
Procedures for structural analysis of fatty acids
and high-performance liquid chromatographic
(silver ion, adsorption, reversed-phase and chi-
ral) analysis of lipids are in the forefront of deve-
lopments. Supercritical-fluid chromatography is
making a lesser impact.

Any selection of the most interesting and va l u abl e
a dvances in the ch ro m at ographic analysis of lipids
over the last few ye a rs must be a subjective one,

conditioned by the ex p e rience of the author. With this
caveat, I suggest that procedures for structural analysis of
fatty acids must be high on any list, and those involving gas
chromatography-mass spectrometry in particular. Similarly,
m e t h o d o l ogy involving high-perfo rmance liquid ch ro m at o-
graphy (HPLC) has been developing apace, especially in the
area of silver ion chromatography, lipid class analysis and
molecular species analysis. The increasing use of evapora-
tive light-scattering detection has greatly assisted with the
last. With such instruments, the mobile phase coming from
the end of the HPLC column is evaporated in a stream of
air in a heated chamber; the solute does not evaporate, but
is nebulized and carried as minute droplets through a light
beam, which is reflected and refracted. The amount of scat-
tered light is measured by a photomultiplier tube and bears
a relationship to the concentration of material eluted from
the column. In that they will respond to any lipid that does
not evaporate before passing through the light beam, such
d e t e c t o rs are unive rsal in their ap p l i c ab i l i t y. Commerc i a l
detectors, based on this principle, now afford great sensiti-
v i t y. Ap p l i c ations of such detectors for analysis of lipids
have been reviewed recently [1].

There has also been a great deal of interest in the appli-
cation of supercritical-fluid chromatography to the analysis
of lipids. However, in my opinion, there is still little that can
be done by this technique that is not better accomplished by
GC or HPLC. A comprehensive review of this methodology
has also appeared [2].

Structural analysis of fatty acids

The potential of mass spectrometry for identification of fatty
acids of natural origin has been evident for many years, but
there were few reports of structural analyses on real samples
as opposed to model compounds until re l at ive ly re c e n t ly.
The problem has been largely solved by the use of specific

amide or ester derivatives, which following ionization in the
mass spectrometer stabilize the charge on a nitrogen atom
remote from the structural features of interest. Radical-indu-
ced cleavage predominates in the aliphatic chain and dis-
tinctive fragmentations are achieved according to the posi-
tion of double bonds, b ra n ch-points or ring stru c t u res. In
p a rt i c u l a r, the use fi rst of py rro l i d e, and subsequently of
picolinyl ester or 2-alkenyl-4,4-dimethyloxazoline (DMOX)
derivatives, of fatty acids permits GC-MS to be employed
for the separation and characterisation of these compounds
from natural lipids. The technique has been aided by the
ava i l ability of improved cap i l l a ry columns. Indeed, s u ch
derivatives only began to be used widely when GC columns
of fused silica became available, although initially it was
only possible to use non-polar stationary phases; picolinyl
esters tend to elute at temperatures about 50 °C higher than
for methyl ester derivatives. However, polar, thermally stable
phases (prep a red via chemical bonding and cro s s - l i n k i n g )
are being used increasingly.

If mass spectro m e t ry alone is considere d, p i c o l i nyl (3-
hy d rox y m e t hy l py ridine) esters are the most useful deriva-
tives; they permit a wide range of structures to be identified
including fatty acids with branch points as well as double
and triple bonds. On the other hand, DMOX derivatives have
much better gas chromatographic properties, as they elute at
lower temperatures (typically only 10 °C higher than methyl
esters), permitting better resolution, and they can be used
with a wider range of polar stationary phases. They can be
p rep a red by a simple one-step pro c e d u re, both from fre e
fatty acids and from intact lipids. Their mass spectrometric
properties differ somewhat from those of picolinyl esters,
and they are especially useful for fatty acids with conjuga-
ted double bond systems, and for certain (but not all) ring
structures. In my opinion, picolinyl esters and DMOX deri-
vat ives should be considered as complementary to each
other, not as competitors. The use of ancillary techniques
such as deuteration or reaction of double bonds with dime-
thyl disulphide, or simplification of complex mixtures by sil-
ver ion ch ro m at ograp hy, can gre at ly fa c i l i t ate analy s i s .
Applications to fatty acids have been thoroughly reviewed
elsewhere [3,4].

