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ABSTRACT 

The seeds of Sida veronicifotia Linn., syn. S. bumilis car., S. cordi- 
folia Linn., S. ovata Forsk., S. mysorensis W & A., syn. S. urticae- 
folia W & A, S. rbornbifolia var. retusa Masters and Abutilon crispum 
Medik, (Malvaceae) contained 15.5%, 11.5%, 12.1%, 13.2%, 20.2% 
and 12.5% oil, and 15.0%, 14.1%, 17.3%, 13.6%, 12.6% and 18.4% 
protein, respectively. Linoleic acid predominated (54.9-69.4%) 
as the fatty acid of all the oils, and malvalic (1.3-11.4%) and stercu- 
lic acids (0.4-1.1%) were significant. 

INTRODUCTION 
Seed oils of many species of the Malvaceae family are re- 
ported (1) to contain cyclopropene fatty acids (CPFA), 
which have adverse biological activity (2,3). During our 
search for newer oilseeds for augmenting oil resources, we 
have come across the following 6 species of Malvaceae: 
Sida veronicifolia Linn., syn. S. bumilis cav., S. cordifolia 
Linn., S. ovata Forsk., S. mysorensis W & A., syn. S. 
urticaeJblia W & A., S. rbomb~folia var. retusa Masters and 
Abuti lon crispum Medik. Different parts of these plants are 
used in indigenous medicine (4-6). The characteristics and 
composition of  the seeds, as well as the oils extracted from 
them, are reported here for the first time. 

EXPERIMENTAL METHODS 

The physicochemical characteristics of seeds and oils were 
determined according to the Official and Tentative Methods 
of the American Oil Chemists' Society (7). The oils were 
examined for ultraviolet (UV) absorption in CC14 on a 
Beckman 26 UV-Visible spectrophotometer, for infrared 
(IR) absorption as a liquid film on a Perkin-Elmer 221 
spectrometer and for proton nuclear magnetic resonance 
( 'H-NMR) in CCIa on a Varian A-60A instrument with 
tetramethylsilane as the internal standard (8-t0). 

The oils were treated with diazomethane to esterify the 
free fatty acids, and then with methanolic sodium methox- 
ide (1.0%) to convert glycerides to methyl esters according 
to the procedure described by Schneider et al. (11). The 
oils, as well as the methyl esters, were qualitatively ex- 
amined for the presence of hydroxy, epoxy and CPFA 
components by the sulfuric acid turbidity test (12), Fioriti's 
picric acid test (13) and the Halphen test (7). 

Epoxy esters were separated from nonepoxy esters by 
preparative thin layer chromatography (TLC) on 0.8 mm 
layers of  Silica gel G, using a mixture of  petroleum ether 
(40-60 C) and peroxide-free diethyl ether (80-20, v/v) as 

d t ~ , , . developer an 2,7-dlchlorofluorescem as spraying reagent. 
The bands of  epoxy (Rf 0.65) and nonepoxy (Rf 0.91) 
esters were detected in UV light. Authentic standards of 
methyl epoxystearate and methyl esters of Sterculia foetida 
seed oil were used for reference. The bands were separately 
scraped off and extracted with diethyl ether. The epoxy 
esters were estimated using methyl heptadecanoate as 
internal standard by gas liquid chromatography (GLC) after 
conversion, first to hydroxy-methoxy esters by refluxing 
with methanolic BF3, and subsequently to trimethylsilyl 
ethers by treating with hexamethyldisilazane and trimethyl- 
chlorosilane in pyridine (14). 

*To whom correspondence should be addressed. 

The nonepoxy methyl esters, which include CPFA 
esters, were treated according to the method of  Schneider 
et al. (11) with anhydrous methanol saturated with silver 
nitrate for 20 hr at ambient temperature to convert CPFA 
esters into stable ether and keto derivatives for GLC analy- 
sis. GLC analysis was carried out using a Hewlett-Packard 
5840A unit fitted with a flame ionization detector (FID) 
and a data processor. Nitrogen was used as carrier gas 
(35 mL/min). The column, injection port and detector were 
maintained at 200 C, 250 C and 300 C. A glass column 
(0.6 m x 6 ram) packed with 5% SE-30 on Chromosorb W, 
60-80 mesh and a glass column (1.8 m x 6 ram) packed 
with 10% Silar 10C on Chromosorb W HP; 80-100 mesh 
were used for the analysis of epoxy ester derivatives and 
nonepoxy esters containing CPFA derivatives. The peaks 
were identified using authentic fatty acid methyl esters, 
including CPFA esters from S. Jbetida oil. Estimation of 
CPFA derivatives and dihydrosterculic acid was described 
previously (15). 

