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glycerides and the disappearance of others. Never- 
theless, a general pattern of glyceride formation is 
followed regardless of ecological conditions of plant 
growth and regardless of the composition of the fatty 
acid mixture which is available for triglyeeride 
biosynthesis. 
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Abstract 
The triglycerides from ucuhuba kernel fat 

(Virola surinamensis) were analyzed using thin- 
layer adsorption chromatography (TLC) fol- 
lowed by gas-liquid chromatography (GLC). 
The triglycerides were first separated into three 
fractions containing 0, 1, and 2 or more double 
bonds per molecule on silica gel TI~C plates iHl- 
pregnated with AgNO> The total triglycerides 
and each individual TLC fraction were then an- 
alyzed by GLC for the molecular weights of 
their component triglyeerides and for their fatty 
acid composition. Quantitation of the TLC frac- 
tions was achieved by GLC analysis of their fat ty 
acids using an added internal standard and con- 
firmed by solving simultaneous equations derived 
from GLC analysis of their triglyeerides and 
fatty acids. 

Application of these combined chromatographic 
techniques separated the ueuhuba kernel fat into 
23 triglyceride components. Triniyristin amt 
]aurodimyristin comprised over half the total 
triglycerides, which was expected since the fat 
contained 20.0 mole % laurie and 71.3% myristie 
acids. 

Introduction 

T H E  I N T R O D U C T I O N  o f  new analytical techniques 
for the investigation of glyceride structure has 

added great impetus towards a better understanding 
of the glyceride composition of natural fats. These 
nlethods include the widely applied silver-ion nlethod 
of de Vries for separating triglyeerides into fractions 
(tiffering only in unsaturation (1), GLC separation 
of triglycerides according to molecular weight (2), 
and numerous other analytical techniques (3-5). 

The complexity of naturally occurring" fats and the 
lack of refinement in our present analytical methods 
do not, however, permit the use of a single analytical 
technique for determining triglyeeride composition. 
Combinations of these techniques have likewise failed 
to provide comprehensive analyses, but do produce 
experintental data which permit detailed estimation 

1 Presented at the AOCS Meeting in Houston, Texas, 1965. 
2 Supported in par t  by grants from the National Institutes of Health 

(AM-06011) and the Corn Products Insti tute of Nutrition. 

of triglyceride compositions. Such an application of 
combined analytical techniques for determining tri- 
glyceride composition is illustrated in the recent work 
of Blank et al. (6) who applied Ag + TLC in conjunc- 
tion with ]ipase hydrolysis to demonstrate the tri- 
glyeeride composition of synthetic mixtures and of 
several natural fats. A similar integration of Ag + 
TLC, and GLC, was employed by this laboratory in 
characterizing the triglyceride composition of Cuphea 
llavia seed fat (7). 

Ucuhuba (Virola suri~amensis) is a tree of the 
nutmeg family which grows along the swanlpy coast 
of northern Brazil and the Guianas. The fruit  has 
a spherical hull which encloses a seed 12-14 mm in 
diameter. Fa t ty  acid analyses of the seed fat by 
several investigators (8-13) have shown that myristic 
and laurie acids comprise 66.6-73.4 and 5.0-20.8 wt 
%, respectively. Small amounts of additional fatty 
acids including deeanoie, palmitie, oleic and linoleie 
were also found. Employing a systematic crystalliza- 
tion of the glycerides from acetone, Atherton and 
Meara (8) estimated that six triglycerides were pres- 
ent in the ueuhuba kernel fat. Trimyristin (MMM) 
and lanrodimyristin (LaMM) were found to com- 
prise 42.6 and 30.7 mole %, respectively, with the 
remaining composition (26.7%) consisting of OLa~I 
(12.1%), LaMP (10.3%), OMM (3.1%), and LaLaM 
(1.2%). (See Table IV for explanation of abbrevia- 
tions). 

The current investigation employed the integration 
of Ag + adsorption chromatography with GLC in 
characterizing the triglyeerides of ucuhuba (V. suri- 
namer,.sis.) kernel fat. The triglycerides were sepa- 
rated by Ag + TLC according to the nmnber of double 
bonds per molecule, with subsequent GLC analysis of 
the fractionated triglycerides. 

