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Abstract The present research deals with the chemical
esterification of the sn-2- position of sn-1,3-diacylglycerol
(sn-1,3-DAG) with 9cis,11trans (¢9,t11) and 10trans,12cis
(t10,c12) conjugated linoleic acid (CLA) isomers to obtain
structured triacylglycerols (TAG); the sn-1,3-DAG sub-
strates were produced from extra virgin olive oil by means
of enzymatic reactions while CLA isomers were obtained
using a three-step procedure based on alkaline hydrolysis
of sunflower oil, urea purification of linoleic acid (LA) and
alkaline isomerization of LA. The results showed good
levels of CLA incorporation in structured TAG at the tested
temperatures: 37.5% at 4 °C and 39.1% at 14 °C. To
evaluate the incorporation of CLA isomers in sn-2- posi-
tion of sn-1,3-DAG structural analysis of the newly
synthesized TAG was carried out using an enzymatic and a
chemical method. The results of the structural analysis also
showed up the occurrence of acyl migration. The pancre-
atic lipase method allowed the direct determination of the
fatty acid composition of TAG sn-2- position but this
enzymatic method showed different results (p < 0.05) in
respect to the chemical one; this occurrence could be due to
an acylic specificity of the lipase. High incorporation of
CLA isomers in sn-2- position of TAG was observed,
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77.0% at 4 °C and 81.5% at 14 °C, considering the results
of the chemical procedure.

Keywords CLA - sn-1,3-DAG - Structured TAG -
Structural analysis

Introduction

The interest in structured triacylglycerols (TAG) contain-
ing specific fatty acids (FA), as conjugated linoleic acid
(CLA) isomers, in definite sn-positions of the glycerol
backbone, has recently increased. Different synthetic
methods, both enzymatic and chemical, have been devel-
oped in order to produce particular TAG molecular species.
It is well known that absorption and metabolism of FA
depend on the position esterified on the TAG backbone and
in particular it is well documented that the FA located at
the sn-2- position are physiologically very important,
because the pancreatic lipase, regiospecific for the external
positions of TAG, hydrolyzes the sn-1- and sn-3- positions
to give sn-2-monoacylglycerols (MAG), which are effi-
ciently absorbed [1-3].

Conjugated linoleic acid represents a family of many
isomers of linoleic acid (LA), with different position and
cis(c)/trans(t) configuration of their conjugated double
bonds. Many studies on CLA have shown beneficial effects
on human and animal health [4], in fact anticarcinogenesis
[5], immunomodulation [6], body composition modifica-
tion [7] and antiatherosclerosis [8] effects have been
observed. Anyway these effects are principally attributed to
the ¢9,¢11 and #10,c12 CLA isomers.

Much work has been done to perform TAG structural
analysis, using both enzymatic and chemical procedures.
The determination of the regiospecific distribution of FA in
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TAG backbone is generally based on a deacylation technique
which produces “representative” partial acylglycerols.
Usually the chemical methods (Grignard deacylation of
TAG), in comparison with enzymatic procedures, show no
significant selectivity with respect to chain length, unsatu-
ration of acyl groups and double bond configuration, so a
representative pool of partial acylglycerol is formed [9].
However the principal difficulties are due to the occurrence
of acyl migration of partial acylglycerols, considering both
diacylglycerol (DAG) and MAG classes [10, 11]; undesir-
able acyl migrations may occur during these reactions and a
contamination caused from isomerization can be observed
[12]. In any case, some procedures for TAG structural
analysis have been successfully developed, procedures
based on the use of all isomeric DAG classes [13] and of sn-
1(3)-MAG or sn-2-MAG [14, 15].

The present research was undertaken in order to obtain
TAG containing a high percentage of bioactive CLA iso-
mers in the sn-2- position, structured lipids with nutritional
advantages due to the real bioavailability of the considered
isomers. The CLA isomers, produced starting from sun-
flower oil as reported in a previous work [16], were
esterified into the free sn-2- position of the sn-1,3-DAG
[17] using a chemical method. Another objective of the
research was the structural analysis of the synthesized
TAG, in particular the determination of FA% composition
of the sn-2- position.

To this end, an indirect chemical procedure (procedure
A), based on the analysis of sn-1(3)-MAG classes obtained
from TAG deacylation, was carried out; moreover an
enzymatic method (procedure B), which allowed to obtain
directly the FA composition of TAG sn-2- position from
the sn-2-MAG produced from TAG hydrolysis with
pancreatic lipase, was used. The comparison between
the results of FA% composition of TAG sn-2- position
obtained using the procedures A and B allowed us to
evaluate eventual enzymatic specificity toward particular
FA, in particular the CLA isomers.

