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Combination of Silver lon and Reversed-Phase High-Performance
Liquid Chromatography in the Fractionation of Herring Oil

Triacylglycerols
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Triacylglycerols from North Atlantic herring (Clupea
harengus) were separated according to the degree of un-
saturation by high performance liquid chromatography
(HPLC) in the silver ion mode. Each of the eleven frac-
tions collected was then separated by reversed-phase
HPLC, which in these circumstances separated the
molecules according to the combined chain-lengths of the
fatty acyl residues only. One hundred thirty fractions
were obtained for fatty acid analysis.

Almost 50% of the triacylglycerol molecules had six
or more double bonds in their fatty acyl residues. Satu-
rated-dimonoenes and disaturated-monoenes, 18.9% and
10.4%, respectively, were the most plentiful fractions of
the more saturated species. Such a complex mixture of
molecules was present that the most abundant sub-
fractions from reversed-phase HPLC represented less
than 5% of the total. Indeed, the largest single molecular
species [16:0-22:1-22:6(n-3)] represented only 2.8% of the
total. These sequential analyses by complementary tech-
niques made it possible to obtain a considerable amount
of information on the composition of molecular species,
but it was still not possible to identify all components.

KEY WORDS: Fish oil, herring (Clupea harengus), high perfor-
mance liquid chromatography, reversed-phase chromatography,
silver ion chromatography, triacylglycerols.

Natural triacylglycerols, especially those of fish oils, are
such complex mixtures of different molecular species that
it is impossible to separate all of them by a single chro-
matographic method. Silver ion chromatography has been
used extensively to separate molecules according to
degree of unsaturation (1). Bottino (2) and Dolev and
Olcott (3) utilized thin-layer (TLC) and column chroma-
tographic methods including silica gel impregnated with
silver ions to separate fish oil triacylglycerols. Recently,
a cleaner and more efficient method taking the advantage
of high-performance liquid chromatography (HPLC) with
cation exchange columns loaded with silver ions has been
developed (4,5). This technique was applied to fractionate
triacylglycerols from North Atlantic herring, sandeel and
Baltic herring (6).

Natural triacylglycerols have been analyzed often by
reversed-phase HPLC (7). The separation is effected by
the combined chain-lengths of the fatty acyl moieties and
the total number of double bonds. The dual nature of the
separation process can make identification of the frac-
tions difficult. The combination of silver ion TLC and
reversed-phase HPLC in sequence is complementary, and
it has been used for analyzing triacylglycerols from
evening primrose oil (8) and from palm oil and cocoa
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butter (9), for example. Myher et al. (10) and Lund (11)
fractionated milk fat triacylglycerols with silver ion TL.C
before gas-liquid chromatographic (GLC) analyses. There
is little detailed information about fish oil triacylglycerols
from combined analytical techniques. Wada et al. (12)
separated Black cod triacylglycerols first according to the
partition number by reversed-phase HPLC and then ac-
cording to the carbon number by GLC, and a similar ap-
proach was used with triacylglycerols from the Rock crab
(13). Silver ion TLC and reversed-phase HPLC have been
utilized in combination also (14). However, the major
analytical problems were avoided in this work because
of the low polyenoic fatty acid content of the fish oil.

In this paper, a combination of silver ion and reversed-
phase HPLC in sequence has been utilized to obtain in-
formation on the composition of the molecular species of
herring triacylglycerols. It is the first such analysis of
a fish oil containing a typical range of polyunsaturated
components.

EXPERIMENTAL PROCEDURES

Samples and reagents. Lipids from North Atlantic her-
ring (Clupea harengus), recovered by an industrial press-
ing process, were donated by J. Pettersen (Norwegian
Herring Oil & Meal Industry Research Institute, Bergen,
Norway). Pure triacylglycerols were obtained by prepara-
tive HPLC on a column of silica gel (Spherisorb™.-5
micron; 250 X 5 mm id. column) using hexane-tetra-
hydrofuran (99:1, v/v) as mobile phase at a flow-rate of
1 mL/min. All solvents and reagents were Analar or
HPLC grades and were supplied by FSA Scientific
(Loughborough, U.K.).

HPLC. The HPLC system consisted of a Spectra-
Physics Model 8700 solvent delivery system (Spectra-
Physics, St. Albans, U.K.), an ACS Model 750/14 mass
detector (Applied Chromatography Systems, Maccles-
field, U.K.) and a Spectra-Physics SP 4290 integrator. An
adjustable stream-splitter was installed between the col-
umn and the detector.

The silver ion column was prepared as described
previously (5). The fractionation of fish oil triacylglycerols
was carried out as reported earlier (6) using a ternary sol-
vent gradient consisting of (A) 1,2-dichloroethane/di-
chloromethane (1:1, v/v); (B) acetone; and (C) acetone/
acetonitrile (2:1, v/v); as the three components. In brief,
linear gradients of 100% A to 50% A-50% B over 10 min,
to 70% B-30% C over 30 min, to 50% B-50% C over 20
min, and then to 100% C over a further 20 min, were uti-
lized, and the final solvent mixture was maintained for
an additional 5 min. The column was kept at ambient
temperature and the flow rate was 1.0 mL/min. Samples
were dissolved in 1,2-dichloroethane and aliquots of 1-2
mg triacylglycerol in 10-25 uL of 1,2-dichloroethane were
injected on to the column. In order to have sufficient
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FIG. 1. Fractionation of the triacylglycerols from herring oil by HPLC with a silver ion
column and mass detection. The chromatographic conditions are described in the Ex-
perimental section. Fraction numbers are the same as in Table 1.

material available, the separation was repeated up to 15
times and corresponding fractions were pooled.

Reversed-phase HPLC analyses were performed using
two columns of Spherisorb 50DS2™ (250 X 4.6 mm i.d.,
5 um) (Hichrom Ltd., Reading, U.K.) in series at ambient
temperature. Triacylglycerols were separated with a sol-
vent gradient of (A} 1,2-dichloroethane/dichloromethane
{1:4, v/v); and (B) acetonitrile. The gradient was changed
over 60 min from 30% A-70% B to 40% A-60% B and
then over a further 40 min to 55% A-45% B and held for
5 min; the flow rate was 0.75 mL/min. Samples were
dissolved in 1,2-dichloroethane and volumes of 10 yL or
less were injected onto the column.

