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tional soil-surfactant systems using palmitic and lin-
oleic acid soils.

It is now possible to form a still more useful set of
dimensionless products from the set plotted in Figure
1”. A new = can be obtained by dividing =y by = of
Dimensional Analysis 9-B of Figure 1”. When this
is done the variable ‘O’ replaces ““CMC’’ in the de-
nominator of =1. Products =5 and =3 remain the same.
Figure 2, a plot of these products, which we term the
results of Dimensional Analysis 9-C, gives a much
more convenient detergency diagram. The ny—ng fune-
tion on a log—log scale is a series of parallel lines with
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a negative slope of approximately 45°.

Further study will probably yield more suitable
sets of dimensionless products of the detergeney proc-
ess. Improvement will result also from the use of more
accurate constants (i.e., soil dipole moment and CMC).
However, Figure 2 (Dimensional Analysis 9-C) now
provides a valid, simple and practical detergency dia-
gram that represents the mechanism by log—log curves
of dimensionless products m; vs mp for fixed values of
the parameter =3, These products and the diagram are
a vast improvement over the transecendental relation-
ships established previously for selected groups of
soil-surfactant systems (2). In fact it would seem that
the eventual extension of the diagram’s utility to pre-
diction of detergency in various soil-surfactant appli-
cations is within reach.
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Studies on the Fatty Acid Composition of Crayfish Lipids’

D. A. WOLFE,* P. VENKATA RAO, and D. G. CORNWELL, Department of

Physiological Chemistry, Ohio State University, Columbus

Abstract

The fatty acid composition of carcass and
exoskeleton lipids was determined for the fresh-
water crayfish Orconectes rusticus. Lipid frae-
tions were isolated by column and thin-layer
chromatography. Fatty acid methyl esters and
aleohol acetates were then prepared and analyzed
by gas-liquid chromatography. Peak identities
were established from retention time data for
methyl esters, hydrogenated methyl esters, and
saturated, monoene, diene, and polyene methyl
esters separated as acetoxy-mercuri-methoxy deri-
vatives. Minor component acids were estimated

1Pyresented at the symposium honoring J. B. Brown, AOCS meeting
in Chicago, 1964.

2Present address: U, S. Bureau of Commercial Fisheries, Radio-
biological Laboratory, Beaufort, N.C.

from their relative compositions in these frac-
tions.

The triglyceride, cholesteryl ester, and astaxan-
thin ester fractions exhibited a typical freshwater
fatty acid composition. Carcass free fatty acids,
present in unusually high amts, eontained less
16:0 and 16:1, and more 10:0, 20:4, and 20:5
acids than the neutral lipids. The crayfish phos-
pholipid fraction contained elevated amts of 20:4,
20:5, and 22:6 acids. A selective mobilization of
triglyceride at lower temps may therefore con-
tribute to the seasonal variation in relative Cgo
polyunsaturated fatty acid content reported for
crustacea. Relative retention time data suggest
that crayfish fatty acids belong to the 9,12-octa-
decadienoic acid and 9,12,15-octadecatrienoic acid
structural types.



634 THE JourNAL oF THE AMERICAN Q1L CHEMISTS’ SOCIETY

Introduction

E ARLY STUDIES BY LOVERN in 1935 (1) on erustacean
fatty acid composition suggested that the pre-
viously observed differences between freshwater and
marine fish oil composition could be traced directly
to a diet consisting principally of planktonic crus-
tacea. Marine copepod and freshwater branchipod
crustacea exhibited the well-known marine and fresh-
water oil compositions, respectively. A typical marine
oil eomposition was later found in a marine decapod,
the rock lobster Jasus lalandit, which contained up
to 50% (g2 and Cog polyunsaturated acids (2). How-
ever, the marine branchiopod, Arfemio saling, fed a
pure diatom culture (Chaetoceros simplex) was similar
to freshwater species in oil compogition (3). Farkas
and Herodek (4) stated in 1962 that the freshwater-
marine relationship could not be applied to planktonic
crustacea. They reported a seasonal variation in the
fatty acids of the freshwater copepod Cyelops vicinus.
The Cye and Cyp polyunsaturated fatty acids rose to
51-59% of the total during the winter months with
a eorresponding decrease in the Cy and Cis compo-
nents. This increment in Coy and Cep polyunsaturated
acids was correlated with a lowered ambient temp
(5). Furthermore, freshwater fish oil composition
changed to a marine composition when the fish were
fed winter-type freshwater planktonic crustacea.

