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Determination of Molecular Species of Oil Triacylglycerols 
by Reversed-Phase and ChiraI-Phase High-Performance 
Liquid Chromatography 
G. Sempore and J. Bezard* 
Unite de Nutrition Cellulaire et M6tabolique, Universit6 de Bourgogne, BP 138, 21004 Dijon, Cedex, France 

A method is described for the determination of molecular 
species of  oil triacylglycerols. The method is based on the 
analytical separation of the enantiomeric  sn-l,2- and 
sn-2,3-diacylglycerols, derived from triacylglycerols, by 
high-performance liquid-chromatography (HPLC) on a 
chiral column containing N-(R)-l-(a-naphthyl)ethylamino- 
carbonyl-(S)-valine as stationary phase. Model triacyl- 
glycerol molecules  comprising three known fat ty acids 
were isolated from peanut oil and cottonseed oil by a com- 
bination of argentation-TLC and reversed-phase HPLC 
and submitted  to partial chemical deacylation. The de- 
rived sn-l,2(2,3)-diacylglycerols were analyzed and frac- 
tionated as 3,5-dinitrophenyl urethane derivatives by 
reversed-phase HPLC according to chalnlength and un- 
saturation. From the sn-l,2(2,3)-diacylglycerol composi-  
t ion and the diacylglycerol sn-l,2- and sn-2,3-enantiomer 
composit ion,  the individual molecular species of four 
peanut oil triacylglycerols and one cot tonseed oil triacyl- 
glycerol were identified and quantitated. The method can 
be applied to  triacylglycerols of any other oil or fat. 

KEY WORDS: Chiral-phase HPLC, diacylglycerols, enantiomers, 
molecular species, reversed-phase HPLC, triacylglycerols. 

In stereospecific analysis of oil triacylglycerols, represen- 
tative diacylglycerols should be produced by enzymatic 
or chemical partial deacylation and studied for fatty acid 
distribution (1). In the previous methods, the enantiomeric 
sn-l,2(2,3)-diacylglycerols, isolated by preparative thin- 
layer chromatography (TLC), were transformed into phos- 
pholipid-like molecules. The two enantiomeric synthetic 
phospholipids were then differentiated by the stereo- 
specific action of phospholipase A (2) or phospholipase 
C (3). The diacylglycerol enantiomers are preferentially 
separated by high-performance liquid chromatography 
(HPLC) either as diastereomers on a classical silica col- 
umn (4,5), or more currently as 3,5-dinitrophenylurethane 
(DNPU) derivatives on a chiral column (6-8}. 

In a previous study (9), we submitted pure peanut oil 
triacylglycerols isolated by argentationTLC and reversed- 
phase HPLC to partial chemical deacylation, and we frac- 
tionated the pure enantiomeric diacylglycerols as DNPU 
derivatives by reversed-phase HPLC. The diacylglycerol 
enantiomers were consecutively separated by chiral-phase 
HPLC (8). 

The present study reports the determination of molecu- 
lar species of the major peanut oil diacid- and triacid- 
triacylglycerols from the data previously obtained. These 
results complete those of another study on triacylglycerol 
structure of an African peanut oil of the same origin (10). 

*To whom correspondence should be addressed. 

EXPERIMENTAL PROCEDURES 

Samples. Peanut oil was a crude oil produced in Burkina 
Faso (West Africa). Crude cottonseed oil was provided by 
IRCT (Institut de Recherche du Coton et des Textiles 
Exotiques, Montpellier, France). The triacylglycerol frac- 
tion was isolated from the crude oils by silicic acid col- 
umn chromatography (11). Unique triacylglycerols (the 
three fatty acids are known) were prepared by a combina- 
tion of argentation-TLC and reversed-phase HPLC (12}. 
Triacylglycerols were first fractionated according to degree 
of unsaturatien on silver nitrate-impregnated silica (10%) 
plates with hexane/diethyl ether/methanol (79:20:1) as 
developing solvent. Triacylglycerols from five bands of 
different unsaturation (011, 111 + 002, 012, 112, 022 + 
122 + 222) were extracted from the scraped-off silica. 
Fifty plates (5-10 mg triacylglycerols per plate) were 
necessary to fractionate enough material for further analy- 
sis. Unique triacylglycerols were isolated from these five 
fractions by reversed-phase HPLC with an octadecyl/silyl 
column and acetonitrile]acetone (42:58) as developing sol- 
vent. In most cases, about 20 fractionations of 4-7 mg 
of triacylglycerols from each band were necessary to iso- 
late enough material for the next steps of analysis. The 
isolated triacylglycerols were the following three diacid- 
triacylglycerols from peanut oil--palmitoyldioleoylglyc- 
erol (16:0 18:1 18:1), dioleoyllinoleoylglycerol (18:1 18:1 
18:2) and oleoyldilinoleoylglycerol (18:1 18:2 18:2). The 
triacid-palmitoyloleoyllinoleoylglycerol (16:0 18:1 18:2) 
was isolated from both peanut oil and cottonseed oil for 
comparison. 

