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ABSTRACT 
This study evaluated the phytochemical composition, antioxidant, antimicrobial, and cytotoxic activities of C. jagus bulb collected from Oja-Igbo, Ogbomoso, Southwestern Nigeria, due to the documented traditional use of C. jagus in disease management in the region and the scarcity of region-specific phytochemical and bioactivity studies compared to other geographical locations. The air-dried bulbs were successively extracted with n-hexane, ethyl acetate, and ethanol, and then subjected to phytochemical screening, antioxidant assays (DPPH and FRAC), antimicrobial activity, cytotoxicity (brine shrimp lethality assay), and GC-MS analysis. The polar extracts were found to be rich in alkaloids, phenolics, flavonoids, saponins, and glycosides, with the ethyl acetate extract being rich in phenolic compounds and having high antioxidant activity (IC₅₀ = 182.77 µg/mL). The extracts showed broad-spectrum antimicrobial activity (10-18 mm; MIC 1.56-25 µg/mL) and moderate cytotoxicity. GC-MS analysis showed the presence of various bioactive compounds such as 5-hydroxymethylfurfural, n-hexadecanoic acid, linoleic acid, and β-bisabolene. These results confirm the ethnomedicinal significance of C. jagus and its potential as a region-specific source of bioactive compounds for antioxidant, antimicrobial, and future drug discovery purposes.
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1. INTRODUCTION
Medicinal plants still remain a rich source of various bioactive compounds that possess important therapeutic potential (El-Saadony et al., 2025). Throughout the developing world, especially in sub-Saharan Africa, plant preparations remain the main, or even only, source of health care because they are accessible, affordable, and culturally acceptable (Mahomoodally, 2013). Phytochemical studies of medicinal plants are vital for the identification of natural compounds responsible for broad pharmacological activities, including antioxidant, antimicrobial, anti-inflammatory, and anticancer activities (Kumar et al., 2023). Species of the genus Crinum from the family Amaryllidaceae have attracted research interest owing to their rich chemical diversity and wide range of medicinal applications (Chen et al., 2018). 
Crinum jagus, commonly known as "spider lily," is a perennial herb native to tropical Africa, and its use in traditional medicine for treating fever, wounds, respiratory infections, inflammation, and microbial diseases is very extensive (Minkah & Danquah, 2021). Ethnobotanical evidence from Nigeria suggests its use in managing cough, diarrhea, and rheumatic pain, which testifies to the broad pharmacological importance of the plant (Lawal et al., 2020). Previous studies have identified a variety of secondary metabolites in C. jagus, including alkaloids, flavonoids, tannins, saponins, and terpenoids, associated with significant biological activities like antimicrobial, antimalarial, antioxidant, and cytotoxic effects (Salihu et al., 2022; Alawode et al., 2019).
Despite these findings, it is well established that the phytochemical and pharmacological profile of C. jagus significantly varies with geographical location, soil composition, climatic conditions, and environmental stress. These factors affect the biosynthetic pathways involved in the synthesis of secondary metabolites, as a result of which even a single species can exhibit chemical variation. In this regard, Uddin (2019) has discussed how and why plants often alter their secondary metabolism to cope with stress. However, details regarding the chemical and bioactive constitution of the bulbs of C. jagus collected from Ogbomoso, Southwestern Nigeria, where a set of unique ecological and edaphic conditions may alter the plant's metabolite profile and biological potency, are still scanty. Therefore, studies on C. jagus from this region will provide baseline data and identify potential pharmacologically active metabolites that might be different from the hitherto reported chemotypes.
Advances in various chromatographic and spectroscopic techniques, particularly Gas Chromatography–Mass Spectrometry, have provided significant tools that help in the identification and complete characterization of complex mixtures of bioactive compounds in plant extracts (Thamer & Thamer, 2023). Integration of phytochemical screening, analytical studies through GC–MS, and biological assays like antioxidant, antimicrobial, and cytotoxic evaluations give a comprehensive overview of the medicinal potential of any plant along with its safety profile. The antioxidant activity of plant extracts is particularly relevant in alleviating oxidative stress, a key contributing factor in the development and progression of chronic diseases such as diabetes, cardiovascular diseases, cancer, and neurodegenerative disorders. (Rudrapal et al., 2022). Antimicrobial resistance remains one of the major health issues worldwide, and thus exploration of natural sources as a substitute to combat antimicrobial agents remains highly relevant (Ahmed et al., 2024).
In this context, C. jagus presents a promising candidate for the discovery of novel natural products with therapeutic relevance. Its reported bioactivities, coupled with the scarcity of data on samples from some part in Nigeria, justify renewed scientific investigation. Therefore, this study was designed to assess the phytochemical composition, antioxidant, antimicrobial and cytotoxic activities of ethanol and ethyl acetate extracts from the bulbs of Crinum jagus collected from Ogbomoso, Southwestern Nigeria.