Fatty acid analysis by gas chromatography (GC). Tri-
acylglycerol fractions were collected via the stream-
splitter from the HPLC analyses to determine the fatty
acid compositions and amounts. Fatty acid methyl esters
were prepared by sodium methoxide-catalyzed trans-
esterification (15) in the presence of an internal standard
(methyl nonadecanoate). GC analyses were carried out
with a Carlo Erba Model 4130 capillary gas chromato-
graph (Carlo Erba, Milano, Italy) equipped with a
split/splitless injector and a fused silica capillary column
{25 m X 0.22 mm i.d., film thickness 0.2 um) coated with
Carbowax 20M (Chrompack Ltd, London, U.K.); hydro-
gen was the carrier gas. The column temperature was pro-
grammed with three minutes isothermally at 160°C, then
to 195°C at a rate of 4°C/min and was kept at the final
temperature for 22 more min. Fatty acids were identified
by reference to a standard fish oil (cod liver oil) and were
quantified by electronic integration.

RESULTS AND DISCUSSION

In this research, the sequential combination of silver ion
and reversed-phase HPLC was investigated for the
separation of the triacylglycerols of herring oil, chosen
because of its wide fatty acid and complex molecular
species compositions as well as its commercial im-
portance.

Silver ion HPLC was used first to fractionate the
triacylglycerols according to the degree of unsaturation.
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They were separated into eleven fractions via the stream-
splitter. For analytical purposes, each one was trans-
esterified with sodium methoxide in the presence of in-
ternal standard for identification and quantification of
the fatty acids by GC. The fractionation was repeated
several times to obtain enough material for further
analysis with the reversed-phase system. With the lat-
ter, the separation was according to the differences in the
combined chain-lengths of the fatty acyl constituents only
as the influence of the double bonds had, in effect, been
neutralized. The peaks obtained by reversed-phase HPLC
were collected for analysis from each silver ion fraction.
Herring triacylglycerols were divided into 130 fractions
in this way.

With silver ion HPLC, the eleven fractions shown in
Figure 1 were obtained initially. The more saturated
molecules eluted first and the degree of unsaturation in-
creased, the elution order of the main components being
SSS, SSM, SMM, MMM, SMD, MMD, SMT, SMTe,
SMP and SMH, where S = saturated, M = monoenoic,
D = dienoic, T = trienoic, Te = tetraenoic, P = penta-
enoic and H = hexaenoic fatty acid moieties. The average
numbers of double bonds in the triacylglycerol molecules
(double bond indices) were calculated from each silver ion
fraction and the results are presented in Table 1. The first
six fractions had the compositions expected of simple
triacylglycerol mixtures. Fractions 7 to 11 had more com-
plex fatty acid compositions, with one or more moles of
polyunsaturated components, and as can be seen from
Figure 1 they were composed of several peaks. Thus, the
later fractions especially were mixtures of many different
kinds of molecules. In a previous paper (6), herring
triacylglycerols were divided into 20 fractions and some
other fish triacylglycerols into as many as 26, but the
polyunsaturated fractions were still mixtures of many
molecular species. Only eleven fractions were collected
here to limit the amount of practical work.

Some specificity for fatty acids of different chain-
lengths, especially the monoenes, in molecular species was
evident in that higher proportions of 16:1 were detected
in the early fractions than might have been anticipated
from the relative amount in the oil as a whole, while
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Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions and Double Bond Indices of Triacylglycerol Fractions,
Obtained by Silver Ion HPLC, from North Atlantic Herring

Silver ion HPLC fraction

Recombinant

Fatty acid Total (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) composition
14:0 11.1 39.8 24.6 11.7 1.8 9.2 1.3 5.3 6.5 7.7 6.2 4.9 9.4
15:0 0.8 3.0 1.8 1.0 0.1 0.7 0.7 0.8 0.8 0.5 0.4 0.8
16:0 17.8 51.4 36.4 23.0 4.4 18.4 5.1 17.4 19.7 20.0 12.5 9.3 18.6
16:1 6.6 6.0 10.7 20.6 5.4 6.4 5.1 3.7 4.1 6.0 3.2 6.8
16:2 0.4 5.4 3.8 0.4 0.2 0.2 0.4 0.6 0.4
16:4 0.3 0.2 1.3 0.3 0.8 0.3
17:0 0.3 0.8 0.5 0.3 0.4 0.4 0.2 0.2 0.2
18:0 1.2 3.4 2.2 2.0 0.4 1.0 0.9 1.6 1.7 2.0 1.4 0.9 1.6
18:1 11.1 9.9 20.3 29.4 10.9 19.4 10.4 7.7 7.9 11.9 5.3 12.4
18:2 1.9 0.7 1.5 24.7 21.1 2.0 0.7 0.8 1.5 2.3 1.9
18:3(n-3) 2.1 24.3 1.1 0.3 1.0 4.7 2.1
18:4(n-3) 4.7 0.3 21.7 2.6 1.1 13.2 4.2
20:1 8.2 6.4 12.0 16.2 7.1 14.7 10.0 7.0 7.5 7.7 3.1 8.3
20:4(n-6) 0.3 0.5 0.9 0.6 0.2
20:4(n-3) 0.7 4.0 0.4 0.2 2.7 0.8
20:5(n-3) 6.4 4.8 23.3 3.0 17.5 6.4
22:1 14.5 11.2 18.6 24.4 14.8 25.8 16.5 15.5 14.1 17.8 6.8 15.3
22:5(n-3) 0.5 2.0 0.6 1.3 0.6
22:6(n-3) 8.7 5.2 25.7 19.7 8.3
other 2.5 1.5 1.0 1.2 1.8 1.5 5.1 2.2 1.0 1.7 2.8 1.5
Amount (mole %) 1.3 10.4 18.9 5.6 2.2 1.3 4.7 9.1 14.1 20.4 12.1

Double bond index 4.9 0.0 1.0 1.9 2.8 3.0 3.5 3.7 5.2 6.2 6.9 9.6 4.8

TABLE 2

Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions (Mole % of the Fraction and of the Total), Partition Numbers
and Approximate Carbon Numbers of Triacylglycerol Species Obtained by Reversed-Phase HPLC from Silver Ion HPLC Fraction 1

Reversed-phase HPLC fraction

Recombinant

Fatty acid Total {1-1) (1-2) (1-3) (1-4) (1-5) (1-6) (1-7) (1-8) composition
14:0 39.8 82.9 57.3 64.7 35.4 31.0 18.8 9.6 11.7 35.3
15:0 3.0 20.7 0.9 13.1 1.2 9.9 0.6 2.4 3.2
16:0 51.4 17.1 12.4 34.4 39.2 65.7 56.6 82.0 60.3 54.5
17:0 0.8 1.7 3.4 3.0 0.7
18:0 3.4 1.2 2.2 3.2 7.9 19.3 4.4
other 1.5 9.5 9.5 8.1 3.3 1.9
Amount (mole %)

of the fraction) 3.5 2.4 24.3 NI 26.5 7.6 16.8 111
Amount (mole %)

of the total 1.3 <0.1 <0.1 0.3 0.1 0.3 0.1 0.2 0.1
Partition number 42 44 46 48
Approximate carbon

number 42.0 44.0 46.0 48.0

proportionately more of the 20:1 and 22:1 fatty acids were
in the more polyunsaturated species.

