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ABSTRACI 

A variety of isomeric fatty acid methyl esters were separated on a commercially available silver ion chromatography column 
utilizing a versatile, isocratic solvent system composed of acetonitrile in hexane and utilixing UV detection. Samples containing all 
possible cis and trans isomers derived from methyl oleate (ci.r-9-octadecenoate; l&l), methyl linoleate (ci.s-9, cb-lZoc- 
tadecadienoate; 18:2), methyl linolenate (k-9, k-12, ck-15octadecatrienoate; l&3) and methyl arachidonate (ci.r-5, k-8, 
k-11, ck-14-eicosatetraenoate; 20:4) were analyzed. The cis and trans isomers from methyl oleate, methyl linoleate and methyl 
linolenate were resolved, as were 15 of the 16 isomers from methyl arachidonate. The separation of the 20:4 isomers exceeded the 
capability of capillary gas and liquid chromatographic methodologies. 

INTRODUCTION 

While silver ion liquid chromatography has 
been utilized to separate fatty acid methyl esters 
(FAMES) by number of double bonds and by the 
configuration (c~ltrarzs) of the double bonds [l- 
31, lack of commercial HPLC silver ion columns 
has limited the impact of this technology. Christ- 
ie and co-workers [4-71 utilized a commercially 
available Nucleosil 5SA HPLC column and, by 
adding silver ions, were able to fractionate a 
variety of fatty acid isomers. 

A commercially available column containing 
silver ions has recently been developed by 
Chrompack (ChromSpher Lipids HPLC col- 
umn). A solvent system (developed by Christie 
and co-workers [5,6]) composed of dichlorome- 
thane, dichloroethane and small amounts (0.01 
to 0.025%) of acetonitrile (ACN) is used with 
both the Nucleosil and Chrompack HPLC col- 
umns. Because chlorinated solvents are opaque 
at the wavelengths (200-210 nm) used for 
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FAME analyses, the use of UV detectors is 
precluded unless the phenacyl derivatives of the 
fatty acids are first prepared [6]. We developed a 
UV-compatible solvent system (acetonitrile in 
hexane) for the separation of polyunsaturated 
cis- and truns-FAMES. 

EXPERIMENTAL 

Materials and reagents 
Hexane (Allied Fisher Scientific, Orangeburg, 

NY, USA), isooctane, light petroleum (b.p. 35- 
60°C) and ACN (all E. Merck, Darmstadt, 
Germany) were, except for the isooctane, HPLC 
grade and used as received. The cis and trans 
isomer mixtures were prepared from the all& 
precursors by p-toluenesulfinic acid-catalyzed 
isomerization [8]. This procedure results in less 
than 0.5% double bond migration [8,9]. Methyl 
oleate (c&9-18:1), linoleate (ci.s-9, c&12-18:2), 
linolenate (c&9, cis-12, &-15-l&3) and arach- 
idonate (cis-5, cis-8, c&11, &r-14-20:4) were 
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isomerized in this manner. The 5050 safllower 
(SFO)-linseed oil (LSO) methyl ester (7.1% 
16:0, 3.6% 18:0, 19.9% 18:1, 35.9% 18:2 and 
33.1% 18:3) mixture was prepared from com- 
mercial samples. All samples were eluted with 
light petroleum through a silica gel Sep-Pak 
(Waters, Milford, MA, USA) and dissolved in 
isooctane . 

High-performance liquid chromatography 
The HPLC equipment consisted of a Spectra- 

Physics (Freemont, CA, USA) P2000 solvent- 
delivery system, a Rheodyne (Cotati, CA, USA) 
7125 injector with a 20-~1 injection loop and an 
ISCO (Lincoln, NE, USA) V4 absorbance detec- 
tor. The ChromSpher Lipids column (250 mm X 
4.6 mm I.D. stainless steel; 5 pm) was purchased 
from Chrompack (Middelburg, Netherlands) and 
used as received. Solvent flow was standardized 
at 1.0 ml/min and run temperatures at 22-23°C. 
A small cooling fan was used to minimize tem- 
perature fluctuations and bubble formation at 
the solvent pump mixing solenoid. 

