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Medicinal plants have been central to traditional medicine due to the abundance 

of bioactive compounds they contain. Euphorbia hirta and Senna alata are 

notable examples of medicinal plants widely used in ethnomedicine and 

recognized for their proven pharmacological properties. This study aimed at 

investigating the phytochemical constituents of Euphorbia hirta and Senna alata 

using qualitative screening, quantitative analysis, and Gas Chromatography–

Mass Spectrometry (GC-MS). Methanolic and aqueous extracts of the plants 

were prepared using soxhlet extraction and maceration techniques respectively 

and the qualitative and quantitative analysis were carried out using standard 

techniques and GC-MS. Qualitative analysis revealed the presence of key 

bioactive compounds such as alkaloids, flavonoids, saponins, and tannins in 

both plants. Quantitative analysis confirmed alkaloids as the most abundant 

phytochemical, particularly in Senna alata, followed by saponins and flavonoids. 

GC-MS profiling identified a wide range of pharmacologically active compounds, 

including γ-Tocopherol, oleic acid, and n-Hexadecanoic acid in S. alata, and 

quercetin, 9-Octadecenal, and eicosatrienoic acid methyl ester in E. hirta. The 

findings demonstrate that methanol is a more effective solvent for extracting a 

broader spectrum of phytochemicals, and that Senna alata exhibits a richer and 

more diverse chemical profile than Euphorbia hirta. These results support the 

potential of both plants, particularly S. alata, as sources of natural compounds 

for therapeutic and pharmaceutical applications. 

 

Keywords: Phytochemical constituents, Euphorbia hirta, Senna alata, 
Methanolic and Aqueous. 

1. Introduction

Medicinal plants have long served as the 
cornerstone of traditional medicine across various 
cultures, owing to their rich repertoire of bioactive 
compounds (Halder & Jha, 2023). Among the vast 
array of phytotherapeutic agents, Euphorbia hirta 
and Senna alata stand out due to their widespread 
ethnomedicinal usage and well-documented 
pharmacological activities (Anigboro et al., 2022). 
Euphorbia hirta (family: Euphorbiaceae), commonly 
known as asthma weed, is a pantropical herb often 
used in traditional medicine for the treatment of 
asthma, bronchitis, diarrhea, and skin ailments 
(Kumar et al., 2024). Similarly, Senna alata (family: 
Fabaceae), also known as the candle bush, is widely 
used in the treatment of fungal infections, 
constipation, and skin diseases (Oladeji et al., 
2020). Phytochemical screening provides a 

qualitative assessment of plant secondary 
metabolites, which are crucial for understanding the 
therapeutic potential of medicinal plants. These 
secondary metabolites often work synergistically to 
produce the desired biological effects (Dubale et al., 
2023). Gas Chromatography-Mass Spectrometry 
(GC-MS) is a powerful analytical tool employed to 
elucidate the volatile and semi-volatile organic 
compounds within plant extracts. Through GC-MS, 
numerous bioactive constituents can be identified in 
E. hirta and S. alata. Understanding the 
phytochemical constituents and chemical 
composition of these plants through GC-MS analysis 
not only validates their traditional uses but also 
paves the way for novel drug discovery and 
development (Ibrahim et al., 2021). Additionally, 
such comparative studies enhance the 
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pharmacognostic profiling of medicinal plants, 
fostering their integration into evidence-based 
complementary and alternative medicine (Ibrahim et 
al., 2021). Therefore, the current study aimed at 
conducting a comprehensive phytochemical 
screening and GC-MS analysis of methanol and 
aqueous extracts of Euphorbia hirta and Senna 
alata. This approach will provide scientific validation 
of their ethnomedicinal applications and contribute to 
the broader understanding of their therapeutic 
potential (Thamer & Thamer, 2023). 

2. Materials and Methods 

2.1 Plant Collection, Authentication and 
Pulverization of the Plant Leaves 
Fresh leaves of Euphorbia hirta and Senna alata 
were collected from Kwara State stadium Ilorin, 
Nigeria. The plants were identified and authenticated 
at the herbarium unit of the Department of plant 
biology, Faculty of life sciences, University of Ilorin, 
Kwara State, where they were given the herbarium 
voucher number UILH/001/1511/2024 and 
UILH/001/1059/2024 respectively. Leaves of 
Euphorbia hirta and Senna alata were washed 
thoroughly separately and air dried in shade for two 
weeks. Dried leaves were ground into a coarse 
powder using an industrial blender.   

