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QUALITATIVE AND QUANTITATIVE DETER- 
MINATION OF METHYL ESTERS, FREE FATTY 

VIA HPLC COUPLED WITH A FLAME 
IONIZATION DETECTOR 

ACIDS, MONO-, DI-, AND TRIACYLGLYCEROLS 

W. E. Neff.* M. A. Jackson. G. R. List, J. W. King 

USDA, Agricultural Research Service 
National Center for Agricultural Utilization Research 

Food Quality and Safety Research 
18 15 N. University Street 

Peoria, Illinois, USA 6 1603 

ABSTRACT 

High performance liquid chromatography (HF’LC) with a 
cyanopropyl phase column coupled directly to a comniercial 
HPLC flame ionization detector (FID) and a gradient mobile 
phase of tert-butyl ether and hexane proved successful to separate 
and quantitate mono-, di-, and triacylglycerols, free fatty acids 
and methyl esters. These components can occur together during 
glycerolysis, lipolysis, randomization, and interesterification 
reactions of vegetable oils like soybean. Gravimetric standards 
were evaluated by HPLC-FID in which each contained mono-. di. 
and triacylglyceols, free fatty acids and methyl esters of palmitic. 
stearic, oleic, linoleic, and linolenic acids respectively. The FID 
response with solute weight decreased in this order: 
triacylglycerols, free fatty acids, dracylglycerols. methyl esters. 
and monoacylglycerols. respectively. The FID thus required 
response factors to quantitate the components of mixtures of 
diverse lipid species. However, for homogenous compounds the 
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FID response was linear and response factors were not required, 
for example, for a series of free fatty acids like palmitic through 
linolenic. The commercial HPLC-FID proved satisfactory for 
facile quantitation of &verse lipid species in vegetable oil 
reaction mixtures. Good accuracy was obtained by HPLC with 
FID for soybean glycerolysis products, which contained mono, di 
and triacylglycerols. 

INTRODUCTION 

Interesterification is a process used in the oils and fats industry to mod@ 
the properties of triacylglycerols (TAG). T h s  reaction is of commercial 
interest for the production of margarines, shortenings, and other speciality 
products with desired physical properties and oxidative stability.’-4 Depending 
on interesterification conditions, the side reactions of lipolysis and hydrolysis 
may o c ~ u r . ~ ~ ~  Other reactions, such as glycerolysis to produce products like 
monoacylglycerols (MAG) and diacylglycerols @AG) from vegetable oil TAG 
are important in the food industry. Here too, it is important to monitor the 
occurrence of free fatty acids (FFA), MAG, DAG, and unreacted TAG.8 Other 
important food industry reactions, which require monitoring of diverse lipid 
species (LS) of FFA, MAG, DAG, and TAG, include vegetable oil TAG 
hydrolysis to produce industrially or nutritionally important FFA.9.’0 

Analymal methods like thm layer (TLC)’’7’2 and gas chromatography 
(GC)I3 and high performance liquid chromatography (HPLC)’4-21 have been 
used to analyze LS. TLC with FID and silica gel coated rods for LS was 
reviewed by Sebedio.” He pointed out that the GC FID response was not a 
linear relationship with sample amount spotted on these rods. Even for 
homogeneous compounds, a power function was necessary to describe FID 
response with respect to sample amount spotted on the TLC rod. Also, 
recently, Peyrou reported for TLC of oleic acid LS, the TLC-FLD required 
power functions for calibration curves to express detector response with amount 
of LS spotted on the TLC rods.” TLC-FID response is usually linear without 
the need for response factors for homogeneous components of lipid  mixture^.'^ 
However, response factors are required for GC analysis of mixtures of diverse 
LS. Also, to avoid thermal alteration at the elevated temperature required for 
GC, LS llke MAG and DAG required derivatization before ana1y~is.I~ HPLC, 
which does not require elevated temperature, avoids the need for derivatization 
and has been reported as the method of choice for LS.’3‘2’ Unfortunely, for 
HPLC of LS, detection is a p r ~ b l e m . ’ ~ - ’ ~  Presently, the light scattering and 
flame ionization detectors show the most promise in LS ana ly~is . ’~- ’~  However, 
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light scattering detector response is not a linear relationship with solute amount 
and complex calibration curves are required for q~antitation.”.’~ On-the other- 
hand, transport flame ionization detectors of the moving wire type14 or rotating 
quartz have been reported to demonstrate a linear response with solute 
amount without the need for response factors for homogenous LS.’4-20 We have 
previously described many examples of quantitative reversed phase HPLC 
coupled with a commercial HPLC-FID with a rotating quartz belt for TAG in 
vegetable oils, vegetable oil blends and  product^.^-^.^^ However, the rotating 
quartz belt FID response has not been evaluated for mixtures in which diverse 
LS like MAG, DAG, TAG, FFA, and methyl esters (FAME) occur together.” 

