linolenic Acids
by Male Subjects, Lipids 34:785–791 (1999).

2. Gill, I., and R. Valivety, Polyunsaturated Fatty Acids, Part 1:
Occurrence, Biological Activities and Applications, Tibtech 15:
401–409 (1997).

3. Endo, Y., S. Hoshizaki, and K. Fijimoto, Oxidation of Synthetic
Triacylglycerols Containing Eicosapentaenoic and Docosa-
hexaenoic Acids: Effect of Oxidation System and Triacylglyc-
erol Structure, J. Am. Oil Chem. Soc. 74:1041–1045 (1997).

4. Hedeman, H., H. Brøndsted, A. Mullertz, and S. Frokjaer, Fat
Emulsions Based on Structured Lipids (1,3-specific triglyc-
erides): An Investigation of the in Vivo Fate, Pharm. Res. 13:
725–728 (1996).

5. Christensen, M.S., C.E. Høy, C.C. Becker, and T.G. Redgrave,
Intestinal Absorption and Lymphatic Transport of Eicosapen-
taenoic (EPA), Docosahexaenoic (DHA), and Decanoic Acids:
Dependence on Intramolecular Triacylglycerol Structure, Am. J.
Clin. Nutr. 61:56–61 (1995).

6. Shimada, Y., A. Sugihara, K. Maruyama, T. Nagao, S.
Nakayama, H. Nakano, and Y. Tominaga, Production of Struc-
tured Lipid Containing Docosahexaenoic and Caprylic Acids
Using Immobilized Rhizopus delemar Lipase, J. Ferment. Bio-

eng. 81:299–303 (1996).
7. Iwasaki, Y., J.J. Han, M. Narita, R. Rosu, and T. Yamane, En-

zymatic Synthesis of Structured Lipids from Single Cell Oil of
High Docosahexaenoic Acid, J. Am. Oil Chem. Soc. 76:
563–569 (1999).

8. Schmid, U., U.T. Bornscheuer, M.M. Soumanou, G.P. Mc Neill,
and R.D. Schmid, Optimization of the Reaction Conditions in
the Lipase-Catalyzed Synthesis of Structured Glycerides, Ibid.
75:1527–1531 (1998).

9. Han, J.J., Y. Iwasaki, and T. Yamane, Use of Isopropanol as a
Modifier in a Hexane-Acetonitrile Based Mobile Phase for the
Silver Ion HPLC Separation of Positional Isomers of Triacyl-
glycerols Containing Long-Chain Polyunsaturated Fatty Acids,
J. High Resolut. Chromatogr. 22:357–361 (1999).

10. Iwasaki, Y., and T. Yamane, Enzymatic Synthesis of Structured
Lipids, J. Mol. Catal. B Enzym. 10:129–140 (2000).

11. Irimescu, R., M. Yasui, Y. Iwasaki, N. Shimidzu, and T. Ya-
mane, Enzymatic Synthesis of 1,3-Dicapryloyl-2-eicosapen-
taenoylglycerol, J. Am. Oil Chem. Soc. 77:501–506 (2000).

12. Haraldsson, G.G., B.O. Gudmundsson, and O. Almarsson, The
Synthesis of Homogenous Triglycerides of Eicosapentaenoic
Acid and Docosahexaenoic Acid by Lipase, Tetrahedron 51:
941–952 (1995).

13. Breivik, H., G.G. Haraldsson, and B. Kristinsson, Preparation
of Highly Purified Concentrates of Eicosapentaenoic Acid and
Docosahexaenoic Acid, J. Am. Oil Chem. Soc. 74:1425–1429
(1997).

14. Haraldsson, G.G., B. Kristinsson, R. Sigurdardottir, G.G. Gud-
mundsson, and H. Breivik, The Preparation of Concentrates of
Eicosapentaenoic Acid and Docosahexaenoic Acid by Lipase-
Catalyzed Transesterification of Fish Oil with Ethanol, Ibid. 74:
1419–1424 (1997).

ENZYMATIC SYNTHESIS OF 1,3-DICAPRYLOYL-2-DOCOSAHEXAENOYLGLYCEROL 289

JAOCS, Vol. 78, no. 3 (2001)



15. Irimescu, R., K. Hata, Y. Iwasaki, and T. Yamane, Comparison
of Lipase-Catalyzed Acidolysis and Interesterification for Syn-
thesis of 1,3-Dicapryloyl-2-eicosapentaenoylglycerol, Ibid. 78:
65–70 (2001).

[Received August 7, 2000; accepted November 14, 2000]

290 R. IRIMESCU ET AL.

JAOCS, Vol. 78, no. 3 (2001)