2.2      Plant Extraction 

2.2.1 Preparation of the plant extract 
Methanol and aqueous extracts of Euphorbia hirta 
and Senna alata leaves were prepared using 
Soxhlet extraction and maceration methods, 
respectively (Abubakar & Haque, 2020). For the 
methanol extracts, 100 g of powdered leaves were 
placed in Soxhlet apparatus thimbles and extracted 
with 500 ml of methanol through continuous solvent 
reflux until exhaustion. The resulting extracts were 
concentrated using a rotary evaporator at 50 °C and 
stored at 4 °C. For the aqueous extracts, 100 g of 
ground leaves were soaked in 200 ml of distilled 
water for 72 hours at room temperature with 
occasional stirring. After filtration, the extracts were 
frozen at −20 °C and lyophilized at −50 °C under 
vacuum to obtain dry powders. The percentage 
yields of the extracts were calculated and the 
extracts were stored at 4 °C for further 
microbiological and phytochemical analyses. 

2.3    Phytochemicals of Plant Extracts 

2.3.1 Qualitative Analysis 
Qualitative analysis was performed to identify the 
presence of secondary metabolites in both aqueous 
and methanolic extracts of Euphorbia hirta and 
Senna alata. The phytochemical analysis was 
performed using standard laboratory techniques for 
qualitative determination.  

2.3.1.1 Test for phenol: This was carried out by the 
method of Dubale et al., (2023): Exactly 5 ml of each 
extracts was dissolved in 5 ml of distilled water and 
few drops of neutral 5% ferric chloride solution was 
added. A dark green color indicated the presence of 
phenolic compounds. 
2.3.1.2 Test for Alkaloids: This was carried out by 
the method of Misiurek et al., (2023): Exactly 2 ml of 
each extract was collected using syringe and 
dispensed into different labelled test tubes. The test 
tubes were heated for 2 minutes and 5 ml of 
hydrochloric acid (HCl) was added into each tube, 
mixed and heated again and allowed to cool. 2 
drops of Meyer's reagent was added to each of the 
test tubes and white precipitate was observed which 
showed the presence of alkaloids.  
2.3.1.3 Test for Cardiac glycosides: This was carried 
out by the method of Joubert (2023): The extract (2 
ml) of each extract was collected into test tubes and 
5 ml of glacial acetic acid was added, followed by 2 
ml of FeCl3 and 2 ml of concentrated ferric acid. A 
brown ring formation at interphase of the mixture 
indicated the presence of deoxy sugar 
characteristics of cardiac glycosides. 
2.3.1.4 Test for Saponins: Foam test was performed 
to test the presence of saponins. To the 2ml of each 
of the extract, added 6ml of water in a test tube and 
was shaken vigorously, then observed for the 
formation of persistent foam that confirms the 
presence of saponins (Bakir et al., 2022).  
2.3.1.5 Test for flavonoids: Exactly 5 ml of each of 
the extracts was collected into labeled test tube.  10 
ml of distilled water, 5 ml of dilute ammonium 
hydroxide (NH4OH) and few drops of 
tetraoxosulphate (IV) acid (H2SO4) were added in 
the test tube. A yellow colouration was observed 
which showed the presence of flavonoids (Ayele et 
al., 2022) 
2.3.1.6 Test for Tannins: This was carried out by the 
method of Zhang et al ., (2023).  The extract (l ml) 
was collected into labeled test tubes. Then, 1 ml of 
(10 %) ferric chloride (FeCl3) was added to the test 
tubes. Dirty green precipitate was observed which 
showed the presence of tannins.  
2.3.1.7 Test for Terpenoid: Terpenoid presence was 
determined through Salkowski test.  2 ml of 
chloroform was mixed thoroughly with each of the 
extract filtrate. 3 ml of concentrated sulfuric acid was 
carefully added to form a layer. A reddish brown 
coloration of the interface indicated the presence of 
terpenoids (Godlewska et al., 2022). 
 

2.3.2 Quantitative Analysis 

2.3.2.1 Determination of Total Phenols 

This was determined using the Folin-Ciocalteu 
method (Lawag et al., 2023).  