Enantiomeric diacylglycerols. Triacylglycerols were sub- 
mitted to partial Grignard degradation (13) as previous- 
ly reported (8). Ethyl magnesium bromide in diethyl ether 
(0.25 mL, 1 M) from Aldrich Chemical Ca (Milwaukee, WI) 
was added to 5-10 mg triacylglycerols in 1 mL diethyl 
ether for 1 min at ambient temperature The sn-l,2(2,3)- 
diacylglycerols were separated by boric acid-TLC with 
petroleum ether/diethyl ether (50:50) as developing solvent 
(13). The DNPU derivatives were prepared by reacting 
diacylglycerols (0.6-3 mg) in 4 mL dry toluene with 
2-10 mg 3,5-dinitrophenyl isocyanate (Sumitomo, Osaka, 
Japan) in the presence of 40 ~L dry pyridine, at ambient 
temperature for 1 hr (14). The crude urethane derivatives 
extracted from the medium were directly fractionated by 
reversed-phase HPLC without purification (8). 

Triacylglycerols were also submitted to partial en- 
zymatic deacylation for comparison. One to five mg were 
emulsified in 1 mL of 1 M TRIS buffer in the presence 
of calcium chloride and sodium taurocholate for 3 min at 
0~ (B 12 Sonifier, Branson, CT). The emulsion was in- 
cubated at 37~ with 100 ~L of buffer containing 4.25 mg 
mL -1 of lyophilized porcine pancreatic lipase (Precibio, 
Paris, France). The sn-2-monoacylglycerols were separated 
by boric acid-TLC (13) and analyzed by capillary gas 
chromatgraphy for fatty acid composition. 
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Reversed-phase H P L C  The analytical  and preparat ive  
HPLC separations of sn-l,2{2,3}-diacylglycerols as D N P U  
derivatives according to chainlength and unsa tura t ion  
were performed on a Waters model 6000 A Liquid 
Chromatograph {Waters Associates, Milford, MA} equip- 
ped with an octadecyl silyl column 125 cm • 4 m m  ID} 
containing Lichrospher 100 CH-18/ l l  Super {4-~m par- 
ticles} from Merck {Darmstadt,  Germany}. Analyses were 
carried out  a t  temperatures  of 12~ 16~ or 20~ 
depending on the diacylglycerols, with an isocratic solvent 
sys tem of acetonitrile/acetone {55:4 or 60:40} at  constant  
flow rate of 0.9 to 1.2 mL rain -1, depending on the 
diacylglycerols {8}. Peak areas were measured by means 
of an Enlca 21 integrator-calculator IDelsi, Suresnes, 
France}. 

Chiral-phase HPLC. The analytical  H P L C  separat ion 
of enantiomeric sn-l,2- and sn-2,3-diacylglycerols as 
D N P U  derivatives were performed on the Waters Liquid 
Chromatograph equipped with a Sumipax OA-4100 chiral 
column {25 cm X 4 m m  ID) containing N-{R}-I-la- 
naph thy l}e thy laminocarbony l - IS) -va l ine  bonded  to 
y-aminopropyl silanized silica {5-~m particles} from Sumi- 
tomo Chemical {Osaka, Japan}. The analyses were carried 
out at  ambient  tempera ture  of ca. 20 ~ C with an isocratic 
solvent sys tem of hexane/ethylene dichloride/ethanol 
{80:20:1} a t  a flow rate  of 0.9 to 1.2 m L  min -1 depending 
on the samples. Peak areas were measured by means  of 
an Enlca integrator-calculator. Other  conditions were as 
reported previously 19}. 

Gas chromatography. Fa t ty  acid composit ions of 
sn-l,2{2,3}-diacylglycerols and sn-2-monoacylglycerols were 
determined by capillary gas chromatograph  IGC} of 
methyl  esters on a Becker-Packard model 417 gas chroma- 
tograph {Packard, Rungis, France} equipped with a labora- 
tory-made 30 m X 0.4 m m  ID glass capil lary column, 
coated with Carbowax 20 M, at a cons tant  tempera ture  

of 195~ and a ni trogen flow rate of 3 mL min -1. Other  
conditions were as reported previously (8}. 

RESULTS 

Table 1 reports  the composit ion of the sn-l,2(2,3)- 
diacylglycerols derived from the five studied triacyl- 
glycerols by Grignard  degradat ion and the enant iomer  
composit ion of these enantiomeric diacylglycerols. The 
figures are means of three to seven values obtained in dif- 
ferent ways as previously reported {8,9}. 

The proport ion of the two sn-l,212,3)-diacylglycerols 
derived from 16:0 18:1 18:1 and 18:1 18:2 18:2 were very 
close to 45:55 in percentages. The monoacid-diacylglycerol 
was in sl ightly lower proport ion than  the diacid-diacyl- 
glycerol. The proport ion of the three sn-l,2{2,3)-diacyl- 
glycerols of 16:0 18:1 18:2 was different depending on the 
triacylglycerol origin, except for 18:1 18:2 {ca, 49% in both  
cases}. 

The enant iomer  composit ion of the sn-l,2{2,3)-diacyl- 
glycerols was rarely t ha t  of a racemic mixture  {50:50} ex- 
cept, curiously, for sn-1,2{2,3}-16:0 18:2 derived from cot- 
tonseed oil 116:0 18:1 18:2} partial  deacylation. Thus if the 
more unsa tura ted  f a t t y  acid was preferentially esterified 
a t  the sn-2-position, the other one did not  indifferently 
occupy the sn-1- or the sn-3-position. 

