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ABSTRACT 

Fatty acid profile of lipid compounds in germinated and ungerminated seeds of Sphenostylis stenocarpa was 

investigated. Seed lipids were extracted with n-hexane, separated with silicic column chromatography and analysed 

with thin layer chromatography and gas liquid chromatography (GLC). ).  The total lipid content of ungerminated 

seed was 7.6% while that of germinated seed was 4.6%. Polar lipids separated from non-polar lipids by silicic 

column chromatography showed that neutral lipids represented 3.3%, glycolipids and phospholipids represented 

2.1%  and 2.2%, respectively in ungerminated seeds while germinated seeds had 2.1% neutral lipids, 1.4% 

glycolipids and 1.1% phospholipids. Thin layer chromatographic separation showed three classes of lipids in 

germinated and ungerminated seeds which were cholesterol, oleic acid and palmitic acid. These lipids were yellow 

and solid at room temperature. Gas liquid chromatographic analysis of the oil indicated that the seed oil of S. 

stenocarpa is rich in unsaturated fatty acids. Among the unsaturated fatty acids, linoleic acid (C18:2) is the major 

constituent followed by oleic acid (C18:1) as the second main unsaturated fatty acid. Palmitic acid (C16:1) was the 

major saturated fatty acid followed by stearic acid (C18:0). This study suggests that oil extracted from germinated 

and ungerminated seeds of S. stenocarpa could have potential utilitarian benefit as edible oil and in industry. 
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INTRODUCTION 

The African yam bean (Sphenotylis stenocarpa Hochst. ex. A. Rich) is a leguminous crop belonging to the family 

Fabaceae, sub-family Papilonoidae, tribe Phaseoleae, sub-tribe Phaseolionae and genus Sphenostylis (Okigbo, 1973; 

Allen and Allen, 1987). It is grown as a minor crop in mixed association with yam and cassava. Its current low 

status as a minor crop means that this crop is largely unexploited (Klu et al., 2001). The African yam bean is grown 

in West and central Africa, particularly in Cameroon, Cote d’Ivoire, Ghana, Nigeria and Togo (Porter, 1992). In 

Nigeria, it is found in rural areas in the southern part of Nigeria, where it is grown by peasant farmers as a security 

crop. It is in danger of extinction because of neglect and higher premium placed on the major legumes listed above 

and others such as Soya bean.  

 The economic importance of African yam bean is immense. Increasing population, high prices of staple 

food items, policy constraints on food importation are worsening the food security in developing countries where 

protein deficiency and malnutrition is predominant (Weaver, 1994; FAO, 1994, 2008). In order to meet the 

increasing gap in the provision of balanced food for the growing population of developing countries, attention is  

now being paid to lesser –known crops that have played major roles in the livelihood of subsistent rural farming  
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families (Ezeagu et al., 2002). Among these crops are African yam bean Sphenostylis stenocarpa (Hochst. ex A. 

Rich.) Harms and pigeon pea (Cajanus cajan L. Mill). They are grown for household consumption and for 

commercial purposes in Nigeria (Saka et al., 2004). Despite their great potentials to meet adequate nutrition 

requirements, such plants have been referred to as under-exploited, under-utilized, orphan or neglected plants 

(Jaenicke et al., 2009). The nutritious seeds are delicious, and in most parts of Nigeria are often preferred over other 

leguminous seeds. In addition to its edible leaves and pods, the tubers can be used as cooked vegetable (Rice et al., 

1986). 

Lipids may be defined as compounds of plants or animals which are soluble in non-polar solvents such as 

benzene, ether and carbon disulphide but sparingly soluble in water (Draper, 1976). Lipids are, therefore, a 

heterogeneous array of compounds which share solubility characteristics but may not necessarily be related 

chemically. This array may include neutral fats, phospholipids, terpenes, steroids, waxes and a number of other 

compounds (Meyer et al., 1973). 

Lipids from seeds are important dietary constituents of the Nigerian people. The analysis of partial 

glycerides is important in the food oils and fats industry because they are important additives or intrinsic 

components that affect the emulsification properties of products (Lin and Lam, 1994). In addition, the presence of 

partial glyceride affects the physical properties of palm oil, coco butter  and other oils. Quantitative determination of 

these compounds is equally important in the enzymatic glycerolysis of triglycerides. 

