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Seed Oil 

Abstract 
Methyl malvalate has been prepared from 

mixed methyl esters of Sterculia foetida seed oil 
fa t ty  acids by reversed-phase liquid-liquid parti-  
tion chromatography, and confirmatory evidence 
adduced for its structure. 

Introduction 

T H E  NATURALLY OCCURRING eyclopropenoid fa t ty  
acids, stereulic acid and malvalie acid, have been 

studied extensively over the last decade and their 
chemistry and biological effects have been recently 
reviewed (2,12). Malvalie acid was first isolated by 
Shenstone and Viekery (14-17) from leaf and seed 
oils of plants of the order Malvales. F rom its equiva- 
lent weight (14) and from a comparison of IR spec- 
t ra  of malvalie, sterculie, dihydromalvalie, dihydro- 
stereulic, and laetobaeillic acids Maefarlane, Shen- 
stone and Viekcry (9) established it as a Cls homolog 
of stereulic acid. Jeffrey et ah (3,6) by crystal struc- 
ture analysis of dihydromalvalic acid, later located 
the ring at the 8,9 position in the chain. Although 
unable to isolate the pure compound, Wilson et al. 
(19) obtained fur ther  chemical evidence for the 
s tructure of malvalic acid by identifying pelargonie 
and suberie acids among oxidation products of Hibis- 
cus syriacus oil, a known source of malvalie acid. 

For  fu r the r  investigations in this field relatively 
large quantities of methyl malvalate were required, 
and it was decided to use Sterculia foetida seed oil as 
the source. Sterculic acid (11) and methyl stereulate 
(7) have been prepared from this oil, but, although 
the quant i ty  of malvalate obtainable from it is at 
least one-tenth that  of the sterculate, the oil does not 
appear  to have been utilized previously for the prep- 
aration of methyl malvalatc in quantity.  In our work 
reversed-phase liquid-liquid part i t ion chromatogra- 
phy, based on the method of Pr ive t t  and Niekell (13), 
was found to be a satisfactory method for separating 
methyl malvalate from the residual esters left  af ter  
isolation of sterculate from Sterculia foetida oil. 

Experimental 
Sterculia foetida seeds were donated by the Depart-  

ment of Forestry,  Republic of the Philippines, and 
the oil extracted by homogenizing the seeds with 
hexane. 

Methyl esters were analyzed by gas chromatography 
(GLC) using a Packard Model 7508 Gas Chromato- 
graph with two argon ionization detectors and two 
6 f t  × 4 mm I.D. eoiled glass columns, packed with 
Chromosorb G containing either 5% dietbylene glycol 
adipate or 1% Apiezon M. Simultaneous use of col- 
umns of both phases in the one oven was achieved by 
using the low Apiezon loading; under  these conditions 
the emergence times for both columns were similar 
when the oven was maintained at the optimum tem- 
perature  (170-190C) for the adipate column. Operat- 
ing temperature  was usually 175C for mixtures of 
methyl  esters f rom Cs to C~6, and 185C for  methyl 
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esters beyond C1G. Methyl n-alkyl ketones above C7 
could be analyzed by GLC with the same columns at 
130C. Standard methyl ester mixtures obtained from 
the National Insti tutes of Health, Bethesda, Mary- 
land, were used to calibrate the instrument. Peak 
areas were determined by ball and disc integrators 
coupled to the recorders. 

The composition of the methyl esters at each stage 
of the separation procedure outlined below was fol- 
lowed by GLC. Samples of mixtures containing methyl 
malvalate and methyl stereulate were hydrogenated 
using palladium (10% on calcium carbonate) in meth- 
anol and re-examined by GLC, to overcome problems 
in calculating the methyl ester composition due to 
peak overlap from eyelopropene ring rearrangement  
during GLC of the unsaturated esters. 

Preparation of NIalvalate Concentrate 

Sterculia foetida seed oil (210 g) was transesteri- 
fled with sodium methoxide in d ry  methanol and the 
solution of methyl esters was neutralized with glacial 
acetic acid, and diluted with methanol and treated 
with urea as described by Kircher  (7). The solution 
was cooled to -16C,  filtered, and the filtrate cooled 
successively to - 3 0 C  and -50C.  The adduets that  
crystallized at - 3 0 C  and - 5 0 C  were combined, added 
to water, and the esters extracted therefrom with 
hexane. The evaporated residue (95 g) was taken up 
in methanol (2) and at - 5 0 C  yielded crystals of 
methyl stereulate (60 g). 