In 1935, Karrer et al. (6) reported that the asta-
xanthin ester of lobster contained only palmitic aeid.
Several investigators have recently demonstrated that
vitamin A esters in mammalian systems contain pal-
mitie acid (7-10). The carotenol ester in dandelion
flowers contained a large proportion of palmitic acid,
and since the fraction studied was contaminated by
triglycerides, Booth (11) concluded that the carotenol
was present as the dipalmitate. These observations
suggest a widespread fatty acid specificity in ecarotenol
esterification. However, the vitamin A esters of var-
jous fish oils were found to exhibit compositions
similar to the associated triglycerides (12). In this
paper, we describe the fatty acid composition of
several lipid fractions, including astaxanthin ester,
from the freshwater crayfish Orconectes rusticus. A
preliminary report of this work has appeared else-
where (13).

Experimental

Crayfish were collected locally and sacrificed by
freezing. The exoskeleton and carcass of the animal
were separated and analyzed individually. The tis-
sues were homogenized in a Waring blendor and ex-
tracted exhaustively with acetone. The extract was
then taken up in hexane, dried over anhydrous sodium
sulfate, and weighed. Total phospholipid was obtained

TABLE I
Lipid Content and Composition in Owrconectes rusticus

Fraetion QX&(’;? o (Exoskeleton® Carcass® | Carcass?
Collection date 6/25/64 7/1/83 7/1/83 9/18/63
Animals ... . 325 160 160 161
Wet weight (g) 1,625 525 501 413
Total lipid

(% wet weight) ....... 3.2 0.4 2.1 2.1
Free cholesterol
Do Yoot 2.84 4.71 3.7¢ 3.8¢
Cholesteryl ester
Do) 0.6 0.5 0.3 0.4
FFAf (9)c..... 9.7 — 12.6 20.5
Phospholipid
(Do) Coiiiiiiiaiiaciieeaa 13.3 7.7 10.5 3.7

a Chloroform-methanol extract.
B Acetone extract.

¢Percent of total lipid.

4 Digitonin precipitate.

¢ Column fraction.

f Caleulated as oleic acid.
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TABLE I1

Fatty Acid Composition of Orconectes rusticus
Carcass Lipids?

Tri- Choles-

Patty Total Phospho-

: i glycer- FFA teryl ST
acid lipid ide estor lipid
}-g :8 2.7 - 6.4 - -

: 0.6 - — - —
14:0 2.1 3.5 1.0 5.9 0.9
15:0 — — — 0.7 0.4
16:0 19.7 29.2 11.9 25.4 18.7
16:1 15.1 16.3 11.4 18.4 6.0

(17e)e 6.1 7.9 3.4 - 2.0
18:0 3.1 2.9 5.0 5.5 7.8
18:1 21.5 21.5 25.9 25.7 20.5
1(%{\)2{1 7.4 7.5 7.8 ?g 6.3
léi)g 9.2 6.0 8.0 35 2.9
(Y - - - - 1.2
20:2 - - - — 1.1
(Z)e - trace trace 0.6 -
20:4 5.7 2.9 10.1 1.0 6.6
20:5 7.0 2.6 9.5 2.9 22.0
22:6 € e © e 4.0

& Fatty acid composition reported in mole %.

b Phospholipid data from chloroform-methanol extract of whole animal
included for comparison.

¢ Peak identity uncertain. The 17?¢ component includes several un-
resolved peaks.

4 Peak identity unkpown. The Z component in the cholesteryl ester
fraction may be a 20:3 acid,

¢ Not determined in these analyses.

by extracting tissues with chloroform-methanol (2:1,
v/v). The extracts were analyzed for phosphorus
(14), total cholesterol (15), and free fatty acid (16).
Free cholesterol was separated as a digitonin pre-
cipitate or by column chromatography.