To illustrate the fragmentation of an unsaturated fatty acid
as its picolinyl ester, the mass spectrum of the 5,11,14,17-
eicosatetraenoate derivative, a component of some conifer
seed oils, is shown in figure 1. There is a prominent mole-
cular ion (m/z = 395), and large ions at m/z = 92, 108, 151
(McLafferty rearrangement ion) and 164 from the picolinyl
ester moiety, wh i ch should be present in most spectra .
Among the more interesting diagnostic features is a regular
series of ions 14 amu apart, starting from the molecular ion,
for cleavage between each methylene group in the chain.
When a double bond is reached, gaps of 26 amu appear.
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In this instance, such gaps between m/z = 366 and 340, 326
and 300, and 286 and 260 confi rm the positions of the
double bonds in positions 17, 14 and 11 respectively. The
corresponding ions for the double bond in position 5 are less
easy to discern , but ex p e rience with model compounds
confirms that ions at m/z = 219 and 232 are characteristic
for this structural feature.

The mass spectra of DMOX derivatives appear to be clo-
ser to those obtained from pyrrolides (indeed the molecular
weight is identical) than from picolinyl esters. With most,
there tends to be a distinct molecular ion, with the base peak
at m/z = 113 (McLafferty rearrangement ion) and another
prominent peak at m/z = 126. There is then a regular series
of ions 14 amu apart for cleavage between each methylene
group in the chain, interrupted by structural features such as
double bonds or branch-points (Zhang et al. 1988a). Often
the high molecular weight ions of diagnostic value are less
abundant, but nonetheless clear. Again with the spectrum of
the derivative of 5,11,14,17-eicosatetraenoate, there is a rea-
sonable molecular ion. A gap of 12 amu between m/z = 302
and 314 (carbons 16 and 17) is indicative of a double bond
in position 17. Similar features determine the positions of
the other double bonds, except for that in position 5. In this
instance, recourse to the spectrum of model compounds is
necessary and prominent ions at m/z = 153, 166 and 180 are
characteristic of a double bond in position 5 (author, unpu-
blished).

D M OX and picolinyl ester derivat ives have now been
applied to the structure determination of a large number of
natural and synthetic fatty acids. DMOX derivatives are not
suited to branched-chain or cyclopropanoid fatty acids, but
can be used in most other circumstances. Difficulties of
i n t e rp re t ation can arise when stru c t u ral fe at u res are cl o s e
together or are near either end of the molecule. In such cir-
cumstances, spectra from authentic model compounds can
be very useful for identification, or certain ancillary tech-
niques can be used. For example, deuteration is a useful aid
to locating the position of a double bond in a fatty acid, but
it is noteworthy that by far the best results are obtained with
picolinyl ester derivatives [5,6]. Although a variety of rea-
gents have been used for the purp o s e, the one favo u re d
n owa d ays is deuterium gas with Wi l k i n s o n ’s cat a ly s t
(tris(triphenylphosphine)rhodium(I) chloride), as it does not
cause any scrambling of the double bonds.

As an alternative, for the structural analysis of monoenoic
acids especially, the simplest derivat ive involving dire c t
a ddition to a double bond consists in the prep a ration of
dimethyl disulphide adducts. It is a simple one-pot reaction
and re q u i res only that the methyl ester derivat ive of the
u n s at u rated fatty acid is reacted with dimethyl disulphide
and a catalytic amount of iodine [7]. In the mass spectrum,
cleavage occurs predominantly between the carbons that ori-
ginally formed the double bond and interpretation is straight
forward. Such adducts have been used in a number of labo-
rat o ries to identify unknown monoenes, and even some
dienoic fatty acids. Although the common methylene-inter-
rupted dienes cannot be analysed easily in this way, they can
again give useful results when there are two or more methy-
lene groups between double bonds [8].