The reversed-phase HPLC chromatogram of the total
herring triacylglycerols is very complex (Fig. 2A). The
separation of molecules is based on both the combined
chain-lengths of the fatty acyl residues and on the total
number of double bonds, so that components elute in
ascending order of chain-length but with each of the dou-
ble bonds reducing the retention time of the molecules
by the equivalent of about two methylene groups. In con-
trast, much simpler chromatograms were obtained when

the oil was fractionated according to the degree of un-
saturation before analysis by reversed-phase HPLC.
Some examples are shown in Figures 2B-2E. The fatty
acid compositions and amounts of different molecular
types from each silver ion fraction, expressed as mole %,
are presented in Tables 2-12. The silver ion fractions, as
numbered in the Tables, correspond to those in Figure 1.
Fatty acids found at less than 0.05% of the total are in-
cluded with the “others”. Several isomers of monoenoic
components were identified but are not differentiated
here. To check the recoveries, the fatty acid composition
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FIG. 2. A. Separation of the total triacylglycerols from herring oil
by reversed-phase HPLC with mass detection. Dotted lines show
the places where saturated monoacid triacylglycerol standards would
elute. As examples, 2B, 2C, 2D and 2E show the reversed-phase
HPLC separations of silver ion HPLC fractions 1, 3, 8 and 11, respec-
tively. The chromatograms are placed so that the peaks are approx-
imately in their correct positions when compared to the total
chromatogram. Fraction numbers refer to Tables 2, 4, 9 and 12,
respectively. The chromatographic conditions are described in the
Experimental section.

of each silver ion fraction was reconstituted from the
relative proportions in each of the reversed-phase sub-
fractions (Tables 2-12). Recoveries were acceptable in
each instance.

Reversed-phase chromatograms of the more saturated
fractions from silver ion HPLC were formed of peaks
resolved to the baseline. Some peaks were split into two,
probably because of differences in the positions of dou-
ble bonds in fatty acyl constituents. Others were asym-
metric and evidently contained more than one molecular
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species. Most chromatograms had small peaks eluting
between the main ones that contained, for example, odd-
and branched-chain fatty acids; e.g., silver ion fraction
2 (Table 3) had minor components (sub-fractions 2-2, 2-4,
2-6, 2-8, 2-10 and 2-12) with increased proportions of 15:0
and 17:0 fatty acids. More unsaturated silver ion fractions
eluted earlier in the reversed-phase chromatogram than
the more saturated ones and were split into several peaks
which could no longer be separated to the baseline.

A number of methods have been devised for defining
relative retention times of triacylglycerol fractions in a
manner that relates to structure and as a guide to the
identification of unknowns [reviewed elsewhere (7)], but
most of these require isocratic elution conditions rather
than gradient elution, as was the case here. By co-inject-
ing the total herring triacylglycerols and a mixture of
standards containing saturated monoacid triacylglyc-
erols, “approximate carbon number’’ (ACN) values for
each chromatographic peak in the fish oil were calculated.
The places where standards would elute in comparison
are shown in Figure 2A. To estimate the relationships be-
tween the reversed-phase HPLC peaks from fractions ob-
tained by silver ion HPLC and those of the total herring
triacylglycerols, co-injections of each silver ion fraction
together with the total triacylglycerols were done when
possible. An ACN value was then given to each main peak
to give an approximate idea of where peaks in different
fractions eluted in comparison to each other, and they are
listed in Tables 2 to 12. The error involved is too great
to permit certain identification of components with
similar values.

By comparing the chromatograms and investigating
the fatty acid compositions, the “partition numbers” (PN)
of the fractions could also be estimated, i.e., the combin-
ed chain-lengths of the fatty acyl groups less two for each
double bond in the molecule, and these are also listed in
Tables 2 to 12. When the degree of unsaturation in-
creased, the PN values became of less practical value
because of molecular shifts caused by positional isomers
of double bonds and other overlapping components. The
retention times of the peaks per se could not be used for
identification, because they varied according to the
stabilization time before the gradient was started, to
minor changes in the gradient or to the ambient temper-
ature. In Figures 2B-2E, the reversed-phase chromato-
grams of the silver ion fractions are placed so that the
chromatographic peaks are as close as possible to their
correct positions when compared to those in the chroma-
togram obtained from total herring triacylglycerols.

The average chain-length of fatty acids of a given
degree of unsaturation within one silver ion fraction in-
creased towards the end of the reversed-phase chroma-
tograms as might be anticipated. For example, from the
reversed-phase chromatogram of saturated-dimonoene
triacylglycerols (Table 4), the amount of 16:1 fatty acid
was higher than the amounts of 20:1 and 22:1 up to frac-
tion 3-6, and the proportion of 18:1 was higher than that
of 22:1 up to fraction 3-8. The amount of 22:1 exceeded
that of 20:1 just after fraction 3-6 and increased up to
62.1% of the total fatty acids in the last fraction.