With a little modification, the Folin–Ciocalteu 
technique was used to measure the content of 
phenolic compounds in the extracts. In a volumetric 
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flask (10 mL), 50 μL of the sample extracts were 
combined with 0.5 mL of (1 N) Folin–Ciocalteu 
reagent. 2.5 mL of 5% sodium carbonate was added 
after 5 min, and distilled water was used to get it up 
to the volume of 4 mL. The tubes were incubated for 
40 min at room temperature in a dark area with a 
series of gallic acid standard solutions (2.5, 5, 7.5, 
10, and 12.5 mg/mL) made in the same way. The 
absorbance was measured at 760 nm. The total 
phenol content was expressed as milligrams of gallic 
acid equivalent per gram of dried extract. The same 
method was used to make a blank reagent that was 
devoid of extracts. 

2.3.2.2 Determination of Tannins 

The total tannin content was assessed by the 
standard protocol of Logeswaran & Vadivel (2024) 
with little modifications as follows: 0.5 mL of the 
sample extract was diluted with 80% ethanol. From 
the diluted sample, 0.1 mL was added to 2 mL of 
FolinCiocalteu reagent. After 8 mins, 7.5 mL of 7% 
sodium carbonate solution was added and incubated 
for 2 hours. The absorbance was measured at 760 
nm and the tannin content was estimated using 
tannic acid curve as the standard 

2.3.2.3 Determination of Flavonoid 

Approximately 0.25 g of the sample was dissolved in 
1 ml distilled water; 0.15ml of 5% NaNO2 solution, 
0.15ml of freshly prepared aluminum chloride (AlCl3) 
and 2.0ml of 1M NaOH solutions were added. The 
mixture was allowed to stand for 5 min and 
absorbance measured at 510 nm on a 
SpectrumLab70 spectrophotometer. The result was 
expressed as quercetin equivalents (QE) (Ayele et 
al., 2022).  

2.3.2.4 Determination of Saponin 

The saponin content was determined using 
spectrophotometric method described by (Sodimu et 
al., 2024). About 2 g of the sample was weighed into 
a beaker and 150ml of isobutyl alcohol (but-2-ol) 
was added. The mixture was filtered through No 1 
Whatman filter paper into a beaker containing 20ml 
of 40% magnesium carbonate (MgCO3) solution. 
Approximately 1 ml of the solution was transferred 
into volumetric flask; 2 ml iron (III) chloride (FeCl3) 
solution was added and made up to mark with 
distilled water. This was allowed to stand for 30 min 
for the colour development and absorbance was 
read at 380 nm on a SpectrumLab70 
spectrophotometer. 

2.3.2.5 Determination of Alkaloid 

5 g of the sample was weighed into a beaker and 
200 ml of 10% acetic acid in ethanol was addedand 
allowed to stand for 4 min. This was filtered and the 
extract was concentrated on a waterbath to one 
quarter of the original volume. Ammonium hydroxide 
solution was added drop wiseto the extract until the 

precipitation was completed. The precipitate was 
collected, washed withdilute ammonium hydroxide 
and filtered. The residue was dried and weighed 
(Obasi and Obasi, 2021). 

2.4 Phytochemical analysis using Gas 
chromatography-mass spectrometry (GC-MS) 

This analysis was carried using a Varian 3800/4000 
gas chromatograph mass spectrometer equipped 
with an Agilent capillary column employing the 
following conditions:, fitted with a HP-5 MS fused 
silica column (5% phenyl methyl siloxane 30.0 m × 
250 μm, film thickness 0.25 μm), interfaced with 
5675C Inert MSD with Triple-Axis detector. Nitrogen 
gas was used as carrier gas and was adjusted to 
column velocity flow of 1.0 ml/min. Other GC-MS 
conditions are ion-source temperature, 250 °C; 
interface temperature, 300 °C; pressure, 16.2 psi; 
out time, 1.8 mm; and 1 μl injector in split mode with 
split ratio 1:50 with injection temperature of 300 °C. 
The column temperature started at 36 °C for 5 min 
and changed to 150 V at the rate of 4 °C/min. The 
temperature was raised to 250 °C at the rate of 20 
°C/min and held for 5 min. The total elution was 
43.50min. The relative percent amount of each 
component was calculated by comparing its average 
peak area to total areas. ChemStation software 
provided by supplier was used to control the system 
and to acquire the data. 