Procedures 
M a t e r i a l s  

Ucuhuba (V. surinamcnsis) seeds were obtained 
through the courtesy of Mr. H. Bloom, American 
Consul, Belem, Para, Brazil. The fruits were gathered 
in ]963 from trees in the Brazilian state of Para in 
the lower Amazon basin. The seeds were sorted to 
remove any diseased or damaged ones and stored in 
a refrigerator for future analysis. 
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TABLE I 

Fat ty  Acid Composit ion of Uc uhuba  Kernel  Fa t  Tr iglycer ides  
(Mole % ) 

Pa t ty  acids To ta l t r i g lyce r ides  

C U L P  E T  AL.  : A N A L Y S I S  OF T R I G L Y C E R I D E S .  I I  

TLC frac t ions  a 

o 1 2 +  

8 :0  tr  0.1 ... 
10:0 09 0.9 0:~ 0.7 
1 2 : 0  20.0 20.5 13.1 14.2 
14:0  71.3 75.0 51.2 28.0 
14 :1  0.7 .... 8.1 2.8 
16 :0  3.5 3.4 3.5 5.0 
16 :1  0.3 .... 3.0 2.1 
18 :0  0.5 0.1 0.3 0.9 
] 8 :1  2.4 .... 20.3 30.4 
18 :2  0,4 .... 15.9 

Un k n own  tr  t r  

a TLO frac t ions  separated according to the number  of double bonds 
per  t r ig lycer ide  molecule. 

M e t h o d s  

Gas-Liquid Chromatography of Fatty Acids. F a t t y  
acid composition was determined by GLC analysis of 
the methyl  esters. An Aerograph H y  Fi  A-600-B 
gas chromatograph equipped with a 6 f t  by 1/8 in. 
column containing 20% (w/w)  diethylene glycol 
suecinate polyester coated on acid-washed 60/80 mesh 
Chromosorb W was used as previously described (7). 
All f a t t y  acid compositions were repor ted in mole 
percent. 

Gas-Liquid Chromatography of Triglycerides. GLC 
analysis of the total tr iglyeerides and each trigly- 
ceride f ract ion was achieved using the general methods 
of Litchfield et ah (14). The gas chromatograph 
(F  & M 400) was equipped with a hydrogen flame 
detector and automatic t empera ture  programing.  The 
24 in. × 3.0 mm I.D. glass column contained 3.0% 
J X R  on 100/120 mesh Gas-Chrom Q and was auto- 
matical ly p rogrammed from 170C-305C at 4C/rain  
with a nitrogen gas flow of 100 ml /min .  The peaks, 
which correspond to tr iglycerides with identical car- 
bon numbers,  were identified by compar ing retention 
times with those of known compounds. Quanti ta t ive 
calibration factors were determined by using a known 
composition mixture  of trioctanoin, trideeanoin, tri- 
laurin, t r imyris t in ,  t r ipalmit in  and t r is tear in  (Ap- 
plied Science Laboratories,  State College, Pa.) ,  and 
all peak areas were corrected accordingly. All iden- 
tical molecular weight tr iglycerides were assumed to 
have the same calibration factor. Peak  areas were 
determined by t r iangulat ion and results were reported 
as mole % of total triglycerides. 

Thin-Layer Chromatography. Separat ion of lipid 
classes was carried out on 1.0 mm thick Silica Gel 
G TLC plates developed with a 2:1 CHC13- benzene 
(v /v )  solvent mixture.  Bands were identified by 
conlparison with the Rf values of known materials.  

Silver-ion chromatoplates were p repared  according 
to the method described by Bar re t t  et al. (15) in- 

T A B L E  I I  

Triglyeer ide Composit ion of U c u h u b a  Kerne l  ]Pat 
(Mole % ) 

Carbon number s  Total  t r ig lycer ides  
TLG f rac t ions  a 

0 1 2 +  

36 0.9 0.8 .... 
38 5.6 5.~ ;i: 
40 39.2 39.2 0.3 ~ 
42 41.0 38,5 2.1 tr 
44 7.5 4.4 2.6 0.2 
46 3.6 0.6 2.8 0.5 
48 1.2 .... 0.6 0.6 
50 0.8 .... 0.1 0.7 
52 0.2 .... t r  0.2 
54 t r  . . . . . . . .  t r  
56 . . . . . . . . .  t r  