Materials and Methods
Materials

Linoleic acid conjugated methyl ester (mixture of cis- and
trans-9,11- and -10,12-octadecadienoic acid methyl esters,
<1% linoleic acid methyl ester; catalog number 05632)
was purchased from Sigma-Aldrich (St Louis, MO, USA).

N,N'-dicyclohexylcarbodiimide (DCCD) and 4-dimeth-
ylaminopyridine (DMAP), >99.0%, were from Fluka
(Chemika, Buchs, Switzerland).

Solvents and reagents used were of analytical grade,
purchased either from Sigma-Aldrich or Fluka; the solvents
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for chromatography were high-performance liquid chro-
matographic (HPLC) grade, purchased from Carlo Erba
Reagents (Milan, Italy) or J.T. Baker (Mallinckrodt Baker
B.V., Deventer, Holland).

Methods
Production and Isolation of sn-1,3-DAG

The production of sn-1,3-DAG was carried out as reported
in a previous work [17]. Briefly, the procedure was the
following: extra virgin olive oil was treated with ethanol
96° and Novozym 435, overnight at 45 °C, under magnetic
stirring. The products of ethanolysis reaction were reacted
for 48 h with anhydrous Lipozyme IM at 25 °C, under
magnetic stirring in an amber opened vial, in a solvent-free
system under vacuum. The work up of the reaction and the
isolation of the sn-1,3-DAG were carried out as reported in
the cited work; the sn-1,3-DAG yield was 60% and this
fraction resulted isomerically pure. An aliquot (5 mg) was
transesterified and the fatty acid methyl esters (FAME)
analyzed by high-resolution gas chromatography (HRGC);
the other part was used to synthesize structured TAG. The
typical FA% composition of the sn-1,3-DAG was: palmitic
acid (C16:0; 13.0%), palmitoleic acid (C16:1n—9 + n—7;
0.8%), stearic acid (C18:0; 1.8%), oleic acid (C18:1n—
9 4+ n—7isomer; 78.1%), linoleic acid (C18:2n—6; 5.2%),
linolenic acid (C18:3n—3; 0.6%) and arachidic acid
(C20:0; 0.3%).

Preparation of CLA Isomers from Sunflower Oil

The alkaline hydrolysis of sunflower oil, the LA purifica-
tion with urea and the alkaline isomerization of LA to CLA
isomers were carried out following the procedure reported
in a previous work [16]. Briefly, sunflower oil was reacted
for 1 h at 70 °C with potassium hydroxide, water, ethanol
95% and butylated hydroxytoluene. The isolated FA were
subjected to urea purification using FA, urea and methanol
in the following ratio, 1.0 g:1.5 g:4.5 ml; the mixture was
maintained at 5 °C overnight and then subjected to filtra-
tion under vacuum. This step was carried out two times.
The purified LA was subjected to the isomerization reac-
tion to CLA isomers with 1-butanol and potassium
hydroxide, heating to reflux for 12 h to 140 °C.

The FA% composition of the products of the three steps
of the preparation of CLA isomers was determined after
methylation [18] and HRGC analysis; in Fig. la—c the
HRGC profiles of alkaline hydrolysis of sunflower oil, LA
purification with urea and alkaline isomerization of fraction
enriched in LA are shown. CLA isomers were identified in
comparison with a CLA standard mixture. The FA%
composition of the CLA mixture was: C18:1n—9 4+ n—7
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(1.5%), C18:2n—6 (0.2%) and total CLA (98.3%) with the
following isomers distribution: 9,11 (47.8% isomer/total
CLA), t10,c11 (47.3% isomer/total CLA), t,t isomers (2.6%
isomer/total CLA) and other CLA isomers (2.2% isomer/
total CLA).

Production and Isolation of TAG

A solution of sn-1,3-DAG (0.5 mmol), CLA isomers
(0.75 mmol), DCCD (2.0 mmol) and DMAP (2.0 mmol) in
10 ml of dichloromethane was stirred for 24 h, in an amber
closed vial in a dark place, at two different temperatures, 4
and 14 °C. Finally, the mixture was washed two times with
water; the aqueous phase was collected and washed with
hexane. The organic phase was added to the dichloro-
methane solution, then the solvents were dried over