2. MATERIALS AND METHODS
2.1 Materials
The analytical-grade reagents were of the highest purity available. Solvents used for extraction included n-hexane (Molychem), ethyl acetate (Molychem), and ethanol. Standard reagents used for phytochemical and antioxidant assays included gallic acid and quercetin (Sigma-Aldrich), Folin–Ciocalteu reagent, aluminum chloride (AlCl₃), sodium carbonate (Na₂CO₃), ferric chloride (FeCl₃), hydrochloric acid (HCl), sulfuric acid (H₂SO₄), acetic anhydride, sodium hydroxide (NaOH), Wagner’s reagent, chloroform, and 2,2-diphenyl-1-picrylhydrazyl (DPPH). All chemicals were of analytical grade and used without further purification. Equipment employed included a rotary evaporator (Heidolph, Germany), digital weighing balance (Ohaus), UV–Vis spectrophotometer (Shimadzu UV-1800), GC–MS system (Agilent Technologies 7890A/5975C), autoclave, incubator, oven, and compound microscope.

2.2 Collection and preparation of the sample
The fresh bulbs of Crinum jagus were collected in April 2024 from Oja-Igbo, Ogbomoso, Nigeria (8°7′49″N, 4°14′55″E). Botanical identification was performed at the Department of Pure and Applied Biology, Ladoke Akintola University of Technology, Ogbomoso, where a voucher specimen was deposited (LHO 865). The bulbs were washed, air-dried, pulverized, and kept in airtight containers at 25°C before extraction.

2.3 Extraction procedure
Successively, powdered bulb samples (700 g) were extracted using n-hexane, ethyl acetate, and ethanol. In each case, extraction was made by macerating a sample in 2.5 L of solvent at room temperature for 72 h with occasional stirring. Filtrates were concentrated under reduced pressure at 40°C using a rotary evaporator. This extraction procedure was carried out three times for reproducibility to obtain n-hexane, ethyl acetate, and ethanol extracts. Phytochemical screening Preliminary qualitative phytochemical screening for the three extracts was carried out using standard protocols described by Adepoju et al. (2024) to detect the presence of alkaloids, tannins, flavonoids, saponins, terpenoids, glycosides, phenols, steroids, coumarins, anthraquinones, and quinones.


2.4 Quantitative Phytochemical Screening
2.4.1 Determination of Total Alkaloid Content
The alkaloid content was determined using Van Tans, (2018) methods. To a 250 mL beaker containing 5 g of the sample, 200 mL of 10% acetic acid in ethanol was added. The mixture was filtered for four hours, after which the extract was concentrated in a water bath to a quarter of its initial volume. Concentrated ammonium hydroxide was added gradually until precipitation occurred. After precipitation, a diluted ammonium hydroxide solution was obtained and filtered. The weighted and dried alkaloid is a representation of the final product (Van Tans, 2018).

2.4.2 Determination of Total Saponin Content
Adepoju et al.,'s (2025) method was followed strictly. Accordingly, samples of 20g each were macerated in 100 cm³ of 20% aqueous ethanol and maintained for 4 hrs at about 55°C on a hot water bath. The mixture was filtered; the residue was further freed from the extracts using 200 mL of 20% ethanol. Using a water bath maintained at 90°C, the combined extracts were concentrated to 40 mL, to which 20 mL diethyl ether was added. On separation, the aqueous layer was washed twice with 10 mL of 5% aq. Sodium chloride. The remaining solution was re-heated and, after heating to a constant weight, saponin percentage was determined.

2.4.3 Determination of Total Phenolic Content
The total phenolic in the plant extracts was determined by spectrophotometric analysis using the Folin-Ciocalteu test method according to Siddiqui et al., (2017). A reaction mixture was prepared using 1 mL of extract, 1 mL of Folin-Ciocalteu reagent, and 9 mL of distilled water in a 25 mL volumetric flask. After five minutes, it was added with 10 milliliters of a 7% sodium carbonate solution. Gallic acid standards (20-100 µg/mL) were treated similarly. A UV/Visible spectrophotometer was used to measure the absorbance of the test and standard solutions at 760 nm after a 90-minute incubation period at room temperature. The concentration of the total phenol was calculated in milligrams of GAE per gram of extract (Siddiqui et al., 2017).

