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SUMMARY

A study of the conditions of triacylglycerol fractionation by reversed-phase
high-performance liquid chromatography (HPLC) with [*“Cltrioleoylglycerol showed
that contamination by thre adjacent peaks was very low (<<0.6 %); this was also proved
by the high purty (>98%) of the rechromatographed fractions.

Triacylglycerols from peanut and cottonseed oils eluted according to increasing
partition numbers, the latter generally being very close to the even numbers expecied.
The percentages of the fractions determined from peak areas (detection by differential
refractometer) were close to those determined by the internal standard procedure.
A study of the fatty acid composition of the isolated fractions did not lead to a
precise determination of the triacylglycerol composition, except for the first fraction,
composed mainly of trilinoleoylglycerol, and the second fraction, composed of pal-
mitoyldilinoleoyl- and oleoyldilinoleoylglycerol. These two triacylglycerol fractions
represented respectively 4.3 and 11.59, of peanut oil and 27.6 and 11.29 of
cottonseed oil. Cottonseed ot! triacylglycerols were first fractionated by argentation
thin-laver chromatography according to their degree of unsaturation. When the
fractions were re-fractionated by reversed-phase HPLC, according to their carbon
number, very simple mixtures were isolated, which will serve as useful substrates for
further analysis of the isomers of fatty acid positions in triacylglycerols.

INTRODUCTION

Natural oils and fats are complex mixtures of triacylglycerols (TGs). The
aumber and the proportion of the possible molecular species is large and a complete
determination can be achieved only via several steps.

In a first step, the composition of TG types can be determined (three fatty
acids are known but their positiopal distribution is not). This requires methods of
fractionating the complex mixture of TGs into simpler mixtures, showing the same
characteristics, either the same degree of unsaturation or the same chain length or
both. For most oils, only one fractionation by silver ion (argentation) thin-layer
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chromatography (TLC) according to the degree of unsaturation? into classes (FGs
showing the same unsaturation) has been necessary. Gas chromatographic (GC) anal-
ysis of the component fatty acids and triacylglycerols of each class generally allows
the precise composition to be calculated?3. For more complex oils it has been
necessary to utilize a second fractionation by GC*%, into groups (TGs showing the
same chain length and the same unsaturation), before applying the calculation
method.

In a second step, the composition of the TG types in sn-2-isomers can be
established by means of pancreatic lipaseS-7. For most oils, by hydrolysing the TGs
of the same class, isolated by argentation TLC, the proportion of the different sn-2-
isomers can be calculated, provided that the diglycerides formed during lipolysis were
fractionated according to degree of unsaturation®. For more complex oils, the TGs of
one class must first be fractionated into groups, which are then subjected to
lipolysis*-5.

In a third and last step, for the determination of the sr-1,3-isomers, snake
venom phospholipase, which hydrolyses fatty acids esterified at the internal position
of synthetic phosphatidylglycerols, can be used’?. Whatever the oil, it will be necessary
to work on the simplest mixtures of TGs, at least those obtained from combined
fractionation according to unsaturation and chain length. In addition, some products
of the reaction will have to be fractionated.

Therefore, in the study of triacylglycerol structures fractionation of the
originally complex mixture of TGs is necessary in order to isolate much simpler
mixtures. It alsc appears necessary in most instances to fractionate end-products of
the enzymatic reactions. Because the calculation methods depend on data derived
from analysis of the isolated fractions, very high purities of these fractions are
required for accurate and precise determinations.

Fractions of TGs isolated by argentation TLC according to unsaturation are
generally ot very contaminated?-3. Fractionation according to chain length can be
carried out by GC'%!! but the collected fractions are sometimes highly contaminated!2.

Reversed-phase liquid chromatography has been widely used in the past for
the separation of triacylglycerols'3-1%, Recently, great improvements, especially the
introduction of chemically bonded phases and high-performance liquid chromato-
graphy (HPLC), have renewed interest in this technique.

