
SUMMARY 

A study of %he conditions of %riacy@Iycerol fmctionation by reversed-phase 
hi&-performance liquid chronmtogrzphy (HPLC) with ~14C]tiokoylgiycerol showed 
%ha% cm%a.mkm%ion by %he adjacent peaks was very low (to.6 “A; this was also proved 
by the high pm&y (>9S”h of %he re-chroma%ographed fractions. 

Triacy~giycerols from pearm% and co%%on.seed oils elrr%ed according to kreasing 
pa&ion m&em %he la%%er generaUy being very close to the even numbers expetxed. 
The pemm%ages of the fractions determined from peak areas (detection by diEerential 
refkac%ome%er) were close to %hose determined by %he internal s%andard procedure. 
A study of the fatty acid composition of %he isolated fractions did not lead %o a 
precise deti. _ tion of the %riacylglycerol composition, except for the kst frac%ion, 
composed mainly of %rilinoIeoyIgIycerol, and %he second faction, composed of pal- 
mitoykiiEIlo!eoy~- zud okoy!dilino!eoyi~yceroL These two %riacy~glycerol fm.c%iom 
represented respectively 4.3 and 11.5 oA of pemu% oil and 27.6 and 11.2% of 
co%%onseed oii. cottonseed oi! triacylglycerols were G.rs% fmc%ion&zd by argen%ation 
%hin-Iayer cb~omatography according to %heir degree of u~~~%uration. When %he 
fractions were mfrationa%ed by revemed-phase HPLC, according %o %heir -bon 
number, very simple mixhms were isoWed, which will sesve as use&l substrates for 
fix&x analysis of %he isomers of fa%%y acid positions in %riacylglycerols. 

Natural oils and fa%s are CompIex n&ures of tiacylglycerols (Es). The 
namher and %he proportion of the possible mokular species is kzrge and a complete 
de%ermination cm be achieved only via several steps. 

In a &s% step, %he compositioa of TG %ypes cm be determined (three fatty 
acids are known but %heir positional dis%ribu%ion is not). This requires methods of 
fk%iona%ing the complex mixhxre of TGs into simpler mix%mes showing %he same 
charac%eris%ics, either the same degree of unsaturation or the sa&e chain length or 
both. For mos% oils, only one fractionation by silver ion (argen%ation) %hin-layer 
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chromatography (TLC) according to the degree of unsaturation1*2 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 2*3. For more complex oils it has been 
necessary to utilize a second fractionation by GCY, into groups (IGs 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 lipase 6*7. For most oils, by hydrolysing the TGs 
of the same class, isolated by argentation TLC, the proportion of the different SK& 
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 tist be fractionated into groups, which are then subjected to 
lipolysis4~5. 

In a third and last step, for the determination of the sn-1,3-isomers, snake 
venom phospholipase, which hydrolyses fatty acids este&ed at the internal position 
of synthetic phosphatidylglycerols, can be usedg. 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 also 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 hot very contaminated z*3. Fractionation according to chain length can be 
carried out by GC1ovll, but the collected fractions are sometimes highly contaminated12. 

Reversed-phase liquid chromatography has been widely used in the past for 
the separation of triacylglycerols 13s14. Recently, great improvements, especially the 
introduction of chemically bonded phases and high-performance liquid chromato- 
graphy (IIPLC), have renewed interest in this technique. 

The first paper dealing with the IIPLC of triacylglycerols was published in 
1975 by Pei et aZ.“. 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 cohnnns, reversed-phase cohmms, or both16t5. 
Plattner et aZ.16 presented the results of extensive work on the separation of TGs on 
reversed phases. 

The fractionation of triacylglycerols by IIPLC on reversed-phase columns was 
performed in 1977 independently by Plattner et aZ.16 and Wada et aLz6. Fractions of 
soybean oil were collected for GC analysis of fatty acids’6**6 and of TGsz6. Exact 
compositions of the TGs were worked out for severall or all fractionsz6 of this oil. 
Wada et aZ.27 later reported similar work on beef TGs. 

The separation of triacylglycerols by reversed-phase HPLC is eflectedaccording 
to the integral partition numbet6. However, when applied to triacylglycerols with the 
same degree of unsaturation, a separation according to carbon number can be 
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~QXXQXI, as with saturated TGsfi. Hence reversed-phase HPLC could advantageously 
replace GC, which is not very satisfactory. 

