
ABSTRACT: A very simple and versatile GC method has been
developed that can be utilized for quick analysis, in many sam-
ples, of the FA compositions at the sn-2- and sn-1,3-positions of
TAG. By using the lipase-catalyzed, sn-1,3-regioselective ester-
exchange reaction of TAG with ethyl acetate, followed by direct
injection of the crude reaction mixture into the GC apparatus
without any pretreatment, the FA located at the sn-2-position
could accurately be analyzed as a TAG derivative in which the
sn-1,3-positions were substituted by an acetate residue. Further-
more, the FA located at the sn-1,3-positions could simultaneously
be analyzed as the corresponding ethyl ester derivatives using this
method. The reliability of the analytical method was compared
with conventional methods by analyzing the TAG consisting of
caprylic acid (C) at the sn-2-position and oleic acid (O) at the sn-
1,3-positions, giving comparable analytical results. The present
method was applied to the analysis of the structured lipids CCD
and CCE, consisting of TAG as a major component in which C
and the highly unsaturated FA, DHA (D) or EPA (E), were specifi-
cally bound at the sn-2- and the sn-1,3-positions, respectively. 
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Recent studies have investigated structured lipids in which the
location of the FA in the acylglycerol molecule is specified.
Structured lipids containing highly unsaturated FA, such as EPA
and DHA, have been extensively studied in order to capitalize
on the health-promoting qualities of these FA (1–4).  Develop-
ment of analytical methodology to determine the purity and to
identify the structure of structured lipids is very important for
basic studies and the production of structured lipids consisting
of TAG. A convenient and versatile method is necessary to ex-
tend the results of laboratory studies toward practical use.

GC methods (5–8), and HPLC methods using the ODS
column (9,10), generally have been used for analysis of the
TAG molecular species composition of a fat. However, it is
difficult to distinguish the regioisomers arising from the dif-
ferent binding positions sn-1,3/sn-2 of the FA using these
conventional methods. With regard to the method for separa-
tion of the regioisomers, HPLC methods using silver-ion

columns (11–14) and chiral column (15) have been reported,
but these methods are not highly versatile.

An enzymatic GC method and a 13C NMR spectroscopic
method have been proposed for analysis of the molecular struc-
tures of structured lipids. In the 13C NMR spectroscopic
method (16,17), the signals of the olefinic and carbonyl regions
of the target fat are measured by the magnified spectral method,
and the proportion of the FA located at the sn-1,3-/sn-2-posi-
tions are determined from chemical shifts. However, in com-
parison with the enzymatic GC method, as will be discussed
later, the 13C NMR method has drawbacks in its current state
because it requires a high-resolution NMR spectrometer and
because linoleic acid and linolenic acid are not resolved.

In the enzymatic GC method (18), FA are analyzed using
GC after partial hydrolysis of the fat using an sn-1,3-regio-
specific lipase, followed by separation of the resulting sn-2-
MAG by TLC, followed by methyl esterification. This
method does not require any special instruments and is highly
versatile for analysis of any kind of fat that can be degraded
by lipase action, but it has the drawback that somewhat com-
plicated sequential procedures such as hydrolysis, TLC, and
GC analysis are required. Furthermore, there is concern about
the possible reduction in the analytical accuracy caused by
the intramolecular rearrangement of FA in the DAG produced
as intermediates in the enzymatic hydrolysis reaction.

We investigated a method for analysis of the sn-2 FA com-
position that is not only convenient and versatile but also free
from concern about possible intramolecular rearrangement of
the FA components, since it does not result in any DAG in-
termediates.

EXPERIMENTAL PROCEDURES

Substrates and lipases. Tricaprylin of 99% purity from Tokyo
Kasei Kogyo Co., Ltd. (Tokyo, Japan) was used for this study.
Rapeseed oil from The Nisshin Oil Mills, Ltd. (Tokyo, Japan)
was used. Oleic acid from Wako Pure Chemical Industries,
Ltd. (Osaka, Japan) was used after purification by distillation.
DHA and EPA of 98% purity from Nippon Chemical
Reagents, Ltd. (Hakodate, Japan) were used. For the lipase
enzymes, Lipase QL (Alcaligenes sp.) from Meito Sangyo
Co., Ltd. (Nagoya, Japan), pancreatin (hog pancreas) from
Wako Pure Chemical Industries, Ltd., and the immobilized li-
pase Novozym 435 (Candida antarctica) from Novozymes
Japan Ltd. (Chiba, Japan) were used. Other reagents used in
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this study were commercially available, the purity of which
were tested by the Specific Gravity method.

