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ABSTRACT 

A computer method for predicting triglyceride composition of fats 
and oils from fatty acid composition is described. The results of the 
method are compared with results of analyses performed by liquid 
chromatography (LC) and desorption chemical ionization mass 
spectrometry. An LC column technology is also described which 
provides a simple separation of triglycerides according to the equiva- 
lent carbon number of the triglyceride. 

INTRODUCTION 

A simple method for the total analysis of the triglyceride 
composition of fats and oils has long been sought by in- 
vestigators of lipid chemistry, although many methods and 
procedures have been previously developed (1,2). Direct 
analysis of triglycerides based on chromatographic sepa- 
ration by gas chromatography (GC) or liquid chroma- 
tography (LC) has not yet  been achieved, although partial 
separation and analysis by either method is readily ac- 
complished (3,4). Analysis by mass spectrometric (MS) 
methods (1,2,5-11) likewise provides only partial analysis 
since the mass of several of the mixed triglycerides is 
isometric. 

The fatty acid composition of lipids can now be deter- 
mined easily by GC analysis of the methyl esters (or other 
derivatives) of  the triglyceride hydrolysates (12). Several 
approaches to the computation of triglyceride composition 
from fatty acid analyses have been proposed (1,13), but a 
method to provide a quick estimate has not been previously 
devised. 

This paper describes a simple procedure based on 
random probability for computing the triglyceride compo- 
sition of  a fat from its fatty acid composition. The validity 
of the computations is verified by using a combination of  
LC and MS methods to achieve actual triglyceride analysis 
of the corresponding fat. A new LC column technology is 
also described which provides a simple separation and 
analysis according to the equivalent carbon number of  the 
triglyceride. 

EXPERIMENTAL 

The various fats and oils studied were obtained from com- 
mercial sources. The peanut oil was found to be a south- 
west variety, the olive oil was an imported, certified pure 
product, and the so-called fortified olive oil was a U.S. 
commercial product  consisting of a mixture (90/10) of  soy- 
bean and olive oils. The samples of meat fat were obtained 
by Soxhlet extraction with ethylether of the ground meat. 
The fatty acid analyses were performed according to the 
official AOAC method (12). 
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Separation and analysis of the triglycerides was per- 
formed using reversed-phase liquid chromatography on a 
bonded silica-C18 column (Waters Associates, Inc.) and by 
direct liquid/solid chromatography with a Poragel PG, so- 
called triglyceride column (Waters Associates, Inc.). Details 
of column dimensions, eluents and operating conditions are 
given in the various figures. The chromatograph used was a 
Waters Associates, Inc., Model ALC-202 fitted with a 
solvent programmer and a refractive index detector. Inte- 
gration of peak areas was performed with a Hewlett 
Packard Model 3390 recording integrator and checked by 
manual calculation from a simultaneous analog recording of 
the chromatogram using the triangulation (% peak width x 
peak height) method. 

Identification of triglycerides separated by LC was 
achieved by acquiring mass spectra of the eluted peaks. The 
mass spectra were obtained with a CEC Model 21-110 
double focusing mass spectrometer in electron impact ioni- 
zation mode using a solids insertion probe. The desorption 
chemical ionization mass spectra of the cooking oils were 
obtained with a MAT Model 312 mass spectrometer 
(Harvard University School of Public Health) using am- 
monia as reagent gas. The method was essentially that 
described by Schulte et al. (11). The MAT mass spec- 
trometer was equipped with a MAT 200 data system. 

The programs for computation of triglyceride compo- 
sition were written in FORTRAN IV and were executed 
initially on a Digital Equipment Corporation Model No. 
PDP 15/76 computer. They were subsequently transcribed 
to be executed on a DEC PDP 11/34A computer. The plot- 
ting routines for the reconstructed chromatograms and the 
correlation graphs were written and executed on a Tek- 
tronix Model 5041 data terminal equipped with a Tek- 
tronix Model No. 4662 digital plotter. 

RESULTS AND DISCUSSION 
Computer Predicted Composition 

Several hypotheses have been proposed for the distribution 
of fatty acids among the various mixed triglycerides in fats. 
The several theories of mixed triglyceride structure and the 
triglyceride composition of various fats and oils have been 
extensively reviewed by Litchfield (1) and Coleman (13). 
Previously reported computer methods (14-17) for pre- 
dicting triglyceride composition have been limited to calcu- 
lating classes or have been concerned in detail with posi- 
tional isomerism. Although a complete elucidation of 
triglyceride composition is possible invoking elaborate, 
time-consuming and tedious separations coupled with 
hydrolytic and/or enzymatic degradation, considerable un- 
certainty remains concerning the specific triglyceride com- 
position of many common fats and oils. It is not the objec- 
tive of this study to resolve these difficulties. Rather, it is 
intended to devise a utilitarian procedure to provide a rapid 
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means of obtaining the composition of the principal tri- 
glycerides in various natural fats. The methods described 
herein are an attempt to fulfill this need. 

