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in Seed Oils from Four Sesamum Species 
Afaf Kamal-Eldin and Lars .a.ke Appelqvist* 
Department of Food Hygiene, Swedish University of Agricultural Sciences, S-750 07 Uppsala, Sweden 

Seeds from different collections of cultivated Sesamum in- 
dicum Linn. and three related wild species [specifically, S. 
alarum Thonn., S. radiatum Schum and Thonn. and S. 
angustifolium (Oily.) Engl.] were studied for their oil con- 
tent and fatty acid composition of the total lipids. The wild 
seeds contained less oil (ca. 30%) than the cultivated seeds 
(ca. 50%). Lipids from all four species were comparable in 
their total fatty acid composition, with palmitic (8.2- 
12.7%), stearic (5.6-9.1%), oleic (33.4-46.9%) and linoleic acid 
(33.2-48.4%) as the major acids. The total  lipids from 
selected samples were fractionated by thin-layer chro- 
matography into five fractions: triacylglycerols (TAG; 80.3- 
88.9%), diacylglycerols (DAG; 6.5-10.4%), free fatty acids 
(FFA; 1.2-5.1%), polar lipids (PL; 2.3-3.5%) and steryl 
esters (SE; 0.3-0.6%). Compared to the TAG, the four other 
fractions (viz, DAG, FFA, PL and SE) were generally 
characterized by higher percentages of saturated acids, 
notably palmitic and stearic acids, and lower percentages 
of linoleic and oleic acids in all species. Slightly higher 
percentages of long-chain fatty acids (20:0, 20:1, 22:0 and 
24:0) were observed for lipid classes other than TAG in all 
four species. Based on the fatty acid composition of the 
total lipids and of the different acyl lipid classes, it seems 
that S. radiatum and S. angusti folium are more related 
to each other than they are to the other two species. 

KEY WORDS: Diacylglycerols, fatty acids, free fatty acids, polar 
lipids, sesame seeds, Sesamum, S. alarum, S. angustifolium, S. in- 
dicum, S. radiatum, steryl esters, triacylglycerols. 

Sesame oil, obtainable from the seeds of Sesamum indicum 
Linn., is among the first edible oils known and used by hu- 
mans. The oil is unique because of its unusually high ox- 
idative stability (1). The use of sesame oil as an edible oil 
is, however, largely limited to the areas of production because 
of the high cost of the see~ The combined internal consuml> 
tion of sesame seed in the major producing countries (China, 
India, Sudan, Mexico and Burma) represented 60% of the 
total world production in 1987 (2). In industrialized coun- 
tries, sesame oil is sold as one of the specialty gourmet oils, 
with unique flavor and character (3). The low yield of the 
crop and difficulties in mechanized harvesting, due to the 
uneven ripening of the capsules (4), are the main masons 
behind the high price of sesame seed and oil. 

The genus Sesamum is made up of about 35 wild species 
besides S. indicum, the only cultivated species in the world. 
The wild relatives are more resistant to environmental 
stresses than the domesticated species. In the 1980s, plant 
breeders and agronomists showed interest in the wild rela- 
tives to provide genes that  can improve some aspects in 
sesame cultivation. Increased efforts in collection and in- 
vestigation of different Sesamum species were recommended 
(5,6). 

We found it interesting to start some investigations on 
the seed lipids of the wild species that  grow in the Sudan, 
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specifically S. alarum Thonn., S radiatum Schum & Thonn. 
and S. angustifolium (Oliv.) Engl., in comparison with dif- 
ferent pure-line and mixed-line genotypes of the cultivated 
S. indicum Linn. In a previous communication (7), the oil 
contents and the fat ty acid and triacylglycerol (TAG) com- 
positions of the oils from single samples of the three wild 
species were reportecL The wild species had lower oil percent- 
ages (29-36%) than S indicum (47-55%). The fat ty acid 
compositions and the TAG patterns of the seed oils of the 
wild species were basically similar to those of the cultivated 
species. Sesamum radiatum and S. angustifolium had 
slightly higher percentages of the saturated acids, especially 
stearic acid. 

In this paper, more samples of S. indicum and two addi- 
tional samples of each wild species were collected and 
studied for their total fat ty acid composition to confirm or 
modify our previous findings and to arrive at some general 
conclusions on the similarities and the differences between 
the four species, based on more than single samples. 

