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Abstract:

The composition of the free fatty acids and the neutral lipids of the Mormon cricket, Anabrus simplex.
Hald., was studied by infrared spectroscopy and gas, column, and thin-layer chromatography. Free
fatty acids were separated on the basis of unsaturation by column chromatography of their methyl
esters on silver nitrate impregnated silicic acid. The presence of normal and branched chain saturated
acids (C8-C36) and unsaturated acids (C14-C24) was demonstrated by gas chromatography on SE-30
silicone arid EGS polyester columns. Structures of the major unsaturated acids, oleic, linoleic; and
linolenic, were determined by infrared spectroscopy and reductive ozonolysis followed by gas
chromatography. Neutral lipids were separated into chemical classes by column chromatography on
various adsorbents. Wax esters, steryl. esters, triglycerides, free sterols, diglycerides, monoglycerides,
and traces of residual fatty acid were found. The fatty acid components were studied by
transesterification followed by gas chromatography. The free sterols and non-saponifiables derived
from the ester fractions were determined by gas chromatography on SE-30 and QF-1 silicone columns.
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ABSTRACT

The composition.of the free fatty acids and the neutral lipids of the
Mormon cricket, Anabrus simplex, Hald., was studied by infrared spectroscopy
and gas, column, and thin-layer chromatography. Free fatty acids were sep-
arated on the basis of unsaturation by column chromatography of their methyl
esters on silver nitrate impregnated silicic acid. The presence of normal
and branched chain saturated acids (Cg-C3¢) and unsaturated acids (C14-C24)
was demonstrated by gas chromatography on SE-30 silicone and EGS polyester
columns. Structures of the major unsaturated acids, oleic, linoleic, and
linolenic, were determined by infrared spectroscopy and reductive ozonolysis
followed by gas chromatography. Neutral lipids were separated into chemical
classes by column ¢hromatography on' various adsgrbents. Wax esters, steryl.
esters, triglycerides, free sterols, diglycerides, monoglycerides, and
traces of residual fatty acid were found. The fatty acid components were
studied by transesterification followed by gas chromatography. The free
sterols and non-saponifiables derived from the ester fractions were deter-
mined by gas chromatography on SE-30 and QF-~1 silicone columns.




INTRODUCTION
‘The cuticular wax of insects has been found to be an'impoftant factor
in the control of moisture balance in insects.?40 Abrasion of this layer
frequently results in rapid dessication and heath of the insect. Some
insects, sucﬁ as the cockroach, are restricted to moist habitat's whereas
other insects, such as the Mormon cricket, have the ability to survive in

arid regions. A study of the nature of the cuticular lipids would lead to

a greater understanding of one of the limiting factors in the geographical -

distribution of insects. Beament has postulated that retardation of water
passage through the cuticle of the cockroach is due to the presence of a
mono-layer of fatty alcohols at the lower interface of the cuticular wax. !
Ih a recént”Stﬁdy Gilby and Cox18 showed that the- lipids of the cockroach

included fattj acids, aliphatic aldehydes, esters, and hydrocarbons, but

no fatty alcohols; thereby partially refuting Beament's postulated mechanism

of moisture control.

There have been few investigations'into the chemical composition of
cuticular waxes. Partial analyses have been carried out on cuticular waxes
from ticksl? and silkworm larvae.2:32 Possibly the most complete study of
an insect cuticular wax present in the literature is that of Gilby and
Cox.18 The naiure of the hydrocarbons,‘aldehydes. and fatty acids were
fairly completely elucidated. Little or no work was done to characterize
the esters or to confirm the trace quantities:oi sterols reported.

The.original investigation into the lipid composition of the cuticular
wax of the Mormon cricket was initiated by J. H. Pepper and E. J. Hastings

in the mid-1940's.29 The object of the study was to learn more about the
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control of water balance by studying the chemical composition of the insect
cuticle. The Mormon cricket was selected because of its availabilit&, large
size, and ecpnomic imporfance in Montana. At that time insect waxes were
generally believed to be relatively simple mixtures of long chain aliphatic
alcohols, long chain aliphatic esters, and long chain aliphatic acids. The
extracted cuticular wax 'was subjected to saponification, resulting in in-
tractable emulsions. About 1957 the project was revived by Baker® who under-
took a spectrophotometric and chromatographic study of the wax. This study
showed the presence of esters, fatty acids, hydroca;'bons9 acidic resins,
and possibly cholesterol. The acids and hydrocarbons were partially charac-
terized, but no work was done on the esters and the presence of cholesterol
was not confirmed.

The object of the present study has been to characterize as completely
as possible the esters, free sterols, and free fatty acids. This has
included the determination of double bond position and configuration of the
major unsaturated acids and the identification aﬁd quantitative determination
of the acids, fatty alcohols, and sterols of the various ester fractions.
Methods were devéloped and/or modified to permit the analysis of the variéus

fatty acids, sterols, and esters present.




EXPERIMENTAL PROCEDURE AND RESULTS

Isolation of Wax

Crickets used in this study were collected during the summers of 1961
and 1962 from various locations in southeastern Montana.ﬁ The live crickets
were quick frozen and stored in a freezer until excision of the cuticles.
No selection was made as to sex but only adults past the fifth moult were
used. The cuticles were excised under water and brushed lightly to remove
adhering cellular material. The excised cuticles were dried and stored
frOZeh until extracted..

Initial studies were performed on wax isolated by soxhlet extraction.

The cuticles were held in a cup of chloroform-washed cheése cloth and |
extracted with chloroform for about twenty houré. The soivent was removed
and the crude wax recovered.

Final studies were mﬁde on material extracted from 1962 cuticles at
Toom temperaturel Cuticles and chloroform were mixed in a large stainless
steel blender and homogenized for five minutes The homogenate was allowed
to stand for about ten minutes and was then filtered to remove the ground
cuticles. The chloroform was reduced to about ten ml on a rotary evaporator
under reduced pressure and then taken to dryness ﬁdder a stream of nitrogen.

The wax isolated by both methods had similar characteristics. It was
yellow-green in color, had a characteristic odor, and a softening range of
25-50 degrees. The crude wax obtained by either method was designated wax K.

Wax K was taken up in hexane and allowed to stand fdr about one hour.

The hexane solution was filtered to remove the acidic resins and other
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hexane insolubles. The filtered hexane solution was immediately passed
through a Kies?2 countercurrent apparatus to remove the free fatty acids.
The three stages contained 0.01N KOH, 0.005N KbH, and water respectively.
Total time for an average Kies extraction was about 60 hours. Ethanol
was added dropwise to the first and sécond stages as needed to reduce
foaming.