The methanolic solution containing methyl esters 
not precipitated as urea adducts at - 5 0 C  was con- 
eentrated under  vacuum to one-fifth of its original 
volume. After  adding water and extracting as before 
the free esters were obtained as an orange oil (30 g) 
containing mainly methyl malvalate, stereulate, lin- 
oleate, and oleate. This oil was dissolved in acetone 
(150 ml) and the crystals (21 g) deposited at - 70C  
were filtered and recrystallized at - 7 0 C  from acetone. 
The product  (15 g) contained methyl malvalate 
(about 60%) and methyl sterculate (about 30%),  
with methyl oleate and linoleate as minor components. 
This malvalate methyl ester concentrate was ehromato- 
graphed on Florisi] (1) to free it f rom degradation 
products and non-ester compounds. 

Liquid-Liquid Part i t ion Chromatography 
of Malvalate  Concentrate 

Separation of methyl malvalate from the malvalate 
concentrate was obtained by using a reversed-phase 
liquid-liquid chromatography technique based on that  
of Pr ive t t  and Nickell (13). The solvent used as the 
mobile phase was aeetonitrile-methanol (85:15 v /v )  
saturated with n-heptane, and n-heptanc saturated 
with acetonitrile-methanol was used as the stationary 
phase. The suppor t  for  the stat ionary phase was 100- 
mesh Hyflo Superce], made repellent to polar solvents 
with diehlorodimethyl silane, as described by Howard 
and Martin (5), or (for large quantities of support)  
by t reatment  with a petroleum solution of the silane. 
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FIG. I. Separation of methyl malvalate fl'onl malvalate frac- 
tion of S. foetida methyl ester mixture by reversed-phase liquid- 
liquid chromatography on a 22 mm by 900 mm column of Hyflo 
Supereel treated with silane. Mobile phase, acetonitrile-methanol 
(85:15 v / v ) ;  stationary phase, n-heptane. Colmnn load 1.62 g. 

The support  material  (100 g) was added to a mixture  
of s ta t ionary phase (120 ml) and mobile phase (500 
ml) in a filter flask. The mixture  was vigorously 
shaken and st irred to break up lmnps, and air bubbles 
were removed by apply ing  a low vacuum to the flask, 
which was then set aside at 25C for several days to 
ensure uni form distribution of the s ta t ionary  phase 
(m the support.  

A 22 mm I.D. colmnn was packed by running  this 
s lur ry  into it, a perfora ted  plunger  being used to dis- 
perse the suppor t  unifornfiy. The suppor t  was a]lowed 
to settle under  gravi ty,  with only very light packing 
pressure from the plunger,  to give a packed length of 
about 900 ram. The column was maintained at 25C by 
a water  jacket. To test the colmnn performance,  a 
mixture  (1.4 g) comprising equal par ts  of methyl  
oleate and stearate, with nfinor amounts of palmitate,  
llnoleate, and other esters, was t ransfer red  to the col- 
umn with a minimum of mobile phase. Elut ion with 
equilibrated mobile phase was commenced at  a flow 
rate of 0.3 to 0.4 ml per minute. Fract ions (10 ml) 
were eollected in tared tubes and evaporated. The 
residues were weighed, and the compositions deter- 
mined by GLC analysis. On sat isfactory completion of 
the test separation, the malvalate concentrate (1.5-2 g 
sample) was ehromatographed in a similar manner.  

The gravimetr ic  and GLC results indicated that  it 
was possible to combine a group of fractions for recov- 
ery of methyl  malvalate. The infra-red spectrum of 
the mater ial  was consistent with that  of a cyclopro- 
pene methyl  ester. P u r i t y  of the final product  was 
confirmed by GLC (before and af ter  hydrogenat ion) ,  
thin layer chromatography  (TLC) and Kieselgel G 
plates with hexane- -d ie thyl  e ther - -g lac ia l  acetic acid 
(90:10:1) as solvents, and by mass spect rometry  (At- 
las CH-4 ins t rument) .  

