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Abstract

The effects of the ester moiety and of the mobile phase composition on the resolution of cis and trans positional isomers
of octadecenoates have been studied by silver ion HPLC with UV detection. The efficiency of the separation increases in the
order phenethyl <phenacyl <p-methoxyphenacyl esters. Retention and resolution are substantially affected by small changes
in the proportion of acetonitrile in the mobile phase. Dichloromethane influences retention but has a small effect on
resolution. Clear resolution of cis and trans positional isomers of octadecenoic acid in partially hydrogenated sunflower oil
has been achieved after conversion into p-methoxyphenacyl esters on a silver ion column by isocratic elution with a mobile
phase of hexane—dichloromethane—acetonitrile (60:40:0.2, v/v) in only 22 min. [0 1998 Elsevier Science BV.
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1. Introduction

A simple procedure for preparation of a stable
silver ion column for high-performance liquid chro-
matography (Ag-HPLC) [1] and the appearance later
of a commercia column of this type (ChromSpher
Lipids™ from Chrompack) has caused a rapid
revival of this technique in lipid analysis [2,3]. It is
accepted by many authors that silver ion chromatog-
raphy has no rival for clear and unambiguous
differentiation between lipid species differing in the
number and, particularly, the configuration of double
bonds [2,4-6]. Methods for separation and determi-
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nation of cis and trans fatty acids in modified oils
and fats are of importance in industrial processing,
but also for human nutrition and metabolic studies.
Efficient procedures based on Ag thin-layer chroma-
tography (Ag-TLC) [7] and Ag-HPLC [8-10] are
now available and can solve most of the problems of
the separation and determination of geometrical
isomers.

The modification of plant oils by partial hydro-
genation presents a greater challenge for analysis.
Series of isomers that differ in double bond position
and geometry are formed. Thus, besides the sepa-
ration of cis from trans isomers, resolution of the
positional isomers is required in each group. The
usua method chosen is gas chromatography (GC)
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[11] on long (50-100 m) highly polar capillary
columns. Despite the high efficiency of these col-
umns, overlapping of cis and trans isomers and
formation of mixed peaks are observed when GC is
applied as the only method [12]. Better and less
ambiguous results are obtained when fatty acids are
first fractionated into cis and trans groups by Ag-
TLC [13] or Ag-HPLC [14] and then analysed by
GC. Undoubtedly, the best solution is to perform the
entire analysis by a single Ag-HPLC separation. The
potential of this technique was first demonstrated by
Christie and Breckenridge [8] on the resolution of
the phenacyl esters of partially hydrogenated soy-
bean ail. Recently, Adlof and co-workers described
the resolution of positionally isomeric cis and trans
octadecenoic fatty acids (as methyl esters) from a
partialy hydrogenated vegetable oil, and thus con-
firmed the high efficiency and great practical signifi-
cance of Ag-HPLC in this analysis [15].

On examining the behaviour of methyl and
phenacyl esters of positionally isomeric octadecenoic
and octadecadienoic fatty acids on an Ag-HPLC
column [16], we found that, as in Ag-TLC of methyl
esters [17], retention depends on the position of the
double bond in the chain. An unexpected finding was
that the k' values were strongly affected by the
nature of the ester moiety. Derivatization with un-
saturated alcohols [18], with normal- and branched-
chain acohols and with substituted aromatic com-
pounds has been also examined [19], and some of
these provided promising results for practical pur-
poses. Improved resolution of the three naturaly
occurring 18:1 isomers, petroselinic (cis-6-18:1),
oleic (cis-9-18:1) and cis-vaccenic (cis-11-18:1)
acids, as phenacyl derivatives (compared to methyl
esters) was demonstrated, for example. A method for
their determination in seed oils by Ag-TLC has been
proposed recently [20].

The subject of the present work was to examine
the effect of the ester moiety on the resolution of cis
and trans positionally isomeric octadecenoic fatty
acids after conversion into phenethyl, phenacyl and
p-methoxyphenacyl derivatives. Conditions were
found for clear separation of trans from cis fatty
acids and simultaneous resolution of positional iso-
mers within each group. A single laboratory-pre-
pared Ag-HPLC column was utilised with UV
detection. The procedure was then applied to a

sample of esters from partially hydrogenated sun-
flower oil.