This study describes the resolution and quantitation of identified, diverse 
LS with a cyanopropyl bonded phase HPLC column coupled with a commercial 
HPLC-FID of the rotating quartz belt design. 

EXPERIMENTAL’ 

Materials 

Lipid standards were purchased from Nu Chek Prep, Inc.(Elysian. MN) 
and Sigma Chemical Co . (St. Louis, MO). All solvents were HPLC grade and 
were purchased from Fisher Scientific (Fair Lawn, NJ) and J T. Baker Inc. 
(Phdlipsburg, NJ). 

High Performance Liquid Chromatography 

HPLC was performed with a Thermo Separation Products (Schaumburg, 
IL) (Model SP 8800) ternary solvent system with a HPLC column of bonded 
cyanopropyl phase, Alltech Associates (Deerfield, IL) Econosil CN, 25 cm x 
4.6 mm, 5 pm. A gradient solvent program with 0.5% acetic acid (AA) in 
tert-butyl ether (TBE) and hexane (HEX), modlfied from that used by El- 
Hamdy and Christie*’ was used to accomplish the LS separation as follows: 2% 
(0.5% AA in TBE) in HEX (V:V ) for 6 min., linear from 6-34 min to 100% 
(0.5% AA in TBE) hold 10 min then return to initial conditions 44-54 min. 
The flow rate was 1.0 mL/min. The 0.5% AA in TBE was required to prevent 
FFA being adsorbed by the HPLC column. The sample size range was 0.063 to 
0.5 mg in 10 pL 0.5% AA in TBE. The HPLC detector was a commercial 
HPLC-FID with a moving quartz belt, Finnigan, Inc. (Austin, TX) Tremetrics 
Model 945. The HPLC-FID was operated with block temperature 130’C; 
detector gas, 140 mL/min. hydrogen; cleaning flame, 275 mL/min hydrogen; 
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175 mL/min oxygen; and compressed air, 0.4 cubic Wmin. The FID response 
was processed by a real-time computer.’2 Identlfication and quantitation of the 
HPLC-FID was based on known gravimetric mixtures of FAME; TAG; FFA, 
1,2-and 1,3-DAG. and 1- and 2-MAG. 

RESULTS AND DISCUSSION 

A technique reported by El-Hamdy and Christie” for HPLC of an 
unidentified mixture of LS on a cyanopropyl bonded phase column gave stable 
retention times, resolution and symmetrical chromatogram peaks for the 
mixture of TAG, FAME, MAG, DAG, and FFA. These workers used a light 
scattering detector and did not report quantitation for the LS. HPLC detectors 
like those based on light scattering and ultraviolet absorption principles require 
complex calibration curves for quantitation.” 

We extended the cyanopropyl column resolution to more mixtures of 
diverse LS, whch are identified. Further, we used a commercial HPLC-FID of 
the moving quartz belt type for quantitative analysis of LS in this study. This 
I-PLC-FID utilized the following operational procedures: 1) the HPLC effluent 
is sprayed onto a rotating quartz belt, 2) the HPLC solvent is removed by high 
temperature and partial vacuum, 3) solutes remain on the belt, which is rotated 
through a FID to produce a response proportional to solute quantity, and 4) the 
belt is passed through a cleaning flame and returned to the starting position. 
There is no interface between the HF’LC column exit and the detector. 
Previously, Christie presented a schematic of the detector.]’ The detector 
response is reported linear with solute concentration and does not require 
complex calibration curves for quant i ta t i~n .”~~~ 