Lipids were fractionated by column chromatography
on activated silicie acid (Unisil, Clarkson Chemiecal
Co., Williamsport, Pa.,). Cholesteryl esters, trigly-
ceride, and free fatty acid (FFA) fractions were
eluted, respectively, by 1%, 6%, and 10% ether in
hexane. Unesterified cholesterol and astaxanthin were
eluted together by 12-15% ether in hexane. Phos-
pholipids from chloroform-methanol extracts were
eluted from silicic acid columns with chloroform-
methanol (1:1) and methanol following the elution
of the neutral lipid with hexane-ether (1:1). Chol-
esteryl ester and triglyceride fractions were not sep-
arated completely on the silicic acid columns. Chol-
esteryl esters were purified further by thin-layer
chromatography {TLC), being scraped from the sol-
vent front after development with hexane-ether (9:1).
FFA and triglycerides were not well separated on
silicic aeid columns, but were separated on alkaline
silicic acid columns prepared by the method of
MecCarthy and Duthrie (17). Triglycerides eluted in
this system with ether, while FFA remained at the
top of the column. FFA were then eluted with 2%
formic acid in ether. Alkaline silica gel G thin-layer
plates were prepared to confirm the column sep-
aration. Coated plates were submerged in a solution
of 5% potassinm hydroxide in ether-isopropanol (1:1),
rinsed by submerging briefly in ether, and dried at
room temp. The plates were developed with hexane-
ether (3:7). FFA remained at the origin while tri-
glyceride migrated to the solvent front.

Astaxanthin ester from crayfish exoskeleton was
prepared by chromatography on neutral alumina (M.
Woelm, Eschwege, Germany) weakened by the ad-
dition of 5% water by weight and further purified
by streaking the column fraction onto a thin-layer
plate and developing with hexane-ether (3:2). The
dense red band was seraped from the plate, eluted
with ether, and rechromatographed on another plate.
This astaxanthin ester fraction was free of triglyceride
and FFA, as shown by a single spot on the plate.
Free cholesterol still contaminated the fraetion. All
other lipid fractions were judged homogeneous by
TLC.

Methyl esters, prepared by saponification and ester-
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TABLE III TABLE IV
Fatty Acid Composition of Orconectes rusticus Exoskeleton Lipidsa Relative Retention Time for Methyl Esters of .
Standard Fatty Acids and Fatty Acids Isolated from FPhospholipids
Fatty Total . . Astaxanthin
acid lipid Triglyceride ester rig at 178C
10:0 2.8 Fat((’,iy M. dduct: Hyd
: . = — ael “ j ercury adducts vdro-
12:0 0.7 3.7 6.1 Standard Totallgoturated  Monoens| genated
14:0 1.4 4.9 3.8
16:0 20.0 26.0 27.0 12:0 0.216
16:1 10,0 13.3 9.2 13:0 0.272
(17%)® 3.4 4.9 4.7 14:0 0.342 0.338] 0.339 0.348
18:0 6.9 4.7 11.3 14:1 0.408
18:1 27.5 18.4 24.5 15:0 0.443 0.4391 0.443 0.455
18:2 4.6 4.7 1.9 (16:0Br)= 0.497! 0.489 0.495
18:8 5.5 8.0 3.8 16:0 0.568 0.568] 0.568 0.568
20:4 6.9 7.2 3.6 (16:1Br) 0.571
20:5 9.3 4.2 4.2 16:1 0.661 0.660 0.667 9
2 Fatty acid composition reported in mole %. (%g?) 0.750 0.780| 0.791 0.886 0.76
b Peak identity uncertain, The 17? component includes several un- 18:0Br) 0.881 ’ 0.900
resolved peaks. 18:0 1.000| 0.995 1.000
{(18:1Br) 1.01

ification, and alecohol acetates, prepared by hydro-
genolysis and acetylation (18) were used for gas-liquid
chromatography (GLC). Methyl esters from chol-
esteryl ester fractions were prepared by direct meth-
anolysis with sodium methoxide (19). Unsaturated
methyl esters were separated from saturated methyl
esters by TLC of their acetoxy-mercuri-methoxy de-
rivatives (20,21). Following reaction of the methyl
esters with mercuric actate in methanol, the mercury
adducts were streaked onto a silica gel G plate and
eluted first with hexane-ether (4:1), then with n-
propanol-acetic acid (100:1). Saturated, monoene,
diene, and polyene fractions were then scraped from
the plate and the double bonds regenerated by elution
with methanol containing 5% (v/v) coned HCL
Methyl esters and aleohol acetates, about 100 mg
lipid, were dissolved in 30 ml absolute methanol for
hydrogenation. About 50 mg of Pd-charcoal catalyst
was added, and the mixture was shaken for 6 hr
under 35 psi hydrogen. The mixture was then filtered
and the solvent removed.

An Aerograph A350-B chromatograph equipped
with a Wheelco type A electronic integrator was used
in these studies. Helium was the carrier gas. The
columns were obtained from Applied Science Labora-
tories and were 10 ft stainless steel, 0.25 in. 1.D.,
containing 10-13% ethylene glycol suceinate poly-
ester (EGS) on 60-80 mesh Gas Chrom P. Chart
speed was 1 in./min.