2. Experimental
2.1. Materials

Dichloromethane and acetonitrile were HPLC-
grade solvents and were used without further purifi-
cation. All other solvents were analytica grade.
Hexane, when used as mobile phase component for
Ag-HPLC, was left for 24 h over potassium hy-
droxide and then distilled. The isomeric cis- and
trans-octadecenoic fatty acids and the derivatizing
reagents were from Sigma-Aldrich (Poole, UK). The
partialy hydrogenated sunflower oil sample was a
gift of the late Professor A. Andreev, from the
Ingtitute of Catalysis at the Bulgarian Academy of
Sciences.

2.2. Derivatization

Phenethyl derivatives were prepared by acid-cata-
lysed esterification according to Liu and Hammond
[21]. The sample (10 mg) was dissolved in hexane
(0.5 ml) and 1 ml of 1% sulphuric acid in phenethyl
alcohol was added. The mixture was heated for 1 h
in boiling water. Aqueous sodium chloride (ca. 1%)
was added and the derivatives were extracted twice
with 1 ml of hexane. The hexane extracts were
concentrated to ca. 0.5 ml (under nitrogen) and the
derivatives were purified by TLC on silicagel G on
laboratory-made glass plates (4X19 cm) with a
mobile phase of light petroleum—acetone (100:10,
v/v). The band was detected under UV light after
spraying (the edges only, after careful covering the
rest of the plate) with 2,7-dichlorofluorescein solu-
tion. The products were recovered from the silica gel
band by elution with diethyl ether.

Phenacyl and p-methoxyphenacy! derivatives were
produced exactly as described by Wood and Lee [22]
from the free fatty acids, after the partially hydro-
genated oil sample (2 mg) was hydrolysed with 0.1
M potassium hydroxide in 95% ethanol [4]. Several
clean-up procedures were tested for the purification
of the phenacyl and p-methoxyphenacyl esters:
elution from Florisil mini column (Pasteur pipette) or
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from a Florisil Isolute™ column (500 mg) (Interna-
tional Sorbent Technology, Mid Glamorgan, UK)
with hexane—acetone (99:1) or hexane—diethyl ether
(10:0.5, v/v); eution from a BondElut'™ NH,
column (Analytichem International, Cambridge, UK)
or Isolute™ NH, column (International Sorbent
Technology) with hexane—diethyl ether (9:1, v/v);
TLC on silica ge with mobile phase light petro-
leum—acetone (100:10, v/v). The purity of the
products was checked by TLC (Alufolio silica gel
60, Merck, Darmstadt, Germany) with a mobile
phase of hexane—acetone (100:8, v/v).

2.3 Slver ion TLC

The three major fatty acid groups of the oil sample
were determined by AgQ-TLC as described by
Chobanov et d. [7]. Saturated, total trans and total
cis methyl octadecenoates (positional isomers not
differentiated) were detected by charring and quan-
tified by densitometry in the reflection zigzag mode
at 450 nm and 1.2X1.2 mm beam-dit (Shimadzu
CS-930 densitometer, Shimadzu DR-2 electronic
integrator).

2.4. Slver ion HPLC

An ISCO (Lincoln, NE, USA) HPLC system
equipped with model 2350 isocratic pump, Valco
C6W injection valve with 10 wl sample loop and V4
UV/Vis detector was used. The column of Nucleosil
100-5SA (250x4.6 mm; Hichrom, Reading, UK)
was converted to the silver ion form as described
earlier [1]. The mobile phase hold-up time was
determined by repeated injection of benzene. The
mean value of six measurements was 2.260.01 min
at 21°+2°C. Samples, ca. 2 pg of each standard fatty
acid (approximately 25 g in total) and 20 wg from
the partialy hydrogenated oil, were injected as
solutions in hexane (10 wl). Mixtures of hexane—
dichloromethane—acetonitrile were used as mobile
phase at a flow-rate of 1.5 ml/min. The proportions
depended on the nature of derivative and are given in
the Section 3.

Retention factors (k'=t,—t,/t,) and resolution
(Re=(t,,—t,1)/3(W,+W,)) were determined as the
mean of three paralel measurements, with relative
standard error not exceeding 4.0%. t,, t,,, t,, are the

retention times of the respective isomeric species, t,
is the column hold-up time (see above); W, and W,
are the widths (on the time axis) of the respective
peaks at the base-line.