Separation on the cyanopropyl column of LS gravimetric standards or 
series and reaction mixtures of FAME, TAG, FFA, DAG, and MAG is 
presented in Figure 1. The series for LS, whch contain stearic, palmitic, oleic, 
linoleic, and linolenic acids exclusively, are arranged sequentially starting at 
the figure bottom. It is observed that the elution times for the components on 
the cyanopropyl column increased in this order: FAME; TAG; FFA; 1,3- 
DAG; 1,2-DAG; 1-MAG and 2-MAG respectively. Retention time precision 
was an average of plus or minus 0.50 min. per LS component for triplicate 
analysis. Also, retention times were stable and reproducible over the two 
month period the cyanopropyl column was used. The LS components of the 
stearic acid series have the earliest retention times. The retention times for the 
other LS components increased in h s  order: palmitic, oleic, linoleic, and 
linolenic as the FA moiety polarity increased. 
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TAG DAG lnteresterification Mixture - Trilaurin + Triolein \ FFA 1 
F Y E  

FFA mixture 

SBO TAG mixture 

Linolenic 

Linoleic 

Oleic 

Palmitic 

0 

I 
n 

P 

Retention Time (min) 
0 10 20 30 40 

Figure 1. HPLC separation of lipid compounds with an acetic acidmethyl tert-butyl 
etherhexme gradient on a cyanopropyl column coupled with an HPLC flame ionization 
detector. 

The retention time changes are slight and in the direction expected for 
polar HPLC. For the LS linolenic series the TAG and FFA co-elute. Also, in 
Figure 1, it is observed that 1,2- and 1.3-palmitic DAG are resolved and 1 and 
2 palmitic MAG are partially resolved. As, expected, the less polar of the DAG 
and MAG pairs eluted first. It is observed during HPLC. little DAG or MAG 
isomerization occurred even though the mobile phase contained acetic acid. 
Compared to the gravimetric standard series and model DAG and MAG, which 
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Table 1 

HPLC-FID Quantitation of Lipid Species 

NEFF ET AL. 

Gravimetric HPLC-FID Absolute 
Mixture Components Area %' Weight YO Error%b 

Stearic FAME 18.3 20.0 1.7 
TAG 25.5 20.0 5.5 
FFA 20.8 20.0 0.8 
DAG 19.9 20.0 0.1 
MAG 15.5 20.0 4.5 

Oleic 

Average error 2.5 

FAME 17.9 20.0 1.8 
TAG 23.5 20.0 3.8 
FFA 21.7 20.0 0.5 
DAG 21.1 20.0 1.4 
MAG 15.8 20.0 3.9 

Average error 2.3 

a Area % precision. standard deviation = rt 0.0 to 0.5% triplicate 
analysis. 23 

Difference between experiment area % and weight %. 

gave single chromatogram peaks for each LS component, FAME 
(FA14:0,16:0,18:0,18: 1,18:3,20:0) FFA (FA 16:0,18:0,18: 1,18:2,18:3) and 
SBO TAG (trilinolein-mixed FA TAG-tristearin) and mixtures of DAG and 
MAG from an intereshfication reaction of trilaurin and tristearin gave 
somewhat broad peaks. However, these latter mixtures have LS component 
elution in the appropiate FAME, TAG, FFA, DAG. and MAG regions of the 
chromatogram to allow identification of these respected LS in samples from 
vegetable oil interestenfication, glycerolysis, or hydrolysis reaction mixtures. 

Plots of HPLC-FID response for each of the LS components in the 
gravimeuic standards for component weight of 0.06 to 0.1 mg were linear with 
linear regression coefficientsz3 range of 0.9916-0.9999. The FID response with 
component weight decreased in this order:TAG. FFA. DAG. FAME and MAG, 
respectively. The magnitude of the detector response per component weight or 
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Table 2 

HPLC-FID Responce for Lipid Species 

Gravimentric Response 
Mixture Components Factors 

Stearic 

Oleic 

FAME 
TAG 
FFA 
DAG 
MAG 

1.09 
0.78 
0.96 
1 .oo 
1.29 

FAME 1.12 
TAG 0.85 
FFA 0.92 
DAG 0.95 
MAG 1.26 

a Response factor = gravimentric component wt% t HPLC=FID 
area YO. 
Response factor precision k 0.05 for triplicate analysis. 

response factorsz4 ranged from 4.10 for TAG to 2.90 for MAG (x106 area 
counts per mg sample). These FID response results with respect to LS type, 
i.e., TAG vs. MAG, are similar to the concept of relative weight proportion of 
FID active ~ a r b o n s . ~ ~ ~ ~ ’  For example, MAG gave a lower detector response 
than TAG since MAG has fewer active carbons (methylene carbons) which are 
responsible for FID response. 