Peaks were identified by correlating retention time
data for standard mixtures (Applied Science Liabora-
tories, State College, Pa.), total methyl esters, hy-
drogenated methyl esters, and the saturated and un-
saturated ester fractions. Peak areas were corrected
by the use of relative molar response factors (22).
Peaks for which no factors have been reported were
not corrected.

Results and Discussions

The ecompositions of lipid extracts from Orconectes
rusticus are shown in Table 1. Although phospholipid
was present in the acetone extracts, analyses for phos-
pholipid fatty acid composition were performed on
¢hloroform-methanol extracts of the whole animal.
The high FFA content, reported here as oleic acid,
was noted even when the extraction was performed
immediately after sacrifice of the animals, a procedure
which eliminated the possibility of lipolysis during
storage.

The fatty acid compositions of the various lipid
fractions from the carcass are shown in Table II.
These initial analyses revealed a typical freshwater
composition for total and neutral lipid fractions with
large amts of Cy6 and Cis acids. The relatively high
18:2 and 18:3 econtent is particularly significant.
These acids, elevated in freshwater fish (23), are only

#No reference standard.

minor components in the marine branchiopod, Artemia
saline (3). There are major differences hetween the
fatty acid composition of erustacea reported by Farkas
and Herodek (5) and the present study. For example,
these investigators found only a small amt of the
18:1 acid, a major component of both Orconectes rus-
ticus (Table 11) and Artemia salina (3). Variations
between species may explain the discrepancy; how-
ever, early data on the same species (1) do not cor-
respond to the analyses obtained by Farkas and
Herodek.

Methyl esters were found to be preferable to alcohol
acetates in these studies, because triacetin interfered
with the ecaleulation of Ci¢ and Cji; components in
the aleohol aeetate chromatograms. Upon hydrogen-
ation of the total extract, a Cgs peak accounting for
1.9%o0f the fatty acids appeared. This minor com-
ponent was not detected initially, and its conen in
these neutral lipid fractions is not known.

FFA contained less Cyg acids with corresponding
inereases in the Cio, 20:4 and 20:5 components. The
FFA composition suggests that this fraction is not
a lypolysis artifact. While the total extract contained
several small unresolved components eluting between
16:1 and 18:0 acids, these acids were completely
absent in the cholesteryl ester fraction. This fraction
was, however, similar to the triglyceride fraction in
fatty acid composition.

The fatty acid analyses of exoskeleton lipids are
shown in Table II1. The exoskeleton total lipid and
triglyceride closely resemble the carcass total lipid
and triglyceride, respectively. Aleohol acetates were
used for the analysis of the astaxanthin ester fraction
in order to demonstrate by the absence of triacetin
that the fraction contained no triglyceride. The
astaxanthin ester fraction was also similar to the
total lipid, but contained a slightly higher proportion
of 18:0 with a decrease in polyunsaturated acids. This
finding is similar to that reported previously for the
vitamin A ester composition of fish oils (12) and
does not eonfirm the specificity for palmitate sug-

TABLE V

Relative Retention Time for Methyl Esters of Standard Fatty Acids
and Fatty Acids Isolated from Phospholipids

ris at 192C
E;%E(év Standard Mercury adducts
Moncene Diene Polyene

18:1 1.16 1.16

18:2 1.43 1.42

18:3 1.84 1.85
{19:1)2 1.48

(20:1) 1.83

(20:2) 2.36

20:4 3.09 8.10
(20:5) 4.10
(22:6) 2

aN¢ rveference standard.
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TABLE VI

Relative Retention Time {(ris) and Separation
Factors (r) for Methyl Esters Isolated from Phospholipids

ris
Fatty acid Total Mercury Ackman {25)
192C adducts 197C
192C
22:6 4 7.82 7.75
20:5 5 4.10 3.85
20:4 5 3.10 3.04
20:2 8, 2.36 2.32
18:3 9 1.84 1.72
18:2 8 1.42 1.34
18:1 9 1.16 1.12
Fatty acid ratio r
B/20: 4 1.80 1.32 1.26
H 220 1.33 1.81 1.31
1.74 1.73 1.66
1.33 1.29 1.28
1.26 1.22 1.19
1.68 1.58 1.54

gested in the initial analysis of astaxanthin ester ob-
tained by Karrer et al. (6).

