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Abstract 
Gas-liquid chromatography  is p r imar i ly  a pow- 

erful  separat ing tool. Compounds can be t r apped  
as they emerge f rom the GLC appara tus  for  
analysis by mass spectrometry  and inf rared  or 
ul traviolet  spectrophotometry,  or the emerging 
separated components may  flow directly into one 
of these instruments  making positive identifica- 
tion of the components possible. Quanti tat ive 
analyses of fats  and oils are possible when certain 
requirements are observed. A combination of 
f a t ty  acid, t r iglyceride and sterol analyses offers 
promise of a rapid  means for  the identification 
of fats  and oils and their  admixture  or adultera-  
tion. Progress has been made on the prepara t ion  
of derivatives of carbohydrates  and amino acids 
such tha t  these compounds may  soon be analyzed 
as readily by  GLC as lipids are today. 

Introduction 

G 
AS-LIQUID CHRO~[ATOGR&PI tY i s  pr imar i ly  a means 
for  separat ing mixtures  and cannot of itself 

ident i fy a compound but  offers only a tentat ive 
identification based on similar retention with a known 
compound. On the other hand, spectroscopic or x-ray 
techniques are capable of ident i fying a compound 
but usual ly require highly purified samples. There- 
fore, it is not surpr is ing tha t  each technique should 
become dependent  on the other;  gas chromatography  
to separate a pure  compound f rom a mixture  or to 
show tha t  a compound is indeed a single ent i ty ;  
spectroscopy or x- ray  techniques for  positive identi- 
fication of the separated or pure  compound. 

Discussion 
I n f r a r ed  and mass spectrometers have been con- 

nected in tandem with gas chromatographs 
(2,4,13,14,18,23,24,27,28). As compounds are sepa- 
rated f rom mixtures and eluted f rom the gas chro- 
matograph,  they pass direct ly into these instruments  
and are identified. In  the analysis of f a t t y  acids by  
this technique, inf rared  spectroscopy has left  some- 
thing to be desired for  two reasons: the more common 
f a t t y  acids exhibit only small differences in their  
spectra, and the resolution of the required rapid  scan 
instruments  has generally not been sufficient to show 
these small differences. The mass spectrometer  in 
tandem has been a little more useful for  the identi- 
fication of the f a t t y  acids. However, gett ing one 
of these high boiling compounds into the ins t rument  
and then flushed out again before the next  component 
enters has given considerable trouble to most in- 
vestigators. As a result, tandem techniques are not 
in common usage for lipid analysis. A more common 
procedure is to t rap  the component as it leaves the 
gas chromatograph and t h e n  analyze the t r apped  
component by in f ra red  or mass spectroscopy. 

One of the more successful separations and identi- 
fication employing a gas chromatograph and mass 
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spectrometer  in tandem was published last year  by 
Ryhage (19). Bu t t e r f a t  methyl  esters were separated 
on a capi l lary  column. The scanning time of each 
peak was about  3 see as it was eluted. Sixty-six 
peaks were recorded on the chromatogram and of 
these, 52 were identified f rom their mass spectra. 
The results were obtained in one day. 

One of the first applications of GLC in lipid 
analysis was its use to separate the f a t ty  acids. 
Later,  it was found advantageous to convert the acids 
to their  methyl  esters. The GLC analysis of f a t ty  
acids as their  methyl  esters has developed until  today 
it has acceptance as the best method for  determination 
of composition. There are still problems of separa- 
tion with very  complex mixtures  such as milk fat, 
fish oil and fa t  f rom various animal organs but  for 
the more common fats of trade, the analysis can be 
quite precise and accurate. 