As increasing attention is paid to discovery of plant substances valued for human and industrial 

consumption around the world, there is a concomitant developing awareness of the paucity of information available 

on natural products produced by plants, especially those from warm regions of the globe. Oil-bearing seed plants 

provide an example of how little we know about potentially exploitable plant species. Only nine species produce 

about 90% of the world’s vegetable oil (Duffus and Slaughter, 1980). Of an estimated 250,000 species of 

angiosperms, not more than 3% have received a cursory analysis of their seed composition.  

Lipids stored in lipid bodies (Patton and Meinke, 1990) are the major seed storage reserves. Most of the 

lipids are triacyl-glycerols, mainly containing 18:1 (Oleic acid), 18:2 (Linoleic acid), 18:3 (linolenic acid) and 20:1 

(Eicosenic acid) fatty acids (Finkelstein and Somerville, 1990; Lemieux et al., 1990) have been isolated. Eicosenic 

acid levels are preferentially reduced in the abi 3-1 mutant (Finkelstein and Somerville, 1990) and even more in the 

ABA ABI 3 – 1 double mutant (De Bruijn, 1993). The seed phospholipids showed a similar reduction of eicosenoic 

acid (Karssen and Van Loon, 1992) in this double mutant. This probably reflects the fact that eicosenoic acid 

synthesis is catalysed by a seed specific pathway whereas the other fatty acids are catalysed by a ubiquitous pathway 

that is not under abi 3 control (Karssen and Van Loon, 1992). 

Investigations on seed oil content and fatty acid composition in wild species has been neglected. Food and 

Agriculture Organization (FAO) consultative committee (Anonymous, 1981, 1985) has strongly recommended the 

collection and investigations on wild species. Sesamum augustifolium (Oliv) Engl. seeds from Tanzania and Nigeria 

had 28.9% and 13.2% oil, respectively. Nigerian accession of Sesamum radiatum Schumach seeds contained 25.5% 

oil (Uzo et al,1985). Kamal-Eldin et al. (1992) have determined the seed oil content, fatty acid composition and 

triglyceride profile in wild species of Sesamum alatum Thonn., S. angustifolium, S. radiatum  and compared them 

with cultivated S. indicum collected from Sudan; Seed oil content was 28.9, 36.2, 28.9 and 47.3 to 54.2% in S. 

indicum, respectively. However, the wild species had different proportions of saturated and unsaturated fatty acid 

composition compared to cultivated S. indicum.  Stearic acid content was more in S. angustifolium and S. radiatum, 

but S. alatum contained more palmitic acid. This last species possessed more amounts of oleic acid and lesser 

amounts of linoleic acid. In cultivated sesame, seed oil content ranged from 40.4 to 59.8%. Fatty acids of this seed 

oil was mainly oleic (32.7 to 53.9%), linoleic (39.3 to 59%), palmitic (8.3 to 10.9%) and stearic (3.4 to 6.0%) acids 

(Yermanos et al., 1972).  
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The fatty acid profile of ungerminated and germinated seeds of Sphenostylis stenocarpa have not been clearly 

studied and documented. This work aimed to do so and fill the gap created by the lack of information. 

 

MATERIALS AND METHODS 

Extraction of Lipids using Soxhlet Extractors 

The methods of Sotheeswaran et al. (1994) and AACC (1987) were adopted. Lipids were extracted from 50 g of 

each ground seed and 50 g  Sphenostylis stenocarpa seedlings (1 week after treatment) withN-hexane using Soxhlet 

extractors. The hexane was removed using a rotatory evaporator at 40
o
C and the weight of the remaining lipid was 

measured. 

 

Separation of Lipid into Classes by Silicic acid Column Chromatography    

Total lipid, extracted by the method of Sotheeswaran et al. (1994), was fractionated into three major lipid groups: 

neutral lipids, glycolipid and phospholipids by silicic gel column chromatography.  