Totals  100.0 89.2 8.5 2.3 

a TLC f rac t ions  separated according to the number  of double bonds 
per  t r ig lycer ide  molecule. 
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T A B L E  III 

Quan t i t a t i on  of the Tr iglycer ide  Fract i (ms of Ucuhuba  
Kernel  Fa t  Separated by Ag + Thin-Layer  Chromatography  

(Mole % ) 

TLC f rac t ions  a 
Methods 

o 1 2 +  

I n t e r n a l  s t anda rd  88.9 8.5 2.6 
S imul taneous  equat ions  89.4 8.5 2.1 

Average  89.2 8.5 2.3 

a T L 0  f rac t ions  separated according to the number  of double bonds 
per t r ig lycer ide  molecule. 

volving the use of Silica Gel G and 12.5% ( w / v )  
aqueous AgNOa. The plate:s were developed by ascend- 
ing' chromatography  using a 0.1% ethanol in chloro- 
form (v /v )  mixture.  Before use, the eh]oroform was 
distilled and passed through a column of a lumina 
to remove the ethanol which is added as a preserva- 
tive. A specific amount  of ethanol was then added to 
the distilled ehloroforIn to achieve the desired solvent 
polari ty.  

To remove any  possible lipid contaminants,  all 
TLC plates were predeveloped with distilled diethyl 
ether before applying'  the sample. 

R e s u l t s  
E x p e r i m e n t a l  

Four  ucuhuba (V. surinamensis) seeds (483 g) 
were homogenized with distilled hexane in a Pot ter-  
Elvehjem homogenizer until  a fine powder was ob- 
tained. The mixture  was quant i ta t ively  t rans fe r red  
to a filter paper  thimble and extracted in a Soxhlet 
extraction appara tus  for  4 hr  with 150 nfl distilled 
petroleum ether (bp 30-60C).  Evapora t ion  of the 
solvent yielded 2.84 g fa t  which represented 58.8% 
of the seed -weight. Approx imate ly  220 mg of ex- 
t racted fa t  was applied to 2 Silica Gel G plates which 
were developed with 2:1 CHCl~-benzene to isolate the 
triglycerides. The tr iglyceride band was scraped off 
the TLC plate into a glass column and eluted off the 
silicic acid with distilled diethyl  ether. Evapora t ion  
of the eluate yielded the purified ueuhuba tr igly- 
cerides. 

About  200 mg of the purified tr iglyeerides was ap- 
plied to two prepara t ive  Ag + TLC plates and sep- 
ara ted into four  distinct bands by development with 
0.1% ethanol in CHC13 (Fig. 1). The plates were 
sprayed  with a 0.02% alcoholic solution of 2', 7 '  - 
dichlorofluorescein and the bands visualized under  
ul traviolet  light. Since the lower band represented 
oIfiy a very small percentage of the total tr iglycerides 
( <  1%) ,  the lower two bands were combined and 
analyzed as a single fraction. The three t r iglyceride 
bands were separate ly  scraped off the plates into 
small sintered glass funnels containing 2-4 g of 
activated silieie acid and the tr iglycerides eluted 
with diethyl ether. Subsequent identification of the 
TLC bands, based on f a t ty  acid composition and corn- 

TABLE IV 

"Bes t  Es t ima te"  of Major  Tr ig lycer ides  in  Ueuhuba. Kerne l  F a t  
Based oil Expe r imen ta l  Da ta  in Table I I  

and  Assumpt ions  Descr ibed in  Text  

Carbon number  : 
Mole % Probable  components  a TLC f rac t ion  

39.2 LaN[M (29 .8 -39 .2 ) ,  DMP,  L a L a P  4 0 : 0  
38.5 MMM (29 .1 -38 .5 ) ,  D P P ,  L a P M  4 2 : 0  

5.7 LaLaM,  DMM, D L a P  38 :0  
4.4 MMP,  L a P P  4 4 : 0  
2.8 MM0,  LaPO,  MPPo,  3/IoPP 4 6 : 1  
2.6 LaN:O, MMPo, L a P P o ,  MM:oP 4 4 : 1  
2.1 MMMo, LaM:oP, LaMPo,  L a L a O  4 2 : 1  
4.7 Others 

a C = 8 : 0 ,  D : 1 0 : O ,  La----12:0, M : 1 4 : 0 ,  M o : 1 4 : l ,  P = 1 6 : 0  P o z  
16 :1 ,  S ~ 1 8 : 0 ,  and  0 : 1 8 : 1 .  Pos i t iona l  isomers not  considered. 
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FIG. l. TLC of ueuhuba kernel triglycerides on 1.0 mm 
thick Silica Gel G hnpregnated with AgNO~. The plate was 
developed using 0.1% ethanol in alcohol-free CHC13, sprayed 
with a solution of 2',7'-dichlorofluorescein, and photographed 
under U.V. light. Quantitation procedure described in text. 