N e w e r  methods of  separation and analysis using chro- 
matographic and mass spectrometric techniques can now be 
used to verify hypothetical predictions. In this study, a 
simple hypothesis for prediction of triglyceride compo- 
sition based on random probability calculations from the 
fatty acid composition of the lipid hydrolysates is tested by 
comparing the results of computed composition with con- 
comitant analyses by LC and desorption chemical ioniza- 
tion MS. 

Since simple methods for determination of positional 
isomerism of the various fatty acid moieties in a triglyceride 
are unavailable and the chromatographic and mass spectro- 
metric methods used here fail to distinguish such isomers, 
the computational procedure invoked likewise makes no 
at tempt to assign positions to the fatty acid constituents. 
For many analytical applications, it is not  necessary to 
know the precise isomeric configurations of  the tri- 
glycerides. Therefore, an algorithm has been devised which 
follows the random theory of distribution. This theory 
assumes that the fatty acids are distributed both between 
the triglycerides and within each triglyceride molecule in a 
random manner and that the proportion of each tri- 
glyceride can be calculated from probability. 

The algorithm used in the present computational pre- 
diction of  triglyceride composition from fatty acid com- 
position is: 

r/= n X p ,  

w h e r e  ~ is the probability of  occurrence of  a given tri- 
glyceride, n is a weighting factor for the number of times 
the same fatty acid occurs in the triglyceride and p is the 
percentage abundance of the fatty acid in the fat. Values of 
n are taken as shown in Table I. 

TABLE I 

Choice of Weighting Factors for Probability Calculations 

No. of occurrences 
of a fatty acid n 

1 6 
2 3 
3 1 

A flow diagram for the computational procedure is given 
in Figure 1. Included in the program output (not shown) is 
a listing of some of the MS data. The probability is ex- 
pressed as a relative abundance in percentage normalized to 
the total possible number of triglycerides. Triglycerides 
having a probability of  occurrence of less than 1.0% are 
disregarded in the considerations described below. 

Since triglycerides are found to elute from liquid chro- 
matographic columns according to equivalent carbon 
number (vide infra), a computer program (Fig. 2) was also 
written to plot the calculated triglyceride abundance data 
as a function of  equivalent carbon number (1). Such a plot 
is seen in Figure 3. For comparison, a typical chromato- 
gram obtained on the triglyceride column is also shown. 

Liquid Chromatography 

Partial separations of triglycerides have been achieved by 
both GC and reversed-phase LC (3,4). In this study, both 
methods were tried, but  the use of a so-called trig/yceride 
LC column (Waters Associates, Inc.) proved to be a more 
efficacious method for quantitative analysis. Prior appli- 
cations of  the triglyceride column have been described else- 
where (18-20). The chromatograms obtained for three  
typical oils and three meat fats are shown in Figure 4. The 
components of the mixture of triglycerides are separated 
into groups according to their equivalent carbon numbers. 
The composition of the individual peaks of the oils was 
ascertained by MS analysis of the collected fractions. 
Identification of the triglycerides was based on the appear- 
ance of the molecular ion and the M-RCOO peaks in the 
respective mass spectra. The data are given in Table II. The 
peak areas were acquired by means of a digital integrator. 
Data are given in Table III. 

Chromatograms were also acquired by reversed-phase 
LC. These are shown in Figure 5. The separations obtained 
are essentially the same as those reported in the literature 
(21). As can be seen, there is partial separation of the so- 
called critical pairs found in each equivalent carbon number 
group. It was not possible to integrate the partly resolved 
peaks (reproducibility was very poor) on the digital inte- 
grator, but as shown below, integration by triangulation 
nevertheless gave good correlations with the computer pre- 
dictions for the abundance of the individual triglycerides. 
Moreover, summation of the total peak areas by equivalent 
carbon number groupings gave correlations comparable to 
those obtained with the triglyceride (TG) column (vide 

CARBON NO. 

