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Abstract 
The herb Indigofera nummulariifolia, belonging to the Fabaceae family, exhibits a global distribution in 
tropical and subtropical regions, including Nigeria, India, Madagascar, Australia, and parts of Asia. 
Herein, we reported the results of phytochemical screening, antibacterial activity, and isolation and 
characterization of bioactive compounds campesterol INE2 and stigmasterol INE3 from the methanol 
extract of the plant. The crude extracts (n-hexane, dichloromethane, ethyl acetate, and methanol) was 
obtained by cold maceration of the pulverized plant sample. Phytochemical screening of these extracts, 
detected alkaloids, saponins, flavonoids, tannins, steroids, and glycosides in the methanol extract. Ethyl 
acetate extract tested positive for saponins, flavonoids, tannins, and steroids, while dichloromethane 
and n-hexane extracts tested negative for flavonoids, tannins, and steroids. All extracts exhibited 
antibacterial activity against Escherichia coli, Salmonella typhi, Pseudomonas aeruginosa, and 
Staphylococcus aureus, with inhibition zones ranging from 6 mm to 20 mm. Particularly, the 
dichloromethane extract demonstrated significant inhibition, recording an 18 mm zone against E. coli 
at 800 µg/mL, as well as comparable activity against S. typhi and P. aeruginosa. Further purification 
of the methanol extract via column chromatography resulted in the isolation of campesterol INE2 and 
stigmasterol INE3. The isolated compounds were characterised using FTIR and GCMS. 
 
Keywords: Campesterol, Indigofera Numulariifolia, Isolation, Phytochemical screening, 
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INTRODUCTION  
The field of natural product chemistry has long captivated the scientific community with its 
diverse array of intriguing compounds derived from the world's most complex and awe-
inspiring chemical factories: living organisms. These compounds, synthesized by plants, 
microbes, marine organisms, and even some animals, have played a pivotal role in human 
history, serving as the foundation for numerous pharmaceuticals, agrochemicals, and other 
valuable products.(Luo et al., 2011; Atanasov et al., 2021; Newman, 2022) 
 
The Fabaceae family or pea family, represents a vast and diverse group of plants with profound 
economic and ecological implications. Their remarkable nitrogen-fixing abilities, achieved 
through symbiosis with nitrogen-fixing bacteria, have drawn considerable interest due to the 
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array of bioactive compounds they contain, offering potential applications in medicine, 
agriculture, and industry (Grygier et al., 2022). Indigofera species, including Indigofera 
aspalathoides, Indigofera heterantha, Indigofera tinctoria, and Indigofera suffruticosa, have been 
historically utilized for various purposes, particularly in traditional medicine. For example, 
Indigofera aspalathoides leaves have been employed in treating a range of ailments, while 
Indigofera heterantha and Indigofera tinctoria serve medicinal purposes for gastrointestinal 
disorders and constipation, among others (Pullaiah, 2006; Amrithpal, 2006; Warrier, 2007; 
Muhammad and Choudhary 2011). 
 
Chemical analyses of Indigofera species have identified several common compounds such as 
flavonoids, fatty acids, and steroids. Notable among these are flavonoidal compounds isolated 
from Indigofera hebepetala and fatty acid compounds from Indigofera suffruticosa (Vijisaral et al., 
2014; Taj et al., 2016). Even though, extensive research has elucidated the phytochemical 
compounds in the Indigofera genus.  
 
In view of the absence of any such report given its significance in herbal medicine practice of 
the plant base on the literature available, consequently, there is need for the isolation and 
characterization of the bioactive compounds of Indigofera nummularifolia (Lev, 2008).Therefore, 
this study sought to validate and provide scientific substantiation for the traditional medicinal 
uses associated with Indigofera nummulariifolia, offering valuable insights for researchers in 
natural products and bioactive compound-related fields. Through isolating and 
characterizing phytochemical compounds from the plant. In view of that, we have reported 
the isolation of campesterol INE2 and stigmasterol INE3 from the methanol extract of 
Indigofera Numulariifolia.  
 