The GLC analyses of total fatty acid mixtures
were not adequate for the identification and estimation
of minor components. Simplified methyl ester mix-
tures were therefore obtained by hydrogenation and
the separation of acetoxy-mercuri-methoxy derivatives.
Relative retention time data for typical mixtures
(phospholipid fraction) and reference standards are
summarized in Tables IV and V. When reference
standards were not available, peaks were identified
by their relative retention time and appearance in
saturated, monoene, diene, or polyene fractions. For
example, the 16:1Br component appeared in the
monoene fraction and had a retention time between
16:0 and 16:1.

Sinece reference standards for many of the Cyp and
Cos acids were not available, the relative retention
time data reported by Ackman (24,25) were com-
pared with values obtained in this study (Table
VI). All values except the 20:5 peak were in reason-
able agreement. This peak had a relative retention
time of from 4.10 to 4.16 which proximated the 4.20
reported by Ackman for 22:2. The peak was identified
as 20:5 since it appeared in a polyene fraction (Table
V) and since the 20:0 and 22:0 components obtained
after hydrogenation were in the same proportion as
the Cgp and Cse polyene acids tentatively identified
in the original mixture.

Analyses, including minor component aecids for
total carcass lipid and phospholipid, are summarized

TABLE VII

Fatty Acid Composition of Orconectes rusticus Total Carcass Lipid
and Phospholipid Fractions

Fatty acid Tota%h;:i::ireass Phospholipid
Mole % -

10:0... 2.3 _
12:0 Trace —
14:0 2.1 0.5
%28]3 ! 1.4 0.1
16:1Br.. 0.4 {11
18:0 19.0 19.4
16:1 13.8 7.5
igg Ttlage -
1324'" 14 Z
17:0
1732 | et Loos
18:0Br.. .
18:1Br. - } 1.2
18:0... 3.2 7.6
18:1... 19.4 22.0
18:2... 5.4 5.4
igi gg 1.3
19:1.. 0.5 2.4
20:1 Trace 3.2
20:2.. Trace 1.2
20:4... 6.5 4.8
20:5... 7.8 17.5
22:6 ... 1.5 4.2

Vor. 42

in Table VII. The presence of branched chain Cig
and Cis saturated and unsaturated acids was verified.
These minor components were estimated after hydro-
genation and reported as total Cig and Cis branched
acids. The total Cy; content was also estimated after
hydrogenation. Carcass lipid contained small amts
of 16:2, 16:3, 16:4 and 18:4 acids. These acids were
not identified as components of the phospholipid
fraction. It is interesting that an 18:4 aeid was the
principal Cis acid reported in the crustacea inves-
tigated by Farkas and Herodek (5). The phospho-
lipids contained increased amts of the 20:5 and 22:6
acids. Other Ca.s acids which oceur in freshwater
fish (23) were not present in either phospholipid
or carcass lipid fractions. Seasonal variations in fatty
acid composition (4,5) may be explained in part by
depletion of triglyceride reserves during the winter
months. Total fatty acids would then resemble phos-
pholipid fatty acids and show an enhanced Cgzo and
Cye polyunsaturated acid content. This triglyceride
depletion hypothesis is supported by seasonal vari-
ations in lipid content reported for marine zoo-
plankton (26) and the enhanced mobilization of depot
fat induced in animals such as hamsters by cold ex-
posure (27). Euvironmental temps do not appear to
have a direct effect on polyunsaturated fatty acid
interconversions in teleost fish (28).

Relative retention fime data are not sufficient to
establish unequivocally the double bond structure of
unsaturated fatty acids; however, tentative structures
may be assigned with the aid of separation factors
(24,25). Separation factors (Table VI) suggest that
the 18:2 and 18:3 acids are 9-12-octadecadienoic (lin-
oleic) and 9-12,15-octadecatrienoic (linolenic) acids,
respectively. Linoleic acid is metabolized to 5,8,11,
14-eicosatetraenoic (arachidonic) acid (29,30). This
acid was tentatively identified from separation factor
data (Table VI). Intermediates in thé conversion
process, 6,9,12-octadecatriencie and 8,11,14-eicosatri-
enoic acids, were not identified, although one com-
ponent in the cholesteryl ester fraction (Table IT)
showed the eorrect separation factor for the 20:3 in-
termediate. (The r values were 1.12 and 1.10 for
20:4/7Z and 20:4/20:3, respectively).