M o d e rn Fo u ri e r- t ra n s fo rm infra red (FTIR) spectro s c o py
has a number of advantages in relation to older dispersive
methods, and in particular a high signal-to-noise ratio that

permits great sensitivity and good quantification. When lin-
ked to gas chromatography, it can be an extremely powerful
tool for the determination of fatty acid structure. Mossoba
and coworkers in the USA were among the first to establish
the value of GC-MI-FTIR, ap p lying it to the analysis of
trans-dienes in commercially hydrogenated soybean oil [9].
For ex a m p l e, four t ra n s , t ra n s-dienes we re detected and
quantified at low levels, including 9-trans,12-trans-octade-
cadienoic acid. GC with capillary columns had the capacity
to effect resolution of the compounds of interest, and the
FTIR spectra were invaluable for identification and quanti-
fication purposes. In subsequent work, further components
were identified by prefractionation of the mixture by silver
ion TLC before analysis by GC-MI-FTIR [10].

HPLC separation of lipid classes

One of the most widely-used applications of HPLC has been
for the analysis of phospholipid classes (reviewed in some
detail elsewhere [11]). Over the years, the methodology has
developed to suit the detection techniques available. Thus,
initially the only convenient detectors were UV spectropho-
tometers operated at low wavelengths, so it was necessary
to find combinations of solvents for the mobile phase that
were transparent in the appropriate regions of the spectrum.
Two basic solvent systems were developed for phospholipid
separations that still find almost universal application today,
i.e. hexane-propan-2-ol-water and acetonitrile-water (some-
times with added methanol) mixtures. With the latter, phos-
phatidylethanolamine elutes before phosphatidylcholine and
then sphingomyelin, and indeed all the choline-containing
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Figure 1. Mass spectra of picolinyl ester (upper) and dimethy-
loxazoline (lower) derivatives of 5,11 , 1 4 , 1 7 - e i c o s a t e t r a e n o i c
acids.



phospholipids are well resolved. A further special virtue is
that the acidic lipids, such as phosphatidylinositol and phos-
p h at i dy l s e ri n e, elute ahead of phosphat i dy l e t h a n o l a m i n e.
Mobile phases based on hexane-propan-2-ol-water have also
been used in many laboratories. Again, phosphatidylethano-
lamine elutes before phosphatidylcholine, but the other cho-
line-containing lipids, such as sphingomyelin and phospha-
t i dy l ch o l i n e, tend to be less well re s o l ve d. The acidic
phospholipids are separated from each other, but in this ins-
tance they emerge between phosphat i dylethanolamine and
phosphatidylcholine. By adding further solvents to the basic
m i x t u re or by using gra d i e n t s , it has been possible to
improve the resolution of the choline-containing lipids espe-
cially. This system has proved easier to adapt to simulta-
neous separation of simple lipids and glycolipids than has
that based on acetonitrile. In all the early work, silica gel
was the adsorbent, but now chemically bonded phases are
finding increasing use.

It is not always recognized that as phospholipids are ionic
molecules they require a counter ion in the mobile phase.
Sulphuric and phosphoric acids have often been used, but
apart from dissolving HPLC equipment they will bring about
complete destruction of any plasmalogens present. Ammonia
has also been employed although there is some danger that
column life could be greatly reduced because silica dissolves
at a high pH. A phosphate buffer (25 mM, pH 7.0), together
with propan-2-ol and hex a n e, gave excellent results in a
method involving UV detection described by Patton et al.
[12], that has been adopted in many laboratories. An alter-
native is to use organic buffers, such as those based on trie-
thylamine-acetic acid.

Modern evaporative light-scattering detectors have fewer
limitations. They give good results, even under gradient elu-
tion conditions, and are simple and rugged in use; they are
not affected by changes in the mobile phase or small varia-
tions in ambient temperat u re or in the fl ow - rate of the
mobile phase. Even when the solvent composition changes
rapidly, there is no disturbance of the base-line and little
drift during long periods of use. Most solvents, including
acetone, propan-2-ol, toluene and chloroform, for example,
can be used in the mobile phase, and these can contain up
to 20% water and small amounts of ionic species eve n .
While the minimum limit of detection is to some ex t e n t
dependent on the nature of the lipid, it is roughly 10 ng in
the best commercial instruments.