The composition of total fat ty acids is often the only in- 
formation provided in studies on seed lipids. In this study, 
one representative sample from each of the four species was 
analyzed with respect to fat ty acid composition of the 
separated lipid classes--TAG, diacylglycerols (DAG), free 
fat ty acids (FFA), polar lipids (PL), steryl esters (SE)--in 
an attempt to map the variability in their relative propor- 
tions and the fat ty acid percentages in each class. 

MATERIALS AND METHODS 

Seeds from different cultivars of S. indicum Linn. and 
from different collections of the three related wild species, 
S. alatum Thonn., S. radiatum Schum & Thonn. and S. 
angusti fol ium (Oliv.) Engl., were collected from different 
locations in the Sudan (Table 1). Codes were given to the 
samples based on abbreviations of their local names. 

All solvents and reagents used were of analytical grade 
(E. Merck, Darmstadt ,  Germany) and were used without 
further purification. Pre-coated Silica-gel 60 plates (20 X 
20 cm, 0.25 mm layer thickness; Merck) were used for all 
thin-layer chromatography (TLC) separations. The TLC 
standard mixture, containing sterol, free fa t ty  acid, TAG, 
methyl ester and SE, was from Larodan Fine Chemicals 
AB (Malm(i, Sweden). Fa t ty  acid methyl ester (FAME) 
standards and methyl  heptadecanoate (17:0), used as an 
internal standard, were also from Larodan. BF3 in meth- 
anol (14%} (Sigma Chemical Co., St. Louis, MO) was used 
to prepare the FAME. The phospholipid standards (phos- 
phatidic acid, phosphatidylcholine" phosphatidylethanol- 
amine, phosphatidylSerine and phosphatidylinositol) were 
obtained in a phosphoglyceride kit from Larodan. All 
determinations in this paper were carried out in duplicate. 
and mean values are reported. 

Oil extraction. Crude lipids were extracted by vigorous 
shaking of duplicate samples, each 5 g of seeds, in stain- 
less-steel tubes with four steel balls and 30 mL of hep- 
tane/isopropanol (HIP; 3:1, vol/vol) for 1 h, essentially as 
described by Appelqvist (8). The lipid extracts were 
filtered through lipid-free filter paper, and the solvent was 
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TABLE 1 

Identification of Sesame Samples Analyzed, Their Seed Weights and Oil Contents 

Species Variety Locality Color of Seed weight a Oil content b 
code (local name) (source) seeds (as is, mg) (% in seed) 

Sesamurn indicum Linn. a'b 
GAS Gabaly Aswad 
GAB Gabaly Abiad 
HIR Hirihri 
PLM Palarma 
YRO Yrou 
BAB Bilia Abiad 
ABS Abu Sandoog 

S. alatum a Thonn. 
OB-1 Camel sesame 
OB-2 Camel sesame 
UR Camel sesame 

S. radiatum Schum & Thonn. 
RDZ Devil sesame 
RGD Devil sesame 
RDK Devil sesame 

S. angustifolium (Oliv.) Engl. 
ANG-1 Deer sesame 
ANG-2 Deer sesame 

Um Roaba Black 3.5 50.7 
Um Roaha White 2.0 47.4 
Um Roaba Brown 3.6 52.3 
Agadi, Eldamazeen White 3.0 55.1 
Agadi, Eldamazeen Greyish-white 2.8 51.9 
Doka, Elgadarif White 2.6 55.5 
Doka, Elgadarif White 2.5 55.1 

Elobied Brown-winged seeds 1.7 29.8 
Elobied Brown-winged seeds 1.6 29.1 
Um Roaba Brown-winged seeds 1.8 28.1 

Eldamazeen Black, large seeds 1.8 30.3 
Elgadambalia Black, large seeds 1.8 33.4 
Doka Black, large seeds 1.7 30.8 

Elfola Black, small seeds 1.0 29.2 
Elfola Black, small seeds 1.0 29.7 

aDetermined by weighing 100 seeds. 
bpercent in undried seeds. The moisture contents in the seeds were ca. 3.5% in S. indicum, ca. 4% in S. alatum, 
and cea 4% in S. angustifolium. 

ca. 3% in S. radiatum 

evaporated in vacuo at  ca. 30~ The oils were weighed 
to determine the oil content  of the seeds and then  kept  
in H I P  solutions a t  - 2 0 ~  for fur ther  analyses. 

