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This paper demonstrates the application of a combined system of reversed phase liquid
chromatography and chemical ionization mass spectrometry with a frit interface (frit-Cl LC/
MS) for identification of molecular species of triacylglycerols in natural oils. From the studies
of fundamental operating conditions of this LC/MS system. we found that the chemical
ionization using ammonia as a reagent gas yielded readily detectable ammonium adduct and
protonated ions as well as characteristic fragment ions. The intensities of these ions
depended considerably on the ion source temperature. The ion source temperature operated
from 350 to 400  was suitable for both the resolution of chromatograms obtained by the LC/
MS and the relative intensities of the molecular ion species. This method enabled to get the
identifiable mass spectrum of trieicosapentaenoin (20 : 5-20 : 5-20 : 5 MW=944). while it has
been difficult to analyze by the GC/MS. This system was also applied to the compositional
analysis of evening primrose oil composed of triacylglycerols having total carbon number of

52 and 54. Mass chromatographic technique as well as mass spectra provided detailed
information on the structures of triacylglycerols in the oil.

1. Introduction

Triacylglycerols, main components in
natural oils, are esters formed from one
glycerol combined with three fatty acids
and exist mainly in subcutaneous tissues
of animals and seeds of plants. Bacause
many kinds of fatty acids exists in
nature,
it is expected that there are many molec-
ular species of triacylglycerols in natural
oils. Based on a theoretical calculation,?
when the oil is constructed of n kinds of
fatty acids, the number of molecular spe-
cies of triacylglycerols is (n3+3n2+2n)/6
without thinking of isomers. Therefore

the experimental determination of their
detailed structure remains the most for-
midable problem in lipid chemistry. Gas
chromatography/mass spectrometry (GC/
MS) has been used to study the composi-
tion of these complicated oils.2 However,
it is generally not easy to analyze by GC/
MS when they have the high boiling
points. Reversed phase liquid chroma-
tography/mass spcctrometry equipped
with a direct liquid inlet3 3 or a thermo-
spray interfaces) has been recently used
for the studies of lipids. The advantage of
LC/MS of triacylglycerols is that it pro-
vides not only the mass spectra and mass
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chromatograms but also information of
the partition number (PN)? defined by
the

number of double bonds (DB) and that of
total carbons (TC) of a triacylglycerol (PN
=TC-2DB).

In this paper some Preliminary results
are reported on the frit-Cl LC/MS of au-
thentic triacylglycerols and evening prim-
rose oil to get information on molecular
species of triacylglycerols in natural oils.

2. Experimental

2.1 Materials

Triolein and trilinolein from Gasukuro
Kogyo Inc. were used without further
purification. Evening primrose oil was
purchased from a commercial source and
it had a purity better than 95%.
Trieicosa-
pentaenoin (tri-EPA) was synthesized by
lipase esterification of eicosapentaenoic
acid and glycerol. Resulting tri-EPA was
purified by a Florisil column. All the
samples were stored in closed containers
at  20cC. Tetrahydrofuran of HPLC
grade was used within a day or two after
openning the bottle. The other chemicals
were of analytical reagent grade.

2.2 Apparatus

The HPLC analyses were performed on
a Hewlett Packard model 1090L liquid
chromatograph with a reversed phase
column, ODS-Hypersil(100 mmx2.1 mm).

The mobile phase composed of acetoni-
trile and tetrahydrofuran was used in a
helium atmosphere. The column was
operated at a flow-rate of 0.15 ml/min and
a column temperature of 40 . Triacyl-
glycerols were dissolved in the mobile
phaseat5 50mg/ml.and1 3p I por-
tions were injected into the column. The
eluent via a UV detector was introduced
into a JOEL JMS-AX505H double focus-
sing mass spectrometer equipped with a
firt-Cl interface (shown in Fig. I). A pneu-
matic splitter was used to reduce the
flow-rate of the eluent into the ion source
to as little as a few A/min. While the re-
duced eluent permeated through the frit.
triacylglycerols and the solvents were
evaporated by the ion source heaters. Tri-
acylglycerols were then chemically ion-
ized with the solvent vapor or ammonia
as the reagent gas.

All the positive ion mass spectra were
obtained at 250 eV of the electron energy
and at +3kV of the ion accelerating
voltage. A post acceleration detector
using a conversion dynode at -10kV
was used in order to detect the high mass
region sensitively. Full mass spectra (50

1500 mass unit) were recorded every 3
see over the entire elution profile, and the
data were processed using a JEOL
JMA-DA5000 data system. A Hewlett
Packard model 5890A gas chromato-
graph with a columun DB-23 (30 mx0.25
mm df=0.25pm) was used for GC analy-
sis. and a Hitachi model M-80A double
focussing mass spectrometer was used for
FD mass spectrometry.

3. Results and Discussion

3.1 Fundamental operating condi-
tions of LC/MS
The LC/MS equipped with a direct
liquid inlet operated in chemical ioniza-



Determination of Molecular Species of Tnacylglycerols

1087

- “eba
R [Nl RCOOH)
1 spl [RCO+74]
339
' 265
v [ o 7 3{3 :3‘3—-»—-"-4 B e S e e &
200 300 400 508
A 188 - R - —— — e -
b
[NeNI )
2
4 se
c [N+H)
e 8gs
d»—-v“v— A hah by empae ey R i — L
708 820 980 1000 1180

Fig 2 Ammona CI mass spectrum of triolein obtained by fnt-Cl LC/MS

lon source temerature 390°C
Mobile phase acetonitrile-tetrahydrofuran (70 30 1socratic)
Concentration 5 ug/ul Injection volume 3 ul

tion mode using an elution solvent as the
reagent gas have been demonstrated to
be

suitable for the identification of triacyl-
glycerols by Kuksis et al.® In the mass
spectra obtained by this system. the
[MH-RCOOH] + ion of the base pat was
used to determine the fatty acid compo-
sition of triacylglycerols. However, the
other characteristic ions including the
RCO', [RCO+74]+, and [M+H]* ions
were observed with unsufficient intensity
for analysis of the mass spectra. Murata®
employed gas chromatography/chemical
ionization mass spectrometry (GC/CIMS)
with ammonia to determine the composi-
tion of triacylglycerols. By this method,
the [MH-RCOOH]* and [M+NH4] + ions
were recorded intensely enough to be
used for the structural study. Therefore.,
it is expected that the liquid chromato-
graphy in combination with ammonia Cl
mass spectrometry can provide more in-
formation than use of an elution solvent
as the reagent gas.

Figure 2 shows the ammonia Cl mass
spectrum of triolein measured by the frit-
Cl LC/MS at 390  of the ion source
temperature. When ammonia was intro-

duced into the ion source, the ammonium
adduct ion [M+NH4]* and the protonat-
ed ion [M+H] + were observed as the
molecular ion species. In the GC/CIMS
using ammonia Murata® reported that
only the [MHNRCCN3H] * ion was ob-
served as the fragment ions, and no ions
were recorded in the low mass region.
However under the LC/MS conditions in
Figure 2, the [M+NH4]* ion at m/l 902
and the fragment ions such as the RCO'
at m/l 265 and the [RCO+74] + at m/I
339 were recorded intensely enough to
analyze the mass spectrum. The base
peak was the [MH-RCOOH] + ion at m/I
603 and the [M+NH4] * ion was recorded
with relative intensity of 59% against the
base peak as shown in Table I. On the
other hand, in case of using the elution
solvent as the reagent gas, the mass spec-
trum of triolein showed only the [M+H] *
ion as molecular ion specis with relative
intensity of ca. 3% against the [MH-
RCWH] + ion of the base peak ion. The
other characteristic ions observed were
similar to those of the ammonia Cl mass
spectrum.

Figure 3 shows the ammonia Cl mass



Table 1 Characteristic Ions 1n Mass Spectra of Triolein and Trilinolein Measured by frit LC/MS

Relative intensity

Observed . . A’I‘nolem s H‘l_‘nh‘mzlgt_n_‘ o
10n specles Observed Fnt Fnt Observed Fnt Fnt
1on CI* CI (NHy)** on CI* CI (NH,)**
(m/z) (%6) (%) (m/2) (%) (%)
RCO* 265 14 25 263 22 44
[RCO+174)* 339 18 36 337 9 39
[MH—-RCOOH]* 603 100 100 599 100 100
[M+H)* 885 3 6 879 35 28
[M+NHJ* 902 -_ 59 896 - 32

Ton source temperature 390°C
* Elution solvent was uséd as reagent gas
** Ammonia was used as reagent gas
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Fig 3 Ammonia CI mass spectra of trilinolein obtained by frit CI LC/MS
Ion source temperature (A) 300°C (B) 350°C (C) 400°C (D) 450°C
LC conditions as in Fig 2

spectra of trilinolein measured by the source temperature was 300 , the base
frit-Cl LC/MS at 300 to 450  of the ion peak was the [M+NH4]*ion at m/l 896.
source temperatures. When the ion and the fragment ions were recorded with
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Fig. 4. Reconstructed ion chromatograms from m/z 200 to 1000 of evening primrose oil obtained by
frit-CI LC/MS.
Ton source temperature: (A) 300°C, (B) 350°C.
Mobile phase: acetonitrile-tetrahydrofuran (75 : 25 isocratic).
Concenration: 50 g/, Injection volume: 1 zd.

relative intensity of less than 10% Figure 4 shows the reconstructed ion

against chromatograms (RIC). from m/z 200 to
the base peak. The [M+H]" ion at m/I 1000 of evening primrose oil measured by
879 was also observed more intensely the frit-Cl LC/MS to investigate the de-
compared with triolein and the intensity pendence of the resolution of RIC on the
showed a maximum at 400T. An in- ion source temperature. From the GC

crease in the ion source temperature was analysis after hydrolysis and methyl es-
accompanied with an increase in terification, evening primrose oil was

intensity composed of palmitic acid (16:0), stearic
of the fragment ions, and a decrease in acid (18 : 0), oleic acid (I8 : 1 n-9),
intensity of the [M+NH.] * ion. These linolenic

results indicate that pyrolysis of triacyl- acid (I8: 3 n-6), and linoleic acid of main
glycerols on the frit and/or the cleavage component (I8 : 2 n-6. 73% in fatty acids).
of the [M+NH.]* ion are accelerated The carbon number of the triacylglycer-
with an increase of the ion source tem- ols in this oil were estimated to be 52 and
perature. The temperature more than 54 from the FD mass spectrum. The RICs
350T was necessary to get the fragment shown in Fig. 4 indicate that the ion

ions of intensity enough to determine the source temperature more than 350 is
structure of trilinolein. In case of using necessary to get better resolution for this
the elution solvent as the reagent gas at oil. The resolution of RIC at 350 was
an ion source temperature of 390 , the similar to that of the chromatogram given
[M+H] *+ ion was observed with relative by the UV detector.

intensity of 35% against the base pear at The results mentioned above lead to an
m/z 599 as shown in Table I. The inten- unambiguous conclusion that the firt-Cl
sity was also larger than that of triolein, LC/MS using ammonia operated at an ion
and enough for the structural study. source temperature of 350 to 400 is
Above mentioned the intensity of the suitable for the structural study of tri-
[M+H] * ion was affected by the number acylglycerols. The mass spectrum and

of double bonds of the triacylglycerol as the RIC of tri-EPA (20 : 5-20 : 5-20 : 5 MW

well as the ion source temperature.
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obtained by frit-Cl LC/MS
Ion source temperature 390°C

Mobile phase acetonitrile-tetrahydrofuran (80 20 1socratic)

Concentration. 10 xg/ul Injection volume 1 g

=944) measured under the similar condi-
tion were shown in Fig. 5. Since the tri-
EPA having fifteen's double bonds is not
stable when exposed to high temperature
for a long time. it is difficult to analyze by
the GC/MS. The frit-Cl LC/MS enabled to
get identifiable mass spectrum of
tri-EPA,
however the mass spectrum became more
complicated than those of triolein and
trilinolein.