Preparation of TAG. The TAG POP, bearing palmitic acid
(P) at the sn-1,3 positions and oleic acid (O) at the sn-2-posi-
tion, respectively, was prepared by fractionation of cacao fat
by HPLC using a silica gel column.

The structured fat CCO, where C represents caprylic acid,
was prepared as in our previous report (19). Oleic acid (540 g)
was added to tricaprylin (100 g), and after addition of Lipase
QL (0.9 g), the mixture was allowed to react at 40°C for 3.5 h.
After the reaction, the FA were removed by phase separation
with n-hexane/acetonitrile, and the remaining polar substances,
consisting of DAG and FA, in the n-hexane phase were further
removed using silica gel column chromatography, giving CCO.

The structured fat CCE, where E represents EPA, and
caprylic acid, specially bearing EPA at the sn-1- or sn-3-posi-
tions (Sigma-Aldrich Japan K.K., Tokyo, Japan), of the TAG,
was prepared as follows. EPA (95 g) was added to tricaprylin
(50 g), and, after bubbling nitrogen into the mixture for 10
min to make an adequate nitrogen atmosphere, Novozym 435
(2.9 g) was added and the mixture was allowed to react at
60°C for 23 h. After the reaction, the FA were removed by
phase separation with n-hexane/acetonitrile, giving CCE.

The structured fat CCD, consisting of DHA (D) and
caprylic acid (C), specially bearing DHA at the sn-1- or sn-3-
positions of the TAG, was prepared as follows. DHA (150 g)
was added to tricaprylin (50 g), and, after bubbling nitrogen
into the mixture for 10 min to make an adequate nitrogen at-
mosphere, Novozym 435 (4 g) was added and the mixture
was allowed to react at 60°C for 25 h. After the reaction, the
FA were removed by phase separation with n-hexane/acetoni-
trile, giving CCD.

Analysis of the compositions of TAG and DAG. The com-
positions of the TAG and DAG were determined using GC
with a DB-1ht (0.32 mm × 0.1 µm × 5 m) column (Agilent
Technologies), under the following analytical conditions: The
injection temperature was 370°C, the detector temperature
was 370°C, the column temperature was raised from 200 to
370°C at a rate of 15°C/min, the split ratio was 50:1, and he-
lium was used as the carrier gas with a constant flow rate of
6.0 mL/min. The composition of the FA was determined by
calculating the corresponding percentage of the peak area.

Determination of FA at the sn-2-position by the enzymatic
ester-exchange method. To ethyl acetate (1 mL) were added
the fat sample (30 µL) and Novozym 435 (5–10%, wt/vol),
and the ester-exchange reaction was carried out at room tem-
perature (25°C) for 1–6 h using a magnetic stirrer. After the
reaction, the reaction mixture was directly injected onto a
DB-1ht (0.32 mm × 0.1 µm × 5 m) GC column (Agilent). The
analytical conditions were as follows: The injection tempera-
ture was 370°C, the detector temperature was 370°C, the split
ratio was 50:1, and helium was used as the carrier gas with a
constant flow rate of 6.0 mL/min. 

Determination of FA at the sn-2-position by the enzymatic
hydrolysis method. Hydrolysis was performed according to
AOCS Official Method Ch 3-91. The oil sample was purified

by preparative TLC. The enzymatic reaction was carried out
for 3 min at 40°C using pancreatin lipase. The obtained MAG
was methylated by esterification with sulfuric acid/methanol.
The GC analytical conditions were as follows: SP2340TM col-
umn (Sigma-Aldrich Japan K.K., Tokyo, Japan), and an FID
detector. The column temperature was raised from 150 to
210°C (2.5°C/min), the injection temperature was 230°C, and
the detector temperature was 240°C.

Determination of FA at the sn-2-position by the NMR
method. By using the 13C NMR magnified spectral method
(20), the peaks corresponding to the carbonyl carbon atoms of
the sn-2 oleic acid and caprylic acid were measured, and the
FA composition was determined based on the peak height. The
conditions of the NMR measurement were as follows: A Var-
ian Gemini 2000 TM (400 MHz) NMR spectrometer (Varian
Technologies Japan Ltd., Tokyo, Japan) was used, and the sam-
ple concentration was 20% in CDCl3 solution. The relaxation
time was 40 s with a pulse width of 90 degrees, the number of
scans was 1,008, the spectral width was 120–180 ppm, the ac-
quisition time was 10 s, and the temperature was at 30°C.