The first paper dealing with the HPLC of triacylglycerols was published in
1975 by Pei er al's. Simple TGs of medium chain length were separated on a
reversed-phase column. Other workers extended its field of application to the analysis
of long-chain TGs, on silicic acid columns, reversed-phase columns, or both'¢-23,
Plattner et al.!% presented the results of extensive work on the separation of TGs on
reversed phases.

The fractionation of triacylglycerols by HPLC on reversed-phase columns was
performed in 1977 independently by Plattner ef 2l.'° and Wada et al.*°. Fractions of
soybean oil were collected for GC analysis of fatty acids'®-*° and of TGs*®. Exact
compositions of the TGs were worked out for several!® or all fractions?® of this oil.
Wada er al.?” later reported similar work on beef TGs.

The separation of triacylglycerols by reversed-phase HPLC s effected according
to the integral partition number?s. However, when applied to triacylglycerols with the
same degree of unsaturation, a separation according to carbon number can be



HPLC FRACTIONATION OF TRIACYLGLYCEROLS 281

expected, as with saturated TGs'. Hence reversed-phase HPLC could advantageously
replace GC, which is not very satisfactory.

In our studies on triacylglycerol composition analysis, relatively large
amounts of very simple mixtures of TGs of high purity were needed for analysis of
the sn-1-, -2- and -3-isomers. This prompted us to investigate further the possibility
of fractionating pure TG fractions by reversed-phase HPLC, especially after a

preliminary fractionation by acgeatation TLC. This paper reports some of our
results in this field.

EXPERIMENTAL

Triacylglycerols

{**CJTrioleoylglycerol (530 mCi-mmol 1) was purchased from Centre d’Etudes
Nucl€aires, Gif-sur-Yvette, France, diluted with cold trioleoylglycerol (Nu-Chek Prep.,
Elysian, MN, U.S.A.) to a specific activity of 23,500 dpm-mg~?! and purified by
reversed-phase HPLC using an old column. The purified triacylglycerol was then
dissolved in acetone (10 mg-mi—?) for HPLC.

Peanut oil TGs were prepared from a crude oil from Upper Volia (Africa).
Total lipids were extracted with 15 volumes of dimethoxvmethane—-methanol (4:1)%8,
dried with absolute ethanol using a rotary vacuum evaporator and then subjected to
silicic acid column chromatography?® to isolate pure TGs. The purity of the TG
fractions was checked by TLC?,

Cottonseed oil was extracted from cotton seeds (Upper Volta) and TGs were
prepared as above.

Argentation thin-layer chromatography

In one experiment, cottonseed oil triacylglycerols, extracted from a more
recent batch of seeds, were fractionated by argentation TLC!. Glass plates (20 x 20
cm) were coated with a 0.25-mm layer of silica gel (Kieselgel G, Type 60; Merck,
Darmstadt, G.F.R.) impregnated with 209, (w/w) of silver nitrate, dried at 100°C
for 1 b, stored in the dark and activated at 120°C for 0.5 h before use. A sample of
S mg of TGs in chloroform was applied and the plates were developed with chloro-
form-methanol (198.5:1.5), dried under nitrogen and sprayed with a 0.03 9/ ethanolic
solution of 2',7'-dichlorofluorescein. The bands, revealed under UV light (350 am),
were delineated, the silica gel was scraped off and the TGs were extracted from the
powder with chloroform-methanol (30:10).

High-performance liquid chromatography

Samples of triacylglycerols (0.54 mg dissolved in acetone) were run on a
Waters Assoc. ALC:GPC 201 liquid chromatograph equipped with 2 30 cm X 3.9
mm LD. stainless-steel gBondapak C,; column and a differential refractometer
(R-401), both at room temperature. Analyses were carried out isocratically using
acetonitrile-acetone (42:58) st a flow-rate of 1.3 ml-min—!. The solvents, of
analytical-reagent grade, obtained from Merck, were vacuum degassed for 20 min
before use.