2.4.4 Determination of Total Tannin Content 
Adepoju et al., (2025) developed the Folin-Ciocalteu method, which is used to determine the concentration of tannin. 0.1 mL of sample extract was added to a volumetric flask of 10 mL along with 7.5 mL of distilled water, 0.5 mL of Folin-Ciocalteu reagent, and 1 mL of 35% Na2CO3. After shaking, the solution was kept for thirty minutes. Gallic acid standard solutions (20-100 µg/mL) undergo similar treatment. The absorbance was measured in an UV/visible spectrophotometer at 725 nm. The quantity of tannin present in each gram of extract was measured in mg of GAE (Adepoju et al., 2024). 

2.4.5 Determination of Total Flavonoid Content
The total flavonoid concentration was assayed using an aluminum chloride colorimetric method described by Shraim et al. (2021). In a 10 mL volumetric flask, a 1 mL extract and 4 mL distilled water were produced. After five minutes, 0.30 mL of treated 5% sodium nitrite and 0.3 mL of 10% aluminium chloride were added. After five more minutes, 2 mL of 1M sodium hydroxide was added, and the volume was adjusted to 10 mL with distilled water. This procedure was duplicated for various standard quercetin solutions (20–100 µg/mL). In relation to the reagent blank, the test and standard solutions were measured for their absorbance at 510 nm using a UV/Visible spectrophotometer (Shraim et al., 2021).

2.6 Gas Chromatography-Mass Spectrometry Analysis
GC–MS analysis of the ethanolic extract was carried out on an Agilent Technologies 7890A gas chromatograph equipped with a DB-35MS capillary column (30 m × 0.25 mm ID × 0.25 µm film thickness) using helium as the carrier gas at a flow rate of 1 mL/min. The injector temperature was held at 250°C. Before GC-MS analysis, the polar extract was derivatized with N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) to enhance the volatility, thermal stability, and chromatographic properties of polar phytoconstituents. Briefly, the dried extract was treated with BSTFA under controlled heating conditions and allowed to cool before injection. One microliter (1 µL) of the derivatized sample was injected in split mode to obtain a high resolution of peaks. The oven temperature was programmed at 3°C/min to 280°C. Compound identification was attempted by matching the experimental mass spectra with NIST and Wiley spectral libraries and by comparing retention indices with literature values (Moldoveanu, 2014).

2.7 Antibacterial and Antifungal Activity
The bacterial strains, including Staphylococcus aureus, Escherichia coli, Bacillus subtilis, Pseudomonas aeruginosa, Candida albicans, and Trichophyton rubrum, were tested for the antimicrobial efficacy of the extract. The bacterial and fungal cultures were adjusted to 0.5 McFarland's standard and 3 pores per milliliter, respectively. Bacterial cultures were grown on Mueller Hinton Agar plates, while fungal isolates were grown on Saboraud Dextrose Agar plates. Using a sterile cork borer, an 8mm diameter well was drilled in the MHA and SDA plates. Each well was treated with 25, 50, and 100 µg/mL extract dilutions. The negative control used was distilled ethanol at 50°C. The middle wells were used as a positive control and treated with 1% and 10 ug/ml of ketoconazole and ciprofloxacin. The antibacterial activity of the agar plates was determined by measuring the zones of inhibition in diameter after 24 hours of incubation at 37 °C and 25 °C.

2.8 Antioxidant Activity
2.8.1 DPPH free radical scavenging activity
2,2-Diphenyl-1-picrylhydrazyl radical scavenging activity (DPPH) DPPH free radical scavenging activity in the extract solution was assayed using the method developed by Adepoju et al. (2024). One millilitre of an extract prepared in methanol containing 31.50 to 500.00 µg/mL of the plant extracts and standard medicines (Ascorbic acid) was separately mixed with one millilitre of a solution of 0.135 mM 2, 2-diphenyl-1-picrylhydrazyl in methanol. After complete vortexing, the reaction mixture was stored at room temperature for 30 minutes. Spectrophotometric analysis was used to measure the absorbance of the mixture at 517 nm (Adepoju et al., 2024). The capacity of the plant extract to neutralize DPPH radicals was computed using the formula:   
Where; Abs - control is the absorbance of 2,2-diphenyl-1-picrylhydrazyl radical + methanol and Abs - sample is the absorbance of 2,2-diphenyl-1-picrylhydrazyl radical + sample extract or standard. 