The extracted h?xane solution was taken'to dryness and designated wax
Kn. The infrared spéctrum of Kn is shown in figure 1. The intensity of the
bands at 720 and 730 cm~!, the ratio of the carbon-hydrogen deformation
bands at 1380 and 1470 em~1, and the intensity of the carbon-hydrogen
stretching vibration near 2900 em~! indicate long hydrocarbon chains. The
péter carbonyl at 174Q cn~l is characteristic of that observed in tri-
glycerides and steryl esters. The carbon-oxygen stretch near 1200 cﬁ‘l is
also similar in pattern to that observed for triglycerides. A small amount
of fatty acid is probably still present as indicated by the shoulder at
1705 ecm~1, the characteristic carﬁonyl stretch of an aliphatic acid. Weak
bands near 3300 cm~! suggest the possibility of hydroxy compounds such as
alcohols, sterqls, monoglycérides. ana diglyce;ides.

The combined aqueous solutions from the Kies apparatus were acidified
to pH 3 with 1.0 N sulfuric acid and estracted three times with diethyl
ether in 300, 300, and 200 ml porfions. The éombines ether extracts were
washed with 25 ml of water and dried over anhydrous sodium sulfate. The

ether was removed by evaporation on 2 rotary evaporator under reduced pres-

sure to about 10 ml, then taken to dryness under a stream of dry nitrogen.

The recovered acidic materials were designated was Ka. The infrared
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spectrum, figure 2, is typical of spectra obtained from long chain fatty
acids. The weak band just below 3000 em™! on the side of the caxbon-
hydrogen stretching vibration indicates the preéence of unSatuj@Eion.

Table I shows the relative amounts of hexane insolubles, neutrals, and acids

obtained.
TABLE I ”
Composition of Wax K
Fraction Weight Percent

hexane insolubles . 1.3

Wax Ka 31.3

Wax Kn 67.4
Infrared Spectra

All infrared spectra were obtained on a Beckman IR-4 Spectirophotometer
equipped with sodium chloride optics with presentation linear' im wave-
numbers. Spectra were taken as capillary films whenever possible. Spectra

of solids were obtained in both carbon disulfide and @arbon tetrachloride.

Column Chromatography

All chromatography columns, regardless_of adsorbent used, were prepared
in an identical mannexr. The weighed adsorbent was slurried with hexane and
placed into a 1,2-cm.column° The column was lightly tappéd to insure uni-

form packing of the adsorbent; the adsorbent was covered with a filter paper
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disk; and the prepared column washed thoroughly with hexane. The sample

was introduced onto the column in a minimal amount of hexane and washed into
the column with 1-2 m. of hexane. Care was taken at all times to insure
that the column was covered with solvent.

In order to use a batch elution techniqﬁe of column elution, each
column ‘was sténdardized for retention volumes of lipid classes. The lipid
mixtures éhosen for the standardization were selected to reflect as closely
as possible’the lipids:to be encountered in the'cuticular_wax as determined
by thin-layer cﬁromatogfaphy, Sufficienf‘coldmns wefé prepéréd for each

separation to firmly establish retention volumes.

Thin-Layer Chromatography

Extensive use was made of thin-layer chromatography throﬁghoﬁt the
course of the investigation. Plates were prepared in a manner similar to
that described'by Mangold.27 The adsorﬁent was slurried with water in a
mortar for one minute, pouring the resultant Slurry into a Desaga spreader,
and rapidly spreading it over the plates. The plates weré agitated for a
few seconds while still wet to produce a more uniform layer. Aftgr air
drying the plates were activated in an oven at 1109 for one hour. These
activated plates were stored in a.dessicator until used.

General lipid separations were performed on silica gel plates con-
taining 0.04% Rhodamine 6 G indicator. The Rhodamine containiﬁg plates
were prepared by adding the flourescen£ dye to the water used to prepare
the slurry. The plates were developed with wicks in a 75/25/1 (v/v/v)

hexane~diethyl ether-acetic acid solvent systerm. This solvent system gave a




-8-

separation in which steryl esters, triglycerides, sterols, diglycerides, and

monoglycerides were identifiable when contained in the same mixture. De-
tection was made by viewing the developed plates under ultraviolet light
both before and after exposure to iodine vapor folléwed by spraying wifh
50% sulfuric acid and charring in a drying oven. Detection levels for most
lipids using this technique were around 0.1 microgram.39

Steryl esters and wax esters are not separable on silica gel by the
usual solvents but may be separated without wicks using trichloroethylene
és a solvent.® In this solvent system steryl esters migrate ahead of wax
esters. It was discovered that a better separaiion could be affected by
chromatographing steryl and wax esters on Anasil plates ﬁAnalabs, Hamden,
Conn.) developed with wicks in a 90/10/1 (v/v/v) hexané-diethyl ether
acetic acid solvent system, In this system wax ésters migrate ahead of
steryl esters. Detection was made by'spraying the Anasil plates with
dichlorofluorescein followed by iodine vapor and sulfuric acid as used
with silica gel plates.

Mixtures of alcohols and sterols were separated by chromatography
on silica gel plates developed without wicks in the solvent system 90/10
(w/v) benzene-ethyl acetate. Detection methods were similar to those
previously described. The detection level of aliphatic alcohols was
approximately 1 micfog;am and was in the neighborhood of 0.0l microgram
for delta-5 sterols. Dpring sulfuric acid char, s;erols, and steryl esters
develép an intense purple color. Sttaiéht chain alcohols deﬁelop a faipt

yellow color and lanosterol a reddish color.




lvents’
All solvents, whether technical or reagent grade, were found to

contain several milligrams of impurities per liter24

thus necessitating
purification prior to use. Hexane (High Purity Normal Hexane, Phillips
Petroleum Co.), reagent grade methanoi, and reagent grade chloroform were
fbund to bé sufficiently purified by a simple distillation. Benzene was
purified by stirring with concentrated sulfuric acid (5/1 v/v) for at least
8 hours prior to distillation. Diethyl ether was pﬁrified by distillation
from freshly cut sodium meta;. Purity of soivents was checked by concen-

trating 200 ml to less than 1 ml and chromatographing 50 microliters of the

residue on silica gel thin-layer plates.

