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Bioactive Compound Profiling and Antimicrobial Potential of Ritchiea longipedicellata Gilg Root: A Bioassay-Guided GC–MS Investigation


ABSTRACT
Aims
This study investigated the phytochemical composition, antimicrobial activities and bioactive constituents of Ritchiea longipedicellata Gilg root extracts using bioassay-guided fractionation and gas chromatography-mass spectrometry (GC-MS) to identify potential therapeutic agents against multidrug-resistant (MDR) pathogens.
Study Design
Experimental laboratory-based investigation involving phytochemical screening, antimicrobial bioassays, chromatographic purification, and GC–MS characterization.
Place and Duration of the Study
The study was conducted at the Departments of Pure and Industrial Chemistry and Microbiology, University of Port Harcourt, Rivers State, Nigeria. Root samples were collected from Okigwe, Imo State, Nigeria, in July 2016, and laboratory analyses were subsequently performed.
Methodology
Powdered roots were serially extracted with n-hexane, dichloromethane, ethyl acetate, methanol, and water. Methanol and aqueous extracts were screened for phytochemicals, while antibacterial and antifungal activities were evaluated against selected Gram-positive, Gram-negative, and fungal pathogens using the agar well diffusion method. The most active extract was purified by thin-layer and column chromatography, and the bioactive fraction was characterized by GC–MS.
Results
The aqueous extract recorded the highest yield (12.71%), followed by the methanol extract (4.20%). Alkaloids and saponins were detected in both extracts, whereas flavonoids were confined to the methanol extract and phenolic compounds and cardiac glycosides to the aqueous extract. All extracts exhibited concentration-dependent antimicrobial activity, with Gram-positive bacteria generally more susceptible than Gram-negative bacteria. Fraction C displayed the greatest antimicrobial activity. GC–MS identified nine compounds, dominated by 5-(hydroxymethyl)-2-furancarboxaldehyde (71.95%) and 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one (14.65%).
Conclusion
Ritchiea longipedicellata roots are a promising source of bioactive metabolites with broad-spectrum antimicrobial activity. The identified compounds provide potential lead molecules for developing affordable plant-derived therapeutics against MDR pathogens, thereby supporting Sustainable Development Goal 3 (Good Health and Well-being).
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1.0 INTRODUCTION  

For thousands of years, medicinal plants have been used to treat human diseases and have been important in international trade. Beneficial biological activities, including antimalarial, anti-inflammatory, antisickling, antimicrobial, antioxidant, anticancer, analgesic, wound-healing and immunostimulatory activities, have been reported for herbs or medicinal plants by different researchers (Ejele et al., 2012; Colpo et al., 2014; Akpan et al., 2016; Akpan et al., 2017; Akpan et al., 2021; Erik et al., 2021; Oladejobi et al., 2022). Studies are ongoing to further develop and recognise the clinical, pharmaceutical and economic values of many herbal medicines. Plants can generally synthesise or produce a wide variety of chemical compounds that perform important biological functions and defend them against infection or attack by predators, such as bacteria, fungi, insects and herbivorous animals. At least 12,000 such bioactive compounds have been investigated and isolated so far, and this number is estimated to represent less than 10% of the total (Erik et al., 2021; Tapsell et al., 2006). These chemical compounds, otherwise referred to as phytochemicals, can be found in any part of the plant, including the leaf, stem bark, root, root bark, fruit and seed. Plants produce or synthesise phytochemicals as part of their normal metabolic activities; therefore, these chemicals are critical to their existence. Thousands of plant phytochemicals have been reported to be safe and broadly effective alternatives with fewer adverse effects than synthetic drugs (Gobalakrishnan et al., 2013; Barbosa Filho et al., 2014; Poojary et al., 2015). Phytochemicals may be primary or secondary metabolites. Primary metabolites include proteins, carbohydrates and fats, which occur in all plants. They serve plants and the animals that feed on them in many indispensable ways, including reproduction and sustenance. Secondary metabolites, however, are found in a smaller range or in low quantities in plants and serve specific functions. They are low-molecular-weight compounds regarded as non-essential for sustaining the life of the producing plant or organism but crucial for its survival (Hadacek, 2002). Most secondary metabolites are toxins and antibiotics used to protect the plant against bacteria, fungi, insects and animals. Some are pheromones used to attract insects for pollination, while others perform additional vital biological functions in the plant. However, in animals that feed on them, or in humans who extract and use them as herbal preparations for healing purposes, these phytochemicals may perform different biological functions. This does not necessarily mean that the same compounds present in the plant are as toxic or medicinal when extracted or isolated, because synergistic interactions can occur among different compounds in the plant (Gobalakrishnan et al., 2013). Secondary metabolites are produced through specific pathways, and their sites of synthesis may differ among compound types and plant species. Many therapeutic actions, including the antimicrobial activities of medicinal plants in humans, can be attributed to secondary metabolites such as alkaloids, terpenoids, flavonoids, iridoids and tannins (Ejele et al., 2012; Akpan et al., 2016; Akpan et al., 2017; Akpan et al., 2021; Oladejobi et al., 2022; Uniyal et al., 2006; de Lima et al., 2021; Uwanta & Akpan, 2024), and these can be refined to produce, or chemically synthesise, drugs such as codeine, morphine, digoxin and quinine. Extraction, purification and characterisation of secondary metabolites remain major challenges in the drug discovery process. Several factors can affect phytochemical accumulation in plants, including water, soil, light, nutrients and temperature. Medicinal plants are either cultivated and harvested or sourced from wild populations. Plants from wild populations have been, and continue to be, widely exploited by traditional medicine practitioners for the preparation of herbal medicines. Some of these plants have become extinct or are at high risk of extinction because of overcollection. These activities may raise additional local, regional and global concerns. Regulation of the exploitation and export of these plants, especially endangered species, is therefore essential to ensure their continued availability. In Nigeria, Ritchiea longipedicellata has traditionally been collected from wild populations. Considering its current rate of use, extinction is imminent if exploitation is not regulated and if users, particularly traditional users, do not begin to cultivate the plant. There are several hundred thousand plant species worldwide, but only a small proportion has been investigated pharmacologically and phytochemically. To date, more than 50,000 structures have been identified in plants by nuclear magnetic resonance (NMR), mass spectrometry (MS) and X-ray analysis. However, the actual number of bioactive compounds in the plant kingdom is likely to exceed 100,000 structures (Wink, 1988). In recent times, many studies have been conducted, and others are ongoing, in the search for new lead structures from natural products that may be used directly for healing or to rationally design or synthesise analogous drugs based on molecular structure. Taiwo et al. (2013) reported the successful isolation of a quaternary ammonium compound, stachydrine, which was reported to have both antibacterial and antiplasmodial activities and was isolated from the leaf, stem and root bark of Ritchiea longipedicellata. However, roots of plants that grow in the tropics and near water bodies often possess antimicrobial agents that protect them from destruction by soil microbes. Some of these antimicrobial agents are also effective against human microbes, hence the need to isolate and identify them, test their efficacy and toxicity and possibly synthesise them further or conduct structure-activity relationship (SAR) studies to determine whether analogous structures of the antimicrobial agent may show better activity. Therefore, the possibility of finding other antimicrobial agents in the root of Ritchiea longipedicellata exists, because it grows in the tropics. In practice, traditional medicine practitioners usually chop the entire root of the plant into small pieces and macerate it in ethanol for several days before administering the extracts to patients; they also claim that the whole root gives better activity than the bark alone. Hence, the entire root, rather than only the root bark, was chosen for this study to obtain a more complete collection of bioactive components. Thus, this work investigated, isolated and characterised antimicrobial compounds or components in the root of Ritchiea longipedicellata using the research method recommended by Brusotti et al. (2014), which is a different scientific approach from that used by Taiwo et al. (2013). The emergence of multidrug-resistant (MDR) pathogens is a major global health concern because it increases morbidity, mortality and healthcare costs (World Health Organization, 2021). The development of novel therapeutic agents that can address antibiotic resistance is necessary. Ritchiea longipedicellata, a medicinal plant used in traditional African medicine, has been reported to have a range of pharmacological effects, which may be related to its broad profile of bioactive compounds (Taiwo et al., 2013). To identify molecules with antimicrobial properties that may contribute to the fight against MDR infections, this study examined the bioactive chemicals in R. longipedicellata root extracts. This study sought to provide insight into accessible and sustainable plant-based alternatives, particularly for regions with limited access to conventional therapies, in line with Sustainable Development Goal 3 (SDG 3), which promotes good health and well-being (United Nations, 2015). By investigating the therapeutic potential of native medicinal plants, this study contributes to the global effort to reduce dependence on synthetic medicines, combat drug resistance and improve health equity by expanding access to safe and effective treatments. Recent studies of medicinal plant extracts have continued to associate phytochemical classes such as alkaloids, flavonoids, saponins and phenolic compounds with concentration-dependent antimicrobial activity, supporting the need for compound-level evaluation of crude botanical preparations (Terngu et al., 2024; Ikyaator et al., 2026).
Research Gap
Although earlier work on Ritchiea longipedicellata reported antimicrobial and antiplasmodial activity (Taiwo et al., 2013), evidence remains limited on the whole-root extract using bioassay-guided fractionation combined with GC-MS characterisation. This gap is important because recent natural-product reviews emphasise that plant-derived antimicrobials require isolation, chemical characterisation and cautious biological validation before therapeutic relevance can be inferred (Woo et al., 2023; Berida et al., 2024).

Objective
The objective of this study was to investigate the phytochemical constituents, antimicrobial activity and bioactive components of Ritchiea longipedicellata whole-root extracts through solvent extraction, bioassay-guided fractionation and GC-MS analysis.

2.0 MATERIAL AND METHODS
2.1 Sample collection and preparation
Root samples of Ritchiea longipedicellata were collected from different areas around Okigwe in Imo State, Nigeria, in July 2016 and deposited in the herbarium of the Department of Plant Science and Biotechnology, University of Port Harcourt, Rivers State, where they were identified. The roots were washed thoroughly, cut into smaller pieces and dried at ambient temperature. The air-dried roots were then pulverised into a fine powder, packed in airtight containers and stored at room temperature for further work.
2.2 Extraction procedure
The extraction procedure employed in this study was as recommended by Brusotti et al. (2014) and was carried out in order of increasing polarity, as follows.
2.2.1 N-hexane extract: 
Dried powdered root sample of Ritchiea longipedicellata (300 g) was macerated in 1500 mL of n-hexane (1:5) for 48 hours with occasional stirring and shaking. The content was filtered and, with the aid of a HH-6 Techmel digital water bath at a temperature of 60 °C and a rotary evaporator (SENCO Technology Co. Ltd.; W2-1005) under reduced pressure, the resulting filtrate was concentrated. A yellow oily substance was obtained. The extract was stored in a refrigerator for further studies. The residue was air-dried in preparation for the next serial extraction.
2.2.2 Dichloromethane extract 
The air-dried residue from the n-hexane extract (296 g) was macerated in 1500 mL of dichloromethane for 48 hours with occasional stirring and shaking. The content was filtered and, using a HH-6 Techmel digital water bath at a temperature of 60 °C and a rotary evaporator under reduced pressure, the filtrate was concentrated to a paste, while the resulting residue was air-dried for the next serial extraction. The brown paste obtained was stored in a refrigerator for further studies. Ethyl acetate, methanol and aqueous extracts were obtained using the same procedure as that used for the dichloromethane extract.
2.2.3 Aqueous extract: 
Dried powdered plant sample of Ritchiea longipedicellata (200 g) was macerated in one litre (1.0 L) of distilled water for 48 hours with occasional stirring and shaking. It was filtered with the aid of a suction pump because filtration with filter paper was time-consuming. Under reduced pressure, the filtrate was concentrated using a rotary evaporator and HH-6 Techmel digital water bath at 50 °C to obtain a brown paste.
The percentage yield of each extract was calculated as:

2.3 Phytochemical screening
Qualitative phytochemical evaluation was carried out to determine the presence of phenolic groups, alkaloids, cardiac glycosides, flavonoids, saponins, terpenoids, tannins and steroids in the aqueous and methanol extracts using standard procedures adopted by Uwanta and Akpan (2024).
2.3.1 Test for Alkaloids
The extract (0.5 g) was stirred with 3.0 mL of 1 % aqueous hydrochloric acid on a steam bath and filtered.
1.3.1.1 Dragendoff’s reagent test
A few drops of Dragendorff's reagent were added to 1.0 mL of the filtrate and shaken. The orange precipitate observed with this reagent was taken as evidence for the presence of alkaloids in the extract.
1.3.1.2 Wagner’s reagent test
Another 1.0 mL of the filtrate was treated with a few drops of Wagner's reagent. The brown precipitate observed with this reagent was taken as preliminary evidence for the presence of alkaloids in the extract.
1.3.1.3 Mayer’s reagent test
Another 1.0 mL aliquot of each filtrate was treated with a few drops of Mayer's reagent. The cream-coloured precipitate observed with this reagent was taken as preliminary evidence for the presence of alkaloids in the extract.
2.3.2 Test for tannins
The extract (0.5 g) was dissolved in 1.0 mL of distilled water, stirred and filtered. To the filtrate, ferric chloride reagent was added. A blue-black, green, or blue-green precipitate was taken as evidence for the presence of tannins.
2.3.3 Test for saponins
To 20 mL of water, 0.25 g of extract was added and boiled gently in a hot water bath for 20 minutes. Persistent frothing on heating was taken as preliminary evidence for the presence of saponins in the plant sample. However, the solution was filtered, and the filtrate was used to carry out the following confirmatory test. To the frothing solution, two drops of olive oil were added and shaken vigorously. The content was observed for the formation of an emulsion as confirmatory evidence for the presence of saponins.
2.3.4 Test for cardiac glycosides
The extract (0.1 g) was first dissolved in 50 mL of 70% alcohol and filtered. Then, about three drops of lead acetate were added to the filtrate, and the mixture was filtered. The filtrate was extracted with 10 mL of chloroform in a separating funnel and concentrated to dryness. The resulting residue was treated with 1.0 mL of ferric chloride/acetic acid reagent (containing 99 volumes of glacial acetic acid and 1 volume of ferric chloride, FeCl3 solution). A brown ring observed at the interface was taken as an indication of the presence of cardenolides or cardiac glycosides.
2.3.5 Test for steroids
The extract (0.2 g) was added to 2.0 mL of chloroform (CHCl3) and properly dissolved. Then, 1.0 mL of acetic anhydride and two drops of concentrated H2SO4 were added. A pink colour that changed to bluish green on standing indicated the presence of steroids.
2.3.6 Test for terpenoids
The extract (0.2 g) was mixed with 2.0 mL of chloroform (CHCl3) in a test tube. Then, 3.0 mL of concentrated H2SO4 was carefully added to the mixture to form a layer. If terpenoids were present, a reddish-brown colour would form at the interface.
2.3.7 Test for flavonoids
The extract (0.2 g) was dissolved in acetone. After evaporating the acetone, the residue was extracted in warm water. The mixture was then filtered while hot, and the filtrate was cooled and used for the sodium hydroxide and ammonium tests for flavonoids, as shown below.
For the sodium hydroxide test, 5.0 mL of 20% sodium hydroxide (NaOH) was added to an equal volume of the dissolved extract. A yellow solution indicated the presence of flavonoids.
For the ammonium test, 4.0 mL of the filtrate was mixed with 1.0 mL of dilute ammonium solution and shaken. A yellow solution indicated the presence of flavonoids.
2.3.8 Test for phenolic group
The extract was dissolved in methanol, and 0.5 mL was collected in a test tube. Two drops of 1 M ferric chloride (FeCl3) were then added. The presence of phenolic groups was indicated by the appearance of an intense colour.
2.4 2.4 Antimicrobial assay
Antimicrobial assays (antibacterial and antifungal) were carried out by adopting the methods previously described by Akpan et al. (2017, 2021).
2.4.1 Microorganisms
A 24-hour culture of four human bacterial pathogens, comprising two Gram-positive bacteria (Staphylococcus spp. and Bacillus spp.) and two Gram-negative bacteria (Pseudomonas spp. and Salmonella spp.), was employed for the in vitro antibacterial assay. The antifungal assay was also performed using two fungi (Candida albicans and Acremonium spp.). The microorganisms were sourced from the laboratory stock of the Department of Microbiology, Faculty of Science, University of Port Harcourt, Port Harcourt, Rivers State, Nigeria.
2.4.2 Preparation of the media
The glassware used was thoroughly washed and then sterilised in a hot-air oven at 160 °C for one hour. Mueller-Hinton agar (MHA) was used for the antimicrobial sensitivity test on bacterial isolates, whereas potato dextrose agar (PDA) was used for the fungal isolates. The media were prepared as directed by the manufacturer, poured into sterile Petri dishes and allowed to solidify.
2.4.3 Anti-microbial activity determination
The microorganisms used were revived by suspension in broth medium for 24 hours. Thereafter, the broth culture was diluted with sterile distilled water to a turbidity level matching the 0.5 McFarland standard turbidity solution. The diluted culture was seeded on the agar plate using a sterile swab stick. The plates were allowed to stand for some time so that the organisms could adapt to the medium environment. Then, using the agar well diffusion method, an aseptic cork borer was used to bore wells in the agar (five wells per plate). Different dilutions or concentrations of the plant extract (25 mg/mL, 50 mg/mL, 100 mg/mL, 200 mg/mL and 400 mg/mL) were prepared in dimethyl sulfoxide (DMSO) by twofold dilution with the aid of a syringe. The wells were filled with three drops of the different dilutions of the extract. Wells filled with 1.0 mg/mL ciprofloxacin and 1.0 mg/mL ketoconazole for bacteria and fungi, respectively, were also prepared. The plates were incubated at 37 °C for 24 hours for bacteria and at room temperature (25 °C) for 72 hours for fungi. Finally, the plates were observed for sensitivity. The diameters of the zones of inhibition were measured across the well for each extract. The diameter of the well was 5.0 mm.
2.4.4 Assay of Antifungal Activity 
Antifungal activities of the samples were studied using the agar well diffusion method. Suspensions of fungal pathogens were prepared by transferring a loopful of fungi from Sabouraud dextrose agar slants into Sabouraud dextrose broth. Lawn cultures of the test pathogens were prepared by swabbing sterile Sabouraud dextrose agar plates with the fungal suspensions. Wells were punched with a sterile cork borer (6 mm internal diameter), and 400 mg/mL, 200 mg/mL, 100 mg/mL, 50 mg/mL and 25 mg/mL of the samples were added to the wells. Following incubation at 27 °C for 48 hours, the diameters of the inhibitory zones were measured to the nearest millimetre.
2.5 Thin Layer Chromatography (TLC)
Thin-layer chromatography (TLC) was conducted on the methanol extract to separate the individual components and ascertain which solvent system or solvent combination would give the best resolution and would be used further for column chromatography on the extract. The stationary phase was pre-coated silica gel plates, while the mobile phases were chloroform:methanol (90:10, 80:20, 70:30, 60:40 and 50:50). The n-hexane:ethyl acetate solvent system was also introduced to check whether all components that should have been extracted by the previous solvents used during serial extraction before methanol had been removed, since this study centred on the methanol extract. The pre-coated TLC plates were activated at 100 °C for about 45 minutes, allowed to cool, removed from the oven and then used. The extract was dissolved in methanol and applied to the plate using a micropipette as a spot, 2.0 cm above the base of the plate. The plate was allowed to dry before being introduced into the chromatographic tank. Elution was allowed to continue up to about 15 cm from the sample spot. The plates were removed, allowed to dry and then visualised using UV light and iodine vapour. The process was repeated several times with different solvent systems to obtain the best resolution of components.
2.6 Column Chromatography
The serial methanol root extract was subjected to column chromatography using a 150 mm by 200 mm open glass column. Silica gel slurry was prepared by mixing dry silica gel in 100% n-hexane. The glass column was packed with silica gel (60-120 mesh) as the adsorbent. Then, about 1.0 g of alumina was placed on top of the silica gel. The ratio of silica gel to extract was 30:1. The extract (about 3.0 g) was dissolved in methanol and carefully loaded onto the column. The column was eluted using the step-elution method involving solvent changes. Three solvent systems were used, as shown in Table 1.



Table 1: Solvent systems
	Solvent system A
	Solvent system B
	Solvent system C

	n-hexane: ethyl acetate 
80: 20 and 70: 30
	Dichloromethane (DCM) 100%

	Chloroform: methanol
90: 10, 70: 30, and 50: 50 





                                                  Order of increasing polarity
TLC analysis using n-hexane:ethyl acetate (70:30) separated three clear spots, which were not isolated and analysed further in the course of this work because the study was centred on the methanol extract from serial extraction. Hence, solvent system A was introduced to remove these compounds. A volume of 50 to 100 mL of each proportion was prepared. Starting with n-hexane:ethyl acetate 80:20, followed by 70:30 and then 100% dichloromethane (solvent system B), solvent system A was used to elute the column until it appeared clear. Solvent system C (chloroform:methanol) was introduced starting with 90:10, then 70:30 and finally 50:50. Fifteen fractions of 20-25 mL were collected. The fractions were concentrated and monitored using TLC analysis with chloroform:methanol 90:10, 80:20 and 70:30. Fractions with close Rf values were combined, while fractions with irregular spots were discarded. At the end, a total of five fractions remained, and they were all concentrated. Using chloroform:methanol (90:10), fractions A, B, C and D had Rf values of 0.10, 0.31, 0.33 and 0.63, respectively, while fraction E had an Rf value of 0.188 using chloroform:methanol (70:30).
2.7 Anti-microbial test on the five fractions
A preliminary antimicrobial test was carried out on the five fractions to determine their antifungal and antibacterial activities. Because the quantities of these fractions obtained from column separation were insufficient for testing at higher concentrations such as 50 mg/mL, 100 mg/mL, 200 mg/mL and 400 mg/mL, fractions A, B and D were tested only up to 25 mg/mL, and none showed activity up to that concentration. However, fractions C and E were tested at concentrations of 100 mg/mL, 50 mg/mL, 25 mg/mL and 6.25 mg/mL. Fraction C was the only fraction that showed activity against Bacillus spp. and Pseudomonas spp. and was further subjected to GC-MS analysis.
2.8 Gas chromatography-Mass spectrometry analysis of bioactive fraction
The identification of compounds was performed using GC-MS analysis. The analysis was carried out with an Agilent 7890A/5975C gas chromatograph equipped with an Agilent mass spectrometric detector, a DB-5 fused silica capillary column (length 30.0 mm, diameter 0.25 mm and film thickness 0.25 μm) and a direct capillary interface. The carrier gas used was helium (99.99%) at a constant flow rate of approximately 1.0 mL/min. The GC column oven temperature was initially set at 60 °C and then increased to 280 °C at a rate of 20 °C/min. The detector temperature was set at 280 °C, and the injector temperature was set at 250 °C. The detector was operated in electron ionisation mode with an ionising energy of 70 eV, scanning from m/z 50 to 500. The sample was prepared by dissolving it in 1.0 mL of methanol and was introduced using a 10 μL Hamilton syringe. The solvent delay time was 3 minutes, and the injection volume was 1.0 μL. The components present in the sample were identified using the National Institute of Standards and Technology (NIST) database as reference standards and by comparing the retention times with those of authentic compounds. The relative percentage of each component was calculated by comparing the average peak area with the total area.
3. RESULTS AND DISCUSSION 

Table 2: Percentage yield of root extracts of Ritchiea longipedicellata
	Solvents
	Weight of sample used in (g)
	Weight of extract obtained in (g)
	Percentage (%) yield of extract

	n-hexane
	300
	1.07
	0.36

	Dichloromethane
	296
	0.58
	0.19

	Ethyl acetate
	294
	1.80
	0.61

	Methanol
	290
	12.18
	4.20

	Water
	200
	25.42
	12.71



The study demonstrates that the extraction efficiency and antimicrobial potential of Ritchiea longipedicellata root are strongly influenced by solvent polarity and the distribution of phytochemicals within the plant. A polarity-controlled serial extraction technique was employed following the method of Brusotti et al. (2014), allowing the successive separation of compounds according to their chemical polarity. As presented in Table 2 and Figure 1, the aqueous extract produced the highest extraction yield (12.71%), followed by the methanol extract (4.20%), while ethyl acetate (0.61%), n-hexane (0.36%) and dichloromethane (0.19%) yielded considerably lower amounts. The superior performance of water and methanol indicates that the root contains predominantly polar bioactive constituents. Similar findings have been reported for several medicinal plants, where polar solvents were more efficient in extracting phenolics, alkaloids, flavonoids, glycosides and other oxygenated metabolites because of their ability to establish hydrogen bonds with plant constituents (Akpan et al., 2021; Oladejobi et al., 2022; Tapsell et al., 2006; Barbosa Filho et al., 2014; Poojary et al., 2015; Hadacek, 2002; de Lima et al., 2021; Wink, 1988; Brusotti et al., 2014). Nevertheless, extraction yield alone does not necessarily reflect biological activity because crude extracts often contain inactive compounds that contribute to total mass without possessing antimicrobial properties (Poojary et al., 2015; Brusotti et al., 2014).
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                                               Fig. 1. Extraction yield and efficiency

Table 3: Phytochemicals in methanol and aqueous extracts of Ritchiea longipedicellata
	S/NO
	Secondary metabolites
	Test method
	Methanol extract
	Aqueous extract

	1.
	Alkaloids
	Mayer’s reagent test
Wagner’s reagent test
Dragendoff’s reagent test
	⁎
+
+
	+
+
+

	2.
	Tannins
	Ferric chloride test
	-
	-

	3.
	Flavonoids
	Sodium hydroxide and ammonium test
	+
	-

	4.
	Saponins
	Frothing and Emulsion test
	+
	+

	5.
	Terpenoids
	Liebermann Burchard test
	-
	-

	6.
	Cardiac glycosides
	Keller Killiani test
	-
	+

	7.
	Steroids
	Liebermann Burchard test
	-
	-

	8.
	Phenolic group
	Ferric chloride test
	⁎
	+


Key: ‘+’ indicates ‘present’; ‘-’ indicates ‘absent’; ‘⁎’ indicates ‘not clear’                                                                                                                                       
The phytochemical composition of Ritchiea longipedicellata root extracts (Table 3 and Figure 2) demonstrates the plant's considerable therapeutic potential and supports its traditional medicinal use. The methanol extract contained alkaloids, flavonoids and saponins, whereas the aqueous extract contained alkaloids, saponins, cardiac glycosides and phenolic compounds. These differences highlight the influence of solvent polarity on the extraction of secondary metabolites, with polar solvents such as methanol and water preferentially extracting polar bioactive compounds because of their superior hydrogen-bonding capacity and dielectric properties (Akpan et al., 2021; Hadacek, 2002; Poojary et al., 2015). Similar solvent-dependent phytochemical profiles have been reported for Enantia chlorantha, Dacryodes edulis, Mammea suriga and R. longipedicellata (Akpan et al., 2017; Akpan et al., 2021; Oladejobi et al., 2022; Anowi et al., 2013).
The presence of alkaloids in both extracts is particularly significant because these compounds possess broad-spectrum antimicrobial, antiparasitic and anti-inflammatory properties. Their antimicrobial activity has been attributed to inhibition of DNA replication, disruption of protein synthesis, alteration of membrane integrity and inhibition of essential metabolic enzymes (Hadacek, 2002; Wink, 1988). Earlier studies on Enantia chlorantha and Azadirachta indica similarly demonstrated remarkable antibacterial activities of alkaloid-rich fractions (Ejele et al., 2012; Akpan et al., 2016).
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                         Fig. 2.  Chemical Profiling
Flavonoids identified in the methanol extract further enhance the medicinal importance of the plant due to their antimicrobial, antioxidant, anti-inflammatory, antiviral and anticancer activities (Tapsell et al., 2006; Barbosa Filho et al., 2014; Erik et al., 2021). These compounds inhibit microbial growth through membrane disruption, enzyme inhibition and suppression of nucleic acid synthesis while protecting cells against oxidative stress (Colpo et al., 2014; Barbosa Filho et al., 2014). Saponins, detected in both extracts, contribute by disrupting microbial membranes and enhancing the penetration of other bioactive compounds, thereby promoting synergistic antimicrobial effects (Zablotowicz et al., 1996; Akpan et al., 2017; de Lima et al., 2021).
The exclusive occurrence of cardiac glycosides and phenolic compounds in the aqueous extract further demonstrates the role of solvent selection in phytochemical recovery. These compounds exhibit potent antioxidant, antibacterial, antiviral and anticancer properties through membrane destabilization, enzyme inhibition and protein precipitation (Akpan et al., 2021; Gobalakrishnan et al., 2013; de Lima et al., 2021). Although tannins, steroids and terpenoids were absent (Table 3), this may reflect their extraction by less polar solvents during serial extraction rather than their absence in the plant (Brusotti et al., 2014). The phytochemical profile validates the ethnomedicinal use of R. longipedicellata and identifies it as a promising source of bioactive compounds for future purification, structural characterization and pharmaceutical development (Uniyal et al., 2006).
The antibacterial activities of Ritchiea longipedicellata crude root extracts (Figures 3–7) demonstrate the plant's broad-spectrum antibacterial potential against both Gram-positive and Gram-negative bacteria. Variations in antibacterial activity among the different solvent extracts indicate that solvent polarity significantly influences the extraction of bioactive compounds, as different solvents selectively dissolve phytochemicals according to their chemical properties (Akpan et al., 2021; Brusotti et al., 2014). Similar solvent-dependent antimicrobial activities have been reported for Enantia chlorantha, Dacryodes edulis, Croton linearis and R. longipedicellata (Akpan et al., 2017; Oladejobi et al., 2022; García Díaz et al., 2019; Anowi et al., 2013).
The antibacterial efficacy observed supports the traditional medicinal use of R. longipedicellata in treating infectious diseases (Taiwo et al., 2013). This activity is attributed to the presence of bioactive phytochemicals, particularly alkaloids, flavonoids, phenolic compounds and saponins, which exert antimicrobial effects through membrane disruption, inhibition of nucleic acid and protein synthesis, enzyme inhibition and interference with bacterial metabolism (Akpan et al., 2016; Erik et al., 2021; de Lima et al., 2021; Taylor et al., 2005; Tillett & Neilan, 2000; Zablotowicz et al., 1996). The combined action of these metabolites likely accounts for the broad-spectrum antibacterial activity of the crude extracts.








                                                                                                                                                  
Fig. 3. Antibacterial activity of n-hexane extract
Key: B. spp = Bacillus spp; S. spp = Salmonella spp; St. spp = Staphylococcus spp; P. spp = Pseudomonas spp.; Cipro. = Ciprofloxacin.









Fig. 4. Antibacterial activity of dichloromethane extract
                                     













Fig. 5. Antibacterial activity of ethyl acetate extract

          
         



                                                                                                                                                  



Fig. 6. Antibacterial activity of methanol extract


                                                                                                                                               







 Fig. 7. Antibacterial activity of aqueous extract
The inhibition zones (Figures 3–7) further revealed that Gram-positive bacteria were generally more susceptible than Gram-negative bacteria. This difference is attributed to the relatively porous peptidoglycan layer of Gram-positive bacteria, whereas Gram-negative bacteria possess an outer lipopolysaccharide membrane that restricts the penetration of antimicrobial compounds (Erik et al., 2021; García Díaz et al., 2019). However, the inhibition of Pseudomonas species is particularly significant because of its intrinsic multidrug resistance, suggesting that R. longipedicellata contains compounds capable of overcoming some bacterial resistance mechanisms (World Health Organization, 2021).
Although the crude extracts exhibited lower antibacterial activity than ciprofloxacin, this is expected because crude extracts contain both active and inactive constituents. Previous studies have shown that bioassay-guided purification significantly enhances antimicrobial potency by concentrating active metabolites (Ejele et al., 2012; Akpan et al., 2016; Brusotti et al., 2014). The findings validate the ethnomedicinal application of R. longipedicellata, support earlier reports on medicinal plants (Gobalakrishnan et al., 2013; García Díaz et al., 2019; Oladejobi et al., 2022), and provide a strong basis for chromatographic purification and GC–MS characterization of its bioactive antibacterial compounds.


           

                                                                                                                                                       




Fig. 8. Antifungal activity of n-hexane extract
  Key: C. spp = Candida spp; A. spp = Acremonium spp; Keto. = Ketoconazole









 Fig. 9. Antifungal activity of dichloromethane extract









 Fig. 10.: Antifungal activity of ethyl acetate extract

         











Fig. 11. Antifungal activity of methanol extract



                                                                                                                                                          










 Fig. 12. Antifungal activity of aqueous extract















Fig. 13. Antibacterial activity of chromatographic fraction C















                  
Fig. 14. Antifungal activity of chromatographic fraction C
The antifungal activities of Ritchiea longipedicellata crude root extracts against the test fungal isolates (Figures 8–12) demonstrate the plant's broad-spectrum antimicrobial potential and support its traditional use in the treatment of fungal infections. Although the degree of inhibition varied among the different solvent extracts and fungal species, all extracts exhibited measurable antifungal activity, indicating that the plant contains diverse bioactive phytochemicals capable of suppressing fungal growth. These findings agree with previous reports on Enantia chlorantha, Dacryodes edulis and Gossypium species, which similarly attributed the antimicrobial efficacy of medicinal plants to their rich secondary metabolite composition (Akpan et al., 2017; Oladejobi et al., 2022; de Lima et al., 2021).
The observed differences in antifungal activity among the solvent extracts (Figures 8–12) are largely attributable to variations in phytochemical composition resulting from solvent polarity. Polar solvents such as methanol and water preferentially extract alkaloids, flavonoids, phenolic compounds and glycosides, whereas non-polar solvents recover more lipophilic constituents (Anowi et al., 2013; Akpan et al., 2021). Consequently, the qualitative and quantitative differences in phytochemical composition influence the biological activity of each extract. Similar solvent-dependent variations have been reported in studies on Enantia chlorantha and Dacryodes edulis, emphasizing the importance of solvent selection in maximizing the therapeutic potential of medicinal plants (Akpan et al., 2017; Oladejobi et al., 2022).
The antifungal activity of R. longipedicellata is likely the result of synergistic interactions among multiple phytochemicals rather than the action of a single compound. Alkaloids, flavonoids, phenolic compounds and saponins identified during phytochemical screening possess well-documented antifungal properties and act through complementary mechanisms, including disruption of fungal membranes, inhibition of nucleic acid synthesis, suppression of enzyme activity and interference with fungal metabolism (Akpan et al., 2021; de Lima et al., 2021). Saponins, in particular, interact with membrane sterols such as ergosterol, increasing membrane permeability and causing leakage of intracellular constituents, ultimately leading to fungal cell death (Zablotowicz et al., 1996). Likewise, phenolic compounds exert antifungal effects through protein denaturation, enzyme inhibition and oxidative stress induction (Gobalakrishnan et al., 2013; García Díaz et al., 2019), while flavonoids inhibit mitochondrial respiration, membrane-bound enzymes and spore germination in addition to providing antioxidant protection (de Lima et al., 2021; Oladejobi et al., 2022).
Variations in susceptibility among the fungal isolates (Figures 8-12) may be explained by structural differences in fungal cell walls and membranes. The presence of chitin, β-glucans and ergosterol-rich membranes confers greater resistance to antimicrobial agents than is typically observed in bacteria (Akpan et al., 2017). Consequently, higher concentrations of plant extracts are often required to achieve effective fungal growth inhibition. Although the crude extracts exhibited lower antifungal activity than ketoconazole, this is expected because crude extracts contain both active and inactive constituents, whereas standard antifungal drugs are highly purified. Previous studies have demonstrated that bioassay-guided purification significantly enhances antimicrobial potency by concentrating active metabolites (Akpan et al., 2016; Akpan et al., 2017; García Díaz et al., 2019).
The antifungal findings validate the ethnopharmacological significance of R. longipedicellata and are consistent with previous studies on Enantia chlorantha, Dacryodes edulis, Croton linearis, R. longipedicellata and Tragia involucrata (Anowi et al., 2013; Gobalakrishnan et al., 2013; García Díaz et al., 2019; Oladejobi et al., 2022). The persistence of antifungal activity across multiple solvent extracts suggests that several classes of secondary metabolites contribute synergistically to the observed effects, thereby justifying further bioassay-guided purification and GC-MS characterisation to identify novel antifungal compounds with potential applications in combating fungal infections and antifungal resistance.
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Fig. 15. GC-MS Chromatogram of Bioactive Fraction C
Table 4: GC-MS analysis of bioactive fraction C (Rf value 0.33)	
	S/NO.
	Retention time (min)
	Area (%)
	Name of analyte
	Chemical formula

	1.
	6.440
	1.67
	2-chloropropane
	C3H7Cl 

	2.
	7.934
	1.32
	5-methyl-2-furancarboxaldehyde
	C6H6O2

	3.
	8.534
	1.22
	5-isoxazolecarboxylic acid-4,5-dihydro-5-methyl-ester (R)
	C6H9NO3

	4.
	8.916
	1.07
	4-methyl-1,3-dioxane
	C5H10O2

	5.
	12.369
	3.53
	3-(1-methyl)-sydnone
	C5H8N2O2

	6.
	15.480
	14.65
	3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one
	C6H8O4

	7.
	17.427
	1.03
	5-ethyl-1,4-dimethyl-delta, 2-tetrazaboroline
	C4H11BH4

	8.
	19.409
	71.95
	5-(hydroxymethyl)-2-furancarboxaldehyde
	C6H6O3

	9.
	40.455
	3.54
	3-ethylcyclopent-2-en-1-one
	C7H10O



The chromatographic purification of Ritchiea longipedicellata crude extracts was carried out to isolate and concentrate the bioactive constituents responsible for the antimicrobial activities observed during preliminary screening. Bioassay-guided fractionation is widely recognized as an effective strategy in natural product drug discovery because it combines biological evaluation with progressive chemical separation, thereby facilitating the identification of pharmacologically active compounds from complex plant matrices (Ejele et al., 2012; Akpan et al., 2016; Brusotti et al., 2014). In the present study, chromatographic purification was guided by antimicrobial activity, ensuring that biologically active constituents were selectively enriched.
Table 5: Most abundant compounds in bioactive fraction C (Rf value 0.33)
	Name of compounds
	Structural formula
	Molecular weight (g/mol)
	Nature of compounds
	Activity

	5-(hydroxymethyl)-2-furancarboxaldehyde (5-HMF)
	

	126.11
	Aldehyde
	Antimicrobial (Espinoza et al., 2008), preservative (Varsha et al., 2014), anti-sickling (Abdulmalik et al., 2005), anti-inflammatoryactivities and protection of the liver and vascular endothelium against CCl4 induced injury (Graff & Pollack, 2005)

	3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one (DDMP)
	

	
144.125
	
Flavonoid
	
Antimicrobial, anti-inflammatory (Mujeeb et al., 2014), anti-proliferative, anticancer (Ban et al., 2007)

	
3-ethylcyclopent-2-en-1-one
	

	110.154
	Ketone
	No bioactivity previously reported for this molecule or its analogous structures

	
3-(1-methylethyl)-sydnone
	

	128.129
	Sydnone
	Antimicrobial, analgesic, anti-inflammatory, anti-pyretic, antitumour, anti-oxidant and anti-arthritic (Bhosale et al., 2012, Jagadeesh & Shreenivas, 2015)
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      Fig. 16. Schematic Representation of the Dominant Bioactive Compounds of Sample C

Thin-layer chromatography (TLC) analysis revealed several distinct bands with different retention factor (Rf) values, confirming that the crude extract contained chemically diverse secondary metabolites. TLC serves as an important preliminary analytical tool for assessing extract complexity, optimizing solvent systems and monitoring chromatographic separation because compound migration depends on differences in polarity and affinity for the stationary phase (Brusotti et al., 2014; Poojary et al., 2015). The presence of multiple components justified further purification by column chromatography.
Column chromatography successfully separated the extract into several fractions, with Fraction C exhibiting the highest antimicrobial activity (Figures 13 and 14). The enhanced activity of Fraction C indicates that chromatographic purification effectively concentrated the antimicrobial constituents while removing inactive compounds. Similar improvements in antimicrobial potency following bioassay-guided purification have been reported for Enantia chlorantha and Azadirachta indica (Ejele et al., 2012; Akpan et al., 2016), while Akpan et al. (2017) also observed greater antifungal activity in purified fractions of Enantia chlorantha. The concentration of activity within Fraction C further demonstrates that bioactive metabolites are localized within specific phytochemical groups rather than being evenly distributed throughout the crude extract (Brusotti et al., 2014).
The antibacterial activity of Fraction C against both Gram-positive and Gram-negative bacteria (Figure 13) was substantially greater than that of the crude extracts, indicating that purification significantly enhanced biological efficacy. Comparable findings have been reported for Ritchiea capparoides var. longipedicellata, Dacryodes edulis and Enantia chlorantha, where chromatographic purification yielded fractions with improved antimicrobial activity (Taiwo et al., 2013; Akpan et al., 2017; Oladejobi et al., 2022).
Gas chromatography-mass spectrometry (GC-MS) analysis of Fraction C (Figure 15, Tables 4 and 5) identified nine major bioactive compounds, providing a chemical basis for the antimicrobial activity of R. longipedicellata. Among these, 5-(hydroxymethyl)-2-furaldehyde (5-HMF) was the predominant constituent, accounting for approximately 72% of the chromatographic peak area (Figure 16 and Table 5). Previous studies have shown that 5-HMF possesses antibacterial, antioxidant, anti-inflammatory and cytoprotective properties, while also exhibiting antisickling activity through the stabilisation of sickle haemoglobin (Espinoza et al., 2008; Abdulmalik et al., 2005; Varsha et al., 2014). Its high abundance suggests that it may play a major role in the observed antimicrobial activity.
The second most abundant compound, 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one (DDMP) (Figure 16 and Table 5), has been reported to possess antioxidant, antimicrobial and antiproliferative activities through modulation of oxidative stress and induction of apoptosis (Mujeeb et al., 2014; Ban et al., 2007). The coexistence of DDMP with 5-HMF may enhance antimicrobial efficacy through complementary mechanisms. In addition, the identification of sydnone derivatives, known for their antibacterial, antifungal, anti-inflammatory and anticancer activities, further supports the therapeutic potential of the purified fraction (Bhosale et al., 2012; Jagadeesh & Shreenivas, 2015).
Although present in lower concentrations, other identified compounds may also contribute through synergistic interactions, a phenomenon commonly observed in medicinal plants, where minor constituents enhance the biological activities of major compounds (Brusotti et al., 2014; Poojary et al., 2015). Similar synergistic effects have been reported during bioassay-guided investigations of Enantia chlorantha and Dacryodes edulis (Ejele et al., 2012; Akpan et al., 2016; Oladejobi et al., 2022). The chromatographic purification and GC-MS characterisation (Figures 15-16 and Tables 4-5) established the chemical basis of the antimicrobial activity of R. longipedicellata and validated bioassay-guided isolation as an effective strategy for identifying promising natural-product lead compounds for future antimicrobial drug development.


4.Conclusion
The study showed that Ritchiea longipedicellata root extracts contain phytochemical constituents that may contribute to antimicrobial activity. The aqueous extract produced the highest extraction yield, while the methanol and aqueous extracts contained different classes of secondary metabolites, including alkaloids, saponins, flavonoids, phenolic compounds, and cardiac glycosides. Antimicrobial screening indicated that the crude extracts and chromatographic fraction C inhibited selected bacterial and fungal isolates, with activity varying according to solvent, concentration, and organism tested. GC–MS analysis of fraction C tentatively identified nine compounds, with 5-(hydroxymethyl)-2-furancarboxaldehyde and 3,5-dihydroxy-6-methyl-2,3-dihydro-4H-pyran-4-one as the major constituents. These results support further investigation of R. longipedicellata as a source of bioactive compounds. However, additional studies involving purified compounds, minimum inhibitory concentration assays, toxicity evaluation, and confirmed resistant microbial strains are required before therapeutic relevance can be established.
Limitation
This study was limited to in vitro antimicrobial screening of crude extracts and selected chromatographic fractions. The microbial isolates were not fully identified to strain level, and multidrug-resistance profiles were not confirmed. Minimum inhibitory concentration, minimum bactericidal concentration, toxicity, and mechanism-of-action studies were not reported. GC–MS identification was based on spectral matching and should be considered tentative unless confirmed using authentic standards. The study also did not provide a voucher specimen number or detailed information on sample storage after collection. Further studies using purified compounds, resistant clinical isolates, and safety evaluations are needed.
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n-hexane extract

200	C. spp	A. spp	15	17	100	C. spp	A. spp	11	17	50	C. spp	A. spp	0	10	Keto	C. spp	A. spp	20	22	Pathogenic Fungi


Zones of Inhibition (mm)




Dichloromethane extract

400	C. spp	A. spp	19	18	200	C. spp	A. spp	16	16	100	C. spp	A. spp	14	15	50	C. spp	A. spp	13	15	25	C. spp	A. spp	12	14	Keto	C. spp	A. spp	20	22	Pathogenic Fungi


Zones of Inhibition (mm)




Ethyl acetate extract

400	C. spp	A. spp	19	31	200	C. spp	A. spp	15	24	100	C. spp	A. spp	14	22	50	C. spp	A. spp	14	22	25	C. spp	A. spp	13	15	Keto	C. spp	A. spp	20	22	Pathogenic Fungi


Zones of Inhibition (mm)




Methanol extract

400	C. spp	A. spp	11	17	200	C. spp	A. spp	10	15	100	C. spp	A. spp	10	12	50	C. spp	A. spp	10	12	25	C. spp	A. spp	9	10	Keto	C. spp	A. spp	20	22	Pathogenic Fungi


Zones of Inhibition (mm)




Aqueous extract 

400	C. spp	A. spp	14	13	200	C. spp	A. spp	14	12	100	C. spp	A. spp	13	10	50	C. spp	A. spp	13	9	25	C. spp	A. spp	13	8	Keto	C. spp	A. spp	20	22	Pathogenic Fungi


Zones of Inhibition (mm)




Chromatographic fraction C

100	B. spp	S. spp	St. spp	P. spp	9	0	0	6	50	B. spp	S. spp	St. spp	P. spp	8	0	0	6	25	B. spp	S. spp	St. spp	P. spp	7	0	0	0	12.5	B. spp	S. spp	St. spp	P. spp	7	0	0	0	6.25	B. spp	S. spp	St. spp	P. spp	6	0	0	0	Cipro.	B. spp	S. spp	St. spp	P. spp	17	22	18	22	Pathogenic Bacteria


Zones of Inhibition (mm)




Chromatographic fraction C

100	C. spp	A. spp	0	0	50	C. spp	A. spp	0	0	25	C. spp	A. spp	0	0	12.5	C. spp	A. spp	0	0	6.25	C. spp	A. spp	0	0	Keto	C. spp	A. spp	20	22	Pathogenic Fungi


Zones of Inhibition (mm)
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