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METHODS 
Analysis of Triglyceride Species by High-Performance Liquid 
Chromatography Via a Flame Ionization Detector 
F.C. PHILL IPS a, W.L. E R D A H L  a, J.D. N A D E N I C E K  b, L.J. N U T T E R  b, J.A. S C H M I T  c 
and O.S. P R I V E T T  a, * aThe Hormel Institute, University of Minnesota, 801 16th Avenue 
IV. E., Austin, MN 55912;  bNu-Chek-Prep, Inc., P.O. Box 172, Elysian, MN 56028;  and 
CE. I. DuPont de Nemours & Co., Wilmington, DE 19898 

A B S T R A C T  

The analysis of triglyceride species by high performance liquid chromatography (HPLC) with a 
flame ionization detector (FID) and reversed-phase chromatography using chemically bonded octa- 
decyl silane (ODS) Zorbax columns and gradient or isocratic solvent elution with methylene chloride/ 
acetonitrile is described. Triglycerides containing acyl groups of critical pairs, trans and positional 
isomers, as well as mixtures of even and odd chain lengths are separated. Identification of triglycerides 
is made on the basis of retention times compared with equivalent and theoretical carbon numbers, and 
comparison with chromatograms of reference triglyceride mixtures. The methodology is demonstrated 
by fractionizing the triglycerides of olive oil under different chromatographic conditions using single 
and coupled conventional 250 X 4,6 mm columns and a short 80 X 6.2 mm column for fast separa- 
tions. 
Lipids 19:142-150, 1984. 

I N T R O D U C T I O N  

The appl ica t ion  of reversed-phase liquid 
chromatography to glyceride species was 
demonstrated by Nickell and Privett (1) with 
the separation of triglycerides differing by one 
methylene group, one double bond or a trans 
unsaturated acyl group by a gravity flow proce- 
dure in which fractions were collected for anal- 
ysis by gas liquid chromatography (GLC). When 
continuous detectors of the refractive index 
type became available for liquid chromatog- 
raphy, Pei et al. (2) developed a fast, simple 
procedure for the separation of simple satu- 
rated triglycerides by modern high performance 
liquid chromatography (HPLC)using a reversed- 
phase system of chemically bonded octadecyl 
silane (ODS)-silica as the stationary phase. 

In an extension of this technique, Plattner 
and colleagues (3,4) demonstrated the separa- 
tion of triglyceride species on the basis of chain 
length and unsaturation and obtained baseline 
separation of critical pairs of triglyceride s con- 
taining oleic and palmitic acid by the addition 
of silver nitrate to the solvent system. These 
investigators suggested the separation of triolein 
and tripalmitin as a guide for determining 
column efficiency and estimated that ODS 
columns of ca. 15,000 plates should be ade- 
quate for the separation of the triglyceride 
species of these acids other than isomers, which 
require enzymatic techniques for an analysis. 
EI-Hamdy and Perkins (5) and Perkins et al. (6) 
obtained similar types of separations directly 
with ODS columns. They developed the con- 

*To whom correspondence should be addressed. 

cept of theoretical carbon number (TCN) to 
define species separation of unsaturated tri- 
glycerides. The TCN is a very useful concept for 
the identification of unsaturated triglyceride 
species and assists in identifying triglycerides in 
this work. 

In the studies by E1-Hamdy and Perkins (5), 
standard 5 / 2 0 D S  columns of ca. 250 x 4.6 
mm were used. These columns and the solvent 
systems employed were geared to an elution 
time of ca. 30 min. Recently Dong and Di- 
Cesare (7) demonstrated that similar separa- 
tions could be made in about one-half the time 
with shorter (100 x 4.6 mm) columns packed 
with 3 / 2 0 D S  particles. In the abovementioned 
studies, a refractive index or UV detector with 
isocratic elution was used. In earlier work 
(8-12), we demonstrated the separation of the 
lipid classes by HPLC using gradient elution 
systems with a flame ionization detector (FID). 
In the present study, the separation of refer- 
ence mixtures of triglycerides by HPLC using 
reversed-phase chromatography with ODS col- 
umns and gradient or isocratic elution is demon- 
strated and applied to olive oil under different 
chromatographic conditions. 