Data were collected and integrated using 1SCO
Chemresearch version 2.3 software.

3. Results and discussion

3.1. Notes on the procedure

The phenacyl esters of fatty acids were proposed
first for use in reversed-phase HPLC since they
improved detection greatly and alowed for direct
quantification by UV detectors [23,24]. Derivatiza-
tion according to Wood and Lee [22] was rapid and
easy to perform with an almost 100% yield. Careful
purification was, however, necessary. Most of the
impurities eluted with the solvent front, but a noise
peak overlapped with the peak of the saturated fatty
acids and other noise peaks appeared in the chro-
matogram. Severa cleaning procedures were tested
(see Section 2) and TLC on silica was found to
produce the cleanest products. Light petroleum—ace-
tone (100:10, v/v) or hexane—diethyl ether (80:20,
v/v) [21] were suitable mobile phases. The deriva-
tives formed well defined bands, with R- values of
0.7 for phenethyl, of 0.4 for phenacyl and of 0.3 for
p-methoxyphenacyl derivatives.

245 nm was a practical working wavelength for
phenacyl and p-methoxyphenacyl derivatives, close
to that used by others [8,10,22]. A wavelength of
220 nm was recommended for detection of phenethyl
derivatives [21] but could not be used in the present
work because dichloromethane has a cut-off at 230
nm. Phenethyl derivatives were detected at 254 nm,
therefore, and sensitivity of detection was less than
the optimum.

3.2, Mobile phase composition

In our previous Ag-HPLC studies on aromatic
derivatives with an evaporative light-scattering de-
tector, a baseline resolution of 6-, 9- and 11-18:1
fatty acids was achieved with a mobile phase of a1:1
mixture of dichloromethane—dichloroethane with
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0.025 volume parts of acetonitrile [16,19]. Adlof et
a. [15], on the other hand, employed hexane with
0.08% acetonitrile for the Ag-HPLC resolution of
positionally isomeric cis and trans methyl esters
with UV detection at 206 nm. Therefore, a question
arose whether hexane-based mobile phases are suit-
able as well for the resolution of positional isomeric
18:1 fatty acids, after conversion to aromatic esters.
Hexane-based mobile phases and UV detection have
been examined in this work. Preliminary experiments
revealed, however, that: (i) hexane—acetonitrile
phases were not suitable since concentrations greater
than 1.5% acetonitrile, suggested as a solubility limit
by Adlof [9], were required to elute the aromatic
derivatives from the column with little or no res-
olution of positional isomers; (ii) dichloromethane is
a suitable third component providing the required
solvent strength and, as mediator, ensuring good
solubility of acetonitrile in hexane;(iii) the presence
of acetonitrile, equal or greater than 0.1 volume parts
(depending on the ester moiety), was essential for the
resolution of positional isomers in hexane-based
phases. Thus, mixtures of hexane, dichloromethane
and acetonitrile have been tested for the resolution of
the aromatic derivatives with isocratic elution.

The effect of acetonitrile on the retention (k') and
the resolution (R,) (on the example of cis- and
trans-6-18:1 and 9-18:1 p-methoxyphenacyl deriva-
tives) is demonstrated in Fig. 1A and Fig. 1B,
respectively. k' and R, decreased rapidly when the
content of acetonitrile increased from 0.1 to 0.5
volume parts [at a constant hexane—dichloromethane
ratio (70:30)]; that is, small changes in the acetoni-
trile content caused substantial effects on retention
and resolution. The trans isomers were affected to a
much greater extent than cis isomers.