In our studies on triacylglycerol composition analysis, re!atively large 
amounts of very simple mixtures of TGs of high parity were needed for analysis of 
the sn-1-, -2- and -3-isomers This prompted us to investigate further the possibility 
of t%actionatiug pure TG fractions by reversed-phase HPLC, especially after a 
preliminary fractionation by argentation TLC. This paper reports some of our 
resuits in this field. 

EXPERIMENTAL 

TfiacyZgZycefois 
~~TjT’rioletoylglyce~ol(5O mCi - mmol-‘) was purchased from Centre d’Etudes 

NucKairee, Gifsur-Yvette, France, diluted with cold trio!eoyIglycerol (Nu-Chek Prep., 
Elysian, MN, U.S.A.) to a specific activity of 23,50 dpm-mg-’ and purified by 
reversed-phase HPLC using au old column. The purified triacylglycerol was then 
dissolved in acetone (10 mg-ml-‘) for HPLC. 

Peanut oil TGs were prepared from a crude oil from Upper Volta (Africa). 
Total lipids were extracted with 15 vohnnes of dimethoxymethathanol(4:1)zs, 
dried with absolute ethanol using a rotary vacuum evaporator and then subjected to 
silicic acid column ch.romatographytP to isolate pure TGs. The purity of the TG 
fractions was checked by TLCm. 

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

Afgentation thin-layef chfomatogfaphy 
In one experiment, cottonseed oil triacylgIycerols, extracted from a more 

recent hatch of seeds, were fractionated by argentation TLCl. Glass plates (20 x 20 
cm) were coated with a 0.25mm layer of silica gel (Kieselgel G, Type 60; Merck, 
Darmstadt, G.F.R.) impregnated with 20% (w/w) of silver nitrate, dried at 100°C 
for I h, stored in the dark and ab%vated at 120°C for 0.5 h before use. A sample of 
5 mg of TGs in chloroform was applied aud the plates were deveIoped with chloro- 
form-methanol (19S.S : 1 S), dried under nitrogen and sprayed with a 0.05 % ethanolic 
solution of 2’,7’-dictiorofluorescein. The bands, revealed under W light (350 um), 
were delineated, the silica gel was scraped off and the TGs were extracted from the 
pow&r with chloroform-methanol (90: 10). 

High-peffo fmance liquid chromatography 
Samples of triacylglycerols (0.54 mg dissoived in acetone) were run oil a 

Waters Assoc. ALC:GFC 201 liquid chromatograph equipped with a 30 cm x 3.9 
mm I-D_ stainless-steel @ondapak C,, column and a differential refractometer 
(RaL), both at room temperature_ Analyses were carried out isocraticahy using 
acetouitrile-aeetone (42:58) at a flow-rate of 1.3 ml-min-l. The solvents, of 
analytical-reagent grade, obtained from Merck, were vacuum de,- 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 LD. stainless-steel tube into one or two 5-r& vials, 
routinely 13 drops after the beginning of the registered peak on the chromatcgram. 

Fatty acids were analysed as butyl esters3’ on a Becker-Packard Model 417 gas 
chromatograph, with a 25 m x 0.4 mm I.D. glass capillary column coated32 with 
Carbowax 20M (Applied Science Labs., State ColIege, PA, U.S.A.) at a constant 
temperature of 200°C and a nitrogen flow-rate of 4.5 ml*minV1, and equipped with 
a ROS inject09 (S.P.I.R.A.L., Dijon, France) and a flame-ionization detector. The 
peak areas were measured with an ICAJ? 10 integrator (Ligues T&&raphiques 
TWphoniques, Paris, France). Calibration factors for quantitative determinations 
were calculated using standard mixtures of fatty acids (Nu-Chek Prep.). 

Radioactivity was measured by liquid scintillation counting with Perm&uot 
III (Packard Instruments, Paris, France) on a Packard PLD Tri-Garb spectrometer. 