Silver ion fraction 1, the trisaturated molecules, repre-
sented 1.3% only of the total triacylglycerols. This was
simplest of all in structure and with reversed-phase
HPLC, it was divided into eight sub-fractions from which
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TABLE 3

Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions (Mole % of the Fraction and of the Total), Partition Numbers

and Approximate Carbon Numbers of Triacylglycerol Species Obtained by Reversed-Phase HPLC from Silver Ion HPLC Fraction 2

Reversed-phase HPLC fraction

Recombinant

Fatty acid Total (2-1) (2-2) (2-3) (2-4) (25) (2-6) (2-7) (2-8) (29 (210} (2-11) (2-12) composition
14:0 246 53.8 411 305 10.7 19.6 85 21.7 13.6 193 8.0 3.2 2.2 20.0
15:0 1.8 0.2 5.0 0.4 6.2 0.4 7.4 0.3 13.1 0.3 8.9 0.3 1.0 1.6
16:0 36.4 94 185 263 327 358 33.2 385 26.7 431 31.9 55.7 33.5 36.5
16:1 6.0 27.0 18.0 224 127 8.7 3.7 2.1 2.2 1.5 0.9 0.3 1.6 6.2
17:0 0.5 3.3 0.8 2.3 3.9 4.7 2.5 0.5
18:0 2.2 0.9 1.0 0.3 1.0 1.0 2.1 2.0 3.3 3.5 3.8 6.5 13.2 2.6
18:1 9.9 6.4 85 191 21.8 215 223 134 7.7 2.5 7.8 1.1 4.1 12.1
20:1 6.4 0.8 1.7 1.0 50 11.1 8.2 9.7 8.4 7.0 6.4 2.8 5.8 7.4
22:1 11.2 1.5 1.4 2.4 1.3 6.1 11.3 18.0 22.1 24.1 30.2 34.3 12.0
other 1.0 1.5 6.7 0.6 6.1 0.9 3.1 0.8 3.6 1.8 1.2
Amount (mole %)

of the fraction 3.4 3.2 7.3 3.1 178 40 276 3.2 182 2.3 7.1 2.8
Amount (mole %)

of the total 10.4 0.4 0.3 0.8 0.3 1.9 04 2.9 0.3 1.9 0.2 0.7 0.3
Partition number 42 44 46 48 50 52 54
Approximate carbon 41.1 43.3 45.0 47.0 48.0 49.0 50.0 50.9 52.8

number 45.2 47.2
TABLE 4

Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions (Mole % of the Fraction and of the Total), Partition Numbers
and Approximate Carbon Numbers of Triacylglycerol Species Obtained by Reversed-Phase HPLC from Silver Ion HPLC Fraction 3

Reversed-phase HPLC fraction

Recombinant

Fatty acid Total (3-1) (3-2) (3-3) (3-4) (3-5) (3-6) (3-7) (3-8) (3-9) (3-10) (3-11) (3-12) (3-13) composition
14:0 11.7 209 16.0 165 15.4 9.0 17.1 84 13.1 5.0 8.2 5.4 7.3 1.6 12.3
15:0 1.0 1.0 1.1 3.9 0.2 3.9 0.2 5.5 4.5 5.9 0.5 0.9
16:0 23.0 19.1 185 27.2 19.2 251 199 180 21.1 155 23.9 13.7 21.8 29.2 21.2
16:1 10.7 299 325 13.1 236 116 158 94 100 3.2 1.2 1.3 0.5 0.2 11.3
16:2 1.7 05 16 1.7 2.3 0.3
17:0 1.8 2.7 0.1
18:0 2.0 56 15 16 07 17 08 33 13 4.7 1.7 5.6 2.8 2.3 1.7
18:1 20.3 11.1 236 17.7 32.2 222 26.2 200 20.7 199 181 11.7 2.3 1.0 20.2
18:2 0.7 65 26 92 03 63 1.0 0.8
18:3(n-3) 0.4 0.0
18:4(n-3) 0.8 0.4 0.0
20:1 12.0 1.8 15 85 172 92 120 11.8 155 164 207 176 211 3.5 13.3
22:1 18.6 1.6 0.8 1.8 1.1 4.6 79 139 182 24.7 26.1 35.1 43.7 62.1 17.3
other 0.5 3.9 4.7 6.4 4.4 1.0 0.7
Amount (mole %}

of the fraction 1.7 47 27 93 42 218 40 205 29 152 1.7 8.1 3.3
Amount (mole %)

of the total 18.9 03 09 05 18 08 41 07 39 05 2.9 0.3 1.5 0.6
Partition number 44 46 48 50 52 54 56
Approximate carbon 41.1 426 44.6 46.2 48.0 49.9 51.7 53.6

number 46.4 50.1

four peaks dominated (Fig. 2B, Table 2). From the fatty
acid analyses, these were mainly 14:0-14:0-14:0 (fraction
1-1), 14:0-14:0-16:0 (fraction 1-3), 14:0-16:0-16:0 (fraction
1-5) and 16:0-16:0-16:0 (fraction 1-7). Fraction 1-7 contain-
ed small amounts of 14:0-16:0-18:0 species also. (The fatty
acids are listed in a manner that bears no relationship to
the positional distribution within the triacylglycerols).
The small peaks between the main ones contained odd-
and branched-chain fatty acids in addition to the major
components.

The reversed-phase chromatogram of the disaturated-
monoenes (SSM, silver ion fraction 2, Table 3) was not
quite as simple as that of the trisaturated triacylglycerols,
and the former were subdivided into twelve fractions
when separated according to the combined chain-lengths
of the fatty acyl residues. By comparing the reversed-
phase chromatogram of this fraction and that of the total
triacylglycerols, and from the fatty acid compositions, it
was estimated that the ACN values varied between 41.1
and 52.8; the partition numbers of the corresponding
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TABLE 5

Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions (Mole % of the Fraction and of the Total), Partition Numbers
and Approximate Carbon Numbers of Triacylglycerol Species Obtained by Reversed-Phase HPLC from Silver Ion HPLC Fraction 4

Reversed-phase HPLC fraction

Recombinant

Fatty acid Total (4-1) (4-2) (4-3) (4-4) (4-5) (4-6) (4-7) (4-8) (4-9) (4-10) (4-11) (4-12) (4-13) composition
14:0 1.8 7.0 7.8 1.6 5.5 0.6 7.5 0.7 3.3 0.3 4.2 0.3 0.6 0.9 1.5
15:0 0.1 0.5 0.2 0.6 0.0
16:0 44 11.2 7.1 3.8 9.9 1.3 179 3.8 122 1.5 13.5 1.2 2.0 2.6 3.9
16:1 20.6 65.6 454 31.7 144 321 13.6 223 46 125 2.7 8.3 1.0 20.4
16:2 1.0 2.2 0.1
18:0 0.4 3.9 1.1 0.3 1.7 .02 2.8 0.2 2.3 7.9 0.4 1.0 2.0 0.7
18:1 29.4 9.4 28.4 446 335 429 244 335 223 318 20.1 20.9 16.1 2.5 31.9
18:2 1.5 2.9 5.5 2.1 1.6 0.3 4.9 2.7 6.3 0.3 3.5 1.6
20:1 16.2 1.7 9.9 9.7 109 7.3 163 10.5 26.1 16.8 27.4 29.2 27.6 17.0
22:1 24.4 1.6 53 17.2 11.7 143 206 29.0 27.3 26.0 41.5 49.8 64.4 22.0
other 1.2 0.7 6.3 5.2 9.2 4.8 0.3 0.7
Amount (mole %)