TLC.  The total  lipids from a single sample  of each 
species were fract ionated by TLC into five fractions: PL, 
DAG, FFA, TAG and SE. The crude lipid ex t rac t s  were 
applied on TLC plates as 14-cm bands  (ca. 70 mg/plate) 
with a Linomat-3 auto appl icator  (CAMAG, Muttenz,  
Switzerland}. The TLC s tandard  mixture  was applied as 
a reference on one side of each plate, and the plates were 
developed in hexane/diethyl ether/acetic acid (HEA; 
85:15:1, vol/vol/vol). The plates were covered with other 
glass plates, leaving the reference zone exposed to be 
visualized by exposure to iodine vapor. Bands correspond- 
ing to PL (Rf 0.00-0.03}, DAG (R~ 0.03-0.13}, FFA (Rf 
0.13-0.27}, TAG (Rf 0.33-0.59} and SE (Rf 0.82-0.97} were 
scraped and eluted (2 • 3 mL} as follows: PL 
(MeOH/CHC13, 2:1, vol/vol), DAG (Et20/CHC13, 2:1, 
vol/vol), FFA and TAG (Et20) and SE (n-hexane}. All ex- 
t ract ions were carried out a t  room tempera ture  for a few 
minutes, except  for the PL, which were extracted at  4~ 
overnight. 

Par t  of the PL extracts,  obtained as described before, 
were fur ther  separated by TLC with chloroform/meth- 
anol/acetic acid/water (CMAW; 170:30:20:7, by vol} as the 
mobile phase (9). The separated phospholipid classes were 
detected by iodine vapor  and were matched  agains t  the 
authent ic  s tandards.  To determine whether  H I P  extrac- 
tion would act ivate  the phospholipases,  ext rac ted seeds 
were allowed to s tand in the solvent for 4 h before filter- 
ing. The filtrate was then checked by TLC (CMAW), along 
with the fresh ext rac ts  (1-h extraction}. 

Preparat ion  and pur i f ica t ion  o f  F A M E .  Methyl  hep- 
tadecanoate  (17:0) was added as an internal s tandard  to 
the total  lipids and to each fraction at  ca. 10% level (w/w}. 
FAME were prepared by t rea t ing  the lipids in hexane (0.5 
mL) consecutively with 0.01 M N a O H  in dry methanol  

(2 mL) and 14% BF 3 in methanol  (3 mL) at 60~ (10). 
The FAME were then  purified by TLC with H E A  as the 
developing solvent (R~ 0.56-0.81}, scraped, eluted three 
t imes with diethyl e ther  and stored in solvents at  - 2 0  ~ 
until  injected into the gas chromatograph.  

Gas chromatography.  Gas chromatographic  (GC} anal- 
yses of FAME were carried out in a Varian 3400 gas chro- 
ma tog raph  (Palo Alto, CA} equipped with a split injector 
and a flame-ionization detector  (FID). The injector 
t empera ture  was 230~ and the split  rat io was 50:1. Two 
fused silica WCOT capillary glass columns coated with 
CP Sil 88 {100% Cyanopropyl) of 50 m and 20 m length 
were connected (Chrompack Internat ional  B.V., Middel- 
burg, The Netherlands}. Both  columns were 0.15 m m  i.d., 
bu t  had 0.12 ~ and 0.20 ~ film thickness, respectively. The 
initial column temperature was 175 ~ for 20 min, followed 
by p rogramming  to 180~ at  l~ and fur ther  pro- 
gramming to 190~ at  2~ with a final hold at 190~ 
for 14 re_in. Hydrogen  was used as the carrier gas at  a 
linear velocity of 18.6 cm/s. Nitrogen was used as the 
make-up gas at a flow rate of 30 mL/min, and the F I D  
tempera ture  was 260~ Component  peaks  were recorded 
on a Varian 4290 integrat ing sys tem and were identified 
by comparison of their  retention t imes with those of 
authent ic  FAME standards.  Peak areas were computed,  
and percentages of the FAME were obtained as weight 
percent by direct internal normalization.  No correction 
factors were used because the response factors of the main 
f a t ty  acids were close to unity. 