anhydrous Na,SQO,, filtered (0.2 pm nylon membrane filter;
Corning Incorporated, Corning, Germany) and evaporated
by a nitrogen stream. The reaction products were dissolved
in 1 ml of the mixture chloroform/methanol (2:1, v/v).
An aliquot (20 pl) was filtered and analyzed by an
HPLC-evaporative light scattering detector (ELSD) to
monitor the reaction. The HPLC-ELSD analyses were
carried out using a gradient pump, Models 305 and 307
(Gilson, Middletown, WI, USA), a Lichrosorb Si-60 col-
umn (5 pm, 250 mm x 4.0 mm i.d.; Merck, Darmstadt,
Germany) and an ELSD (Sedex 55, S.E.D.E.RE., France),
operating at 40 °C and nitrogen pressure of 240 kPa. The
chromatograms were acquired and the data handled using
the Class-VP software (Shimadzu, Kyoto, Japan). The
samples were analyzed by gradient elution: the mixture
hexane/isopropyl alcohol (95:5, v/v) was maintained for
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the first 6 min at flow rate of 0.7 ml/min, then it changed to
the mixture hexane/isopropyl alcohol (80:20, v/v) at flow
rate of 1.0 ml/min, that was held for 20 min; then the
column was reconditioned with hexane/isopropyl alcohol
(95:5, v/v), flow 0.7 ml/min. At the end of the reaction, the
HPLC profile showed the TAG fraction (90%) and trace
amounts of DAG and MAG fractions.

The remaining part of the TAG synthesis products was
subjected to TLC to isolate the TAG fraction from trace
amounts of reaction reagents and by-products (MAG
and DAG fractions), using silica gel plates (SIL
G-25, 20 x 20 cm, 0.25 mm; Macherey-Nagel, Germany).
A mixture of petroleum ether/diethyl ether/formic acid
(70:30:1, v/v) was used as developing solvent for the thin
layer chromatography (TLC). The TAG fraction
(Rf = 0.75) was scraped off and extracted from silica by
the mixture hexane/diethyl ether (50:50, v/v; 10 ml x 3);
the organic extracts were pooled and the solvent was
evaporated by nitrogen stream. The obtained TAG fraction
was weighted (80% yield) and analyzed to obtain total and
positional FA% compositions.

Structural Analysis of the Synthesized TAG

Chemical procedure using «-MAG (procedure A): The
TAG fraction was subjected to partial chemical hydrolysis
with Grignard reaction as reported by Turon et al. [14]. The
sn-1(3)-MAG obtained were transesterified and the FAME
analyzed by HRGC.

The acidic % composition of sn-2- position was calcu-
lated applying the following formula:

A2:3><A,—2><A1(3)

where A, is % intrapositional composition of FA esterified
in sn-2- position, A, is % total composition of FA esterified
in all the three sn- positions of TAG, A, is % intrapo-
sitional composition of FA esterified in sn-1(3)- positions.

Enzymatic procedure (procedure B): The TAG fraction
was subjected to hydrolysis with hog pancreas lipase as
described by the NGD method [15]. The sn-2-MAG
obtained were transesterified and the FAME analyzed by
HRGC.

Preparation of FAME: TAG, sn-2-MAG and sn-1(3)-
MAG were transesterified as follows: about 3 mg was
dissolved in 1 ml of hexane and then 0.2 ml of 2 N
methanolic KOH were added; after 3 min, water was added
and the upper organic phase was dried over anhydrous
Na,SO,4 and then concentrated under a nitrogen stream for
HRGC analysis.

HRGC analysis: A DANI 1000DPC gas-chromatograph
(Norwalk, CT, USA), equipped with a split-splitless
injector and with a flame-ionization detector was used. The
fused silica WCOT capillary column CP-Select CB for
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FAME (50 m x 0.25 mm i.d., 0.25 pm f.t.; Varian,
Superchrom, Milan, Italy) was used. The chromatograms
were acquired and processed using Clarity integration
software. The chromatographic conditions were the fol-
lowing: the injector and detector temperature was 250 °C;
the oven temperature was 130 °C, then increased to 250 °C
at 3 °C/min; the final temperature was held for 10 min. The
carrier gas (He) flow rate was 1 ml/min and the split ratio
was 1:70.

Statistical Analysis

Four samples for each temperature were analyzed and the
results were reported as mean values + standard deviations
(SD).

Student’s #-test, calculated using Excel 1997 (Microsoft
Corporation, Redmond, WA, USA), was used to evaluate
the differences between FA compositions of TAG (total
and positional) of the different samples (type: 3, heteros-
cedastic; tails: 2).