RESULTS AND DISCUSSION 

The characteristics of the seeds and oils are given in Table I. 
All the seeds analyzed are of small size, as indicated by 
100-seed weight and volume. The oil and protein contents 
were not high, compared with those of conventional oil- 
seeds. None of  the plant species studied appear promising 
as sources of  oil and protein. The contents of unsaponifia- 
ble matter in the oils were slightly higher than in conven- 
tional oils. The oils from all the samples responded posi- 
tively to the Halphen and Fioriti tests indicating the pres- 
ence o f  cyclopropene and epoxy fatty acids. The IR spectra 
showed a band at 1008 cm -1 and the NMR spectra a signal 
at 9.2 % characteristic of the cyclopropene moiety. The 
turbidity test, as well as IR spectra, did not show the 
presence of hydroxy fatty acids. The UV and IR spectra 
showed no conjugated or trans unsaturation. 

The fatty acid compositions are presented in Table If. 
Linoteic acid was the predominant fatty acid (54.9-69.4%), 
followed by palmitic acid (15.7-21.8%), in all the oils. 
Total CPFA content ranged from 2.2% to 12.5%. In each 
case, a greater amount of malvalic acid was present than 
sterculic acid, especially in S. veronicifolia seed oil. The 
seed oils of  S. veronicifolia and A. crispum contained 0.2% 
and 0.8% dihydrosterculic acid, and the other seed oils had 
only trace quantities (<0.1%). This acid was a suggested 
intermediate in the biosynthesis of  malvalic and sterculic 
acids in seedlings of some species of the Malvaceae family 
(16). Epoxy acid was present in 0.4% concentration in 
A. crispum fatty acids, and trace quantities were present 
in other seed fatty acids. 

In malvaceae seed oils, linoleic acid generally predomi- 
nates, followed by oleic and palmitic acids, and CPFA is 
present in significant quantities (1,17). The dihydroderiva- 
fives of CPFA and epoxy fatty acids also occur in small 
quantities in some species. The fatty" acid compositions of  
6 seed oils of  the Malvaceae family studied in this investiga- 
tion fit into this general pattern. The pattern observed with 
the 5 Sida species is similar to that of  S. grewioides (18), 
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TABLE I 

Physicochemical Characteristics of Malvaceae Seeds and Oils 

S. veronicifolia S. cordifolia S. ovata S. mysorensis S. rbombifolia A. crispum 

Seed 
Weight of 100 seeds (g) 0.20 0.32 0.26 0.22 0.23 0.24 
Volume of 100 seeds (mL) a 1.2 1.0 1.0 0.8 0.7 1.0 
Moisture (%) 5.4 5.1 4.2 4.6 5.3 4.3 
Oil (%b) ~ 15.5 11.5 12.1 13.2 20.2 12.5 
Protein (%D) 15.0 14. I 17.3 13.6 12.6 18.4 
Ash (%b) 3.9 3.7 3.4 3.5 4.5 3.6 

O~ 
Refractive index at 25 C 1.4727 1.4691 1.4724 1.4726 1.4746 1.4684 
Acid value 5.8 4.8 3.3 5.9 6.8 6.3 
Saponification value 182.7 185.8 189.6 184.9 184.2 184.3 
Iodine value 109.5 115.9 125.5 121.4 109.1 118.4 
Unsaponifiable matter (%) 5.1 4. 3 2.7 4.9 4.8 4.0 

aBy displacement in either water or n-hexane. 
bDry basis. 

TABLE lI 

Fatty Acid Composition (Area Percentage) of Malvaeeae Seed Oils 

Fatty acid S. veronicifolia S. cordifolia S. ovata S. mysorensis S. rbombifolia A. crispum 

Lauric 0.0 0.0 0.4 1.1 1.5 0.0 
Myristic 0.2 0.2 0.3 0.2 0.3 0.2 
Palmitic 21.8 18.2 16.5 15.9 16.7 15.7 
Stearic 4.2 4.6 2.4 2.7 2.6 2.7 
Oleic 5.4 10.7 6.8 10.9 8.3 12.2 
Linoleic 54.9 62.8 69.4 66.0 65.5 61.2 
Arachidic 0.8 0.6 1.9 0.9 1.7 1.0 
Malvalic a 11.4 2.2 1.8 1.3 2.1 4.5 
Sterculic a 1.1 0.6 0.4 0.9 0.8 1.3 
Dihydrosterculic 0. 2 Trace Trace Trace Trace O. 8 
Epoxy b Trace Trace Trace Trace Trace 0.4 

aEther plus keto derivatives. 
bTrimethylsilyl ethers of hydroxy-methoxy derivatives. 

excep t  that  S. veronicifolia seed oil con ta ined  an appre- 
ciable a m o u n t  (12.5%) of  CPFA. A similar amoun t  o f  
CPFA has been  repor ted  in the seed oils of  S. acuta and 
S. rhombifolia, which,  however,  con ta ined  much less 
linoleic acid than oleic and palmit ic  acids (19). The CPFA 
contain  mainly malvalic acid in S. veronicifolia and sterculic 
acid in S. acuta and S. rbombifolia. The fa t ty  acid composi-  
t ion of  A. crispum seed oil resembles  tha t  of  A. auriturn 
(20), A. indicum (21), A. pannosum (22), A. graveolens 
(23) and A. pseudoclei toganum (24). 
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