


 Chemotaxonomic insights and bioactive potential of Five Euphorbia species revealed by GC–MS and Qualitative Phytochemical Markers


ABSTRACT

Background: Chemotaxonomy employs metabolite profiles to clarify relationships among plant taxa. The genus Euphorbia, one of the most diverse in the family Euphorbiaceae, is widely used in traditional medicine, yet comparative chemical evidence for species delimitation remains scarce. Methods: Five species (E. milli, E. caranensis, E. maculata, E. heterophylla, and E. hirta) were analyzed using gas chromatography–mass spectrometry (GC–MS) to characterize volatile and semi-volatile constituents, complemented by qualitative phytochemical screening for major secondary metabolite classes. Results: Across the taxa, ten compounds were consistently detected, with dodecanoic acid and tetradecane occurring ubiquitously. The chemical spectra were dominated by fatty acids, fatty acid methyl esters, hydrocarbons, and phenolic derivatives. Distinct species-specific signatures emerged: E. heterophylla exhibited the highest content of dodecanoic acid (16.24%); E. milli was distinguished by cis-vaccenic acid and long-chain alkenes; E. caranensis was marked by high levels of dodecanoic acid and 2,4-di-tert-butylphenol; whereas E. maculata and E. hirta displayed moderate but consistent amounts of dodecanoic and tetradecanoic acids. Phytochemical assays further revealed variation in tannins, flavonoids, alkaloids, and saponins, reinforcing metabolic divergence among species. Conclusion: The shared presence of dodecanoic acid and tetradecane underscores conserved chemotaxonomic traits within Euphorbia, while interspecific variations in fatty acids, hydrocarbons, and phenolics highlight diagnostic markers valuable for species delimitation. These chemical fingerprints strengthen taxonomic resolution within the genus and establish a biochemical framework for linking evolutionary relationships with ethnomedicinal applications.	Comment by Botany Dr D Nagaraju: Any specificity to take these 5 plants only,
Next Do you extend to others too, in this family
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Introduction

The genus Euphorbia (family Euphorbiaceae) represents one of the most morphologically and chemically diverse lineages of flowering plants. With over 2,000 recognized species, it is the third largest genus of angiosperms, surpassed only by Astragalus and Psychotria (Ernst et al., 2015). Members of Euphorbia are globally distributed and encompass a wide range of growth forms, from herbaceous annuals and perennials to woody shrubs, trees, and drought-adapted succulents, with particular abundance in arid and semi-arid regions. A distinctive feature of the genus is the cyathium inflorescence and the characteristic milky latex exudate released upon injury. This latex contains diverse secondary metabolites which serve as chemotaxonomic markers and are associated with anticancer, anti-inflammatory, antiviral, and multidrug resistance–modifying properties (Vasas & Hohmann, 2014; Wu et al., 2009; Govaerts et al., 2000; Horn et al., 2012). Some species have also shown activity against HIV-1, alongside traditional use as analgesics and antipyretics (Vasas & Hohmann, 2014; Ernst et al., 2015).
The common name “spurge” is derived from the Old French espurge (“to purge”), reflecting the historical use of Euphorbia latex as a purgative. The botanical name itself honors the Greek physician Euphorbos, whose writings described the medicinal properties of these plants, later formalized in Linnaean taxonomy. Across cultures, Euphorbia species have been integral to traditional medicine for the treatment of gastrointestinal disorders (such as diarrhea and indigestion), skin ailments, warts, migraines, helminthic infections, and sexually transmitted diseases (Ernst et al., 2015). Decoctions of E. hirta, for example, are widely used as anti-diarrheal remedies in Africa and Asia, while E. peplus latex has been developed into the modern topical agent ingenol mebutate for actinic keratosis and superficial skin cancers. 
Chemotaxonomy is the classification of plants based on the distribution and types of chemical constituents (primary and secondary metabolites) present in them, which serve as reliable taxonomic markers for identifying relationships among taxa (Singh, 2016).
Despite extensive traditional use and reports of pharmacological potential, comparative phytochemical studies across multiple Euphorbia species remain limited. This research was therefore designed to (i) profile and compare the volatile and semi-volatile metabolites of five selected Euphorbia species (E. milli, E. caranensis, E. maculata, E. heterophylla, and E. hirta) using gas chromatography–mass spectrometry (GC–MS); (ii) conduct qualitative phytochemical screening to assess the distribution of major secondary metabolite classes such as alkaloids, flavonoids, tannins, and saponins; (iii) identify compounds conserved across species that may serve as chemotaxonomic markers; and (iv) highlight bioactive constituents that could underpin the traditional medicinal applications of these plants. The integration of GC–MS profiling with classical phytochemical assays provides both taxonomic insight and a biochemical basis for further pharmacological evaluation of these Euphorbia species

