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SUMMARY 

Methyl ester, mono-, di- and triglyceride classes were separated and quanti- 
tated by high-performance liquid chromatography. Baseline separations were 
achieved on an amino-, cyano-bonded Partisil column with a gradient from hexane- 
chloroform (60:65) to hexane-chloroform-acetonitrile (25:65:35). The eluate was 
monitored by an infrared detector set at 5.72 m, and peak areas were determined by 
computer integration. Methyl 9,10-dihydroxystearate was used as an internal stan- 
dard. The total run time and recycling time was 35 min. A precision of 10 % or better 
was obtained for all components, even at the 1% (w/w) level. 

INTRODUCTION 

Separation and quantitation of mixtures of fatty acids and mono-, di- and tri- 
glycerides are often desired in natural products, emulsifier additives and food chem- 
istry_ Thin-layer (TLC)r4 and column’*” chromatographic methods separate lipid 
classes, but are time consuming and require additional techniques for quantitation of 
the fractions. Chromarods’** and gas chromatography (GC)*ll have been used to 
quantitate certain components, but they do not permit isolation of material for fur- 
ther study. High-performance liquid chromatography (HPLC) with ultraviolet detec- 
tion at 213 nm is not quantitative for mixtures containing a variety of unsaturated 
components’“. 

To date, a dual-gradient HPLC system utilizing the transport game ionization 
or “moving wire” detector has shown the most success in quantitation of lipid 
classesi3. We have now developed a system of single-gradient HPLC utilizing infrared 
(IR) detection that separates and quantitates acyl-containing lipid classes. 

aO21-9673/81/oO~~/SO2.50 0 1981 Elsevier Scientific Publishing Company 
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EXPERIMENTAL* 

Methyl pahnitate, tripalmitin, dipalmitin and monopalmitin of purity greater 
than 99 % were obtained from Nu-Chek-Prep (Elysian, MN, U.S.A.). A product sold 
as “methyl IO,11 -dihydroxystearate” was obtained from K & K Labs. (Plainview, 
NY, U.S.A.). Four grams of this product were placed on a dry column (21 cm x 2 cm 
I.D.) of Hi-Flosil and eluted with a litre of chloroform. The eluate was evaporated to 
dryness, and the residue was recrystallized from 600 ml of cold ( - 10%) diethyl ether. 
Mass spectrometry proved that the purified ester was actually methyl 9, lo-dihydroxy- 
stearate. 

Five standard mixtures (Table I) were prepared by dissolving known amounts 
of each of the following in chloroform: methyl palm&ate, tripalmitin, dipalmitin, 
methyl 9,1 O-dihydroxystearate and monopalmitin. The concentration of each com- 
ponent in each solution is given in Table I. In addition, the ratio of the moles of each 
component (M,,) to moles internal standard (M,) is given for comparison with the 
analytical findings. The ratio of the peak area (A,) of each component to the area of 
the internal standard (A,) was calculated for each trial, and the averages of the trials, 
S (AJA,), are given in Table I. 

Two other standards were also prepared_ Crude soybean oil was lipolyzed and 
recovered14, and the resulting mixture was treated with diazomethane” to convert 
the free acids into methyl esters. Methyl 9, lo-dihydroxystearate (65.2 mg) was added 
to 28.2 mg of this mixture in 0.7 ml of chloroform. In a second sample, 252.8 mg of 
commercial shortening and 2.07 mg of methyl 9, IO-dihydroxystearate were dissolved 
in 0.25 ml of chloroform. 

HPLC was accomplished on a column (25 cm x 4.6 mm) of Partisil PXS IO/25 
PAC (Whatman, Clifton, NJ, U.S.A.), using gradient elution. Solvent A was hexane- 
chloroform (60:65) and solvent B was acetonitrile-hexane<hloroform (35:25:65). A 
linear gradient of these two solvents went from 2 to 95 T/, B in 20 min at 2 ml/min. The 
chromatographic system included two M-6000A pumps, a Model 660 solvent pro- 
grammer (all from Waters Assoc., Milford, MA, U.S.A.) and an IR detector for 
liquid chromatography (DuPont, Wilmington, DE, U.S.A.) set at 5.72 pm and 0.1 A 
attenuation. 