M A T E R I A L S  A N D  M E T H O D S  

Reference Triglyceride Mixtures 

The following reference mixtures of highly 
purified > 99% triglycerides were obtained from 
Nu-Chek Prep, Inc., Elysian, MN. 

HPLC #G-1. This mixture consists of the fol- 
lowing pure glycerol triesters in the ratio 3:2:1 
(even glyceride carbon #:odd glyceride carbon 
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# : u n s a t u r a t e d  glyceride):  t r icapryl in  (24 :0) ,  
t r i n o n a n o i n  (27 :0 ) ,  t r icapr in  (30 :0 ) ,  t r iundec-  
ano in  (33:0) ,  t r i laurin (36 :0) ,  t r i t r idecano in  
(39:0) ,  t r imyr i s t in  (42:0) ,  t r i pen t adecano i n  
(45:0) ,  t r ipa lmi t in  (48 :0 ) ,  t r i pahn i to l e in  (43:  
3A9),  t r i h e p a t a d e c a n o i n  (51 :0) ,  t r is tear in (54:  
0), t r iolein ( 5 4 : 3 A 9 ) ,  t r i l inole in  ( 5 4 : 6 A 9 , 1 2 )  
and t r i l ino len in  ( 5 4 : 9 A 9 , 1 2 , 1 5 ) .  

HPLC #G-3. A mix tu re  of  t r iolein ( 5 4 : 3 A 9 )  
and  t r ipe t rose l in in  ( 5 4 : 3 A 6 ) o f  equal  weight.  

HPLC Interesterified Test Mixtures. These 
mix tures  consis t  of  the fol lowing tr iglyceride 
molecular  species. 

Mixture  A: P3 - P20~ - P IOe  - 03  where  
P = pa lmi ta t e  and O = oleate.  

Mixture  B: P3 - P2Pal  - P x P a 2  - Pa3 where  
P = pa lmi ta t e  and Pa = palmi to lea te .  

Mixture  C: Laa - - L a 2 L n l  - L a ~ L n 2 -  Ln3 
where  La = laurate  and Ln = l inolenate .  

Mixture  D: M 3 - M2LI - M I L 2  - L3 where  
M = myr i s ta te  and  L = l inoleate.  

Mixture E: P 3 -  P2HI - P 1 1 1 2 -  H3 where  
P = pa lmi ta te  and it  = hep tadecanoa te .  

Mixture  F: P3 - P2Ol  - P~O2 - 03  - 
P2LI - POL - O2L~ - P I L 2  - O i L z  - L3 
where P = pa lmi ta te ,  O = oleate  and L = linole- 
ate. 

Mixture  G:  0 3  - O2E1 - O i E 2  - E3 where  
O = oleate  ( 18 : 1 A9-cis) and E = elaidate  ( 18:1 
A9-trans). 

Pure olive oil was ob ta ined  f rom Dr. Eduardo  
Vioque  of  the  Ins t i tu te  de La Grasa Sus Deri- 
vados (C.S.I.C.),  Sevilla, Spain. 

HPLC 

HPLC was carr ied ou t  wi th  a Spectra  Physics 
Model  3500  8 l iquid c h r o m a t o g r a p h  equ ipped  
wi th  a FID of  our  own design (13). Three  ODS 
Zorbax  co lumns ,  ob t a ined  f rom E. I. D u p o n t  
De Nemours  and  C o m p a n y ,  were used in this  
work. Co lumns  1 and II were 250 x 4.6 m m  
and varied in the i r  poros i ty  and  ca rbon  con t en t ,  
the  first having ca. 15% and the  second ca. 6%. 
The th i rd  c o l u m n  (III)  was a Golden  Series 
Zorbax  ODS co lumn ,  60 x 6.2 m m  wi th  a 3/a 
part icle size packing.  Peak areas were au tomat i -  
cally recorded  as previously descr ibed ( 11 ). 