Materials and Methods 
Plant Material
Five species of Euphorbia (E. milli, E. caranensis, E. maculata, E. heterophylla, and E. hirta) were collected from Umuahia, Abia State Nigeria. Voucher specimens were authenticated and deposited at the Herbarium, Department of Plant Science and Biotechnology, Abia State University.
Extraction of Plant Materials
The leaf samples of  the five Euphorbia species were air-dried at room temperature for two weeks (14 days) to preserve phytochemical integrity. The dried leaves were then ground into a fine powder using an electric blender and stored in airtight containers until needed for extraction.
Methanol Extraction
Five grams (5 g) of the powdered leaf sample was placed in a 250 ml conical flask and extracted with 100 ml of methanol. The flask was tightly sealed and allowed to stand at room temperature for 24 hours with occasional shaking to enhance extraction. The mixture was filtered using Whatman No. 1 filter paper, and the filtrate was collected. A portion (2 ml) of the methanolic extract was used for phytochemical screening.
Phytochemical screening (Qualitative analysis of plant extract)
Tests for Alkaloids
a. Mayer’s Test:
One milliliter (1 mL) of the extract was treated with 1 mL of Mayer’s reagent (potassium mercuric iodide solution). A white or cream-colored precipitate confirms the presence of alkaloids (Trease & Evans, 1989; Wallis, 1989; Pandey & Tripathi, 2014; Beena et al., 2016).
b. Hager’s Test:
One milliliter (1 mL) of extract was mixed with 1 mL of Hager’s reagent (saturated picric acid solution) and shaken. The formation of a yellow precipitate indicates the presence of alkaloids (Trease & Evans, 1989; Wallis, 1989; Pandey & Tripathi, 2014; Beena et al., 2016)
Tests for Glycosides
a. Legal’s Test (for Cardiac Glycosides):
One milliliter (1 mL) of extract was mixed with an equal volume of sodium nitroprusside solution, followed by a few drops of sodium hydroxide. The formation of a pink to blood-red precipitate indicates the presence of cardiac glycosides (Trease & Evans, 1989; Wallis, 1989; Pandey & Tripathi, 2014; Beena et al., 2016)
b. Keller–Killiani Test (for Digitoxose in Cardiac Glycosides):
Two milliliters (2 mL) of extract were diluted with an equal volume of water. Then, 0.5 mL of lead acetate was added, mixed, and filtered. The filtrate was extracted with an equal volume of chloroform, which was then evaporated. The residue was dissolved in glacial acetic acid, followed by the addition of a few drops of ferric chloride. This solution was then carefully layered over 2 mL of concentrated sulfuric acid. The appearance of a reddish-brown layer turning bluish-green confirms the presence of digitoxose. (Trease & Evans, 1989; Wallis, 1989; Pandey & Tripathi, 2014; Beena et al., 2016)
Tests for Steroids and Triterpenoids
a. Liebermann-Burchard’s Test (for Steroids):
An alcoholic extract of the sample was first evaporated to dryness and then re-extracted using chloroform. A few drops of acetic anhydride were added to the chloroform solution, followed by concentrated sulfuric acid, added carefully along the side of the test tube. The formation of a violet to blue-colored ring at the interface indicates the presence of steroids (Trease & Evans, 1989; Wallis, 1989; Pandey & Tripathi, 2014; Beena et al., 2016; Dhawan & Gupta, 2017)
b. Salkowski’s Test (for Triterpenoids):
One milliliter (1 mL) of the extract was mixed with 2 mL of chloroform, shaken, and filtered. A few drops of concentrated sulfuric acid were then added to the filtrate, shaken, and left to stand. The appearance of a golden-yellow precipitate indicates the presence of triterpenes (Trease & Evans, 1989; Wallis, 1989; Pandey & Tripathi, 2014; Beena et al., 2016; Dhawan & Gupta, 2017)
Test for tannins
(a) Gold Beater’s Skin Test: Gold Beater’s Skin, derived from ox skin, was first soaked in 2% hydrochloric acid and rinsed thoroughly with distilled water. It was then immersed in the extract solution for 5 minutes, followed by another wash with distilled water. Finally, the skin was placed in a 1% ferrous sulfate solution. A color change to brown or black indicates the presence of tannins (Trease & Evans, 1989; Wallis, 1989; Pandey & Tripathi, 2014; Beena et al., 2016).
(b) Gelatin Test: One milliliter of the extract was mixed with 1% gelatin solution containing sodium chloride in a test tube and shaken gently. The formation of a white precipitate confirms the presence of tannins (Trease & Evans, 1989; Wallis, 1989; Pandey & Tripathi, 2014; Beena et al., 2016; Dhawan & Gupta, 2017).
Test for flavonoids
(a) Shinoda’s test. 1 mL of extract was taken and placed into a test tube. Then, few drops of concentrated hydrochloric acid was added followed by 0.5 mg of mRimandoium turnings and shaken. Emergence of pink coloration indicates the presence of flavonoids (Trease and Evans, 1989; Wallis, 1989; Pandey and Tripathi, 2014; Beena et al., 2016). (b) Lead acetate test. To detect the presence of flavonoids, 1mL of extract was taken and placed into a test tube. Then few drops of lead acetate added and shaken. Formation of yellow precipitate signifies the presence of flavonoids (Trease and Evans, 1989; Wallis, 1989; Pandey and Tripathi, 2014; Beena et al., 2016). (c) Alkaline reagent test. 1 mL of extract was taken and placed into a test tube. Then few drops of sodium hydroxide solution were added and shaken. Emergence of intense yellow color that turns to colorless after adding dilute acid implies the existence of flavonoids (Trease and Evans, 1989; Wallis, 1989; Pandey and Tripathi, 2014; Beena et al., 2016; Dhawan and Gupta, 2017 ).
(a) Ferric chloride test. 1 mL solution of an extract was taken and placed into a test tube. Then 1% gelatin solution containing sodium chloride was added and shaken. Formation of bluish-black color indicates the presence of phenols (Trease and Evans, 1989; Wallis, 1989; Pandey and Tripathi, 2014; Beena et al., 2016). (b) Lead acetate test. 1 mL solution of an extract was taken and placed into a test tube. Then 1mL of alcoholic solution was added, followed by dilution with 20 % sulfuric acid. Finally, solution of sodium hydroxide was added. Formation of red-to-blue color signifies the occurrence of phenols (Trease and Evans, 1989; Wallis, 1989; Pandey and Tripathi, 2014; Beena et al., 2016). (c) Gelatin test. A solution of plant extract was placed into test tube followed by 2mL of 1% gelatin solution and shaken. Appearance of white precipitate indicates the presence of phenols (Trease and Evans, 1989; Wallis, 1989; Pandey and Tripathi, 2014; Beena et al., 2016). (d) Mayer’s reagent test (potassium mercuric iodide test). To a solution of plant extract, 1 mL of Mayer’s reagent was added in an acidic solution. Manifestation of white precipitate shows the existence of phenolic compounds (Trease and Evans, 1989; Wallis, 1989; Pandey and Tripathi, 2014; Beena et al., 2016).
Test for Saponins (FROTHING TEST)
The presence of saponin were determine using the methods stated below.
Libermann Test (Foam Test) - If stable, characteristic honeycomb like froth is obtained, saponins are present.
Burchard test- A white precipitate indicates the presence of saponin.

Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
Soxhlet Extraction: Ten grams (10 g) of homogenized plant sample were mixed with 60 g of anhydrous sodium sulfate in an agate mortar to remove moisture. The mixture was placed in a 500 mL beaker and extracted with 300 mL of n-hexane using the Soxhlet extraction method for 24 hours. The resulting crude extract was concentrated to dryness using a rotary vacuum evaporator at 40 °C (Harborne, 1998; Doughari, 2012; Hossain et al., 2014; Pandey & Tripathi, 2014; Azwanida, 2015; Majekodunmi, 2015; Ingle, 2017).
Sample Processing for GC Injection
One milliliter (1 mL) of the filtered residue was dissolved in 50 mL of chloroform, transferred into a 100 mL volumetric flask, and diluted to volume. Most of the chloroform was evaporated at room temperature. Then, 1 mL of a reagent mixture (20% benzene, 55% methanol) was added, sealed, and heated in a water bath at 40 °C for 10 minutes. To this, 1 mL each of hexane and water was added to form a 1:1:1 ratio with the reagent. The mixture was shaken vigorously for 2 minutes to form an emulsion and centrifuged for phase separation. The top hexane layer was carefully removed and transferred to a test tube for GC-MS injection to avoid water contamination of the column.
GC-MS Analytical Conditions
The analysis was performed using an Agilent GC-MS system (Model GC-7890A/MS-5975C) equipped with an HP-5MS capillary column (30 m × 250 μm × 0.25 μm film thickness). The electron ionization source operated at 70 eV. Helium (99.995%) served as the carrier gas at a flow rate of 1 mL/min.
The oven temperature was programmed as follows:
Initial temperature at 50 °C
Increased to 150 °C at a rate of 3 °C/min with a 10-minute hold
Further ramped to 300 °C at 10 °C/min
One microliter (1 μL) of a 1% diluted extract was injected in splitless mode. The relative abundance of compounds was calculated based on peak areas from the chromatogram.
Identification of Phytochemicals
The identification of bioactive constituents was achieved by comparing their retention times and mass spectra with standard libraries (Replib and Mainlib) embedded in the GC-MS software, following the method of Buss and Butler (2010).
Results
The GC–MS profiles of the five Euphorbia species revealed a diverse range of metabolites, with alkanes, alkenes, fatty acids, fatty acid methyl esters, and phenolic derivatives predominating. Ten compounds were identified in each species, with variation in retention times and relative abundance. Despite these differences, dodecanoic acid and tetradecane were consistently detected across all species, serving as potential chemotaxonomic markers at the genus level.
Euphorbia milli (Table 1) was characterized by cis-vaccenic acid (3.34%) and long-chain alkenes such as 1-docosene, 1-eicosene, and 17-pentatriacontene (4.68%), alongside smaller amounts of dodecanoic acid (2.60%) and tetradecane. In E. caranensis (Table 2), dodecanoic acid (6.89%) dominated, supplemented by 2,4-di-tert-butylphenol (1.86%) and a mixture of aliphatic hydrocarbons and fatty acid methyl esters. E. maculata (Table 3) displayed moderate concentrations of dodecanoic acid (4.11%) and tetradecanoic acid (2.47%), combined with long-chain alkenes and fatty acids. E. heterophylla (Table 4) stood out for its exceptionally high content of dodecanoic acid (16.24%), accompanied by n-hexadecanoic acid (4.72%) and tetradecanoic acid (2.47%). In contrast, E. hirta (Table 5) was distinguished by balanced amounts of tetradecanoic acid (2.90%) and dodecanoic acid (2.83%), with additional contributions from hexadecanoic acid methyl ester (1.63%).
Phytochemical assays (Table 6) revealed further taxonomic patterns. Alkaloids were restricted to E. caranensis and E. hirta, while flavonoids were absent in E. milli and E. heterophylla but present in other species. Tannins were uniformly abundant across all species, reflecting a stable metabolic trait within the genus. Saponins, however, showed striking variation: abundant (+++) in E. heterophylla but absent in E. hirta.
Hierarchical clustering of the binary data revealed two major clades (Figure 6). The first grouped E. hirta and E. heterophylla, both characterized by high levels of dodecanoic and tetradecanoic acids, and the presence of 2,4-di-tert-butylphenol. These species also shared similar tannin and fatty acid profiles, suggesting a conserved lineage possibly adapted for antimicrobial and anti-inflammatory defense. E. maculata emerged as an intermediate taxon, sharing phenolic content with E. heterophylla but lacking alkaloids and showing moderate saponin accumulation.
The second clade comprised E. caranensis and E. milli. These two species showed distinctive profiles with long-chain hydrocarbons and methylated fatty acids, and they also clustered due to the presence of saponins and the absence or low abundance of phenolics. Notably, E. milli displayed a unique enrichment of cis-vaccenic acid and long-chain alkenes, aligning with previous reports of hydrocarbon-dominant Euphorbia extracts.