of the fraction 0.9 43 104 1.9 16.9 3.5 23.2 24 170 2.4 10.5 4.8 1.7
Amount {mole %)

of the total 5.6 0.1 0.2 0.6 0.1 0.9 0.2 1.3 0.1 1.0 0.1 0.6 0.3 0.1
Partition number 42 44 46 48 50 52 54 56 58
Approximate carbon 40.0 42.0 438 45.5 47.2 49.0 50.9 52.6 >54.0

number 44.0 47.4 49.1 52.8
TABLE 6

Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions (Mole % of the Fraction and of the Total), Partition Numbers
and Approximate Carbon Numbers of Triacylglycerol Species Obtained by Reversed-Phase HPLC from Silver Ion HPLC Fraction 5

Reversed-phase HPLC fraction

Recombinant

Fatty acid Total (5-1) (5-2) (5-3) (5-4) (5-5) (5-6) composition
14:0 9.2 24.7 16.0 7.2 7.9 2.7 6.8 9.9
15:0 0.7 1.1 0.6 0.8 0.6 1.4 0.8
16:0 18.4 11.5 17.9 17.1 16.3 26.4 24.0 18.3
16:1 5.4 21.2 12.0 2.2 1.3 1.3 2.1 5.4
16:2 5.4 11.8 7.9 5.8 3.5 0.7 5.1
18:0 1.0 0.8 0.5 1.1 14 1.9 6.1 1.3
18:1 10.9 8.0 17.8 17.5 5.2 3.3 9.9 10.7
18:2 24.7 18.7 22.4 24.6 27.2 27.8 12.7 24.6
20:1 7.7 1.2 3.6 14.7 13.3 3.8 8.8 9.0
22:1 14.8 1.0 0.7 7.6 21.5 27.8 23.1 13.4
other 1.8 0.5 1.6 1.8 3.1 6.6 1.7
Amount (mole %)

of the fraction 8.7 19.4 24.3 28.3 16.5 2.9
Amount (mole %)

of the total 2.2 0.2 0.4 0.5 0.6 0.4 0.1
Partition number 42 44 46 48 50
Approximate carbon 40.4 42.3 43.8 45.9 47.6 49.2

number 44.0

species varied between 42 and 54. As examples, fraction
2-1 was composed mainly of 14:0-14:0-16:1, fraction 2-5
was a mixture of 14:0-16:0-18:1, 14:0-14:0-20:1 and 16:0-
16:0-16:1, fraction 2-9 was a mixture of 14:0-16:0-22:1,
14:0-18:0-20:1, 16:0-16:0-20:1, 16:0-18:0-18:1 and 18:0-
18:0-16:1 and fraction 12 contained 16:0-18:0-22:1 as the
major species. The largest SSM sub-fraction (2-7) had
possible fatty acid combinations including 14:0-16:0-20:1,
14:0-14:0-22:1, 16:0-16:0-18:1 and 14:0-18:0-18:1.
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With reversed-phase HPLC, the SMM fraction was
divided into thirteen sub-fractions (Fig. 2C, Table 4).
Small amounts of SSD species were also present, and the
latter was expected to elute just after SMM as found
previously (4,6), since a molecule with one dienoic fatty
acyl residue is more strongly retained by the silver ions
than one with two monoenoic fatty acyl residues. Most
of the sub-fractions were complex mixtures. For exam-
ple, peak 3-2 comprised 14:0-16:1-18:1 and 16:0-16:1-16:1,
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TABLE 7

Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions (Mole % of the Fraction and of the Total), Partition Numbers
and Approximate Carbon Numbers of Triacylglycerol Species Obtained by Reversed-Phase HPLC from Silver Ion HPLC Fraction 6

Reversed-phase HPLC fraction

Recombinant

Fatty acid Total (6-1) (6-2) (6-3) (6-4) (6-5) (6-6) (6-7) composition
14:0 1.3 9.3 3.4 1.2 0.8 1.0 1.1 2.4 1.9
15:0 0.8 0.3 0.2 0.1
16:0 5.1 12.3 9.5 4.1 3.2 2.7 2.8 4.7 46
16:1 6.4 31.0 22.7 14.3 12.6 2.5 0.9 1.0 10.9
16:2 3.8 9.3 8.8 8.3 6.4 5.4 4.6 1.2 6.5
18:0 0.9 1.0 0.7 0.6 0.5 0.4 0.4 0.8 0.6
18:1 19.4 16.2 27.2 26.1 18.5 20.2 6.2 3.1 18.6
18:2 21.1 14.4 18.7 19.5 23.4 23.3 22.6 23.7 21.4
20:1 14.7 2.0 6.0 14.9 11.4 16.3 23.7 7.9 13.3
22:1 25.8 1.3 1.1 9.1 22.1 26.0 35.6 52.3 20.3
other 1.5 2.4 1.4 1.7 1.2 2.2 2.0 3.1 1.8
Amount (mole %)

of the fraction 6.4 11.9 18.5 23.1 21.0 13.3 5.9
Amount (mole %)

of the total 1.3 0.1 0.2 0.2 0.3 0.3 0.2 0.1
Partition number 42 44 48 48 50 52 54
Approximate carbon

number
TABLE 8

Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions (Mole % of the Fraction and of the Total), Partition Numbers
and Approximate Carbon Numbers of Triacylglycerol Species Obtained by Reversed-Phase HPLC from Silver Ion HPLC Fraction 7