MATERIALS AND METHODS 
 
Collection and Identification of the Plant Materials 
Indigofera nummulariifolia was collected in October 2022 from Malam Inna Area, Gombe, 
Gombe State, Nigeria, and authenticated at the Department of Botany, Gombe State 
University. 
 
Laboratory procedures 
 
Extraction and Fractionation  
Approximately 1 litre of n-hexane was added to the sample (500 g) in an amber bottle and 
vigorously shaken. The mixture was left in the laboratory for 3 days with daily agitation. 
Subsequently, it was filtered using Whatman filter paper. The resulting residue underwent 
sequential treatment with dichloromethane, ethyl acetate, and methanol, following the 
aforementioned procedure (Brusotti et al., 2013). All crude extracts were concentrated under 
reduced pressure at 45°C using a rotary evaporator. The crude fractions from all extracts were 
subjected to phytochemical and antimicrobial analyses, while the dichloromethane and 
methanol fractions were later combined for purification through column chromatography 
(Brusotti et al., 2013). 
 
Antimicrobial  Analysis  
The crude extracts (n-hexane, dichloromethane, ethyl acetate) were evaluated for in vitro 
antimicrobial activity against selected bacterial strains obtained from (Microbiology 
department GSU) and were screened using gram staining technique including two gram-
negative strains (Escherichia coli and Salmonella typhi) and two gram-positive strains 
(Pseudomonas aeruginosa and Staphylococcus aureus), following the procedure outlined by Kwaji 
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et al, 2018. A stock solution was prepared by dissolving 5 mg of the extract in 5 mL of DMSO 
solvent. Serial dilutions were then made to obtain concentrations of 200 µg/mL, 400 µg/mL, 
600 µg/mL, and 800 µg/mL from the stock solution. DMSO served as the negative control, 
while a standard antibacterial drug (Augmentin) at 10 µg/disc was used as the positive 
control for comparison with the crude extract. The bacterial strains were sub cultured in 
Muller Hilton agar medium. Sterile Whatman filter paper discs (6 mm diameter) were 
autoclaved and soaked in the desired concentrations of the Compounds, then placed on Petri 
dishes containing Muller Hilton agar media inoculated with the respective bacterial strains. 
The cultures were incubated at 37 °C in an oven, and after 18 hours, the diameters of the 
inhibition zones were measured. Antimicrobial activities were averaged over three replicates, 
and the zones of inhibition were measured in millimeters (mm). The criteria for interpreting 
activity were as follows: strong (> 14 mm), moderate (9–14 mm), weak (5–8 mm), no activity 
(inhibition zone < 5 mm), with DMSO serving as the solvent control for comparison (Nicolas 
et al., 2021). 
 
Phytochemical Analysis  
The crude extracts were subjected to standard procedures to detect the presence of glycosides, 
tannins, flavonoids, saponins, anthraquinones, alkaloids, and steroids, as outlined by 
Prashant et al. in 2011. 
 
Column Chromatography 
The methanol fraction (13 g) was subjected to column chromatography packed with silica gel 
(60 – 120 mesh size). Initially, the column was eluted with 100% n-hexane, followed by 
stepwise elution using hexane:ethyl acetate ratios of 95:5, 90:10, and 85:15, gradually 
transitioning to 100% ethyl acetate. Subsequently, elution continued with ethyl 
acetate:methanol ratios of 95:5, 90:10, down to 70:30, resulting in the collection of two hundred 
and forty-three (243) fractions (each 20 mL). These fractions were combined based on their 
thin-layer chromatography (TLC) profiles to yield twenty-nine (29) major sub fractions (C1-
C29), following a methodology similar to that reported by Kwaji et al. 2019. 
 