The effect of dichloromethane content has been
examined, by changing the hexane—dichloromethane
ratio from 80:20 to 0:100 (v/v) while keeping the
acetonitrile content constant at 0.2 volume parts. The
increase of dichloromethane proportion resulted in a
rapid decrease in retention, the minimum being at a
hexane—dichloromethane ratio 40:60 (v/v). k' values
remained almost constant during further increase of
dichloromethane content to hexane—dichloromethane
0:100 (v/v) (Fig. 2A). Cis isomers were more
strongly affected. Despite the decrease in k' values,
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Fig. 1. Effect of acetonitrile content in the mobile phase on the
retention, k', (A) and on the resolution, R, (B) of: 1trans-9-18:1;
2, trans-6-18:1; 3, cis-9-18:1; 4, cis-6-18:1; 5, trans 6-18:1/9-
18:1; 6, cis 6-18:1/9-18:1 fatty acid p-methoxyphenacyl esters at
hexane—dichloromethane (70:30, v/v) and flow-rate 1.5 ml/min.

resolution remained excellent throughout the whole
range of dichloromethane contents in the mobile
phase (R, values are close to or greater than 1.5) —
Fig. 2B. However, R, of cis isomers gradualy
increased with the dichloromethane content in the
mobile phase (hexane—dichloromethane ratios from
80:20 to 0:100), while R, of trans isomers remained
constant up to hexane—dichloromethane 40:60 and
slightly increased when dichloromethane in the ratio
reached 100% (note that acetonitrile proportion was
kept constant at 0.2 volume parts). These results
reveal that dichloromethane eventually has a more
complex effect on the resolution, and not only to
provide a suitable solvent strength. Further work
may be necessary to determine the exact mechanism.
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Fig. 2. Effect of dichloromethane content in the mobile phase on
the retention, k', (A) and on the resolution, R, (B) of: 1,
trans-9-18:1; 2, trans-6-18:1; 3, cis-9-18:1; 4, cis- 6-18:1; 5, trans
6-18:1/9-18:1; 6, cis 6-18:1/9-18:1 fatty acid p-methoxyphenacyl
esters at hexane—dichloromethane, v+v=100 and 0.2 vol. parts
acetonitrile; flow-rate 1.5 ml/min.

Mobile phases with lower than 10 volume parts of
dichloromethane were not strong enough to elute the
unsaturated p-methoxyphenacy! esters from the col-
umn. Vaues of 10.5 and 36.2 for k' of the 16:0
derivative were measured with hexane—dichlorome-
thane—acetonitrile (90:10:0.2 and 99:1:0.2, v/v) with
run durations of 120 min.

The same effects were valid in general for the
other derivatives. Because of the lower overal
polarity, lower dichloromethane contents were re-
quired to elute these derivatives from the column for
comparable run times.

The distinctive effect of acetonitrile on the res-
olution was in agreement with previous observations
and conclusions. It further supports the suggestion
that acetonitrile participates in specific interactions

with the silver ions in the column [15,19] and/or in
w— interactions with the double bond, as has been
assumed in reversed—phase HPLC [25].

3.3 Effect of the ester moiety

Figs. 3-5 demonstrate the resolution achieved at
the most effective composition of the mobile phase
for each derivative. Experiments were carried out on
standard mixtures (data not shown) and on a sample
of fatty acids from partially hydrogenated sunflower
oil. The sample contained saturated (29%), trans—
octadecenoic (46%) and cis-octadecenoic (25%)
fatty acids as determined by Ag-TLC/densitometry.
Some of the positional isomers were identified
unambiguously by spiking the sample with the
appropriate pure standards.

It is clear from these results that the resolution
improved in the order phenethyl <phenacyl <p-
methoxyphenacyl esters. With hexane-based mobile
phases, conditions for resolution of positional iso-
mers as phenethyl esters were not found. Trans- and
cis-phenethyl derivatives tended to overlap giving a
single, broad peak. Partial resolution of only part of
the late eluting cis isomers was observed (Fig. 3A).
However, this may be useful in some circumstances,
for example for simple fractionation of fatty acids
into groups according to unsaturation, as seen from
Fig. 3B. The mobile phase employed was hexane—
dichloromethane—acetonitrile (85:15:0.3, v/v), and
the duration of the isocratic run was only 8 min. A
semi-quantitative estimation gives 30% for saturated;
50% for the trans- and 20% for the cis-octa
decenoates (data from a single run), which was
sufficiently close to that determined by Ag-TLC (see
above in this subsection). More complex samples
(containing dienes and trienes, for example) could be
fractionated by modifying the proposed chromato-
graphic conditions (i.e. by step-wise or linear gra-
dient elution). An advantage of using phenethyl
esters for preliminary fractionation (compared to
methyl esters) is that further resolution of positional
isomers is possible by GC under conventional ex-
perimental conditions as shown by Liu and Ham-
mond [21].