Chemotaxonomic Key (Based on Major Chemical Markers)
1. Species rich in cis-vaccenic acid and long-chain alkenes → E. milli
1’. Species without cis-vaccenic acid → 2

2. Species with high dodecanoic acid (>10%) and abundant saponins → E. heterophylla
2’. Species with moderate dodecanoic acid (<10%) → 3

3. Species containing 2,4-di-tert-butylphenol and alkaloids → E. caranensis
3’. Species without 2,4-di-tert-butylphenol → 4

4. Species with moderate dodecanoic and tetradecanoic acids, no alkaloids → E. maculata
4’. Species with dodecanoic + tetradecanoic acids plus alkaloids → E. hirta
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Figure 1: GC-MS Chromatogram of Euphorbia milii 




Table 1: GC-MS Phytochemical profile of Euphorbia milli
	Name of compound 
	Retention time
	Peak area (%)
	Nature 
	Biological activities 
	References 

	Cyclodecene
	5.427
	0.12
	Alkene 
	_
	_

	Undecane 
	6.965
	0.18
	Alkene 
	Mild sex attractant 
	Duke, 1992; Meher et al., 2019

	Dodecane 
	9.633
	0.51
	Alkene 
	Antibacterial, antifungal 
	Duke, 1992; Meher,  et al., 2019

	Tridecane
	12.326
	0.13
	Alkene 
	Antimicrobial 
	Duke, 1992

	9-Eicosene (E)-
	13.376
	0.26
	Fatty acid 
	Antimicrobial 
	Ugbogu et al., 2019

	Tetradecane
	14.944
	1.40
	Fatty acid 
	Antimicrobial, cytotoxicity, antipyretic, anthelmintic, tumor, tuberculosis, dyspepsia, anemia, elephantiasis, anti-diabetic, antiinflammatory, anti-diarrhoeal
	Duke, 1992; Meher et al., 2019

	Dodecanoic acid (Lauric acid)
	19. 144
	2.60
	Fatty acid 
	Antibacterial, antibiofilm, antiviral, food preservation
	Yang (2009); Huang (2014); Qingyan (2024)

	Tetradecanoic acid (Myristic acid)
	23.421
	0.67
	Fatty 
	antibacterial,  anti‑virulence in derivatives 
	Casillas-Vargas 2021; Jumina et al., 2019; Juárez-Rodríguez et al., 2021

	cis-Vaccenic acid
	31.038
	3.34
	Fatty acid 
	Anti-inflammatory, metabolic regulation, Anti-hypercholesterolemic
	Jacome-Sosa 2016; Pintus et al., 2012

	1-Docosene 
	31.482
	4.68
	
	antimicrobial
	de Oliveira et al., 2015; Fleischer & Krieger, 2018;  Keke et al., 2023; Mujeeb & Pathak, 2014, 
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Figure 2: GC-MS Chromatogram of Euphorbia caranensis 


Table 2: GC-MS profile of phytochemical constituents of Euphorbia canariensis 
	Peak 
	Name of compound 
	Retention time 
	Peak area (%)
	Nature 
	Biological activities 
	References 

	1
	Dodecane 

	9.634
	0.15
	Alkane 
	Antibacterial, antifungal 
	Duke, 1992; Meher,  et al., 2019

	2
	5 -Tetradecene
	14.662
	0.43
	Alkene 
	_
	_

	3
	Tetradecane 
 
	14. 945
	0.61
	Alkene 
	Antimicrobial, cytotoxicity, antipyretic, anthelmintic, tumor, tuberculosis, dyspepsia, anemia, elephantiasis, anti-diabetic, antiinflammatory, anti-diarrhoeal
	Duke, 1992; Meher et al., 2019