From the da ta  reported in Table 1, the different molecu- 
lar species {1,2,3-triacyl-sn-glycerols} present  in the five 
analyzed triacylglycerols could be mathemat ica l ly  deter- 
mined by solving a set  of equations. The determinat ion 
was easy for the diacid-triacylglycerols because only three 
molecular species could exist. An example is given in 
Table 2 concerning the triacylglycerol 18:1 18:2 18:2 from 
peanu t  oil. The percentage {mole %) of the three possible 
1,2,3-triacyl-sn-glycerols {listed in the third column} are 
assumed to be a, b, c {fourth column}. The chemical 

TABLE 1 

Enantiomer Composition of the sn-l,212,3)-Diacylglycerols Issued from Chemical Deacylation of Diacid- and Triacid-Triacylglycerols 
Isolated from Peanut Oil and Cottonseed Oil by Combined Argentation-TLC and Reversed-Phase HPLC 

Peanut oil 
Triacylglycerols 16:0 18:1 18:1 18:1 18:1 18:2 18:1 18:2 18:2 
sn-l,212,3}- 

diacylglycerols a 18:1-18:1 16:0-18:1 18:1-18:2 18:1-18:1 18:2-18:2 
Mole %b 46.52 53.48 77.77 22.23 44.03 

Enantiomers sn-l,2- sn-2,3- sn-l,2- sn-2,3- sn-l,2- sn-2,3- sn-l,2- sn-2,3- sn-l,2- sn-2,3- 

Mole %c 38.04 61.96 58.95 41.05 56.17 43.83 23.40 76.60 81.91 18.09 

18:1 18:2 
55.97 

sn-l,2- sn-2,3- 
23.62 76.38 

Triacylglycerols 

sn-l,212,3}- 
diacylglycerols a 

Mole %b 

Enantiomers 
Mole %c 

Peanut oil Cottonseed oil 

16:0 18:1 18:2 16:0 18:1 18:2 

18:1-18:2 16:0-18:2 16:0-18:1 18:1-18:2 16:0-18:2 16:0-18:1 
48.65 41.81 9.54 49.43 29.62 20.95 

sn-l,2- sn-2,3- sn-l,2- sn-2,3- sn-l,2- sn-2,3- sn-l,2- sn-2,3- sn-l,2- sn-2,3- sn-l,2- sn-2,3- 

38.68 6 1 . 3 2  6 6 . 8 6  3 3 . 1 4  3 6 . 0 8  6 3 . 9 2  4 7 . 9 1  5 2 . 0 9  4 9 . 9 9  5 0 . 0 1  5 3 . 3 8  46.62 

aThe sn-l,2t2,3}-diacylglycerol fraction was separated from the sn-l,3-isomers in total diacylglycerols on borate-impregnated silica-TLC. 
bMean of seven values determined in three different ways 18}. 
CMean of three values determined in two different ways {9}. 
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TABLE 2 

Determination of the 1,2,3-Triacyl-sn-Glycerol Composition of Oleoyldilinoleoylglycerol Isolated from Peanut Oil 

TG a sn-2-TG a sn-l,2,3-TG a Mole% sn-l,2-DG b Mole% sn-2,3-DG b Mole% 

18:1 18:2 18:2 

18:1-18:2-18:2 a 18:1-18:2 a J3 18:2-18:2 aJ3 
18:1 18:2 18:2 

18:2-18:2-18:1 b 18:2-18:2 b/3 18:2-18:1 b/3 

18:2 18:1 18:2 18:2-18:1-18:2 c 18:2-18:1 c/3 18:1-18:2 c/3 

Equations c Solution {A) d Solution (B) d Mean 

(1) a + b = 44.03 • 2 -- 88.06 
a 18.09 

(3) b - 81.91 a 15.93 14.50 15.21 

b 72.13 73.56 72.85 
a + c 23.62 

(4) - -  -- - -  c 11.94 11.94 11.94 
b + c 76.38 

{2) c -- 100 - 88.06 = 11.94 

aThe triacylglycerol (TG) comprises two TGs whose fatty, acid at the sn-2-position {sn-2-TG) is known, and three stereoisomers whose 
fatty acids at the 1,2- and 3-positions (from left to right} are known Isn-l,2,3-TG}. 

bsn-l,2- and sn-2,3-Diacylglycerols generated by chemical partial deacylation. 
CEquations [1] and [2] are derived from the percentage of the individual sn-l,2(2,3Fdiacylglycerols {Table 1, fifth line}; and equations [3] 

and [4] from the percentage of the enantiomers {Table 1, last line} as described in the text. 
dSolution A is derived from equations [2] and [3] and solution B from equations [2] and [4]. 

par t ia l  deacyla t ion  is a s s u m e d  to  genera te  the  same pro- 
por t ion  of sn-l,3-, sn-l,2- and sn-2,3-diacylglycerols,  pro- 
por t iona l  to  a/3, b/3, c/3 for the  three TG isomers, 
respectively. 

The percentage  of the  enant iomer ic  sn-l,2{2,3F18:2 18:2 
(sn-l,2-plus sn-2,3-18:2-18:2) is p ropor t iona l  to 1/3 (a+b) 
and equal  to  44.03% {Table 1). Wi th  this  percentage  be- 
ing  calcula ted for only the  two sn-l,2- and sn-2,3-diacyl- 
glycerols {excluding the sn-l,3-isomer), the following equa- 
t ion can be derived f rom these  data :  

1/3 Ca+b) = 2/3 X 44.03 

which is equa t ion  [1] in Table 2. F r o m  this  follows: 

a + b = 88.06 

S i n c e a  + b + c : 100, 

c : 100 - 88.06 = 11.94. 

This  is also shown as equa t ion  [2] in Table 2. 
Considering the enant iomers  sn-2,3- and sn-1,2-18:2-18:2, 

their  percen tage  rat io is a/b and equal  to  18.09/81.91 
{Table 1). This  is shown as equa t ion  [3] in Table 2: 

a/b -- 18.09/81.91. 

