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Abstract

A quantitative method is described for the
rapid gas-liqguid chromatographic analysis of
monoglycerides of long chain fatty acids as their
trimethylsilyl (TMS) ether derivatives. The TMS
derivatives are formed rapidly and quantitatively
at room temp without isomerization. The TMS
derivatives of 1- and 2-monoglycerides may be
separated on polyester eolumns, which can also be
used for the analysis of methyl esters. A mixture
of the 1- and 2-isomers of monopalmitin and
monoolein was quantitatively analyzed. A mixture
of monocaprin, monolaurin, monomyristin, mono-
palmitin and monostearin was also analyzed. A
mixture of 1-monostearin, l-monoolein and 1-
monolinolein was also resolved. The analyses were
carried out on packed and large bore capillary
columns of diethylene glycol suecinate polyester
(DEGS) and Apiezon 1. Capillary columns that
required the use of a splitter were nonquantifa-
tive, resulting from what appeared to be frac-
tionation at the splitter. Aecid conditions, includ-
ing those provoked by the use of phosphorie acid
stabilized polyesters, cleaved the TMS derivatives
to yield the original hydroxy compound.

Introduction

HE ANALYSIS of monoglycerides by gas-liquid chro-

matography (GLC) has lagged due to the lack
of satisfactory derivatives to reduce their polarity and
increase their volatility. MeInnes et al. (1) reported
the GLC analysis of monoglycerides as their allyl
esters and isopropylidene derivatives. The retention
times were long in both cases and the simultaneous
determination of 1- and 2-monoglycerides was not pos-
sible. Acetylated monoglycerides were separated by
Huebner (2) in which small peaks appearing before
the major peaks were assumed to be the 2-isomer, but
further support for this assumption has not been
forthecoming.

The most common method used at present for the
determination of 1- and 2-monoglycerides is essentially
that of Martin (3), which involves periodie aecid oxida-
tion of the 1-isomer. The 2-isomer is then determined
indirectly by difference. To determine the composition
of a mixture of monoglycerides by this method, one
must assume that the isomeric ratios are the same for
all acids. On this basis, the composition ean then be
caleulated from analysis of fatty acids.

The introduction of the TMS ethers has opened up
new approaches for the gas chromatography of hy-
droxy compounds, TMS ether derivatives of several
phenols have been successfully resolved by Langer et
al. (4) and more recently by Shaw (5). Hedgley and
1—Pr~es‘;-nted at the AOCS Meeting in New Orleans, 1964.
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Overend (6), and more successfully, Sweeley and col-
leagues (7) have reported the resolution of many iso-
merie earbohydrates as their TMS derivatives. Luuk-
kainen and coworkers (8) and Wells and Makita (9,
10) prepared TMS derivatives of several steroids
which made them volatile enough to analyze by GLC.
The present report describes the quantitative and
gualitative analyses of mixtures of 1- and 2-mono-
glyecerides of various fatty acids by this technique.

Experimental

Gas Chromatography. A Research Specialties Co.
Model 600 Gas Chromatograph, equipped with a hy-
drogen flame ionization detector and an on-column
injection system, was used in this study. A 100-ft
large bore capillary (0.0625 in. OD, 0.030 in. ID)
column was coated with a 15% carbontetrachloride
solution of Apiezon Li and conditionde according to
the procedure described by Litchfield et al. (11). A
high resolution 3 ft x 14 in. U-type copper column
was packed with 20% DEGS on 80-100 mesh Chromo-
sorb ““W.”” The stationary support was coated with
the liquid phase by flash evaporation of the chloroform
solvent. A 3 ftx 14 in. straight piece of copper tubing,
to serve as a column, was loosely packed with the
packing material at the inlet and gradually tighter
toward the exit. The column was then shaped to the
desired form. Tt was observed that eolumns packed
in this manner gave better resolution than uniformly
packed columns. The polyester column was operated
isothermally at 215C. These columns have been op-
erated periodically over a two-month period without
noticeable loss of resolution. However, the temp was
reduced to 150C when not in use. An inlet pressure of
10 psi was used to maintain a helium flow of 60-70
ml/min through the columns. The hydrogen and air
flow through the detector were 30 and 300 ml/min, re-
spectively. The temp of the detector was maintained
a few degrees above the maximum temp of the column,

Thin Layer Chromatography. Commercially avail-
able silica gel G, prepared according to Stahl (12,13),
was applied in 1-mm thickness to 8 x 8 in. glass plates.
These preparative thin layer plates were used to sepa-
rate up to 250 mg of monoglycerides/plate. The chro-
matograms were developed with hexane-diethylether-
acetic acid 70:30:1 v/v/v, in a saturated chamber. The
monoglyceride region of the heavily loaded plates was
located visually, or more distinetly with the aid of
an UV light, The desired region was scraped from the
plate and the monoglycerides extracted with diethyl
ether.

