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Chromatography 

S 
INCE TItE ORIGINAL description and applicat ion of 

gas-liquid ehromatograp}ly published in 1952 by  
James  and Mart in  (1),  developments in instru-  

menta t ion and in techniques and diversified applica- 
tions have proceeded at a phenomenal  pace. Pr inc ipa l  
improvements  in ins t rumenta t ion  have been concerned 
with better  control of t empera ture  of column, sample 
injection and collection sites, and with more pract ical  
and sensitive detectors. There have also been numer-  
ous advances in techniques, such as sample introduc- 
tion, t r app ing  of emerging components,  and column 
packing. The discovery of new s ta t ionary  liquid 
phases which permi t  complete separat ion of sa tura ted  
and unsatura ted  esters of the same chain-length (2, 3, 
4) gave impetus to a new snrge of interest  for appli-  
cation to fats  as a quant i ta t ive  method of analysis. 

In this count ry  thermal  conduct ivi ty detectors have 
become most widely used in high t empera tu re  gas- 
liquid chromatography  (GLC) .  Improved  types are 
available, which can detect amounts  of a substance of 
the order of 10 -~ g. More sensitive ionization detectors 
have been developed within the past  ~ v e r a l  years  
which are capable of detecti~tg about  10-9 g. of a com- 
ponent. I lowever  it has not been feasible to utilize 
this extreme sensit ivity with some s ta t ionary  phases, 
such as succinate polyester of diethylene glycol, one 
of the most effective for separa t ing  f a t ty  acid esters, 
because of instabil i ty of the polyester  at the high 
column tempera tures  required for  achieving pract ical  
retention times. Indeed, there is some question as to 
whether the increased order of sensit ivity is necessary 
for routine analysis of fats  and oils. 

There are numerous  publicat ions dealing with in- 
s t rumentat ion,  techniques, new s ta t ionary  phases, dis- 
(:ussions of factors involved in GLC fractionations,  
and with exper imental  demonstra t ion of the effective 
separat ion of wtrious f a t t y  acids as their  methyl  
esters. However  there are surpr is ingly  few publica- 
tions on the use of this technique for  quant i ta t ive  
expression of f a t ty  acid composition of our common 
fats  and oils. Similar ly there is a dear th  of informa- 
tion on the comparison of analyses by  GLC with the 
known composition of complex mixtures  of f a t ty  acids 
or with analyses of fats  by other methods. Published 
analyses by GI~C have been l imited largely to a spe- 
,.ifie tissue lipid or to one par t icu la r  f a t  or oil (5, 6, 
7, 8, 9, 10, 11). Comparat ive  analyses of known mix- 
tures or of fats  analyzed by other means have been 
repor ted on only a few samples (4, 11, 12, 13). 

The present  s tudy was under taken  to obtain more 
comi)lete informat ion on the quant i ta t ive  aspects of 
GLC as a practical  analytical  technique for  determin- 
ing f a t ty  acid composition of na tu ra l  fats  and oils. 
Fo r  this purpose, the more common type  of appara tus  
with thermal  conduct ivi ty detector was employed. 

I P r e s e n t e d  a~ 5Oth Mee~inz, American Oil Chemists' Socie%y, April 
20-22,  1959, New Orleans, La. 
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Analyses  by GLC of known mixtures  of pure  f a t t y  
acid esters and of a series of fa ts  and  oils were 
compared with known values or with analyses by 
an alkali-isomerization ul t raviolet  speetrophotometr ic  
method. Analyses of the fats  and oils by  an independ- 
ent l abora tory  with a similar type  of equipment  but 
with different means of comput ing percentage com- 
position are included. 

Experimental 
Apparatus. Conventional type  of GLC equipment  

was employed. The air  bath  was heated electrically, 
controlled to •176  by  a thcrmoregula tor ,  and was 
un i form in t empera tu re  to within ~ 1 ~  I t  housed a 
detector and coiled stainless steel columns. A four-fila- 
ment  thermal  conductivi ty cell, and 2-millivolt, l l - in .  
s t r ip  chart  recorder requir ing 2 seconds for  full-scale 
pen deflection were employed. Means for  a t t enua t ing  
the detector signal to the rceorder  was provided. 
The char t  speed was 30 in. per  hour. The sample 
injection site was heated and controlled independent ly  
up to 350~ Sanq)les for analysis  were introduced 
by microsyringe through a sili(;one rubber  disc into 
the heated injcetion sit(.', l 'rovisi<m was also made to 
heat  the exit tube f rom the detector to avoid conden- 
sation. The emerging components (~'ould be collected 
by means of a cohl trail. 