Gas Chromatography

Preliminary gaé chromatograms«ﬁexe“obtainedvusing a Wilkens' A90-C
Aerographfequipped with#a four filament thermal conductivity detecfor.
Final gas chromatograms were obtained using an F&M Model 400 Biomedical
Gas Chromatograph equipped with a flame iomization detector. Helium was
used as a carrier gas at a standard flow of 65 ml per minute. Columns were
constructed of 6 mm 0.D pyrex glass tubing. Injection was made directly .
on column to circumvent the possible decomposition of sample in a hét metal
injection block. Columns containing less than 3.0% liquid phase were packed

on silanized 60/80 mesh Chromasorb W (John Mansville Inc.) and packed into

.silanized glass u-tubes. Hexamethyldisilazane was injected into the coJumn

; o
prior to initial use in order to reduce sites which cause peak tailing andl,

P

irreversible adsorption of sample. The 3.8% SE-30 column used in this study
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was packed on 80/100 mesh Diatoport S (FEM Scientific Corp.). All other

columns were packed on 60/80 mesh Gas Chrom P (Applied Science Labs.).

Preparation of Methyl Esters of Ka

In order to facilitate their handling in subsequent column and gas
chromatograms the free fatty acids were converted to their methyl ester
derivatives. The fatty acids were refluxed with boron.trichloridewmethanol
or boron triflouride-methanol reagent (2.ml per 100 mg of acid) for five
minutes. Identical results were achieved with either reagent. After reflux
the reaction-mixture was poured into 25 ml of water -and extracted three times
With 25 ml portions of hexane. The hexane extracts were combines, washed
A@ith 25 ml ‘of ‘water, then dried over anhydrous sodium sulfate. The hexane
solqtion waS‘evaﬁorated to yield the fatty acid methyl esters, wax Kam.
| The infrared spectrum of the methyl esters -is shown in- figure 3.
Hydroxy methyl esters are indicated by the hydroxyl bands at’ 3350 and
3425 cm~l. Unsaturationw-is:indicated by-the small band at 2980 em~l,
Th1n -layer :chromatography on silica gel plates also xndlcated the presence

of hydroxylmethyl esters- ‘as” weil as more polar esters The-non-polar

:esters appeared to be unsaturated as 1nd1cated by the quantlty of iodine

.vapor adsorbed on the above thin layer plate.33

Separation of Polar Methyl Esters
The methyl esters of the free fatty acids were chromatcgraphed on a
20 g column of Florisil (Research Specialties, Richmond, Calif.) in order

to separate the non-polar methyl esters from the polar methyl esters. The
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non-polar methyl esters were eluted from the column with 100 ml of 10% -

. diethyl ether in hexane. The hydroxy acid methyl esters and/or methyl .
~esters of similar polarity were eluted from the column with 100 ml of 50%

. ¢Qie£hyl ether in hexane. The more polar methyl esters were eluted with

100 ml of 10% methanol in diethyl ether. A yellow pigment and cther mate-
rials were not eluted from the column and not investigated. The three
éluants from the florisil column were de;ignated Kam-1, Kam-2, and Kam-3,
respectivel&. The infrared spectra of the three methyl ester fractions

is shown in figures 4 to 6. Table II shows the relative aﬁounts of the

individual methyl ester fraction derived from acids obtained from both

1961 and 1962 cuticles.

TABLE II -

Composition of Meihyl Esters, Kam

Year % Kam-1 % Kam-2 ' % Kam-3 % not eluted
1961 83.9 3.9 0.6 11.7
5.0 1.3 2.9

1962 _ 9.8

The fractions from the Florisil column were subjected to thin-layer
.chromatography on silica gel plates developed in a 75/25/1 (v/v/v) hexane
diethyl ether-acetic acid solvent system. Fraction Kam-1 showed only a
single spot characteristic of non-polar methyl esters such as methyl
gstearate or linolenate. Fraction Kam-2 showed a spot which miggated like

methyl 12-hydroxystearate, plus other spots of a more polar nature. Kam-3
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showed little material which migrated from the origin indicating materials

of a high degree of polarity. Fraction Kam-1 was also chromatographed on

silica gel plates containing 5% silver nitrate.?® The plates were developed

in a '50/50 (v/v) hexane-diethyl ether solvent system. The spots were de-
tected by sulfuric acid char. Saturated; monoenoic, dienoic, and trienoic
methyl esters were indicated.

Fractions Kam-2 and Kam-3 were analyzed by gas chromatography on a
4 foof“S.Q% SE-30 silicone column at 1950C. The majoxr peaks in the chromato-
éréhﬂbffff;ction Kam-2 appeared to be saturated and an unsaturated
hydroi}ggmgaecanoate. Bromination of the sample followed by reinjection

into the chromatogréph brought about the disappearance of the peak thought

" to be the unsaturated hydroxy methyl ester. The assignments of chain length

for the two methyl esters were based on the observation that the later major

peak in the chromatogram had a retention time identical to that of methyl

12-hydroiyﬁ§fggraté, The peak immediately preceding it in the chromatogram,

) LESET A . . .
~ which disappeaTs upon bromination, was also assigned the 18 carbon structure

as unsafnrated esters are eluted from SE-30 columns . before their saturated -
analogs.}+ﬁ0ncompounds were identified in fraction Kam-3. Representative
chxomatqgraﬁs of these two fractions derived from 1961 acids are shown in
figures 7rand-8. Corresponding fractions from 1962 acids exhibited minor

quantitative- differences.

Separation of Non-Polaxr Methyl Esters \
Fraction Kam-1 was chromatographed on a 4 foot 15% ethylene glycol

succinate polyester (EGS) column at 1709C. The chromatogram for the 1962
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Gas chromatogram of Kam-2

Figure 7.
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methyl esters is shown in figure 9. Due to the complexity of the chromato-
giam-obtained from.the total non-polar ester fraciionv it was decided to
separate fraction Kan-1 into unsaturated and saturated methyl ester frac-
tions.' The methyl esters were accofdingly chromatographea on a 25% silver
‘nitrate-Adsorbosil column (Applied Science Labs, State College, Pa.).13°14”
Saturated methyl esters were eluted“from the column with 40 ml of 18%
benéene in.hexane. Unsaturated methyl esters were isolated as a group by
elution with 150 ml of 100% diethyl ether. The resultant fractions were
designated Kam-1s and Kam-lu. The relative quantities of saturated and
unsaturated fatty acids from 1961 and 1962 are shown in Table III. A flow

diagram for the separation of methyl esters is shown in figure 10.