2.4.1 Identification of compounds  

Identification of components was achieved based on 
their retention indices and interpretation of mass 
spectrum was conducted using the database of 
National Institute of Standards and Technology 
(NSIT). The database consists of more than 62,000 
patterns of known compounds. The spectra of the 
unknown components of Hibiscus asper fraction 
obtained were compared with the standard mass 
spectra of known components stored in NIST library 
(NIST08). 

2.5 Statistical Analysis 
All the data were statistically analyzed by 
determining the p value through the t-test and the 
significant level was considered as <0.05. All the 
data were analyzed using SPSS, version 25. 

3. Results and Discussion 
 
3.1  Results 

3.1.1  Extraction 

The percentage of the extracts are given in Table 1 

3.1.2 Phytochemical Analyses 
The phytochemical analysis revealed the presence 
of flavonoids, Akaloid, Tannin, saponin, cardiac 
glucoside, phenol, Quinone and Terpenoids… 
(Table 2). The quantitative phytochemical analysis 
are presented in Table 3 and 4. 
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Table 1: Percentage yield of Euphorbia hirta and Senna alata extracts 

Plants Solvents Weight of plants/g Weight of extracts/g Percentage yield % 

Euphorbia hirta 
 
Senna alata 

Aqueous  
methanol 
Aqueous 
methanol 

100 
100 
100 
100 

5.2 
6.4 
6.0 
7.9 

5.2 
6.4 
6.0 
7.9 

 
Table 2: Qualitative phytochemical analysis of Aqueous and Methanolic extracts of Euphorbia hirta and 
Senna alata plants 

                                       Senna alata                                        Euphorbia hirta 

                                    Aqueous             Methanol                   Aqueous                  Methanol 

Flavonoids                       ++                      ++                             ++                               ++ 
Tannins                           ++                      ++                             ++                                 +++ 
Cardiac glycosides         +++                    +++                             -                                    - 
Alkaloids                        ++                       ++                            ++                                  +++ 
Terpernoids                    +                           +                             -                                      - 
Phenols                          -                           +                             -                                      - 
Quinone                         +                         +                                -                                     - 
Saponin                        ++                      ++                              +++                                 ++                                                                                                                

Keys: + = positive = Negative 
 
Table 3:  Quantitative phytochemical analysis of aqueous and methanol extracts of Euphorbia hirta  

Extract Composition t-value p-value 

Phytochemicals Aqueous (Mean ± SD) Methanol (Mean ± 
SD) 

  

Total Saponin 
Content (µg/g) 

43.8 ± 0.021 30.4 ± 0.035 420.572 0.000** 

Total Tannin 
Content (µg 

AAE/g) 

12.8 ± 0.015 13.2± 0.025 -17.754 0.003** 

Total Flavonoid 
Content (µg RE/g) 

37.5± 0.026 11.7 ± 0.017 2236.944 0.000** 

Total Alkaloids 
Content (µg/g) 

46.4± 0.020 42.0 ± 0.030 173.646 0.000** 

Key: % = Percentage  ** mean significance at p-value < 0.05 
 
Table 4: Quantitative Phytochemical Composition of the Senna alata extracts 
 

SA Extract Composition t-value p-value 

Phytochemicals Aqueous (Mean ± 
SD) 

Methanol (Mean ± 
SD) 

  

Total Phenol Content 
(mg GAE/g) 

- 8.3 ± 0.567 4.307 0.050 

Total Saponin 
Content (µg/g) 

32.8 ± 0.036 40.0 ± 0.000 -344.916 0.000** 

Total Tannin Content 
(µg AAE/g) 

43.0 ± 0.012 52.5 ± 0.010 -4345.000 0.000** 

Total Flavonoid 
Content (µg RE/g) 

38.0 ± 0.040 40.3 ± 0.023 -85.625 0.000** 

Total Alkaloids 
Content (µg/g) 

56.3 ± 0.015 44.9 ± 0.030 -680.600 0.000** 

Key: % = Percentage   ** mean significance at p-value < 0.05 
 
3.1.3 GC-MS Analysis 
The chromatograms from the GC-MS analyses are shown in Figures 1 and 2 while important parameters are 
presented in Tables 5 and 6. 
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    Figure 1:  GCMS chromatogram of methanol and aqueous extract of Euphorbia hirta 
 