Methyl  esters were prepared  by interester i f i -  
cat ion wi th  m e t h a n o l  using the  m e t h o d  of  
Chris t ic  (14) .  A Hewle t t  Packard Model  5 8 4 0 A  
gas c h r o m a t o g r a p h  equ ipped  wi th  a 1 2 ' x  
0 .125"  o.d. c o l u m n  of  10% Silar 10 C (Appl ied 
Science, Sta te  College, P A ) o n  100-200 mesh 
Gas Chrom Q was used. The c o l u m n  tempera-  
ture  was p r o g r a m m e d  f rom 200 to 225 C at 
2 C/min  wi th  a he l ium flow rate  of  10 ml /min .  

Solvents 

Methy lene  chlor ide  was a reagent  grade pur- 

chased by the  Univers i ty  of Minneso ta  f rom 
local suppliers  and was pur i f ied by  a prelimi- 
na ry  dis t i l la t ion fol lowed by shaking  it in a 
sepa ra to ry  funne l  wi th  c o n c e n t r a t e d  sulfuric 
acid several t imes,  then  wi th  d i lu te  sodium 
c a r b o n a t e  and  finally wi th  water.  The  washed 
solvent  was dried over calc ium chlor ide and 
redist i l led in an all-glass still. 

Ace ton i t r i l e  was a reagent  grade ob ta ined  
f rom Fisher  Scientif ic Co., Fair lawn,  NJ. It was 
f rac t iona l ly  disti l led t h r o u g h  a 2 -mete r  Hyper- 
Cal Podbie ln iak  c o l u m n  at a re f lux  ra t io  of  
20 :1 ,  or mixed wi th  p h o s p h o r o u s  p e n t o x i d e  
and,  a f te r  several days, disti l led in an all-glass 
still at  ca. 10 C unde r  reduced  pressure.  Spec- 
tral-grade pur i ty  of  ace toni t r i l e  was general ly  
no t  required,  bu t  the  above  p rocedure  was per- 
fo rmed  to remove any  nonvola t i l e  con tami -  
n a n t s  and to ensure  a un i fo rm  solvent  f rom 
ba t ch  to ba tch .  

The  c h r o m a t o g r a p h y  was carr ied ou t  wi th  a 
l inear gradient  e lu t ion  program s tar t ing wi th  
various concen t r a t i ons ,  general ly  20% by  vol, of  
m e t h y l e n e  chlor ide  in ace ton i t r i l e ,  in which  the  
c o n c e n t r a t i o n  of m e t h y l e n e  ch lor ide  was in- 
creased unt i l  all the  c o m p o n e n t s  were e luted,  or 
in an isocratic solvent sys tem of  d i f fe ren t  
c o n c e n t r a t i o n s  of  m e t h y l e n e  ch lor ide  in aceto-  
nitri le.  