UNSAT'N VALUE / 

ABUNDANCE / 

YES'NO 

_• CALCULATE ~ 1 ~  
POSSIBLE T.G. 
COMBINATIONS 

ABUNDANCE J <C~ 
(xp) f 

PROBABILITY 
(n X p) 

YES i" 
FIG. 1. F low chart of  computer program for calculation of triglyceride composit ion.  
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FIG. 2. Flow chart of computer program for generation of simu- 
lated liquid chromatograms based on computer' predicted triglyceride 
composition as a function of equivalent carbon number. 

infra). However, for purposes of quantitative analysis, the 
TG column is found to be preferable since integration of 
the smooth peaks provides reliable data in a simple manner. 
The peak area data from the RPLC column are given in 
Table IV. 

In addition to the cooking oils studied, the validity of 
the correlation was also evaluated for various meat fats. 
Typical meat fat chromatograms are shown in Figure 4 and 
the peak area data are given in Table III. 

Correlations 

To establish the validity of the computer prediction of tri- 
glyceride composition, the values obtained were compared 
with those ascertained by LC analysis. A statistical pro- 
cedure was followed in which a plot of the computer data 
vis avis the chromatographic data was constructed, and the 
correlation was established by linear least squares regression 
of the points to compute the slope and the correlation 

coefficient (22). In the figures shown, the points are dis- 
tributed about a hypothetical line having a slope of 1.0 for 
perfect correlation, but the computed slope of the actual 
least squares regression line is given on the plot. Limitlines 
are shown corresponding to 95% confidence limits. The 
confidence limit is computed from the regression of x (LC 
data) on y (computer data) since y is invariant. The average 
deviation, d (taken in lieu of o because of the small number 
of samples for each determination), is calculated for the 
entire population (N = 79) of LC measurements of 
abundance. 

The chromatographic data used are given in Tables III 
and IV and the computer data are summarized in Table V. 
The correlation graph for the various oils is shown in Figure 
6. In this figure, the analytical data are taken from the 
triglyceride column. The correlation was also established 
for data taken from the reversed-phase LC column. This is 
shown in Figure 7. 

The partial separation of several of the critical pairs on 
reversed-phase LC also permitted a correlation of the pre- 
dicted abundances of the individual triglycerides. The 
analytical data are given in Table IV and the data from the 
computer printouts are shown in Figure 8. The correlation 
graph is shown in Figure 9. It is seen that the computer 
predictions are verified not only for equivalent carbon 
number groups, but also for the individual triglycerides. 

The hypothesis for a random distribution of the fatty 
acids among the triglycerides found in peanut, olive and 
soybean oils (the latter inferred from the results with the 
90:10 soy/olive oil) has been verified by the correlation of 
the computer predictions with analytical data from LC. The 
results agree with earlier data by Dutton et al. (23-26) that 
such a random distribution is generally found for unsatu- 
rated vegetable oils. The present results are somewhat 
limited, being restricted to three oils, but further analyses 
are planned to test the hypothesis on a wider scope. 

In connection with studies of the precursors involved in 
the formation of radiolysis products found in meat fats, it 
has become necessary to ascertain their triglyceride compo- 
sition. A test of an analogous computer method for this 
purpose was also undertaken. In accordance with the gen- 
erally accepted view (W.W. Nawar, private communication) 
that the abundance of simple triglycerides in such fats is 
quite small, the predictive algorithm was modified to ex- 
clude the simple triglycerides from the computation. A 
summary of the results for beef, ham and chicken fats is 
given in Table V. The correlation of these predictions with 
the LC analyses is shown in Figure 10. 

The correlation coefficients obtained by linear least 
squares regression all demonstrate a high degree of corre- 
lation between the LC data and the computer predictions. 
The validity of excluding the simple triglycerides, however, 
is not readily established. If a computer algorithm for 
random distribution is used, the appearance of the equiva- 
lent carbon number distribution is essentially the same as 
that for one which excludes simple triglycerides. Moreover, 
the question of the absence of simple triglyeerides cannot 
be easily resolved by MS since several pairs of triglycerides 
which coelute also have the same molecular weight and 
share some of the fatty acids. The fact that simple tri- 
glycerides are indeed absent is shown by the corre- 
spondence of the predictions to the actual chromatographic 
behavior. 