  
       Figure 2: GCMS chromatogram of methanol and aqueous extract of Senna alata 
 
Table 5: Gas chromatography-mass spectrometry of Euphorbia hirta  

Peak # RT 

 

 

 

Compound Detected 

 

 

Mol. Formular MW Peak Area % 

 

Comp 

%wt 

m/z 

1 5.57 1,2,3-Benzenetriol C6H6O3 126 1.03 1.93 52, 80, 126 

2 6.98 1-(3-Dimethylaminophenyl)ethanol C10H15NO 165 1.71 2.33 122, 164, 

165 

3 14.25 Glycol aldehyde dimer C4H8O4 120 7.69 15.73 44, 93, 120 

https://pubchem.ncbi.nlm.nih.gov/#query=C10H15NO
https://pubchem.ncbi.nlm.nih.gov/#query=C4H8O4
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4 15.00 n-Hexadecanoic acid C16H32O2 256 8.67 12.91 43, 73, 256 

5 17.50 Tetradecanoic acid C14H28O2 228 1.02 4.75 42, 73, 146 

6 20.75 Phytol C20H40O 296 0.64 1.12 43, 71, 296 

7 22.00 1,2-Cyclohexanedicarboxylic acid, 

diethyl ester 

C12H20O4 228 10.20 6.97 41, 81, 228 

8 27.74 9,12-Octadecadienoic acid (Z,Z)- C18H32O2 280 6.12 11.73 41, 67, 280 

9 29.25 Octadecanoic acid C18H36O2 284 2.04 9.24 43, 73, 284 

10 32.50 Quercetin C15H10O7 302 9.18 5.82 43, 74, 302 

 
 
Table 6: Gas chromatography-mass spectrometry of Senna alata 
 
 
 

Peak # RT 

 

 

 

Compound Detected 

 

 

Mol. Formula MW Peak Area % 

 

Comp 

 %wt 

m/z 

1 3.21 1-Butanol, 3-methyl- C5H12O 88 0.32 1.02 42, 55, 88 

2 6.00 1-Hexanol, 2-ethyl- C8H18O 130 1.27 1.73 41, 57, 130 

3 6.50 Carbamic acid, phenyl ester C7H7NO2 137 1.91 2.52 43, 94, 137 

4 7.21 Xylitol C5H12O5 152 0.96 1.21 43, 61, 152 

5 8.50 2-Methoxy-4-vinylphenol C9H10O2 150 0.80 1.04 77, 135, 150 

6 3.57 1-Butanol, 3-methyl- C5H12O 88 1.57 2.64 42, 55, 88 

7 4.50 β-D-Glucopyranose, 1,6-anhydro- C6H10O5 162 0.79 1.98 43, 60, 162 

8 10.50 α-Methyl-D-mannopyranoside C7H14O6 194 1.97 2.88 77, 131, 194 

9 11.75 1,4-Bis(trimethylsilyl)benzene C12H22Si2 222 2.05 4.54 73, 207, 222 

10 16.50 n-Hexadecanoic acid C16H32O2 256 11.42 13.12 43, 73, 256 

 
 
 

3.2 Discussion 

The extraction yields of the medicinal plants 
investigated in this study demonstrated notable 
variability, with the highest yield obtained from the 