Data  obtained f rom the AOCS Smalley Gas Chro- 
ma tography  collaborators shows that  instrument,  type 
of s ta t ionary  liquid or suppor t  used in the column, 
length or diameter  of the column, type of detector 
or a wide range of operat ing conditions will not re- 
sult in significant differences in the analysis of a 
fa t  or oil provided one uses a reference sample for 
standardization.  Ear l ie r  analyses by this group in- 
dicated that  the s tandard  deviation was greater  for 
those employing the flame ionization detector when 
compared to those employing thermal  conductivity. 
However, these differences have since disappeared. I t  
was found tha t  there are two principal  reasons for 
the lack of precision between laboratories. First ,  im- 
proper  operation of the gas chromatograph or the 
recorder was shown by inspection of gas chromato- 
grams f rom each AOCS Smalley collaborator and 
members of the Ins t rumenta l  Techniques Gas Chro- 
ma tography  Subcommittee. For  example, one opera- 
tor  employed conditions in which the methyl  esters 
of an oil were eluted so quickly that  methyl  stearate 
was eluted in 11/2 rain. The char t  speed was such tha t  
very nar row base peaks were drawn. I f  a good 
integrator  had been used, the results probably  would 
have been sat isfactory but  the operator reported that  
the area was determined by tr iangulation.  Another  
chromatogram indicated a shift ing base line upon 
at tenuat ion because the original baseline was not at  
the recorder zero. The chromatogram exhibited 
s tepping which indicated improper  setting of the 
gain and damping  ad jus tment  of the recorder or 
possibly a fau l ty  amplifier. These are just  two 
examples where certain practices are employed which 
do not lend themselves to reproducible quanti tat ive 
results. Poor results could be correlated with chro- 
matograms which showed a disregard for good 
operat ing practice ra ther  than the use of a great  
var ie ty  of operat ing conditions where reasonable 
care was taken. The second reason for lack of pre- 
cision lies in not employing reference mixtures  to 
either check the response of the detector or to obtain 
response factors to correct the data. Reference mix- 
tures are available commercial ly which approximate  
the composition of many  oils and when these are 
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employed the precision between laboratories is quite 
good. 

Table I shows the var ie ty  of operat ing conditions 
repor ted by  the AOCS Sma]ley collaborators in an- 
alyzing a soybean oil sample in the 1967-68 series. 
Table I I  shows a comparison of the results of these 
collaborators in analyzing the soybean oil and in 
Table I I I ,  the results of analysis of a sample of 
olive oil by the same group. I t  is readily apparen t  
that  the analyses f rom the group using correction 
factors result  in a much smaller s tandard  deviation 
when compared to the analyses f rom the group not 
employing correction factors. These results are in 
agreement  with those found by the AOCS Ins t ru-  
mental  Techniques Gas Chromatography  Subcom- 
mittee in a collaborative s tudy previously reported 
(17). Many more examples could be given to demon- 
strate tha t  when reference mixtures are employed, 
greater  precision results. 

While the determination of f a t ty  acid composition 
of fats  and oils is important ,  it should be remembered 
that  these are predominant ly  in the form of tri- 
glyeerides. Their  analysis directly by GLC has not 
been very f ru i t fu l  and in fact  has been reported by 
relatively few investigators. Probably  this has been 
true for  two reasons: the design of ear ly instruments  
resulted in poor separations, and the information 
obtained has seemed ra ther  limited. Two excellent 
papers  have been published recently, One by Kuksis 
(11) and one by Litchfield et al. (12), which describe 
in some detail  the critical parameters  and the ap- 
plication of direct tr iglyceride analysis. These are 
recommended reading for anyone desiring to analyze 
triglycerides by GLC. I t  is likely that  tr iglyceride 
separations will become commonplace. 