	4
	Cyclododecane 
	16.492
	0.35
	Cycloalkane 
	hydrophobic mask, as a temporary consolidant agent
	Rowe & Rozeik, 2008

	5
	2,4-Di-tert-butylphenol
	17.404
	1.86
	Alkanol group 
	Antimicrobial, antioxidant, antibiofilm, anti-inflammatory
	Zhao (2020); Seenivasan (2022); Rouvier (2024)

	6
	Undecanoic acid,
 
	17.663
	0.42
	Fatty acid methyl ester 
	Antifungal 
	Rossi et al., 2021

	7
	Dodecanoic acid 
	19.221
	6.89
	Fatty acid 
	Antibacterial, antibiofilm, antiviral, food preservation
	Yang (2009); Huang (2014); Qingyan (2024)

	8
	Hexadecane 
	19.812
	0.96
	Alkene 
	Antifungal, antibacterial, antioxidant, cytotoxicity, antipyretic, anthelmintic, anti-inflammatory, antidiarrheal, antidiabetic
	Faridha et al., 2016; Banakar & Jayaraj, 2018

	9 
	Cyclohexane, 1,1'-(1,4-butanediyl) bis- 
	20.815
	0.22
	Cycloalkane 
	_
	_

	10
	1,2,4-Butanetriol, trinitarian
	22.904
	0.26
	Methyl ester group 
	_ 
	_
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Figure 3: GC-MS Chromatogram of Euphorbia maculata 



Table 3: GC-MS Phytochemical profile of Euphorbia maculata
	Peak 

	Name of compound
	Retention time 
	Peak area (%)

	Nature
	Biological activities 
	References 

	1
	Dodecane 

	9.630
	0.28
	Alkene 
	Antibacterial, antifungal 
	Duke, 1992; Meher, et al., 2019

	2
	Tetradecane 
	14.943
	0.35
	Alkene 
	Antimicrobial, cytotoxicity, antipyretic, anthelmintic, tumor, tuberculosis, dyspepsia, anemia, elephantiasis, anti-diabetic, antiinflammatory, anti-diarrhoeal
	Duke, 1992; Meher et al., 2019

	3
	2,4-Di-tert-butylphenol
	17.410
	0.23
	Alkenol
	Antimicrobial, antioxidant, antibiofilm, anti-inflammatory
	Zhao (2020); Seenivasan (2022); Rouvier (2024)

	4
	Dodecanoic acid 
	19.257
	4.11
	Fatty acid 
	Antibacterial, antibiofilm, antiviral, food preservation
	Yang (2009); Huang (2014); Qingyan (2024)

	5
	9-Octadecene
	19.566
	0.33
	Fatty acid 
	Antifungal, antioxidant, anticancinogenic and antimicrobial 
	Akpuaka et al., 2013; Godwin et al., 2015

	6
	Hexadecane 
	19.812
	0.46
	Fatty acid 
	Antifungal, antibacterial, antioxidant, cytotoxicity, antipyretic, anthelmintic, anti-inflammatory, antidiarrheal, antidiabetic
	Faridha et al., 2016; Banakar & Jayaraj, 2018

	7
	Tetradecanoic acid 
	23.480
	2.47
	Fatty acid 
	antibacterial,  anti‑virulence in derivatives 
	Casillas-Vargas 2021; Jumina et al., 2019; Juárez-Rodríguez et al., 2021

	8
	9-Eicosene, (E)-

	24.002
	0.43
	Fatty acid 
	Antimicrobial 
	Ugbogu et al., 2019

	9
	Tetratetracontane 
Tetratetracontane
	24.213
	0.47
	Alkane 
	Antioxidant, 
	Mallick & Dighe, (2014); Midhun et al., 2025

	10
	Cyclohexane, (1-methylethyl)-
 
	25.286
	0.03 
	Fatty acid methyl 
	_
	_
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Figure 4: GC-MS Chromatogram of Euphorbia heterophylla 


Table 4: GC-MS Phytochemical profile of Euphorbia heterophylla 
	Peak 
	Name of compound 
	Retention time 
	Peak area (%)
	Nature 
	Biological activities 
	References 

	 1
	Tetradecane
	14.943
	0.53
	Alkane 
	Antimicrobial, cytotoxicity, antipyretic, anthelmintic, tumor, tuberculosis, dyspepsia, anemia, elephantiasis, anti-diabetic, antiinflammatory, anti-diarrhoeal
	Duke, 1992; Meher et al., 2019

	2
	2,4-Di-tert-butylphenol

	17.410
	0.64
	Alkanol 
	Antimicrobial, antioxidant, antibiofilm, anti-inflammatory
	Zhao (2020); Seenivasan (2022); Rouvier (2024)

	3
	Dodecanoic acid 
	19.249
	16.24
	Fatty acid 
	Antibacterial, antibiofilm, antiviral, food preservation
	Yang (2009); Huang 4(2014); Qingyan (2024)

	
	Z-8-Hexadecene 4-Heptafluorobutyryloxyhexadecane
Cetene 
	19.565
	2.13
	Fatty acid 
	Antimicrobial 
	Strobel et al., 2010