To collect a TG fraction, the solvent emerging from the detector was collected
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through a 15 cm X 0.1 mm I.D. stainless-stecl tube info one or two S-paf vials,
routinely 13 drops after the beginning of the registered peak on the chromatcgram.

Gas-liguid chromatography

Fatty acids were analysed as butyl esters3! on a Becker-Packard Model 417 gas
chromatograph, with a 25 m X 0.4 mm L.D. glass capillary column coated® with
Carbowax 20M (Applied Science Labs., State College, PA, U.S.A.) at a constant
temperature of 200°C and a nitrogen flow-rate of 4.5 ml-min~%, and equipped with
a ROS injector™® (S.P.I.LR.A.L., Dijon, France) and a flame-ionization detector. The
peak areas were measured with an ICAP 10 integrator (Lignes Télégraphiques
Téléphonigues, Paris, France). Calibration factors for quantitative determinations
were calculated using standard mixtures of fatty acids (Nu-Chek Prep.).

Radioactivity
Radioactivity was measured by liquid scinfillation counting with Permafluor
IOII (Packard Instruments, Paris, France) on a Packard PLD Tri-Carb spectrometer.

Calculations
Quantitation of the different fractions of peanut and cottomseed oil TGs

collected by HPLC was performed in two ways. Firstly the HPLC peak areas were
used, assuming that the areas were proportional to the weights of the TGs. Conver-
sion of weights info moles was effected from the average molecular weights of the
TGs, calculated from the fatty acid composition of each fraction. The second praoce-
dure used was internal standardization. To each fraction of TGs collected, a known
amount of pentadecanoic acid (15:0) (Nu-Chek Prep.) was added before prepara-
tion of the butyl esters and their analysis by GC. The amount of the TG fatty acids
was determined by comparison with the amount of internal standard (15:0), both
proportional to the corrected peak areas. The amount of the TG fraction was cal-
culated from that of the component fatty acids.

For the TGs of each fraction collected an integral partition number (JPN) was
calculated and an equivalent partition number (EPN) was determined. The 7PN was
calculated from the carbon number (C) and the number of double bonds (N) using

the equation*
IPN = C—2N

The carbon number (number of carbon atoms in the acyl chains of a triacyl-
glycerol)!* was equal to three times the average chain length of the component fatty
acids, calculated from the percentages in the fraction of these acids and from their
chain lengths. Similarly, the number of double bonds was equal to the average
number of double bonds in the component fatty acids.

The equivalent partition number, defined as the carbon number of the equiv-
alent n-saturated triacylglycerol which elutes at the same point as the TG fraction'¥,
was determined graphically in the following manner. A mixture of six simple saturated
triacylglycerols (carbon number 18-48) were analysed by HPLC under the con~
ditions routinely used. The plot of carbon number versus retention volume showed a
linear relationship similar to that found in reversed-phase partition chromatography®*
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and in reversed-phase HPLC!S. From this linear relationship a carbon number (the
EPN) can be determined for each TG fraction by comparison with its retention
volume.

RESULTS AND DISCUSSION

Study and control of the conditions of fractionation

Cornditions of peak collection. The best conditions of fractionation were deter-
mined in order to collect the maximum amount of the fraction while avoiding
significant contamination.

Puriffed [*“Cljirioleoylglycerol (1 mg in 100 gl of acetone) was analysed. The
solvent emerging from the detector was collected in fractions of 10 drops for 3 min,
from ca. 0.25 min before the registered peak started until ca. 1 min after it had
finished.

Fig. 1 shows the pesk (chromatogram) registered at a high chart speed (5 cm-
min—!) and the peak of radioactivity (radiogram), drawn from the values measured
in the different fractions collected. The shift between the two peaks (0.25 min)
corresponded to 20-25 drops of solvent. Contamination was minimal when collection
started only 10-15 drops after the registration started. The collected peak showed no
appreciable tailing, the latter being responsible for overlapping of peaks and con-
tamination.