Although the detector is destructive in that the sample is
lost in the current of air, it is possible to insert a stream split-
ter between the end of the HPLC column and the detector
to divert much of the sample for collection. When used in
this way, it is an invaluable research tool, as samples can be
collected easily for analysis by other methods, such as for
fatty acid analysis by GC. A further advantage during the
development of new methods is that rapid adjustments to the
chromatographic conditions are easy to make, since chan-
ging the solvent has almost no effect on the base line. The
availability of these detectors has given lipid analysts consi-
derable opportunities to use a wide range of mobile phases,
and in complex gradients, to improve the selectivity of par-
ticular separations.

An important problem in lipid analysis is the separation
of all the main lipid classes, both simple and complex, in
tissues in a single chromatographic run. As the structures

and polarity of the compounds vary appreciably, this can be
a considerable challenge, especially for HPLC. The objec-
tive was first accomplished for animal tissues with the aid
of a light-scattering detector and a ternary solvent delivery
system with a short column (5 ¥ 100 mm) packed with
S p h e ri s o r bT M silica gel (3 mm part i cles) [13]. The only
constraints in the choice of solvents for the mobile phase
were that they should be sufficiently volatile for evaporation
in the detector under conditions that did not cause the solute
to evaporate, and by a need to avoid inorganic ions, which
could not be volatilized. A gradient elution system with eight
p rogrammed steps was dev i s e d, s t a rting in essence with
isooctane or hexane to separate those lipids of low polarity
(cholesterol esters and triacylglycerols) and ending with a
mobile phase containing water to elute the phospholipids. To
mediate the transfer from one extreme to the other, a sol-
vent of medium polarity was required and propan-2-ol-chlo-
roform (4:1, v/v) gave the best results. After each analysis,
a gradient was generated in the reverse direction to remove
most of the water adhering to the silica gel, and to re-esta-
blish the activity of the column befo re the next analy s i s .
Later, it was demonstrated that better resolution of minor
acidic components could be obtained by adding small
amounts of organic ionic species to the aqueous component
of the eluent, e.g. 0.5 to 1 mM serine buffered to pH 7.5
with triethylamine [14].

Although there were abrupt changes in solvent composi-
tion at various times, no perturbation of the base-line was
ap p a re n t , and all the main simple lipid and phospholipid
classes of animal tissues were separated from each other in
only 20 minutes. After a further 10 minutes of elution to re-
equilibrate the column, the next sample could be analysed.

The nat u re of the response of this type of detector has
been studied in some detail [15-17], and it is known that it
d epends both on the nat u re of the solvent and of the solute.
When it is used in quantitat ive analysis of lipids, it is neces-
s a ry to determine the optimum conditions for the desire d
s ep a ration fi rst and then carry out a calibration with standard s
similar in nat u re to the samples to be analy s e d. The opera-
ting para m e t e rs of the detector, m a i n ly the air pre s s u re (and
fl ow - rate) and evap o rator temperat u re, must also be optimi-
sed and fi xe d. For most lipids, the response of the fi rst com-
m e rcial detector of this type was ap p rox i m at e ly linear in the
ra n ge 50 to 200 mg, but it tended to fall off rap i d ly below
10 mg; newer models of detector are ap p rox i m at e ly 100
times more sensitive and the linear ra n ge is ap p rox i m at e ly
0.1 to 10 mg. The linearity pro blem arises because light is
s c at t e red mu ch less by small droplets as their diameters near
t h at of the wavelength of light; as detector design has impro-
ve d, the pro blem has been reduced but not eliminat e d. In
q u a n t i t at ive analy s i s , the accura cy and precision of evap o ra-
t ive light-scat t e ring detectors can be improved by adding an
i n t e rnal standard, e. g. phosphat i dy l d i m e t hylethanolamine has
been used in analyses of lipid classes [18].