The fractions were further analyzed, and those with similar retention factor (rf) values were 
pooled together based on their TLC profiles. Subsequently, two major sub fractions, C27 and 
C29, were obtained using a ethyl acetate methanol at ratio of 3:7 as the mobile phase solvent 
system. Each of these subfractions exhibited one major spot with Rf values of 0.46 and 0.47, 
respectively, resulting in the isolation of pure yellow crystalline solid compounds coded as 

INE2 and INE3. The compound INE2 has a melting point value of 154-156 
o
C while IN3 has 

a melting point of 161-163 
o
C.  

 
Gas Chromatography Mass Spectrometry GC-MS Analysis of the isolates 
The two isolates INE2 and INE3 fractions were analyzed using Gas Chromatography-Mass 
Spectrometry (GC-MS). Around 1 μL of the extract dissolved in acetone was introduced into 
the GC-MS instrument via the injection port, utilizing a 10 μL micro syringe, as described by 
Omar et al.2022. The resulting mass spectrum was calibrated, and the identification of 
components was achieved by comparing retention time and mass spectra fragmentation 
patterns with those stored in the computer library and referenced in published literature, 
following the methodology outlined by Mohammed et al.  2016.
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RESULTS AND DISCUSSION 
 
Table 1: Preliminary phytochemical screening of Indigofera nummulariifolia 

Phytochemical 
constituents 

Test  n-hexane 
extract 

DCMextract Ethylacetate 
extract 

Methanol 
extract 

Alkaloids Wegner’s  - - - + 
Saponins Froth  - - + + 
Flavonoids Alkaline reagent 

  
+ + + + 

Tannins Ferric Chloride 
  

+ + + + 

Anthraquinones Free Anthracenes 
  

- - - - 

Steroids Salkowski’s  + + + + 

Glycosides Borntrager’s  - - - + 

Note:+Present,-absent 

 
From the results as presented in Table 1, it was observed that both n-hexane and 
dichloromethane extracts revealed the presence of flavonoids, tannins, and steroids. At the 
same time, other phytochemicals tested like saponins, anthraquinones, alkaloids, and 
glycosides, were absent. However, in addition to the phytochemicals in the n-hexane and 
DMC extracts, ethyl acetate extract tested positive for saponins. These results agreed with a 
similar work reported by (Ngoci, et al., 2011) where 25 saponins were reported present in ethyl 
acetate extract but absent in n-hexane due to the presence of its polar OH groups. Methanol 
extract was the only sample that tested positive for Alkaloids and Glycoside. It is worth noting 
that, based on the results obtained using the procedure outlined above, all the extracts tested 
negative for anthraquinones while tannins, flavonoids, and steroids were present in all four 
extracts. The presence of these phytochemicals in the plant testifies to its numerous 
therapeutic values as had been reported in many pharmacological of other plants (Cowan, 
1999). Flavonoids and steroids have been found to possess good antimicrobial activities 
(Uddin, et al., 2011). 
 
Table 2: Results for Antimicrobial analysis of Indigofera nummulariifolia 

Extract Conc µml E. coli P.Aurogenusa S.typhi Staph 

n-hexane 800 11 12 9 9 
 600 8 11 7 8 
 400 6 8 7 7 
 200 6 6 7 6 
etthylaccetate 800 20 16 18 17 

 600 17 13 16 16 
 400 13 12 14 12 
 200 11 11 10 12 
DCM 800 18 17 18 12 

 600 17 16 16 11 
 400 12 14 12 10 
 200 10 11 10 8 

Augmentin 10 µg/disc 23 22 26 19 

Solvent DMSO 00 00 00 00 

 
The antimicrobial assay results, as shown in Table 2, revealed that the n-hexane extract   
displayed low to moderate activity against both gram-positive and gram-negative bacteria, 
with inhibition zones ranging from 6mm to 12mm. Conversely, the dichloromethane extract 
demonstrated a substantial degree of inhibition against all tested organisms, with inhibition 
zones ranging from 18mm to 20mm at a concentration of 800   µg/mL against E. coli, S. typhi, 
and P. aeruginosa. These results were notably comparable to those of the standard drug 
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augmentin, which exhibited inhibition zones of 23 mm, 22 mm, and 26 mm against the 
respective bacterial strains. Additionally, it was observed that the antimicrobial activity 
increased proportionally with the concentration of the extract in all cases. These findings are 
consistent with several reports in the literature, as highlighted by Greatman et al. (2019), 
further validating the efficacy of the crude extracts from Indigofera numulariifolia in combating 
bacterial infections. 
 