Column Packing and Operation. Two coiled stain- 
less steel columns, 8 ft. long by 1/~ in. O. D., with 
different packing and operat ing conditions were em- 
ployed. Colunm [ was parked with 6.6 g. of succinate 
polyester  of diethylcnc glycol (I~AC-3-R-728, Cam- 
bridge Indust r ies  Company,  Cambridge,  Mass.) on 
20 g. of 42-60 mesh Chronmsorb and was operated at 
235~ 30 psig. of helium, and flow rate of 75 ml. 
per  minute  at  column exit. 

Column I [  was packed with 3.5 g. of the sueeinate 
polyester  on 10.6 g. of Celite 545 and was operated 
at  240~ 40 psig. of heliunl, and flow rate  of 45 ml. 
per minute  at column exit. 

The operat ing conditiorls for  each of the columns 
were adjus ted  so as to complete a ehromatogram in 
about 30 mi l l  Hence the retent ion t imes for  the indi- 
vidual  components were not widely different for  either 
column. The collnnns were used in terchangeably  for  
the mixtures  of pure  esters and for  some of the esters 
of the fats. There appeared  to be no significant dif- 
ference in the per formance  of the columns for  the 
samples investigated. Reasonably sharp,  symmetrical ,  
separated peaks were obtained for  the ma jo r  compo- 
nents. In  general, a t tempts  were made to operate  the 
columns at a sensitivity which would pe rmi t  near ly  
max imum use of chart  width for the peaks of ma jo r  
components.  For  example, when 0.5 /xl samples were 
used, the sensit ivity was about  6 t imes as grea t  as 
when 3 ~1 samples were employed, resul t ing in ap- 
proximate ly  equal areas for a given component  peak. 
Several days '  conditioning of the columns at  operat-  
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ing temperatures were required before the rate of 
decomposition or " b l e e d "  of the stationary phase was 
reduced sufficiently to maintain a steady base-line. I t  
was found desirable to condition freshly prepared 
columns in a separate air bath or oven in order to 
avoid excessive contamination of the detector. 

Estimation of Percel~tage of Componvnts. The per- 
centage eoniposition by GLC was obtained by measur- 
ing the area under each peak with a planimeter and 
calculating the ratio of these areas to the sum of the 
area under all of the cx)Inponent peaks. 

Samples. The individual fa t ty  acid methyl esters 
used in known mixtures ranged from 98 to 99+% 
pure, as judged by independent analysis. The methyl 
esters of the fats and oils were prepared and freed of 
unsaponifiables by a method described elsewhere (14). 

Other Method of A'nalysis. An alkali-isomerization 
spectrophotonwtric mctho(l (15) was used in eonjune- 
tim, with iodine values for analysis of known mix- 
lures of methyl esters and methyl esh,rs of the fats 
and oils. 

Resul t s  and Discuss ion  

Known pure fa t ty  aeid methyl esters and mix- 
tm'es of these were employed to establish satisfactory 
operating conditions and to obtain reference data. 
Examples of chromatograms of two such mixtures 
are shown in Figures I and 2, and comparisons of 
cahtulated with known eomposili(ms in Tat)le [. Sub- 
stantially eoInplete res(>hLtion of the cOral)orients was 
achieved, as judged by visual insl)eetion of the ehro- 
matograms. The calculated (,Oml)osilions show a good 
or(h.' of agreement with the known l)ercentages and 
with those determined by the sl)ectrophotometric 
method. There is a tendency toward somewhat low 
values for the slower-moving polyunsaturated aeid 

TABLE I 

Composition of Known 5{ixtures by GLC and 
Speetrophotometrie Analyses 

CoIlll)O- 
nent 
(%) 

Myristate 
Palmitate 
Stearate 
Oleate 
Linoleate 
Linolenate 
Erueate 

Kllowi 

25.0 
25.0 
25.1 

Mixture I Mixture II 

Found 

GLC / U.V. 
spectro. 

~'+'.5 
25 3 

22.q / 24.8 

Know 

5.9 
11.8 
19.1 
23.3 
13.3 
15.3 
11.2 

Pound 

GLC U.V. 
spectro. 

13.8 I :::i:: 
20.9 I ...... 
23.8 / ...... 
12.5 / 12.3 
12.9 15.7 

9.6 ...... 

esters and correspondingly high values for tlle faster- 
moving saturated components. Whether  this is an in- 
herent fault  of the method for calculating percentage, 
an accumulative effect of similar minor impurities, 
incomplete resolution, or because of transesterifieation 
with stationary phase is not known. The same tend- 
eucy is evident in the few examples published (4, 
12, l~i). 
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FIG. 3. Separation of components of lnrd methyl esters by 
GLC. Lard obtained from pigs fed high level of safflower ,oil. 
Area of peak for linoleate to be multiplied by 2. 
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FIG. 1. Separation of components of mixture I by GLC. 
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Fro. 2. Separation of components of mixture II  by GLC. 