I t  was easy  to calculate  a and b f rom equa t ions  [1] and 
[3], which were found to  be 15.93 and 72.13, respectively. 

Considering the enant iomers  of diacylglycerol 18:1-18:2, 
ano ther  equa t ion  could be wri t ten.  This  is equa t ion  [4], 
as in Table 2: 

sn-l,2-/sn-2,3- : a + c / b + c : 23.62/76.38 

By  combin ing  equa t ions  [1], [2] and  [4], o ther  values of 
a and b could be calculated.  They  were: 

a -- 14.50 b = 73.56 

These two series of values for a and  b, issued f rom two 
independant  enan t iomer  analyses, are close to  each other. 
Means  of values ob ta ined  by  b o t h  me thods  can then  be 

used. This m e t h o d  of calculat ion also was applied to the 
o ther  two diacid-tr iacylglycerols,  16:0 18:1 18:1 and 18:1 
18:1 18:2. 

The de te rmina t ion  of the  t r iacid- t r iacylglycerols  16:0 
18:1 18:2 from peanu t  oil and cot tonseed oil was more com- 
plicated, since there  were six possible t r iacylglycerol  
molecular  species. A n  example  is given in Table 3 for 
peanu t  oil 16:0 18:1 18:2. Six equa t ions  were derived from 
experimental  da t a  as above  The first three were establish- 
ed from the percentage of the three following enantiomeric 
sn-l,2(2,3)-diacylglycerols: 18:1-18:2, 16:0-18:2 and 16:0-18:1 
{equations [1], [2] and [3]}. Three o ther  equa t ions  were 
wr i t t en  f rom the  enan t iomer  compos i t ion  of the  same 
three diacylglycerols {equations [4], [5] and [6]). There are 
six to ta l  equa t ions  for six values to be calcula ted Ca 
t h rough  f). Since the  six equa t ions  were no t  independent ,  
resolution of the  set  of equa t ions  was  no t  possible. A n  ap- 
p rox imat ion  had  to  be made  which  did no t  g rea t ly  de- 
crease the  ca lcula t ion accuracy. 

F rom the first three equations, the  values for A = (a+b), 
C = (c+d) and  E = (e+f} could be calculated.  These were 
A = 16.38, C -- 80.92, E -- 2.70. As  expected,  E was low, 
since it represented  the  percen tage  of the  two molecular  
species wi th  the  sa tu ra t ed  f a t t y  acid (16:0) in the  inter- 
nal  posit ion. 

The approx ima t ion  concerned the  percentage  (e and f} 
of the  two molecular  species hav ing  16:0 at  the  sn-2- 
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TABLE 3 

D e t e r m i n a t i o n  o f  t h e  1 , 2 , 3 - T r i a c y l - s n - G l y c e r o l  C o m p o s i t i o n  of Palmitoyloleoyllinoleoylglycerol Isolated from Peanut Oil 

TG a sn-2-TG a sn-l,2,3-TG a Mole% sn-l,2-DG b Mole% sn-2,3-DG b Mole% 

16:0 18:1 18:2 

16:0-18:1-18:2 a 16:0-18:1 a/3 18:1-18:2 a]3 
16:0 18:1 18:2 

18:2-18:1-16:0 b 18:2-18:1 b/3 18:1-16:0 b/3 

16:0-18:2-18:1 c 16:0-18:2 c/3 18:2-18:1 c/3 
16:0 18:2 18:1 

18:1-18:2-16:0 d 18:1-18:2 d/3 18:2-16:0 d/3 

18:1-16:0-18:2 e 18:1-16:0 e/3 16:0-18:2 e/3 
18:1 16:0 18:2 

18:2-16:018:1 f 18:2-16:0 f/3 16:0-18:1 f/3 

Equations c Solutions 

Ad B d Mean 

(1) (a+b) + (c+d) -- 48.65 X 2 -- 97.30 (4) 
b + d 38.68 

- - -  a 5.57 6.00 5.78 
a + c 61.32 

b 10.81 10,38 10.59 
c + f 66.86 
- -  - - -  c 54.09 53.66 53.88 
d + e 33.14 

d 26.83 27.26 27.05 
a + e 36.08 
- -  - - -  e 0.88 0.88 0.88 
b + f 63.92 

f 1.82 1.82 1.82 

(2) (c+d) + (e+f) -- 41.81 X 2 = 83.62 (5) 

(3) (a+b) + (e+f) = 9.54 X 2 -- 19.08 (6) 

a,b, CAs in Table 2. 
dSolution A is derived from equations [2], [5] and [1], [4] and solution B from equations [3], [6] and [1], [4]. 