Results and Discussion

The chemical approach for the esterification of sn-2-
position of sn-1,3-DAG with CLA isomers showed many
advantages, as simplicity, quickness and low cost; more-
over the reaction, carried out overnight using DCCD as
coupling-condensation agent and DMAP as catalyst, gave
almost complete conversion, both at 4 and at 14 °C. In
Fig. 2a, b the HRGC profiles of sn-1,3-DAG, starting
compounds for the synthesis, and of TAG synthetized at
4 °C, are showed; the profile was the same if the reaction
temperature was 14 °C. The FA% compositions of the
TAG, synthetized at 4 and 14 °C, are reported in Table 1;
the percentages of total CLA isomers were 37.5 and 39.1%,
respectively, at 4 and 14 °C. It can be noted that these
percentages were mainly represented from c¢9,711- and
t10,c12- CLA isomers, reported as primarily responsible of
the beneficial physiological effects of CLA family, while
the ¢,t- CLA isomers, which could be formed from ¢9,711-
and 710,c12- isomers because of isomerization processes,
were present in very low percentages (<0.7%). Little but
significant differences (p < 0.05) were observed between
the percent contents, both for ¢9,t11- and ¢10,c12- CLA
isomer, in TAG synthesized at 4 and 14 °C. The others FA
esterified in the structured TAG were typical of extra virgin
olive oil used for the enzymatic production of sn-1,3-DAG.

Considering that the theoretical maximum incorporation
of CLA isomers would be 33.3%, corresponding to a 100%
esterification yield of the internal position of TAG, the
differences observed between the values obtained and the
theoretical ones could be explained by the occurrence of
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Table 1 Fatty acid composition (mean values
of TAG synthesized at 4 and 14 °C

mol% =+ SD, n = 4)

FA TAG 4 °C TAG 14 °C
Cl16:0 7.5+ 0.1* 6.8 +£0.2°
C16:1n—9 + n—7 0.6 + 0.1* 0.5+ 0.1*
C18:0 1.2 +£0.1* 1.2 +£0.1*
C18:1n—=9 + n—7 48.8 + 0.2* 48.5 + 0.5%
C18:2n—6 3.8 +£0.3* 34 +£02°
C18:3n—-3 0.3 +0.1* 0.4 + 0.1*
C20:0 0.1 +0.1* 02+0.1°
¢9,:11-CLA 18.2 +0.2% 18.8 + 0.2°
t10,c12-CLA 18.1 +0.3* 18.9 + 0.2°
t,i-CLA 0.6 £ 0.1* 0.7 £ 0.1*
Other CLA isomers 0.6 £ 0.1* 0.7 £ 0.1*
Total CLA isomers 37.5 39.1

Data with the same superscript letters within rows are not signifi-
cantly (p < 0.05) different

acyl migrations. To confirm this hypothesis and to verify
the regiodistribution of CLA isomers in the synthesized
TAG, two different procedures were used, one involving
the chemical deacylation of TAG, the second based on
TAG enzymatic hydrolysis by pancreatic lipase. Using the
sn-1(3)-MAG method (procedure A) the FA% composition
of the sn-2- position was indirectly obtained by calculation,
while in the case of the enzymatic method (procedure B)
the same data were directly obtained from the analysis of
sn-2-MAG.

Tine (min)

In Table 2, the FA compositions of the sn-1(3)- posi-
tions, directly obtained from analysis of sn-1(3)-MAG,
have been reported; it can be noted that CLA isomers were
also esterified in sn-1(3)- positions, occurrence due to
isomerization processes of acylglycerol species, as previ-
ously indicated. As indicated in Table 2, no significant
differences (p > 0.05) were observed in sn-1(3)-MAG
obtained from TAG synthesized at 4 and 14 °C, for both
the CLA isomers.

The comparison between the acidic % compositions of
the sn-2- position obtained with the two different proce-
dures has been reported in Tables 3 and 4, respectively, for
TAG synthesized at 4 and 14 °C. It can be noted that a
good incorporation of CLA was obtained at the tested
temperatures, in fact the two CLA isomers ¢9,f11- and
t10,c12- were the most abundant FA esterified in TAG
central position; the percentages of the #,-isomers of CLA
were low both at 4 and 14 °C (not higher than 1.6%). As
already observed, a process of acyl migration of FA ini-
tially esterified in sn-1- and sn-3- positions occurred; in
particular oleic acid, the most abundant FA in sn-1,3-DAG,
was obviously the most involved FA and it was detected in
TAG sn-2- position in relevant percentages. The compar-
ison between the percent compositions of ¢9,711- and
t10,c12- CLA isomers obtained from the chemical proce-
dure (procedure A) and the enzymatic one (procedure B)
showed little but significant differences (p < 0.05) both at
4 °C and at 14 °C. This occurrence could be due to a
selectivity of lipase for chain length or unsaturation degree
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Table 2 Fatty acid composition (mean values mol% =+ SD, n = 4)
of sn-1(3)-MAG, obtained from TAG synthesized at 4 and 14 °C