	5
	2-Tetradecene, (E)-4-
Tetradecene, (Z)-
Cyclohexadecane 
	19.692
	0.67
	Fatty acid 
	_
	_

	6
	Hexadecane
	19.809
	2.29
	Fatty acid 
	Antifungal, antibacterial, antioxidant, Cytotoxicity, antipyretic, anthelmintic, anti-inflammatory, antidiarrheal, antidiabetic
	Faridha et al., 2016; Banakar & Jayaraj, 2018

	7
	Dodecyl acrylate 

	21.542
	0.43
	Fatty acid 
	Antibacterial, antifungal 
	Awan et al., 2023; Fahem et al., 2020

	8
	Tetradecanoic acid 
	23.490
	2.47
	Fatty acid 
	antibacteria,  anti‑virulenece in derivatives 
	Casillas-Vargas 2021; Jumina et al., 2019; Juárez-Rodríguez et al., 2021

	9
	E-15-Heptadecenal 

	24.002
	0.36
	Fatty acid 
	Antibacterial, antioxidant 
	Karanja et al. (2021); Faridha Begum et al. (2016); Supardy et al., (2012); Si (2024)



	10
	n-Hexadecanoic acid 
	27.576
	4.72
	Fatty acid methyl 
		Antibacterial, immunomodulatory (context-dependent);Hypocholesterolemic, Nematicide, Antiandrogenic, pesticides, Hemolytic 
	Casillas-Vargas 2021;  Duke, 2013; Aparna et al., 2012





















Figure 5 : GC-MS Chromatogram of Euphorbia[image: ] hirta 



Table 5: GC-MS Phytochemical profile of Euphorbia hirta 
	Peak
	Name of compound 
	Retention time 
	Peak area (%)
	Nature 
	Biological activities 
	References 

	
	Tetradecane 
	14.945
	0.26
	Alkene 
	Antimicrobial, cytotoxicity, antipyretic, anthelmintic, tumor, tuberculosis, dyspepsia, anemia, elephantiasis, anti-diabetic, antiinflammatory, anti-diarrhoeal
	Duke, 1992; Meher et al., 2019

	2
	2,4-Di-tert-butylphenol

	17.404
	0.26
	Alkanol 
	Antifungal, antimalarial, antioxidant, antibacterial, antiinflammatory, cytotoxicity, antiviral, insecticidal,  nematicidal 
	Zhao (2020); Seenivasan (2022); Rouvier (2024); Varsha et al., 2015

	3
	Dodecanoic acid 
	19.232
	2.83
	Fatty acid 
	Antibacterial, antibiofilm, antiviral, food preservation
	Yang (2009); Huang (2014); Qingyan (2024)

	4
	3-Eicosene, (E)
	19.564
	0.31
	Fatty acid 
	Antimicrobial, anti-hyperglycemic, cytotoxic activity, antioxidant, insecticidal 
	Banakar & Jayaraj, 2018

	5
	Hexadecane 
	19.812
	0.40
	Alkane 
	Antifungal, antibacterial, antioxidant, Cytotoxicity, antipyretic, anthelmintic, anti-inflammatory, antidiarrheal, antidiabetic
	Faridha et al., 2016; Banakar & Jayaraj, 2018

	6
	Tetradecanoic acid 
	23.471
	2.90
	Fatty acid 
	Antibacterial, anti-virulence in derivatives
	Casillas-Vargas 2021; Jumina et al., 2019; Juárez-Rodríguez et al., 2021

	7
	Octadecane 
	24.214
	0.84
	Alkane 
	Antibacterial antifungal activity, Anti-inflammatory, detoxification, cough relief, lung disease treatment, fever and cold management, antioxidant, antiseptic, anticorrosion activities

	Girija et al., 2014; Banakar & Jayaraj, 2018

	8
	Hexadecane 

	26.259
	0.56
	Fatty acid 
	Mild antimicrobial
	Mohamed (2022)

	9
	Pentadecanoic acid, 1- methyl-, methyl ester 
Hexadecanoic acid, methyl ester 
	26.472
	1.63
	Fatty acid methyl ester 
	Anti-inflammatory, hypocholesterolemic, anti-cancer,  hepatoprotective, nematicide, nsectifuge, antihistaminic, anticorona, antiarthritic 
	Jegadeeswari et al., 2012

	10
	Dodecane
	26.694
	0.85
	Fatty acid 
	Antibacterial, antifungal 
	Duke, 1992; Meher,  et al., 2019




Table 6: Qualitative phytochemical screening of five Euphorbia species 
	Species 
	Alkaloids 
	Flavonoids 
	Tannins 
	Saponins 

	Euphorbia milli 
	-
	++
	+++
	+

	Euphorbia heterophylla 
	-
	+
	++
	+++

	Euphorbia maculata 
	-
	+
	+++
	+

	Euphorbia caranensis 
	+
	++
	+++
	++

	Euphorbia hirta 
	+
	++
	+++
	-
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Fig 6  Dendrogram of Euphorbia species (GC-MS + Qualitative Screening)