The isocratic separation of the same sample after
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Fig. 3. Separation of isomeric fatty acids in partially hydrogenated
sunflower oil after conversion into phenethyl esters by isocratic
Ag-HPLC and detection at 254 nm; flow-rate 1.5 ml/min. A,
mobile phase hexane—dichloromethane—acetonitrile (98:2:0.1, v/
v); B, mobile phase hexane—dichloromethane—acetonitrile
(85:15:0.3, v/v).
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Fig. 4. Separation of isomeric fatty acids in partially hydrogenated
sunflower oil after conversion into phenacyl esters by isocratic
Ag-HPLC and detection at 245 nm; mobile phase hexane—di-
chloromethane—acetonitrile (90:10:0.2, v/v); flow-rate 1.5 ml/
min. 1, saturated; 2/3 unknown/trans-11-18:1; 4, unknown; 5,
trans-9-18:1; 6, unknown; 7, trans-6-18:1; 8, cis-13-18:1; 9,
cis-12-18:1; 10, cis-15-18:1; 11, cis-11-18:1; 12, unknown; 13,
Cis-9-18:1; 14, unknown; 15, cis-6- and cis-7-18:1 fatty acids.

conversion into phenacyl derivatives is shown in Fig.
4. Partia resolution of five trans- and clear differen-
tiation of eight cis-isomer peaks was obtained.
Much better resolution, for a shorter analysis time
(22 min), was achieved under the same isocratic
conditions after converting the fatty acids to p-
methoxyphenacyl derivatives (Fig. 5). Three of the
six peaks of the trans isomers were identified as
trans-11-18:1, trans-9-18:1 and trans 6-18:1 (in the
order of increased retention), although it is not clear
whether these are single components. Only two, of
the eight cis isomers were not identified. The 13-,
12-, 15 and 11-18:1 (ordered according to the
increasing k' value) are difficult to resolve and to
identify. 12- and 15-18:1 only partialy separated
with phases of lower dichloromethane content (up to
50 volume parts). These species formed a mixed
peak in dichloromethane-rich mobile phases which,
depending on the exact mobile phase composition,
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Fig. 5. Separation of isomeric fatty acids in partially hydrogenated
sunflower oil after conversion into p-methoxyphenacyl esters by
isocratic Ag-HPLC and detection at 245 nm; mobile phase
hexane—dichloromethane—acetonitrile (60:40:0.2, v/v); flow-rate
1.5 ml/min. 1, saturated; 2 unknown; 3 trans-11-18:1; 4, un-
known; 5, trans-9-18:1; 6, unknown; 7, trans-6-18:1; 8, cis-13-
18:1; 9, cis-12-18:1; 10, cis-15-18:1; 11, cis-11-18:1; 12, un-
known; 13, cis-9-18:1; 14, unknown; 15, cis-6- and cis-7-18:1
fatty acids.

was not well resolved either from 13-18:1 or from
11-18:1.

Unfortunately, cis-6-18:1 and cis-7-18:1, both as
phenacyl and p-methoxyphenacyl esters eluted as a
single peak, under most of the conditions examined,
since the difference of about 0.1 k’ units in favour of
6-18:1 is not sufficiently large. Partia resolution was
observed only with the standard fatty acid mixture
(equal concentration of these species in the sample)
with a mobile phase of hexane-dichloromethane—
acetonitrile (80:20:0.2, v/v).

The observed effect of the ester moieties agrees
with our suggestions [3,19] for the participation of
the ester group in the interaction with the silver ions.
The ester group offers a second reaction site, proba-
bly the carbonyl oxygen of the phenacyl and p-
methoxyphenacyl moieties, favouring the resolution
of positionally isomeric monoenes. Phenethyl deriva-
tives that do not offer such a site have no positive

effect, but are efficient substitutes for methyl esters
for rapid determination of the trans fatty acid content
in a sample.

As UV detection provides the advantage of a
direct quantification of the resolved species [8], we
consider that resolution of positionally isomeric cis
and trans fatty acids as p-methoxyphenacyl esters
has great potential in the analysis of fatty acids in
partialy hydrogenated plant oils.
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