30Q0 -

L 2 k] 2
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Fig. 1. Delay and shape of tiie collected peak of [**Cliriolcoylglycerol (radiogram, solid linc). The
registered peak (chromatogram, broken line) is expressed in arbitrary units.
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Puricy of the fractions collected. The collection of 0.6, 0.75 and 1 mg of
[HCl]trioleoylglycerol showed that 98.5, 96.2 and 97.6%, respectively, of the in-
jected radioactivity was recovered, proving that virtually no radioactive material
which might cause further contamination was retained on the column.

In fact, this contamination was very low, as shown by the following experi-
ments. When 3 mg of peanut oil TGs together witk [**Cltrioleoylglycerol (20%, w/w)
were separated into eight fractions (Fig. 2), only 0.5-0.6% of the radioactivity col-
lectad with the [14C)TG peak was found in the fractions collected before and after the

q [140] tricleoylglycerol

sojvent

[
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Fig. 2. Chromatogram recorded during fractionation of peanut oil triacylglycerols with [“Cltri-
oleoylglycerol added and percentage radioactivity of the nine fractions collected.

peak, respectively. In another experiment, three samples of 4 mg of peanut oil were
fractionated and the eight fractions collecied were re-chromatographed. Only very
slight contamination by the preceeding peak (Fig. 3) could be observed in fractions
3-5, and even in fraction 4, which eluted just after the major peak.

It can therefore be concluded that the fractions of TGs collected under the
conditions chosen were of high purity and are suitable for further analysis.

Composition of the fractions collected

Peanut oil triacylglycerols. The cight fractionated peaks of peanut oil TGs were
analysed for fatty acid composition by GC. The results are reported in Table L.

The percentages of these fractions were determined from the HPLC peak
areas (first line) and from the amount of added internal standard (second line). The
two series of values are similar. The differences (5% for the three main fractions)
may be due to differences in the refractive index responses. Similarly, the percentages
of the six fractions of soybean oil TGs calculated by Wada ez 2l.° from the peak
areas were close to those calculated by Plattner ef al.'® by the internal standard

procedure.
Also in Table I, the fatty acid compositions of the fractions, their carbon
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Fig. 3. Fractionation of peanut oil triacylglycerols and rechromatography of the eight fractions
collected.

number and the number of double bonds show that the unsaturation was very high
in the first fraction and then decreased regularly, while the chain length increased

sharply from fraction 5, following a very slow decrease.
The integral partition numbers, calculated by assuming that a double bond

was exactly equivalent to a reduction of two carbon atoms, were very close to even
numbers for fractions 2-7 (44-54), but different for the last fraction (55.02 instead

of 56). The graphically determined equivalent partition numbers exhibited some
differences from the calculated values. For the first four regular-shaped peaks the
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difference decreased from 1.8 to 1.0, as the number of double bonds decreased. This
indicates that the assumption used for the calculation is not compleiely valid, es-
pecially with the solvent system selected for this work4-22,

Finally, the reconstituted fatty acid composition of the peanut oil TGs was
found to be very close to the experimentally determined one, demonstrating the

validity of the analyses.
For each fraction we can tentatively determine the pature and the proportions
of the component TG types.

The first fraction was found to be composed almost solely of linoleoyl groups
and probably represented pure trilinoleoylglycerol. As already shown by several
workers, very pure trilinoleoylglycerol can be prepared by thin-layer, paper aad
column liguid partition chromatography'* from oils in which the most unsaturated
fatty acid is linoleic acid (and the shortest is palmitic acid). However, reversed-phase
HPLC is more rapid, more accurate and much larger amounts of starting material
can be used.

The second fraction contained about 679 of linoleoyl groups and 339 of
palmitoyl plus oleoyl groups. Assuming that on a reversed phase palmitic acid is
equivalent to oleic acid, this fraction consisted 0f 9.1 X 3 = 27.39/ of 16:0 18:2 13:2
and 24.2 X 3 = 72.69%; of 18:1 18:2 18:2. These are the only two TG types for which
the partition number is 44. As this fraction represented 15.89, of the total TGs
(internal standard procedure), these two TGs represented 4.3 and 11.59, respectively,
of peanut oil.