RESULTS 

The  crude oils. Table 1 shows the seed weights and oil 
percentages, on an "as is" basis, of the seed samples 
studied. The crude lipid contents  in the seeds of the wild 
species, S. a la tum {28.1-29.8%}, S. radia tum {28.9-33.4%} 
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and S. angustifolium (29.2-36.2%), are significantly lower 
than  in S. indicum (47-55.5%}. 

The H I P  (3:1, vol/vol)-extracted oils had the following 
colors at room temperature: yellow, (S. indicum), green (S. 
alatum), yellow-olive green (S. radiatum) and yellow-green 
yellow (S. angustifolium). Visible absorption spectra 
demonstra ted carotenoids and chlorophyll as the major 
pigments  in all oils (data not  shown). 

Fatty acid composition of the total lipids. Table 2 
presents the fa t ty  acid composition obtained by GC 
analysis of the methyl  esters of the total  lipids. Palmitic 
(8.2-12.7%), stearic (5.6-9.1%), oleic (33.4-46.9%) and 
linoleic (33.2-48.4%) acids were the principal f a t ty  acids 
in all four species. Low percentages were recorded for other 
acids--palmitoleic (0.1-0.3%), cis-vaccenic (0.8-1.5%), 
linolenic (0.2-0.8%) and arachidic acid (0.5-0.8%). 
Eicosenoic and behenic acids occurred in all oils at ca. 
0.1%, and trace amounts  of lignoceric acid were detected. 

Composition of the different acyl lipid classes. One 
representative sample for each species was selected for 
s tudy of the percentages of the different lipid classes, 
namely TAG, DAG, FFA, PL and SE, and their fa t ty  acid 
composition (Table 3). The major fraction in all species was 
TAG, representing ca. 89% of S. indicum lipids. Lipids 
from the seeds of the three wild species contained lower 
percentages of TAG (ca. 80-85%) and higher percentages 
of DAG (ca. 8-10%) as compared with S. indicum (6.5% 
DAG). 

In all species, the fat ty  acid compositions of lipid classes 
other  than  TAG (DAG, FFA, PL and SE) were different 
from tha t  of TAG and were generally characterized by 
relatively higher percentages of saturated acids, notably 
palmitic, and relatively lower percentages of unsa tura ted  
acids, particularly linoleic acid, in the aforementioned 
order. Fewer variations, but  with the same trend, were 
observed for stearic and oleic acids. In S. indicum, for ex- 
ample, palmitic acid showed the following percentages in 
the different lipid classes: TAG (8.9%), DAG (12.5%), FFA 
(17.8%), PL (22.6%) and SE (24.4%). Linoleic acid, on the 
other  hand, showed the following proportions: TAG 
(37.9%), DAG (34.3%), FFA (27.2%}, PL (24.9%) and SE 
(21.8%). Stearic and oleic acids ranged from 6.8 and 44.1% 

in the TAG fraction to 11.9 and 35.8% in the SE fraction, 
respectively. Slightly higher percentages of long-chain 
fa t ty  acids (20:0, 20:1, 22:0 and 24:0) were also observed 
for lipid classes other than TAG in all four species. Similar 
differences between the different classes were observed in 
the three wild species. 

There was good agreement between the values for total 
fa t ty  acid composition, obtained by direct analysis (Table 
2) and by the sum of different percentage classes (Table 
3), suggesting tha t  the method used for the fractionation 
of total  lipids was highly reliable. 

Composition of the TAG fractions. The TAG fraction 
of the S. indicum sample (GAS) had 8.9% palmitic, 6.8% 
stearic, 44.1% oleic and 37.9% linoleic acid. The fa t ty  acid 
composition of the TAG fraction of the S. alarum sample 
(OB-2) was comparable to tha t  of GAS with 11.4% 
palmitic, 5.7% stearic, 46.4% oleic and 33.5% linoleic acid. 
The samples of S. radiatum (RDK) and S. angustifolium 
(ANG-2) had similar fa t ty  acid percentages in their TAG 
fractions with respective percentages of palmitic (9.3 and 
8.6%), stearic (9.1 and 6.4%), oleic (34.7 and 33.1%) and 
linoleic acid (44.8 and 49.4%}. Palmitoleic, cis-vaccenic, 
linolenic, arachidic, eicosenoic and behenic acids occurred 
as minor acids (<1%) in all samples, and trace amounts  
of lignoceric acid were also observed. 