The silicic gel (60-120  mesh) BDH chemicals limited, Poole, England, was prepared according to Kates 

(1986). 15 g of silicic acid slurry was prepared in a 100 ml beaker in about 30 – 50 ml of chloroform and poured into 

the chromatography column of 80 cm height with internal diameter of 2.5 cm. The stop cock and top of the tube 

were opened to dislodge air bubbles and to aid settling of the column. The solvent level was allowed to drop to the 

top of the silicic acid. The bed was then washed with 2-column volumes of chloroform until the height of the 

column rose to 16 cm. With the aid of a Pasteur pipette, a solution of 5 ml of the total lipid was added to the column. 

Neutral lipids were eluted with chloroform (175 ml), glycolipids with acetone (200 ml) and phospholipids with 

methanol (175 ml) (Gafur et al., 1993). The elution was controlled at a flow rate of 3 ml/min. The solvents 

contained 0.005% of  butylated hydroxytoluen. The lipid fractions after evaporating to dryness in a rotary evaporator 

at 40
o
C were determined gravimetrically.  

 

Thin Layer Chromatography (TLC)  

Chromatographic techniques were used including both analytical and preparative thin layer chromoatography for the 

separation, purification, identification and characterization of lipid classes. 50 g of silica gel (kieselgel 60 G) was 

prepared in 120 ml of distilled water in a 250 ml beaker. Four glass plates (0.40 x 20 x 20 cm) were prewashed with 

acetone in order to remove any contaminating lipid materials. The plates were coated by spreading the slurry with an 

automatic spreader drawn by hand. TLC plates were coated to a thickness of 0.25 mm and 1mm for analytical and 

preparative,  respectively. The coated plates were air-dried and then activated by heating at 110
o
C for 30 minutes 

before use.  5 g of the neutral lipid, glycolipid and phospholipids fraction was dissolved in 5 ml chloroform-

methanol applied on the plates at 1.5 cm from the edge by spotting with capillary tube. Authentic standard solutions 

of palmitic acids, cholesterol, and oleic acid (1 mg per ml in each ease) were applied to different lanes on the plates 

using capillary tube. The test samples were applied to the plates. The plates were developed by ascending technique 

in rectangular glass jar containing the appropriate solvent system. 

The neutral lipid, glycolipid and phospholipid chromatoplates were developed with a mixture of N-hexane: 

chloroform (80:20v/v). When the solvent front was about 2.0 cm to the top, the plates were removed, air-dried and 

spots made visible using iodine vapour. Identification of lipids in different classes was made by comparison of Rf 

values with those of standard references and from specific reaction with iodine vapour. The Rf ratio of each lipid 

was calculated and reported. The distance from the centre of spots to the origin and the distance of solvent front 

from origin were measured. 
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Identification and Quantification  of Fatty Acids by Gas Liquid Chromatography  

Fifty (50) mg each of the extracted neutral, glycolipid and phospholipid fraction was saponified (esterified) for 5 

minutes at 95
o
C with 3.4 ml of the 0.5M KOH in dry methanol. The mixture was neutralized by using 0.7M HCl. 

Three (3) ml of the 14% boron trifluoride in methanol was added. The mixture was heated for 5 minutes at the 

temperature of 90
o
C to achieve complete methylation process.  The Fatty Acid Methyl Esters (FAME) were thrice 

extracted from the mixture with redistilled n-hexane. The content was concentrated to 1ml for gas chromatographic 

analysis and 1μl was injected into the injection port of GC. To facilitate the identification, a comparison was made 

of the retention times of the samples with those of standard methyl esters run on the same column under the same 

conditions. The results were recorded by an electronic integrator as the percentage of the total area of all the peaks.  

The gas chromatography for the analysis of fatty acid methyl esters was carried out using GC: HP 6890 powered 

with HP Chemstation Rev. A09.01112061 and FID. 

 

RESULTS 

Bulk Extraction of Lipids from Ungerminated and Germinated Seeds of Sphenostylis stenocarpa 

The results of the bulk extraction of total lipids in ungerminated and germinated seeds of Sphenostylis stenocarpa 

are presented in Table 1. The results indicate that ungerminated and germinated seeds of Sphenostylis stenocarpa 

contain 7.6% and 4.6% total lipids, respectively. Fractionation of the total lipids by silicic acid column 

chromatography into   neutral lipids, glycolipids and phospholipids showed that the total lipids of ungerminated 

seeds contained 3.3% neutral lipids, 2.1% glycolipids and 2.2% phospholipids while germinated seeds had 2.1% 

neutral lipids, 1.4% glycolipids and 1.1% phospholipids (Table 1). 