2.8.2 Ferric reducing antioxidant capacity (FRAC)
The ferrous reducing antioxidant capacity was determined using the Rahman method but with a slight modification Oyaizu (1986). The extracts were mixed with 2.5 ml of 20 mM phosphate buffer and 2.5 ml of 1% w/v potassium ferricyanide, and the mixture was then incubated at 50 °C for 30 min. The mixture was then mixed with 2.5 ml of 10%, w/v trichloroacetic acid and 0.5 ml of 0.1%, w/v ferric chloride before being left for 10 minutes. At 700 nm, the absorbance was finally read, and the positive reference standard is used as ascorbic acid. Each assay was done in duplicate and averaged (Rahman et al., 2019).

2.9 Cytotoxicity analysis 
2.9.1 Hatching of Brine Shrimp Artemia salina
Brine shrimp eggs were hatched in a two-compartment tank containing simulated seawater at 28–30 °C with continuous aeration. Eggs were placed in one compartment and covered, while a light source over the other compartment attracted hatched nauplii by phototaxis. After 48 h, nauplii free from egg shells were collected from the illuminated side for the bioassay (Duran, 2003; Barua et al., 2020).

2.9.2 Preparation of Test and Standard Solutions
The ethyl acetate and ethanol extracts were separately dissolved in 100 mL of sterile distilled water by using an ultrasonicator. Serial dilutions (1–1000 µg/mL) were prepared as test solutions. Vincristine sulphate standard was used and diluted accordingly. Brine Shrimp Lethality Bioassay One millilitre of each test or standard solution was added to test tubes containing 10 live Artemia nauplii in 5 mL of seawater. After 24 h, the numbers of surviving and dead nauplii were recorded under a magnifying lens. Lack of movement for 30 s was taken as the endpoint for mortality. A control without test or standard solution was included (Rajabi et al., 2015).







3. RESULTS AND DISCUSSION
Successive extraction of the bulbs of Crinum jagus using n-hexane, ethyl acetate, and ethanol produced yields of 0.44%, 1.51%, and 6.73%, respectively (Table 1). The difference in yield observed indicates the influence of solvent polarity on the solubility of phytochemicals; the most polar nature of ethanol extracted the highest proportion of polar and semi-polar compounds, while n-hexane yielded a very small amount of its contents because of its non-polarity. The same trend of polarity-dependent extraction has been recorded in C. asiaticum and C. latifolium, where ethanol preferentially extracted phenolics and alkaloids (Mahomoodally et al., 2020; Alawode et al., 2020).
Phytochemical screening was carried out qualitatively (Table 2), where the presence of alkaloids, tannins, and phenols was affirmed in all the extracts, indicating their wide solubility range. Saponins, flavonoids, coumarins, anthocyanins, and anthraquinones were present mainly in ethyl acetate and ethanol fractions due to their possession of medium polarity. Quinones and steroids occurred more in non-polar n-hexane and ethyl acetate extracts due to their lipophilic nature. These findings concur with earlier works on C. jagus and some other Amaryllidaceae species, which had identical phytochemical constituents (Salsabilu, 2025).
Quantitative analysis (Table 3) indicated that the ethyl acetate extract had high concentrations of alkaloids (7.20%), phenols (146.69 ± 0.48 mg GAE/g), flavonoids (41.21 ± 0.02 mg QE/g), and tannins (40.61 ± 0.15 mg GAE/g), while the ethanol extract is rich in saponins (4.33 ± 0.05%). These changes have shown the importance of solvent polarity in phytochemicals recovery and profile. The more significant amount of phenolics and flavonoids recorded in the ethyl acetate extract is likely to be responsible for its strong antioxidant and antimicrobial activity; at the same time, a saponin-rich ethanolic extract can be able to act through lipid-lowering and immunomodulatory activities (Fraga-Corral et al., 2021; Letchuman et al., 2024; Yang et al., 2019).
Table 1: Extraction yield of Crinum jagus Bulb 
	Solvent of extract
	Amount of plant material (g)
	Yield (g)
	Percentage yield 

	n-Hexane
	700.00
	3.14
	0.44

	Ethyl acetate
	700.00
	10.57
	1.51

	Ethanol 
	700.00
	47.13
	6.73












Table 2: Qualitative Phytochemical Screening of Crinum jagus Bulb Extracts 
	Phytochemicals 
	n-Hexane extract
	Ethyl acetate extract
	Ethanol extract