Composition of the DAG fractions. Compared to the 
TAG, the DAG fraction of the three wild species displayed 
slightly higher percentatges of palmitic, palmitoleic, oleic 
and the long-chain fa t ty  acids at the expense of linoleic 
acid. In S. indicum, these acids showed similar differences 
between DAG and TAG, except for oleic acid, which 
showed the same percentage in both  fractions. Sesamum 
indicum, S. alarum and S. angustifolium also had slightly 
higher percentages of stearic acid in the DAG fraction, 
but  S. radiatum was exceptional in showing a lower 
relative percentage for this acid. 

Composition of the FFA fractions. The FFA fraction of 
all species had higher relative percentages of palmitic, 
palmitoleic, stearic and the long-chain fa t ty  acids than did 
the TAG fraction. In S. indicum and S. radiatum, these 
were balanced by lower percentages of oleic and linoleic 
acids. Sesamum alarum and S. angustifolium, on the other 

TABLE 2 

Fatty Acid Composition of the Total Lipids from Four Sesamum Species 

Fatty acid percentages (%, w/w) a 
Species/sample (code) 16:0 16:1 18:0 1 8 : 1 h 9  18:1All 18:2 18:3 20:0 

S. indicum 
GAS 9.0 0.2 6.5 44.3 0.9 38.0 0.6 0.3 
GAB 9.3 0.2 5.9 42.9 0.8 39.8 0.6 0.3 
HIR 9.5 0.1 6.4 42.7 0.9 39.4 0.5 0.3 
ABS 9.6 0.2 5.6 41.1 0.8 41.6 0.6 0.3 

S. alarum 
OB-2 12.7 0.2 5.6 45.5 1.5 33.4 0.6 0.3 
UR 11.5 0.2 5.8 46.9 1.2 33.2 0.6 0.4 

S. radiatum 
RDZ 8.3 0.3 8.6 34.9 0.9 45.8 0.8 0.2 
RDK 9.0 0.2 9.1 35.3 0.8 44.3 0.9 0.2 

S. angustifolium 
ANG-1 8.2 0.2 6.6 34.3 0.8 48.1 0.8 0.8 
ANG-2 8.7 0.2 6.6 33.5 0.8 48.4 0.8 0.8 

aFatty acids: 16:0 (palmitic), 16:1 (palmitoleic), 18:0 (stearic), 
(linoleic), 18:3 (linolenic), 20:0 (arachidic), 20:1 (eicosenoic), 22:0 
also contained 0.1% of 20:1, 0.1% of 22:0 and trace (less than 

18:1h9 (oleic), 18:1hll (cis-vaccenic), 18:2 
(behenic) and 24:0 (lignoceric). All samples 
0.1%) of 24:0. 
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TABLE 3 

Fatty Acid Composition of the Different Lipid Classes in Oils from Four Sesamum Species 

Fat ty  acid percentages (%, w/w) a 

Species sample (code) Class b (%) 16:0 16:1 18:0 18 :1A9 18:1111 18:2 18:3 20:0 20:1 22:0 24:0 

S. indicum (GAS) 
TAG 88.9 8.9 0.2 6.8 44.1 1.0 37.9 0.3 0.6 0.1 0.1 trace 
DAG 6.5 12.5 0.7 7.0 44.1 n.d. 34.3 0.3 0.5 0.3 0.2 0.1 
FFA 1.2 17.8 4.5 9.2 33.3 n.d. 27.2 0.1 5.2 n.d. 2.1 0.6 
PL 2.8 22.6 2.4 11.3 36.0 n.d. 24.9 0.4 1.0 0.2 0.4 0.8 
SE 0.6 24.4 3.4 11.9 35.8 n.d. 21.8 0.3 1.0 0.2 0.8 0.4 
Total c 100 9.7 0.4 7.0 44.1 0.9 36.8 0.3 0.6 0.1 0.1 trace 