parison of TLC Rf values with those of known tri- 
glyeerides, characterized the tr iglyeeride fractions as 
containing 0, 1 and 2 or more double bonds per mole- 
cule. An accurately weighed amount  of pentade- 
eanoie acid was then added to each fraction. 

Two methods of quanti tat ion were employed for 
determining the amount  of tr iglyeeride in each of the 
three fractions. The first method involved GLC an- 
alysis of the fa t ty  acids using an internal  s tandard 
(pentadeeanoic acid) as described by Gunstone et al. 
(16) and Blank et al. (6). The second method (see 
calculations below for a detailed description) utilized 
simultaneous equations derived from the GLC data 
on the fa t ty  acids and triglycerides of the respective 
fractions. The values obtained by the two methods 
Were in close agreement (Table I I I ) .  

The fa t ty  acid composition of the total ueuhuba 
triglyeerides was determined by GLC and is reported 
in Table I. Myristic and laurie acids comprised 91.3 
mole % of the total fa t ty  acids. Although additional 
saturated f a t ty  acids were found (decanoie, palmitic, 
and stearie), they occurred only as minor components. 
Small amounts of several unsaturated fa t ty  acids 
were found including 2.4% oleie and 0.4% linoleic 
acid. 

The fa t ty  acid composition of the individual TLC 
fractions (Table I) indicated a quanti tat ive separa- 
tion. This was expected since no visible overlapping 
of the fractions had occurred on the plate (Pig. 1). 
The 0 double bond triglyeerides contained only sat- 
ura ted fa t ty  acids, while the 1 double bond fract ion 
consisted of approximately 33 mole % monoenoie 
fa t ty  acids. Analysis of the 2+ double bond fraction 
revealed slightly over two double bonds per tri- 
glyeeride molecule. Homogeneity of the Ag + TLC 
separation was fur ther  substantiated by the fact 
that  linoleic acid occurred only in the 2+ triglye- 
eride fraction. 

The total ucuhuba triglyeerides and each TLC frac- 
tion were separated according to molecular weight 
using GLC on a J X R  column ( Fig. 2). The total 
triglyeerides (Table 1I) ranged in size from carbon 
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number 36 through 54 with those of carbon numbers 
40 and 42 constituting 80.2 mole % of the total. 
The large concentrations observed for these two mole- 
cular weight triglyeerides was not surprising since 
laurie and myristic acids composed 91.3 mole % of 
the total triglyeerides and would be expected to be 
present as t r imyris t in  (MMM) and laurodimyrist in 
(LaMM) with carbon numbers 42 and 40, respectively. 
Triglycerides with carbon numbers greater  than 48 
occurred only in small amounts. GLC of the indi- 
vidual tr iglyceride fractions showed a progressive 
increase in triglyceride molecular weights with in- 
creasing unsaturat ion (Fig. 2). This part icular  dis- 
tr ibution of triglyeerides would, of course, seem a 
likely possibility in view of the higher molecular 
weight fa t ty  acids which appear  in the 1 and 2+ 
double bond fractions (Table I ) .  The 1 double bond 
fraction, as shown by the chromatogram (Fig. 2), 
contained predominant ly  triglycerides of carbon 
numbers 42, 44 and 46. Since the 2+ double bond 
fract ion contained carbon numbers 50, 52 and 54, 
undoubtedly some di-Cls-triglycerides are present. 
The unexpected appearance of C56 triglyceridc 
(trace) in our 2+ fraction could be explained by 
assuming the unidentified compound in Table I to be 
arachidic acid. 

Calculations 

The calculations for quanti tat iug TLC triglyceride 
fractions using pentadeeanoic acid as an internal  
s tandard have been described by Blank et al. (6 ) .  