R ESU LTS 

C h r o m a t o g r a m s  of the  sepa ra t ion  of  refer- 
ence mix tu r e  HPLC #'<;-1 of  pure  t r iglycerides  
by grad ien t  and isocratic so lvent  sys tems are 
s h o w n  in Figures 1A and 1 B, respect ively.  The  
analysis  in Figure 1A was ob t a ined  wi th  ODS 
Zorbax  c o l u m n  I and  e lu t ion  wi th  a l inear  
g rad ien t  solvent  system of  ace ton i t r i l e  and  
m e t h y l e n e  chlor ide.  The  lowest  chain  length  
species of  the  sa tura tes  were e lu ted  first wi th  
the  highest  c o n c e n t r a t i o n  of  ace toni t r i le .  With 
the  add i t i on  of more  m e t h y l e n e  chlor ide ,  the  
longer chain  length sa tu ra ted  species were 
e lu ted .  The  unsa tu ra t ed  t r iglyceride species 
were e luted in reverse order  d e p e n d i n g  on  thei r  
degree of  unsa tu r a t i on ,  i.e. the  more  unsatu-  
ra ted species were eluted fas ter  than  those  of  
lower unsa tu ra t ion .  Figure 1A also shows tha t  
the  t r iglycerides  of  this  mix tu re  are separa ted  
wi th  basel ine eff ic iency using a g rad ien t  so lvent  
sys tem.  The  peaks are sharp and  l i t t le  band  
spread ing  occurs  over the  ent i re  range of the  
mix ture .  The  gradient  and  f low ra te ,  as well as 
the  co lumn,  were selected for the i r  general  
appl icab i l i ty  as well as for high resolu t ion .  
Tr iglycer ide species less polar  t han  54 :0  can 
also be ana lyzed  by al lowing the  gradient  to 
go to a higher  c o n c e n t r a t i o n  of  m e t h y l e n e  
chlor ide.  This mix ture  also con ta ins  several 
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FIG. 1. Separation of triglyceride mixture HPLC :#G-1 ; C o l u m n - 2 5 0  X 4.6 mm, 5 ~m, 
Zorbax C ~ 8 0 D S  with 15% carbon content  (Column I); A) mobile p h a s e - 6 0  rain linear 
gradient from 15 to 55% methylene  chloride in acetonitr i le;  flow r a t e - 0 . 8  ml per min;  
sample s i z e - 4 0  ~g; d e t e c t o r - f l a m e  ionization. B) Isocratic elution with 45% methylene 
chloride in acetonitrile. Peaks: number before colon = number of carbon atoms in acyl 
chains, number  after colon = number of double bonds in acyl chains. CaCaCa = tricaprylin, 
NNN = trinonanoin, CCC = tricaprin, UUU = tr iundecanoin,  LnLnLn = trilinolenin, LaLaLa 
= trilaufin, TTT = tri tr idecanoin,  LLL = trilinolein, PaPaPa = tr ipalmitolein,  MMM = tri- 
myristin, PtPtPt = tr ipentadecanoin,  OOO = triolein, PPP = tr ipalmit in,  HHH = trihepta- 
decanoin, SSS = tristearin. 
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groups  of  cri t ical  pairs, 5 4 : 9 / 3 6 : 0 ;  5 4 : 6 / 4 8 : 3 /  
42 :0  and  5 4 : 3 / 4 8 : 0 ,  m a k i n g  it  a good overal l  
m ix tu r e  for  tes t ing  the  eff ic iency of  ODS 
columns .  

For  compar i son ,  Figure 1B shows the  bes t  
s epa ra t ion  of  t he  c o m p o n e n t s  of  m i x t u r e  HPLC 
#(3-1 t h a t  could  be  ob t a ined  isocrat ical ly  w i th  
m e t h y l e n e  chlor ide  and  acetoni t r i le .  The  in i t ia l  
peaks are sharp bu t  loss of  reso lu t ion ,  n a m e l y  
be tween  54 :9 -33 :0 ,  54 :6 -39 :0 -48 :3 ,  and  45 :0-  
54 :3 ,  and  band  spread ing  occur  wi th  the  in- 
crease in r e t e n t i o n  t ime.  

The  log-l inear plots  of  t h e  r e t e n t i o n  t ime- 
equ iva len t  c a r b o n  n u m b e r  (ECN) of  the  s imple  
sa tu ra t ed  t r iglycerides  of  the  separa t ion  of  t he  
c o m p o n e n t s  of  HPLC #(3-1 by  b o t h  the  gradi- 
en t  (curve A)  and  isocrat ic  (curve B) so lvent  
sys tems are s h o w n  in Figure 2. The  isocrat ic  
sys tem general ly  gives a l inear re la t ionsh ip  
(3-5) in  a log-linear plot.  Grad ien t  so lvent  
sys tems are like GC wi th  t e m p e r a t u r e  program-  
ming  and  c a n n o t  be  expec t ed  to give a l inear  
re la t ionsh ip  in a log-linear plot.  The  curve 
s h o w n  in Figure 2 is h ighly  r ep roduc ib le  and  
can be used jus t  as well as a l inear plot.  Using 
this  r e la t ionsh ip ,  the  cons t an t s  for  the  calcula- 
t ion  of TCN values for  t r iglycerides con ta in ing  
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FIG. 2. Relationship of the log-linear plot of the 
ECN of the simple saturated triglycerides and reten- 
tion time; Curve A = gradient elution, Curve B = 
isocratic elution. Identifications: number before 
colon ~ number of carbon atoms in acyl chains, 
number after colon = number of double bonds in acyl 
chains. 
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1, 2 and  3 d o u b l e - b o n d  acyl  groups  [oleate  
(0 .68) ,  l ino lea te  (0 .73)  and  l ino lena te  (0 .39) ]  
were de te rmined .  The  app l i ca t ion  of  these  con-  
s tan t s  to  the  d e t e r m i n a t i o n  of  TCN values of  
the  t r ig lycer ide species iden t i f i ed  in olive oil, 
r e fe rence  m i x t u r e  F (Fig. 3) and  o the r  s tand-  
ards, is s h o w n  in Table  1. A l t h o u g h  the  TCN 
value is an empir ical  d e t e r m i n a t i o n  and  is influ- 
enced  by  acyl  g roup  compos i t i on ,  the  experi-  
men ta l  and  calcula ted values agree suf f ic ien t ly  

