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Abstract  

Field bean (Lablab purpureus var. lignosus) is a multipurpose leguminous plant 

belonging to the Fabaceae family, extensively cultivated in tropical regions and 

known for its nutritional values and numerous pharmacological properties. Limited 

genetic variability poses significant challenges to traditional crop improvement 

methods. However, mutation breeding offers a promising alternative for enhancing 

field bean traits. This study utilizes GCMS (gas chromatography mass spectrometry) 

analysis to compare the phytochemical profiles of Hebbel Avare-3 (HA-3) and its 

high-yielding M3 generation mutants namely, M8-18, 10 mM and 100 Gy. HA-3 

exhibited the presence of 32 phytochemical compounds, while M8-18 contained 44, 

10 mM revealed 32 and 100 Gy showed 36 phytochemical compounds. The mutants 

revealed ten abundant novel phytochemicals that were not detected in HA-3, such 

as 1,3-propanediol, 2-(hydroxymethyl)-2-nitro-, 9,12-octadecanoic acid, 2,3-

dihydroxypropyl ester, hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl ester, 

stigmasterol, γ-sitosterol, 9,11-octadeca-dienoic acid, methyl ester,(E,E)-, 

octadecanoic acid, 2,3-dihydroxypropyl ester, γ-tocopherol, 9,12-octadecadienoic 

acid (Z, Z)-,2,3-dihydroxypropyl ester, octanoic acid, 2-furanylmethyl ester, which 

have various pharmaceutical, agrochemical and food industry applications. M8-18 

is rich in 1,3-propanediol, 2-ethyl-2-(hydroxymethyl) (20.60%), 10 mM in 

stigmasterol (13.40%) and 100 Gy in 1,3-propanediol, 2-(hydroxymethyl)-2-nitro 

(19.37%). These newly identified compounds in seeds possess antifungal 

properties, anticancer, antibacterial and anti-inflammatory properties. The 

enhanced phytochemical profiles of these mutants will aid in developing a superior 

field bean variety with various applications in pharmaceuticals and for human 

consumption.  
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field bean; GCMS analysis; mutation breeding; pharmacological properties; 

phytochemicals   

 

Introduction  

Lablab (Lablab purpureus L.), also known as Indian bean, sem, hyacinth bean or 
field bean, is one of the oldest cultivated crops. It belongs to the Fabaceae family, 

has a somatic chromosome number of 2n=22 and holds a distinct place among 

legumes for its use as a vegetable (1). The dolichos bean is also known as field 

bean, hyacinth bean, country bean, Indian bean, Egyptian bean, sem, wal, avare 

and avarai (2, 3). Field bean is extensively cultivated as a valuable grain legume in 
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India, Africa and various tropical and subtropical regions. It is 

grown throughout India and is also referred to as "poor man’s 

bean” (4). Field bean predominantly being a self-pollinated 

crop, has limited variability, which poses challenges for crop 

improvement programs, as genetic variability is crucial for 

selecting the best ideotypes.  

 Mutation breeding is an effective method to enhance 
genetic diversity, particularly for economically important crop 

like field bean, where hybridization poses challenges. Due to 

the small size of flowers and low seed setting in emasculated 

buds, genetic variability through traditional methods has not 

yielded desirable results (4). In a previous study, seeds of the 

HA-3 variety were irradiated with gamma rays using Cesium-

137 (¹³⁷Cs) at the National Research Centre for Banana, Trichy. 

The radiation doses were 100 Gy, 150 Gy, 200 Gy, 250 Gy, 300 

Gy and 350 Gy, with untreated seeds as controls. Additionally, 

the seeds were soaked in distilled water for 6 hours, treated 

with ethyl methyl sulfonate (EMS) for another 6 hours and then 

washed with running water for 30 minutes. EMS 

concentrations used were 10 mM, 20 mM, 30 mM, 40 mM,  50 

mM and 60 mM, with seeds soaked in phosphate buffer serving 

as controls (5). 

 Among the various mutants produced, the ones 
subjected to 100 Gy, 10 mM and a viable mutant derived from 

200 Gy possess the highest yield in M3 generation. The present 

study focuses on the GC-MS analysis of Hebbel Avare-3 and its 

high-yielding M3 generation mutants namely M8-18, 10 mM and 

100 Gy. The aim of identifying and comparing the phytochemical 

profiles of these mutant varieties is to understand their potential 

health benefits and agricultural implications, ultimately leading 

to the development of a superior field bean variety.  

