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1 Introduction

The introduction of silver ion chromatography was undoubtedly 

one of the major inventions made in lipid analysis in the middle 

of the 20th century.  For the first time it was possible to separate 

natural and modified fatty acid (FA) and triacylglycerol (TAG) 

mixtures into simpler fractions differing by a single property of 

the molecule, the number and configuration of double bonds.  

The principle of silver ion complexation with double bonds, 

well known in organic chemistry, was successfully employed 

along with the already existing chromatographic techniques, 

thin-layer chromatography (TLC) and atmospheric pressure 

column chromatography, giving new promising information on 
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the structure of natural FA and TAG.  Starting from the 1970-ies 

after solving a variety of technical problems, silver ion 

chromatography was adopted in high-performance liquid 

chromatography (Ag-HPLC), supercritical fluid chromatography 

(Ag-SFC) and solid-phase extraction (Ag-SPE).  The early 

stages of silver ion chromatography were summarized in the 

excellent review by Morris1 and after a long gap, in a series of 

books entitled Advances in Lipid Methodology2,3 and in the 

recent edition of the major Lipid Analysis book by Christie and 

Han.4  Many other reviews deserving attention are cited when 

appropriate in the text.

Since we trust that silver ion chromatography is still of major 

importance for lipid analysis, a modest attempt is made here to 

present the development (if any) in silver ion chromatography of 

FA and TAG during the last decade (2001 – 2011) concerning 

both new solutions in the techniques and chromatographic 

results.  We are fully aware that the choice of papers to be 

presented and discussed as achievements is undoubtedly affected 

and limited by our personal interests and opinion.

2 State-of-the-art

2·1 Thin-layer chromatography

In the past, silver ion thin-layer chromatography (Ag-TLC) 

was the primary technique for lipid analysis.  Important 

information on the composition of numerous natural fats and 

oils was obtained by means of this technique.  The first attempts 

to understand the interactions occurring during the 

chromatographic process were made using Ag-TLC.  Concerning 

the intensive use and studies during these early years, we are 

indebted to facts that later appeared to be valid for all 

chromatographic techniques using Ag(I) in either the stationary 

or mobile phase.  The general elution order of fatty acids and 

triacylglycerols determined by the number of double bonds, the 

effects of the double-bond configuration and the position in the 

fatty acids carbon chain and the effects of the fatty acid moieties 

position in the glycerol backbone were formulated firstly by 

Ag-TLC.  This technique is now rarely used mostly in a 

preparative mode prior to the gas chromatographic (GC) 

determination of isomeric (cis/trans mostly) fatty acids (see for 

example a paper of Kairenius et al.),5 and for the fractionation 

of highly unsaturated triacylglycerols,6 while no novelties in the 

technique have been reported.  For more details about the 

application of Ag-TLC, some recent reviews are recommended 

where all aspects of the method are discussed.4,7–10

2·2 Solid-phase extraction

Solid-phase extraction (SPE) cartridges with a cation-exchange 

filling loaded with silver ions (Ag-SPE) have been successfully 

used instead of Ag-TLC for preliminary fractionation of FA 

mixtures.  The approach was introduced by Christie;11 the 

procedure is easy to perform, and produces clean fractions of 

saturated, trans- and cis-monounsaturated fatty acids.  It is 

occasionally used now prior to the GC analysis of isomeric FA 

in complex lipid samples.12–14

2·3 High-performance liquid chromatography

2·3·1 Columns

The efforts made to develop a stable silver loaded column 

providing reproducible separations have been well documented 

throughout the years.15,16  A breakthrough was made by Christie, 

who described a procedure for a laboratory-made silver ion 

column using a commercial cation-exchange column.17  Based 

on the same, or close, procedure, a commercial ChromSpher 

LipidsTM (CSL) column by Varian-Chrompack International 

(Middelburg, Netherlands) appeared later and is presently 

dominating in Ag-HPLC.  Because of unclear and not openly 

commented limitations in mobile-phase compositions for use 

with CSL columns, efficient resolution of complex FA, like 

conjugated linoleic acids (CLA),18 and TAG mixtures, like TAG 

containing CLA19 or positionally isomeric TAG,20 was achieved 

by connecting of two to six CSL columns in series.