Once linearity of detector response was established for the components of 
the LS gravimetric standards, the HPLC-FID quantitation was examined. 
Samples of palmitic, stearic, oleic, linoleic, and linolenic gravimetric series 
(Figure 1) with FAME, TAG, FFA, TAG, and MAG each 20% by weight were 
injected onto the cyanopropyl HPLC column and the FID area percent obtained 
by computer integration of the FID response.** The FID area percent and 
gravimetric weight percent (20 %) are compared for the LS of the stearic and 
linoleic gravimetric standards in Table 1. It is observed that the HPLC-FID 
area percent is within 1 percent of the weight percent for FFA. For FAME and 
DAG, the FID area percent is within 2 percent of the weight percent. 
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LL 

c! 

1 1 SBO 

2-MAG 2-MAG 

1 -MAG 1 -MAG I 

\, FFA Mixture 
Stearic - Linolenic 
Acids 

Starting 
Glycerolysis 
Material 
(Soybean Oil) 

0 10 20 30 40 

Retention Time (min) 

Figure 2 .  HPLC separation of a soybean oil glycerolysis inisture with an acetic 
acidmethyl tert-butyl etherhexane gradient on a cyanopropyl column coupled with an 
HPLC flame ionization detector. 

The HPLC-FID area is 2 percent greater than weight percent for TAG and 
MAG. Similar results were obtained for palmitic. linoleic and linolenic series. 
with average errors over all the LS components of 3 percent. 

The results in Table 1 show that for good quantitation with HPLC-FID for 
mixtures which contain FAME. TAG. FFA, DAG. and MAG. response factors 
are required. Response factors calculated by dividing gravimetric weight 
percent by HPLC-FID area percent” are given for the LS of the stearic and 
oieic series in Table 2. 
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Table 3 

HPLC-FID Analysis of Lipid Species in a Soybean Oil Glycerolysis 
Mixture" 

Analytical Uncorrected Correctedb 
Method Compounds Area 'YO Area YO 

HPLC-FID TAG 
FFA 
DAG 
MAG 

SCF' TAG + FFA 
DAG 
MAG 

1.01 <0.1 
1.6 2.0 

26.4 21.8 
71.1 76.2 

1.5 
23.3 
75.3 

a Chromatogram of glycerolysis reaction presented in Fig. 2. 
Uncorrected area YO adjusted by average response factors given in text 
and the data renormalized. HPLC-FID area % precision k 0.0-0.5%; 
SCF area YO precision k 1%. 
Supercritical fluid TAG analytical technique.28 

b 

Similar HPLC-FJD factors were obtained for the LS of the palmitic, 
linoleic, and linolenic gravimetric series. Since for the Ln series FFA and TAG 
co-elute. gravimetric standards one without FFA and one without TAG, but 
with the other components (25 wt YO each) were analyzed to obtain response 
factors for TAG and FFA. Average response factors for the LS of the palmitic, 
stearic, oleic. linoleic. and linolenic gravimetric series were: FAME, 1.14 f 
0.6; TAG, 0.86 f 0.12; FFA. 0.91 f 0.09; DAG, 0.97 k 0.05; and MAG, 1.26 f 
0.04. These response factors showed that most of the needed correction for 
HPLC-FID area percent was required for TAG and MAG. The other LS, 
FAME, FFA, and DAG had correction factors close to unity. 

We utilized the above results from HPLC-FID of gravimetric standards 
for analysis of experimental reaction mixtures resulting from lipid 
transformations. In Figure 2, a reaction mixture from glycerolysis of soybean 
oil for preparation of MAG" was resolved by the cyanopropyl HPLC column 
coupled with FID. This chromatogram is at the top of the figure. Reference 
chromatograms which include the starting soybean oil and other LS standards 
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1088 NEFF ET AL. 

reversed phase solid phase extraction before HPLC analysis. We have 
observed that free glycerol is retained by the cyanopropyl column. Utilizing the 
average response factors for LS presented above, the corrected HPLC-FID area 
percent is given for components of the glycerolysis mixture in Table 3. It is 
observed, that the corrected HPLC-FIE area percent are in agreement with LS 
composition obtained by a supercritical fluid chromatography TAG analytical 
method.28 Examination of the data obtained by application of the average 
response factors to HPLC-FID area percent should reflect that in the 
glycerolysis mixture the TAG and DAG also contained mixed FA species as 
opposed to only single FA species in the gravimetric standards. However, good 
agreement was still obtained between the LS composition from HPLC-FID and 
the supercritical analytical methods. 
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