 

                     

 

 
 
The Gas Chromatography-Mass Spectrometry (GC-MS) analysis results of INE2 and INE3 
provided valuable insights into the chemical composition of the analyzed fractions, 
particularly regarding the presence of stigmasterol and campesterol. Campesterol INE2 was 
detected at 36.9 minutes retention time with the highest peak area of 38, while stigmasterol 
INE3 was identified with a retention time of 30 minutes and a peak area of 37. The mass 
spectra of both compounds further confirmed their identity. For instance, the mass of the 
isolated compound, INE2, Figure 1 showed the parent molecular ion peak at m/z 400 and a 
base peak at m/z 43(100%) abundance. Further analysis using FTIR supported the idea that 
the compound isolated was campesterol. This is because in the IR spectrum of INE2,  Figure 

1, an absorption band due to the presence of H-O group was observed around 3874 cm-1 there 

is another peak s at 3200cm-1 indicating the intermolecular hydrogen bonding O-H stretch, 

1406cm-1 indicates the presence of C-H bending stretch, absorption at 1187.01cm-1 for C-O 

stretching of tertiary alcohol while peak at 1654.0cm-1 indicates the C=C stretch and at 988cm-

1 of RC=CH is due to C-H out of plane bending, (Nariya, 2014). 
 
Similarly, for INE3, results obtained from the GCMS analysis of the compound showed parent 
molecular ion peak at m/z 412 Figure 3. A careful study of the supporting information 
provided by the library suggested the compound to be Stigmasterol, a member of the steroid 
family previously reported in the Fabaceae (Habib et al., 2007). The base peak is at m/z 55 
(100%). The fragments of other peaks relative to the base peak are m/z 379, 351, 300, 255, 213, 
159.2, 119, 83 and 55. Other spectral characterization such as FTIR and Mp confirmed our 

claim. For instance, the OH absorption band was observed circa 3800 cm-1similarly, the other 

prominent peak due to C=C stretching vibration was seen around 1664 cm-1. All results are 
in agreement with similar reports for stigmasterol FTIR data (Erwin et al., 2020). The presence 
of characteristic absorption peaks in the FTIR spectra, combined with the mass spectral data 
obtained from GC-MS analysis, confirms the identity of stigmasterol and campesterol in the 
analyzed fractions. These results are consistent with previous reports in the literature, 
corroborating the accuracy and reliability of the analytical methodology employed in this 
study (Jain et al., 2010). 
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CONCLUSION  
The phytochemical screening revealed the presence of alkaloids, saponins, flavonoids, 
tannins, steroids, and glycosides in the methanol extract.  Ethyl acetate extract tested positive 
for saponins, flavonoids, tannins, and steroids, while dichloromethane and n-hexane extracts 
tested negative for flavonoids, tannins, and steroids. Particularly, the dichloromethane extract 
demonstrated significant inhibition, recording an 18 mm zone against E. coli at 800 µg/mL, as 
well as comparable activity against S. typhi and P. aeruginosa. Further purification of the 
methanol extract via column chromatography resulted in the isolation of campesterol INE2 
and stigmasterol INE3. In conclusion, this study contributes to validating the ethnomedicinal 
use of Indigofera nummulariifolia and provides scientific evidence for its antimicrobial 
properties. The study further enrich our understanding of the pharmacological potential of 
this plant species, particularly in combating bacterial infections, and pave the way for future 
research endeavours in natural product discovery and drug development.   
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