A second method of quanti tat ion which entailed 
the construction of simultaneous equations derived 
from the tr iglyceridc and fa t ty  acid GLC data was 
employed for comparison. Fo r  example, since 18:2 
occurs only in the 2+ double bond triglyeeride frac- 
tion (15.9 mole %) and represents 0.4 mole % of the 
total f a t ty  acids (Table I ) ,  the following equation 
can be writ ten : 

15.9 l o 6  = ° 4  
. '. Z = mole % of 2+ double 

bond triglyeerides = 2.5% 

Similarly, 18:1 occurs only in the 1 and 2+ double 
bond fractions where it represents 20.3 and 30.4 mole 
%,respectively. Thus, we know tha t :  

+ 

... y = bond triglyeerides 
mole '% of 1 double = 8.1% 

Since myristic acid occurs in all three fractions 
(Table I) and constitutes 71.3 mole % of the total 
triglycerides, we can write the equation: 

+ ( i f 6 )  + : 
. '. X = m ° l e  % of 0 double 

bond triglycerides = 88.6% 

Because of the experimental error  involved in ob- 
taining the GLC data, the values obtained for X, Y, 
and Z varied somewhat depending on which simul- 
taneous equations were solved. Therefore, more pre- 
cise results were obtained by using the above ap- 
proximations for X, Y, and Z and making a tr ial  
and error  solution of the entire series of possible 
simultaneous equations. 

F o r  example, the equation derived from the GLC 
data on C4e triglyeerides (Table I I )  was: 
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38.5 ~ 2.1 + 

Substi tut ing X = 89.4, and Y = 8.5 gave a better  
solution to this equation than the original calculated 
values of X = 88.6, ¥ = 8.1. All simultaneous equa- 
tions derived from the fa t ty  acid and tr iglyceride 
GLC data were similarly analyzed unti l  the overall 
average values for X, Y, and Z were obtained. 

TOTAL 

Discussion 

The integration of Ag + TLC and GLC has separated 
the triglyeerides of ueuhuba kernel fat  into 23 dif- 
ferent  components (Table Ill). I t  is apparent  that  
each of these components may contain more than one 
triglyceride, since the analytical methods employed 
resulted in a separation based solely on unsaturat ion 
and molecular weight. Fox' example, since the 0 
double bond fract ion contains 75.0% 14:0, the most 
likely C42 triglyeeride would appear  to be tr imyrist in.  
However, the f a t ty  ac id  composition indicates tha t  
other C4s saturated triglycerides such as D P P  and 
LaPI~I could also be present. Similarly, MMO ap- 
pears to be the most likely C46 triglyceride of the 1 
double bond fraction, but LaPO, MPPo, and MoPP 
must also be considered as possible constituents. 

Therefore, the experimental  data were not suf- 
ficient to establish unequivocally the individual tri- 
g'lyeerides present. However, the probable tr igly- 
eerides in each of the 7 major  components separated 
were estimated by:  (a) calculating all possible tri- 
glycerides which had the correct carbon number, 
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TR IGLYCER I DES 

0 DOUBLE BOND 
TRIGLYCERIDES 

I DOUBLE BOND 
T R I G L Y C E R I D E S  

2+  DOUBLE BOND 
TRIGLYCER IDES 

42 

44 
38 46 

42 
40 

46 

L 42 

48 

38 
50 

45 4 ~  

40 a 4 2 ~  52 

amount of unsaturation,  and f a t ty  acid composition 
for that  component, and (b) eliminating all trigly- 
eerides containing fa t ty  acids constituting < 0.5% 
of the TLC fraction in which the component occurred. 
The latter assumption introduced very  little error, 
since such minor f a t ty  acids make a very smM1 con- 
tr ibution to the overall tr iglyceride composition. 
This "bes t  es t imate"  of the major  triglycerides in 
ncuhuba kernel fa t  is shown in Table IV. 