Reversed-phase HPLC fraction

Recombinant
Fatty acid Total (7-1) (7-2) (7-3) (7-4) (7-5) (7-6) (7-7) (7-8) (7-9) (7-10) (7-11) (7-12) (7-13) (7-14) composition
14:0 53 230 30.7 125 115 114 80 74 14 1710 1.5 2.1 1.7 0.5 1.8 1.6
15:0 0.7 1.0 16 12 13 10 10 05 08 0.2 1.2 0.1 0.5 0.3 0.3 0.8
16:0 17.4 11.1 13.0 158 18.0 23.8 20.7 21.6 186 121 122 26.0 96 120 9.8 16.8
16:1 51 214 11.1 12.2 108 54 46 11 78 0.8 1.1 0.4 0.6 0.3 0.7 4.9
16:2 0.4 20 05 16 07 0.7 0.6 0.4
16:4 0.2 1.7 0.7 0.1
17:0 0.3 0.2 0.4 1.0 0.5 0.1
18:0 1.6 1.0 08 08 06 06 11 381 22 15 2.5 1.9 2.3 7.0 4.4 1.8
18:1 104 7.7 9.0 19.3 17.8 155 170 49 94 6.0 134 14 4.8 1.9 3.9 10.0
18:2 2.0 28 35 40 34 27 25 14 25 05 2.6 0.3 1.2 0.6 0.8 2.0
18:3(n-3) 24,3 140 219 21.6 23.5 24.8 26.2 104 28.4 275 222 274 246 106 20.4 23.6
18:4(n-3) 0.3 23 03 14 0.2 0.5 0.3
20:1 10.0 26 08 05 49 51 91 149 10.7 155 106 55 20.6 2.9 6.6 8.8
20:4(n-6) 0.5 16 02 07 03 0.7 06 0.3 0.3 1.4 0.5 1.0 0.5
22:1 16.5 51 1.0 1.6 1.8 2.5 4.7 244 151 249 277 298 26.1 46.2 399 17.4
other 5.1 68 61 51 45 39 44 105 08 3.4 4.6 4.7 58 170 10.1 5.1
Amount (mole %)
of the fraction 63 33 24 69 99 119 26 9.2 124 120 10.1 6.0 3.3 3.8
Amount (mole %)
of the total 4.7 03 02 01 03 05 06 01 04 06 0.6 0.5 0.3 0.2 0.2

Partition number

Approximate carbon
number

while sub-fraction 3-4 was composed of 14:0-16:1-20:1 and 3-8 probably had four major components, 16:0-18:1-20:1,
16:0-16:1-18:1. The most abundant sub-fractions from the 16:0-16:1-22:1, 14:0-18:1-22:1 and 14:0-20:1-20:1. Fraction
saturated-dimonoenes were 3-6, 3-8 and 3-10. Fraction 3-6  3-10 appeared as a double peak in the chromatogram
might have contained molecules such as 14:0-18:1-20:1, (Fig. 2C), perhaps because of differences in the positions
16:0-18:1-18:1, 16:0-16:1-20:1 and 14:0-16:1-22:1. Fraction of double bonds in the molecules. The possible fatty acid

JAQCS, Vol. 68, no. 4 (April 1991)
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TABLE 9

Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions (Mole % of the Fraction and of the Total), Partition Numbers
and Approximate Carbon Numbers of Triacylglycerol Species Obtained by Reversed-Phase HPLC from Silver Ion HPLC Fraction 8

Reversed-phase HPLC fraction

Recombinant

Fatty acid Total (8-1) (8-2) {8-3) (8-4) (8-5) (8-6) (8-T) (8-8) (8-9) (8-10) (8-11) (8-12) {8-13) (8-14) {8-15) (8-16) composition
14:0 6.5 18.5 30.1 13.1 170 45 71 09 1.7 15 25 2.4 2.1 1.2 0.9 1.4 1.0 5.8
15:0 08 05 11 19 09 07 15 04 04 1.1 1.5 03 0.3 0.3 0.7
16:0 19.7 6.2 5.8 14.4 27.8 20.7 20.5 25.8 11.5 19.8 10.8 31.0 14.1 3.2 20.2 188 83 18.1
16:1 3.7 224 100 121 33 79 22 30 04 15 10 03 0.8 0.2 04 02 3.0
16:2 02 13 08 03 03 0.1
16:4 1.3 37 16 26 06 24 19 06 3.0 0.8 0.5 2.2 1.0
17:0 0.4 0.1 0.5 06 05 05 06 09 03 05 04 0.3
18:0 1.7 06 02 02 03 05 07 25 15 15 51 13 52 07 29 66 25 2.0
18:1 7.7 79 62159 6.2 17.3 16.7 87 26 55 134 0.6 12.1 1.9 2.2 3.0 1.0 79
18:2 07 23 42 17 11 34 07 05 3.7 . 0.7
18:3(n-3) 1.1 25 59 17 23 34 11 08 46 0.3 0.6 04 04 1.1
18:4(n-3) 21.7 27.2 18.8 26.1 18.0 11.6 26.3 15.7 28.6 10.3 194 287 86 290 56 104 225 21.2
20:1 7.0 09 11 25 3.0 51106 86 154 44 10.6 2.7 6.9 280 6.1 7.0 5.0 8.1
20:4(n-6) 09 03 03 07 02 10 14 06 17 10 1.0 1.5 1.1 1.2 1.6 51 1.7 1.2
20:4(n-3) 40 08 1.2 36 07105 29 52 12114 171 0.7 154 08 188 6.4 1.7 4.3
20:5(n-3) 48 06 81 14156 53 15138 0.7 13 26 1.2 1.5 24 1.1 4.2
22:1 155 1.4 05 05 05 3.0 3.2 129 325 253 21.6 28.7 21.6 292 326 250 47.2 17.6
22:5(n-3) 0.6 0.6 0.9 0.1
other 22 28 40 15 21 26 11 09 39 21 2.1 6.6 3.7 44 125 74 2.6
Amount (mole %)

of the fraction 21 40 66 80 3.0 104 11.2 86 26 120 12.6 24 54 34 39 38
Amount (mole %)

of the total 91 02 04 06 0.7 03 09 10 08 02 1.1 1.1 02 05 03 04 03
Partition number 46 48 48 50
Approximate carbon 37.1 38.0 38.9 39.8 41.1 41.7 42.6 43.8 44.6 45.5 45.9 46.8 47.2-