S. alatum (OB-2) 
TAG 80.3 11.4 0.3 5.7 46.4 1.5 33.5 0.4 0.6 0.1 0.1 trace 
DAG 10.3 13.5 0.6 6.4 50.3 n.d. 27.5 0.4 0.7 0.3 0.2 0.1 
FFA 5.1 18.9 1.3 9.7 52.0 n.d. 16.1 0.3 1.1 0.2 0.3 0.1 
PL 3.5 24.6 1.4 10.1 43.5 n.d. 17.0 1.4 1.2 0.2 n.d. 0.6 
SE 0.8 22.6 2.6 9.9 43.7 n.d. 18.4 0.3 1.3 n.d. 0.6 0.6 
Total 100 12.6 0.4 6.2 47.0 1.2 31.3 0.1 0.7 0.1 0.1 trace 

S. radiatum (RDK) 
TAG 84.9 9.3 0.2 9.1 34.7 0.8 44.8 0.1 0.1 0.8 0.1 trace 
DAG 10.4 11.0 1.0 8.6 39.7 n.d. 38.7 0.1 0.5 0.2 0.1 0.1 
FFA 1.9 29.6 2.5 11.2 29.9 n.d. 23.4 0.1 1.7 0.1 0.7 0.8 
PL 2.3 24.2 2.1 11.8 35.1 n.d. 21.9 0.1 0.9 0.5 n.d. 1.4 
SE 0.5 26.8 11.4 10.4 18.8 n.d. 15.8 n.d. 11.7 n.d. 4.3 0.8 

Total 100 10.3 0.4 9.2 35.1 0.7 43.2 0.1 0.8 0.1 0.1 trace 
S. angustifolium (ANG-2) 

TAG 84.0 8.6 0.2 6.4 33.1 0.8 49.4 0.6 0.7 0.1 0.1 trace 
DAG 8.3 10.6 0.7 7.1 37.9 n.d. 41.9 0.5 0.8 0.3 0.1 0.1 
FFA 4.2 14.4 1.1 11.3 33.5 1.0 36.1 0.5 1.4 0.1 0.4 0.2 
PL 3.2 20.7 2.5 11.4 33.4 n.d. 29.7 0.3 1.0 0.4 0.4 0.2 
SE 0.3 27.0 7.6 17.8 18.9 n.d. 8.8 n.d. 13.0 0.3 5.4 1.2 
Total 100 9.4 0.4 6.9 33.5 0.7 47.5 0.6 0.8 0.1 0.1 trace 

aTrace; less than 0.1%, n.d., not detected. 
bClass: TAG (triacylglycerols), DAG (diacylglycerols), FFA (free fatty acids}, PL (polar lipids), SE (steryl esters). 
CTotal --- fatty acid composition of the total lipids as calculated from the compositions of the different fractions. 

hand ,  also showed h ighe r  p e r c e n t a g e s  of oleic acid, a n d  
al l  were b a l a n c e d  b y  c o n s i d e r a b l y  lower p e r c e n t a g e s  of 
l inoleic  acid. Sesamum indicum was  d i f fe ren t  in show ing  
a h igh  p e r c e n t a g e  of l inolenic  acid,  and  S. radiatum was  
aga in  except ional  in showing  a compara t i ve ly  h igh  re la t ive  
p e r c e n t a g e  of p a l m i t i c  acid. 

Composition of the PL  fractions. I n  t he  P L  f rac t ion  t h e  
pe rcen tages  of palmitic~ palmi to le ic ,  s t ea r ic  and  the  long- 
chain  f a t t y  acids  also were h igher  compared  wi th  TAG and  
DAG.  This  was  a t  t he  expense  of b o t h  oleic a n d  l inoleic  
ac ids  in S. indicum and S. alarum, b u t  only  a t  t he  expense  
of l inoleic  ac id  in S. radiatum a n d  S. angustifolium. 