TABLE III

Composition of Fraction Kam-1

Year % Kam-1s % Kam-iu
1961 36.2 63.8
1962 24.0 76 .0

Gas Chromatography of Saturated Methyl Esters, Kam-l

In order to determine the fatty acid methyl esters present in Kam-ls,
they were chromatographed on EGS at 170°C. ‘The resultant chromat ograms
indicated the presence of saturated esters from‘myris{ate to arichidate. No

traces of unsaturated methyl esters could be detected by the disappearance or
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shift of a peak when chromatographed subsequent to bromination of the sample. .

A representative chromatoéram of 1962 methyl esters on EGS is shown in
figure 11. Fraction Kam-ls was also chromatographed on SE—éQ. A piogrammed
temperature gas chromatogram from 100 degrees to above 300 degrees shows the
presence of saturated normal and branched chain meth&l esters from laurate |
to tricontanate and above. A portion- of the chromatogram from 1962 methyl
esters is shown in figure 12. Isothermal chromatography on SE-30 at 80°C
showed the presence of trace amounts of acids from Cg to Cy;. Programming
on SE-30 from 200° indicated the presence of acid esters up to Cg4 and

beyond.

Ouantitative Analysis of the Saturated Methyl Esters

Fraction Kam-ls was quantitatively analyzed by a combination of gas
chromatographic techniques. The normal acids from Cg to Cgq were énalyzed
by gas chromatography on EGS at 120, 170, and 1950 . Cprrélaiion was made
between chromatogréms by means of common peaks. Methyl laurate (Cjo) was
used to relate the chromatograms prepared at 120 and 170°C; methyl arachi-
date (Cop) was used to relate .the chromatograms prepared at 170 to 1950C.
Percentage composition was determined through the use of a Disk integrator
attachment on a 1 mv Brown recorder. Chromatograms were prepared in trip-
licate and the values averaged. Data oh branched chain methyl esters and
normal esters of carbon numbers higher than Co4 were obtained from the pro-
grammed temperature runs on SE-30. A portion of a typical chromatogram is
shown in figure 11. Peak heighits were taken to be proportional to the ambunt

of component present in a sample as peak‘widths remained nearly constant
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throughout the runs. The peaks of methyl myristate (Cy4) and meihyl
arachidate (CQO)'were used to correlate data from the programmed temperature
chromatograms on SE-30 with the isothermal chromatograms on EGS. Normal
short chain methyl esters from Cg to Cyj were present in trace quantities
for both 1961 and 1962 acids. Corresponding branched chain methyl esters
were not detected.' Both normal and branched chain acids from Cos up to at
least C3¢ were also present .in trace quantities. The composition of the

normal and branched chain saturated methyl esters from Cio up to Coo is

shown in Table IV.

Gas Chromatography of Unsaturated Methyl Esters

To determine the unsaturated acids present methyl ester fractions
Kam-lu from 1961 and 1962 were chromatographed on SE-30 at 1959C. Unsat-
urated acids from Cijp to C24 were found. As SE-30 silicone does not
resolve the various unsaturated acids of the same carbon number but con-
taining different numbers of double bonds, fraction.Kam-lu was chromato-
graphed on EGS at both 170 and 195°C. A chfomatogram of Kam-lu from 1962
acids is shown in figure 13. The mnemonic shorthand of Stoffel39 and
Farquhar16 will be used to describe unsaturated fatty acid methyl esters.
In this convention two numbers separated by a colon are used; the first
number is the number of carbon atoms in the molecule and the second is the
number of double bonds in the molecule. The major. components as determined
by peak sizes on SE-30 appeared to be C1g acids. The positions of the peaks
on EGS indicated these methyl esters to be 18:1, 18:2, and 18:3. The

retention times of the three methyl esters were identical to those obtained
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TABLE 1V

Composition of Saturated Methyl Esters, Kam-1

Carbon # % 1961 % 1962

12
13br
13
l4br
14
15br
15br
15
16br
16br
16
17br
17br
17
18br
18br
18
19br
19%br -
19
20br
20br
20
21br
2lbr
21
22br
22br
22

P

*

o
R N R e L LR

[%)]

() ) .
OCHHORHOOHOOOF~ONMNOOWOO~OORmHRMNO

O O O U N O = 3 i
o
OHROHH~RHHOOOR-OWOO~OO—OOAMHEHO

T denotes less than 0.1% of fraction
br denotes branched structures
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for oleate, linoleate and linolenate methyl esters.

Overlap of carbon numbers occur when chromatographing unsaturated
acids on EGS, thus making peak assignments difficult. To make unequivocal
assignments a portion of Kam-lu from 1961 was chromatographed on 25%
silver nitrate~silicic acid column. Monoenoic acids were eluted with
100 ml of 3% diethyl ether in hexane, dienoic acids with 100 ml 12%
diethyi ether in hexane, and trienoic acids with 200 ml 100% diethyl ether.
The fractions so obtained designated Kam—lui, Kam-1u2, and Kam-1lu3. Gas
chromatography on the individual fractions on EGS showed that -monoenoic
esters present ranged from Cj4 to Coq, dienoic esters frém C14 to Ca2, and
trienoic acids from Cy¢ to Cop. The major methyl ester in each case was the
€18 and accounted for at least 85% of the weight of the individual fractions.
Gas chromatography of the unsaturated ester fractions indicated that the

separations were about 95% complete.

Ozonolysis was used to determine the positions of the double bonds in
the unsaturated acids. Ozonolysis has been extensively review as a
technique for the determination of unsaturation in fatty acid methyl
esters.4: Both oxidativel+12 and reductive 30+34 techniques have been used
to cleave the ozonides formed from unsaturated fatt& acid'methyl esters.
The reductive method afforded the best results when working with milligram
quantities of unsaturated esters because the aldehydes and aldehyde esters

produced may be directly analyzed by gas chromatography. In addition over-

oxidation products are completely stent,m'34
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The method used in this study was based on the metliod of Stein and
Nicolaides.34 The fatty acid methyl ester 1-2.mg, was dissolved in either
1 ml of dichlorométhane at -70 or 1 ml of methyl caprate at -209C. Ozone
was bubbled into the solution through a capillary until the solution -
turned blue, indicating it was saturated with ozone. The excess ozone was
removed by bubbling dry nitrogen through the reaction mixture for approx-
imately 1 minute. A 2-3 molar excess of triphenyl phosphine was added
directly to the reaction mixture to effect the reduction of the ozonides
formed. After about 30 seconds the reaction mixture was removed from the
cold bath, allowed to warm to room temperature, and a sample injected into
the gas chromatograph.