number 41.9 47.4

-

combinations were 16:0-20:1-20:1, 14:0-20:1-22:1 and 16:0-
18:1-22:1, and the relative amounts were approximately
17, 25 and 54%, respectively. As the areas of the two
chromatographic peaks were nearly identical, it is reason-
able to assume that 16:0-20:1-20:1 coeluted with
14:0-20:1-22:1 and 16:0-18:1-22:1 was the other peak. Frac-
tion 3-12 was 16:0-20:1-22:1 and 14:0-22:1-22:1, mainly.
Fraction 3-13 was the only sub-fraction which nearly
represented a single molecular species, i.e., 16:0-22:1-22:1.
Silver ion fractions 4 (MMM), 5 (SMD), 6 (MMD) and
7 (SMT) were all minor components with proportions from
1.3 to 5.6% of the total triacylglycerols (Tables 5-8).
Most of the sub-fractions obtained from silver ion frac-
tion 8 with reversed-phase HPLC (Fig. 2D, Table 9) had
the ratio of saturated to monoenoic to tetraenoic fatty
acids of approximately 1:1:1, i.e., they were SMTe species.
A few peaks contained the pentaenoic acid, 20:5(n-3), and
a smaller amount of monoenoic fatty acids than on
average, so might have included SSP molecular species
(fractions 8-2 and 8-4). Also, some of the fractions had
greater monoenoic and lower saturated fatty acid concen-
trations and might have contained some MMTe species,
e.g., fractions 8-8 and 8-13, while fraction 8-7 probably
contained some SMP species. Because of the complex
fatty acid compositions, it was not always easy to iden-
tify or predict particular molecular species in different
fractions. The elution pattern did not simply rise to a
maximum and then fall off, as in many of the other
reversed-phase chromatograms, but exhibited several
maxima and minima (this was also true of the next two
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fractions). This must be because fatty acids exist in the
sub-fractions in highly specific combinations. The most
abundant sub-fractions from silver ion fraction 8 were 8-7,
8-10 and 8-11, the amounts of which varied between
11.2% and 12.6% of the total. Only fraction 8-1 [mainly
14:0-16:1-18:4(n-3)], fraction 8-11 [16:0-22:1-18:4(n-3)],
fraction 8-13 [20:1-22:1-18:4(n-3)] and fraction 8-16
[22:1-22:1-18:4(n-3)] had relatively simple compositions.

Those molecular species eluting in silver ion fraction
9 could be classified as mainly of the SMP type, although
other kinds of species were certainly present (Table 10).
Sub-fractions 9-1 and 9-2 differed from the others because
of their low saturated and high tetraenoic fatty acid con-
tents, and some other fractions had an increased hex-
aenoic fatty acid content. Fractions of the latter type (9-4
and 9-6) might have been composed of both SMP and SSH
species. Fraction 9-9 contained MMP species as did frac-
tions 9-12 and 9-14. Only a few sub-fractions had rela-
tively simple compositions, i.e., fraction 9-5 [mainly
16:0-18:1-20:5(n-3}], fraction 9-7 [14:0-22:1-20:5(n-3) and
16:0-20:1-20:5(n-3)], fraction 9-10 [16:0-22:1-20:5(n-3)],
fraction 9-12 [20:1-22:1-20:5(n-3)] and fraction 9-14
[22:1-22:1-20:5(n-3)].

Even though the reversed-phase chromatogram was
complicated, most of the peaks of fraction 10 (Table 11)
were separated nearly to the base-line. It obviously con-
tained several types of molecular species, and only in a
few sub-fractions from reversed-phase HPLC were the
ratios of saturated to monoenoic to hexaenoic fatty acids
approximately 1:1:1 (fractions 10-7, 10-10, 10-12, 10-14
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TABLE 10

Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions (Mole % of the Fraction and of the Total), Partition Numbers
and Approximate Carbon Numbers of Triacylglycerol Species Obtained by Reversed-Phase HPLC from Silver Ion HPLC Fraction 9

Reversed-phase HPLC fraction

Recombinant

Fatty acid Total (9-1) (9-2) (9-3) (9-4) (9-5) (9-6) (9-7) (9-8) (9-9) (9-10) (9-11) (9-12) (9-13) (9-14) composition
14:0 7.7 09 21 84 130 6.0 23 122 86 14 0.5 3.3 0.7 1.5 1.4 2.7
15:0 0.8 0.2 05 13 10 15 07 03 1.0 0.2 0.4 0.3 0.4 0.2 0.7
16:0 20.0 42 6.5 183 253 234 324 191 170 82 252 219 102 136 115 20.2
16:1 41 1083 7.2 1256 58 15 56 08 29 05 0.2 0.3 0.3 0.2 2.9
16:2 02 05 03 0.2 0.0
16:4 0.1 0.0
17:0 0.4 0.2 04 04 06 0.5 1.3 0.6 0.3 0.4
18:0 2.0 1.2 07 09 03 1.0 1.9 20 25 6.1 1.7 2.8 1.9 144 3.7 2.4
18:1 7.9 44 119 158 11.1 202 86 2.0 4.1 145 1.0 3.6 1.7 1.7 0.8 8.2
18:2 0.8 81 44 18 13 03 12 0.2 0.7
18:3({n-3) 03 49 33 0.3 0.2 0.2
18:4(n-3) 26 139 132 25 59 08 46 04 16 11 0.3 0.4 2.3
20:1 7.5 1.9 15 06 32 78 54 140 9.8 109 14 7.0 20.2 6.1 5.4 7.3
20:4(n-6) 0.2 04 0.1 0.2 0.0
20:4(n-3) 0.4 09 20 0.1 03 06 3.8 0.9 0.3
20:5(n-3) 23.3 44.3 26.2 35.0 12.8 30.9 13.2 31.8 14.0 234 345 104 248 20.2 20.6 25.0
22:1 14.1 20 1.2 0.7 0.7 7.0 139 16.5 229 336 29.5 303 224 445 14.7
22:5(n-3) 2.0 25 10 15 1.7 19 038 4.8 0.6 2.1 4.9 4.0 2.2 1.9
22:6(n-3) 5.2 1.6 15,0 14 141 26 139 14 27 44 0.7 2.6 1.5 4.7 1.8 5.3
other 1.0 05 12 06 31 10 04 06 165 0.3 0.5 152 2.3 9.4 6.9 2.0
Amount (mole %)

of the fraction 1.4 29 58 109 122 132 150 1.8 9.0 13.0 1.7 6.2 3.6 3.5
Amount (mole %)

of the total 14.1 02 04 08 15 1.7 19 21 02 13 1.8 0.2 0.9 0.5 0.5
Partition number 42 44 46 48 50
Approximate carbon