While precise amounts of the proposed triglycerides 
of ueuhuba kernel fat  cannot be exactly determined, 
it is, however, possible to calculate a range for 
LaMM and MMM. The saturated C49 triglyeerides 
which might possibly be present are CMS, CPP, 
DLaS, DMP, LaLaP,  and LaMM. Since the 0 double 
bond fract ion contains 0.1% 18:0, the maximum 
possible amount  of CMS ÷ DLaS in the total tri- 
glycerides is 3(0.1) (0.892) = 0.3%. And since the 
0 double bond fract ion contains 3.4% 1~:0, then the 
maximum possible amount of CPP  + DMP + L aLaP  
present must be 3(3.4) (0.892) = 9.1%. Therefore, 
the minimum possible amount of LaMM present is 
given by ( 3 9 . 2 -  0.3 - 9.1) = 29.8% and the maxi- 
mum is 39.2%. Similarly, the possible saturated C42 
triglycerides are MMM, CPS, DMS, DPP, LaLaS, and 
LAMP. The maximum amounts of CPS + DMS + 
LaLaS and D P P  ÷ LaMP in the total tr iglyceride 
are 0.3% and 9.1%, respectively. Therefore, the 
minimum possible amount  of MMM is ( 3 8 . 5 -  0 . 3 -  
9.1) = 29.1%, whereas the maximmn is 38.5%. 
Similar ranges could not be calculated for the other 
individual triglycerides as they occur only in very  
small amounts. 

Comparison of the present results on ucuhuba 
kernel fa t  triglycerides with those previously de- 
scribed by Ather ton and Meara (8) shows only fair  
agreement. Ather ton et al. reported 1.2% C3s, 30.7% 
C4o, and 52.9% C42 saturated triglyeerides, where we 

:PIG. 2. Gas ehromatograms of total ucuhuba kernel ~riglycer- 
ides and 0, 1, and 2+ double bond fractions separated by 
silver-ion TLC. Peaks labeled by carbon number. GLC condi- 
tions: 24 in. X 3.0 mm I.D. glass colmnn packed with 3.0% 
JXR on Gas Chrom Q; 100 ml/min nitrogen carrier gas; 
column temperature programmed 170-305C at 4C/rain. 

found 5.7, 39.2, and 38.5%, respectively. Where  
Ather ton has reported 12.1% C44, and  3.1% C4~ tri- 
glycerides containing one double bond per molecule, 
we have found 2.6% and 2.8%, respectively. The 
variations between Ather ton 's  values and those pre- 
sented here may be due to the slightly different fa t ty  
acid compositions and to the assumptions that  Ather- 
ton had to make to in terpret  his fractional crystalliza- 
tion data. However, these discrepancies are not sur- 
prising since the separation produced by Ag + TLC 
and GLC allow a more accurate analysis of the 
triglycerides than the fractional crystallization 
technique. 

Statistical calculations have indicated that  the 
ucuhuba fat  does not have a random distribution of 
f a t ty  acids among the triglycerides. Such a randonl 
distribution would produce 10.0% Css, 31.1% C4o, 
39.5% C42, and 6.5% C44 saturated triglycerides, 
whereas the experimental  values found were 5.7%, 
39.2%, 38.5%, and 4.4%, respectively. The amount  
of monounsaturated fa t ty  acids indicated by the f a t ty  
acid composition of the 2+ double bond fraction is 
also considerably higher than would be expected with 
a random distribution. 
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Gas Chromatographic Resolution of Butteroil and Synthetic 
Triglycerides Beyond Their Carbon Numbers 
A. KUKSIS 1 and W. C. BRECKENRIDGE, 1 
Department of Biochemistry, Queen's University, Kingston, Ontario, Canada 

Abstract 
Preparat ive gas chromatography was used to 

isolate the C26 to Css triglycerides of butteroil in 
groups of uniform molecular weight. Determina- 
tion of fa t ty  acids allowed a prel iminary assign- 
merit of tr iglyceride structure and an estimation 
of the relative proportions of the various glyeer- 
ide types. A basis for a fur ther  gas chromato- 
graphic resolution of saturated triglycerides of 
identical molecular weight but differing in com- 
position and positional distribution of fa t ty  acids 
was recognized in the easy separation of various 
derivatives of 1- and 2-monoglyeerides. The study 
indicated that  it m i g h t  be practical  to separate 
positional isomers of those triglyeerides which 
contain fa t ty  acids of both short and long chain 
lengths. Other promising routes to increased gly- 
(~eride resolution were suggested by experiments 
using chromatographic conditions approaching 
gas-solid systems. 