Methods of this type for the separation of simple lipids
and phospholipids or of phospholipids alone, and adapted
from the above or similar to it, have now been described
from a number of laboratories and confirm that the techno-
logy is robust [19-23]. 

Moreau [23] has published an interesting adaptation of
the ab ove method for the analysis of plant lipid cl a s s e s ,
where high proportions of distinctive glycolipids are present.

M 36 ANALUSIS MAGAZINE, 1998, 26, N° 3
© EDP Sciences, Wiley-VCH

Dossier Analyse des corps gras



(A comparison of the use of evaporative light-scattering and
transport-flame ionisation was also made; the former was
clearly superior). The author [24] has also obtained some
good separations of plant lipids by a related method, but
with stationary phases containing various organic moieties
bonded chemically to silica gel. For example, a separation
of the individual simple lipids, glycolipids and phospholi-
pids from a lipid extract of leaves is illustrated in figure 2.
All the main components we re cl e a rly sep a rated on a
column containing polymerized vinyl alcohol bonded che-
mically to silica, with a ternary gradient elution scheme.

Silver ion high-performance 
liquid chromatography

The fi rst attempts to adapt silver ion ch ro m at ograp hy to
HPLC met with limited success only (see Niko l ova -
D a mya n ova [25] for a rev i ew). Th e n , the method was to
impregnate an HPLC grade of silica gel with silver nitrate,
but silver ions eluted continu o u s ly in the mobile phase,
contaminating detectors and fractions collected.

The alternative approach adopted by the author was to
c o nve rt an ion-ex ch a n ge medium (sulphonic acid gro u p s
chemically bonded to silica gel) in an HPLC column to the
silver ion form in situ by injection of silver nitrate through
the Rheodyne va l ve, while pumping water through the
column, before the aqueous phase was replaced with orga-
nic solvents [26]. Although only about 80 mg of silve r
nitrate was required, this was quite sufficient for practical
s ep a rations. The simplest elution scheme for analyses of
molecular species of triacylglycerols was a gradient of ace-
tone into dichloroethane-dichloromethane [27], which served
for fats with a small pro p o rtion of linoleic acid, s u ch as
sheep adipose tissue or bovine milk fat. This gave resolution
of the main components with zero to three double bonds in
total in the fatty acyl chains, including separation of frac-
tions with trans- from those with cis-monoenoic residues. 

Most triacylglycerol samples are likely to contain appre-
ciable proportions of linoleic acid, and resolution into mole-
cular species was then accomplished by ternary gradient elu-
tion, simply by introducing acetonitrile into acetone after the
first fractions were recovered. One dienoic acyl moiety was
retained more than twice as strongly as a monoene, and one
triene (18:3(n-3)) was retained by the same amount as two
dienoic residues in a molecule, so there was some overlap
of dienoic and trienoic species when a-linolenic acid was
present in a sample. Such highly unsaturated triacylglycerols
as linseed oil [27] and fish oils [27-29] were fractionated
s u c c e s s f u l ly. With the fo rm e r, t rilinolenin was the most
abundant single fraction, and a simple progression of frac-
tions with increasing numbers of double bonds were eluted
until this species was re a ch e d. When the more sat u rat e d
molecules of fish oils eluted, resolution was excellent and it
was perhaps surprising to find appreciable amounts of trisa-
turated and disaturated-monoene species. Base-line resolu-
tion was no longer possible when molecules containing
polyunsaturated fatty acids began to elute, because the wide
range of positional isomers caused similar components to
overlap. Nevertheless, valuable separations of species contai-
ning two sat u rated and/or monoenoic fatty acids and one
polyenoic fatty acid especially were achieved.

In silver ion chromatography, the order of elution of tri-
acylglycerol species is easily understood because only one
property of the molecules is involved, i.e. degree of unsatu-
ration. Reversed-phase chromatography (see below), on the
other hand, e ffects sep a ration both by chain-length and
degree of unsaturation, each double bond reducing the effec-
tive chain-length by the equivalent of about two methylene
groups. While good resolution is possible, chromatograms of
unknown samples are not always easy to interpret.