methanol extract of Senna alata (7.9%), while the 
aqueous extract of Euphorbia hirta yielded the least. 
This variation is primarily attributable to the nature of 
the solvent used, which significantly affects the 
solubility and extractability of phytochemicals. Polar 
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solvents such as water are more selective for 
hydrophilic compounds, whereas solvents like 
methanol, with intermediate polarity, can extract a 
broader range of both polar and non-polar 
constituents, resulting in higher yields. These 
findings align with previous studies by Ghaffar & 
Perveen, (2024), who reported similar solvent-
dependent variations in extractive values of 
medicinal plants. Qualitative and quantitative 
phytochemical analyses revealed the presence of 
key secondary metabolites such as alkaloids, 
flavonoids, tannins, saponins, and terpenoids in 
varying concentrations. Alkaloids were notably 
abundant in both plants, particularly in Senna alata, 
supporting earlier observations that these 
compounds are central to the plant's 
ethnopharmacological uses (Osunga et al., 2024). 
Flavonoids and tannins, known for their diverse 
pharmacological properties including antioxidant, 
anti-inflammatory, and cytoprotective activities were 
more prominent in methanol extracts. This supports 
earlier assertions by Caratti, (2023) and Rahim et al. 
(2023) that solvent type significantly impacts the 
recovery of bioactive polyphenols. GC-MS profiling 
of Senna alata methanol extract identified a wide 
array of compounds including saturated and 
unsaturated fatty acids, alcohols, esters, sterols, and 
tocopherols. Notably, n-Hexadecanoic acid (palmitic 
acid), 9,12-octadecadienoic acid (linoleic acid), oleic 
acid, and stearic acid were among the major 
constituents. These compounds are well-
documented for their multiple pharmacological 
functions such as antioxidant, anti-inflammatory, 
cytotoxic, and membrane-stabilizing effects 
(Adegoke & Olakayode, 2024; Goh et al., 2024). 
Phytol, a diterpene alcohol found in moderate 
concentrations, has been associated with a broad 
spectrum of bioactivities including antimalarial, 
antioxidant, and cytostatic effects. The presence of 
phytol in Senna alata complements previous reports 
by Santhosh et al. (2022), who identified phytol as a 
key contributor to the therapeutic properties of 
several plant-based remedies. Additionally, vitamin 
E derivatives such as γ-tocopherol and α-tocopheryl 
acetate were detected in significant amounts. These 
lipophilic antioxidants are known not only for their 
free radical scavenging activity but also for their role 
in enhancing membrane stability and modulating 
inflammatory responses (Ma et al., 2023). Their 
abundance in Senna alata may support its use in 
managing oxidative stress-related conditions. 
Steroidal phytochemicals such as stigmasterol and 
campesterol were also identified. These plant sterols 
have been shown to possess cholesterol-lowering, 
anti-inflammatory, and immune-modulatory 
properties (Kato et al., 2023). Although their direct 
pharmacological actions may be moderate, they are 
often involved in synergistic interactions that 
enhance the overall efficacy of botanical 
formulations. Comparatively, Euphorbia hirta 
exhibited a different phytochemical profile, with a 

stronger presence of polyphenolic compounds such 
as quercetin, pyrogallol, and catechins. These 
compounds are potent antioxidants and are often 
associated with protective effects against 
degenerative diseases, including cardiovascular 
disorders and certain types of cancer (Muscolo et 
al., 2024). The diversity in bioactive profiles between 
Senna alata and Euphorbia hirta suggests that their 
therapeutic applications may differ in target and 
potency. While Senna alata appears to possess a 
phytochemical composition skewed toward lipid-
soluble compounds with potential for membrane-
targeting and anti-inflammatory actions, Euphorbia 
hirta is richer in water-soluble phenolics, which may 
contribute more significantly to antioxidant and 
cytoprotective mechanisms. These findings 
underscore the importance of solvent selection in 
phytochemical research and highlight the potential of 
these medicinal plants as sources of 
pharmacologically relevant compounds. Moreover, 
the identification of multiple classes of bioactives 
supports their traditional use in ethnomedicine and 
suggests a multi-target approach in their therapeutic 
efficacy. 

4. Conclusion 
 
This study examined the extraction yields and 
phytochemical profiles of Senna alata and 
Euphorbia hirta using methanol and water as 
solvents. Methanol extracts produced higher yields 
and contained more diverse bioactive compounds 
including alkaloids, flavonoids, fatty acids, sterols, 
and tocopherols. GC-MS analysis revealed key 
compounds such as palmitic acid, linoleic acid, oleic 
acid, and phytol, which are known for their 
antioxidant, anti-inflammatory, and therapeutic 
properties. Senna alata was particularly rich in lipid-
soluble compounds, while Euphorbia hirta had 
higher levels of polyphenolics. These differences 
suggest distinct therapeutic potentials: Senna alata 
may be more effective in treating inflammation and 
membrane-related conditions, while Euphorbia hirta 
may better address oxidative stress. Overall, the 
findings highlight the importance of solvent selection 
in phytochemical extraction and support the 
traditional medicinal use of both plants, providing a 
scientific basis for their further pharmacological 
development. 
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