 

Table 1:Total lipid and lipid fraction of germinated and ungerminated seeds of Sphenostylis stenocarpa  

Type of seeds used Weight of the total 

lipids(g)/50 g of seed 

tissue 

Neutral 

lipids (%)   

Glycolipids 

(%) 

Phospholipids (%)  Total lipids (%) 

Ungerminated seeds  

Germinated seeds  

3.8  

2.3  

3.3 

2.1  

2.1 

1.4  

2.2 

1.1  

7.6  

4.6 

 

 

Thin layer chromatography of germinated and ungerminated seeds of  Sphenostylis stenocarpa 

 

The thin layer chromatography of germinated and ungerminated seed lipid showed three classes of lipids namely 

cholesterol, oleic acid and palmitic acid. The colour of the lipid extracts was yellow and solid at room temperature. 

The Rf values of the lipid fractions are presented in Tables 2 and 3.  

The Rf values determined for ungerminated seeds of Sphenostylis stenocarpa were neutral lipid 0.96 cm, 

glycolipid 0.64 cm and 0.91cm, phospholipids 0.15 cm, cholesterol 0.56 cm, oleic acid 0.40 cm and palmitic acid 

0.25 cm (Table 2).  

The Rf values determined for germinated seeds of  S. stenocarpa  were neutral lipid 0.77 cm, glycolipid 

0.86 cm, phospholipid 0.98 cm, cholesterol 0.71 cm, oleic acid 0.27 cm and palmitic acid 0.39 cm (Table 3). 
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Table 2: Rf values for the lipid fractions of ungerminated seeds of Sphenostylis  stenocarpa  

Lipid fractions Spot Rf values (cm) 

1. Neutral lipids    1 0.96 

2. Glycolipid  1 0.64 

 2 0.91 

3. Phospholipid  1 0.15 

Standards    

4. Cholesterol  1 0.56 

5. Oleic acic  1 0.40 

6. Palmitic acid  1 0.25 

 

 

Table 3: Rf values for the lipid fractions of germinated seeds of Sphenostylis stenocarpa  

Lipid fractions  Spot  Rf values (cm) 

1. Neutral lipids    1 0.77 

2. Glycolipid  1 0.86 

3. Phospholipid  1 0.98 

     Standards    

4. Cholesterol  1 0.71 

5. Oleic acic  1 0.21 

6. Palmitic acid  1 0.39 

 

Fatty Acid Composition of Seed Oil  

Fatty acid compostion of seed oil of germinated and ungerminated S. stenocarpa seed as determined by Gas Liquid 

Chromatography is presented in Table 4 and Table 5,  respectively and Figures 1 to 6. The fatty acids identified and 

quantified by GLC are caprylic acid (C8:0), Capric  acid (C10:0), lauric acid (C12:0), myristic acid (C14:0), 

palmitic acid (C16:0), palmitoleic acid (C16:1), margaric acid (C17:0), stearic acid (C18:0), Oleic acid (C18:1), 

linolenic acid (C18:2), linoleic acid (C18:3), arachidic acid (C20:0), arachidonic acid (C20:4), behenic acid (C22:0), 

erucic acid (C22:1) and lignoceric acid (C24:0). 
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Table 4: Fatty acid composition of seed lipids of ungerminated seeds of S. stenocarpa as percentage of total fatty acids 

 
 Lipid                

fraction 

Lipids 

fraction 
(%) 

Capyric 

acid  
C8:0 

Capric 

acid 
 C10:0  

Lauric 

acid 
C12:0 

Myristic 

acid  
C14:0 

Palmitic 

acid 
C16:0 

Palmi-

toleic 
acid 

C16:1 

Margaric 

acid  
C17:0 

Stearic 

acid 
C18:0 

Oleic 

acid 
C18:

1 

Linoleic 

acid 
C18:2 

Linolenic 

acid C18:3 

Arachidic 

acid  
C20:0 

Arachidonic 

acid  
C20:4 

Behenic 

acid 
C22:0 

Erucic  

C22:1 

Lignoceric 

acid C24:0 

   Neutral lipids 3.3 0.50 0.89 0.86 0.64 24.22 2.10 0.00 8.50 20.8

2 

36.93 2.79 0.49 0.28 0.31 0.57 0.00 

   Glycolipids 2.1 0.50 0.89 0.87 0.69 22.06 1.99 0.00 7.61 18.9

2 

42.16 2.65 0.42 0.28 0.31 0.58 0.00 

   Phospho- 

  lipids 

2.2 0.39 1.40 1.36 0.60 18.91 2.35 0.00 6.58 23.7

3 

39.98 2.55 0.25 0.44 0.48 0.91 0.00 

    Total 7.6                 

Data shown were computed from Figs. 1-3 

 

 

 

 

 

 

 

 



7 
 

NJB, Volume 32(1), June, 2019           Fatty Acid Profile of Lipid Compounds in the African Yam Bean 

 

Table 5: Fatty acid composition of lipids of germinated seeds of S. stenocarpa seeds as percentage of total fatty acids 

 
       Lipid fraction Lipid 

fraction 

(%) 

Capyric 
acid  

C8:0 

Capric 
acid 

 C10:0  

Lauric 
acid 

 C12:0 

Myristic 
acid  

C14:0 

Palmitic 
acid 

C16:0 

Palmi-
toleic 

acid 

C16:1 

Margaric 
acid  

C17:0 

Stearic 
acid 

C18:0 

Oleic 
acid 

C18:1 

Linoleic 
acid 

C18:2 

Linolenic 
acid C18:3 

Arachidic 
acid  

C20:0 

Arachidonic 
acid  

C20:4 

Behenic 
acid 

C22:0 

Erucic  
C22:1 

Lignoceric 
acid  

C24:0 

        Neutral lipids  2.1 0.62 1.11 1.08 0.86 27.44 2.48 0.00 10.25 25.25 26.31 2.55 0.52 0.35 0.38 0.72 0.00 

       Glycolipids  1.4 0.56 1.00 0.97 0.76 21.85 2.36 0.00 9.55 23.40 32.81 3.79 1.59 0.31 0.34 0.65 0.00 

       Phospho-lipids  1.1 0.96 1.71 1.66 1.31 15.97 2.87 0.00 7.83 29.02 32.13 2.89 1.34 0.53 0.59 1.11 0.00 

       Total  4.6                 

    Data shown were computed from Figs. 4-6 
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Figure 1: Fatty acid profile of neutral lipids of ungerminated seed of S. Stenocarpa 
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Figure 2: Fatty acid profile of glycolipids of ungerminated seed of S. stenocarpa 
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Figure 3: Fatty acid profile of phospholipids of ungerminated seed of S. Stenocarpa 
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Figure 4: Fatty acid profile of neutral lipids of germinated seed of S. stenocarpa 
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Figure 5: Fatty acid profile of glycolipids of germinated seed of S. stenocarpa
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      Figure 6: Fatty acid profile of phospholipids of germinated seed of S. Stenocarpa 
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DISCUSSION 

Polar lipids separated from non-polar lipids by silicic acid chromatography showed that the total lipid content of 

germinated and ungeminated seeds of  S. stenocarpa extractable with hexane were 7.6% and 4.6%, respectively. The 

neutral lipids represented 3.3% while glycolipids and phospholipids represented 2.1% and 2.2%, respectively in dormant 

seeds. The neutral lipids of germinated seeds represented 2.1%  while glycolipids and phospholipids represented 1.4% 

and 1.1%, respectively.  

Separation by column chromatography of the total lipids showed that there were significantly more neutral lipids 

than polar lipids (glyco and phospholipids). It is known that extraction of lipids using a non-polar solvent such as hexane 

yields free lipids but only a part of the polar lipids (Van Der Meeren et al., 1996; Firestone and Mossoba, 1997). 

Moreover, polar solvents  such as chloroform and methanol which are  more polar and more acidic than hexane, may 

dislodge and dissolve the lipids that is tightly bound to non-polar constituents, for example lipid associated inside the 

intracellular, and protein –rich aleurone layer. 