Micro Balance. A Mettler Model M5 Micro Balance
was used to prepare the standard mixture. The mono-
glycerides were weighed out accurately to the fifth
decimal place.

Materials. The purified fatty acids used in the prep-
aration of the acid chlorides and monoglycerides were
obtained from commereial sources. The acid chlorides
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_Fie. 1. Separation of 1- and 2-monopalmitin as TMS deriva-
tives on a DEGS column at 215C. The major peaks are (A) 1-
monopalmitin and (B) 2-monopalmitin.

were prepared according to the procedure of Youngs
et al. (14). One and 2-monoglycerides were prepared
from 1,2-isopropylidene glycerol and 1,3-benzylidene
glycerol, respectively, by reacting with the aeid chlo-
ride, as deseribed by Mattson and Volpenhein (15).
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Fie. 2. Separation of 1- and 2- monoolein as TMS derivatives
on a DEGS eolumn at 215C. The major peaks are (A) 1-mono-
olein and (B) 2-monoolein.
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The periedic acid oxidation procedure by Martin (3),
with minor modifications, was used to degrade the 1-
isomer which contaminated the 2-monoglyceride. When
individual isomerie monoglycerides were not of con-
cern, 1-monoglycerides were synthesized according to
the procedure of Hartman (16), which contained ap-
prox 10% of the 2-isomer. Hexamethyldisilazane was
obtained from Peninsular Chemresearch, Gainesville,
Fla.: trimethylchlorosilane was obtained from K & K
Laboratories, Plainview, N.Y. Solvents and other rea-
gents were reagent grade and used without further
purification.

Procedure. Ovpe mg or more of a monoglyceride
sample was placed in a glass stoppered 15-ml eonical
centrifuge tube. One ml of pyridine was added fol-
lowed by 0.2 ml of hexamethyldisilazane and 0.1 of
trimethylehorosilane. The mixture was shaken for
15-30 sec and allowed to stand for 5 min. Five ml
of hexane was added, followed by an equal volume of
distilled water; then the mixture was shaken until
both layers became clear. The hexane layer was re-
moved and the aqueous layer extracted twice more
with 5-ml portions of hexane. The combined hexane
extractions were dried over anhydrous calcium sulfate
and evaporated to dryness under a stream of dry
nitrogen. Samples were retaken in hexane and evapo-
rated until the odor of pyridine was not detectable.
The samples were then stored at —20C until analyzed
by gas chromatography.

Results and Discussion

The separation of long chain isomeric monoglye-
erides as their TMS derivatives by GLC requires the
columns used to be fast and efficient with respect to
the separation of fatty acid methyl esters. A com-
plete chromatogram of rat adipose tissue methyl esters
through methyl linoleate, was obtained in 8-10 min
on the columns used in this study with good resolu-
tions of the monoenes from their corresponding satu-
rated acids.

The packed DEGS column was superior to Apiezon
L capillary eolumn for the analyses of methyl esters,
but each separated the isomeric monoglyceride TMS
derivatives equally well. The large bore capillary col-
umn was used because the inside diameter allowed on-
column injection and did not require a splitter. Quan-
titative results could not be obtained using small bore
(0.010 in. ID) capillary columns which required the
use of a splitter. This was attributed to the nonlinear-
ity of the splitter. It appeared that fractionation did
oceur in the splitter since peak area deceased with an
increase in mol wt, but no attempt was made to estab-
lish this. Thorough cleaning of the splitter and the ad-
dition of an auxiliary heater failed to improve the re-
sults.

Stabilized polyesters that give good resolution with
short retention times of methyl esters appear initially
to be ideally suited for the analysis of monoglyceride
TMS derivative, but one should investigate the nature
of the stabilizer before using. A sample of stabilized
DEGS was obtained from Amnalabs (17) which proved
satisfactory for the analysis of methyl esters but de-
composed the TMS derivatives. It was later learned
that the polyester had been stabilized with phosphorie
acid. This explains the decomposition, since even weak
acids cleave the TMS derivatives to yield the original
hydroxy compound.