Typically, samples of 0.5 to 1.5 mg were injected, although 55 mg of the 
commercial shortening were injected because the components of interest represented 
only 1 to 4 oA (w/w) of the total mixture. A typical run time was 35 min, with 6-7 min 
needed to recycle before the next injection. 

A laboratory-wide computer systemI was used to determine peak areas. Each 
HPLC run was stored in the computer and then displayed on an interactive graphics 
terminal. The cross-hairs of the terminal were used to mark the beginning, end and 
baseline location for each peak. The area above the baseline was calculated by the 
computer, and an area report was printed. This rapid interactive method was required 
because a solvent front and the triglyceride peak eluted simultaneously_ In labora- 
tories not equipped with a manually controlled computer integration system, similar 

l The mention of firm names or trade products does not imply that they are endorsed or recom- 
mended by the U.S. Department of Agriculture over other firms or similar products not mentioned. 
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control over beginning, end and baseline of each peak can be obtained by using the 
“cut and weigh” method. 

RESULTS AND DISCUSSION 

In the early stages of work, it was found that free acids tailed and overlapped 
the diglycerides. Esterification of the free acids in the sample before analysis elim- 
inated these difficulties and allowed quantitation of the free acids (as methyl esters). 
Inclusion of an internal standard permitted independent quantitation of individual 
components_ Methyl 9, lo-dihydroxystearate was selected as internal standard be- 
cause it is readily available, reasonably inexpensive, and gives a peak that is well 
resolved from others in the chromatogram. 

Most available solvents (both Spectra and ACS grades) contain traces of ma- 
terials that absorb at 5.72 m. Hexane and acetonitrile had absorbances of similar 
intensities at 5.72 pm, but chloroform was one of the few solvents that had virtually 
no absorbance in that region. Careful balancing of the amounts of hexane, acetoni- 
trile and chloroform in solvents A and B was necessary to produce a baseline that had 
relatively little drift as the program progressed. A typical baseline (Fig. la) was 
generated from a trial in which only chloroform, the solvent used in sample prepa- 
ration, was injected. The chloroform produced a negative peak ca. 1.4 min after 
injection. 

Fig. 1. (a) Typical baseline produced on a Partisil PXS lo/25 PAC column with a linear gradient of solvents 
A hexanexhloroform (60:65)] and B [acetonitrile-hexane-chloroform (35:25:65)] from 2 to 95% in 20 
min at 2 ml/min monitored at 5.72 F; chloroform (5 ~1) was injected at the start of the program. (b) 
HPLC chromatogram of standard mixture 1 (methyl palmitate, tripalmitin, dipahmtin, methyl 9,10_dihy- 
droxystearate and monopalmitin) under the conditions in (a). Inset: Integration of triglyceride peak. Dotted 
line shows baseline used. 

Fig 2. Plots of area of component/area of standard methyl 9,lO-dibydroxystearate (A,/&) versus moles of 
component/moles of standard (MJMJ for methyl palmitate. tripalmitin, dipalmitin, and monopalmitin 
based on the mixtures listed in Table I. (a), tripalmitin (slope, 2.9); (b), dipalmitin (slope, 1.9); (c), methyl 
palm&ate (slope, 0.89); (d). monopalmitin (slope, 0.75). 
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Other irregularities in the baseline resulted from the gradient programming”. 
The baseline dipped from 4 to 6 min, then rose sharply. To integrate the triglyceride 
peak that eluted with this baseline shift, the baseline following the peak was extended 
horizontally through to the beginning of the peak (see inset in Fig. 1). This technique 
provided a consistent method of determining peak area and gave results in good 
agreement with the known amounts of sample. At ca. 20 min, a second baseline shift 
occurred. Interference between this shift and the monoglyceride peak was eliminated 
by running the system at 95 % B for 10 min before recycling for the next run. Since re- 
equilibration of the column by switching directly back to initial conditions took only 
6 to 7 min, a “reverse” gradient” was not necessary. When the system was idle for 
several hours or overnight, a “warm-up” run through the entire sequence optimized 
conditions for later chromatography. 