" The choice of solvent used was dictated by the nature of the fatty
acid to be ozonized. Aldehyde products with a retention time shorter than
that of caproaldehyde are buried in the solvent peak of "dichloromethane and
other volatile, ozone inert solvents. Thus polyunsaturated fatty acids
often require ozonolysis in both solvents. The yield of aldehydes obtained

by ozonolysis in methyl -caprate is considerably lower than that obtained

in dichloromethane due to the higher reaction temperatures and the decreased

solubility of the triphenyl phosphine.

Each of the three unsaturated ester fractions gave the same aldehyde
ester fraction upon ozonolysis in di¢hloromethane as determined by gas
chromatography on EGS at 170°C. As thi% fragment was the same as that
obtained from known samples of oleate, linoleate, and linolenate, each of

the unknown C;g esters was assigned a 9,10 double bond. Thus the position

of the double bond of the 18:1‘methyi estgr was the same as methyl oleate.




"when the fraction is chromatographed on silica gel plates containing 5%
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Chromatography of the reaction mixtures on EGS at 120°%C showed the presence
of pelargonaldehyde‘in the reaction mixture of Kam-lul, tﬁus.confirming the
structure as a 9,10 double bond. No other short chain aldehyde was present
in the mixture in detectable quantity. The only aliphatic aldehyde ob-
tained from the reaction mixture of Kam-lu2 on EGS at 120°C was capro-
aldehyde, thus confirming its structure to be a 9, 12-octadienoic methyl
ester. No short chain ester fragments were discernable for Kam-lu3 by
chromatography on EGS. For this reason the triencic acid fraction was also
ozonized in meihyl caprate and the reaction mixtﬁre analyzed By gas chrom~
atography on a 20% XF-1150 silicone at 259C. The only aldehyde found was "f
propionaldehyde, thus confirming the structure as 9, 12, 15-octatrienoic
methyl ester. C ol
| The infrared spectra of the three unsaturated methyl ester fractions
correspond almost exactly to those Sbtained from methyl (;leateD linoleate, ) R |
and linolenate. The complete absence of a trans band at 960 cm’lvin the
infrared spectra of the fractions Kam-lul and Kam—iu2 indicates that the : 1
double bonds must be in the cis configuration. A weak band near 960cm~l in
the spectrum of Kam~lu3 is not nearly as strong as that observed in the _ ‘ i
spectrum of methyl linolenate, so the majority of the double bonds in Kém-1u3
are probably in the cis configuration. Substantiating the cis configuration

of the 18:1 is the occurence of only one spot corresponding to methyl oleate

silver nitrate. According to Morris2® a mixture of oleate (cis configuration)
and elaidate (trans configuration) would show two distinct spots. Thus the I

three major unsaturated acids are taken to be identical to oleic, linoleic,
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and linolenic acids.

Quantitative Analysis of ihe Unsaturated Methyl Esters

Quantitative analysis of the methyl esters of the free unsaturated ‘
acids was performed on a 4 foot 15% EGS column at both 170 and 195°C.. All
chromatograms were run in triplicate and the values averaged. Correlation
was made between the two sets of chromatograms by means of the common methyl
linolenate peak. Tabfe V shows the composition of the methyl esters de-
rived from the unsaturated Acids. Peaks not resolved have a combined per-
cent listed. The major component in the unresolved peaks is underlined.
In the case of the 18:1 and 18:3 peaks, the C,g acids make up more than
95% of the total peak as indicated by gas chromatograph of the monoenoic

and trienoic methyl ester fractions.
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TABLE V

Methyl Esters of the Free Unsaturated Acids, Kam-1n

% Kam-lu . % Kam-1u
1961 1962

17:1
#18:1-16:3
18:2
#18:3-20:1

20:2
%22:1-20:3

22:2
#22:3-24:1

o 0O )
HEoo~MOoHOMMHM

N DO

[(CXe
MmO OO RHO=HNM
OO LMW Ne N o]

T denotes less than 0.1% of fraction
* not resolved under conditions used, major component underl1ned

Isolation of Neutral Lipids

Class separations of lipids are necessary to effectively study their
composition by gas chromatography. A great deal of research has been
devoted to the developﬁent of column chromatographic techniques for the
separation of lipids. Most of these methods have been based on complete
separations by one column.8:10,20,21 pye to the complexity of the iipids
obtained from the cuticular wax of the Mormon cricket, a more effective
method has proved to be a combination of several columns in conjuriction

with preparative thin-layer chromatography.
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., The neutral lipids and hydrocarbons of wax Kn were chromatographed on
a 4.5 g column of Unisil (Clarkson Chemical, Wiliiamsport. Pa.), an acti~-_
vated silicic acid. Hydrocarbons were eluted from the column and accoun&ed
for 75% of wax Kn. The ﬁeutral lipids were eluted from the column in four
fractions by the successive use of 18% benzene in hexane, 100 ml of 60%:
benzene in hexane, 75 ml of 100% bengene, and 100 m] 100% meﬁi‘.‘hanoloev21
The four fractions were designated Kno-1, Kno-2, Kno-3, and Kno-4, respec—\
tively. .Thin-layer chromatography:wa§-used to analyze each of. the fractions
from the Unisil column. Kno-1 gave one spot corresponding to a mixture of.
wax and steryl esters plus.a secohd spot which had migration.:characteristics
similar to.those of methyl' or éfﬂylxesters, or acetate esters of.long chain
alcohols. ‘The infrared spectfﬁm of Kno-1, figure. 14, is similar to that .
obtained: from known cholesteryl ésters“. The ipténse purple color developed
by the spot-on:thin-layer:after being. -sprayed with'suifuric acid and chamre&
is indicative\qf deltﬁrﬁ steryl esters...Kno-2 Wasifoundv byuthinflayer‘
chrbmatographyﬁifo be‘triglycérides. The infraredgsbectrum, figure 15, is
similar to that of known-trigly;efide~mixtures. Kn073.was found-to be éom—

posed of .sterols and highly unsaturated- triglycerides. Kno-4uappeared“t09be

a mixture:ofrmonoglycerides, diglycerides, and free fatty écids“ The infrared

spectrum,- figure 16, is similar to that of mono-olein.

Fractéon:Kno-l was chromatographed dn silica gel plates devé;oped in
trichloroethyléne and on Anasil plates developed in 90/10/1 (v/v/v) hexane-
diethyl ether-acetic acid in order to determine if wax esters were present.
A sﬁot was .observed which migrated ahead of the steryl esters on the Anasil

plates but behind the steryl esters oﬁ'silica gel, thus indicating the
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Figure 14. Infrared spectrum of Kno-1 (cap. film)
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presence of waxlesters.