Determination of the sn-2-position FA by the HPLC
method. According to the method reported by Adlof (14), the
HPLC determination of the FA at the sn-2-position was car-
ried by HPLC out under the following conditions; Chrom-
Spher LipidsTM column (from Varian Inc., Middelburg, The
Netherlands), 250 × 4.6 mm, UV detector at 206 nm, and n-
hexane containing 0.5% of acetonitrile as a mobile phase with
a flow rate at 1.0 mL/min.

RESULTS AND DISCUSSION

Lipase-catalyzed reactions in organic solvents have long been
studied, but very few have been reported to exhibit lipase activ-
ity in highly polar solvents such as ethanol, acetic acid, and
ethyl acetate (21). However, Novozym 435 exhibited very high
activity in ethanol and acetic acid, especially in ethyl acetate
(22). We considered that TAG bearing acetate residues at the sn-
1,3-positions would be distinguishable by the FA residue lo-
cated at the sn-2-position and, at the same time, that the FA
eliminated from the sn-1,3-positions of the TAG could be indi-
vidually separated from each other by GC analysis if we could
conduct the enzyme-catalyzed ester-exchange reaction between
TAG and ethyl acetate in a sn-1,3-regioselective manner.

Accordingly, we examined the regioselectivity of the ester-
exchange reaction of TAG and ethyl acetate using Novozym
435. To 1 mL of ethyl acetate was added 100 mg of the TAG
POP, in which palmitic acid is bound specifically at the sn-
1,3-positions, and 5% of Novozym 435, and the ester-
exchange reaction was carried out at room temperature (25°C)
with magnetic stirring. If the ester exchange reaction occurred
at the sn-1,3-positions, ethyl palmitate would be produced,
and if it occurred at the sn-2-position, ethyl oleate would be
produced instead. The time course of formation of ethyl
palmitate and ethyl oleate is shown in Table 1. In this reac-
tion, almost all the POP TAG disappeared after 24 h, being
converted to a TAG in which 2 mol of acetic acid and 1 mol of
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oleic acid were incorporated, respectively. From this table, it
was concluded that the ester-exchange reaction occurred at the
sn-1,3-positions of the TAG with a very high selectivity under
the reaction conditions. The results could be attributed not only
to the high selectivity of the enzyme used but also to the fact
that the intramolecular rearrangement of the FA did not occur
under the analytical conditions because MAG and DAG were
produced to an extent less than a few percent in the ester-ex-
change reaction conditions. Therefore, it is conceivable that the
FA located at the sn-1,3-positions could be determined as the
corresponding ethyl esters simultaneously with the FA located
at the sn-2-position of the TAG, in which two acetate residues
are bound at the sn-1,3-positions. In this method, complicated
sequential procedures such as TLC separation and extraction
are avoided, and the analytical time is shortened.

We analyzed the FA compositions at the sn-2-position using
the structured fat CCO and the enzymatic ester-exchange
method. The structured fat CCO consisted of 89.4% dicapryl-
oyl-oleoylglycerol (2CO), 4.6% tricaprylin (CCC), 5.0%

dioleoyl-capryloylglycerol (2OC), and 1.0% unknown. The rela-
tive ratio of caprylic acid to oleic acid in the FA esterified at the
sn-2-position was 83.8:16.2 (%/%) determined from the ratio of
the peak areas of the TAG (Acetate, C, Acetate) and TAG (Ac-
etate, O, Acetate). The chromatogram is shown Figure 1.

Next, for the structured fat CCO, the relative ratio of oleic
acid to caprylic acid in the FA esterified at the sn-2-position
was calculated using the enzymatic hydrolysis, NMR, and
HPLC methods. The results were: enzymatic ester-exchange,
83.8:16.2 (caprylic/oleic at sn-2, expressed as %/%); enzy-
matic hydrolysis, 88.8/11.2; NMR, 90.7:9.3. It is evident that
results obtained by means of the enzymatic ester-exchange
method using the regioselective lipase are consistent with
those obtained by the other analytical methods. Although
variations due to FA specificity cannot be completely elimi-
nated under the present analytical conditions, MAG and/or
DAG levels were less than a few percent. Therefore, the per-
turbation of the analytical values caused by intramolecular re-
arrangement of the FA could be eliminated, providing a very
convenient and time-saving method that might be useful for
analyzing many test samples. 