Qua&it&ion of the different fractions of peanut and cottonseed 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 into moles was effected from the average molecular weights of the 
TGs, calculated from the fatty acid composition of each fraction. The second proce- 
dure used was internal standardization. To each fraction of TGs collected, a known 
amount of pentadecanoic acid (15:O) (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 (LS:O), 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 (IPN) was 

calculated and an equivalent partition number (EPN) was determined. The IPN was 
calculated from the carbon number (C) and the number of double bonds (N) using 
the equation” 

IPN= c-m 

The carbon number (number of carbon atoms in the acyl chains of a triacyf- 
glycerol)f4 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 equivaIent partition number, defined as the carbon number of the equiv- 
alent n-saturated triacylglycerol which elutes at the same point as tbe TG fractio@, 
was determined graphically in the following manner. A mixture of six simple satxwated 

triacylglycerols (carbon number 18-48) were analysed by HPLC under the con- 
ditions rou+&ely used. The plot of carbon number versvs retention volume showed a 
linear relationship similar to that found in reversed-phase partition chromatography34 



and in reversed-please HPLC’6. From &is linear relationship a carbon number (the 
EPN) can be de&xmined for each TG fraction by commson with its retention 
VOImne- 

tCtm&tim of peak coolh%hz_ The best conditions of fdonation were deter- 
mined in order to colkct the maximum amount of the fraction while avoiding 
signScant contami~tion. 

Purikd ~4C]trioleoylglyce~ol (1 mg in 100 ~1 of acetone) was analysed- The 
solvent emerging firom the detector was colkcted in factions of 10 drops for 3 min, 
from ca O-25 min before the registered peak started until CII_ 1 min after it had 
&zished_ 

Fig. 1 shows the peak (chromato,~) registered at a high chart speed (5 cm- 
rnin-‘) and the peak of radioactivity (radiogram), drawn from the values measured 
in the diPkent fractions cokcted. The shift between ffie two peaks (0.25 tin) 
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 !atter being responsibIe for overlapping of peaks and con- 
CUIliIli3tiOil. 
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Puri:~~ of the fractions collected. The c&&ion of 0.6, 0.75 and L mg of 
[14C]trioleoylgiycerol showed that 98.5, 96.2 and 97.6x, 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 witl= [14C]trioleoylglycerol (20 %, w/w) 
were separated into eight fractions (Fig. 2), only O._S-O.6% of the radioactivity col- 
lected with the [14C]‘FG peak was found in the fractions collected before and after the 

-14 c-j trcoleoylglycerol 

t I 

0 5mln 

007 0 001 

% radloactiwty 

peak, respectively. in another experiment, three samples of 4 mg of peanut oil were 
fractionated and the eight fractions collected were rechromatographed. 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 5e concluded that the fractions of TGs collected under the 
conditions chosen were of high purity and are suitable for further analysis. 

Conaposition of the fractions coZZected 
Peanut oiZ rrzizcyZgZyceroZs. The eight fractionated peaks of peanut oil TGs were 

analysed for fatty acid composition by GC. The results are reported in Table I. 
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 et ~2.~~ from the peak 
areas were close to those calculated by Plattner et aZ.16 by the internal standard 
procedure. 

AIso in Table I, the fatty acid compositions of the fractions, their carbon 
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5 min 

Col’ected Feds 

6 

L 

’ -JL 
Fii- 3. Fracti~tion of pctnu: oil &iacylgIyccrols and re-chromatognphy of the tight fnctions 
colIaxed_ 

number and the number of double bonds show that the msaturation was very high 
in the Grst fraction and then decrea.~ pd regularly, while the chain length increased 
sharply from fraction 5, following a very slow decrease. 

The integral pa-&ion numbers, cakulated by assuming that a double bond 
was ex2ctIy ecpivdmt to a reduction of two carbon atoms, were very close to even 
numbers for Ikx&ms 2-7 (44-H), but different for the last fnction (55.02 instead 
of 56). The grapkica.Uy determined equivalent partition numbers exhibiti some 
differences from the czakulati values. For the first four regular-shaped peaks the 
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difkence decreased from 1.8 to 1.0, as the number of double bonds decmased, This 
indicates that the assumption nsed for the cakulation is not completely valid, es- 
pecially with the solvent system sekcted for this work14*u. 

FmaUy, 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 cmisiys. 

For each fraction we can tentatively determine the nature and the proportions 
of the component TG tym. 