D. 
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/ ~ o 

5O 
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FIG. 3. Chromatogram of interesterification mix- 
ture F under the same conditions as in Figure 1A. 
P = palmitate, O = oleate and L = linoleate (the order 
of the designations does not indicate the separation of 
positional isomers). 

T A B L E  1 

TCN Values o f  Tr iglycer ide  Species 

Molecular species Calculated* Found 

LLO 41 .8  41 .8  
L n O O  42 .2  42.1 
LLP 42.5 42 .3  
LnOP 42.9  42 .7  
LOO 43.9  43 .9  
OOPa 44.2  44 .3  
LOP 44 .6  44.5 
OPaP 44 .8  44 .9  
LPP 45.3  45 .2  
OOO 46 .0  45 .9  
OOP 46 .6  46 .6  
OPP 47.3  47 .3  
PPP 48 .0  48.1 
OOS 48 .6  48.5 
OPS 49.3 49 .3  
OSS 51.3 51.3 

*TCN constants: Ln = 0.39, L = 0.73, O = 0.68, 
Pa = 0.45. Ln = linolenate, L = linoleate, O = oleate, 
Pa = palmitoleate, P = palmitate, S = stearate (the 
order of designation does not indicate positional 
isomers). 
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to be useful in the ident if icat ion of  tr iglyceride 
species. 

In order to de termine  further  the eff iciency 
of  the gradient system for the separat ion of 
tr iglyceride species, it was tested with the 
interester if icat ion mixtures  described in M e t h -  
ods. In reference mixture  HPLC #G-I  (Fig. 1A), 
the species varied by differences of  3 carbon 
a toms or 3 double bonds. Figure 4 shows the 
separat ion of triglyceride species differing by 
1 double  bond (Fig. 4A) or 1 methylene  group 
(Fig. 4B), mixtures B and E, respectively.  The 
triglycerides differing by 1 double bond were 
separated better  than those differing by I 
methy lene  group, but  the componen t s  of both 
mixtures  were separated in sharp peaks with 
little band spreading and, essentially, baseline 
eff iciency.  

The analysis of the 3 groups of 4 c o m p o n e n t  
critical pair mixtures,  C, D and A, with ECN of 
36, 42 and 48, respectively,  is shown in Fig- 
ure 5. These mixtures  were added together  for 
the analysis shown in Figure 5 and demonst ra te  
the eff iciency of the gradient system for the 
separat ion of  4 componen t  critical pair mix- 
tures. 

Mixture G, whose 4 componen t s  differ by 

B 
a .  

A 

tl .I  

gl .  

only one t rans  double bond,  can be readily 
detected but are not  comple te ly  separated as 
shown in Figure 6A. Figure 6B shows that 
separating some triglyceride species that differ 
in their acyl groups only by the position of  
the double  bond (HPLC .#G-3) is possible. 
These mixtures  provide an indication of  the 
limit of the eff iciency of  the column for the 
analysis of  natural and partially hydrogenated  
fats. 