The reaction involved in the formation of the TMS
derivatives of monoglycerides is depicted below.
Sweeley et al. (7) have shown that the reaction goes to
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completion in one min for sugars. This also appeared
to be the case with monoglycerides, but five min was
allowed to assure completion. Most of the previous
workers have injected an aliquot of the reaction mix-
ture directly into the gas chromatograph or have
previously purified it by distillation. The latter is
unsatisfactory for small samples, whereas the insolu-
ble ammonium chloride formed during the reaction
makes the former unsatisfactory for capillary col-
umns, Also, the pyridine used as a solvent for the reac-
tion is objectionable since it does not elute quickly and
sharply from the column and requires several min for
the base line to return to its original position. This
makes components eluting early somewhat difficult to
quantitate. For the above reasons, the monoglyceride
TMS derivatives were extracted from the reaction mix-
tures with hexane after the addition of water. Since
pyridine is partially soluble in hexane, it was neces-
sary to re-evaporate the TMS derivatives to dryness
several times under a stream of dry nitrogen for its
removal. Derivatives prepared in this manner and
stored in the cold did not show measurable changes
after four months.

Mattson and Volpenhein (15) have shown that 2-
monoolein and, to a smaller extent, 2-monopalmitin
quickly isomerize to an equilibrium mixture of the 1-
and 2-isomer in a pH 8.0, 1.0M Tris buffer at 40C and
have discussed other factors affecting stability. In
order for the present method to be applicable to the
quantitative analysis of isomeric monoglycerides, it
was necessary to demonstrate that isomerization does
not oceur during the formation of the TMS deriva-
tives. GLC analysis of the TMS derivatvies of the 1-
and 2-isomers of monopalmitin and monoolein, both
individually and in a mixture, are shown in Figures
1 and 2, respectively.

It should be noted that the retention time of any
one component, shown in Figures 1 and 2, varied as
much as four min. This is not unusual sinee most of
the chromatograms were obtained on different days
and the column oven temp was controlled by balancing
heat input against radiation losses. This allowed the
oven temp to change a few degrees depending on
changes in room temp. Chromatograms obtained
within one or two hr of each other showed no such
variation. In both the case of monopalmitin and
monoolein, the 2-isomer showed a shorter retention
time than the l-isomer. One-monopalmitin and 1-
monoolein showed no isomerization during the forma-
iton of the TMS derivatives since no peak appeared
with a retention time of that of the 2-isomer. How-
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F16. 3. Analysis of a mixture of monoglycerides as their TMS
derivatives on an 18-in. 2.69% SE-30 column manually temp
programmed from 127-190C. The major peaks are 1) mono-
caprin; 2) monolaurin; 3) monomyristin; 4) monopalmitin;
and 5) monostearin. The 2-isomer was not resolved from the 1-
monoglyceride.

ever, the 2-isomer of the respective monoglycerides
contained approx 10% of the 1-isomer. The l-isomer
could have risen from isomerization or contamination
of the 2-monoglyceride. It was proven that the 2-
1somer does not isomerize during the formation of the
TMS derivatives, since GLC analysis showed that no
peak was present with a retention time of that of the
1-isomer, after periodic acid oxidation of the contami-
nated 2-monoglycerides. GLC analysis of 2-monopal-
mitin after periodic acid oxidation showed a peak
with a retention time of 8 min absent from the 2-
monopalmitin before oxidation. This was assumed to
be the methyl ester of palmitoyl glycolie acid formed
from the oxidation of the l-isomer. The peak was not
observed if the sample was not methylated before the
TMS derivatives were formed. The resolution of the
isomeric mixtures of the respective monoglyceride
TMS derivatives was almost complete in less than 30
min.
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Fie. 4. Separation of a monoglyeeride mixture on a 100-ft
159% Apiezon L large bore capillary column manually temp
programmed from 180-240C. The major peaks are 1) mono-
caprin; 2) monolaurin; 3) monomyristin; 4) monopalmitin ; and
5) monostearin. The small peaks appearing before the major
peaks are the 2-isomer.
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TABLE I

Quantitative Determination of 1. and 2-Monoglyceride Mixtures as
Their TM& Derivatives on 3 ft x % in. DEGS Column

% Found
Mixture Components Af;‘;al by TMS

© der.

Std. mixture no, 1 2-monopalmitin 18.2 18.0
1-monopalmitin 18.7 18.5

2-monoolein 24.3 24.1

1-monoolein 38.8 39.5

Std, mixture no. 2 1- and 2-monolaurin 33.7 33.4
1- and 2-monomyristin 31.3 33.3

1- and 2-monopalmitin 35.0 33.3

a Prepared by weighing out purified monoglycerides.

