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ABSTRACT 

The seeds of Sapindus emarginatus, were analysed for petroleum ether soluble chemical constituents using gas 
chromatography-mass spectrometry (GC-MS) technique. Oil was extracted in a soxhlet extraction apparatus using 
petroleum ether (60-80 Cͦ) and then subjected for GC-MS analysis. Results indicated more than 50 compounds which 
included thirteen major compounds. These major compounds were as identified based on the available NIST database with 
a relative abundance of namely cis- Vaccenic acid (C18:1), cis-13-Octadecenoic acid (C18:1), trans-13-Octadecenoic acid 
(C18:1), Oleic acid (C18:1) at RT 22.174 and its peak area 29.121 %. These compounds were present in rich amount, whereas 
cis-13-Eicosenoic acid (C20:1), cis-11-Eicosenoic acid (C20:1), cis-10-Heptadecenoic acid (C17:1) at RT 23.568 and its peak 
area 4.711% and n-hexadecanoic acid (C16:0), Pentadecanoic acid (C15:0), Tridecanoic acid (C13:0), Tetradecanoic acid 
(C14:0) at RT 20.684 and its peak area 0.686% and Sigmasterol, 7, 22-Ergostadienol at RT 30.143 and its peak area 
0.778% were present in small amount in seed oil. The results show revealed the potential of the seed oil as anti-
hypercholesterolemic, anti-inflammatory, antifungal, antibacterial, anti-tumor, anti-cancer, anti-proliferative activities 
and therapeutic uses. Further, isolated phytochemical constituents from the seed extract of S. marginatus will give more 
pharmaceutically valuable results. 
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INTRODUCTION 
The medicinal plants always play an important role for the better development of human health. According 
to the world health organisation (WHO) medicinal plants would be the best source to obtain a large variety 
of Phytochemical compounds and drug molecules. About 80% of population in the world use traditional 
medicines. The presence of bioactive secondary metabolites in the medicinal plants is primarily responsible 
for curing a variety of human ailments [1]. Plants are referred to as "nature's chemical factories" because 
they may contain phytochemical compounds that exert a defined physiological effect on the human body 
when consumed [2]. Various bioactive compounds have previously been isolated from different parts of 
medicinal plants [3-5]. The medicinal plants are reliable sources for the treatment of many health problems. 
People have been dependent on herbs in the past and even in the present time. Several studies have 
reported elemental contents in plant extracts, which are consumed by human beings, either as herbal heath 
drink or medicine [6]. Hence a through validation of the herbal drugs has emerged as a new area of science 
emphasizing and prioritising the standardisation natural drugs and products because several of the 
phytochemicals have complementary and overlapping mechanism of action. Chromatography is the term 
used to describe a separation technique in which a mobile phase carrying a mixture is caused to move in 
contact with selectively absorbent stationary phase. It is also crucial and analytical tools for quality control 
and standardisation of phytotherapeutics [7].  
In recent years, Gas Chromatography-Mass Spectrometry studies have been widely used for the analysis of 
plants. This technique has proved to be a valuable method for the analysis of non polar components and 
volatile essential oils, fatty acids, lipids [8] and alkaloids [9]. Moreover, GC-MS has been applied 
unambiguously to identify the structures of different phytoconstituents from plant extracts [10]. GC-MS 
obtained results can also be showed in fragmentation pattern of mass spectrum [11].  
Medicinal plants are gift of nature; many researchers have reported the isolation and deployment of 
numerous bioactive materials in traditional medicine [12]. On other hand, S. emarginatus is small to 
medium-sized tree that grows to 30 feet tall and found in tropical climates in India. It belongs to the family 
Sapindaceae and commonly known as Soapnut tree.  It is the south Indian species of genus Sapindus. The 
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S. emarginatus species are abundantly rich in sapo nins, flovonoids, tannins, triterpenoids alkaloids and 
carbohydrate etc. [13]. Saponins, fatty acids and acyclic sesquiterpene and diterpene oligoglycosides have 
been isolated as main secondary metabolites of several Sapindaceae species used in traditional oriental 
medicine [14, 15]. Many species belonging to Sapindaceae family are commonly used commercially as food, 
detergents, hair tonic, soap production and other purpuses. The various parts of S. emarginatus are well 
known for their medicinal values [16]. Moreover, S. emarginatus seed powder was used to removal of 
phosphate from soil and its fruit extract embedded with gold nanoparticles against MCF7 breast cancer cell 
line [17, 18]. Therefore, our interest of the present work to analysis the bioactive compounds from seed oil 
of S. enarginatus by using gas chromatography-mass spectrometry.  
 