Five standard mixtures of methyl palmitate, tripalmitin, dipalmitin, methyl 
9,lOdihydroxystearate and monopahnitin (Table I and Fig. 1) were each analyzed 
four to six times. Since detection is based on absorbance due to carbonyl groups, 
molar response factors of 3 for triglycerides, 2 for diglycerides and 1 for monoglycer- 
ides and for methyl esters would be predicted. In Table I, the values of I(A,/A,) are 
approximately three times the values of M,./M, for tripahnitin, twice the values of 
M,./M, for dipahnitin and the same as the values of &f,./lM, for methyl pahnitate and 
monopalmitin. To determine the actual response factors, values of _?(A,/&) for each 
component were plotted against (M,,/M,) (Fig. 2). The slopes of the lines were: tripal- 
mitin, 2.9 (G 0.07); dipalmitin, 1.9 (G 0.07); methyl palmitate, 0.89 (G 0.05); and 
monopahnitin, 0.75 (G 0.07). These values were used as response factors (j-,.) in calcu- 
lation of moles/g of subsequent samples using the equation 

MS _ AM= 
g sample A&V 

where 10 is the weight of the sample. 
However, the predicted response factors (number of carbonyl groups per mol- 

ecule) are close enough to the experimental values that they could be used to obtain 
approximate values of My/g sample. The overall relative standard deviation for the 
method was 7.1%. By running each sample in duplicate, 95 y0 confidence limits (CL.) 
of t 10.0% were obtained (2s/r = CL.). 

In the study of natural products, it is often desirable to quantitate classes of 
compounds such as glyceride fractions composed of species having several molecular 
weights. Results in molar units from IR detection of carbonyl functionalities are more 
convenient for evaluating these mixtures than the weight percentage obtained from 
flame ionization and “moving wire” detectors. For example, in the lipolysis pro- 
cedure used to determine the glyceride structure of oils, the extent of hydrolysis is 
often calculated from molar ratios g_ If results are originally in weight percent, an 
average molecular weight for each class must be determined before the results can be 
converted to moles. 

To demonstrate an application of the HPLC-IR method to natural systems, a 
soybean oil lipolysis mixtureg*14 was prepared and analyzed (Fig. 3). Mean values 
(mmole/g) of four trials were: methyl esters, 4.49 (G 0.07); triglycerides, 0.62 (G 0.05); 
1,3-diglycerides, 0.802 (cr 0.003); 1,2_diglycerides, 0.35 (G 0.02); and monoglycerides 
1.40 (a 0.08). The overall relative standard deviation was 4.9 %_ 
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Fig. 3. HPLC chromatogram of soybean oil lipolysis mixture. Conditions as for Fig. 1. 

Fig. 4. HPLC chromatogram of a commercial shortening. Conditions as for Fig. I_ 

A further advantage of this method is that components present in small 
amounts (ca. 1 T/o) can be measured to within +O.l oA by increasing the sample size. 
Mono- and diglycerides present at l-4% (w/w) levels in a commercial shortening 
were quantitated by adding an appropriate amount of standard and injecting a large 
sample (55 mg) on to the column (Fig. 4). Mean values @mole/g) in six trials were: 
1,3_diglycerides, 0.0387 (G +0_0025); 1,2-diglycerides, 0.0195 (G +0.0015); and mono- 
glycerides, 0.0527 (C +O.OOOS). The overall relative standard deviation was 5.9 %_ 
By adjusting the internal standard and sampie sizes, even smaller amounts of mono- 
glycerides could probably be quantitated with similar precision. 
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