As for the third fraction, if we tentatively apply the method of calculation
worked out for other oils*33, the necessary independent equations are not available
for solving all the possible types. Only the percentage of 18:0 18:2 18:2 could be
calculated from that of 18:0, only present in this TG, namely 1.4 X 3 =4.29,. The
same is true for the next three fractions: the exact percentage of only one TG type
in each fraction could be determined, as follows:

fraction 4: 20:0 18:2 18:2 (2.7 of the fraction, 0.79; of the oil);

fraction 5: 22:0 18:2 18:2 (17.7 and 1.79%, respectively);

fraction 6: 24:0 18:2 18:2 (9.0 and 0.7 %/, respectively).

Additional GC analysis for TGs in these last fractions according to carbon
number would allow a more precise composition to be determined*S. However, these
mixtures are not simple enough for a complete analysis to be successful.

Cottonseed oi! triacylglycerols. Cottonseed oil TGs of simpler faity acid com-
position were fractionated under the same coanditions as above. The resulis are
reported in Table IL

The same remarks as for peanut oil can be made here. Proportions of the
fractions calculated from the peak areas were close to those calculated by the internal
standard procedure. The carbon numbers decreased from fraction 1 to fraction 4 and
increased for fraction 35, as did the numbers of double bonds. The integral partition
numbers were close to even numbers (42-48), except for the last fraction (close to
49;, which was rich in stearoyl groups. The graphically determined equivalent
partition numbers were found to be lower than the preceding ones for the first four
fractions, and the difference decreased from 1.6 to 0.2 as the number of double bords
decreased. The reconstituied fatty acid compositions of the oil TGs were close to those
determined experimentally.
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We can also try to determine the TG composition of each fraction from its
fatty acid composition.

" Fraction 1 was composed mainly of linoleoyl groups and thus confained at
least 90%; of trilinoleoylglycerol, which accounted for nearly 109 of the cottonseed
oil TGs. Fraction 2 contained approximately 679 of linoleoyl groups and 339 of
palmitoyl plus oleoyl groups and the TG composition was 16:0 18:2 18:2 =— 23.8 x
X 3 = 71.49%; of the fraction and 27.6 %, of the 0il, and 18:1 18:218:2 = 9.79; X 3=
= 29.19; of the fraction and 11.2%, of the oil.

For the last three fractions the number of all possible TG types was too high
for an accurate composition to be calculated, even with additional GC analysis of
TGs. Additionally, they are not simple enough to be further analysed for fatty acid
position®-?.

. Classes of cottonseed oil triacylglycerols. Table III reports results obtained in
the HPLC fractionation of class 012 triacyleglycerols, isolated by argentatiorn TLC.

As expected, the three fractions collected showed the same degree of unsat-
uration, that of the class (012), and they were separated according to the carbon
number, i.e., 50, 52 and 54.

TABLE I

PERCENTAGE AND FATTY ACID COMPOSITION OF CLASS 012 TRIACYLGLYCEROLS
FROM COTTONSEED OIL ISOLATED BY ARGENTATION THIN-LAYER CHROMA-
TOGRAPHY

Class 012 trizcylglycerols are triacylglycerols with the same degree of un saturation (0 = saturated,
1 = monounsaturated, 2 = diunsaturated fatty acid).

Parareter Fracsion® Total fatty acids (nol®})
1 2 3 Reconstituted Experimental

Mol % (15:0) 5.5 82.9 11.6

Fatty acids (mol )
140 16.0 09 0.9
16:0 18.8 347 34 30.2 27.7
16:1 144 0.8 09
1810 302 3.5 2.
18:1 169 329 328 320 33.8
18:2 339 324 33.6 326 3453

Carben number** 50.09 5192 53.80 52.03 5217

Number of double bonds** 297 293 3.00 2.94 3.09

Integral partition number** 44.15 46.06 47.80 49.15 46.00

* The fractions correspond to the three HPLC peaks, numbered in order of elution.
** See footnotes to Table L.