' Fraction Kno-1 was separated into two subfractions by means of prep-'
arative thin-layer chpomatography on Adsorbisil -2 (no binder) plates. The
Kno-1 was spotted in .a cont inuous strip 2 cm above the bottom of the plate.
The plate was developed in a 90/10/1 (v/v/v) hexane-diethyl ether-acetic
acid solvent system until the solvent front had traveled 15 em. The
materials were located by‘chromatographing standards along the edges of the
plate, spraying the standards with Rhodamine 6 G in ethanol, and viewing
under ultraviolet light. The portions of the adsorbent containing the un-
knowns were scraped from the plate using the distances traveled by the
standards as a guide. The adsorbent removed from the plate was slurried
with diethyl ether and filtered through a fritted glass funnel of very fine
pbrosify. The adsorbent was washed three times with 5 ml portions of
diethyl ether. .The solvent was taken to near dryness on a rotary evap-
orator, then taken to dryness under a stream of nitrogen. The wax and

steryl ester fraction was designated Kno-la and the second fraction, similar

to acetates or methyl esters, was designated Kno-lb. No indication of silica

gelﬁwas found in the isolated fractions. All matérials in both fractions
wére soluble in hexane, leaving no undissolved residue. A blank plate run
as_a control failed to show the presence of either silica gel or extraneous
lipids after elution.

The unsaturated trig}ycerides were removed from fraction Kno=3‘by.
chromatography on an alumina columﬁ (Fischer, Fairlawnv N.J.). The
triglycerides were elﬁted with 50 ml benzene and the sterols with 50 ml

diethyl ether. The triglycerides recovered were added to fraction Kno-2.
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Figure 16. Infrared spectrum of Kno-4 (cap. film)
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This fraction was then redésignated Kno-2m. The sterols contained very
minﬁr traces of diglyceride, indicating some hydrolysis of the triglycerides
on the alumina column. The fatty acids released were not eluted from the
column. The quantity of diglyceride presenf was - just sufficieﬁt to give a
faint spot when 75 micrograms of the sterol fraction was examined by thin-
layer chrométography. The infrared spectrum of the sterols, Kno-3n, is
shown in figure 17. The trace of diglyceride is indicated by the small
ester carbonyl band near 1740 em™l. The remainder of the spectrum is iden-

tical to that obtained for cholesterol.

Fraction Kno-4 was chromatographed on a 5 g Florisil column to separate

the moﬁoglycerides, the diglycerides, and the fatty acids. Diglycerides

were eluted Qith 100 ml 506% diethyl ether in hexane, monoglycerides by 100 ml
10% methanol in diethyl ether, and fatty acid by 50 ml 2% acetic acid.in
diethyl ether. The respective fractions were designated Kno-42, Kno-4b, and
Kno-4c. The composition of Kno by lipid class is shown in Table VI.

Figure 18 shows the separation scheme for the neutral lipids.

TABLE VI

Composition of Kno by Lipid Class

Fraction Weight Percent

" Kno-la 22.6
Kno-1b 9.1
Kno-2m 3.5
Kno-3n 9.1
Kno-4a ' 4.9
Kno-4b 12.3
Kno-4c “'5.5
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Figure 18. Chromatographic separations of the neutral lipids




-37-

Transesterification of Ester Fractions

The_various ester fractions were transesterified by the metﬂod of
Luddy et 31.26 by refluxing in sodium methoxiae—methanol solutions. The:
sodium methoxide was freshly prepared immediately prior to use by dissolving
sodium balls in redistilled methanol. Stefyl and wax esters were trans-
esterified with 10 ml of 0.4N solution for 1 hour. The other ester fractions
were ¢ransesterﬁ£ied with 0.IN methoxide for -fifteen minutes. The reaction
mixtures were acidified with 0.5N sulfuric acid in methanol after reflux
was completed. The acidified reaction mixtures were §oured‘into 25 ml of

water and ‘extracted five times with 25, 25, 15, 15, and 15 ml portions of

Jhexane. The hexane extracts were combined, washed with 10 ml of water, and

-~ dried over anhydrous sodium sulfate. The hexane was removed on a rotary

evaporator to about 2 ml. Fractions Kno-2m, K_po—4ao Kno-4b were taken to
dryness with a stream of nitrogen. The hexane soiutions of Kno-la and
Kno-1lb were chromatographed on Florisil to separate the non~saponifiabies
from the methyl esters. The methyl esters were eluted with 100 ml 15%
diethyl ether in hexane and the non-saponifiables were removed with 100 ml
10% methanol in diethyl ether. The methyl esters so removed were designated
Kno-lam and Kno-lbm; the nonsaponifiables were designated Kno-lan and
Kno-lbn. Fraction Kno-4c was converted to its methyl esters with boron
trichlofide methanol reagent in a manner identical to éhat used for thé free
acids. Thin-layer chromatography was used to monitor each of the trans-
esterification mixtures for completeness of veaction. - All reactions went

to apparent completion except for the wax and steryi eSters.' Small

quantities of steryl ester could be detected in the reaction mixture after




one hour of reflux. -

Quantitative Analysis of Methyl Esters of Neutral Lipids
The methyl esters from the transesterification were chromatographed

[N

on EGS at 1700C. Chromatograms obtained from the methyl esters are shown
were chromatographed on columns of 25% silverx nitrate-Adsorbosil to
separate the saturated acids from the unsaturated acids. The fatty acids
were then gas phromatogrgphed on EGS at both 170 and 19560. Percentages
were computed through the use of a Disk integrétor. Correlation was made
between chromatograms, prepared in triplicate, obtained at the two temper-
atures by the comparison of common peaks. Table VII shows the patterns of
the saturated fatty acids of the neutral lipids. Table VIII shows the
patterns of the unsaturated acids. Only Criékets collected during the

summer of 1962 were used for the.study of the neutral lipids.