Analysis of Olive Oil 

The application o f  the gradient method  to 
olive oil with co lumn I and a combinat ion  of 
columns I and I1 is shown in Figure 7. The 
chromatogram obtained with column II (not 
shown) gave a bet ter  separation of the more 
polar species than co lumn I, al though the over- 
all separat ion with co lumn I shown in Figure 7 
was better.  When the 2 columns were con- 
nected together,  the individual characteristics 
of each column were retained and the separa- 
tion of both more  polar and less polar compo-  
nents was superior, as shown in Figure 7B. The 
triglyceride species composi t ion  of olive oil is 
well known,  hence, ident if icat ion of the com- 
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FIG. 4. Separation of interesterified test mLxtures 13 and E under the same conditions as 
in Figure IA. A = test mixture B, differences by one double bond; B = test mixture E, 
differences by one methylene group. (Pa = palmitoleatc, P =~almitate and H = hepta- 
decanoate; the order of  the designations does not indicate the separation of positional 
isomers.) 
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FIG. 5. Separation of a mixture of 3 groups of 4 component critical pairs with ECN's of 
36, 42 and 48, triglyceride reference mixtures C, D and A, respectively. Conditions are the 
same as in Figure 1A. Ln = linolenate, La = laurate, L = linoleate, M = myristate, O = oleate 
and P = palmitate (the order of the designations does not indicate the separation of posi- 
tional isomers). 

ponents  in Figure 7 was made by using refer- 
ences f rom the l i terature (4,5,7) that  relate to 
the re tent ion  t ime of pure triglycerides, by  
comparing peak re ten t ion  t imes to the com- 
ponents  of  mix ture  F, and by compar ing calcu- 
lated and exper imenta l  TCN values. 

Figure 8 shows the analysis of  olive oil with 
the  third column using an isocratic solvent 
system at 2 different  flow rates (1.2 and 
0.6 ml/min) .  The best resolut ion was obta ined 
with  the  slower f low rate, but  the speed of  the  

e l u t i o n  was increased propor t iona te ly  by 
doubl ing the flow rate with this column.  In 
either case, the minor  components  were not  
separated as well as wi th  the  longer  columns.  A 
gradient  system was not  worked ou t  for this 
column,  but  might  have increased bo th  speed 
and resolut ion.  

DISCUSSION 

A major feature of  the FID is that  it permits  
the  use of gradient elution, increasing the 

versatility of  the  chromatography.  By using a 
gradient solvent system, tr iglyceride species can 
be separated on the  basis of  differences of  one  
methylene  group or  one  double  bond.  Two and 
4 componen t  critical pair mixtures  were sepa- 
rated over the  molecular  weight range of  the  
triglycerides of most  c o m m o n  vegetable oils. 
Two columns connected  together  provide 
greater resolut ion than a single co lumn but  
require approximate ly  twice as long for an 
analysis, as shown in Figure 7. However ,  not  
only  does the longer co lumn provide greater 
resolut ion,  it permits  the use o f  larger loads, 
increasing the  sensitivity for the de tec t ion  and 
analysis of minor  components ,  as shown in 
Figure 7. The long lead t ime and relatively 
short  emergence t ime of  the  2-column system 
demonst ra ted  on olive oil should also facili tate 
the  analyses o f  tr iglycerides containing highly 
polyunsatura ted  fa t ty  acids that  occur  in some 
animal fats and fish oils. 

The analysis of  olive oil by bo th  the single 
and double  co lumn systems gave results similar 
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FIG. 6. Separa t ion  of  in te res te r i f i ed  tes t  m i x t u r e  G and tz iglycer ide  re ference  m i x t u r e  