Heating was sometimes employed to quickly dis-
solve long chain monoglycerides in pyridine. This
practice can be used without isomerization sinee only
6-7% of 2-monopalmitin was isomerized to the l-iso-
mer and only 3-4% of the 1-monopalmiting was con-
verted to the 2-isomer after being heated in pyridine
at 100C for 24 hr.

The GLC analysis of monoglyceride TMS deriva-
tives of different fatty acid chain lengths are shown
in Figure 3. The instrument and the preparation of
the eolumn used to make the analysis have been de-
seribed by Litchfield et al. (18). The 18 in. x 5 in.
column packed 2.6% SE-30 was manually temp pro-
grammed from 127-190C. All components gave sym-
metrical peaks with no indieation of the presence of
2-isomers. Figure 4 shows the GLC analysis of the
same monoglyceride TMS derivative mixture shown
in Figure 3, but on a 100-ft large bore capillary col-
umn coated with 15% Apiezon L manually pro-
grammed from 180-240C. Temp programming was
necessary to permit the resolution of the two positional
isomers of each component without peak asymmetry.
It was not possible to analyze mixtures of such com-
plexity of chain length on DEGS columns since DEGS
does not lend itself to temp programming. However,
it was possible to analyze any three sueccessive homo-
logues depending on the temp. Recently, a DEGS
large bore capillary column was prepared by the
authors which gave a resolution such as that shown
in Figure 4 in 30 min under isothermal conditions.

Quantitative aspects of the method were also
studied. Standard mixtures were prepared by ac-
curately weighing out 97% + pure monoglycerides
which had previously been purified by TLC. The per-
centage composition as determined from the triangu-
lated peak area of the TMS derivatives was in close
agreement with the actual values for both standard

34
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F1e. 5. Quantitative determination of 1- and 2-monopalmitin
and monoolein standard mixture No. 1 shown in Table I. The
analysis was earried out on a 3 ft x % in, DEGS column. The
major peaks are 1) 2-monopalmitin; 2) 1-monopalmiting 3) 2-
monoolein, and 4) 1-monoolein.
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TABLE II

Comparison of the Fatty Acid Coraposition of Several Representative Fats
by GLC Analysis of Their Monoglyceride TMS Derivatives
and Methyl Esters

Source Type of Carbon chain length
derivative 16 12 14 16 18
Bayberry | TMS derivative 41.18
tallow | Methyl ester 40.69
Corn oil TMS derivative® 18.84
Methyl ester 17.46 .
Coeonut oil I TMS derivative 3 . 10.24 11.08
Methyl ester 3.00 49.33 2346 10.87 13.36

2 Represents less than 0.59% of the total.
b Values represent the total area of the 1- and 2-igsomers of the safu-
rated and corresponding unsaturated acid.

mixtures as shown in Table I.

The percentage composition of standard mixture
No. 2 was obtained by the summation of peak areas
of the 1- and 2-isomers for each acid. The percentage
composition of standard mixture No. 1 shows that the
values obtained for the 1- and 2-monoglycerides of the
saturated and unsaturated acids are in close agree-
ment with the actual values. The small differences be-
tween actual and observed values could have been
caused by lack of absolute purity of monoglycerides
used in the standards. A typical chromatogram of the
standard mixture No. 1 is shown in Figure 5. A com-
parison of the fatty acid composition of some natural
fats as determined by GLC analysis on a 3 ft. x 74 in.
DEGS column of monoglyceride TMS derivatives and
methyl esters is shown in Table II. Since we were
unable to resolve the 2-monoglyceride isomers of the
unsaturated acid from the l-isomer of the correspond-
ing saturated acid, the values for a particular chain
length include the 1- and 2-isomers of the saturated
and unsaturated acids. These values were compared
to the sum of the methyl esters of that chain length.
The close agreement of the values obtained by the two
methods supports the results obtained from analysis
of the standard monoglyceride mixtures. From these
data one can safely conclude that 1- and 2-monoglye-
erides rapidly form TMS derivatives that give quan-
titative results by GLC analysis.

Although a mixture of l-monostearin, 1-monoolein
and l-monolinolein TMS derivatives is resolvable on
the DEGS column, mixtures of the 1- and 2-isomers
are not.

The analysis of corn oil monoglycerides as their
TMS derivative shown in Figure 6 demonstrates this.

]
5
2
4 A 4
2 5
g
g 3 2
o
[e]
(9
g
2-
14
; 3
T T H T ¥ 1 7
4 8 12 16 20 24 28

TIVE (MIN)

Fia. 6. Analysis of corn oil monoglycerides as their TMS
derivatives on 3 £t x 14 in. DEGS column. The major peaks are
1) 2-monopalmitin; 2) l-monopalmitin; 3) 1-monostearin and
2 monoolein; 4) 2-monolinolein and l-monoolein, and 5) 1-
monolinolein.
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The monoglycerides of each acid contains approxi-
mately 10% of the 2-isomer.