Figure 6: Dendrogram of the phytochemical constituents of five Euphorbia species 



Discussion
The comparative phytochemical evaluation of five Euphorbia species offers valuable insights into their chemosystematic relationships. The repeated detection of dodecanoic acid, tetradecane, and consistently high tannin levels across all taxa points to a set of conserved biochemical traits within the genus. These metabolites are likely core features that have been maintained through evolutionary time, reflecting their importance in basic structural and defensive functions, as also noted for fatty acids and hydrocarbons in plant defense metabolism (Casillas-Vargas et al., 2021).
Despite this phylogenetic conservatism, significant metabolic divergence was observed among the species. E. heterophylla was notable for its exceptionally high levels of dodecanoic acid (16.24%) and abundant saponins, suggesting lineage-specific adaptations possibly linked to stress tolerance. E. caranensis was unique for its accumulation of 2,4-di-tert-butylphenol, a strong antioxidant with antimicrobial potential, as well as its distinctive alkaloid profile. In contrast, E. milli stood apart due to enrichment in cis-vaccenic acid and long-chain alkenes, distinguishing it chemically from the other taxa.
Chemotaxonomic clustering patterns further support these interspecific distinctions. E. maculata and E. hirta grouped together based on their moderate but consistent levels of dodecanoic and tetradecanoic acids, alongside comparable fatty acid patterns. Conversely, E. caranensis and E. heterophylla formed a separate cluster due to their shared dominance of fatty acids and defensive secondary metabolites. E. milli emerged as an outlier because of its unique unsaturated fatty acid and hydrocarbon profile. Similar clustering patterns have been reported in Balkan and Turkish Euphorbia species, where fatty acids and phenolic derivatives served as reliable markers for interspecific differentiation (Yener et al., 2019; Sofrenić et al., 2023).
The dendrogram (Figure 6) reflects both phylogenetic conservatism and adaptive divergence. Conserved metabolites such as lauric and tetradecanoic acids, shared across all species, suggest ancestral metabolic traits retained throughout the genus. In contrast, restricted distribution of secondary metabolites—such as alkaloids (found only in E. hirta and E. caranensis) and flavonoids (absent in E. milli)—imply lineage-specific evolutionary adaptations, possibly in response to ecological pressures (Wink, 2015).
These clustering results support earlier chemosystematic investigations of Euphorbia species, in which lipid and phenolic profiles provided robust taxonomic resolution (Sofrenić et al., 2023; Yener et al., 2019). Together, the results validate the use of integrative phytochemical markers in resolving species boundaries and understanding evolutionary relationships within Euphorbia.
The distribution of secondary metabolite classes also adds evolutionary context. Alkaloids, which were confined to E. caranensis and E. hirta, may represent a restricted trait maintained in specific evolutionary lineages. Flavonoids, present in most species but absent or less abundant in E. milli and E. heterophylla, suggest divergence in polyphenolic metabolism. Meanwhile, saponins showed pronounced variability—being abundant in E. heterophylla but absent in E. hirta, highlighting chemical plasticity associated with ecological specialization (Wink, 2015).
Across the five Euphorbia species analyzed, the chromatograms are dominated by long‑chain alkanes/alkenes and fatty acids (and a few fatty‑acid methyl esters). This chemical space is consistent with prior GC‑MS work on Euphorbia spp., where petroleum‑ether or non‑polar extracts typically yield palmitic (n‑hexadecanoic) and oleic/linoleic series fatty acids alongside high‑m.w. hydrocarbons (e.g., tetratetracontane) (Yener et al., 2019). 
For Euphorbia heterophylla profile shows abundant fatty acids (notably dodecanoic acid at 16.24% area) plus 2,4‑di‑tert‑butylphenol (DTBP). Recent GC‑MS work on E. heterophylla chloroform extracts likewise reported DTBP as a prominent constituent and a suite of hydrocarbons/aliphatic alcohols, although the exact rank order differs. This supports DTBP as a recurring, diagnostic volatile/semi‑volatile in this species, while differences in relative abundance likely reflect solvent, plant part, season and instrument 
E. hirta shows typical lipid signatures (dodecanoic and tetradecanoic acids; methyl esters) plus DTBP. Multiple reports on E. hirta methanol extracts also find fatty acids (often palmitic and unsaturated C18 species) by GC‑MS, in agreement with a lipid‑rich volatile fraction (Karki et al., 2020; Rautela et al., 2020). 
Qualitative screening table records no saponins in E. hirta, whereas other studies frequently detect saponins (alongside flavonoids and tannins) in methanolic extracts. The mismatch may arise from: (i) extraction differences, (ii) assay sensitivity/cutoffs, or (iii) tissue and phenology (Karki et al., 2020).
The E. milli chromatogram is dominated by hydrocarbons and fatty acids, such as cis-vaccenic acid and C20–C35 alkenes. A comparative GC-MS study of E. hirta and E. milli similarly reported a high abundance of aliphatic lipids and hydrocarbons in the methanolic leaf extract of E. milli, although the specific compound identities and relative peak intensities varied. These differences are consistent with expected intra-species variability and methodological influences (Rautela et al., 2020).
The E. maculata GC-MS profile is characterized by C12–C14 alkanes/alkenes and common fatty acids, such as dodecanoic and tetradecanoic acids. This aligns with the broader Euphorbia pattern in which aliphatic compounds dominate non-polar fractions. However, much of the E. maculata literature focuses on non-volatile triterpenoids, typically isolated through chromatographic methods rather than GC-MS. Because these high-molecular-weight constituents are poorly detected without derivatization, they are under-represented or absent in direct GC-MS analyses, explaining the lipid-rich but triterpene-poor spectral profile (Sun et al., 2018).
GC‑MS data for Euphorbia caranensis  are scarce however, cross‑species surveys in Euphorbia show that long‑chain fatty acids (palmitic, linoleic) and very‑long‑chain hydrocarbons often dominate GC‑MS profiles, again aligning with the finding of C14–C16 alkanes/alkenes and fatty‑acid methyl esters. 
Compounds recurring across species includes dodecanoic acid, tetradecanoic acid, tetradecane/hexadecane, and C18–C20 mono‑enes recur in multiple species. Comparable multi‑species Euphorbia surveys identify palmitic/oleic/linoleic series fatty acids and high‑m.w. n‑alkanes as frequent GC‑MS hits, reinforcing that these are conserved chemotaxonomic features of the genus’ lipophilic fraction (Yener et al., 2019). 
Differences in exact compound identities and peak intensities between this study and published Euphorbia GC-MS reports can be plausibly explained by several factors: (i) the plant part analyzed and its phenological stage; (ii) geographic origin and edaphic or other environmental stresses; (iii) extraction solvent polarity (e.g., methanol vs. chloroform vs. hexane); (iv) derivatization steps, such as FAME preparation, which enhance detection of fatty acid methyl esters; and (v) variations in GC-MS library versions, spectral deconvolution parameters, and search settings. Such methodological and biological variables are well-documented sources of variation across Euphorbia GC-MS studies (Karki et al., 2020).
The prevalence of saturated and monounsaturated fatty acids, along with DTBP, aligns with the reported antioxidant, antimicrobial, and cytotoxic activities of Euphorbia extracts. However, these bioactivities are often primarily driven by less volatile constituents such as phenolics and diterpenes, which are poorly represented in GC-MS data unless targeted approaches such as LC-MS or compound isolation are employed. The qualitative phytochemical screening results (showing strong tannin and flavonoid presence across all four species) support the occurrence of such polar bioactives, even if they are not reflected as major peaks in the GC-MS profiles (Salehi et al., 2019).
The dominance of fatty acids (such as lauric, myristic, palmitic, and vaccenic acids) in all species is consistent with earlier reports on the genus Euphorbia, where these compounds are associated with antimicrobial and anti-inflammatory effects (Casillas-Vargas et al., 2021). Notably, dodecanoic acid (one of the most recurrent compounds) has demonstrated broad-spectrum antimicrobial activity and is a key component in coconut oil with applications in food preservation (Yang et al., 2009; Huang et al., 2014).
The presence of 2,4-di-tert-butylphenol in several species is noteworthy, as it is a potent antioxidant and biofilm inhibitor (Zhao et al., 2020), suggesting potential applications in combating microbial resistance. Long-chain hydrocarbons such as n-alkanes and docosenes, while primarily structural components of plant cuticular waxes, have been reported to possess mild antimicrobial effects and play ecological roles in plant–insect interactions (Wu et al., 2018).
The GC-MS profiles are broadly consistent with Euphorbia literature for lipophilic fractions—typically dominated by long-chain hydrocarbons and fatty acids, with occasional phenolic volatiles such as 2,4-di-tert-butylphenol. Where deviations occur (for instance, the detection of saponins in E. hirta through qualitative assays or the absence/presence of specific C16–C18 fatty acids) these can be attributed to methodological differences and plant-specific variables, rather than representing true contradictions.