HPLC - ~ - 3 ,  A and B, respect ively .  The c o n d i t i o n s  are the same as in Figure 1A. O = oleate ,  
E = e la ida te  and Pe = pe t rose l ina t e  ( the o rde r  o f  the des igna t ions  in A does no t  i nd i ca t e  the 
separa t ion  of pos i t iona l  isomers) .  
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FIG. 7. l r i g l y c e r i d e  species analyses  of  olive oil. A, the c o n d i t i o n s  are as in I . igurc 1A 
e x c e p t  tha t  a gradient  f rom 30 to 60% was used;  B, Zorbax  c o l u m n s  [ and  II were  c o n n e c t e d  
and a 120 rain g rad ien t  used. Species  i den t i f i c a t i on  as ind ica ted  where  P = pa lmi ta t e ,  S = 
s teara te ,  O = oleate ,  L = l inolea te ,  Ln = l ino lena te ,  Pa = p a l m i t o l e a t e  and U = un iden t i f i ed .  
The order  of  the des igna t ions  does  no t  ind ica te  the separa t ion  of  isomers .  
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to  those  r epo r t ed  by  Dong and  DiCesare (7)  
and  E1-Hamdy and  Perkins  (5)  excep t  in the  
analysis  of  t he  m i n o r  c o m p o n e n t s ,  par t icular ly  
l ino lena te  species, which  were readi ly  de tec ted .  
These c o m p o n e n t s  were well separa ted  in to  
sharp ,  d is t inct  peaks  b y  t he  2 -co lumn  systems,  
as shown  in Figure 7. The  re so lu t ion  and  
iden t i f i ca t ion  of  t he  l ino lena te  species of  olive 
oil is very i m p o r t a n t  as the  level of  this  f a t t y  
acid is used a~ a pa r ame te r  for  t he  de t ec t ion  of  
a d u l t e r a t i o n  of  this  oil. Ob ta in ing  similar sepa- 
ra t ions  of  these  and  o the r  m i n o r  c o m p o n e n t s  
w i t h  isocrat ic  sys tems would  be very diff icult  
because  fast  e lu t ion  t imes  are vir tual ly  manda-  
t o ry  in these  sys tems to avoid excessive peak 
b r o a d e n i n g  w i th  a c o n s e q u e n t  loss in sensitiv- 
i ty ,  as well as resolut ion.  Progressive peak 
b roaden ing ,  which  occurs  w i th  isocrat ic  sys- 
t ems ,  has been  d e m o n s t r a t e d  by  Snyde r  et al. 
(15) ,  on  a theore t i ca l  basis as well  as by  Dong 
and  DiCesare (7)  wi th  olive oil. 

The  mos t  i m p o r t a n t  f ac to r  in the  analysis of  
na tu ra l  oils is still t he  need for grea ter  resolu- 
t ion .  The  FID provides  advances  for  more  effi- 
c ien t  sys tems  wh ich  are requ i red  for  t he  com- 
ple te  physical  separa t ion  of t r ig lycer ide  species. 
Such an a c c o m p l i s h m e n t  does  n o t  seem to be 
ou t s ide  of  the  realm of  poss ib i l i ty  in view of  
t he  versat i l i ty  t ha t  can be o b t a i n e d  wi th  gradi- 
en t  solvent  sys tems and the  c o n t i n u e d  improve-  
m e n t  in ODS columns.  Moreover ,  t he  triglyc- 
eride mix tu re s  descr ibed here  provide  a good 
tes t  for  advances  in th is  area. A l t h o u g h  the  
iden t i f i ca t ion  of peaks  by  the i r  TCN values is 
sa t i s fac tory  for mos t  oils, it is somewha t  
l abor ious  w i t h o u t  a c o m p u t e r  and  no t  always 
cer ta in ,  especially in the  case of  m i n o r  compo-  
nen t s  and  those  species no t  well  separated.  To 
o b t a i n  unequ ivoca l  i den t i f i ca t ion  b y  GLC of 
m e t h y l  esters of  i sola ted f rac t ions  is labor ious  
and  no t  always possible  because  of  the  diffi- 
cu l ty  of  col lect ing closely separa ted  peaks. A 
more  posit ive t e c h n i q u e  of  i den t i f i ca t ion  is the  
c o m b i n a t i o n  of HPLC wi th  chemica l  ioniza- 
t i on /mass  s p e c t r o m e t r y  as r ecen t ly  r epo r t ed  by  
Kuksis et al. (16)  and  as be ing  deve loped  in our  
l a b o r a t o r y  (17).  However ,  this  t e c h n i q u e  is 

n o t  quan t i t a t ive ,  does  n o t  d is t inguish pos i t iona l  
and  geomet r ic  acyl  groups  and is general ly 
more  complex  and  expensive.  Hence,  the  FID 
coup led  wi th  a h igh  re so lu t ion  c o l u m n  and a 
good l ibrary of  r e fe rence  c o m p o u n d s  is the  
m e t h o d  of  choice.  
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