When used in sequence the two techniques make a much
more powerful tool. Fish oils gave highly complex chroma-
tograms with reversed-phase HPLC, for example, and iden-
tification of individual components was impossible [29]. On
the other hand, when fractions from silver ion HPLC were
collected and then subjected to reversed-phase HPLC, sepa-
ration was then in effect by chain-length only and the main
peaks were easily identified. Each fraction was examined in
turn in this way, and much more information was obtained
in comparison to when either technique was used on its own.
However, each fraction from the reversed-phase column still
contained very many distinct molecular species, and HPLC
in combination with mass spectrometry would be essential
if individual components we re to be identified let alone
quantified.

Silver ion HPLC has considerable potential for the sepa-
ration of positional and confi g u rational isomers of fat t y
acids, and for quantitative determination of trans-unsatura-
tion. To confirm that this was so, phenacyl derivatives of
fatty acids were prepared so that accurate quantification with
UV detection was possible [30]. Fo rt u i t o u s ly, it now has
become apparent that such derivatives give especially favou-
rable sep a rations. As an ex a m p l e, the sep a ration obtained
with phenacyl esters of the three main naturally occurring
octadecenoic acid isomers (petroselinic, oleic and vaccenic
acids) is illustrated in fi g u re 3. Similarly, d i ch l o ro e t h a n e -
d i ch l o romethane (1:1, v/v) with a little acetonitrile add e d
was used as the mobile phase to effect resolution of posi-
tional and configurational isomers of mono-, di- and trienoic
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Figure 2. HPLC separation of the complex lipids from leaves of
Arabidopsis thaliana, using a ternary-gradient elution scheme
with evaporative light-scattering detection on a column of YMC
PVA-Sil™ (100 ¥ 3.2 mm), based on that described by Christie
and Urwin [24]. Abbreviations: SE, sterol esters; WE, wax
esters; TG, triacylglycerol; MGDG, monogalactosyldiacylglyce-
rol; CER, cerebrosides; DGDG, digalactosyldiacylglycerol; PG,
phosphatidylglycerol; SQDG, sulphoquinovosyldiacylglycerol;
PI, phosphatidylinositol; PE, phosphatidylethanolamine; PC,
phosphatidylcholine.



fatty acids. The distance of the double bond from the car-
boxyl group was found to be more important in governing
the separation of positional isomers than was the terminal
region of the molecule [31]. As it was re l at ive ly easy to
control the chromatographic parameters in silver ion HPLC
in comparison with analogous TLC procedures, studies of
the mechanism of the interaction between silver ions and
unsaturated fatty acids now became possible. It was dedu-
ced that this form of silver ion HPLC involves simultaneous
interactions between one silver ion and either two double
b o n d s , or one double bond and one other electro n - ri ch
moiety such as the ester group [32].

Chiral high-performance liquid 
chromatography

One of the important stereochemical problem in the analy-
sis of lipids is the resolution of enantiomeric 1,2- and 2,3-
d i a cy l -s n- g ly c e ro l s , p a rt ly because of their importance as
biosynthetic precursors of triacyl-sn-glycerols and partly as
a step towards stereospecific analysis of the latter. Takagi
and his colleagues in Japan used ch i ral phase HPLC
columns and dinitro p h e ny l u rethane derivat ives to obtain
resolution of enantiomeric diacyl- and monoacy l g ly c e ro l s
[33-36]. They are readily detected by their pronounced UV
absorbance at 280 nm as they emerge from HPLC columns.

