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Triacylglycerols of Winter Butterfat Containing Configurational
Isomers of Monoenoic Fatty Acyl Residues. Il. Saturated

Dimonoenoic Triacylglycerols
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Triacylglycerols of Finnish winter butterfat containing one
saturated and two monoenoic fatty acyl residues were
studied. With silver ion high-performance liquid chro-
matography (HPLC), molecules were separated according
to the difference in the configuration of one fatty acyl
moiety. The distribution of the saturated cis,trans-dimono-
enoic and saturated cis,cis-dimonoenoic triacylglycerols ac-
cording to their acyl carbon numbers was compared by
means of reversed-phase HPLC and tandem mass spec-
trometry. Furthermore, two examples of the fatty acid
composition of a specified molecular weight species were
shown. The fatty acid compositions of corresponding
saturated cis,irans-dimonoenoic and saturated cis,cis-
dimonoenoic triacylglycerols were similar; however, there
may be differences in the proportions of different fatty
acid combinations or in the distribution of fatty acids be-
tween primary and secondary glycerol positions.
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When molecular structures of triacylglycerols are investi-
gated, demands for high-resolution chromatography increase
by increasing complexity of molecules, ie., the number of
double bonds in the fatty acyl residues. This is especially
prominent in the case of butterfat because it contains con-
siderable quantities of trans-fatty acids in addition to a wide
range of molecular weight species of triacyiglycerols.

The importance and efficiency of silver ion high-perform-
ance liquid chromatography (HPLC) in lipid research has
been demonstrated by analyzing configurational isomers of
disaturated monoenoic triacylglycerols of butterfat (1). Not
even multiple-stage mass spectrometric (MS) analysis can
replace silver ion HPLC separation because of its adjustable
selectivity. Therefore, combinations of these two techniques
may open the most effective prospects in understanding the
diversity of lipid molecules produced by nature.

The aim of this study was to outline a scheme for in-
vestigations of the configurational isomers of triacylglycerols
of more complex natural mixtures. Saturated dimonoenoic
triacylglycerols of winter butterfat were analyzed by silver
ion HPLC and ammonia negative ion tandem mass spectro-
metry.

MATERIALS AND METHODS

Samples and reagents. Triacylglycerols of Finnish winter
butter were isolated and purified as described earlier (1).
Triacylglycerols containing one saturated and two cis-
monoenoic (SM°M¢) or one saturated, one cis-monoenoic
and one trans-monoenoic fatty acyl residues (SM<M?Y)
were isolated by means of silver ion HPLC as described
earlier (1). The isolated fractions were dissolved in 1,2-
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dichloroethane for HPLC analysis or in hexane for MS
analysis. All solvents were of HPLC-grade and were sup-
plied by Merck (Darmstadt, Germany) and Rathburn
(Walkerburn, Scotland).

HPLC. Separation of the saturated dimonoenoic triacyl-
glycerols was performed by reversed-phase HPLC with an
octadecylsilyl stationary phase and a binary gradient of
dichloromethane/1,2-dichloroethane (4:1, vol/vol) and ace-
tonitrile as described earlier (1). Components were de-
tected with a light-scattering detector.

Tandem MS analysis. Mass spectra of triacylglycerols
were obtained by negative ion chemical ionization (NICI)
with ammonia as reactant gas. Daughter spectra of the
derived [M — H]~ ions were produced by collisional ac-
tivation with argon as described earlier (1,2).

RESULTS AND DISCUSSION

The usefulness of silver ion HPLC for fractionating milk
fat triacylglycerols according to a difference in the con-
figuration of one fatty acyl residue has been shown (1,3,4).
With the silver ion HPL.C method introduced by Christie
{5}, the triacylglycerols of Finnish winter butterfat were
separated into six fractions, namely trisaturated (Ag-
HPLC Fraction 1), disaturated trans-monoenoic (Ag-
HPLC Fraction 2), disaturated cis-monoenoic (Ag-HPLC
Fraction 3), saturated cis,trans-dimonoenoic (Ag-HPLC
Fraction 4), saturated cis,cis-dimonoencic (Ag-HPLC
Fraction 5} and the more unsaturated triacylglycerols (Ag-
HPLC Fraction 6). The fatty acid compositions of these
fractions are presented in the earlier paper (1). The satur-
ated dimonoenoic triacylglycerols represented 14% of all
triacylglycerols present in the winter butterfat studied.
The SM°M* molecules represented 4.5% and SM°M*
molecules 9.5% (1).