A typical ehromatogram is shown for a sample of 
lard methyl esters in Figure  3. This lard was pro- 
dueed from pigs fed a high level of safflower oil. On 
aeeount of the large proportion of methyl linoleate 
in this sample it was necessary to attenuate the de- 
tector signal for this peak to one-half. The compo- 
nent represented by the small peak at 25 rain. was 
not identified. Collections were made of material at 
this point and at lesser " sugges t ed"  peaks beyond 
25 rain. Examination of eolleeted fractions led to 
inconclusive results because of contamination by arti- 
facts from the stat ionary phase. The presence of some 
tetraenoic acid ester in the material collected beyond 
25 minutes of retention time was detected by the 
alkali-isomerization spectrophotometric method. 

Figure  4 is a chromatogram of methyl esters of 
sesame oil, one of the vegetable oils examined. The 
concentration of oleate and linoleate are about 38 and 
45%, respectively, while the concentration of stearate 
is only about 5.4%. Yet their peaks appear well 
separated. 

The compositions of the fats and oils as determined 
by GLC are shown in Tables I I  and I I I .  Samples of 
the methyl esters of these fats and oils were furnished 
to an independent laboratory for GLC analysis. De- 
scription of their apparatus,  conditions of column 
operation, and results have been published (17). A 
summary of their GLC analyses is included in the 
tables. 
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Component  ( % )  

Myris ta te  .......................................................... 
Pahn i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stearate  ............................................................ 

Total  sa tu ra ted  ................................................. 

Pahni to lea te  ..................................................... 
Oleate ............................................................... 

To~al monoenoate ............................................. 

Linoleate  .......................................................... 
L ino lena te  ........................................................ 
Araeh idona te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pentaenoa te  ...................................................... 

La rd  (I.V. 59.1) 

Gas- l iquid  ehromatography  

0.5 /d 3 M I /xl )~ 

U.Y. 
spectre. 

L a r d  (I .V.  119.9)~ 

Gas-l iquid eh romatography  

0 . 5  ,al 3 txl 1 /zl b 
U.V. 

spectre. 

1.7 1.5 1.5 - -  1.0 0.9 1.0 - -  
28.8 26.7 26.9 - -  1 3 . 5  13 .1  1 4 . 0  - -  
14.3 14.0 14.1 - -  7.3 7.3 7.3 - -  

44.8 42.2 4 2 . 5  42.7 21.9 21.3 22.3 20.8 

2.7 3.1 4.3 - -  0.8 0.7 1.4 - -  
42.9 43.3 43.8 - -  20.2 20.1 21.8 - -  

45.6 

8.4 
1.1 

t race 

21.0 

54.6 
0.9 

t race 

47.3 

8.5 
0.6 
0.3 
0.2 

20.8 

55.0 
0.9 

trace 

46.4 

9.8 
1.4 

trace 

23.2 

54.6 
trace 

48.1 

9.5 

21.3 

56.3 
1.0 
0.5 
0 . i  

From pigs  fed h igh  level of safflower oil. b Data  from Reference (1 7) .  

T A B L E  I i I  

Fa t ty  Acid Composi t ion  of Olive, Sesame, and Safflower 0 i l s  by GLC and Speetrophotometr ic  Analyses  

Component  (91) 

I 'a lmita te  ........................................ 
S tenrate  .......................................... 

Total  satu rated ............................... 

l>almitoleate. .................................. 
Oleate ............................................. 

Total  Ill0 lIO(q'lOa te ........................... 

Lino]eate ........................................ 
[ainolen ate ...................................... 

Olive Oil 

Gas- l iquid  chromatoffraphy 

0.5 bd 1 M b 

11.7 ~ l . 7 - -  
2.9 2.2 

14.6 13.4 13.9 

1 . 3  0 . 9  1 . 4  
77.9 78.4 77.1 

79.2 79.3 I 78.5 

5.3 6.1 I 7.5 
O. 9 1 .1  t ra  ~'e 

U .u 
spe('tro. 

Sesame Oil 

Gas- l iquid  ch romatography  

0.5 # l  _ __ 3 /~1 1 gl b 

10.0 10.0 11.6 
5.4 5.4 5.3 

I 1 . 8  1 5 . 4  I 5.4 16.9 

- -  ~ ruce  - -  - -  
38.8 38.2 37.6 

8 1 , 6  

5.!) 
0.7 

38.8 38.2 37.6 

44.5 45.0 44.0 
0.8 0.9 1.5 

Samower Oil~ 
U V ~[ ( ] a s - l i q u i d  c h t ' o m a t o g ' r a p h y  U . V .  

spectre. ' 0.5 ~l 3 / d  1 /~11) spectre. 