We have recently become involved in the use of 
G LC not only for  the analysis of f a t t y  acid com- 
position but  also as a means for  the identification of 
an oil. The use of f a t ty  acid analysis alone has been 
proposed but  this is inadequate for  a number  of 
oils. A fa i r ly  wide range of values is found for 
specific f a t t y  acids of a par t icular  oil and this will 
overlap the range of values for one or more other 
oils. Fedeli  et al. (5) reported tha t  a promising 
method of differentiating vegetable oils is to analyze 
the t r i terpene alcohols found in the unsaponifiable 
fraction. Thi r ty  t r i terpenes were found in vary ing  
combinations and amounts. Use of this informa- 
tion could result  in quite a complex analysis. How- 
ever, in the sterol fraction, only six or seven com- 
ponents are present. Three appear  in every oil except 
one of those studied. Because of their  uni form 
character,  Fedeli repor ted that  the sterols do not lend 
themselves to the identification of an oil. However, 
Kar leskind and co-workers (9,10) claim that  the 
ratio of the sterols to each other are un i form for a 
par t icular  oil but  quite different f rom other oils. 
This difference of opinion has to be resolved before 
.use can be made of sterol analysis. Firestone (6) 
has used the differences in steroI composition of 
vegetable and animal fats  to detect many  instances 
of adul terat ion of oils, cholesterol being the pr incipal  
sterol in animal  fats. We decided to determine the 
f a t ty  acid, t r iglyceride and sterol composition. Al- 
though the tr iglyceride and sterol analysis can be 
made quanti tat ive,  init ially we were concerned only 
with gross qualitative differences to determine the 
feasibili ty of these analyses for the identification of 
oils. 

The ident i fying system that  has been used for 
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TABLE II 

F a t t y  Acid Analys is  of Soybean Oil 
AOCS Smalley Gas Chromatography  Series, 1967 -68  

Labora-  
tory  

F a t t y  Acids a 

1 6 : 0  1 8 : 0  18 :1  18 :2  1 8 : 3  Other  % % % % % % 
Detector  I n t e g r a t i o n  Correction 

1 8.85 3.93 45.30 88.61 
3 c 8.76 3.94 47.51 36.69 
5 c 9.23 3.67 47.51 35.75 
6 8.90 8.96 48.02 35.68 
9 9.46 4.44 47.68 34.65 

11 9.22 4.11 49.53 34.54 
12 8.48 3.78 47.58 36.75 
18 9.55 4.00 47.56 35.84 
20 8.33 3.76 46.90 36.68 

2 9.39 3.90 48.63 35.36 
4 12,26 6.84 41.38 33,17 
7 9.30 4.76 50.46 32.44 
8 9.76 4.22 48.32 34.93 

10 8.68 3.98 46.81 35.69 
13 9.20 4.70 49.00 34.00 
14 c 10.27 3.67 45,20 86.75 
15 9.08 4.21 48.98 34.82 
16 8.60 3.97 47.81 35.80 
17 8.24 3.45 46.57 37.09 
19 9.73 3.20 48.71 36.46 

l~Iedian 9.20 3.98 47.58 35.69 
S t a n d a r d  Dev ia t ion  
Corrected 0.46 0.22 1.04 1.19 
Not corrected 1.08 1.60 2.35 1.51 

3.02 0.28 F1. E lec t ron ic  Commercial  b 
2.96 0.26 F1. Elec t ronic  Commercial  
2.70 1.13 F1. Disc Empir ica l  
3.27 0.16 T.C. Tr iang .  Commercial  
2.95 0.82 F1. P l a n i m e t e r  Commercial  
2.54 0.07 F1. T r i ang .  Commercial  
2.90 0.72 FI. Disc Commercial  
2.42 0.63 F1. Disc d 
2.66 0.91 F1. Elec t ronic  Commercial  

2.53 0.15 T.C. D i s c  None  
5.53 F1. Disc None 

2.59 0.43 T.C. Disc None e 
2.76 1.15 T.C. Disc None  
8.22 1.08 F1. Elec t ronic  None 
...... 3.10 F1. T r i ang .  None e 

4.90 ...... T.C. Disc None 
2.88 0.03 FI. Disc None e 
3.12 0.72 F1. Elec t ronic  None  e 
3.54 1.15 T.C. Disc None 
1.63 0.27 T.C. Disc None  

2 . 8 9  

0.26 
1.11 

a Number  to  left  indica tes  carbon n u m b e r ;  n u m b e r  to r i g h t  
b Commercia l :  commercial ly avai lable  s t a n d a r d  specific fo r  
c Tempera ture  programmed.  
a Correct ion proposed by Ackman and  Sipos (1 ) .  
e Response checked wi th  s t a n d a r d  mixtures .  