posit ion. We can  ten ta t ive ly  es t imate  e and f by  the  fre- 
quency  of 18:2 {or t h a t  of 18:1) a t  the  sn-1- and  sn-3- 
posi t ions  in the  four major  molecular  species of the  tri- 
acylglycerol  16:0 18:1 18:2. B y  t ak ing  e -- f = 0 and  suc- 
cessively us ing  equa t ions  [2], [5], [1], [4] and  [3], [6], [1], 
[4] we ob ta ined  two series of values for a, b, c, d, whose  
means  are: 

a -- 5.32, b -- 11.06, c -- 54.35, d = 26.57 

Consider ing  the  concerned  four molecular  species, the  
relat ive f requency of  18:2 for sn-l-posi t ion (as compared  
to  sn-3-) was b/a -- 2.08. T h a t  of 18:1 for sn-3- (as com- 
pared to sn-l-) was c/d -- 2.05. For  the  two molecular  
species 18:2-16:0-18:1 and  18:1-16:0-18:2, the  ra t io  deter- 
mined  for 18:2 and  18:1 m u s t  be the  s a m e  I t  was  t aken  
as the  mean  of  the  two values, i.e., 2.065. F r o m  the  two 
equat ions,  f/e = 2,065 and e + f = 2.70, it was  easy  to 
calculate  the  values for e and  f: 

e = 0.88 and  f = 1.82 

W h e n  combin ing  equa t ions  [2] and [5], values for c and  
d were found. W h e n  repor ted  in equa t ions  [1] and [4], 
values for a and  b were found. These  values were referred 
to  as solut ion A in Table 3. A n o t h e r  series of values {solu- 
t ion B) were found by combin ing  equa t ions  [3] and [6] for 
a and b to be calculated,  and  equa t ions  [1] and [4] for the  

o ther  values c and  d, as done previously. These  two series 
of values are reported in Table 3, together  wi th  their mean. 

The  same  procedure  was  applied to co t tonseed  oil 16:0 
18:1 18:2. The  values for e and  f were t en ta t ive ly  deter- 
mined  as above. I n  this  case the  ra t io  of the  percen tages  
of 18:2 at  sn-1- and sn-3-posit ion was  0.84. T h a t  of 18:1 
at  sn-3- and sn-l-positions was 1.02. The ratio f/e was taken 
as the  mean,  i.e., 0.93. Since e + f = 1.14, the  values for 
e and  f were 0.59 and  0.55, respectively. These  values are 
repor ted  in Table 4, toge ther  wi th  the  average percentage  
of  the  four  ma jo r  t r iacylglycerol  species ca lcula ted  f rom 
these  figures. 

Overall  resul ts  concern ing  the  four  ma jo r  p e a n u t  oil 
t r iacylglycerols  ana lyzed  in this  work  are repor ted  in 
Table 4. The  four t r iacylglycerols  t oge the r  represented  
48.6% of the  to ta l  oil. I f  we take  into accoun t  the  mono-  
acid-tr iacylglycerols ,  i.e., t r ioleoylglycerol  {10.66% of the  
total} and  tr i l inoleoylglycerol  {2.08%}, more  t h a n  61% of 
the  molecular  species of the  ana lyzed  p e a n u t  oil tr iacyl- 
glycerols were identified and quan t i t a t e~  The three major  
molecular species were trioleoylglycerol (10.7%), 1-oleoyl-2- 
l inoleoyl-3-oleoyl-sn-glycerol {9.2%} and  1-1inoleoyl-2- 
linoleoyl-3-oleoyl-sn-glycerol {8.6%}. 1-Palmitoyl-2-1inole- 
oyl-3-oleoyl-sn-glycerol, compr i s ing  the  ma jo r  s a tu r a t ed  
f a t t y  acid, was  next ,  and  represented 6.3%. 

In  the  la t te r  t r iacylglycerol ,  in which each  f a t t y  acid 
presents  the same proportion, we can calculate the  affinity 
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TABLE 4 

Molecular Species Composition of the Major Peanut Oil Diacid- and Triacid-Triacylglycerols 

Peanut oil 

Triacylglycerol 16:0 18:1 18:1 18:1 18:1 18:2 18:1 18:2 18:2 

Mole %a 8.48 16.55 11.85 

Mole % Mole % Mole % 

TG b Oil c TG b Oil c TG b Oil c 

1,2,3- 16:0-18:1-18:1 56.88 4.82 18:1-18:2-18:1 
Triacyl-sn-glycerol 18:1-18:1-16:0 36.16 3.07 18:1-18:1-18:2 

18:1-16:0-18:1 6.96 0.59 18:2-18:1-18:1 

55.54 
11.51 
32.95 

9.20 
1.90 
5.45 

18:1-18:2-18:2 
18:2-18:2-18:1 
18:2-18:1-18:2 

15.21 
72.85 
11.94 

1.80 
8.64 
1.41 

Peanut oil Cottonseed oil 

Triacylglycerol 16:0 18:1 18:2 

Mole %a 11.75 16.40 

Mole % Mole % 

TG b Oil c TG b OilC 

16:0-18:1-18:2 5.78 0.68 22.13 3.63 
18:2-18:1-16:0 10.59 1.24 18.64 3.06 
16:0-18:2-18:1 53.88 6.34 29.37 4.82 
18:1-18:2-16:0 27.05 3.18 28.72 4.71 
18:1-16:0-18:2 0.88 0.10 0.59 0.10 
18:2-16:0-18:1 1.82 0.21 0.55 0.08 

1,2,3- 
Triacyl-sn-glycerol 

aMole % in total oil triacylglycerols. 
bMole % in the triacylglycerols. 
CMole % in total oil triacylglycerols. 