 

Materials and Methods 

Sample collection              

Dry seeds of HA-3 and its derived high-yielding M3  mutants (M8-

18, 10 mM and 100 Gy) were collected from the Department of 

Vegetable Science, Horticultural College and Research 

Institute, Tamil Nadu Agricultural University, Coimbatore. 

Preparation and extraction of sample         

Five grams of dried seeds from each variety were powdered 

and extracted with 150 mL of methanol in a Soxhlet apparatus 

at 64.8°C for 8 hours. The resulting methanolic extract was 

filtered using Whatman No.1 filter paper. The filtrate was 

allowed to dry at room temperature. The resulting dried 

powder was then collected in sterile, screw-capped bottles, 

properly labeled and stored for subsequent experiments (6). 

GC-MS analysis        

Phytochemicals analysis was carried out using an Agilent GC 

8890/ MS5977C/ Autosampler 7693A, equipped with   DB-5ms 

column (30 m length / 0.25 mm internal diameter / 0.25 µm 

film thickness). Helium gas (99.999% purity) was used as 

carrier gas at a flow rate 1 mL/min. The oven temperature was 

programmed as follows: 50°C for 1 min, then increased a rate 

of 10°C/min to 300°C, where it was for 1 min.  

Statistical analysis           

Mass Hunter software was used for data acquisition and 

interpretation of chromatograms and mass spectra. The 

National Institute of Standard and Technology (NIST) 20 library 

was used to obtain the names, molecular weight and 

identification of compounds.  

 

Results  and Discussion 

The chemical composition of HA-3 seeds and their mutants was 

successfully identified using GC-MS, revealing differences in the 

phytochemical profiles between HA-3 and its mutants, as well as 

among the various mutants themselves. HA-3 contained 32 

phytochemical compounds, while M8-18 exhibited 44 

phytochemical compounds, 10 mM revealed the presence of 32 

phytochemical compounds and 100 Gy contained 36 

phytochemical compounds, along with their retention time and 

percentage areas. Among the various identified phytochemicals, 

the top ten compounds, with the highest peak area percentage 

in HA-3 and its mutants are displayed in Table 1, while the most 

abundant phytochemical with their function is tabulated in 

Table 2.  

 The current study of HA-3 and its mutants has revealed 
significant changes in their metabolic profiles, leading to the 

production of new phytochemicals with diverse functions. The 

three most abundant phytochemicals present in HA-3 are n-

hexadecanoic acid (15.11 %), 9,12-octadeca-dienoic acid (Z, Z)- 

(13.58%) and 9,12-octadeca-dienoic acid (Z, Z)-, methyl ester 

(11.29%). Around ten new abundant phytochemicals with 

various functions were found in mutants of HA-3 such as 1,3-

propanediol, 2-(hydroxymethyl)-2-nitro-, 9,12-Octadeca-noic 

acid, 2,3-dihydroxypropyl ester, hexadecanoic acid, 2-hydroxy-1-

(hydroxymethyl) ethyl ester, stigmasterol, γ- sitosterol, 9,11-

octadecadienoic acid, methyl ester, (E,E)-, octadecanoic acid, 2,3

-dihydro-xypropyl ester, γ-tocophe-rol, 9,12-octadecadienoic 

acid (Z,Z)-,2,3-dihydroxypropyl ester and octanoic acid, 2-

furanylmethyl ester. A heat map is provided, where each row 

represents one of the variety/mutant and each column 

represents a different phytochemical (Fig. 1). The color of each 

cell indicates the concentration of that specific phytochemical in 

the respective variety/mutant. The data are displayed as a color 

gradient, typically ranging from cool to warm colors, indicating 

low to high concentrations.  

 Among the mutants, M8-18 shows the highest amounts 

of 1,3-propanediol, 2-ethyl-2-(hydroxymethyl) (20.60%) and 9,12

-octadecadienoic acid (Z, Z)-2,3-dihydro-xypropyl ester (9.51%), 

10 mM has the highest amounts of stigmasterol (13.40%), 9,11-

octadecadienoic acid methyl ester (E, E) (9.99%) and γ-sitosterol 

(7.48%) and 100 Gy contains the highest amounts of 1,3-

propanediol, 2-(hydroxymethyl)-2-nitro (19.37%), 9,12-

octadecadienoic acid (Z,Z)-, 2,3-dihydroxypropyl ester (11.99%) 

and hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl ester 

(8.53%). The amount of 1,3-propanediol, 2-ethyl-2-

(hydroxymethyl), which has antibacterial and anti-inflammatory 

properties, increased almost two folds in M8-18 (20.60%) 

compared to HA-3 (11.44%). The Venn diagram illustrates the 

distribution of compounds identified in the GC-MS analysis 

across HA-3, M8-18, 10 mM and 100 Gy (Fig. 2). It displays the 

number of unique and shared compounds among HA-3 and its 

mutants, with counts and percentages shown in each section. 