Conclusion 
This study underscores the dual pattern of phylogenetic conservatism and adaptive divergence within the genus Euphorbia. The consistent presence of dodecanoic acid, tetradecane, and tannins across all five species highlights their potential as conserved chemotaxonomic markers, reflecting shared evolutionary ancestry. In contrast, the variable distribution of alkaloids, saponins, and certain phenolic derivatives reveals species-specific adaptations, which may be linked to ecological pressures and specialized functions in defense or stress tolerance.
The GC–MS analysis predominantly revealed lipophilic compounds such as fatty acids, fatty acid methyl esters, and hydrocarbons, while qualitative screening provided evidence of polar metabolites that contribute to the ethnomedicinal value of these species. Together, these conserved and divergent chemical profiles not only support traditional taxonomic classification but also enhance our understanding of evolutionary trajectories within Euphorbia.
Importantly, the findings provide a biochemical framework that connects morphological taxonomy, ecological adaptation, and medicinal applications. The recognition of conserved metabolites as evolutionary signatures, alongside species-specific differences as adaptive markers, validates the role of chemosystematics in species delimitation and evolutionary inference.
Future integration of chemical markers with molecular phylogenetics and morphological traits will improve taxonomic resolution within the genus. Moreover, the identified compounds (particularly dodecanoic acid, tetradecane, and phenolic derivatives) warrant further pharmacological investigation to isolate bioactive principles that may underpin the therapeutic efficacy of these plants. Thus, this study demonstrates that combining GC–MS profiling with qualitative phytochemical screening offers a robust chemosystematic approach for understanding diversity, adaptation, and medicinal potential in Euphorbia.
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