The  P L  p e r c e n t a g e s  were d e t e r m i n e d  in a s ing le  sam-  
p le  f rom each  spec ies  by  w e i g h i n g  a l i quo t s  of TLC-separ -  
a t ed  f rac t ions  (HEA)  on a microbalance .  They  r ep resen ted  
5.5% of the  oil in t he  s a m p l e  of S. indicum (GAS),  7.3% 
in S. alarum (OB2), 3.8% in S. radiatum (RDK) and  4.2% 
in S. angustifolium (ANG-2).  F u r t h e r  s e p a r a t i o n  of t h e s e  
f r ac t ions  on TLC in t h e  p resence  of a u t h e n t i c  s t a n d a r d s ,  
w i t h  C M A W  (170:30:20:7, b y  vol) as  t he  mobi le  phase ,  
r evea led  p h o s p h a t i d y l c h o l i n e  (R~ 0.23), p h o s p h a t i d y l -  
e t h a n o l a m i n e  (Rf 0.39) and  p h o s p h a t i d i c  acid  (Rf 0.56) as  
t he  m a j o r  componen t s .  Thin- layer  c h r o m a t o g r a p h i c  anal-  
ys is  (CMAW) of fresh ex t rac t s ,  c o m p a r e d  to  such  e x t r a c t s  
s t a n d i n g  in c o n t a c t  w i t h  t i s sue  f r a g m e n t s  for 4 h a t  r oom 
tempera tu re ,  s t r o n g l y  ind ica t ed  t h a t  the  H I P  m i x t u r e  d id  
n o t  a c t i v a t e  any  p h o s p h o l i p a s e  ac t ion.  Hence,  p h o s p h a -  
t id ic  acid  m a y  be  ind igenous  in Sesamum seed oils. Galac-  
t o l i p id s  and  o t h e r  P L  also s e e m e d  to be  p resen t ,  b u t  

on ly  in sma l l  a m o u n t s .  No  t r ace  of monoacy lg lyce ro l  was  
seen. 

Composition of the S E  fractions. The  S E  f rac t ions  of 
t he  four  spec ies  also showed  h ighe r  pe r cen t ages  of 
pa lmi t i c ,  s tear ic ,  p a l m i t o l e i c  and  t h e  long-cha in  f a t t y  
acids, and  lower percentages  of oleic and  linoleic acids  t h a n  
the  TAG f rac t ions .  The  two  species  S. radiatum and S. 
angustifolium were aga in  c o m p a r a b l e  to  each  o the r  and  
d i f fe ren t  f rom the  o t h e r  two in h a v i n g  low pe rcen tages  of 
oleic (18.8 a n d  18.9%) and  l inoleic (15.8 and  8.8%) as  com- 
p a r e d  to  35.8 and  43.7% oleic and  21.8 a n d  18.4% l inoleic 
in S. indicum and  S. alatum, respect ive ly .  The  low oleic 
and  l inole ic  ac id  p e r c e n t a g e s  in S. radiatum and  S. 
angustifolium were a c c o m p a n i e d  by  n o t a b l e  re la t ive  in- 
c reases  in t he  pe rcen t ages  of pa lmi to l e i c  (11.4 and  7.6%), 
a rach id ic  (11.7 and  13.0%), and  behen ic  (4.3 and  5.4%) 
acids.  Sesamum angustifolium also con t a ined  a consider-  
ab ly  h ighe r  p e r c e n t a g e  of s t ea r i c  ac id  (17.8%) t h a n  the  
o t h e r  t h r ee  spec ies  (10.1-11.9%). 

DISCUSSION 

Oil content of seeds. The low oil c on t e n t  in the  seeds  f rom 
the  wi ld  spec ies  are  s imi l a r  to  p r ev ious  resu l t s  in  t h e  
l i t e ra ture .  Seeds  of S. angusti folium f rom Tanzan ia  were 
r e p o r t e d  to  c on t a in  28.9% oil  (11). Uzo  et al. (12) found  
on ly  13.2% oil  in seeds  of S. angustifolium and  25.5% oil 
in seeds  of S. radiatum f rom Niger ia .  Th is  is m a i n l y  a 
re f lec t ion  of t he  h igh  f iber  c o n t e n t  in t h e  wi ld  s eeds - -S .  
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alarum (24%), S. radia tum (36%) and S. angus t i fo l ium 
(22%), as compared with S. ind icum seeds (ca. 6%) (un- 
published data). I f  oil contents were calculated on a fiber- 
free basis, they would be ca. 36% in S. alarum and S. 
angust i fo l ium and 55% in S. radiatum compared with 50- 
59% in S. indicum. Tashiro et  al. (13) found tha t  11 black- 
seeded strains of S. ind icum from J a p a n  were character- 
ized by relatively low oil percentages (43.4-51.1%) com- 
pared with 15 white-seeded strains (51.8-58.8%). The 
reason is mainly due to the high percentages of hulls in 
the black-seeded strains (ca. 14%) compared with the 
white-seeded strains (ca. 6%). Twelve brown-seeded strains, 
with an average of 8% hulls, were slightly lower in their  
average oil contents  than  the white-seeded strains. This 
observat ion compares  well with the low oil percentages 
in the seeds of the wild S e s a m u m  species because these 
seeds are enclosed in thicker hulls than  S. indicum. Thus, 
the oil content  in the wild seeds would be increased if the 
crude fiber content  could be genetically lowered, e.g., by 
obtaining thinner seed coats. 