FA sn-1(3)-MAG 4 °C sn-1(3)-MAG 14 °C
C16:0 9.5+ 0.7* 94 + 1.6*
C16:1n—=9 4+ n—7 0.5 + 0.1* 0.5 + 0.1*
C18:0 2.0 +£0.2* 2.0 +£ 0.5*
C18:1n—9 + n—7 63.7 £ 1.7* 64.0 + 1.3*
C18:2n—6 52+ 1.2°% 59 +2.0°
C18:3n—3 0.2 +0.1* 0.5+ 0.2°
C20:0 0.9 + 0.6* 02 +0.1°
¢9,:11-CLA 8.5+ 0.1° 8.2 + 1.2°
t10,c12-CLA 8.6 + 0.4° 8.4+ 1.2°
t,--CLA 0.5 + 0.1* 0.2 +£0.2*
Other CLA isomers 0.3 £0.1* 0.6 + 0.2*
Total CLA isomers 17.9 17.4

Data with the same superscript letters within rows are not signifi-
cantly (p < 0.05) different

Table 3 Fatty acid composition (mean values mol% + SD, n = 4)
of the sn-2- position of TAG synthesized at 4 °C, obtained with the
chemical (A) and enzymatic (B) method

FA sn-2-A sn-2-B
4 °C

C16:0 34+ 1.1° 32 +£02°
C16:1n—9 + n—7 0.8 £+ 0.4° 02+0.1°
C18:0 —0.3 +0.1° 0.6 +0.1°
C18:1n—9 + n—7 19.0 &+ 4.2* 243 + 0.6°
C18:2n—6 1.0 £1.4° 1.8 £0.1°
C18:3n—3 0.5+ 0.1 0.1+0.1°
C20:0 —13 4+ 1.4° 0.1+ 0.1¢
¢9,/11-CLA 37.8 + 0.5 32.6 + 0.2°
110,¢12-CLA 37.1 + 1.8° 32.9 +0.1°
1,--CLA 0.8 £+ 0.2° 13+0.1°
Other CLA isomers 1.3 + 0.4* 1.2 +0.2%
Total CLA isomers 77.0 68.0

Data with the same superscript letters within rows are not signifi-
cantly (p < 0.05) different

of the FA, in particular of CLA isomers. Considering the
differences between the sn-2- intrapositional CLA per-
centages of TAG obtained at 4 and 14 °C, it should be
noted that slightly higher incorporation was obtained at
14 °C with respect to 4 °C, in particular when the data of
the procedure A are compared (p < 0.05 for both ¢9,r11-
and 110,c12- CLA isomers). In the same Table 3 it can be
observed that using the chemical procedure 77.0% of total
CLA isomers was obtained in TAG sn-2- position while
this value was 68.0% if the enzymatic procedure was used,
for TAG synthesized at 4 °C; slightly higher values of
CLA incorporation in the sn-2- position were obtained at
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Table 4 Fatty acid composition (mean values mol% =+ SD, n = 4)
of the sn-2- position of TAG synthesized at 14 °C, obtained with the
chemical (A) and enzymatic (B) method

FA 14 °C

sn-2-A sn-2-B
Cl16:0 2.0 £ 0.6* 3.4 4+ 0.0*
C16:1n-9 + n—7 0.4 + 0.2% 0.2 + 0.0*
C18:0 -0.6 + 0.5% 0.6 + 0.0°
C18:1n—-9 + n—7 18.5 + 1.6* 25.7 £ 0.1*
C18:2n—6 2.1 £0.7¢ 1.8 £ 0.0*
C18:3n—3 0.0 £ 0.3* 0.2 + 0.0*
C20:0 0.2 +0.1* 0.1 + 0.0*
9,/11-CLA 39.6 +£ 2.0* 33.1 £ 0.4°
t10,c12-CLA 39.4 £ 2.1 33.8 +0.3°
t,t-CLA 1.6 + 0.4° 1.3 +0.1*
Other CLA isomers 0.9 4+ 0.3* 1.4 +0.0°
Total CLA isomers 81.5 69.6

Data with the same superscript letters within rows are not signifi-
cantly (p < 0.05) different

14 °C, for both chemical (81.5%) and enzymatic proce-
dures (69.6%).

It can be concluded that the chemical synthesis, carried
out under the described experimental conditions, permits us
to produce structured TAG with good levels of CLA iso-
mers in the sn-2- position. The results of the structural
analysis obtained with the described procedures showed
little differences in the sn-2- intrapositional composition of
TAG containing CLA isomers; this could suggest that the
chemical procedure gives better results when compared
with the enzymatic one, that may suffer from acylic
specificity.
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