TABLE 5 

Distribution of Fatty Acids in the Three Positions of the Glycerol Moiety of Palmitoyloleoyilinoleoyl-sn-Glycerol from Peanut Oil and 
Cottonseed Oil 

sn-1 sn-2 sn-3 Total oil TGs 
Fatty Positions 
acids 1, 2, 3 Peanut oil Cottonseed oil Peanut oil Cottonseed oil Peanut oil Cottonseed oil Peanut oil Cottonseed oil 

16:0 33.3 59.7 51.5 2.7 1.1 37.6 47.4 13.1 29.5 
18:1 33.3 27.9 29.3 16.4 40.8 55.7 29.9 47.0 18.6 
18:2 33.3 12.4 19.2 80.9 58.1 6.7 22.7 29.9 46.4 

of the  three  f a t t y  acids for the  sn-l-, sn-2- and  sn-3- 
positions,  respectively. I t  is represented by the  percentage 
of each f a t t y  acid ester i f ied a t  each posi t ion.  Resul ts  are 
repor ted  in  Table 5. W h e n  examined  horizontal ly,  da t a  
represent  aff ini ty of each fa t ty  acid for the three positions. 
I t  is as follows: 

pa lmi t i c  acid (16:0) : pos. 1 > pos. 3 >>  pos. 2 

oleic acid (18:1) : pos. 3 >>  pos. 1 > pos. 2 

l inoleic acid {18:2) : pos. 2 >>  pos. 1 > pos. 3 

W h e n  examined  vertically, da ta  represent  aff ini ty  of the  
three  f a t t y  acids for each posi t ion.  I t  is as follows: 

pos i t ion  1 : 16:0 > 18:1 > 18:2 

pos i t ion  2 : 18:2 >>  18:1 >>  16:0 

pos i t ion  3 : 18:1 > 16:0 >> 18:2 

Results  ob ta ined  wi th  the p e a n u t  oil tr iacylglycerol can 
be compared  to those ca lcu la ted  for the  same triacyl- 
glycerol f rom co t tonseed  oil also repor ted  in Table 5. 

Curiously, each f a t t y  acid of th i s  same tr iacylglycerol  
p resen t s  approx ima te ly  the  same  af f in i ty  for the  exter- 
nal  sn-1- and  sn-3-positions, cont ra ry  to what  was observed 
previously. The order  of a f f in i ty  for the  sn-3-posi t ion was 
the  reverse of t h a t  observed in  p e a n u t  oil, i.e.: 

16:0 > 18:1 > 18:2. 
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TABLE 6 

Distribution of the Major Fatty  Acids at the sn-l,2,3-Positions of Peanut Oil Total Triacylglycerols and ~Composition in Molecular Species 
of Peanut Oil Triacylglycerols as Predicted by a 1-Random-2-Random-3-Random Hypothes is  and as Experimentally Determined 

Fatty acid 16:0 18:1 18:2 
Position 1 2 3 1 2 3 1 2 3 
Mole % 23.36 1.28 15.78 39.02 44.48 50.78 30.32 54.06 10.58 
1,2,3-Triacyl- Random a Exp. Difference 1,2,3-Triacyl- Random Exp. Difference 
sn-glycerol mole % mole % (%) sn-glycerol mole % mole% (%) 

18:1-18:1-18:1 8.81 10.66 421 18:1-18:1-18:2 1.84 1.90 + 3.3 
18:1-18:2-18:1 10.71 9.20 -14  18:1-18:2-18:2 2.23 1.80 - 19 
18:2-18:2-18:1 8.40 8.64 + 2.9 18:2-18:1-18:2 1.43 1.41 -- 1.4 
16:0-18:2-18:1 6.41 6.34 -- 1.1 18:2-18:1-16:0 2.13 1.24 -- 42 
18:2-18:1-18:1 6.85 5.45 --20 16:0-18:1-18:2 1.10 0.68 -- 38 
16:0-18:1-18:1 5.28 4.82 -- 8.7 18:1-16:0-18:1 0.25 0.59 4136 
18:1-18:2-16:0 3.33 3.18 -- 4.5 18:2-16:0-18:1 0.20 0.21 + 5.0 
18:1-18:1-16:0 2.74 3.07 412 18:1-16:0-18:2 0.05 0.10 4100 
18:2-18:2-18:2 1.73 2.08 420 

a% sn--XYZ = [mole % X at sn-l-position • [mole % Y at sn-2-position] >< [mole % Z at sn-3-position] X (10-4). 

The affinity for the sn-2-position was still 18:2 > 18:1, but  
to a much lesser extent  than  in the previous case. 

The order of affinity observed in the triacid-triacyl- 
glycerol of peanut  oil also can be observed in the diacid- 
triacylglycerols {upper pa r t  of Table 4). In  the first one, 
16:0 18:1 18:1, the proportion of molecular species reflects 
affinity of 16:0 for the sn-l-position and of 18:1 for the 
sn-3-position. In  the second one, 18:1 18:1 18:2, the  high 
affinity of 18:2 for the sn-2-position is striking, even when 
compet ing with two molecules of 18:1. The preference of 
18:1 for the sn=3-position is also clearly confirmed in this 
triacylglycerol, as well as in the next  one (18:1 18:2 18:2). 

In  lhble  6 the experimental ly determined percentages 
of the 17 identified and quantified peanut  oil triacylglyc- 
erol molecular species can be compared to the percentages 
predicted by a 1-random-2-random-3-random hypothesis  
(1). They were calculated from the posit ional dis t r ibut ion 
in the total oil triacylglycerols of the three fa t ty  acids pres- 
ent  in the 17 triacylglycerols. 

For the major  triacylglycerols, the difference between 
the two values lay between +21 and - 2 0 %  (13% average 
for the first nine triacylglycerols in Table 6). For the two 
monoacid-triacylglycerols (trioleoyl- and trilinoleoylglyc- 
erol) the found percentages were 21 and 20%, respectively, 
higher than the value calculated according to the random 
distribution. 