Composi t ion  o f  the di f ferent  acyl lipid classes. An oil 
with a green color is indicative of immature  seed, which 
is also expected to be lower in TAGs but  higher in PLs, 
DAGs and FFAs (14,15). Because seed oils from the wild 
species contained more chlorophyll and were lower in 
TAGs, but  higher in DAGs, FFAs and]or PLs, the samples 
collected were probably  mixtures  of ripe and slightly 
unripe seeds. I m m a t u r i t y  of sesame seed is explainable 
by the uneven ripening nature  of sesame capsules, where 
basal  seed capsules may  be opening while the upper  pa r t  
of the plant  is still flowering (16). 

Fat ty  acid composi t ion o f  the total lipids. The fa t ty  acid 
composition of total  lipids of the four species is quite com- 
parable  and, apar t  f rom the sl ightly lower stearic acid 
percentage in the present  samples  of S. angust i fo l ium,  is 
in good agreement with our previous findings (7). The TAG 
profiles of the oils from seeds of the four species were also 
quite comparable (7), suggesting tha t  no significant intra- 
or interspecific genetic differences in the basic f a t ty  acid 
composit ion exist  in these different species of the genus 
S e s a m u m .  

Fat ty  acid composit ion of  the different acyl lipid classes. 
Searching the l i terature in lipid chemis t ry  revealed little 
da ta  on the f a t ty  acid composit ion of the various lipid 
classes in any sample  of crude seed oil. I t  has been 
reported, however, t ha t  the phospholipid fractions from 
mature  seeds frequently have quite different overall f a t ty  
acid composit ion from those of the corresponding TAG 
fractions (17). Senn (18) reported tha t  the PL fractions 
from peanut  oil had higher percentages of palmitic, stearic 
and lignoceric acids and lower percentages of oleic and 
linoleic acids than  did the TAG fraction. This finding is 
in line with our observat ions on sesame seeds. 

Variations in f a t ty  acid composit ion of the SE and the 
to ta l  lipids were studied in rapeseed oil (19) and in sun- 
flower and in poppyseed oils (20). In rapeseed oil (19), the 
SE fraction showed a high percentage of linoleic acid 
(60.3%) and a low percentage of oleic acid (24.1%) as com- 
pared with the total  f a t ty  acids (20.7% linoleic and 62.2% 
oleic acids). The percentages of palmitic, stearic and lino- 
lenic acids were comparable  in the two fractions. The SE 
fractions of sunflower and poppyseed oils (20), on the other 
hand, had higher percentages of oleic acid (ca. 20%) and 
lower percentages of linoleic acid (ca. 50%) as compared 

with ca. 12% oleic and 77% linoleic acids in the total lipids. 
In  sunflower oil, palmitic and stearic acid percentages 
were approximately equal in the SE fraction and the total  
lipids, but  the SE contained great  percentages of some 
long-chain f a t ty  acids tha t  were not  detected in the total  
lipids. The SE fraction of poppyseed oil contained higher 
percentages of palmitic and stearic acids than did the total 
lipids. These data  and our present results indicate no typi- 
cai pa t t e rn  of variat ion in fa t ty  acid percentages between 
SE and other acyl lipids in the different oils. 

Because TAGs are the predominant  fractions in all oils 
(80.3-87.9%), the fa t ty  acid composit ions of the TAGs are 
quite comparable  to the f a t ty  acid composi t ions of the 
total  lipids. Dur ing industrial  refining, essentially all PL 
and FFA, but  only pa r t  of the DAG and SE, are removed; 
and the result ing oil is mainly TAGs (21-23). Thus, the 
f a t ty  acid composit ion of a refined oil would mainly be 
t ha t  of the TAG in the crude oil, with some contr ibut ion 
from the DAG. 
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