A comparison of the computed individual triglyceride 
composition in ham fat based on a random and an exclusive 
hypothesis is given in Table VI. The relative proportions of 
the individual triglycerides is nearly the same for each 
equivalent carbon number group except for carbon number 
48, in which triolein would appear if present. The reversed- 
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TABLE H 

Mass Spectrometric* Identification of Triglyceride Components of  

HPLC Fractions 

Equivalent Peanut oil Olive oil Soy/olive oil 
carbon no. M t TG M TG M TG 

38 874 LLnL n 
40 850 PLnL n 

876 LLLna 
876 OLnLn b 

42 852 PLL n 
878 LLL 878 LLL 

878 OLLnC 
44 854 PLL 854 PLL 854 PLL 

880 OLL 880 OLL 880 OLL d 
880 OOLn e 

46 830 PPL 
856 POL 856 POL 856 POL 
882 OOL 882 OOL 882 OOL 

48 832 PPO 832 PPO 
858 POO 858 POO 858 POO 
884 OOO 884 OOO 884 OOO 
884 SOLf, g 

50 860 PSO 860 PSO 
886 SO0 886 SOO 886 SO0 
912 OLA 912 OLA 

52 914 OOA 
940 OLB 

54 942 OOB 

* Electron impact ionization 
tM = Molecular ion. 
aM - L -- 597. 
bM -O = 595. 
CM - O = 597. 
dM - L = 601. 
eM - L n = 603. 
fM - S = 601. 
gM - L = 605. 

Abbreviations: P = C16; S = C18; 
O = C18:1; L = C18.2; L n -- C18;3; 
A=C20;  B=C22. 

TABLE III 

Integrated Area Data for HPLC Peaks a from Various Oils and Meats 

Equivalent 
carbon no. 
peak 

Peanut oil Olive oil Soy/olive oil 
Area %b Area % Area % 
x + d  c x - + d  xe-+d 

Beef Ham Chicken 
Area % Area % Area % 
x-±d x + d  d ,g  

40 
42 2.04d 
44 17.66 ± 0.14 
46 33.93 -+ 0.16 
48 27.60 + 0.77 
5O 7.03 -+ 0.63 
52 5.45 -+ 0.26 
54 4.41 - 0.22 
56 1.93 -+ 0.66 

7.01 -+ 0. 38 
24.94 ± 0.95 

8.10±0.44 30.86 -+0.16 
25.19+0.19 22.12 -+0.78 
61.28 -+0.62 12.76 ±0.56 

5.43 -+ 0.86 2.13 -+ 0.13 

1.90 ± 0.14 
0.66 d 6.4 
5.48+0.31 5.76±0.33 23.9 

22.13 ±0.87 22.91 ±0.17 37.8 
48.36 +0.09 49.42 ±0.47 25.9 
20.7-5-+0.11 20.03±0.17 6.0 

3.26 ±0.56 1.9d, f 

aSee Fig. 4. 
bAverage from integrator printout. 
CAverage deviation. 
dSingle value. 
eThree determinations. 
fBy triangulation. 
gRounded to nearest tenth. 

phase  ch roma tog ram which shows partial  separa t ion  of  the  
c o m p o n e n t s  of  the  carbon  n u m b e r  48 peak  is shown  in 
Figure 11. The e s t ima ted  resolu t ion  (R -- 2At/Wb + Wb')  
for  the  three  major  c o m p o n e n t s  is % 0.5. Using this value 
and the  data of  Table VI, a c o m p u t e r - c o n s t r u c t e d  chro-  
ma tograph ic  peak fo r  each hypo the t i ca l  case also is p l o t t e d  
in Figure 11. 

The  shape of  the  peak  fo r  the s i tua t ion  p red ic t ed  on the  
absence of  t r iolein coincides  nearly exac t ly  wi th  the  actual 
reversed-phase ch roma tograph ic  peak.  

Desorption Chemical Ionization Mass Spectrometry 

Elec t ron  impac t  ioniza t ion  MS using a solids inser t ion  
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c~ 

46 

RETENTION TIME 

.... ~.l~ .... 
F'QUZVALE'NT CARBON NUMBER 

FIG. 3. Comparison of liquid chromatogram of olive oil on tri- 
glyceride column (left) with computer generated chromatogram 
from computer predicted composition (right). Unit separation fac- 
tor, R = 1, is assumed. 
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FIG. 4. Liquid ~chromatograms of various cooking oils and meat  fats. A, peanut oil; B, olive 
oil; C, 90:10 soy/olive oil; A t, beef; B p, ham; C I, chicken. Column, triglyceride (30 cm x 7.8 
mm); solvent, 20% THF/CH3CN; flow rate, 2 mL/min; sample size, 10/~L. 
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A 

42 44 46 48 50 52 54 44 46 48 
d L j._A 

50 42 44 46 48 SO 

FIG. 5. Reversed-phase liquid chromatograms  of  various cooking oils. A, peanu t  oil; B, olive 
oil; C, 90:10  soy/olive oil. Column,  Bondapak C18 (30 cm x 7.8 ram). Column condi t ions  as 
in Fig. 4. 