Analysis of Sterels and Alcohols

Free' stérols and sterols from the!steryl ester fractions were
analyzed’'by gas chromatogtaphy on SE-30 &nd QF-1 silicone gas chromato-
graphy columns. Due to the peak overlap in the sterols, percentage com-
position was determined by triangulation of the peaks. Figures 25 and

26 show the chromatograms of the free and esterified sterols. The gas

‘chromatograms were obtained on a 4 foot 3.8% SE-30 column at 250°C. The

sterol fractions were also chromatographed on a 4 foot 0.75% QF-1 fluo-

rinated silicone column at 202°C to substantiaté the ﬁdentification of the
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TABLE VII

Saturated Fatty Acid Methyl Esters of the Neutral Lipids

Carbon No. Kno-1a Kno-1b Kno-2m Kna-4a Kno-4b Kno-4c

8 to 12 T T T T T. T

13 T T 0.1 T T T

14 5.1 6.2 5.6 10.6 6.1 4,0
15 6.1 1.3 1.2 1.9 2.3 1.5
16 56.3 54.6 55,7 56.5 49.8 39.2
17 7.2 2.7 2.5 5.7 5.3 3.8
18 23.5 27.0 21.2 20.5 . 22.7 44.1
19 0.4 T 0.7 T 1.6 1.4
20 7.7 T 2.6 4.8 12.1 6.1

T denotes less than 0.1% of fraction

TABLE VIII

Unsaturated Fatty Acid Methyl Esters of the Neutral Lipids

% composition
Acid Kno-la Kno-1b Kno-2m Kno-4a Kno-4b Kno-4c

14:1

14:2

15:1

16:1

16:2

17:1 )
#18:1-16:3

18:2
#18:3-20:1

20:2
*22:1-20:3

22:2
#*22:3-24:1

o
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T denotes less than 0.1% of fraction
* not resolvable under conditions used, major ester underlines
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Figure 19. Gas chromatogram of the methyl esters of Kno-la




Fis e e s 1
= =i ﬂ.(’ el ade:
—S5 =
e ; T ol - w Eu.
o : . ; 4 ,
H I 4 .—-.—
| ] I
il | I i Lo ]
B () (LA ; 78 1 P
i 2 i ! -
: i : [ DN -
= g L | T
B ! +
| I} T
: . - I s
\ é . !
=1 | S i
| - L

rasaaat

SEE T

Figure 20. Gas chromatogram of the methyl esters of Kno-lb

-
4




-42-

-‘U'ﬂ 4 : H L ) N 51 T 2 (R e e i
e | S E | J= ==
I EEE R e e e
“_:;]’.':_7' ! " Tl e e

S g {

e — B - e e i S
— 4] % _+ o et e — et — i) =L
————— —- o — - - __1 —_ —_— S
& o1 1 4 2 2
y ! ! f 5 D S AT
o ! + - - —
P r ! sy awis e 4 ey
* | | = UL AT

Sl R o e ‘ e Y e e e o I

W Y M e a
g

'
i
]

o S WA LT
Figure 21. Gas chromatogram of the methyl esters of Kno-2m




~d 3

‘g
N
o — -
— =Lkl el
1 T
1] il s
s d t +

e A
&
(o)

e f:_'o,

}

o W L A R

Figure 22. Gas chromatogram of the methyl esters of Kno-4a




-44-

¢. «
LR H
LAE
Lol 1
. }
+ !
Pl !
EEEEN
ET T
brd o b
o flh
_ﬂ‘k 1t
o3 b4
ﬂﬂf t
441 Sy
TESE L) Gl
T1
ZEa
, P
trrd [

T
o
B E

B

B 1 B DL
1 [l e o

L ) ) A 8

Gas chromatogram of the methyl esters of Kno-4b

Figure 23.




T ‘u
— B B 2 dn
AA R
- -1 t++-1+++ -+ +
e 41
et 4 -1 1 e
- - — 14

-45-

ST e Rl

I S

-4c

Gas chromatogram of the methyl esters of Kno

Figure 24.



(o G I TR U O 2 S

-46-
sterols. "Table IX shows the steroi composition of Kno-3ﬂ aﬁd Kno-la.
Unidentified structures afe indicated by lettér. Known samples of choles-
terol, campesterol, and beta-sitosterol have retention times on both columns

identical to those listed for the cuticular sterols which were identified.

TABLE IX

Sterol Composition of Fractions Kno-3n-and Kno-la

Sterol % Kno-3n % of sterols Rt Rt
in Kno-1a QF-1 SE- 30
A 0.7 1.3 2.8 1.6
Cholesterol 92.2 86.2 3.1 1.8
B - 0.9 2.7 3.6 2.0
Campesterol 2.5 3.5 4.1 2.3
B-sitosterol 3.7 5.5 5.0 2.9
C T 0.8 6.0 3.2

T denotes less than 0.1% of fraction
x retention times relative to cholestane, t=3.2 minutes
y retention times relative to cholestane, t=6.2 minutes

The fatty alcohols of the non-saponifiables were chromatographed on
SE-30 at 2150C for twenty minutes followed by tempera;ure programmihg to
300°C. Figure 27 shows a portion of the gas chromatogram of the alcoho}s.
Table X shows the composition of the fa;ty alcohols derived from the wax
esters of Kno-la. Unsaturatioﬁ'was determined by bromination followed by re-
chromatography. Those peaké which disappeared or were shifted in position
were téken to be unsaturated. |

The non-saéonifiébles of Kno-1b were chromatographed on SE-30. The.

chromatogram is shown in figure 28. Cholesterol was present in the sample
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as shown by the peak at 5.6 minutes, Rt=1.8. This assignment was confirmed
by chromatography on QF-1. The peak at 9.1 minutes in figure 27, Rt=2.9,
appeared to be either beta-sitosterol or Cp7 alcohal. Chromatogréphy on
QF-1, however, showed thaf»fhis peak was neither beta-sitosterol or Ca7
alcohol as it had an Rt of 5.2. The peak at 9.8 minutes in figure 27 had
the same retention time as sterol C in Table IX. Thin-layer chromatography
on silica gel suggested that this fraction was mainly composed of materials
similar to lanosterol. Gas chroﬁatography on SE-30, however showed that
none of the materials had the séme retention time as lanosterol. None of
the materials of this fraction, with the exception of cholesterol, were
identified. |

TABLE X

Fatty Alcohols of the Wax Esters

Carbon No. % of Alcohols

i6
17
18
19
20u
20
21
22u
22
237
24
- 25
"26

& 3 =33

0N~
BRI WDWO

W= hoOo® O

T denotes less than 0.1% of fraction

u denotes unsaturated structures

? indicates the peak does not fall on a log plot of either the
saturated or unSaturateq alcohols




Figure 25.

Gas chromatogram of the free sterols, Kno-3n
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Figure 26.