A sample of the methyl  malvalate was oxidized with 
per iodate-permanganate  reagent (8,18) and the re- 
sul tant  fl-diketoester was divided into two portions, 
one of which was hydrolyzed as deserib~d by Faure  
and Smith (4), while the other was oxidized fu r the r  
with peracetic acid as described by Nunn (11). The 
oxidation and hydrolysis products  were groul)ed into 
nonacidie and acidic fractions. The non-acidic prod- 
ucts were analyzed by GLC, w~th methyl  ~-alkyl 
ketones as reference standards.  The acids were sepa- 

rated fur ther  by steam distillation into steam-volatile 
and nonvolatile acids and analyzed by GLC af ter  
conversion into methyl  esters with borontrifluoride- 
methanol reagent. (10) 

Results and Discussion 

A pre l iminary  t rea tment  of the Sterculia foet,ida 
methyl  esters was necessary to obtain mater ial  suitable 
for the prepara t ion  of methyl  malvalate by liquid- 
liquid ehromatography.  Sa tura ted  esters were mostly 
precipi tated in the - 1 6 C  urea adduet, and the main 
component, methyl  sterculate, appeared to be prefer-  
entially precipi tated in tile - 3 0 C  and - 5 0 C  adduets, 
most of the methyl  malvalate  remaining in solution. 
Crystallization of the mother liquor residue f rom ace- 
tone at - 7 0 C  was under taken to reduce the content 
of very soluble unsa tura ted  f a t ty  acid esters, such as 
methyl  linoleate, most of these remaining in the dis- 
carded filtrates. 

The separation of methyl  malvalate f rom the mal- 
valate concentrate by liquid-liquid par t i t ion chroma- 
tography  is i l lustrated in F igure  1. 

The shaded area indicates the fract ions which were 
combined for recovery of methyl  malvalate.  In  two 
consecutive runs 1.62 g and 1.95 g of concentrate 
yielded 0.94 g and 1.11 g of methyl  malvalate,  mp 
- 1 8 C  to - 1 7 C ,  57% of tile original concentrate. GLC 
and TLC analysis indicated that  the methyl  malvalate 
was at least 98% pure. F igure  1 indicates that  the 
main impuri t ies  likely were methyl  stereulate and 
oleate. A s tudy of the mass spectra of the methyl  
malvalate at various energy levels revealed that  methyl  
sterculate was present  to the extent of 0.6% (molecu- 
lar ion peak at m/e  308 being' 0.5 to 0.6% of the mal- 
valate molecular ion peak at m / e  294), and the m/e  
peak at 296 suggested that  methyl  oleate was also 
present  (about 1%).  

Oxidation of a sample of the methyl  malvalate 
yielded a nfixture containing a fl-diketoester, analo- 
gous to the compound obtained f rom stereulie acid 
by Nunn (11) and Faure  and Smith (4). Reaction 
with ethanolie ferric chloride solution gave a eharae- 
teristie intense red coloration, and reaction with cop- 
per acetate in methanol yielded a copper chelate com- 
pound which crystallized f rom methanol as a pale blue 
solid, mp 92C-93C. 

Hydrolysis  of the diketoester (4) yielded a small 
quant i ty  of non-acidic mater ial  as a f r ag ran t  oil con- 
taining methyl  ,n-oetyl ketone but the main products  
were acids, and oxidation of the diketoester with per- 
acetic aeid (11) also yielded only acids. In  both reac- 
tions the steam-volatile acids consisted largely of 
pelargonic acid (over 60% of the mixture) ,  but also 
contained n-oetanoic and n-heptanoie acids and traces 
of other monocarboxylie acids; the nonvolatile acids 
contained suberic acid (80%) and several monocar- 
boxylie acids considered to be products  of over-oxida- 
tion by per iodate-permanganate  (18). The isolation 
and identification of pelargonie acid, suberic acid, and 
methyl  n-octyl ketone f rom the degradat ion of the di- 
ketoester shows that  the la t ter  is methyl  8,10-dioxo- 
oetadeeanoate ( I ) :  

CH3(CH~)7 C CH2 C (CH2)G COOCH3 (I)  
[I I/ 
0 O 

as would be expected front the s t ructure  ( I I ) ,  estab- 
lished for malvalic acid by previous workers (3,6,9, 
19), which corresponds to 8,9-methyleneheptadec-8- 
enoie acid : 
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/ \  

CH3 (CH_~)7 C = C (CH~)~ C 0 0 H  ( I I )  
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Phospholipids of Menhaden Muscle 
JOHN R. FROINES, C. YVONNE SHUSTER and HAROLD S. OLCOTT, Institute of Marine Resources, 
Department of Nutritional Sciences, University of California, Berkeley, California 