3.2 Compositional analysis of eve-

ning primrose oil

This LC/MS system was applied to the
identification of triacylglycerols in the
evening primrose oil. A linear gradient of
0 30% (0 30 min) of tetrahydrofuran in

acetonitrile was employed. The gradient
analysis provided sharper peaks and
more

complete detection of the low degree un-
saturated species than any of the
isocratic

solvent system. Furthermore. this gradi-
ent system apperas to be applicable to
diacylglycerol and triacylglycerol mix-
tures.

The total ion chromatogram and mass
chromatograms of the evening primrc6ée
oil recorded by the RCO+ ion at m/l 263.
the [RCO+74]* ion at m/z 313 and [MH
-RCOOH]* ions at m/z 575. 601. 599 are
shown in Fig. 6. The peaks of m/z 575
and 60l in the mass chromatograms have
slightly different retention time in the
peak 5. This result indicates that the
peak



5 contains triacylglycerols more than two
species. The mass chromatograms and
the LC/MS spectrum (shown in Fig. 7)

of the peak 5 represent 18: 1-18: 2-18: 2
of triacylglycerol as indicated by the
following ions: the [MH-RCCX]H]* ions at
m/l 599(18:2-18:2)and mz 60l (18:1-
18:2),the RCO*ions at m/z 263 (18:2)
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Fig 6 Mass chromatograms of evening prim
rose ol
Jon source temperature 390°C
Mobile phase hnear gradient of 0 ~
309 (0~30 min) of tetrahydrofuran n
acetonitrile
[MH-RCOOH])* m/z599(18 2)(18 2)
m/z 601 (18 1)(18 2)
m/z 575 (16 0)(18 2)
m/z 263 (18 2)
m/z 313 (16 0)

RCO*
[RCO+74)"

and 265 (18:1), the [M+H]+*ion at m/I
88landthe [M+NH4] *+ ion at m/l 898.
The presence of 16:018:2-18:2 of tri-
acylglycerol is also indicated by the
following ions: the [MH-RCCK]H] * ion at
m/z 575 (16:0-18:2), the[M+H]' ion at
m/1 855 and [M+NH.] *ion at m/I 872.
Mass chromatograms and mass spectra
given by the frit-Cl Lt/MS provide use-
full information on the possible combi-
nation of fatty acids in each triacylglyc-
erol component. As shown in Fig. 6, the
distribution of fatty acids in the oil could
be also determined by recording mass
chromatograms of the RCO* ion or [RCO
+74]* ion. For example, the presence of
linoleic acid was confirmed in the peaks
of
2, 3,5, and 6 by monitoring the RCO' ion
at m/l 263. Since the saturated acid such
as palmitic acid had a weak intensity of
the RCO' ion, the [RCO+74] + ion was
monitored to investigate the distribution.
Table 2 showed the fatty acid compo-
sition of each peak analyzed in a similar
manner as described above. We could
identify all the major triacylglycerols in
the evening primrose oil by means of the
frit-Cl LC/MS. However. it was difficult
to distinguish positional isomers such as
POL, OLP, and LPO where P. O, and L
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Fig 7 Mass spectrum of peak 5



Table 2 Molecular Species of Triacylglycerols
of Evening Primrose O1l

Peak PN MW Molecular fon sum*
No species (area %)
1 38 874 18 218 318 25
2 40 876 18 218 218 16 4
3 42 878 18 218 218 361
4 42 852 16 018 218 29
5 44 880 18 118 218 132

6 46 882 18 018 218 39

46 856 16 018 118 85

7 48 884 18 018 118 18

48 858 16 018 018 15

* lon sum from m/z 200 to 1000 Overlapping

species were calculated using the abundances

of the appropriate [MH—RCOOH] or [RCO+
74] 1ons

3
3
2
3
2
44 854 16 018 218 2 121
2
2
2
2

represent palmitic. oleic, and linoleic
acid.

respectively. These results given by the
frit-Cl LC/MS also coincide with results
from the partition number. The
guantities

of individual species were estimated from
the peak area of RIC from m/I 200 to
1000. However. better chromatographic
separation and determination. of appro-
priate calibration factors are necessary
for accurate quantitation since the yields

of quasi-molecular and fragment ions
were found to vary with the degree of
unsaturation and the ion source temper-
ature.
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