indica tes  
soybean  

double bonds.  
oil analysis .  

tr iglyceride analysis is to give a carbon number to 
each peak in the chromatogram. The carbon number 
is the number of carbon atoms in the fa t ty  acid 
chains; for  example, t r ipalmit in  has a carbon number 
of 48 and tr is tearin a carbon number  of 54. Until 
recently it  was believed that  the separation of tri- 
glycerides of the same carbon number could not be 
made but  recent reports (13,25) show that  at least 
par t ia l  separations are possible. The fa t ty  acid com- 
position of corn, cottonseed and safflower oils o~Terlap. 
Thus a positive identification of these materials can 
not be made on the basis of fa t ty  acid analysis. 
Inspection of the chromatogram of the triglyceride 
separation shows that  the principal  peak of cotton- 
seed oil has a carbon number of 52 while the chro- 
matograms of corn and safflower oil show that  the 
principal peak of each of these oils has a carbon 

number  of 54. Cottonseed oil could be distinguished 
from either of the other two oils but  corn oil could 
not be distinguished from safflower oil. However, 
inspection of the chromatograms of the sterols of 
these three oils shows that  each could be distinguished 
from the others. Cottonseed oil contains two prin- 
cipal sterols, campesterol and fl-sitosterol; corn oil 
sterols consist of campesterol, fl-sitosterol and 
stigmasterol; while safflower oil contains these three 
sterols plus a four th  but  as yet  unidentified sterol. 
Provided that  these profiles for  the triglycerides 
and sterols are typical, it would seem possible to 
readily identify these oils. Peanu t  and olive oil are 
also difficult to differentiate by means of their  f a t ty  
acid composition. The chromatogram of the triglyc- 
erides of the former  has large peaks with carbon 
numbers of 56, 58 and 60 while, except for a small 

T A B L E  I I I  

~ a t t y  Acid Analys i s  of Olive Oil 
AOCS Smalley Gas  Chromatography  Series, 1 9 6 7 - 6 8  

Labora-  
to ry  

F a t t y  Acids a 

1 6 : 0  1 6 : 1  1 8 : 0  1 8 : 1  1 8 : 2  Other 
% % % % % % 

Detec tor  I n t e g r a t i o n  Correct ion 

1 11.69 1.15 3.00 74.64 8.48 1.07 FI. Elec t ronic  
3 11.71 1.04 2.89 73.90 9.30 1.03 F1. Elec t ronic  
5 c 12.02 0.90 2.94 74.63 8.37 1.12 F1. Disc  
6 11.69 1.06 3.19 74.69 8.70 0.66 T.C. Triang .  
9 11.78 1.14 3.67 72.59 8.96 1.84 F1. P l an ime te r  

11 10.02 1.04 3.00 76.55 7.95 0.84 FI. Trlang .  
12 10.84 0.99 3.26 75.78 8.11 1.01 F1. D i s c  
18 12.38 1.11 2.89 73.53 8.32 1.79 F1. Disc 
20 11.69 1.08 3.01 74.89 8.40 0.94 T.C. Elect ronic  

2 12.48 0.95 3.29 74.29 7.95 1.06 T.C. Disc 
4 12.01 0.91 3.42 74.28 9.34 ...... T.C. Disc 
7 12.28 0.83 3.62 75.70 6.82 0.76 T.C. Disc 
8 c 12.86 0.70 2.92 74.71 8.42 0.42 EL Tr iang .  