Sphenostylis stenocarpa contains a higher amount of total lipids compared to cereals, such as wheat, rye and 

oats (Zeringue and Feuge, 1980). Notwithstanding, quantitative dissimilarity among wheat, rye and S. stenocarpa, the 

neutral lipid fraction in wheat and rye constitutes only 35% of total lipids (Zeringue and Feuge, 1980). However, the 

neutral lipid, glycolipid and phospholipids of  S. stenocarpa is similar to the report by Mazza (1988) and Opute (1979), 

who observed that the non-polar lipids of dry soybeans and Psidium guajava represented 90% of the total lipids while 

glycolipids and phospholipids represented 6.4% and 3.6%, respectively.  

The lipids extracted from S. stenocarpa were yellow and solid at room temperature. The characteristic yellow 

colour of most fats and oils are due to the presence of various carotenoid pigments, which are highly unsaturated 

hydrocarbon chains (Ravern and Evert, 1981). Thin layer chromatographic analysis suggested three lipid classes which 

were oleic acid, plamitic acid and cholesterol.  

Identification of methyl esters by gas liquid chromatography was achieved by comparison of their retention 

times with those of authentic standards. It was found that the seed oil of S. stenocarpa is rich in unsaturated fatty acids. 

Among the unsaturated fatty acids, linoleic acid (C18:2) is the major constituent followed by oleic acid (C18:1) as the 

second main unsaturated fatty acid. Palmitic acid (C16:1) was the major saturated fatty acid followed by stearic acid 

(C18:0). Similar fatty acid profiles in seeds have been reported by Ramadan and Morsel (2002) in Guizotia abyssinica 

Cass. seeds which contained linoleic and oleic acids as the main unsaturated fatty acid while palmitic acid and stearic 

acid were the major saturated fatty acid. Bhatia  et al. (2005) have also reported that linoleic acid (C18:2) and linolenic 

acid (C18:3) were the principal poly-unsaturated fatty acids in Stackhousia tryonii seeds while oleic acid (C18:1) was the 

principal mono-unsaturated fatty acids.  

Saturated fatty acids have more industrial use than human consumption but prevent the oil from oxidative 

rancidity. Linoleic acid is essential to human growth and development. Linoleic acid and its derivative fatty acids are 

essential fatty acids and human beings cannot synthesize these but must obtain them from dietary sources. High levels of 

linoleic acids in the oil reduces the blood cholesterol level and plays an important role in preventing atherosclerosis 

(Ghafoorunissa, 1994). Also,  a linoleic acid derivatives serve as structural components of the plasma membrane and as 

precursors of some metabolic regulatory compounds (Vles and Gottenbos, 1989).  

Minor fatty acids like  arachidic (C20:0), arachidonic (C20:4), linolenic (C18:3), behenic (C22:0) and lignoceric 

(C24:0) were also identified on the basis of their retention times. The conversion of various classes of lipids into methyl 

esters by reacting with boron triflouride methanol reagent was preferred, as it allows one to work with small quantities of 

material. The fatty acid moiety which plays a vital role for the formation of various classes of lipids was characterized by 

use of gas chromatography as shown in Tables 4 and 5 and figures 1 to 6 which shows that fatty acid compostion ranged 

from C8 to C24. 
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CONCLUSION 

It can be concluded that the seed oil of Sphenostylis stenocarpa exhibited characteristic lipid profiles (fatty acids).  

The oil shows some similarity with some traditional oils and can be a potential source of edible oils. Seeds could be 

nutritionally considered as a non-conventional supply of seed oils. Levels of lipid content could be sufficient for 

economic industrial exploitation, medicinal use and specific consumption. Knowledge of the lipid and fatty acid 

composition is important for nutritional reasons and may be valuable in predicting storage stability of S. stenocarpa seed. 

The fatty acid essential to human growth, linoleic acid, which is highly unsaturated and is more subject to oxidation than 

oleic acid was found to be the main fatty acid in the seed. 

This study has established some protocols for extraction, identification, characterisation and quantitative 

analyses of seed oil of Sphenostylis stenocarpa. 
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