	Alkaloid
	+
	+
	+

	Tannins
	+
	+
	+

	Saponins
	-
	+
	+

	Flavonoids
	-
	+
	+

	Quinones
	+
	+
	-

	Glycosides
	-
	+
	+

	Terpenoids 
	-
	+
	+

	Phenols 
	+
	+
	+

	Coumarins 
	-
	+
	+

	Steroids 
	+
	+
	-

	Anthocyanins
	-
	+
	+

	Anthraquinones
	-
	+
	+


Key: (+) present and (–) absent

Table 3: Concentration of Major Phytochemical Constituents in Ethyl Acetate and Ethanol Extracts of Crinum jagus Bulb
	Parameter
	Ethyl acetate extract
	Ethanol extract

	% Saponin
	1.87±0.03
	4.33±0.05

	 % Alkaloid
	7.20±0.05
	3.24±0.02

	Flavonoid(QE/mg/g) 
	41.211±0.02
	37.313±0.05

	Phenol(GAE/mg/g)
	146.694±0.48
	77.642±0.24

	Tannin(GAE/mg/g)
	40.613±0.15
	27.781±0.09




GC–MS profiling identified 25 and 23 bioactive constituents in the ethyl acetate and ethanol extracts, respectively (Figures 1–2; Tables 4–5). These compounds include terpenoids, phenolics, furan derivatives, fatty acids, and sulfur-containing compounds, confirming the chemical diversity predicted by the phytochemical screening. The major phenolic ketones, such as 1-(4-hydroxy-3-methoxyphenyl)dec-4-en-3-one (14.50%) and related analogues with hydroxyl and methoxy substitutions, are strong radical scavengers that comprise the ethyl acetate extract of this plant (Ainazzahra et al., 2025). Their presence supports the high phenolic content and strong antioxidant activity of the ethyl acetate fraction.
In contrast, the ethanol extract was rich in sesquiterpenes such as trans-α-bergamotene (19.94%), β-bisabolene (5.83%), and cyclohexene derivatives (9.12%), which are known antimicrobial and anti-inflammatory agents (Huang et al., 2022; Siddiqui et al., 2024). It also contained oxygenated furan derivatives such as 5-hydroxymethylfurfural and 2,5-furandicarboxaldehyde-compounds associated with antioxidant and cytoprotective effects (Fan, 2005)-as well as sulfur heterocycles including thianthrene, 5,10-dioxide (8.44%) and thiocarbamic acid derivatives (5.78%), which are known to inhibit microbial enzymes by thiol binding (Kim et al., 2005; Jikah and Edo, 2023). Fatty acids such as n-hexadecanoic and 9,12-octadecadienoic acids were also detected in both extracts, contributing to membrane disruption and anti-inflammatory activity (Valgimigli, 2023; Onoabedje et al., 2025).
These results, thus obtained from GC–MS, confirm the phytochemical screening and bioactivity results to establish that C. jagus bulbs contain a rich mixture of synergistic secondary metabolites responsible for their biological activities.
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Figure 1: GC-MS spectral of Ethyl acetate Extract of Crinum jagus Bulb
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Figure 2: GC-MS spectral of Ethanol Extract of Crinum jagus Bulb

Table 4: GC–MS Identified Compounds in the Ethyl acetate Extract of Crinum jagus Bulb
	Peak
	Compound Identified
	RT 
(min)
	Area (%)
	MW
	MF
	Quality
	Chemical Class

	q
	p-Dioxane-2,3-diol
	3.557
	4.83
	106
	C₄H₁₀O₄
	91
	Polyol

	2
	2-Dodecanone, 12-(5-hydroxy-6-methyl-2-piperidinyl)-
	4.203
	1.16
	255
	C₁₆H₃₃NO₂
	59
	Ketone 

	3
	2,5-Dimethylfuran-3,4(2H,5H)-dione
	4.409
	1.72
	126
	C₆H₆O₃
	72
	Furan derivative