DISCUSSION 

Two main points  in this s tudy  deserve to be discussed. 
The first point  per tains  to the method used to determine 
the molecular species composition of triacylglycerols. The 
method is quite suitable for diacid-triacylglycerols. For 
triacid-triacylglycerols an approximation had to be made 
to solve the equat ion set. In  the case of peanut  and cot- 
tonseed oil {generally in vegetable oils} the approximation 
was of little importance, because the proportion of the two 
molecular species with the long-chain saturated fa t ty  acid 
in the internal position is low. The problem would be larger 
with other vegetable oils, such as coconut oil {15,16} or 
palm-kernel oil {15,17}, bo th  of which are rich in medium- 

chain saturated fa t ty  acids. I t  would also be difficult with 
several animal fats, such as lard {7,15}, in which palmitic 
acid is frequently encountered at  the sn-2-position, or 
bovine milk fat (15,18), which is rich in short- and medium- 
chain sa tura ted  f a t ty  acids, or even the highly un- 
sa tura ted  fish oils {7,15}. For these oils and fa ts  there is 
no reason tha t  a family of two molecular species compris- 
ing a given sa tura ted  or unsa tu ra ted  f a t ty  acid a t  the 
sn-2-position would occur in low proportion. In  those 
cases, additional independent  experimental  da ta  have to 
be obtained to determine an accurate triacylglycerol com- 
position. Several possibilities can be considered: Fractiona- 
t ion can be a t t empted  for the three pairs of triacylglyc- 
erols characterized by the  f a t ty  acid a t  the sn-2-position. 
Argenta t ion-HPLC could be a suitable method {19}. In  
this case, direct enant iomer  analysis by chiral-phase 
H P L C  of the sn-l,2{2,3)-diacylglycerol mixture  derived 
from each pair of molecular species by  par t ia l  chemical 
deacylat ion would be possible because each enant iomer  
would comprise only two species of different equivalent  
carbon number, easily resolved by chiral-phase H P L C  
{7,8}. Another  way to know which f a t ty  acid occupies one 
or the other position in the enant iomer  would be to col- 
lect each enantiomer for analysis of the fa t ty  acid distribu- 
tion between the internal  (sn-2-) and the  external  (sn-1- or 
sn-3-) position. The stereospecific deacylation by  an ap- 
propriate  enzyme could be considered. 

Although this would add a supplementary fractionation 
step to a method  tha t  is already somewhat  laborious and 
t ime-consuming, the number  of fractionations, first by 
argentation-TLC and then by reversed-phase HPLC, could 
be highly reduced by using prepara t ive  mater ia ls  and 
methods.  Nevertheless, the mos t  suitable method would 
probably  be a combinat ion of chiral-phase H P L C  and 
mass  spectrometry,  or capillary-GC analysis of the enan- 
tiomers, such as those developed by Kuksis '  group (20). 

Another  point  in the method we propose in this paper  
is tha t  the proport ion of the molecular species couples 
presenting a given fa t ty  acid esterified at the sn-2-position 
was determined from the sn-l,2(2,3)-diacylglycerol species 
composition. In  Brockerhoffs  (2) or Kuksis '  method (3), 
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TABLE 7 

Composition in 1,2,3-Triacyl-sn-Glycerols Determined from Partial Acylglycerols Formed by Chemical or Enzymatic Partial Deacylation 

Peanut oil 16:0 18:1 18:1 18:1 18:1 18:2 18:1 18:2 18:2 
16:0-18:1-18:1 18:1-18:1-18:2 18:1-18:2-18:2 

18:1-16:0-18:1 18:1-18:2-18:1 18:2-18:1-18:2 
Isomers 18:1-18:1-16:0 18:2-18:1-18:1 18:2-18:2-18:1 

sn-l,212,3)- 
Diacylglycerols a 93.04 6.96 44.46 55.54 88.06 11.94 

sn--2-Monoacyl- 
glycerols b 96.71 3.29 43.40 56.60 88.70 11.30 

Difference c 3.8% 1.9% 0.72% 

Isomers 

Peanut oil 16:0 18:1 18:2 
16:0-18:1-18:2 16:0-18:2-18:1 18:1-16:018:2 
18:2-18:1-16:0 18:1-18:2-16:0 18:2-16:0-18:1 

Cottonseed oil 16:0 18:1 18:2 
16:0-18:1-18:2 16:0-18:2-18:1 18:1-16:0-18:2 
18:2-18:1-16:0 18:1-18:2-16:0 18:2-16:0-18:1 

sn-l,2(2,3)- 
Diacylglycerols a 16.38 80.91 2.71 40.77 58.09 1.14 

sn-2-Monoacyl- 
glycerols b 19.57 79.89 0.54 39.32 58.62 2.06 

Difference c 1.3% 0.90% 

aCalculated from the percentages of the sn-l,2{2,3)-diacylglycerols formed by partial chemical degradation of triacylglycerols. 
bCalculated from the fatty acid composition of the sn-2-monoacylglycerols formed by enzymatic {pancreatic lipase) hydrolysis of 
triacylglycerols. 

c Calculated, as %, from the higher values. 

fa t ty  acids esterifying the sn-2-position of glycerol were 
deduced from the composition of the sn-2-monoacylglycer- 
ols issued from pancreatic lipase hydrolysis. Data reported 
in Table 7 show tha t  values obtained from sn-l,2(2,3)-di- 
acylglycerols issued from chemical deacylation are close 
to those obtained from sn-2-monoacylglycerols issued from 
enzymatic  deacylation for the major triacylglycerol cou- 
ples. The difference was from 0.7 to 3.8% between the two 
values. However, for the minor couples comprising satu- 
rated fa t ty  acid in the internal position, differences be- 
tween the two low values were relatively high. We cannot  
propose any convincing explanation of this discrepancy. 
Because hydrolysis by pancreatic lipase also generates 
r e p r e s e n t a t i v e  sn - l ,2 (2 ,3 ) -d iacy lg lycero l s  {1,21}, 
stereospecific analysis of triacylglycerols could also s tar t  
with enzymatic  hydrolysis. However, due to its simplici- 
ty, chemical deacylation is the most  widely used method. 