The first fraction was found to be composed almost solely of linoieoyl groups 
and probably represented pure trih.nokoy~glycerol_ As already shown by several 
workers, very pure trihnoleoylglycerol can be prepared by thin-layer, paper and 
column liquid partition chromatography14 from oik in which the most unsaturated 
fatty acid is linolek acid (and the shortest is palmitic acid). However, reversed-phase 
HPLC is more rapid, more accnrate and much larger amounts of starting material 
canbeused. 

The second fraction contained about 67% of linokoyl groups and 33 % of 
palmitoyi plus oleoyl groups. Assuming that on a reversed phase palmitic acid is 
equivaIent to oleic acid, this fkaction consisted of 9.1 x 3 = 27.3% of 16:O lS:2 18:2 
and 24.2 x 3 = 72.6% of 1S:l 18 :2 18:2. These arc the only two TG types for which 
the partition number is 44. As this fraction represented 15.8% of the total TGs 
(internal standard procedure), these two TGs represented 4.3 and 11.5 %, respectiveiy, 
of peanut oil. 

As for the third fraction, if we tentatively apply the method of calculation 
worked out for other oi1s4*3s, the necessary independent equations are not available 
for solving all the possible types. Only the percentage of IS :0 IS :2 18 :2 could be 
calculated from that of 18 :O, only present m this TG, namely 1.4 x 3 = 4.2 %. The 
same is true for the next three fractions: the exact percentage of only one TG type 
in each fraction conld be determined, as foIlo_s: 

fraction 4: 20:0 18:2 18:2 (2.7% of the fraction, 0.7% of the oil); 
fraction 5: 22:0 18:2 1832 (17.7 and 1.7%, respectively); 
fraction 6: 24:0 IS:2 18:2 (9.0 and 0.7x, respectively). 
Additional GC analysis for TGs in these last fractions according to carbon 

number would allow a more precise composition to be determined’6. However, these 
mixtures are not simpIe enough for a compIete analysis to be successful. 

Cottonseed oii friacyg&e~&. Cottonseed oil TGs of simpler fatty acid com- 
position were fractionated under the same conditions as above. The results are 
reported in Table IL 

The same remarks as for peanut oil can be made here. Proportions of the 
fractious cakulatcd from the peak areas were close to those caknlated by the internal 
standard procedure. The carbon numbers decreased from fraction 1 to fraction 4 and 
increased for fraction 5, as did the numbers of double bonds. The inte_ml partition 
numbers were close to even numbers (42-4S), except for the last fraction (close to 
49:, which was rich in stearoyi groups. The graphically determined equivalent 
partition numbers were found to be lower than the preceding ones for the first four 
fractions, and the difference decreaxd from 1.6 to O-2 as the mu&et of double bonds 
decrexed- The reconstituti fatty acid compositions of the oil TGs were c!ose to those 
determined experimentally. 
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We can also try to determine the TG composition of mh ftion from its 
fatty acid cQmpcK&ion. 

- Fraction 1 was composed mainly of linokoyl groups and thus contained zt 
feast 90% of trilinokoy&lycero~ which accounted for nearly 10% of the cottonseed 
oil TGs. Fraction 2 contained approximately 67% of holeoyl groups ad 33 % of 
palmitoyl plus okoyl groups and the TG composition was 16:O lS:2 lS:2 = 23.8 x 
x 3 = 7lA%ofthefraceionand27d%offfieoil,and 18:: 1832 18:2 = 9.7% x 3= 
=29_l%ofthefrxtionand 11.2%oftheoiL 

For the Iast three fractions the number of aJ.l 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 
position6-g. 

CZ~es cf col~onseed oil rr&qYg&ceerok Table Ill reports results obtained in 
the HPLC fractionation of class 012 triacylglyceroIs, isol&& by argentation TLC. 