	4
	2,5-Furandicarboxaldehyde
	4.609
	6.27
	110
	C₆H₆O₃
	91
	Aldehyde 

	5
	2,5-Furandicarboxaldehyde
	4.632
	8.79
	110
	C₆H₆O₃
	90
	Furanic compound

	6
	1,2,3-Propanetriol, 1-acetate
	4.855
	2.31
	134
	C₅H₁₀O₄
	47
	Ester 

	7
	Maltol
	5.067
	1.36
	126
	C₆H₆O₃
	35
	Phenolic 

	8
	4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl
	5.473
	2.23
	144
	C₆H₈O₄
	86
	Polyhydroxy compound

	9
	5-Hydroxymethylfurfural
	6.532
	9.58
	126
	C₆H₆O₃
	91
	Furan derivative / Antioxidant

	10
	2,5-Difluorobenzoic acid, 6-tetradecyl ester
	7.230
	1.51
	352
	C₂₁H₃₆F₂O₂
	64
	Aromatic ester

	11
	Phenol, 2-methoxy-3-(2-propenyl)-
	7.945
	1.55
	164
	C₁₀H₁₂O₂
	92
	Phenolic compound

	12
	Cyclohexane, 1-ethyl-2-methyl-, trans-
	8.334
	2.55
	112
	C₉H₂₀
	46
	Hydrocarbon

	13
	Thiocarbamic acid, N-cyclohexyl-, S-(2,5-dihydroxyphenyl) ester
	8.460
	5.78
	269
	C₁₃H₁₅NO₄S
	35
	Sulfur compound

	14
	(R*,R*)-5-Hydroxy-4-methyl-3-heptanone
	9.164
	3.72
	130
	C₈H₁₆O₂
	35
	Ketone/ Alcohol

	15
	Urea, N,N'-dibutyl-N,N'-dimethyl-
	9.336
	3.10
	172
	C₁₀H₂₄N₂O
	25
	Amide/ Urea derivative

	16
	2-Ethyl-oxetane
	9.622
	3.97
	72
	C₅H₁₀O
	35
	Heterocycle

	17
	d-Manno-l-gluco-octonic acid
	10.932
	2.62
	240
	C₈H₁₆O₈
	53
	Sugar acid

	18
	Methyl 6-O-[1-methylpropyl]-β-D-galactopyranoside
	11.092
	3.42
	236
	C₁₀H₂₀O₆
	47
	Glycoside

	19
	n-Hexadecanoic acid (Palmitic acid)
	13.793
	6.08
	256
	C₁₆H₃₂O₂
	99
	Fatty acid

	20
	9,12-Octadecadienoic acid (Z,Z)-
	15.149
	1.68
	280
	C₁₈H₃₂O₂
	98
	Unsaturated fatty acid

	21
	[1,3]Dioxolo[4,5-j]phenanthridine
	16.546
	3.99
	241
	C₁₅H₁₁NO₂
	93
	Alkaloid-like compound

	22
	Pentadecafluorooctanoic acid, octadecyl ester
	18.096
	2.12
	663
	C₂₆H₃₉F₁₅O₂
	91
	Fluorinated ester

	23
	Nonacos-1-ene
	18.279
	4.86
	406
	C₂₉H₅₈
	93
	Hydrocarbon

	24
	9-Tricosene, (Z)-
	18.325
	6.36
	324
	C₂₃H₄₆
	95
	Hydrocarbon

	25
	Thianthrene, 5,10-dioxide
	20.860
	8.44
	244
	C₁₂H₈O₂S₂
	35
	Sulfur heterocycle




Table 5: GC–MS Identified Compounds in the Ethanol Extract of Crinum jagus Bulb
	Peak
	Compound Identified
	RT (min)
	Area (%)
	MW
	MF
	Quality
	Chemical class

	1
	2,5-Furandicarboxaldehyde
	4.615
	1.91
	110
	C₆H₆O₃
	91
	Aldehyde compound

	2
	2,5-Furandicarboxaldehyde
	4.649
	1.71
	110
	C₆H₆O₃
	83
	Furanic compound

	3
	4,5-Diamino-6-hydroxypyrimidine
	4.741
	1.32
	126
	C₄H₆N₄O
	50
	Pyrimidine 

	4
	4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-
	5.519
	1.35
	144
	C₆H₈O₄
	46
	Polyhydroxy compound