The second point tha t  deserves discussion is the 
stereospecific distribution of fa t ty  acids in peanut  oil and 
cot tonseed oil triacylglycerol molecules. The high affini- 
ty  of linoleic acid for the sn-2-position {Table 5) confirms 
a proper ty  tha t  has been known for a long time in 
vegetable oils in general {22}, and in peanut  oil in par- 
ticular {10,23}. This preference is more highly expressed 
in peanut  oil (81% in the internal position in the 
triacylglycerol 16:0 18:1 18:2) than in cottonseed oil {58%}. 
This peculiarity is related to the percentage of linoleic acid 
in total triacylglycerols of both otis. When this percentage 
is lower than 33.3% {peanut oil) the affinity can be express- 
ed to a greater extent than when the percentage is superior 
to the maximum possibility of esterification at the 

sn-2-position. In tha t  case the fa t ty  acid must  necessar- 
ily esterify external positions, decreasing the percentage 
at the internal  position. The same reason can explain the 
relative high percentage of oleic acid at the sn-2-position 
in cot tonseed oil 16:0 18:1 18:2. The distr ibution of fa t ty  
acids a t  the sn-2-position corresponds to what  we pre- 
viously observed in peanut oil (10) and cottonseed oil (24). 

The sn-l-position was preferentially occupied by palmitic 
acid both in peanut  and cottonseed oils {Table 5), whereas 
the sn-3-position was peferentially esterified by oleic acid 
in peanut  oil and by palmitic acid in cot tonseed oil. In- 
deed, in cottonseed oil 16:0 18:1 18:2 the three component 
fa t ty  acids indifferently occupied one or the other exter- 
nal sn-1- or sn-3-position. The preference of 18:1 or 16:0 
for the sn-3-position must  be related to the fa t ty  acid com- 
position of the two oils. As demonstrated by De La Roche 
et  al. (25) on 12 genotypes of maize seed of widely vary- 
ing fat ty  acid composition and as illustrated by Litchfield 
(1), the frequency of fa t ty  acids at  the sn-3-position was 
more highly influenced by their  respective concentration 
in total triacylglycerols than for the other  two positions. 
As far as this property can be generalized, the more ele- 
vated frequency of 18:1 at the sn-3-position in peanut  oil 
is most likely due to its high percentage in the oil 147%), 
whereas the percentage of 16:0 is higher in cottonseed oil 
{29%} than  in peanut  oil {13%}. 

In a previous s tudy on another  sample of cottonseed 
off {26}, based on Bmckerhoffs  method the 16:0 preference 
for the sn-3-position was still more pronounced. 

The affinity of 16:0, 18:1, 18:2 for the sn-l-, sn-2- and 
sn-3-positions observed for peanut  oil palmitoyloleoyl- 
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linoleoyl-sn-glycerol (Table 5) is also tha t  observed in total  
triacylglycerols (upper par t  of Table 6). These latter values 
are in close agreement  with results  reported by Man- 
ganaro et aL (23) for Nor th  American peanut  oil, because 
of close similari ty of f a t ty  acid composit ions of bo th  oils. 

Comparison between the percentile proport ion of the 
major molecular species of peanut  off triacylglycerols with 
those predicted by a 1-random-2-random-3-random distri- 
bution (Table 6) showed tha t  the positional distr ibution 
of f a t ty  acids was ra ther  markedly  nonrandom. In  par- 
ticular, the percentage of trioleoylglycerol (10.7%), which 
is the major  triacylglycerol of peanut  oil, was found to be 
21% higher than  tha t  predicted by a random distribution 
(8.8%). The same was t rue for trilinoleoylglycerol. 

I t  would be interest ing to compare the stereospecific 
distr ibution of f a t ty  acids in triacylglycerols of different 
vegetable oils to see whether  species differences exist  in 
the triacylglycerol biosynthesis  in seeds. Recent results 
were published by  I tabash i  et  al. (20) on the composit ion 
of enantiomeric diacylglycerols generated by chemical 
degradat ion of corn oil triacylglycerols and separated by 
chiral-phase HPLC. This type  of oil presents  the same 
three major  f a t ty  acids (16:0, 18:1, and 18:2) as peanut  
and cottonseed oil, a l though mos t  likely in different pro- 
portions. I f  we assume tha t  18:2 is preferentially esterified 
at  the sn-2-position, according to these results 16:0 would 
be more frequently found at  the sn-l-position when com- 
pared to the sn-3-position, whereas 18:1 would prefer the 
sn-3-position, but  to a lesser extent. This tentatively deter- 
mined stereospecific distr ibution of 18:1 and 16:0 would 
be rather  close to tha t  observed in this work with peanut  
oil triacylglycerols. However, more detailed results  are 
needed for an appropr ia te  comparison to be m a d e  
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