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

TABLE m 
PERCENTAGE AND FATTY ACID COMPOSITION OF CLASS 012 TRIACYLGLYCEROLS 
FROM COTTONSEED OIL ISOLATED BY ARGENTATION TKiIX-LAYER CHROhfA- 
TOGRAPHY 
Class 012 triacyIgIyxroIs 2re triacjI&aroIs with the same degree. of un saturation (0 = saturated, 
I= mmounsamratcd, 2 = diusmturated fatty acid)_ 

hfol%(lSzO) 
Fatty adds (mol “4 

143 
16~0 
16:1 
18~0 
18:l 
182 

cvbon nusnbcr” 
Nll&er of do&k bonds” 
Integral partition n-Umb%” 

5.5 82.9 11.6 

16.0 0.9 o-9 
18.8 34.7 3.4 30.2 27.7 
14-4 0.8 0.9 

30.2 3.5 24 
16.9 329 328 320 33.8 
33.9 32.4 33.6 32-6 34.3 
50.09 5192 53.80 5203 52_17 
297 293 3.00 2-H 3.09 

Ml5 46.06 c7.80 461.5 46.00 

l Ihe eactions ccrnsponc! to the thl-az HPLC peaks, numbered in order of elution. 
“SccfoatnotstoTabkL 

TLze TG composition of each fraction was easily determined starting from its 
fatty acid composition. In fraction I (carbon number 50) 14:O is necess&ly 
associated with l&l and 16:0 with 16:1, as 18:2 was the only diunsaturated fatty 
acid pnzsenc For the 4%~ pair, the respective percentages were nearly the same 
(16.0 and 16_9O%). However, the percentages of 16:O and 16:L were different, Using 
average values, the pro~rtions of the only two possible TG types of fraction 1 were 
calcxzl&ed. These zre reported in Table Iv (class 012). 
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TABLE N 

ANALYSIS OF THE TRIACYLGLYCEROLS OF COTTONSEED OlLBY REVEEED-PHASE 
WLC IN COMBXNATION WIXB ARGENTATiON THIN-LAYER ~OMATOGRAPHY 

C&d Fraction” TFiacyliyceroi MO&i ldegrai E@iva&nt 

(m&/o) type”’ 
In tire fraction 1~ the oii 

pa&x0s partSon 
numberi munberl 

16zo 16:O 18:l loo 3.4 48.0 47.3 

011 
(3.2) fi6.4) 

16:018:118:1 NIlI 2.8 48.1 47.0 

;:8) :83.4) 
16~0 16:0 18:2 100 9.0 46.0 45.3 

012 
z-5) c 

14~0 18:l 18:2 49.8 0.5 44.2 42.5 
(19.8) 16~0 16:118z2 50.2 0.6 

629, 
16:0 18:l 18:2 100 16.4 46.1 44.9 

dl.6) 
18~0 18:l 18:2 100 2.3 47.8 46.7 

112 
g5.6) 

18:l 18:1 18~2 100 5.6 45.9 44.4 
(5.9) 

& g30.1) 
16~0 18:2 18:2 100 24.9 44.0 42.8 

g7) gk.2) 
18:l IS:2 18:2 100 13.0 44.0 42.5 

g*, f99.9) 
18:2 18:b 18:2 100 13.8 42.4 40.5 

l TriacylgIycerols with the same degree of onsaturation separated on argentation TLC plates. 
In parentheses the percentages (mol%) in the total oil of the classes of trkcyIglycerols that were 
determined by the internal standard procedure (see JZxperimental). 

l * Correspond to the HPLC peaks. numbered in order of elution. Only the major frztion (ex- 
cept for class 012), generally corresponding to the second fraction, was colkzcted. its percentage 
in the fraction (indicated in parentheses as rnol”%) was determined from the internal standard (see 
Experimen’al). 

*** TriacylgiyceroLs 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. 

f For definitions an8 determinations, see Experimental. 

In fraction 2, the three fatty acids (16:0, 18 : I and 18 :2) showed the same 
proportion of about 33%. Only one triglyceride type could therefore exist in this 
fraction (16:0 E8:l 18:2) and the percentage in the oil was 16.4% (Table IV, &SS 
012, fraction 2). In the last fraction (carbon number 54), still only one fraction was 
possible (18:0 lS:L 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 (7~5-100~~ 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 Qpes are Wed 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 
togeT&er formed half. The tin TG @pe, i.e., pahni~oyldilinoleoylglycerol (class 
022), alone represented 25% of cottonseed oil. The TG composition reported here 
was close to that determined by other workers36. The origin of the oil may account 
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TABLEY 
FATTY ACID COMF+GSmGN (mol”A OF TEE MAJOR FRACI-IONS XSOILMED BY RJZ- 
VERSED-PEiASE EZPLC FROM THE SEVEN (SLASSES OF COTTONSEE OIL 3XLCYL 
GLYCEROLS FJ&%C-lZONA-XED BY ARGENFATION TEEN-LAYER CEEROMATCL 