number 37.1 38.0 39.2 40.0 41.1 419 426 43.8 44.6 45.5 47.4

and 10-17). Some sub-fractions had a very small amount
of saturated and an increased amount of monoenoic fatty
acids as compared to the others, and these may contain
MMH molecular species (fractions 10-11, 10-13, 10-15 and
10-18). Fractions 10-1, 10-2, 10-3 and 10-6 were excep-
tional in having lower 22:6(n-3) and higher 20:5(n-3) con-
tents. Sub-fractions 10-11 and 10-12, as well as 10-13 and
10-14, were the largest and corresponded to 2.2 to 2.8%
of the total triacylglycerols. Sub-fraction 10-11 and 10-13
were of the MMH type, and the former contained mainly
16:1-22:1-22:6(n-3) and 18:1-20:1-22:6(n-3), while the latter
was 18:1-22:1-22:6(n-3) and 20:1-20:1-22:6(n-3). SMH mo-
lecular species, 14:0-22:1-22:6(n-3) and 16:0-20:1-22:6(n-3),
were the main components of sub-fraction 10-12. In spite
of the complicated fatty acid compositions, a few rela-
tively simple molecular species were present: fraction
10-14 [mainly 16:0-22:1-22:6(n-8)], fraction 10-15
[20:1-22:1-22:6(n-3)], fraction 10-17 [18:0-22:1-22:6(n-3}]
and fraction 10-18 [22:1-22:1-22:6(n-3)].

The last silver ion fraction (11) had a very complex com-
position and was not apparently simplified by HPLC in
the reversed-phase mode (Table 12, Fig. 2E). No simple
means of identifying the components of this fraction was
possible. It had on average 10 double bonds per molecule
and all the molecular species eluted at the beginning of
the reversed-phase chromatogram. Better results might
have been obtained if more fractions had been collected
in the appropriate region of the silver ion chromatogram
for separate analysis by reversed-phase HPLC.

Herring oil triacylglycerols are so complex in their mo-
lecular structure that the amounts of the most abundant
fractions were less than 5% of the total. All of the sub-
fractions in reversed-phase HPLC obtained from the
silver ion fractions 1, 5, 6 and 7 corresponded to less than
1% of the total, and even the sub-fractions from the larger
silver ion fractions 4 and 8 were less than 2% of the total
triacylglycerols. The most abundant molecular species
were found in the saturated-dimonoenes, where the pro-
portions of sub-fractions 3-6, 3-8 and 3-10 were 4.1, 3.9
and 2.9%, respectively of the total, although these each
contained many different components, as discussed
above. The SMH sub-fraction 10-14 was the largest poly-
unsaturated one (2.8%) that could almost be represented
by a single molecule.

It is evident that combining silver ion and reversed-
phase HPLC techniques in this way can greatly simplify
the analysis of complex natural triacylglycerol samples,
such as those of fish oils. Even greater simplification
might have been achieved by taking narrower silver ion
fractions for further analysis. Many fractions remained
rather complex and the detailed compositions of their
molecular species have still to be determined. It would
also be advantageous if the positional distributions of
fatty acids on the glycerol moiety for each of the fractions
could be obtained by stereospecific analysis procedures.
In biochemical terms, the compositions of the molecular
species are determined by the specificities of the acyl-
transferases responsible for esterifying each position of
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TABLE 12

Fatty Acid Compositions (Mole % of the Total Fatty Acids), Proportions (Mole % of the Fraction and of the Total), Partition Numbers
and Approximate Carbon Numbers of Triacylglycerol Species Obtained by Reversed-Phase HPLC from Silver Ion HPLC Fraction 11

Reversed-phase HPLC fraction

Recombinant

Fatty acid Total (11-1) (11-2) {33-3) (11-4) {11-5) (11-6) (11-7) (11-8) composition
14:0 4.9 5.0 12.8 3.6 1.8 0.6 0.5 0.2 0.2 3.8
15:0 04 0.4 0.7 0.2 0.1 0.1 0.4
16:0 9.3 3.2 1.5 15.5 12.4 5.1 2.2 4.6 1.9 8.6
16:1 3.2 4.0 10.6 1.5 1.4 0.6 0.5 0.7 0.4 2.7
16:2 0.6 4.5 0.5 0.3 0.6 0.3 1.0 0.5
16:4 0.8 5.6 1.4 0.4 1.0 0.1 0.7
17:0 0.2 0.5 0.2 0.1
18:0 0.9 0.8 1.0 2.4 0.8 2.0 0.6 0.8
18:1 5.3 0.9 1.3 11.0 414 2.4 1.1 4.6 2.2 5.2
18:2 2.3 1.2 3.2 0.7 1.5 2.3 2.9 1.1 19.5 2.2
18:3(n-3) 4.7 13.9 3.7 3.8 5.8 3.5 12.2 4.4 2.3 4.8
18:4(n-3) 13.2 20.8 17.3 12.8 10.5 16.4 8.6 5.9 1.2 13.3
20:1 3.1 0.4 0.6 12.3 4.7 4.0 3.5 2.6 3.7
20:4(n-6) 0.6 1.0 0.3 0.3 1.1 0.6 0.7 3.3 0.5 0.6
20:4(n-3) 2.1 2.5 1.9 1.7 4.1 1.8 6.3 3.5 1.0 2.5
20:5(n-3) 17.5 21.1 23.0 23.4 16.6 16.3 8.0 10.1 1.8 18.6
22:1 6.8 1.0 17.3 25.4 19.1 27.6 6.9
22:5(n-3) 1.3 0.7 0.9 2.0 1.1 2.7 2.7 0.7 1.3
22:6(n-3) 19.7 10.9 18.9 21.3 20.3 21.6 21.5 24.2 32.0 21.0
other 2.8 4.0 2.5 1.6 1.6 2.5 1.6 10.1 5.5 2.3
Amount (mole %)

of the fraction 1.8 16.7 31.1 16.8 20.9 7.3 2.9 2.4
Amount (mole %)

of the total 12.1 0.2 2.0 3.8 2.0 2.5 0.9 0.4 0.3
Partition number
Approximate carbon 30.0- 32.2- 34.4- 36.5- 37.7- 39.6- 40.7- 41.8-

number 32.2 344 36.5 37.7 39.6 40.7 41.8 43.2
the triacyl-sn-glycerol molecules. Such analyses on fish 4. Christie, W.W.,J. High Res. Chromatogr. Chromatogr. Commun.

oils are, however, technically daunting and the sheer
magnitude of the task with such a large number of sub-
fractions means that it cannot be contemplated at
present.

With existing technology, it would appear that HPLC
linked to mass spectrometric detection would afford
greater opportunities to identify the difficult fractions,
especially if combined with the HPLC separation pro-
cedures described here. With simpler triacylglycerol
samples, the methods used in this research can lead to
comprehensive analyses.
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