In t roduc t ion  
F R A C T I O N A T I O N  OF H I G H  molecular weight triglycer- 

ides by gas chromatography (GLC) (1) and thin- 
layer chromatography (TLC) on silver ni trate im- 
pregnated silica gel (2) has resulted in considerable 
progress in the elucidation of the s tructure of natural  
fats and oils. The integration of TLC and GLC has 
provided natural  tr iglyeeride groups simple enough 
foc meaningful enzymatic positional analyses and for 
the first time has severely restricted the domain of 
statistical speculation. Unfortunately,  the combined 
TLC-GLC system is of little value for the study of 
those fats that  contain significant amounts of several 
different saturated fa t ty  aeids (3). The following 
report suggests an experimental basis for a fur ther  
resolution of certain groups of triglycerides of uni- 
form molecular weight by nleans of GLC. 

Exper imenta l  
M a t e r i a l s  a n d  M e t h o d s  

Monoglyeeride isopropylidilleS, benzylidines, diaee- 
tates and dibutyrates were synthesized in the labora- 
tory as described by Mattson and Volpenhein (4). 
The 1-palmito-2,3-dibutyrate was a gift  from R. G. 
Jensen. The molecular distillates of butteroil  were 
those previously described (5). The homogeneity of 
the triglyeeride fractions was determined by silicie 
acid TLC (6). 

F a t t y  acid composition of triglycerides was deter- 
mined by GLC of butyl  esters (7). The esters were 

1 Present  address : Bant ing  and Best Depar tment  of Medical Research,  
University of Toronto, Toronto, Ontario, Canada. 

prepared by heating 1-10 mg of triglyeeride with 
2 ml of 10% H2S04 in n-butanol at 100C in sealed 
glass ampules. The butyl  esters were analyzed in an 
Aerograph Hy-F i  instrument  equipped with an F and 
M Proport ional  Temperature  Programnler. A 5 f t x  
1~ in.  O.D. stainless steel column packed with 5% 
(w/w) SE-30 on Chromosorb W (60-80 mesh) was 
programmed from 75C-275C. 

Preparat ive GLC of triglycerides was carried out 
in an Aerograph Autoprep 700 equipped with a stream 
splitter (split ratio 1:4.5) and a hydrogen flame ioni- 
zation detector (8). A 2 f t  x 1~ in. O.D. aluminum 
column packed with 5% (w/w) SE-30 on silieonized 
Chromosorb W (60-80 mesh) was programmed manu- 
ally from 190C-325C. Preparat ive  runs were made 
with the total distillate and the saturated and mono- 
unsaturated triglyceride groups isolated by TLC. The 
collected peaks were checked for eross-eontamination 
by analytical GLC and for oxidation and hydrolytic 
degradation by TLC. 

Analytical  GLC of triglycecides was performed in 
an Aerograph Hy-Fi  (Model 600) equipped with an 
F and M Proport ional  Temperature Programmer.  
Stainless steel tubes 1/8 in. O.D. and 1.5, 3, 5 and 8 f t  
in length were packed with 5% SE-30 on silieonized 
Chromosorb W (60 80 mesh) or 6% DEGS on Gas 
Chrom P (80-100 mesh). The silicone columns were 
conditioned without flow at 350C overnight, and were 
temperature programmed. The DEGS columns were 
conditioned with flow at 240C overnight and were 
operated isothermal]y at 200C or 230C. 

Glass inserts were used in the metal vaporizing 
blocks of all instruments. 

TLC of triglyeerides was performed on 20 x 20 em 
ehromatoplates coated with silicie acid impregnated 
with silver ni t rate  as described by Litchfield et al. (6). 
The bands of separated triglycerides were located by 

TABLE I 

Fatty Acid Composition of Bands Obtained From 
Silver Nitrate TLC of the R-1 Distillate 

(Molar % ) 

Fatty acid R-1 Saturated Unsaturated 
carbon No. distillate band band 

4 :0  19.57 17.48 22.91 
6:0  11.57 12.30 7.56 
8 :O 6.34 7.34 6.91 

1O :0 9.75 11.83 10.89 
l 0 : 1  0.95 - -  - -  
12:0 6.43 9.69 7.43 
12 : 1 Trace - -  - -  
13 : O Trace Trace 
14:0 13.84 17.17 11.48 
14:1 1.09 - -  1.49 
15:0 1.00 1.51 0.84 
16:0 19.68 19.20 10.58 
16:1 0.90 - -  2.67 
17:0  Trace 0.34 0.59 
18:0 2.39 2.88 2.04 
18 : I  6.49 0.24 14.62 