Saturated dimonoenoic triacylglycerols. The ammonia
negative ion chemical ionization spectra of SMcM¢ and
SMeM? fractions of butterfat triacylglycerols are shown
in Figure 1A and B, the ions representing deprotonated
triacylglycerols, [M — H]™ ions. Each [M — H}~ ion can
be analyzed further by collisional activation. The inten-
sities of the RCO; ions in the daughter spectra of the
major [M — H]~ ions 689.7 and 857.7 of both SM°M¢ and
SM°M? fractions are summarized in Table 1. The fatty
acids were identified by the number of acyl carbon atoms
and double bonds, and their proportions were calculated
according to the uncorrected intensities of the RCO;
ions. To achieve information on the distribution of con-
figurational isomers of fatty acyl residues in triacylgly-
cerols, it was necessary to fractionate the sample by silver
ion HPLC prior to MS analysis. In addition to cis- and
trans-separation, silver ion HPLC resolved both SM°M?*
and SM°M¢ groups further into several peaks, e.g., based
on molecular asymmetry.

Based on reversed-phase HPLC and MS analyses, the
distribution of the triacylglycerols according to their acyl
carbon numbers did not differ much between saturated

JAOCS, Vol. 70, no. 12 (December 1993)



1174

P. LAAKSO AND H. KALLIO

I 1
100 - 689.5 A 3};0 o5
i
2
Z 80
a4
5
2 60+ 857.6
i
2
< 40 - 829.6
h 15 | 7176
- 885.9
20 s 7457 45 -
AT PN T R LL L[ e
500 600 700 800 Q900 1000
m/z
r =
689.5 Bler o8
100 (305
(WK
S g0 4
5
Z
2 0 -
<
j15]
2 857.9
< 40 6615 17176
i
& 829.9
. 745.6
20 633.4 801.8 8859
5779 773.7 7.3
sae 0 | L , [7ies g2
500 600 700 800 900 1000
m/z

FIG. 1. Mass spectra of the negative ions produced by chemical ionization with ammonia
from the triacylglycerol fractions of winter butterfat: (A) saturated cis, trans-dimonoenoic
(Ag-HPLC Fraction 4) and (B) saturated cis,cis-dimonoenoic (Ag-HPLC Fraction 5)
triacylglycerols. The ions of the displayed areas represent the deprotonated triacylglycerols,
[M — H|™ ions. The experimental conditions are given elsewhere (1). HPLC, high-

performance liquid chromatography.

TABLE 1

Two Examples of the Fatty Acid Compositions of Saturated
¢is, trans-Dimonoenoic (SM°M?) and Saturated cis,cis-Dimonoenoic
{SM°M*) Triacylglycerols of Winter Butterfat Obtained by
Collisional Activation of [M — H]™ Ions by Mass Spectrometry

[M - H]
Fatty RCO; m/z = 689.5 m/z = 857.7
acid® (m/z) SMeM! SMeM¢ SMM? SMeMe
4:0 87 21.0 20.8
6:0 115 2.5 2.1
14:1 225 trace® 0.4
16:1 253 1.5 1.7 0.3 0.8
16:0 255 1.1 0.4 26.7 30.0
18:2 279 1.4 0.7 0.4 trace®
18:1 281 72.0 72.0 70.5 66.7
18:0 283 0.6 1.9 2.0 2.5

“Fatty acids were identified only by the number of carbon atoms
and double bonds. Identification of the fatty acids and calculation of
their proportions were based on the intensities of the uncorrected
RCO; ions.

btrace, less than 0.2%.