MATERIAL AND METHODS 
a) Sample Collection 
Seeds of S. emarginatus (250g.) were collected in Sept. 2019 from www.seedseller.in. Seeds were identified 
in the Department of the Chemistry, Bipin Bihari College, Jhansi.  For the removal of dust particles from 
seeds, they were washed with distilled water, kept for air dry for two weeks under sunlight.  Air-dried seeds 
were crushed, kernel was separated from seeds and pulverised in to powder with the help of mortar 
grinder which was stored in an airtight glass container for further processing (Fig. 1). 
 
 

 
  

 
   
 
 
 
 
 
                                     

 
 

                                                                                                      Seed kernel 
Figure 1:  Both sides of seeds of S. emarginatus 

 b) Extraction of oil from Seeds:  
73g. of the pulverised powder of kernel was packed with 600mL of petroleum ether and oil was extracted 
by using soxhlet extractor at 600C-800C with an electric heating mantle for 12 hours. For condensation, 
separate water condenser was used to condense Petroleum ether vapours and oil gathered in a round 
bottom flask. The vapour of steamed oil layer was on top of the water, which was separated with the help 
of analytical grade ether. Then, oil layer was cooled and anhydrous sodium sulphate was added to remove 
moisture from the oil and then filtered through 0.22µm membrane. The extracted oil (3.88g.) was 
preserved in a dry glass vial for GC-MS analysis (Figure-2). 

The % yield of oil was calculated by using the following formula [19]. 
Yield (%) = ୅୫୭୳୬୲ ୭୤ ୭୧୪ ୰ୣୡ୭୴ୣ୰ୣୢ (୥)

୅୫୭୳୬୲ ୭୤ ୮୪ୟ୬୲ ୫ୟ୲ୣ୰୧ୟ୪ ୳ୱୣୢ((୥)
 X 100 

 

 
Figure 2: Soxhlet extraction of S. emarginatus seed kernel & extracted oil sample for GC-MS 

Analysis 
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c) Sample preparation and GC-MS Parameters for analysis:  
For GC-MS analysis, we took seed oil and chloroform in ratio of 1:1 into glass vial and then well. Sample 
was filtered by using 0.45 µm syringe and was used for analysis glass by GC-MS (Perkin Elmer).  The column 
used in GC was Perkin Elmer Elite-5 capillary columns measuring 30 m × 25 µm long. The acquisition 
parameters conditions were followed such as; the initial oven temperature was programmed at 40 ͦC for 5 
minutes, ramp 12 ͦC/min to 260 ͦC, held for 10 minutes, Injector-Bauto=250 ͦC. The sample injection volume 
utilized was 1 µL, split ratio = 50:1. The helium gas was used as carrier and delayed for 2 minutes. The MS 
transfer line was maintained at 180 ͦC temperature. The source temperature was maintained at 200 ͦC.   
d) Identification of the compounds:  
The mass spectrum of S. emarginatus was interpretated using the National Institute of Standards and 
Technology (NIST) 2017 library, database having 574,826 spectra patterns [ 20]. The unknown 
component's spectrum was compared to the known component's spectrum in NIST library database, 
according to their molecular weight, molecular formula, and retention time, peak area% and biological 
activities reported into different databases such as PubChem, Drug Bank, Chemical book, and Human 
metabolome databases. Different components spectra of NIST 2017 library is shown in Figure-3. 

 
Figure 3: Spectra of NIST 2017 Library 

 
RESULTS AND DISCUSSION 
Seed extract of S. emarginatus in petroleum ether was subjected to gas chromatography and mass 
spectrometry examination. A GC-MS investigation was conducted to determine chemical components 
contained in seed extract. The compounds were identified according to their retention time, peaks area; 
molecular weight and molecular formula (Table-1). Using the retention time and molecular mass, the 
isolated compounds were matched with the National Institute Standard Technology Mass Spectrum 
database. Figure-4 depicts the GC-MS Spectra of the recognised peaks of discovered substances. 