GEWPHY 

ck7.s’ 16.3 18.0 Z8:Z Z8:2 GR6onlrf4mbd Nmiof ZkregfaZ 
&c&t! bmQ?s’ partirion 

rlKdhzr= 

001 
011 
002 
012 
112 
022 
122 
222 

z-i 
66.1 

1.4 31.4 6z3 
0.8 33.1 

34.7 32.9 32.4 
65.3 34.7 

34.0 66-c) -= 
32.5 - 67.5 .i 
5.6 944 _ - 

49.88 094 48.00 
51.82 1.87 48.08 
ITao3 201 46.01 
51.92 293 46.06 
M 4.04 4592 
51-96 3.96 4sm 
54. 5.02 4396 
5Q 5.83 4235 

- See footnoes to Tabks I and IKI. 

for the few diEerences observed, as is the case with the oiIs of two di&rent batches 
of seeds anaIysed in this work: the oil prepared from mote r-t seeds md fra~ti~~~- 
ated into c&ses showed a larger amount of triliinoleoylglyceroI_ 

IIn the last two cuhmms of Table JY, for the eight main TG types, tie cal- 
culated int.eq@ partition number and the grapb.icaIly determined equivalent partition 
nun&s GUI be conqared. It is apparent that the corresponding values Beered, and 
the higher the degree of ur~turation, the larger was the difEerence. For example, for 
the caiculated partition number 46 (classes 02, 012 and 112) three values of 
equivalent partition numbers were found (453,449 and 44.4) for TGs containing 2, 
3 and 4 double bonds per mo&uIe, respectively. The size of the contribution of a 
double bond therefoi-e seems to depend on the presence of other doubie bonds. This 
may be due to the solvent system used, as Her&f et aI.* showed that the assumption 
that one double bond is equal to two carbon atoms was better fS&d in a methanol- 
acetone system, greatfx variations being apparent in the acetonitri&acetone system. 

CONCLUSION 

To solve the problem of detesminating the TG compositions of oils, a single 
fractionation using reversed-phase HPLC is not su&ient, especially when only the 
component fatty acids of the ftions co&&xi are analysed. If additional GC 
analysis of the TG f&on is carried out, more information is obtained, as shown 
by Wada and oo-workerst6-z7, but a precise and complete composition cannot be 
calculated because the mixtures of TGs co&c&i are still too complex. To develop 
a complete determination, a second fractionation has to be made, either by GC 
acaxdkg to carbon nmnbetl” or by argentation TLC according to degree of un- 
saturation’, followed by GC analysis of the fatty acids in the new factions c&z&xi. 

However, the preparative problem of isolating the simplest mixtures of TGs 
for fiu8her analysis of isomers is not completely solved with this double fractiona- 
tion, because reversed-phase HPLC f&tionation does not lead to TGs with perfectly 
determined chixacteristi~ either chain length or degree of unsa~tion. 
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If a fractionation is performed by argentation chromatography according to 
the degree of unsaturation and if the fractions coIkcted are then analysed for fatty 
acids and triglycerides, a precise triglyceride composition can be determined, as was 
demonstrated for cottonseed oi13’ and even for the more complex peanut oiE3. 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 simpk 
mixtures can be submitted to other analyses, e.g., for determination of the sn-2-iso- 
mers by means of pancreatic lipase6*‘, or for determination of the sn-1,3-isomers by 
means of snake venom phospholipas&‘. 

The second fractionation can also be effected by GC, but this technique is not 
satisfactory for high-molecular-weight triacylglycerols12, whereas with HPLC several 
milligrams of TGs can be fractionated in each run, without any appreciable con- 
tamination. Momover, 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 &st fractionation by argentation 

TLC can be advantageously replaced with fractionation by HPLC using a column 
packed with silicic acid coated with silver n3ra.e + 38a3g, as for fatty acid methyl ester-P. 
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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