Analysis 
The FAME samples were collected in scintilla- 

tion vials and the solvents were evaporated. The 
fractions were analyzed on a Varian (Palo Alto, 
CA, USA) 3400 gas chromatograph equipped 
with a 30 m x 0.32 mm Sp2380 (Supelco, Bel- 
lefonte, PA, USA) capillary column, flame ioni- 
zation detector and utilizing helium as carrier 
gas. Thin-layer chromatography (TLC) was done 
on 3 x 1 in. (1 in. = 2.54 cm) silica gel 60A plates 
(Whatman, Maidstone, UK) impregnated with 
10% silver nitrate. Ag-TLC was necessary for 
analysis of the eluted cisltrans fractions from 
methyl linolenate and arachidonate, since GC 
analysis of the former is difficult and has not 
been done for the latter. TLC solvent systems 
used were benzene for cisltrans-methyl linole- 
nate and chloroform-acetone-acetic acid 
(96:4:0.5; v/v/v) for cisltrans-methyl arachido- 
nate fractionation. TLC plates were sprayed with 
2’,7’-dichlorolluorescein, dried and the spots 
were visualized by UV at 254 nm. TLC R, values 
(5 cm solvent front migration) for isomerized 
methyl linolenate were 0.70 (three tram), 0.60 
(two trans, one cis), 0.56 (one trans, two ci.s) and 

0.44 (three cis). For isomerized methyl arachido- 
nate, the values were 0.70 (four trans), 0.58 
(three tram, one cis), 0.50 (two tram, two cis), 
0.40 (one trans, three ci.r) and 0.38 (four cis). 
The FAMES were separated only by the total 
number of cis and trans double bonds, not by the 
specific location of the cis and trans double 
bonds. 

RESULTS AND DISCUSSION 

Acetonitrile, the cosolvent of choice for in- 
creasing the eluting capability of solvents in 
silver ion chromatography [2], is soluble in 
hexane to cu. 1.5% (v/v) at 23°C. A binary 
system composed of hexane and 0.5% ACN in 
hexane was found to provide a wide range of 
solvent strengths and excellent baseline stability. 
However, elution times for methyl linoleate 
differed when we used a binary system [A-B 
(50:50) where A = hexane and B = 1.0% ACN 
in hexane] vs. a single solvent reservoir con- 
taining 0.5% ACN in hexane. Whether this was 
due to the HPLC pump, the solvent reservoirs or 
the solvent mixing solenoid was not investigated. 
Thus, an isocratic system with a single reservoir 
containing the appropriate % ACN in hexane 
mixture was more suitable for column characteri- 
zation and reproducible FAME separations. 

The separation of SFO-LSO methyl esters is 
shown in Fig. 1. FAME elution reproducibility, 
resolution and baseline stability were maintained 
at sample sizes of 17 to 170 pg, although capaci- 
ty factors (k) decreased approximately 25% 
between the 17 and 170 pg sample sizes. The 
trend of longer retention times with smaller 
sample sizes was consistent throughout our 
studies. Peak distortion, such as observed when 
gas chromatographic columns are overloaded, 
was not observed in our system. Perhaps larger 
FAME samples compete for silver ion sites the 
same way the ACN cosolvent competes for those 
sites. Excellent peak shapes were obtained even 
with sample elution times of 1.5 to 2.0 h. 

Separation of the cisltrans isomers of methyl 
18:2 (4 isomers; Fig. 2), 18:3 (8 isomers; Fig. 3) 
and 20:4 (16 isomers; Fig. 4) are illustrated in 
Figs. 2-4. Baseline separation of the 9-trans and 
9-cis-18:l isomers was also achieved within 8 min 
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Fig. 1. Separation of SFO-LSO methyl ester standard. Flow- 
rate: 1.0 ml/min 0.2% ACN in hexane. UV detection at 210 
nm. Sample size: A = 17 pg; B = 170 pg. Peaks: 1= 16~0 and 
18:O; 2 = l&l; 3 = 18:2; 4 = 18:3. 

of injection (0.2% ACN in hexane; chromato- 
gram not shown). The order of elution for the 
methyl linoleate isomers (Fig. 2) was truns- 
9,trans-12-; tram-9,&s-12-; cis-9,traw12- and 
cis-9&s-12-18:2. The observed elution order 
differs from that obtained with capillary GC (SP 
2330, SP 2340 or SP 2560 stationary phases) in 
which ci.r-9,trans-12-18:2 elutes before tram-9, 
c&12-18:2. 