 
Figure 4: GC-MS Chromatogram of S. emarginatus 

 First separated retention time on 22.174 covered 29.121% of the peak area identified as cis- Vaccenic acid, 
cis-13 –Octadecenoic acid,  trans-13-Octadecenoic acid and Oleic acid which was the highest percentage 
area amongst all the chemical constituents.  Second RT 23.568 covered 4.711% peak area and the identified 
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compounds as cis-13-Eisosenoic acid, cis-11-Eisosenoic acid and cis-10-Heptadecenoic acid. Third RT 
20.684 covered 0.686 peak area and the identified compounds as n-hexadecanoic acid (C16:0), 
Pentadecanoic acid (C15:0), Tridecanoic acid (C13:0), Tetradecanoic acid (C14:0). Fourth RT 30.143 
covered 0.778 peak area and the identified compounds as Sigmasterol and 7, 22-Ergostadienol. Cis–
Vaccenic acid is an omega -7 fatty acid which shows antibacterial, anti-hypercholesterolemic and anti-
inflammatory activity. Cis-13-Eicosenoic acid also known as Paullinic acid which has double bond at 
position 13 and functions as metabolite in mice and plants, whereas Trans-13- Octadecenoic acid has a role 
as a human metabolite. Cis-11- Eicosenoic acid is also called gondoic acid has a role as human and plant 
metabolite. Cis-10-Heptadecenoic acid is a C17:1 monounsaturated fatty acid and it has anti-tumor activity 
[21]. Cis-13-Octadecenoic acid has therapeutic uses in medicines. The gas chromatogram demonstrates 
that the relative amounts of individual chemicals elute in proportion to their retention times. The peak with 
the greatest height represents the relative concentration of chemicals contained in the plant. The mass 
spectrometer analyses the molecules eluted at different periods in order to determine their type and 
structure. The transformation of larger compound fragments into smaller fragments results in the 
development of peaks with varying m/z ratios. These mass spectra are the compound's fingerprint, which 
can be identified using the data repository. Generally, the effectiveness of a medicinal plant is determined 
by comparing its phytochemical constituents with its biological activity [22]. The GC-MS analysis of the 
seed petroleum ether extract of S. emarginatus revealed the presence of thirteen major components in the 
present investigation. In medicine, these substances have anti-hypercholesterolemic, antifungal, 
antibacterial, anti-inflammatory, anti-tumor, anti-cancer, anti-proliferative and therapeutic applications. 
Therefore, the seed extract of S. emarginatus included a variety of biologically active chemicals with 
therapeutic applications.  

Table-1: Detail of compounds identified by GC-MS Analysis of seed extract of S. emarginatus 
SL N0. Compound  Retention 

time 
Peak 
area % 

Mol 
formula 

Mol 
weight  

Known Biological activity 

1 Cis- Vaccenic acid        22.174 29.121 C18H34O2 282.5      Anti-hypercholesterolemic                              
anti-inflammatory [23] 

2 Cis-13-
Octadecanoic acid       

22.174 29.121 C18H34O2 282.5      Therapeutic uses in                                                                                          
medicines [24] 

3  Trans-13-
Octasecanoic acid      

22.174 29.121 C18H34O2 282.5      Role as human                                         
metabolites [25] 

4  Oleic acid  22.174 29.121 C18H34O2 282.5      Anti-fungal, anti-                                  
inflammatory,    
antibacterial [26] 

5 Cis-13-Eicosenoic 
acid         

23.568 4.711 C20H38O2 310.5     Role as a mouse                                                                         
and plant metabolites [27] 

6 Cis-11-Eicosenoic 
acid           

23.568 4.711 C20H38O2 310.5     Role as a human                                                                                           
and plant metabolites [28] 

7 Cis-10-
Heptadecenoic 
acid     

23.568 4.711 C17H32O2 268.4      Anti-tumor [21]        

8  n-hexadecanoic  20.684 0.686 C16H32O2 256.4        Anti-inflammatory [29] 
9 Pentadecanoic acid 20.684 0.686 C15H30O2  242.4       Anti-Cancer [30] 
10 Tridecanoic acid  20.684 0.686 C13H26O2 214.3     Antimicrobial [31] 
11 Tetradecanoic acid 20.684 0.686 C14H28O2  228 Anti-cancer, Antioxidant                                                                                                       

Hypocholesterolemic 
[23] 

12 Sigmasterol 30.143 0.778 C29H48O 412.7 Anticancer activity [32] 
13 . 7, 22-

Ergostadienol 
30.143  0.778 C28H46O 398.7 Anti-proliferative activity 

[33]   
  
CONCLUSTION  
In the present study, the seeds of Sapindus emarginatus, were analysed for petroleum ether soluble 
chemical constituents using gas chromatography-mass spectrometry (GC-MS) technique. The seed extract 
showed various biochemical compounds such as cis-Vaccenic acid (C18:1), cis-13-Octadecenoic acid (C18:1), 
trans-13-Octadecenoic acid (C18:1), Oleic acid (C18:1), cis-13-Eicosenoic acid (C20:1), cis-11-Eicosenoic acid 
(C20:1), Cis-10-Heptadecenoic acid (C17:1), n-hexadecanoic acid (C16:0), Pentadecanoic acid (C15:0), 
Tridecanoic acid (C13:0), Tetradecanoic acid, Sigmasterol, 7, 22-Ergostadienol. The study revealed that, all 
the compounds found in the seed oil of S. emarginatus have different biological importance which shows 
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therapeutic potency. Therefore, the seeds of S. emarginatus may be used for medicinal purposes. Thus, it 
can be concluded that the plant S. emarginatus need more focus and further study in order to get more 
medicinal value in near future. This plant can be used to find out others bioactive natural compounds that 
may serve as leads for the development of new pharmaceuticals to unmet remedial needs.    
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