Another approach to the resolution of diacyl-sn-glycerols
has been to convert them to diastereomeric urethane deriva-
tives, such as the (S)-(+)-1-(1-naphthyl)ethyl urethanes, by
reaction with enantiomerically pure isocyanates. These dias-
tereomers have now been resolved by HPLC on columns of
silica gel [37]. This type of separation served as the basis
for a novel procedure for stereospecific analysis of triacyl-
sn-glycerols from natural oils and fats, i.e. for determining
the compositions of fatty acids esterified to each of positions
sn-1, sn-2 and sn-3 [37,38]. Triacyl-sn-glycerols were sub-
jected to partial hydrolysis with a Grignard reagent and the
p roducts we re conve rted to the (S) - ( + ) - 1 - ( 1 - n ap h t hy l ) e t hy l
urethane derivatives. The diacylglycerol derivatives were iso-
lated by a solid-phase extraction procedure and were resol-

ved into the diastereomeric forms by HPLC on silica gel.
From high-precision GC analyses of the fatty acids from the
intact triacylglycerols and of the 1,2- and 2,3-diacyl-sn-gly-
cerol derivatives, the compositions of positions sn-3 and sn-
1 respectively could be calculated; that of position sn-2 was
obtained by diffe re n c e. Prev i o u s ly, this type of analy s i s
could only be accomplished by time-consuming procedures
involving a difficult synthetic step to prepare phosphatidyl-
choline, stereospecific hydrolyses with phospholipases and
m o re complex sep a ration pro c e d u res. The topic has been
recently reviewed [39].

Chiral HPLC is proving particularly valuable as a means
of resolving the hydroxy fatty acids produced by the action
of lipoxygenases in the eicosanoid cascade [40].

Reversed-phase high-performance liquid
chromatography

Procedures for separation of lipids into molecular species by
reversed-phase HPLC are now well-established and robust
and this is especially so of triacylglycerols (reviewed com-
prehensively elsewhere [41,42]). However, it is apparent that
not all analysts are realizing the potential of the technique.
A series of pap e rs from the lab o rat o ry of T ch apla has
demonstrated that columns of the octadecylsilyl type with a
high carbon load, with acetonitri l e - d i ch l o romethane mix-
tures as mobile phase, are capable of giving the best results,
e s p e c i a l ly when optimized by ch e m o m e t rics methodology
[44-46]. The nature of the separation is well known, i.e. that
the retention time is dependent on the total number of car-
bon atoms in the three fatty acyl moieties, with each double
bond reducing the effective chain-length of the species by
the equivalent of about two carbon atoms. As mentioned
briefly above, it therefore complements silver ion chromato-
graphy, where separation is based solely on degree of unsa-
turation, very well.

It has become apparent that atmospheric-pressure chemi-
cal ionization mass spectrometry in combination with rever-
sed-phase HPLC is particularly well suited to analysis of tri-
acylglycerols [47].

Reversed-phase HPLC is now also the most widely used
method for analysing molecular species of phospholipids, as
reviewed recently by Bell [48]. Methods are available for
analysis of intact phospholipids or after removal of the polar
head group. However, it is my opinion that the methodology
would benefit from the chemometrics optimization approach
used elsewhere for triacylglycerols.

Supercritical-fluid chromatography

S u p e rc ri t i c a l - fluid ch ro m at ograp hy (SFC) lacks the re s o l-
ving power of GC or HPLC, although the capacity to use
flame-ionization detection g ives it an advantage over the lat-
ter. In my opinion, the only exception is the use of SFC for
separation of molecular species of triacylglycerols in routine
screening applications. Here, the efficiency of the separation
is comparable to that of high-temperature GC, but the sepa-
ration is carried out at mu ch lower temperat u res and 
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Figure 3. Separation of phenacyl esters of the isomeric octade-
cenoic acids, petroselinic (6-18:1), oleic (9-18:1) and vaccenic
(11-18:1), by HPLC on a silver ion column (Nucleosil™ 5SA loa-
ded with silver ions) eluted with dichloromethane-dichloroe-
thane-acetonitrile (50:50:0.25 by volume) at a flow-rate of 1.5
mL/min, with evaporative light-scattering detection.



accurate quantification is possible. The technique can also
be interfaced to at m o s p h e ri c - p re s s u re chemical ionizat i o n
mass spectro m e t ry. Some interesting examples have been
published by Manninen and colleagues [49-51].
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