The separation of all eight ctiltrans isomers of 
methyl 18:3 (Fig. 3) was similar to, but with 
better resolution than, the separation obtained 
on a 50 m CP Sil 88 capillary GC column [lo] or 
by packed capillary supercritical fluid chromatog- 
raphy [ll]. The FAMES eluted in four peaks or 
sets of peaks corresponding to the total number 
of cis and tram double bonds. These are marked 
as A (three tram),,B (two trans, one cis), C (one 
tram, two cis) and D (three cis). 
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Fig. 2. Separation of isomer&d methyl linoleate. Sample 
size: 20 pg. Flow-rate: 1.0 mllmin 0.125% ACN in hexane. 
UV detection at 210 nm. Peaks: 1 = trans-9, traw12; 2 = 
trans-9, cis-12; 3 = cis-9, tram12; 4 = cis-9, cis-12. 

The resolution of 15 of the 16 possible cirl 
truns isomers of methyl 20:4 (Fig. 4) far ex- 
ceeded the capabilities of current GC, other 
HPLC or other analytical methodology. Again, 
the eluted isomers are grouped by total cis and 
tram double bonds, with an elution pattern of A 
(four trans), B (three truns, one cti), C (two 
trans, two cti), D (one trans, three ci.r) and E 
(four ck). At 0.15% ACN in hexane, the 20:4 
isomers could be separated within 25 min; with 
this solvent system, all four (three tram, one cis) 
isomers can be separated, but one (two truns, 
two cis?) of the other isomers is unresolved. 
These results may be compared to the work by 
Lanser and Emken [12], who separated isomer- 
ized methyl arachidonate into only five fractions 
on an XE254 silver ion column. As in silver ion 
TLC, separation was based on total number but 
not on specific location of the ci,r and fruns 
double bonds. Work is currently underway to 
further identify the 18:3 and 20:4 isomers and to 
develop solvent systems to minimize cis/trans 
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Fig. 3. Separation of isomerized methyl linolenate. Sample 
size: 20 pg. Flow-rate: 1.0 mllmin 0.125% ACN in hexane. 
UV detection at 210 nm. Groups: A = three rruns); B = two 
trans, one cis; C = one trans, two cis); D = three cir. 

isomer overlap during the analysis of mixtures of 
18:2, 18:3, and 20:4 isomers. 

Christie and Breckenridge [5], reported a 
gradual loss in resoltttion after sometimes only 
six months of column use. Whether this loss of 
resolution is due to silver ion removal by the 
ACN [5,13] or is due to the use of chlorinated 
solvents (silver salt formation?) is unclear. 
Another point of interest was the time required 
:o equilibrate the system after changes were 
nade in solvent composition. While the 
ZhromSpher Lipids column had a column vol- 
Ime of cu. 3 ml, an increase in ACN concen- 
ration was not noted until the introduction of 7 
:o 8 ml of solvent (determined with refractive 
ndex detector). The problem of ACN-silver ion 
nteraction and subsequent ACN retention is not 
rew and may be noted in all forms of chromatog- 
.aphy employing silver ions in the stationary 
chase. In our isocratic system, the column was 
:quilibrated with the appropriate solvent mix for 
it least 0.5 h before sample injection. Since 
\CN dissolves very slowly into hexane, the 
\CN-hexane solvent mix was thoroughly stirred 
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Fig. 4. Separation of isomerized methyl arachidonate. Sam- 
ple size: 100 pg. Flow-rate: 1.0 mllmin 0.125% ACN in 
hexane. UV detection at 210 nm. Groups: A = four tram; 
B = three tram, one cis; C = two trans, two cis; D = one 
trans, three cis; E = four cis. 

for 5 min before use. To obtain reproducible 
retention times, thorough mixing of the ACN 
and hexane is essential. 

A solvent system containing 0.125 to 0.15% 
ACN in hexane can provide good resolution in 
reasonable time for FAMES containing up to 
four double bonds (15-30 min for mono- and 
dienoic fatty acids, 40-60 min for tri- and tetra- 
enoic fatty acids). Up to 200 pg of sample can be 
applied to the column without severe peak 
distortion or significant ( > 25%) loss of reten- 
tion with resolutions often exceeding the capa- 
bilities of capillary GC. Development of this and 
other solvent systems and utilizing commercially 
available silver ion HPLC columns should en- 
hance the importance of this technology in the 
analysis of triacylglycerides, phospholipids and 
other unsaturated molecules. 
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