The TG composition of each fraction was easily determined starting from its
fatty acid composition. In fraction I (carbon number 50} 14:0 is necessarily
associated with 18:1 and 16:0 with 16:1, as 18:2 was the only diunsaturated fatty
acid present. For the first pair, the respective percentages were nearly the same
{16.0 and 16.92(). However, the percentages of 16:0 and 16:1 were different. Using
average values, the proportions of the only two possible TG types of fraction 1 were
calculated. These are reported in Table IV (class 012).
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TABLE IV

ANALYSIS OF THE TRIACYLGLYCEROLS OF COTTONSEED OIL BY REVERSED-PHASE
HPLC IN COMBINATION WITH ARGENTATION THIN-LAYER CHROMATOGRAPHY

Class™ Fraction™  Triacylgiycerol Mol Integral Equivalent
a/ 0, *tu ayn Py
(malis) (mol%) pe In the fraction  In the oil iz;ig::.’: %g’:
001 2 16:016:018:1 100 34 43.0 413
“.5 as.n
o011 2 16:0 18:1 18:1 100 28 48.1 470
3.2) (86.49)
002 1 16:016:018:2 100 2.0 46.0 45.3
(10.8) 83.4)
012 1 {14:0 18:118:2 49.8 0.5 4.2 42.5
(19.8) (5.5) 16:0 16:1 18:2 50.2 0.6
2 16:018:118:2 100 16.4 46.1 449
(82.9)
3 18:018:118:2 160 23 47.8 467
(11.6)
112 2 18:118:1 18:2 100 5.6 459 4.4
.9) (95.6)
022 2 16:018:218:2 100 249 4.0 42.8
(21.6) (90.1)
122 2 18:1 18:218:2 100 130 44.0 425
as.n (95.2)
222 1 18:218:318:2 100 13.8 42.4 49.5

(13.8) (99.9)

* Triacylglycerols with the same degree of unsaturation separated on argeatation TLC plates.
In parentheses the percentages (mol?) in the total oil of the classes of triacylglycerols that were
determined by the internal standard procedure (see Experimental).

** Correspond to the HPLC peaks, numbered in order of elution. Only the major fraction (ex-
cept for class 012), generally corresponding to the second fraction, was collected. Its percentage
in the fraction (indicated in parentheses as mol %) was determined from the internal standard (sec
Experimential).

*=*~ Triacylglycerols of which the three component fatty acids were identified but their positioning
was not. Their percentages in the fraction and in the total oil are given in the next two columns.
¥ For definitions an determinations, see Experimental.

In fraction 2, the three fatty acids (16:0, 18:1 and 18:2) showed the same
proportion of about 33%. Only one triglyceride type could therefore exist in this
fraction (16:0 18:1 18:2) and the percentage in the oil was 16.4%, (Table IV, class
012, fraction 2). In the last fraction (carbon number 54), still only one fraction was
possible (18:0 18:1 18:2), with a percentage of 2.3%; in the oil.

The other seven classes of cottonseed oil TG were also fractionated by HPLC
and the main fraction (75-100% of the class) was collected and analysed for fatty
acids by GC. For each fraction the fatty acid composition was very simple (Table
V), so that only one TG type was possible. These seven TG types are listed in Table
IV, together with those present in class 012. The eight main TG types, those from
the eight classes, represented nearly 90 %, of the cottonseed oil TGs. The three last TGs
together formed half. The main TG type, ie., palmitoyldilinoleoylgiycerol (class
022), alone represented 259 of cottonseed oil. The TG composition reported here
was close to that determined by other workers®. The origin of the oil may account
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TABLE ¥

FATTY ACID COMPOSITION (mol7) OF THE MAJOR FRACTIONS ISOLATED BY RE-
VERSED-PHASE BPLC FROM THE SEVEN CLASSES OF COTTONSEED OIL TRIACYL-
GLYCEROLS FRACTIONATED BY ARGENTATION THIN-LAYER CHROMATO-