- -  7 . 5  7 . 1  7 . 5  - -  
- -  J 2 . 8  I 2 . 5  J 2 . 1  - -  

1 4 . 8  10 . ; I  ! ) .6  9 . 6  8 . 8  

1:~6 , 2 . 2  U'2.~ __ - _ 
39.6 1 3 . 6  1 2 . 2  I 3 . 8  1 5 . 0  

44 .8  76. I 78.3 76.6 76.2 
O.8 - -  _ _ _  ~ . . . . . .  - - : ~  . . . . . . . .  

, ,Trace myr i s ta te  found hy (ILC. ) 'Da ta  from ~eference  (17) .  

I 

~_ 1.2 
.J  
o 

CIZ, I t "  �9 Cl e 
i 

.J c,6 

o.4 

o 1' t " t  
2 0  i5  IO 5 0 

T I M E ,  M I N U T E S  

FI(~. 4. S e I ) a r a t i o n  o f  c o m p o n e n t s  o f  s e s a m e  o i l  m e t h y l  e s t e r s  
b y  G L C .  

In genera], the results of GLC analyses by the two 
laboratories are in good agreement and, where com- 
parisons can be made, are also in good agreement with 
analysis by the spectrophotometrie (and iodine value) 
method. The advantage of GLC in giving more eom- 
l)lete information on the saturated and monoenoic 
acids is obvious. The determination by GLC of minor 
amounts of araehidonie and pentaenoie acids in lard 
was not accomplished. These were more readily de- 
termined by the spectrophotometric method. However 
this method does not distinguish between acids that 
have the same number  of double bonds but  different 
chain-lengths. 

Summary  
1. Known mixllu'es of pure  fa t ty  acid nl(qhyl es((q's 

and a number  of rids and oils as their  methyl ~st<,l'S 
have been analyze(I by conventional GIR] witll thermal 
con(hletivity detectors. 

2. Percentage of f a t ty  acid dis tr ibut ion deterlnined 
by GIJC agreed well with known percentages in model 
mixtures and with analysis by the spe(;trophotometric 
method for fats  and oils. 

3, Determiuat iou of w,  r y  small amounts  of araebi- 
donie and pentaenoic acids in lard by GLC was not 
s n e e e s s f u  1. 

I~ E I,' E II E N ( '  E S 

l .  James,  A. T., ~tnd Mart in ,  A. J. P., Biochen). J., 5 o .  679 (1952 ) .  
2. Orr, C. 1I., and (hdhm, J. E., J. Anl. Chem. See., 8 0 .  249 (1958 ) .  
3. Lipsky,  S. 1~., and Landowne,  I~. A., Bio( 'hem. and Biophys.  Acta., 

'27, 666 (1958 ) .  
4. Lipsky,  S. l~., and Landowne,  Ir A ,  Ann. N. Y. Acad. Nci., 72, 

666 (1059 ) .  
5. James,  A. T., and Wheatlvy, V. R., llioei)em. J., 6 3 ,  269 (1956 ) .  
6. Chishohn, M. J., and l Iopk ins ,  C. Y., Can. J .  Chem., 3 6 ,  15:17 

(1958). 
7. Pat ton ,  S., and Keeney, P. G., J .  D a i r y  Sci., 4 1 ,  1288 (1058 ) .  
8. Beer lhu is ,  1~. K., Di jks t ra ,  (l., Keppler ,  J .  G., and lCeeourt, J. n . ,  

Ann,  N. Y. A('ad. Sci., 72. 616 (1959) .  
9. Hawke,  J. C., J .  l ) a i r y  Res., 94, 366 (1957 ) .  
10. Hank inson ,  C. L., Harper ,  W. J., and Mikolajcik,  E., J .  Da i ry  

Sci., 4 1 ,  1502 (1958 ) .  
11. James,  A. T., Am. J. Clin. Nut r i t ion ,  6, 595 (1959) .  
12. Michaels, G. D., Wheeler,  P., Fukayama ,  G., and Kinsell ,  L. W., 

Ann. N. Y. Acad. Sci., 72, 633 (1959 ) .  
13. Craig, B. M., and Murty,  N. L., Can. J .  Chem., 3 6 ,  1297 (1958 ) .  
14. Luddy,  F. E., Bar ford ,  Ir A., and l~,iemenschneider, R. W., 

presented at  50th Meeting,  Amer ican  Oil Chemists '  Society, New O f  
leans, La., Apr i l  2 0 - 2 2  (1959) .  

15. Herb,  S. F., and Riemenschneider ,  R. W., Anal.  Chem., 25, 953 
(1953 ) .  

16. Orr, C. I-I., and Callen, J .  E., Ann.  N. Y. Acad. Sci., 7'2, 649 
(1950). 

17. Brenner ,  N., Seho]ly, P.  I~., and  O 'Br ien ,  L., J .  Nat iona l  Lut)ri- 
ea t ing  Grease  Ins t i tu t e ,  Ju ly  1959, p. 137. 

[ R e c e i v e d  S e p t e m b e r  21,  1 9 5 9 ]  