Gas chromatogram of the sterols of Kno-la
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Figure 28. Gas chromatogram of the non-saponifiables of Kno-lb




DISCUSSION: LIMITATIONS OF RESULTS

Some of the results of this study were ambiguous and others were based
on assumptions not indicated in the section on experimental procedure. 1In
an attempt to indicate the nature of some of these assumptions and ambig-
uities the folldﬁing discussion is included. |
' Percentage compositions for the various methyl ester fractions are
based on the observation that the response of a flame detector is pro-
portional to the number of carbon atoms in a molecule. The proportionality
constant is the same for all members ofla homologous series, thus the area
percent computed from a recorder trace is directly convertible to weight -
percent. Ettre and Kabot!5 have shown that this same relationship holds
for all types of nom-polar methyl esters so that fatty acid methyl esters
may be compared directly for weight percent from the detector response.

Tables'iV and V list the relative percentages of the free saturated
acids determined as methyl esters. Small differences may be noted‘be;yeen
the saturated free fatty acids of 1961 and 1962. In almost all cases these
deviatiﬁns between the percentages computed for the two years fall within
the standard deviations computed for the particﬁlar acid studied. In the.
case of the unsaturated acids the standard deviations do not account for
the wide variance of percentage composition. These might represent dif-
ferences in sample treatment. A second possibility is variation between
the two years due to environmental selection. Observations on the.bigf
headed grasshoﬁper have shown differences in characteristics between iso-

lated populations during the same year.19 Svoboda36 has found differences
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in lipids between grasshopper eggs collected one mile apart on the same day.

Thus the observed differences may be due to any one of several biological
factors. | l

During the investigation into the nature of'the free fatty acids it
was noted that there were materials not eluted from the Florisil column
used to separaté thie methyl esters into polar groups {(Table II). The
material not eluted could represent non-esterified fatty acids. This is
unlikely as the infrared spectrum, figure 3, of the total methyl éﬁters

shows no evidence of an acid carbonyl at 1705 cm.”l  In addition Vorbeck3®

has shown the methylation procedure used to be quantitétive. A more likely

possibility is that these materials are phosphatidic acids. Such materials
would not be converted to methyl esters but would be retained on the column
as magnesium salts. A third possibility is that.these‘maté}ials, as well as
the polar methyl esters'Kam;2 and Kam—3v represent oxidation products of the
unsaturated acids. This is quite likely as the acids from 1961, which éhowed
a high percentage of materials not;eluted from Florisil, were collected from
a number of Kies extractions and Stored in water solution as sodium salts
for several weeks. The fatty acids'from:l962, which: were cénver£ed.to théir
methyl ‘esters~immediately upon isolation, showed..a:much lower:percentage of
materials not-eluted.

In a:irecent study;Ast3ﬁhas found:.that &ethylenetinterruptéd poly-
unsaturated fatty ;cids may-be inadvertantly converted to the conjugated
isomers during methyl ester prepérﬁtion. No evidence for such isomerization
was found in this study as conjugated structures would have given either

longer aldehydes or aldehyde esters than thé ones actually foﬁhd.
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No direct evidence was obtained for the assignments of branching to
some of the saturated acids. These assignments were based on the general-
ization that branched chain structures are eluted before their.straight
chain counterparts during gas chromatography on:SE-30 silicone. The gas |
chromatograms: of the satu;ated acids show two series..of branched chain com-
pounds exist. These two.series mightjrepresent iso:.and anteiso structures .
as Leibrand?3 showed the-presence of.istructures:of this type .in:the hydro-
carbons of the Mormon criékéfﬁ It is also highly possible that tlie other
highly branched acids.exist buéﬁaré-masked by the peaké ofutHeIStraighiu"
chain acids._l1 Conversion of the methyl esters to hydrocarbons followed by
molecular sieve studies could be ugéd¢t6 confirm the presenég pf branched
chain acids. Mass spectral daté on the branched phain‘methyl esters could
be used to elucidate fhe'branphing if enough materials‘copld“be‘collected by
preparative gas chromatography.

Wax and steryl esters could have been- separated for‘independent study
by preparative thin-layer ch;omgtography on Anasil _plate§T ‘This was not
done in the present study due to the small amount of wai esier present,
appfoximately 1/6 of the weight of ?raction Kno-la as estimated for thin-
layer chromatography; '

The sterols identified as cholesterol, campesterol,. and beta-sitosterol
could be other epimers. Variation iﬁ the configuration about one carbon
atom would not be likely to changé fhe relative retention times of tlie
sterols. The sterol reported as campesterol in;this's£udy is ﬁsually
‘reported as gamma-sitosterol. Thompson et 51,37v however, hgve recently

shown that the supposed gamma-sitosterol to be campesterol. The campesterol
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standard used in this study was the impurity in beta-sitosterol shomm by

Thompson to be campesterol.




SUMMARY

The cuticular lipids of the Mormon criéket weré isolated by chloroform
extraction followed by hexane precipitation. The crude lipids were sepa-
rated into neutral lipids and fatty acids by ; Kies countercurrent ex-
traction. |

The fatty acids were converted to their methyl esters and chromato-
graphed on Florisil to effect a separation into polar groups. The non-polar
methyl esters were further fractionated on silver nitratéésilicic acid
columns into saturated methyl esters and unsaturated methyI esters. Quan-
titative ahalysis showed that the saturated acids ranged from Cg to at
least C36 and included both normal and branched chain strubfures. The major
acids were found to be palmitic and stearic. The unsaturated acids were
found to range from C3p to Co,q with the major acids being identical with
oleic, linoleic, and linolenic acids. The structures of the major unsat-
urated acids were determined by the use of reductive.ozonolysis and infrared
spectroscopy.

The neutral lipids were fractionated into chemical classes by a com-
bination of column chromatographic methods. The neutral 1ipids included
wax esters, sterjl esters, triglycerides, free sterols, diglycerides, and
monoglycerides. The free sterols were determined, and three of them were
identified as being cﬁolesterol,'campestgrol, and beta-sitosterol. The
ester fractions were transesterified and the acids and non-saponifiables
determined by gas chromatography. The methyl esters of the neutral lipids

were found to be similar to those found in the free acids.:
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TABLE XI

Retention Times*of the Major Acid Methyl Esters on EGS**

-Methyl Ester

Figure No. 16:0  18:0 . 18:1 18:2 18:3
9 3.3 6.3 7.3 9.5 13.2.

11 - 3.2 6.2 ——— ~—— | m———

13 - -— 7.0 9.1 12.6°

19 3.2 6.2 7.0 9.1 12.6

- 20- 3.3 6.2 7.1 9.2 12.7

21 3.0 5.5 6.4 - 8.3 11.4

22 3.0 5.6 6.5 8.5 11.7

23 3.0 5.6 6.5 8.5 11.7

24 3.0 5.6 6.5 8.5 11.7

*  Time in minutes from the solvent peak
*%* Column temperature--170°C.
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