These findings suggest that the mutants of HA-3 have undergone 
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Variety/
Mutant 

RT time Compound Molecular 
formula 

Molecular wt. 
(g/mol) 

Area % 

HA-3 

15.1778 1,3-Propanediol, 2-ethyl-2-(hydroxymethyl)- C6H14O3  134.17 11.44 

18.8484 n-Hexadecanoic acid C16H32O2  256.42 15.11 

20.2868 9,12-Octadecadienoic acid (Z,Z)-, methyl ester C19H34O2  294.5 11.29 

20.8366 9,12-Octadecadienoic acid (Z,Z)- C18H32O2  280.4 13.58 

18.3131 Hexadecanoic acid, methyl ester C17H34O2  270.5 5.76 

26.0003 Squalene C30H50  410.7 5.41 

24.4963 Glycerol 1-palmitate C19H38O4  330.5 4.27 

20.7638 Octadecanoic acid C18H36O2  284.5 2.94 

20.7201 Cis-13-octadecenoic acid C18H34O2 282.5 2.88 

20.1921 9-Octadecenoic acid (Z)-, methyl ester C19H36O2  296.5 2.46 

M8-18 

15.2507 1,3-Propanediol, 2-ethyl-2 (hydroxymethyl)- C6H14O3  134.17 20.60 

26.1387 9,12-Octadecadienoic acid (Z,Z)-,2,3-dihydroxypropyl ester C21H38O4  354.5 9.51 

22.2569 Octanoic acid, 2-furanylmethyl ester C13H20O3  224.3 7.00 

24.4782 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester C19H38O4  330.5 6.47 

20.2759 9,11-Octadecadienoic acid, methyl ester, (E,E)- C19H34O2  294.5 6.16 

20.8185 9,12-Octadecadienoic acid (Z,Z)- C18H32O2  280.4 5.69 

25.9858 Squalene C30H50  410.7 4.43 

18.8230 n-Hexadecanoic acid C16H32O2 256.42 3.90 

18.3023 Hexadecanoic acid, methyl ester C17H34O2  270.5 3.49 

26.0222 Octadecanoic acid, 2,3-dihydroxypropyl ester C21H42O4 358.6 3.18 

10 mM 

25.4286 Stigmasterol C29H48O 412.7 13.40 

20.2686 9,11-Octadecadienoic acid, methyl ester, (E,E)- C19H34O2 294.5 9.99 

26.8123  γ-Sitosterol C29H50O 414.7 7.48 

24.4745 Glycerol 1-palmitate C19H38O4  330.5 7.24 

15.1669 1,3-Propanediol, 2-ethyl-2-(hydroxymethyl)- C6H14O3  134.17 7.16 

18.2985 Hexadecanoic acid, methyl ester C17H34O2 270.5 5.75 

20.8039 9,12-Octadecadienoic acid (Z,Z)- C18H32O2  280.4 5.58 

25.9821 Squalene C30H50  410.7 5.53 

25.0025  γ-Tocopherol C28H48O2 416.7 4.41 

18.8120 n-Hexadecanoic acid C16H32O2 256.42 3.99 

100 Gy 

15.3272 1,3-Propanediol, 2-(hydroxymethyl)-2-nitro- C4H9NO5  151.12 19.37 

26.1497 9,12-Octadecadienoic acid (Z,Z)-, 2,3-dihydroxypropyl ester C21H38O4 354.5 11.99 

24.4819 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester C19H38O4  330.5 8.53 

25.4250 Stigmasterol C29H48O  412.7 8.29 

20.8258 9,12-Octadecadienoic acid (Z,Z)- C18H32O2  280.4 6.67 

26.7979  γ-Sitosterol C29H50O  414.7 4.55 

25.9895 Squalene C30H50  410.7 4.02 

18.8303 n-Hexadecanoic acid C16H32O2  256.42 4.82 

20.2760 9,11-Octadecadienoic acid, methyl ester, (E,E)- C19H34O2  294.5 4.34 

26.0332 Octadecanoic acid, 2,3-dihydroxypropyl ester C21H42O4  358.6 2.74 

Table 1. Top 10 phytochemicals identified from HA-3 and its mutants 

Compound Functions Reference 

1,3-Propanediol,2-ethyl-2-(hydroxymethyl)-  Antibacterial, anti-inflammatory and antifungal  (7) 

n-Hexadecanoic acid 
Anti-androgenic, antioxidant, pesticide activities and flavouring 

agent (8, 9) 