TABLE IV 

Integrated Area Data  for  RPLC a Peaks 

Olive Oil Peanut  oil 
Equivalent 
carbon no. TG b Area %c 2;A d TG Area % r.A 

42 LLL 1.1 LLL 2.49 2.49 
44 OOL n 3.0 OLL 14.34 

6.0  19.83 
OLL 3.0 PLL 5.49 

46 OOL 14.8 OOL 29.80 48.50 
POL 9.8 29.5 POL 18.70 
P o O 0  4.9 

48 0 0 0  31.4 0 0 0  17.46 
26.19 

P O 0  21.5 58.9 P O 0  8.73 
PPO 6.0 

50 S O 0  3.0 SO0  2.99 2.99 
4.5 

PSO 1.5 

aSee Fig. 5. 
b in  order o f  d u t l o n .  
CBy triangulation. 
dSummat ion  by equivalent  carbon no. 

TABLE V 

Compute r  Predicted Triglyceride Composi t ion  of Various Oils and  Meat Fats  

Abundance  

Equivalent 
carbon no. Peanut  oil Olive oil Soy/olive oil Beef Ham Chicken 

40 5.1 
42 4.6 19.6 3.8 
44 19.1 6.1 31.7 20.0 29.3 
46 36.0 27.2 27.6 44.9 41.5 
48 26.9 60.1 13.4 29.8 23.0 
50 5.1 5.3 2.5 5.3 2.4 
52 4.5 1.3 
54 3.8 

1.5 
22.2 
42 .4  
25.6 

8.4 
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FIG. 6. Composite correlation graph of computer predicted u-iglyceride composition by 
equivalent carbon number with liquid chromatographic analyses of various oils. m = 1.0 for 
theoretical correlation line. Confidence limits, + 0.95. Slope, m, and correlation coefficient, 
r, given for respective linear least squares regressions for each data set. Legends, data points 
and statistical values indicated by correspondence of no line, underline and overline 
designations. 
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FIG. 7. Correlation graph of computer predicted triglyceride composition of olive oil by 
equivalent carbon number with an analysis by reversed-phase liquid chromatography. 
Format as in Fig. 6. 
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FIG. 8. Computer printouts of predicted triglyceride composition of olive and peanut oils. 
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FIG. 9. Composite correlation graph of computer predicted triglyceride composition with 
reversed-phase liquid chromatographic analyses of peanut and olive oils. Format as in Fig. 6. 
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FIG. 10. Composite correlation graph of computer predicted triglyceride composition by 
equivalent carbon number with liquid chromatographic analyses of certain animal fats. 
Format as in Fig. 6. 

TABLE VI 

Comparison of Predictive Composition of Triglycerides in Ham Fat 

Abundance 
Equivalent 
carbon no. b TG Random Exclusive a 

44 

46 

48 

50 

OLL 1.7 2.0 
PoOL 1.0 1.1 
OOL 7.4 8.5 
POL 7.3 8.3 
OOO 10.0 
SOL 3,0 3.9 
POO 15.0 17.8 
PPO 7.0 8.7 
PSL 1.9 
SOO 7.3 8.4 
PSO 7.2 8.2 
PPS 1.8 2.0 

aAssumes no simple triglycerides. 
bOrder of elution. 

probe method of sample introduction has been shown (9) 
to provide an analysis of the triglyceride composition of 
fats and oils, and the analyses gave reasonably good corre- 
lation with predicted values. EI spectra, however, exhibit 
low abundance of the molecular ions and variable abun- 
dance ratios of key ions in the spectrum (e.g., M-RCOO, 
M-RCO). Quantitative results for mixtures of triglycerides 
are difficult to obtain from such spectra. More suitable 
spectra are provided by desorption chemical ionization 
(10,11) using ammonia as reagent gas in which the M + 18 
ion is the most abundant  ion in the individual triglyceride 
spectra and is proportional to the amount  of triglyceride in 
the mixture. NH3/DCI spectra for the various oils are 
shown in Figure 12. 

The relative abundances of the M+ 18 ions corre- 
sponding to the individual triglycerides in the various oils 
are given in Table VII. Using the MS data and the computer 
predictions of composition, correlations similar to those 
made for chromatographic analyses (vide supra) are shown 
in Figure 13. 

A summary of the regression analysis based on the entire 
population of LC and DCI measurements is given in Table 
VIII. 

COHPUTER PREDICTED 

RPLC 
Exclus|ve 

P00 

RETENTION TIHE 

PPO 

Random 

0O 
000 
SOL 

PPO 

48 Peak 

FIG. 11. Comparison of the reversed-phase liquid chromatogram of 
ham fat (left) with the computer generated chromatographic peak 
equivalent for carbon number 48 using, respectively, algorithms for 
a random distribution and an exclusive distribution. 
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