GRAFHY

Class* 160 180 18:1 18:2 Carbon umber® Numiber of Integral

double bonds® partitior

number®
o 68.6 314 49.88 094 48.09
o1t 36.3 1.4 62.3 51.82 1.87 48.08
02 66.1 0.8 33.1 50.03 201 46.01
012 34.7 329 324 51.92 293 46.06
112 65.3 34.7 54 404 4592
1 7.2 320 660 -- 5196 3.96 4404
12 325~ 675 . 54 5.02 4386
222 56 944 - "S54 5.83 4235

* See fooinotes to Tables I and M.

for the few differences observed, as is the case with the oils of two different batches
of seeds analysed in this work: the oil prepared from more recent seeds and fraction-
ated into classes showed a larger amount of trilinoleoylglycerol.

In the last two columns of Table IV, for the eight main TG types, the cal-
culated integral partition number and the graphically determined equivalent partition
number can be compared. It is apparent that the correspording values differed, and
the higher the degree of unsaturation, the larger was the difference. For example, for
the calculated partition number 46 (classes 002, 012 and 112) three values of
equivalent partition numbers were found (45.3, 449 and 44.4) for TGs containing 2,
3 and 4 double bonds per molecule, respectively. The size of the contribution of 2
double bond therefoie seems to depend on the presence of other double bonds. This
may be due to the solvent system used, as Herslof ef al. 2?2 showed that the assumption
that one double bond is equal to two carbon atoms was better fulfilled in a methanol-
acetone system, greater variations being apparent in the acetonitrile—acetone system.

CONCLUSION

To solve the problem of determinating the TG composition of oils, a singie
fractionation using reversed-phase HPLC is not sufficient, especially when only the
component fatty acids of the fractHons collected are analysed. If additional GC
analysis of the TG fraction is carried out, more information is obtained, as shown
by Wada and co-workers*-¥?, but a precise and complete composition cannot be
calculated because the mixtures of TGs collected are still too complex. To develop
a complete determination, a second fractionation has to be made, either by GC
according to carbon numberl® or by argentation TLC according to degree of un-
saturation!, followed by GC analysis of the fatty acids in the new fractions collected.

However, the preparative problem of isolating the simplest mixtures of TGs
for further analysis of isomers is not completely solved with this double fractiona-
tion, because reversed-phase HPLC fractionation does not lead to TGs with perfectly
determined characteristics, either chain length or degree of unsaturation.
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If a fractionation is performed by argentation chromatography according to
the degree of unsaturation and if the fractions collected are then analysed for fatty
acids and triglycerides, a precise triglyceride composition can be determined, as was
demonstrated for cottonseed oil*” and even for the more complex peanut oil. It is
not necessary to proceed to a second fractionation as is generally the case with
reversed-phase HPLC.

However, if a second fractionation by HPLC is carried out on the fractions
isolated by argentation TLC, new fractions are now separated according to carbon
number, as with GC, and these are extremely simple, as seen with cottonseed oil, for
which each new fraction generally contained only one type of TG. These very simple
mixtures can be submitted to other analyses, e.g., for determination of the sn-2-iso-
mers by means of pancreatic lipase®?, or for determination of the sun-1,3-isomers by
means of snake venom phospholipase®.

The second fractionation can also be effected by GC, but this technique is not
satisfactory for high-molecular-weight triacylglycerols!?, whereas with HPLC several
milligrams of TGs can be fractionated in each run, without any appreciable con-
tamination. Moreover, fractionation is performed at room temperature and the TGs
collected are at all times in solution; these conditions prevent their thermal or
oxidative degradation.

To preserve these favourable conditions, the first fractionation by argentation
TLC can be advantageously replaced with fractionation by HPLC using a column
packed with silicic acid coated with silver nitrate-39, as for fatty acid methyl esters*®.
With this double fractionation by HPLC, large amounts of very simple mixtures of
triacylglycerols can be obtained rapidly in high purity for further analysis of the
isomers. We shall continue our work along these lines.
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