The acylglycerols CCD and CCE were prepared and ana-
lyzed by the enzymatic ester-exchange method. The results
are shown in Table 2. The results indicate that the structured
fat that was prepared using the enzymatic ester-exchange re-
action contained the highly unsaturated FA residues DHA and
EPA specifically located at the sn-1- or 3-positions.

Next, as an application of the enzymatic ester-exchange
method to analysis of common oil, rapeseed oil was analyzed
and the analytical data were compared with those obtained by
the enzymatic hydrolysis method. In this experiment, only
ethyl esters that were produced by ester-exchange at the sn-1,3-
positions could be resolved by GC because of small M.W. dif-
ferences of the FA contained in rapeseed oil. Furthermore, as
shown in Figure 2, ethyl linoleate and ethyl linolenate were not
resolved from each other. However, in regard to the analyzable
FA compositions, almost the same result as that of the enzy-
matic hydrolysis method was obtained (Table 3), although the
analytical accuracy was found to be worse. As improvements
in accuracy can be expected in the future with upgrading of
separation performance of GC columns, this convenient ana-
lytical method using the enzymatic ester-exchange reaction
might be useful for analysis of FA compositions of various
kinds of TAG.
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TABLE 1
Time Course of Formation of Ethyl Palmitate to Ethyl Oleate in the
Ester-Exchange Reaction of POP and Ethyl Acetate Using Novozym 435

Reaction time (h) Ethyl palmitate (%) Ethyl oleate (%)

0 0.0 0.0
0.5 100 0.0
1 100 0.0
3 100 0.0
6 96.8 3.2

24 93.0 7.0

FIG. 1. Gas chromatogram of the reaction mixture of structured fat CCO
subjected to the enzymatic ester-exchange method for 2 h. Conditions:
The column was a DB-1ht (0.32 mm × 0.1 µm × 5 m; Agilent), the in-
jection temperature was 370°C, the detector temperature was 370°C.
The column temperature was raised from 50 to 370°C (10°C/min), the
split ratio was 50:1, and helium was used as the carrier gas with a con-
stant flow rate 6.0 mL/min. Each peak was identified by comparison
with corresponding reference material and also by determination using
other analytical methods. C, caprylic acid; O, oleic acid; Ace, acetic

TABLE 2 
Purity and sn-1,3/sn-2-Positional Selectivity of the Targeted
Structured Lipids

TAG types (%)

Caprylic/DHA or 2CCE or ECE or
TAG EPA at sn-2 (%) 2CCDa DCDb CCC Unknown

CCE 96.9/3.1 68.0 23.0 7.9 1.1
CCD 89.5/10.5 71.0 2.6 12.4 14.4
a2CE, dicapryloyl-eicosapentaenoylglycerol; 2CD, dicapryloyl-docosa-
hexaenoyl.
b2EC, dieicosapentaenoyl-capryloylglycerol; 2DC, didocosahexaenoyl-
capryloylglycerol.
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FIG. 2. Gas chromatogram of the reaction mixture of rapeseed oil sub-
jected to the enzymatic ester-exchange method for 3 h. Conditions: The
column was a DB-1ht (0.32 mm × 0.1 µm × 5 m; Agilent), the injection
temperature was 370°C, the detector temperature was 370°C. The col-
umn temperature was raised from 50 to 370°C (3°C/min), the split ratio
was 50:1, and helium was used as the carrier gas with a constant flow
rate of 6.0 mL/min. Each peak was identified by comparison with corre-
sponding reference material and also by determination using other ana-
lytical methods.

TABLE 3 
Comparison of the sn-1,3-Acyl Groups in Rapeseed Oil as Obtained
by the Enzymatic Ester-Exchange and Enzymatic Hydrolysis Methodsa

sn-1,3-Position (%)

Enzymatic Enzymatic
Acyl group ester-exchange hydrolysis

14:0 Not detected 0.2
16:0 7.8 6.4
16:1 Not detected 0.3
17:0 Not detected 0.3
18:0 3.6 3.1
18:1 69.8 67.7
18:2

16.9
12.8

18:3 4.9
20:0 1.9 1.1
20:1 Not detected 2.0
24:0 Not detected 0.3
24:1 Not detected 0.3
aCalculated by sn-2-acyl group and total acyl group.