The 2-monoolein area ineludes the l-monostearin
peak while the 2-monolinolein peak is masked by the
I-monoolein peak. Monoglyceride TMS derivatives
have been separated according to degree of unsatura-
tion on thin layer plates. However, this technique is
not perfected and is under further investigation. With
the use of this additional step one can quantitatively
determine the composition of any monoglyceride mix-
ture, including the conen of the 1- and 2-isomers of
cach component.
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Helichrysum Seed Oil L Separation and Characterization

of Individual Acids

R. G. POWELL, C. R. SMITH, JR., and I. A. WOLFF, Northern Regional Research Laboratory," Peoria, Illinois

Abstract

Helichrysum bracteatum (family Compositae)
seed oil contains a complex array of unusual
fatty acids in addition to the usual palmitie,
stearic, oleie, and lnoleic acids. Its unusual
constituents include 9.5% crepenynic acid ; 14.0%
epoxy acids, mainly coronaric; 4.4% cis,trans-
hydroxy conjugated dienoie acids; and 7.2% of
a previously unknown hydroxyacetylenic acid for
which the name helenynolic acid is proposed.
A method for determining helenynolic acid in
the presence of hydroxy-conjugated dienes is
deseribed.
Introduction

Helz'chrysum bracteatum or strawflower is an an-
nual originally from Australia. It is widely
cultivated in the United States for its bloom, since
the flower heads, when dried, hold their color for
months.

The unusual nature of the oil was first noted in
this laboratory during a routine gas-liguid chromato-
graphic (GLC) analysis of the methyl esters. No
linolenie acid was found although oil from a different
accession of seed had been reported to contain 32.0%
of this acid as determined by alkali isomerization (1).
An unusual component appeared with equivalent
chain lengths (ECL) of 18.1 on an Apiezon L: column
and 207 on a LAC-2-R446 column (2) and was
tentatively identified as methyl crepenynate (3). A
Durbetaki titration (4) of the oil gave a hydrogen
bromide equivalent (HBE) (5) of 18.4, whereas GLC
analysis of the methyl esters indicated a much lower
quantity of epoxy acids to be present. An IR spec-
trum of the oil contained a noticeable hydroxyl peak,
but no other peculiar feature that seemed significant.
A UV absorption maximum at 229 mp (6) indicated
conjugated enyne. Thin-layer chromatography (TLC)
of the methyl esters revealed the presence of three
monohydroxy acids and at least one epoxy acid.

1 No, Utiliz. Res. & Dev, Div.,, ARS, USDA.

This paper presents the isolation and purification
of the individual component fatty acids of Hels-
chrysum oil, and the characterization of some of the
unusual acids present.

Experimental Procedures and Data
Methoeds

TLC was performed on glass plates coated with
Silica Gel G (according to Stahl) with hexane, diethyl
ether, acetic acid (70:30:1 or 80:20:1) as the solvent.
Spots were detected by spraying with 50% sulfuric
acid and heating at 120C.

GLC analyses were carried out as deseribed by
Miwa et al, (2).

Countercurrent distribution (CCD) studies utilized
a 200-tube Craig-Post apparatus and the acetonitrile-
hexane solvent system (7).

Partition chromatography of Helichrysum free
acids was ecarried out essentially as deseribed by
Frankel et al. (8,9) using a 2.0% methanol in ben-
zene as the eluting solvent. Our separations were not
comparable to those of Frankel because of the large
samples used; however, it was possible to obtain a
hydroxy acid concentrate as described later in this
paper.

Periodate-permanganate oxidations were as de-
seribed by von Rudleff (10).

UV spectra were determined with a Beckman DK-
2A spectrophotometer. IR spectra were determined on
a Perkin-Elmer Model 137 instrument, using 1%
solutions in earbon tetrachloride.

Od Extraction. Oil was obtained from the ground
seed of Helichrysum bracteatum var. monstrosum by
Soxhlet extraction with petroleum ether (bp 30-60C).
Solvent was removed n wvacuo with a rotary evapo-
rator. The yield of oil was 26, 6% It showed a rather
broad maximum at 229.7 mp, Ei% 80.5, in cyclo-
hexane. In the IR, a hydroxyl peak (3450 em~') was
the only unusual feature. The oil had an HBE of
18.4 and contained 0.7% free fatty acid (caleculated