9,12-Octadecadienoic acid (Z,Z)-, methyl ester Antioxidant and antimicrobial (10) 

9,12-Octadecadienoic acid (Z,Z)- Antibacterial (11, 12) 

Hexadecanoic acid, methyl ester Antioxidant and anti-inflammatory (13) 

Squalene 
Chemopreventive substance for cancer and application in cosmetic 

industries (14, 15) 

Glycerol 1-palmitate Anti-diabetic (16) 

Octadecanoic acid Antibacterial and antifungal (17) 

Cis-13-octadecenoic acid Decrease blood cholesterol levels and insulin (18) 

9-Octadecenoic acid (Z)-, methyl ester Antioxidant (10) 

1,3-Propanediol, 2-(hydroxymethyl)-2-nitro- Anti-fungal (19) 

Hexadecanoic acid,2-hydroxy-1-(hydroxymethyl)ethyl ester Anti-microbial (20) 

Stigmasterol Anti-cancer, anti-inflammatory, anti-diabetic and antioxidant (21) 

 γ-Sitosterol Anti-inflammatory, anti-asthma activities and anti-cancer (22, 23) 

9,11-Octadecadienoic acid,methyl ester, (E,E)- Larvicide and ovicide (24) 

Octadecanoic acid, 2,3-dihydroxypropyl ester Anticancer and antimicrobial (20) 

 γ-tocopherol Antioxidant, anti-inflammatory (24, 25) 

Table 2. List of the most abundant phytochemicals with their functions (If any) 
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Fig. 1. Heat map showing various compound compositions in HA-3 and its mutants. 

Fig. 2. Venn diagram showing various phytochemicals relations between HA-3 and its mutants. 
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significant metabolic changes, leading to the production of new 

phytochemicals. 

 n-hexadecanoic acid, also known as palmitic acid, has 

been documented to function as an anti-inflammatory agent 

(26, 27). Stigmasterol, a steroidal compound used as a precursor 

for vitamin D3, possesses antimicrobial, anticancer, anti-

arthritic, diuretic and anti-inflammatory properties. It is also 

beneficial in preventing certain cancers, including ovarian, 

prostate, breast and colon cancers (28, 29). Squalene is a 

polyunsaturated hydrocarbon naturally found in plants and 

serves as a precursor for various bioactive compounds such as 

cholesterol, sterols, hormones, vitamins and triterpenoids 

across a range of organisms. It has applications in cancer 

treatment and lowering blood cholesterol and triglycerides. Due 

to its significance in cosmetics, nutraceuticals, pharmaceuticals 

and the automotive industry, the demand for squalene is high 

(30, 31). Gamma-tocopherol (γ-T), the predominant form of 

vitamin E in seeds, has received increasing attention for its 

health benefits. γ-T has demonstrated antioxidant properties in 

both food and in vitro studies, showing enhanced efficacy in 

trapping lipophilic electrophiles and reactive nitrogen and 

oxygen species (32). Cis-13-octadecenoic acid methyl ester is a 

fatty acid methyl ester with therapeutic applications in medicine 

and surgery (33). Octadecanoic acid, 2,3-dihydroxypropyl ester, 

a member of the monoacylglycerol family, functions as a food 

additive and exhibits antimicrobial and anticancer properties 

(34). Gamma-sitosterol   exhibits anti-inflammatory and anti-

asthmatic properties (35). The HA-3 mutants underwent 

significant metabolic alterations, creating new phytochemicals 

with diverse and potentially beneficial biological activities. These 

findings significantly expand our understanding of HA-3 and its 

mutants' metabolic diversity and highlight its potential as a 

source of novel bioactive compounds.  

 

Conclusion  

In the present GC-MS analysis, abundant information was 

retrieved regarding the phytochemicals present in HA-3 and its 

mutants. Significant differences in phytochemicals were 

observed between HA-3, its mutants and among the mutants 

themselves. Specifically, HA-3 contained 32 phytochemical 

compounds, while M8-18 exhibited 44 compounds, 10 mM 

contained 32 compounds and 100 Gy comprised 36 compounds. 

Additionally, newly identified phytochemicals in were presents 

in the mutants but absent in HA-3. These newly identified 

phytochemicals exhibit various bioactive properties such as 

antifungal, antioxidant, anticancer and anti-inflammatory 

activities. Therefore, the HA-3 mutants possess novel 

phytochemicals with potential applications in pharmaceuticals 

and nutritional consumption.  
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