10 11,42 1.16 3.18 73.51 8.70 2.03 FL Elec t ronic  
13 11.80 0.80 2.80 77.20 6.40 0.93 F1. Tr iang .  
14 c 12.40 2.26 1.40 72.40 10.12 1.41 T.C. Disc 
15 12.48 1.31 3,75 73.93 8.18 1,40 F1. Disc  
16 12.03 1.02 3.33 72.51 9.49 1.64 F1. Pk.  I-It. X R.T. 
17 11,17 1.17 2.76 74.34 9.87 0.70 T.C. Disc 
19 12.30 1.07 2.96 73.84 8.30 1.53 T.C. Disc 

l~edian 12.02 1.03 8.00 74.64 8.41 
S t a n d a r d  Devia t ion  
Corrected 0.66 0.08 0.25 1.10 0.41 
Not  corrected 0.48 0.38 0.60 1.35 1.1.3 

Commercial  b 
Commercial  
Empir ica l  
Commercial  
E m p i r i c a l  
Commercial  
Commercial  

4 
Commercial  

None  
None 
None  e 
None  
None 
None  e 
None  
N o n e  e 
N o n e  e 
None  
None  

a Number  to lef t  indica tes  carbon n u m b e r ;  number  to r i gh t  ind ica tes  double bonds. 
e Commerc iah  commercial ly avai labIe s t anda rd  specific for  olive oil anaIysls.  
¢ Tempera tu re  programmed.  

Correct ion proposed by Ackman and Sipos  (1 ) .  
e Response checked w i th  s t a n d a r d  mixtures .  
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amount of 56, these peaks are absent in olive oil. 
The chromatograms of the sterols of these two oils 
show only two major peaks for olive oil but peanut 
oil exhibits three major peaks. Again if these prove 
to be typical profiles of peanut and olive oil from 
a number of sources and from different varieties, 
either the triglyceride or the sterol analysis would 
offer distinguishing features. The combination of 
fa t ty  acid, triglyceride and sterol composition seems 
to offer great promise in identification of oils and 
possibly their admixtures or adulteration. 

One may obtain all three analyses in little more 
time than that required for the fat ty acid composi- 
tion. To obtain the data with a single gas chro- 
matograph, it would be necessary to change columns 
but with two instruments or one instrument equipped 
with two separately controlled ovens, the data may 
be obtained rapidly. For  the triglyceride determina- 
tion, we employed a 3 ft  × l~-in, stainless steel tube 
packed with 3% JXR on 100-120 mesh Gas Chrom 
Q. The initial temperature was 210 C and the oven 
temperature programmed at 2 C/rain to a tempera- 
ture of 310 C. Helium carrier flow was 65 cc/min. 
The sterol separation was obtained on the same 
column but the oven was operated isothermally at a 
temperature of 200 C. The methyl esters of the fatty 
acids were analyzed on an 8 ft  × ~-in.  stainless steel 
tube packed with 10% diethylene glycol succinate 
on 60-70 mesh Anakrom A. The oven temperature 
was held isothermally at 175 C and the helium carrier 
flow was 65 cc/min. A hydrogen flame detector was 
employed in both instruments. 

The triglyeeride analysis takes about 1 hr. While 
the sample was being chromatographed, a trans- 
esterification of the triglyceride to the methyl esters 
was performed by the procedure of Luddy et al. 
(15) in 5 to 10 min. The reaction mixture contained 
the unsaponifiables as well as the methyl esters. The 
reaction mixture was streaked on a thin-layer plate 
and developed for about 20 rain. The two regions 
containing the methyl esters and the sterols were 
scraped off the plate and extracted separately. By 
this time the triglyeeride analysis was completed 
and the sterols were injected onto the same column 
used for the triglyceride analysis while the methyl 
esters were injected on the polyester column. About 
30 min are required for these analyses, which means 
that a triglyceride, sterol and fat ty acid analysis 
were completed in about 1 ~  hr. 

Carbohydrates 

The application of gas chromatography to the 
separation of carbohydrates and related polyhydroxy 
compounds has tended to lag behind the development 
of this technique with most other classes of com- 
pounds. A major difficulty has been the preparation 
of volatile derivatives of the polyhydroxy compounds 
by rapid and general methods. In 1963, Sweeley 
et al. (22) made a significant contribution when 
they reported the separatiOn of the trimethylsilyl 
ether (TMS) derivative of almost 100 carbohydrates 
and related compounds. The TMS derivatives are 
formed usually in about 5 rain at room temperature. 
The products obtained from pure single anomers of 
pentoses and hexoses generally show a single peak 
on GLC. Almost all other previously reported deriv- 
atives resulted in multiple peaks during GLC. 