Linolenic acid is metabolized to 5,8,11,14,17-eicosa-
pentaencie and 4,7,10,1316,19-docosahexaenocic acids
(29,30). These acids were tentatively identified from
separation factor data (Table VI). The 18:4, 204,
and 20:5 intermediates in this biosynthetic pathway
were not observed. When friglyceride and phospho-
lipid fractions are compared, a marked decrease in
the relative 18:3 content is found to accompany a
marked increase in 20:5 and 22:6 acids. A similar
relationship was observed between 18:3 and 22 :6 acids
in the neutral and phospholipid fractions of tuna
white musele (31). This inverse relationship suggests
that triglycerides resembles dietary lipid while phos-
pholipids mirror the biosynthetic pathways operating
in the animal.
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Methods for the Determimation of Cyclopropenoid Fatty
Acids. VI A Direct Infrared Absorption Method

A.V. BAILEY, G.]J. BOUDREAUX, and E.L. SKAU, Southern Regional Research

Laboratory,’ New Orleans, Louisiana

Abstract

A simple rapid method for the estimation of
the cyclopropenoid content of glycerides and
methyl esters is described based upon the meas-
urement of the characteristic infrared absorp-
tivity of cyclopropenocids at 9.9 p. Autoxidation
products do not interfere, and the sample can be
recovered. Equations are given for the calculation
of the eyclopropenoid content of both glycerides
and methyl esters.

Introduction

WHILE INVESTIGATING METHODS of isolation of
cyelopropenoid methyl esters a need arose for
a simple rapid method for estimating the cyelopro-
penoid eontent of cones. In general, available meth-
ods are either unsuifable or require some form of
pretreatment of the sample. An infrared (IR) method
based upon the characteristic absorptivity of eyclo-
propenoids at 9.9 p was used by Varma et al. (1)
in an attempt to measure the sterculic acid content
of Sterculia foetida oil. However, the method in-
volved converting the oil to the free acids and com-
paring their absorptivity in CSs solution with that
of a standard. Their standard was a supposedly pure
sample of sterculic acid. This procedure cannot bhe
expected to give reliable results since pure sterculic
acid is extremely unstable and polymerizes rapidly
at room temp (2). Moreover, cyclopropenoid fatty
acids are reported to react with carbon disulfide
even at room temp (3). The present report deals
with a simple rapid method of analysis for glyecerides
and methyl esters based upon the direct measurement
of the 9.9 p absorptivity and calibrated against a
series of standards of accurafely known eyclopro-
penoid conen.
Materials

Sterculia foetida oil, the fatty acids of which con-
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tain about 50% of sterculic acid and a small amt of
malvalic acid, was used as a source of cyclopropenoid
fatty acids for testing the applieability of the method.
Sterculia foetida seed meats were extracted with
several portions of petroleum ether (bp 30-60C) in
an explosion-proof Waring Blendor at room temp.
The extraets were combined, filtered, and freed from
solvent on a rotary evaporator with a nitrogen leak
at reduced pressure. Methyl esters were prepared
from the oil by methanolysis catalyzed by sodium
methoxide (5). The methyl sterculate conen of a
portion of the Sterculia foetida methyl esters was
inereased by removal of the saturated esters by urea
clathration. The oil, the methyl esters, and the methyl
ester conc were passed in petroleum ether solution
through an activated alumina column to remove
interfering substances, dried over anhydrous sodium
sulfate, stripped of solvent on a rotary evaporator
at reduced pressure, and their cyclopropenoid acid
content determined by HBr titration (4,5) just prior
to their use in connection with the calibration meas-
urements. The cyclopropenoid contents of the oil,
the methyl esters, and the methyl ester conc so ob-
tained were 52, 05 48.55, and 72. 24:%, respectively,
caleculated as stereulic acid,

Experimental and Results

Two series of methyl ester mixtures of accurately
known eyclopropenoid content were prepared and
used to establish a calibration curve. The first was
prepared from the Sterculia foetida methyl esters,
and the second from the methyl sterculate cone, by
mixing with methyl oleate. The IR absorption curves
of these mixtures from 9.0 to 10.7 p were obtained
on a Perkin-Elmer Model 21 IR spectrophotometer.
The slits were fixed at 151 p, and the instrument
adjusted to have a slight drift upward. The scan
was made at a speed of 1 p per 3 min with a gain
of 6, a response of 1, and a suppression of 0. The
samples were analyzed in carbon tetrachloride using
matched KBr cells of 0.5 mm length at a conen suf:



