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ABSTRACT: A silver-ion high-performance liquid chromatog-
raphy column (hexane/acetonitrile as solvent, ultraviolet detec-
tion) was used to analyze the fatty acid distribution (as fatty acid
methy| esters) of a representative sample of hydrogenated oil.
Fractions containing cis- and trans-18:1 isomers were readily
separated. The positional fatty acid isomers were separated by
rechromatographing these fractions. The elution order and per-
cent compositions were compared with results obtained by gas
chromatography. Of the A8 to A14 trans-18:1 isomers, only the
A8 and A9 pair could not be separated. The A8 and A9 cis-18:1
pair also could not be separated, and the A10 isomer was poorly
separated from this pair. Area percents were comparable to re-
sults obtained by gas chromatography.
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Partial hydrogenation of vegetable oils produces both config-
urational (cis vs. trans) and positional (double-bond location;
may vary from the A8 to the Al5 position on the carbon chain)
isomers (1-3). Due to the large number of isomers generated
during the hydrogenation process, attempts to determine the
monoenoic (18:1) fatty acid isomer distribution of the veg-
etable oil by analysis of the triacylglycerols (TAG) is difficult
(4,5). If the TAG are first converted to fatty acid methyl es-
ters (FAME), gas chromatography (GC) and high-perfor-
mance liquid chromatography (HPLC) can then be used to de-
termine the cis and trans 18:1 FAME distribution (2,3,6,7).
Determination of the positional isomer distribution by GC
generally requires 50- or 100-m highly polar, fused silica cap-
illary columns such as SP2560 or CP Sil-88 (8-10). Despite
the tremendous separation capabilities of these GC columns,
some cis/trans 18:1 isomer overlap still occurs (trans-14-18:1
and cis-9-18:1, trans-13-18:1 and cis-8-18:1, for example).
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This problem is reflected in the difficulty of devising a stan-
dard GC method for the analysis of partially hydrogenated oil
FAME (11). To obtain a more complete FAME profile, the
cis- and trans-18:1 fractions are often separated by silver ni-
trate thin-layer chromatography (TLC) before the positional
isomers are characterized by GC and Fourier transform in-
frared (3), or by such technologies as microozonization (12)
or derivatization/mass spectrophotometry (13).

Silver-ion HPLC (Ag-HPL.C) has been used to separate (as
the FAME) a wide variety of lipid structures by the number
of and/or configuration (cis vs. trans) of the double bonds
(14-19), but the fractionation of TAG configurational, as well
as TAG and FAME positional isomers, by Ag-HPLC has been
less successful (15,18). Recently, Ag-HPL.C on a commer-
cially available HPLC column with a solvent system of ace-
tonitrile (ACN) in hexane and ultraviolet (UV) detection (14)
was used to separate the cis and frans FAME isomers of
methyl oleate, methyl linoleate, methyl linolenate, and 15 of
the 16 cis/trans isomers of methyl arachidonate. In this paper,
we describe the extension of Ag-HPLC to the fractionation
and characterization of partially hydrogenated vegetable oil
FAME.

EXPERIMENTAL PROCEDURES

Materials and reagents. Hexane (Allied Fisher Scientific, Or-
angeburg, NY) and ACN (E. Merck, Darmstadt, Germany)
were HPLC-grade, and all solvents were used as received.
Isooctane was ACS-grade. A sample of partially hydrogenated
vegetable oil, containing a range of positional and geometric
18:1 fatty acid isomers, was obtained from a commercial
source. The sample was converted to methyl esters with
HCl/methanol (4) and eluted with petroleum ether through a
silica gel Sep-Pak (Waters Associates, Milford, MA). After
solvent removal, the samples were dissolved in isooctane (ca.
10 mg/mL).

HPLC. HPLC analyses were performed with a Spectra
Physics P2000 isocratic solvent delivery system (Spectra
Physics Analytical, Freemont, CA), a Rheodyne 7125 injec-
tor (Rheodyne, Inc., Cotati, CA) with a 20-uL injection loop,
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and an ISCO V4 Absorbance Detector (Isco, Inc., Lincoln,
NE) set at 206 nm. Refractive index (RI; Model 403; Waters
Associates) and flame-ionization detectors {(FID) (Tracor
Model 945; Tremetrics, Austin, TX) were also used. The
ChromSpher lipids column (4.6 mm i.d. X 250 mm stainless
steel, Sp particle size, commercially available in silver ion
form) was purchased from Chrompack International (Middel-
burg, The Netherlands). Solvent flow was standardized at 1.0
mlL/min.

Analyses of HPLC fractions. FAME fractions were col-
lected and analyzed by GC. Routine analysis of fractions was
accomplished with a Varian 3400 GC (Varian Instruments,
Palo Alto, CA) equipped with a 30 m x 0.32 mm SP2380 (Su-
pelco, Inc., Bellefonte, PA) capillary column and FID, and He
was used as carrier gas. Operating conditions were: injector,
240°C; split ratio, 100:1; oven temperature programmed from
155 to 220°C at 2°C per min with an initial hold of 15 min;
detector, 280°C. Positional isomers were analyzed by a Var-
ian 3400 GC equipped with a 100 m X 0.25 mm SP 2560
fused-silica capillary column (Supelco, Inc.), and connected
to an FID; He was used as carrier gas. GC operating condi-
tions: injector and detector temperatures, 235°C; split ratio,
100:1; oven temperature, 175°C for 25 min, then programmed
to 235°C at 10°C per min. Methyl ester peaks were identified
and quantitated with a standard FAME mixture of known
composition (Cat. No. 4-5170; Supelco, Inc.). Most samples
were run in triplicate; the positional 18:1 isomer analyses
(UV detector, see above for experimental details) were re-
peated seven times. Detector signal output was monitored by
computer, and the isomer percents were determined as de-
scribed previously (20). Peak deconvolution (21) was used to
increase the accuracy of the data.

RESULTS

A typical Ag-HPLC chromatogram of the FAME from a par-
tially hydrogenated vegetable oil is presented in Figure 1; RI
detection was used to allow comparison with percent compo-
sitions derived from GC analysis (Fig. 2). The trans- and cis-
18:1 isomer patterns shown in Figure 2 (inserts A and B, re-
spectively), were obtained by GC analysis (100-m SP2560)
of fractions B and C (Fig. 1). The elution patterns (UV detec-
tion) of the cis- and trans-18:1 fractions are presented in Fig-
ure 3. Isocratic solvent conditions (0.08% ACN in hexane)
were used to maximize 18:1 positional isomer separations,
and 0.4% ACN in hexane was used to elute the polyunsatu-
rated FAME. The percent composition data obtained by
HPLC (UV, RI, and FID) and GC (100 m SP2560) analyses
are compared in Table 1.

DISCUSSION

Reproducibility/quantitation of data. Quantitation of the
HPLC and GC data are compared in Table 1. Good repro-
ducibility (4% of peak area or better) was achieved with Ag-
HPLC (FID), but positional isomer resolution was reduced
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FIG. 1. Analysis of partially hydrogenated vegetable oil fatty acid methyl
esters by silver-ion high-performance liquid chromatography. Sample
size, 20 pg; flow rate, 1.0 mL/min 0.15% acetonitrile in hexane; Rl de-
tector. Fractions: A, saturates; B, trans-18:1; C, ¢is-18:1; D, 18:2.

because a larger sample size was required for detection. Re-
producibility of the Ag-HPL.C (RI) system was 5-6% of peak
area. Comparison of the results obtained by Ag-HPLC (FID)
with GC-FID for the saturated, trans-18:1, cis-18:1 and 18:2
FAME varied from | to 10% of peak area. A similar relation-
ship was observed with RI detection but was further compli-
cated when the RI response for 18:2 was roughly twice that
observed with Ag-HPLC (FID) or GC. Correction factors
would be required for quantitation by Ag-HPLC (RI).

Optimized separations. The optimized separation of the
cis- and trans-18:1 positional isomers is illustrated in Figure
3. Ag-HPLC was unable to separate the A8 and A9 18:1 posi-
tional isomer pairs (neither cis nor trans), and the A10 cis-
18:1 isomer was often poorly separated from the cis-A8 and
cis-A9 isomer pair. These results are consistent with the TLC
and Ag-HPLC elution patterns noted by other investigators
(18). The use of two ChromSpher lipids columns in series
(FID detection) was investigated in an attempt to obtain im-
proved 18:1 positional isomer separations, but it was only
partially successful. Although the separation of cis-10-18:1
from the cis-A8/A9 FAME pair was improved, resolution of
the A8 and A9 isomers was not.
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FIG. 2. Segment of gas chromatagram (100 m $P2560) of partially hy-
drogenated vegetable oil fatty acid methyl ester. Inserts A (trans-18:1
isomer distribution) and B {cis-18:1 isomer distribution) were obtained
by gas chromatographic analysis of fractions C and D in Figure 1, re-
spectively. Fractions: A, 16:0; B, 18:0; C, trans-18:1; D, cis-18:2; E,
cis/trans, trans/cis and cis/cis-18:2.

Optimum cis-10-18:1 resolution was achieved by using
dual columns and, more importantly, by decreasing sample
size to 0.5 pg or less. A UV detector was required for the po-
sitional 18:1 FAME isomer analyses due to its greater sensi-
tivity when compared with RI or FID. Based on first princi-
ples, we assumed that UV responses for monoenoic FAME
would be the same regardless of double-bond location on the
carbon chain (A8 to the Al5 position). The data in Table | in-
dicate this assumption to be reasonable. The elution orders of
the 18:1 positional isomers (cis and trans) are the reverse of
those obtained by capillary GC (SP2560; Fig. 2).

Sample loading. The low sample capacity of the Chrom-
Spher lipids column required sample size to be limited to 0.5
ug or less for optimum isomer separations. At these low sam-
ple loadings, Ag-HPLC (UV) data agreed well with results
obtained by GC-FID for trans-A8/A9 through A12 (within
10-12% of peak area), but less so for the A13 and Al4 trans
isomers (10 to >50% of peak area). The area percents from
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FIG. 3. Analysis of partially hydrogenated vegetable oil 18:1 fatty acid
methy| ester positional isomers by silver-ion high-performance liquid
chromatography. Sample size: 0.4 pg; flow rate, 1.0 mL/min 0.08% ace-
tonitrile in hexane; ultraviolet detector at 206 nm. Fractions: A, satu-
rates; B, trans-18:1; C, cis-18:1.

the HPLC of the cis positional isomers equated with the
GC-FID data to within 10-20% of peak area. The Al4 and
A15 cis isomers could not be distinguished from baseline
noise in the HPLC trace at these low sample loadings. The
sample sizes utilized in our study may be contrasted with the
0.1-0.5 mg employed by other researchers (17-19) on these
types of HPLC columns. Significant resolution losses oc-
curred when injected sample sizes were increased to even 0.1
or 0.2 mg.

Limitations/applications, The Ag-HPLC method has sev-
eral advantages, including rapid (15-20 min run-time) analy-
sis and complete separation of cis- and trans-18:1 isomers
(with no cis/trans overlap). The complete separation of cis
and rrans isomers can be used to provide quantitative data for
positional isomers not separated by GC. However, Ag-HPLC
is more limited than GC as a stand-alone method for the study
of individual, positional FAME isomers. This technology is,
therefore, a good alternative to silver-nitrate TLC for prelimi-
nary isomer fractionation before GC analysis and as a method
for isolation of most of the 18:1 positional isomers.
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TABLE 1

R.O. ADLOF ET AL.

Comparison of Analytical Methodologies for Determination of Fatty Acid Methyl Ester (FAME) Isomer Distribution
in Partially Hydrogenated Vegetable Oils

Sum

Sum  cis-

Method of trans-18:1 lsomers (%)© trans? cis-18:1 lsomers (%) cis 18:2
analysis? %Sat.? 14 13 12 11 19 9 8 (%) 15 14 13 12 11 10 9 8 (%) (%)
Ag-HPLC

UV detection 2.4 7.0 124 205 26.2 31.6° 2.7 103 7.9 5.5 72.8%

+SD 0.2 0.3 0.4 0.8 1.2 1.3 0.8 i4 15 0.8 2.2
GC-FID 26,6 2.1 120 119 18.2 26.2 144 152 273 0.8 14 25 126 86 5.0 68.3 3.0 263 17.7

+SD 0.7 0.0 0.0 0.1 0.1 0.0 0.2 0.2 0.2 0.1 0.1 0.0 0.1 0.0 0.1 0.2 0.0 0.2 0.1
Ag-HPLC

Rl detection 20.7 24.0 19.2 36.2

+SD 0.8 0.4 1.0 1.8
Ag-HPLC

FID 25.5 30.1 269 175

+SD 0.7 0.9 05

“Method used to determine FAME distribution. Ag-HPLC, silver-ion high-performance liquid chromatography; UV, uitraviolet; GC, gas chromatog-
raphy; FID, flame-ionization detection; Rl, refractive index; Sat., saturate FAME.

PCombined 10:0 through 20:0 FAME.
“Number denotes position of double bond.
Hotal trans-18:1 in sample.

8- and 9-18:1 Isomers co-eluted.
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