Because of its speed and resolving power, GLC is 
rapidly replacing other techniques in the fermenta- 
tion industry as it has in so many other industries. 

Most notable is in the analyses of the volatile con- 
stituents. However, the development of the procedure 
for preparing TMS derivatives has stimulated interest 
in GLC for the analysis of carbohydrates. Sweeley 
removed water from aqueous sugar solutions before 
silylation. Brobst and Lott, Jr .  (3) modified the 
procedure such that a limited amount of water was 
permitted. This procedure was applied to the analysis 
of corn syrup carbohydrates without extensive re- 
moval of water. Marinelli and Whitney (16) used 
this method to determine the carbohydrates of not 
only corn syrup but beer and wort carbohydrates 
as well. 

Most carbohydrates show multiple peaks due to 
mutarotation of the sugars in aqueous equilibrium 
mixtures. This somewhat complicates the chroma- 
tograms but at times they are helpful in identifying 
unknown carbohydrates since reference could be made 
to more than one retention. A monosaccharide may 
form as many as four glycosides as a result of 
anomeric and ring isomerization. This can be avoided 
by reduction to their alditols with sodium boro- 
hydride (20). The alditots are then acetylated with 
acetic anhydride. The alditols cannot anomerize and 
the separation of the alditol derivative eliminates the 
problem of multiple peaks. 

The possible application of the procedure would 
include the analysis of sugar mixtures, the identifica- 
tion of hydrolysis products of barley, wort and beer 
polysaccharides to elucidate their structure, studies 
of the assimilation of carbohydrates by micro- 
organisms, and investigations of the nature and 
action of carbohydrases and many others. I t  might 
be mentioned here that Supina et al. (21) have 
recently suggested the use of dimethylsilyl (DMS) 
derivatives of the carbohydrates. They report equally 
good separations but in a shorter retention time and 
at a lower column temperature. 

Amino Ac ids  

A review by Weinstein (26) describes the efforts 
to develop quantitative gas chromatographic method- 
ology for the analysis of amino acids as volatile 
derivatives. Recently Gehrke and Stallings (7) pub- 
lished a method for the quantitative determination 
of 20 natural protein amino acids and applied the 
procedure to the analysis of biological materials. In 
the latter instance, the requirements of sample 
preparation for GLC are greater than for the con- 
ventional ion-exchange analysis. Lipids, amines and 
sugars which would give rise to interfering peaks 
in the chromatogram during gas chromatography 
must be removed and the sample converted to the 
N-trifluoroacetyl u-butyl esters. The time for the 
removal of these interfering substances will depend 
on the compounds present but the conversion and 
subsequent analysis by GLC takes about 4 or 5 hrs. 
Therefore, an analysis is not much, if at all, faster 
than the conventional ion-exchange procedure and 
certainly not as fast if one can use Ligand Exchange 
Chromatography (8) where a similar amino acid 
mixture was analyzed in 2 hr and the additional 
sample treatment for gas chromatography was not 
necessary. 

The development by Gehrke and Stallings is an 
excellent piece of work and will undoubtedly stim- 
ulate more interest in GLC of amino acids but it is 
not the simple, rapid analysis that may be accom- 
plished in an hour as has been reported in some 
instrument company literature. Rather, this proce- 
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dure as stated by Gehrke is a "logical step in the 
evolution of a GLC method for quanti tat ive deter- 
mination of amino acids." Gas chromatography offers 
the advantage of rapid separation of difficult multi- 
component mixtures, use of small samples, accuracy 
and simplicity. For  certain amino acid analyses, 
GLC is today the equal of the older ion exchange 
procedure but  it has one distinct advantage, namely, 
the analyses can be attained with a relatively cheaper 
instrument  that may also be used for the analyses 
of many other materials. 
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