JAOCS, Vol. 70, no. 12 {December 1993)

cis,cis- and saturated cis,trans-dimonoenoic fractions.
However, the distribution obtained by MS (Fig. 2A) was
greatly different from that obtained by reversed-phase
HPLC (Fig. 2B). Based on the reversed-phase HPLC
analysis, approximately 80% of the molecules consisted
of species with acyl carbon numbers 50, 52 and 54 com-
pared with 25% obtained by MS. The most abundant acyl
carbon number determined by MS was 40, comprising
over 30% of the total. These results show clearly the
strong discrimination of the intensities of [M — H}~ ions
according to molecular weight in the NICI MS analysis,
as shown earlier by Kallio and Currie (2).

Sufficient resolution of the ammonia NICI MS made
it possible to recognize and analyze minor molecular
weight fractions. Butterfat triacylglycerols contained
small amounts, 5-6%, of saturated dimonoenoic molecules
with an odd number of acyl carbons. Separation of these
triacylglycerols is also possible by reversed-phase HPLC,
but the identification of such molecules is unreliable
without MS confirmation. Therefore, odd acyl carbon
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FIG. 2. Distribution of the saturated cis,{rans-dimonoenoic (SMM?)
and saturated cis,cis-dimonoenoic (SM°M¢) triacylglycerols accord-
ing to (A) the intensities of the uncorrected [M — H]™ ions in rela-
tion to their even acyl carbon numbers, analyzed by mass spec-
trometry (MS), (B) the uncorrected areas of the chromatographic
peaks obtained by reversed-phase high-performance liquid
chromatography, in relation to their acyl carbon numbers and (C)
the intensities of the uncorrected [M — H]™ ions in relation to their
odd acyl carbon numbers, analyzed by MS.

frans%u /cis%a

FIG. 3. The ratios of the proportion of the saturated cis, trans- te
saturated cis,cis-dimonoenoic triacylglycerels within each (A) even
acyl carben number and (B) edd acyl carbon number. Based on mass
spectrometric (MS) analysis, the ratio was calculated with the pre-
portions of the corresponding (M — H]™ ions, Based on reversed-
phase high-performance liquid chromatography (HPLC) analysis, the
ratio was calculated with the proportions of the corresponding
chromatographic peaks.

number molecules were not differentiated from molecules
with an even number of acyl carbons when analyzed by
reversed-phase HPLC. The distribution profile of the sat-
urated dimonoenoic triacylglycerols with an odd number
of acyl carbons (Fig. 2C) differed somewhat from that of
the corresponding molecules with an even number of acyl
carbons, when analyzed by MS. There was no great dif-
ference between saturated cis,cis- and saturated cis,trans-
dimonoenoic fractions. Triacylglycerols with 41 acyl car-
bons were most abundant, representing over 20% of the
total. The proportions of small-molecular weight triacyl-
glycerols were higher than in the corresponding triacyl-
glycerols containing an even number of acyl carbons.
The ratios of the proportion of SM*M* to SM*M¢ fra-
tion within each acyl carbon numbers are shown in Figure
3A and B. The tendencies shown by the ratios are not as
clear as those from disaturated monoenoic triacylglycerols
presented earlier (1). This may be partly due to the small
differences between the SM*M' and SM°Mc° fractions.
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Slight increases of the ratios toward the greater acyl car-
bon numbers can be presumed.

There are no distinct differences in the fatty acid com-
positions between corresponding SMcM¢! and SM<M¢
triacylglycerols (Table 1). However, there may be differ-
ences in the proportions of different fatty acid combina-
tions or in the distribution of fatty acids between the
sn-1/sn-3 and sr-2 glycerol positions, which can be further
studied by tandom mass spectrometry.

There is hardly any knowledge on the distribution of
geometrical isomers of fatty acyl residues on triacylgly-
cerols. However, such information is important, because
cis- and trans-fatty acids most probably have different
biological effects due to their physicochemical properties.
In addition to ruminants, trans-fatty acids are found in
hydrogenated oils, which are widely consumed, e.g., as
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margarines. The combination of silver ion HPLC and MS
analyses makes it possible to obtain regiospecific infor-
mation (sn-1/sn-3 vs. sn-2) on the distribution of geometri-
cal fatty acyl isomers on natural mixtures of triacylgly-
cerols.
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