Abstract 
The phospholipids of menhaden fish muscle 

represent  about  0.5% of the wet weight. They 
were separated by fract ionat ion on a silica gel 
column. Choline glycerophosphatides were the 
major  components, about  60%. Ethanolamine 
and serine glyeerophosphatides accounted for 
about 20%, and sphingomyelin and less well- 
characterized components for the rest. The f a t ty  
acid composition of the CGP, 1 E G P  1 + SGP, 1 
and tr iglyceride prepara t ions  were compared. 
The E G P  + SGP fract ion contained 20% stearie 
acid whereas the neutral  or CGP fractions had 
only 2-4%.  The phospholipids contained about 
30.% of docosa-hexaenoie acids compared to about 
10% in the neutra l  fraction. 

Introduction 

T HE ~:[ENHADEN (Bret, oortia tyrranus) is the most 
inhportant United States fisl~ery in terms of ton- 

nage. Over a million tons are caught  each year,  es- 
sentially all of which are used for  oil and meal manu-  
fac ture  (1).  In format ion  is available concerning the 
f a t t y  acid composition of pressed menhaden oil (2) 
but  the nature  of the phospholipid components in 
menhaden nluscle has not previously been described. 
This paper  presents the results of such a study. The 
methods were those used in a parallel  s tudy of the 
phospholipids of tuna  muscle (3). 

Experimental 
R a w  M a t e r i a l  

Menhaden fish weighing about 500 gm each were 

TABLE I 

Analyses of Menhaden Samples (Wet Weight)  

Batch No. Wgt.  muscle Total lipid Phospholipid Residue 
No. fish tissue 

gin. % % % 

1 15 372 3.53 0.55 16.0 
2 18 433 3.56 0.45 16.2 

1 CGP refers to total choline diacylglycerophosphatides plus choline 
plasmalogens, EGP to ethanolamine glycerophosphatides and SGP to 
serine glycerophosphatides. 

obtained as follows: They were caught  Aug. 7, 1961, 
in Delaware Bay, eviscerated While still alive, and 
placed on d ry  ice within an hour af ter  having been 
caught. They were then shipped with d ry  ice pack- 
aging and held at  - 18C .  

P r e p a r a t i o n  a n d  H a n d l i n g  o f  L i p i d  E x t r a c t s  

The fish were allowed to thaw, filleted, and the 
muscle tissue was separated and extracted with chlo- 
ro form:methano l  by the Bligh and Dyer  (4) pro- 
cedure as previously described (3). Yields are shown 
in Table I. The total  lipids were stored in chloroform 
at - 1 8 C  under  nitrogen. 

F r a c t i o n a t i o n  a n d  A n a l y s i s  P r o c e d u r e s  

A pre l iminary  separat ion of phospholipids was 
achieved by passing solutions of the total  lipids in 
chloroform through a silica gel column and washing 
with chloroform. The silicic acid had been careful ly 
p repared  by washing, deoxygenation and dehydrat ion 
according to Rouser et al. (5). The port ion that  was 
not retained contained f a t ty  acids, triglycerides, eho- 
lesterol and cholesterol esters. The phospholipids re- 
maining on the column were eluted with chloroform: 
methanol (1 :1 ) ,  t~oncentrated, and fraet ionated on 
another silica gel column. By this method, the amomlt  
of mater ia l  to be f raet ionated was reduced;  separa- 
tions of the individual phospholipids were then more 
readily reproducible.  Fract ions  were obtained by 
gradual ly  increasing the amount  of methanol in ehlo- 
roform. 

TABLE I I  

Tentative Identification of 2~Ienhaden Muscle Lipid Fractions 

Eluant  a Ident i ty  b Yield c % 

0.5% CH-IaOH Pigment,  oxid. glycerides, unknown 4 
7% CH30I-I White flaky solid, unknown 2 
12% CH30H EGP -~- SGP 17 
17% CH~OH Same plus unknown white solid 3 
23% C H s 0 H  CGP 63 
27% CHsOH Sphin~omyelin 3 
above 27% CHa02~I LysoIeeithin plus unknown 8 

a Chloroform plus the amounts of methanol noted. 
b Based on inf rared  absorption and analytical data. See footnote 1. 
c Separations in duplicate runs  occurred in the same order but were 

not always equally sharp or at the same methanol level. The data are 
from a single run. 