Very recently, a new material has been suggested as a suitable 

stationary phase to perform “argentation” chromatography.21,22  

It involves the well-known and widely spread use of silica gel 

functionalized with thiol groups to cleaning water from the ions 

of some heavy metals, Ag(I) among these.  The property of thiol 

groups to form stable covalent complexes with Ag(I) is exploited 

to produce a silica-gel based material as a stationary phase in 

column chromatography (conventional and high performance 

column chromatography) for the separation of triacylglycerols 

(among other unsaturated organic compounds).  It is supposed 

that this material, denoted as AgTCM (silver thiolate 

chromatographic material), is highly stable, reusable for a 

substantially longer time than the conventional stationary phases 

loaded with silver ions (commercial and laboratory-made), and 

that there is practically no leaking of silver from the column, 

which is by all means useful for the liquid chromatography–

mass-spectrometry (LC-MS) of lipids.  At this stage it is too 

early to say whether the new material will find broad applications 

in lipid analysis, but the idea deserves attention.

As shown previously,23 the “disappearance” of the much 

cheaper, stable and reproducible laboratory loaded column is 

supposed to be caused by changes occurring in manufacturing 

the commercial cation exchange columns.  The lower carbon 

load on the stationary phase (probably accompanied by other 

physical and/or topological changes) resulted in inferior loading, 

and to an unstable, inefficient, poorly working column.

The attempts concerning the on-line connection of reversed 

phase (RP) and silver ions (Ag) columns, denoted as 2D LC,24–26 

and supposed to technically simplify the off-line analysis,27 

found limited application.  At present, RP-HPLC and Ag-HPLC 

columns combined off-line and connected to a mass detector 

appear to be the most powerful tool in the analysis of complex 

TAG samples, as demonstrated by Holcapek and coworkers.28

2·3·2 Mobile phases

Hexane modified with a low amount (<1.0%) of acetonitrile, 

introduced by Adlof and coworkers,29 has been the mobile phase 

used with CSL columns during the last decade, and few efforts 

have been made to test other solvent combinations.  Since this 

mobile phase was found to give irreproducible retention times, 

the addition of 0.5% diethyl ether was found to ensure partial 

stabilizing,30 but complete elimination of any retention time 

shift31 was not achieved.  The addition of low amounts (up to 

0.2%) of 2-propanol to a hexane–acetonitrile mixture was shown 

(expectedly) to shorten the analysis of CLA methyl esters32 

(CLA ME) and to improve (with reproducible retention times) 

the separation of positionally and geometrically isomeric 18:1 

methyl esters (ME).33  Introducing 2-propanol was certainly a 

good idea, since this solvent allowed for varying the acetonitrile 

content in rather broad limits.  As an alternative, 2% acetic acid 

in hexane was used for the resolution of CLA ME,34 and 0.15% 

acetonitrile in 2-octane was found to be appropriate for the 

fractionation of trans and cis monoenoic ME.35  Propionitrile 

and butyronitrile were also tested as modifiers for both CLA36,37 

and TAG38 separations.  Heptane–acetonitrile and heptane–

acetone were successfully applied to the separation of 

positionally isomeric TAG and TAG containing oleoyl- and 

elaidyl-moieties in partially hydrogenated vegetable oils.39  
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Heptane–acetone phases were “too weak”, however, to elute 

TAG with more than two double bonds in well shaped peaks.

The mobile phases based on chlorinated solvents modified 

with acetonitrile, methanol or 2-propanol, successfully 

previously employed in Ag-HPLC on columns loaded in 

laboratory with Ag+, were abandoned because of health reasons.  

However, their ability to easily combine with hexane, but also 

with numerous polar modifying solvents to give series of phases 

with fine tuned polarities affecting the resolution, remains 

unbeatable.  The question that remains open is whether these 

solvents can be used with the CSL columns.  It seems rather 

strange that there is no report as to where the resolution power 

of the two major types of mobile phases used so far in silver ion 

chromatography has been compared.

2·3·3 Temperature

Adlof40,41 was the first to notice that while many efforts were 

made to improve the resolution by looking for the most efficient 

mobile phase, little attention was paid to the effect of the 

temperature.  The results clearly show that temperatures in the 

interval of +40°C to –20°C affects the retention, and that the 

effects depend on the structure of the analyte and, hence, might 

improve the resolution, as is evident from Figs. 1 and 2.

The interactions leading to these effects have not been 

clarified, and it is possible that the observed is a sum of the 

effects of the temperature on the analyte conformation and the 

solubility in the mobile phase, the solubility of acetonitrile in 

hexane, on the topology of the stationary phase and the behavior 

of the grafted chains.  To the best of our knowledge, beside 

these two papers,40,41 no systematic examination on temperature 

effects in silver ion chromatography has been carried out so far.

2·3·4 Detectors

During the last decade, detection in HPLC was seriously 

advanced.  Evaporative light-scattering detectors (ELSD) 

replaced the widely previously applied ultraviolet (UV) detector.  

The use of on-line mass spectrometric (MS) detection utilizing 

electrospray ionization (ESI) or atmospheric pressure chemical 

ionization (APCI) is constantly increasing.  Details on the 

technique and many important applications are summarized 

elsewhere.4,42,43  The advantages of Ag-HPLC-APCI of TAG 

(on CSL columns) were unambiguously demonstrated in several 

interesting papers.20,27,28,44  Recently, an atmospheric pressure 

photoionization mass detector (APPI-MS) was tested in the 

analysis of CLA37 and isomeric octadecenoic methyl esters,33 

and assumed to be a successful alternative to APCI.  A significant 

increase in the signal-to-noise ratio37 and extremely stable 

signals33 were observed.

In continuous efforts to apply infrared detectors in HPLC, 

a  CO laser-pumped dual-beam thermal lens (TLS) infrared 

spectrometer was tested for the direct detection of fatty acids.45  

Compared to the UV detector, the TLS detector showed an 

inferior detection limit and sensitivity.

3 Application to Fatty Acids

3·1  Separation of fatty acids according to the number of 

double bonds

In the last decade, silver ion chromatography was rarely 

applied in FA analysis, mostly for the preparative isolation of 

FA isomers by using well-known procedures.  Ag-SPE 

separation on silver impregnated Bond Elut SCX SPE columns 

prepared as reported by Christie11 (in 1989) was recently applied 

to fractionate saturated, monoenoic and dienoic FA in natural 

and partially hydrogenated soybean oils as methyl esters.46  

Silica gel columns loaded with silver ions were used for the 

isolation of γ-linolenic acid (18:3 ω-6) as methyl ester from 

microalgae lipids47 and stearidonic acid (18:4 ω-3) as ethyl ester 

from modified soybean oil.48

Several studies49–51 employed silver ion TLC/densitometry for 

the separation and quantification of configurationally isomeric 

FA with 0 to 3 double bonds (as methyl or isopropyl esters).  

The procedure was applied for a rapid assessment of the 

authenticity of milk fats,49,51 margarines and frying fats (Fig. 3).50

3·2 Separation of cis/trans isomers

Silver ion chromatography is most frequently applied for the 

preliminary fractionation of trans and cis isomeric FA prior to 

GC analysis to ensure correct separation, identification and 

quantification of all isomers.  Most of the reported procedures 

(see recent reviews, Refs. 52 – 54) focus on trans octadecenoic 

(18:1) FA, but applications on polyunsaturated trans FA are also 

described.55  Ag-TLC and Ag-HPLC were found to be fully 

equivalent for this purpose.56  The quantitative Ag-TLC/

densitometry of isopropyl esters was successfully used to 

estimate the seasonal variation of trans FA in butter fats.57

Following a procedure by Christie,11 Ag-SPE was applied to 

Fig. 1　Effect of temperature on the retention of fatty acid methyl 

esters.40  Two CSL columns connected in series, isocratic elution with 

1.0% acetonitrile in hexane with a flow rate of 1.0 mL/min: detection, 

UV at 206 nm and evaporative light scattering detector (ELSD); 

sample, mixture of methyl esters; sample size, 10 µg (drawn by using 

the data in Table 3 of the original paper with permission of Elsevier).

Fig. 2　Effect of temperature on the resolution of triacylglycerols: 

P, palmitic; O, oleic; L, linoleic acid moieties.41  Two CSL columns 

connected in series: mobile phase, 0.7% acetonitrile in hexane; a flow 

rate of 1.0 mL/min; ELSD; sample size, 10 µg (redrawn from the 

original with permission of Elsevier).
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confirm the configuration of the rare cis 7-20:1 isomer (as 

methyl ester) in marine sediments.58  The preparative Ag-TLC 

of fatty acid methyl esters (FAME) was applied for isolating of 

the cis,cis 18:2 fraction in commercial bovine lipids, while 

attempting to check the authenticity of bovine milk.59  The 

fractionation of trans and cis 17:1 ME was achieved by 

Ag-HPLC on three CSL columns.35

3·3 Separation of positionally isomeric fatty acids

The application of Ag-HPLC in the analysis of positionally 

isomeric FA other than CLA has been reviewed in several 

papers and books.4,16,60,61  Recently, nine isomeric octadecenoic 

FAMEs were well-separated on a single CSL silver ion column 

using a mobile phase of hexane modified with acetonitrile and 

2-propanol (Fig. 4).33

In a series of papers the authors of this review had shown that 

the derivatization of fatty acids with aromatic moieties, besides 

increasing the detection limits in UV, resulted in a substantially 

increased resolution of positionally isomeric FA.  Differentiating 

between cis and trans positional isomers was achieved in a 

single chromatographic run on a single silver-loaded NucleosilTM 

100-5SA column (results are summarized in Refs. 16, 61, 62).  

The protocol was recently applied to the simultaneous separation 

and quantification of FA, including the three naturally occurring 

positional 18:1 isomers, in Apiaceae seed oil (Fig. 5).63

3·4 Separation of CLA

The application of Ag-HPLC in FA analysis has mainly 

focused on CLA ME.  There are no new elements in the 

procedures, three or four CSL columns connected in series, a 

mobile phase of 0.1% acetonitrile in hexane and UV detection 

at 230 – 233 nm are mostly in use (Fig. 6, achievements 

reviewed in Refs. 18, 31, 64 – 67).  Recently, Ag-HPLC has 

been applied for the determination of CLA in commercial 

CLA-fortified dairy products,68 Portuguese CLA-rich food,69 

Brazilian dairy products,70 a variety of UK foods,71 goat milk,72 

ewe milk fat,73,74 beef lipids,75,76 bovine fat,77 bulls,78 human milk 

fat,79 Bifidobacterium and lactic acid bacteria.80  Novelties in the 

analytical procedures have not been reported.  Similar 

chromatographic conditions (CSL column, mobile phase of 87% 

Fig. 3　Densitogram of cis/trans fatty acids (S, saturated; M, 

monoenoic; c, cis; t, trans) in a Bulgarian bovine butter sample 

separated by Ag-TLC.49  Plates were impregnated with 0.5% AgNO3.  

Mobile phase: 3.5 mL petroleum ether:acetone, 100:2 (v/v) (redrawn 

from the original with permission of Akademiai Kiado).

Fig. 4　Ag-HPLC-MS separation of C18:1 trans (t) and cis (c) 

positional isomers.33  Single CSL column; isocratic elution with 18% 

of hexane:2-propanol:acetonitrile, 100:1:0.1 (v/v/v) in hexane at a 

flow rate of 0.2 mL/min; sample size, 54 ng; detection by atmospheric 

pressure photoionization (APPI); extracted ion chromatogram (m/z 

297) (redrawn from the original with permission of Elsevier).

Fig. 5　Fatty acid composition of aniseed oil by Ag-HPLC with clear 

resolution of the three positional 6-, 9- and 11-18:1 isomers.63  Fatty 

acids were converted in p-methoxyphenacyl derivatives prior the 

analysis.  Single NucleosilTM 100-5 SA column converted in silver ion 

form, stepwise gradient elution from 100% dichloromethane to 99:1 

dichloromethane:acetonitrile (v/v) over 30 min and to 97:3 

dichloromethane:acetonitrile (v/v) over another 30 min; sample size, 

5 µg (redrawn from the original with permission of AOAC 

International).

Fig. 6　CLA region (c, cis; t, trans positional isomers) of a milk fat 

fatty acid methyl esters by Ag-HPLC.52  Three CSL columns connected 

in series; mobile phase of 0.1% acetonitrile and 0.5% diethyl ether in 

hexane with a flow rate of 1.0 mL/min; UV detection at 233 nm 

(redrawn from the original with permission of AOAC International).
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hexane and 13% hexane:acetonitrile, 100:2 (v/v) at 1 mL/min) 

were also used for the separation of two conjugated linolenic 

acid (CLnA) isomers.81

4 Application to Triacylglycerols

4·1 Separation according to the number of double bonds

Most of the achievements in this specific topic were reviewed 

elsewhere, for Ag-TLC10 and for Ag-HPLC (see Fig. 7).23

Silver ion-super critical fluid chromatography is rarely, but 

steadily, used for this purpose (with capillary and conventional 

columns), and on-line MS detection is a novelty.83

4·2  Separation of TAG differing in the position or/and 

configuration of double bonds in the acyl chains

Most of the recent work has been aimed to test the CSL 

column with ELS and/or MS detectors in separations that were 

achieved previously on a silver-loaded cation exchange or silica 

columns.  In fine recent work, a complementary off-line 

combination of Ag-HPLC-ELSD, RP-HPLC-ELSD, GC, MS 

and MS/MS was applied to not only fractionate TAG, depending 

on the configuration of double bond in monoenoic FA moieties 

(milk fat), but also to determine the location of the moieties 

between the primary and secondary positions of TAG.84  Using 

three CSL columns in series, it was possible to separate a 

standard mixture of a randomized OOO/EEE mixture (O, oleic; 

E, elaidic acid moieties) into species differing by the number of 

elaidic acid moieties in the TAG (which is not a novelty), while 

achieving a partial separation of the pairs EEO/EOE and 

OOE/OEO in the same single run.28  TAG species differing in 

the position of double bonds in a single acyl moiety, α- and 

γ-linolenoyl (Ln), were successfully resolved, including the 

pairs OOαLn/OOγLn and γLnγLnγLn/αLnαLnαLn (Fig. 8).20  

An attempt to separate species of TAG containing CLA by using 

four CSL columns connected in series resulted in partial 

resolution and ambiguous detection.19  The separation of 

EEE/OOO on the new silver thiolate chromatographic material 

(AgTCM)22 is presented in Fig. 9.

4·3 Separation of regioisomeric TAG

The use of silver ion chromatography is considered to be a 

necessity in this separation, which is of significant practical 

importance.  The efficient separation of S2U type TAG 

Fig. 7　Separation of triacylglycerols (M, myristic; P, palmitic; O, 

oleic; L, linoleic; Ln, linolenic acid moieties) in fat body in bumblebee 

by Ag-HPLC-APCI-MS.82  Single CSL column; stepwise gradient of 

hexane:2-propanol:acetonitrile, 30:9:1 (v/v/v) in hexane at a flow rate 

of 1 mL/min; sample size, 1 µg (redrawn from the original with 

permission of Elsevier).

Fig. 8　Separation of triacylglycerols differing by the position of 

double bonds in the acyl chain (γLn: 6,9,12-18:3 and Ln: 9,12,15-18:3 

acyl moiety) by Ag-HPLC-APCI-MS.20  Three CSL columns connected 

in series with a gradient of 100% acetone to acetone:acetonitrile, 94:6 

(v/v) and to acetone:acetonitrile 89:11 (v/v) over 75 min at a flow rate 

of 1 mL/min (redrawn from the original with permission of Elsevier).

Fig. 9　Separation of a test mixture of triacylglycerols (S, 18:0; E, 

trans 9-18:1; O, cis 9-18:1; Ln, all cis 9,12,15-18:3 acyl residues) by 

Ag-HPLC using non-commercial AgTCM (silver thiolate 

chromatographic material) column (150 mm × 3 mm, 3 µm particle 

size).22  Stepwise gradient from 100% hexane to 100% acetone over 

45 min at a flow rate of 0.5 mL/min; sample size, 5 – 10 µg; ELSD 

(redrawn from the original with permission of Elsevier).

Fig. 10　Separation of a test mixture of randomized SSS, OOO and 

LnLnLn triacylglycerols (S, stearic; O, oleic; Ln, linolenic acid 

moieties) by Ag-HPLC-APCI-MS.20  Three CSL columns connected 

in  series; linear gradient of 100% hexane:2-propanol:acetonitrile, 

99.8:0.1:0.1 (v/v/v) to 61% hexane:2-propanol:acetonitrile, 

99.8:0.1:0.1 – 39% hexane:2-propanol:acetonitrile, 96:2:2 (v/v/v) over 

140 min at a flow rate of 1 mL/min; sample size, 20 µg (redrawn from 

the original with permission of Elsevier).
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(S,  saturated acyl moiety; U, unsaturated acyl moiety) by 

Ag-HPLC is indeed unbeatable in meeting the needs of the 

analysis of structured TAG.

Now, efforts are being directed to the resolution and 

identification of regioisomeric TAG of higher unsaturation in 

natural samples, and should be considered as the first serious 

steps in employing silver ion chromatography as a necessary 

stage in lipidomics.  Natural samples usually contain large 

amounts of SU2 or U3 TAG, and their regioisomeric composition 

is in general unknown.  For example, RP- (on two columns) and 

Ag-HPLC-APCI (on three columns, see Fig. 10) as first and 

second stages were combined to determine a remarkable number 

of isomeric TAG in reference samples, blackcurrant oil and beef 

tallow.28

In a perspective approach, regioisomeric and enantiomeric 

S2U type TAG were separated and identified by using Ag-HPLC 

and HPLC on chiral column in a complementary way.85  The use 

of chiral chromatography for the separation of enantiomeric 

TAG isomers should be seriously accounted in the future as an 

important stage in lipidomics.86

Some typical applications of Ag-HPLC for the analysis of FA 

and TAG during the last decade are summarized in Table 1.

5 Conclusions

There is a clear tendency at present to accept that the best 

approach to enlighten the composition of natural lipids is to 

combine all chromatographic, spectral and chemical techniques 

available, as has been recommended for years by leading lipid 

chemists.  The coupling of Ag-HPLC with either ESI-MS or 

APCI-MS detectors is undoubtedly highly efficient, and is 

gaining increasing popularity.  We believe that silver ion 

chromatography will be a useful and unavoidable stage in lipid 

analysis, and has strong prospective for applications in 

lipidomics, especially when combining with RP- and chiral 

HPLC and MS detection.

Table 1　Some applications of Ag-HPLC for analysis of fatty acidsa and triacylglycerols (2001 – 2011)

Analyte
Columnb

(tempera ture)

Mobile phaseb

(flow rate)

Detec tionb

(sample size)
Ref.

trans/cis isomers of 20:5 

and 22:6

CSLc column 0.3% Aceto nitrile in hexane UV (0.08 mg) 55

trans/cis 18:1 positional 

isomers

CSL column 0.018% Aceto nitrile + 0.18% 2-propanol in hexane 

(0.2 mL/min)

APPI-MS 

(54 ng)

33

trans/cis 17:1 positional 

isomers

3 connected CSL 

columns

0.15% Aceto nitrile in 2-octane (1 mL/min) UV at 200 nm 35

trans/cis 18:1 positional 

isomers as p-methoxy-

phenacyl esters

NucleosilTM 100-5SA 

column with Ag+ (21°C)

Hexane:dichloro methane:acet onitrile, 

60:40:0.2 (1 mL/min)

UV at 270 nm 

(20 µg)

62

Saturated, 6-, 9-, 11-

18:1, 18:2, 18:3 in plant 

oils as p-methoxy-

phenacyl esters

NucleosilTM 100-5SA 

column with Ag+ (21°C)

Gradient of: A) dichloromethane; B) dichloromethane: 

acetonitrile, 99:1; C) dichloro methane:acetonitrile, 97:3 

(1 mL/min)

UV at 280 nm 

(5 – 7 µg)

63

CLAd standard mixture, 

CLA metabolites

2 – 3 connected CSL 

columns (30°C)

0.2% Propionitrile in hexane (0.6 – 1 mL/min) APPI-MS 

(4 µg)

36, 37

CLA standard mixture 3 connected CSL 

columns (30°C)

0.1% Acetonitrile + 0.5% diethyl ether in hexane or 2% 

acetic acid in hexane (1 mL/min)

UV at 233 nm 30, 34

CLA standard mixture 3 connected CSL 

columns (21°C)

0.1% Acetonitrile + 0.5% diethyl ether + 0.05% 

2-propanol in hexane (1 mL/min)

UV at 233 nm 

(1.5 µg)

32

CLA in food products 1 – 4 CSL columns 0.1% Acetonitrile in hexane (1 mL/min) UV at 233 nm 68 – 80

CLnAe standard mixture 

of 2 isomers

CSL column (30°C) 87% Hexane + 13% hexane:aceto nitrile, 100:2 (1 mL/min) UV at 230 nm 81

TAG of butterfat NucleosilTM 100-5SA 

column with Ag+

Gradient of: A) dichloroethane:dichloro methane, 4:1; 

B) acetone (1 mL/min)

ELSD 

(1 – 2.5 mg)

84

TAG of vegetable oils silver modified column 

150 mm × 1 mm 

(Varian, Palo Alto, USA)

0.5 – 1.5% Butyronitrile in hexane (0.013 mL/min) ELSD (6 mg) 38

Standard mixture of 

TAG containing CLA

3 – 4 connected CSL 

columns

0.6 – 1% Acetonitrile in hexane (1.5 – 2 mL/min) UV at 206 nm 

(50 – 100 µg)

19

Isomeric TAG stan dard 

mix tures, TAG of 

animal fats

3 connected CSL 

columns (25°C)

Gradient of: A) hexane:2-propanol:aceto nitrile, 

99.8:0.1:0.1; B) hexane:2-pro panol:aceto nitrile, 96:2:2 

(1 mL/min)

APCI-MS 20, 44

trans/cis TAG positional 

isomers in partially 

hydro genated oils

CSL column (22 – 25°C) Gradient of: A) heptane:aceto nitrile, 100:0.1; B) heptane: 

aceton itrile, 100:1 (1 mL/min)

ELSD 

(250 – 350 µg)

39

TAG positional isomers 

in rice oil

CSL column (34°C) 0.5% Acetonitrile in hexane (1 mL/min) APCI-MS 27

a. Fatty acids were analyzed as methyl esters unless other was specified.  b. Additional information is missing in the original.  

c. ChromSpherLipidsTM column by Varian-Chrompack International (Middelburg, Netherlands).  d. Conjugated linoleic acid (trans/cis 

positional 18:2 isomers with conjugated double bonds).  e. Conjugated linolenic acid (trans/cis positional 18:3 isomers with conjugated 

double bonds).
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