	5
	5-Hydroxymethylfurfural
	6.629
	7.54
	126
	C₆H₆O₃
	94
	Furan derivative 

	6
	1-Methyl-4-(6-methylhept-5-en-2-yl)cyclohexa-1,3-diene
	8.414
	3.07
	204
	C₁₅H₂₄
	99
	Monoterpene hydrocarbon

	7
	Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl-
	8.483
	9.06
	202
	C₁₅H₂₂
	98
	Sesquiterpene

	8
	trans-α-Bergamotene
	8.735
	19.94
	204
	C₁₅H₂₄
	87
	Sesquiterpene

	9
	β-Bisabolene
	8.918
	5.83
	204
	C₁₅H₂₄
	96
	Sesquiterpene

	10
	Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene-, [S-(R*,S*)]-
	9.158
	9.12
	204
	C₁₅H₂₄
	94
	Sesquiterpene

	11
	2-Ethyl-oxetane
	9.994
	2.21
	72
	C₅H₁₀O
	35
	Heterocyclic compound

	12
	Butan-2-one, 4-(3-hydroxy-2-methoxyphenyl)-
	10.737
	1.44
	180
	C₁₀H₁₂O₃
	96
	Phenolic ketone

	13
	2-Naphthalenemethanol, decahydro-α,α,4a-trimethyl-8-methylene-
	10.881
	1.17
	222
	C₁₅H₂₆O
	94
	Terpenoid

	14
	7-epi-cis-Sesquisabinene hydrate
	11.207
	1.18
	222
	C₁₅H₂₆O
	56
	Terpene alcohol

	15
	2-Butenoic acid, 4-nitrophenyl ester
	11.304
	1.34
	209
	C₁₀H₉NO₄
	38
	Aromatic ester

	16
	n-Hexadecanoic acid (Palmitic acid)
	13.804
	1.89
	256
	C₁₆H₃₂O₂
	99
	Fatty acid

	17
	Hexadecanoic acid, ethyl ester
	13.999
	1.17
	284
	C₁₈H₃₆O₂
	98
	Fatty acid ester

	18
	9,12-Octadecadienoic acid (Z,Z)-
	15.178
	1.38
	280
	C₁₈H₃₂O₂
	99
	Unsaturated fatty acid

	19
	(E)-1-(4-Hydroxy-3-methoxyphenyl)dec-3-en-5-one
	15.887
	5.25
	206
	C₁₂H₁₄O₃
	96
	Phenolic ketone

	20
	1-(4-Hydroxy-3-methoxyphenyl)dec-4-en-3-one
	16.585
	14.50
	206
	C₁₂H₁₄O₃
	99
	Phenolic ketone

	21
	5-Hydroxy-1-(4-hydroxy-3-methoxyphenyl)dodecan-3-one
	17.283
	1.91
	266
	C₁₆H₂₆O₄
	60
	Phenolic derivative

	22
	1-(4-Hydroxy-3-methoxyphenyl)dodec-4-en-3-one
	19.149
	2.49
	266
	C₁₆H₂₆O₃
	97
	Phenolic ketone

	23
	Benzene-1,4-diamine, N-(2-methyl-3-indolylmethylene)
	20.877
	3.21
	250
	C₁₆H₁₄N₂
	91
	Aromatic amine


The antioxidant potential of the ethyl acetate and ethanol extracts was determined by DPPH radical scavenging and FRAC assays (Tables 6 and 7). Both extracts exhibited concentration-dependent activity in the range of 31.25-500 µg/mL. The ethyl acetate extract was significantly higher in radical scavenging efficiency in a dose-dependent manner when compared to the ethanol extract: 30.46-73.43% versus 17.82-44.43%, though ascorbic acid obtained the highest inhibition of 24.38-96.46%. The IC₅₀ values fell in this order: ascorbic acid (171.18 µg/mL) < ethyl acetate extract (182.77 µg/mL) < ethanol extract (467.34 µg/mL); thus, the ethyl acetate extract was about 2.5 times more potent.
The higher activity of the ethyl acetate fraction could be credited to its being richer in phenolics, flavonoids, and tannins, contributing to hydrogen and electron donation that stabilizes reactive species through Kozhantayeva et al. (2024) and Hyeladzira et al. (2025). On the contrary, the low performance observed in the antioxidant activity of the ethanol extract is arguably due to its low content of phenolic compounds and a high concentration of saponins. FRAC values were in agreement with this trend: the reducing capacity was higher for the ethyl acetate extract, 0.462–1.205, than that of the ethanol extract, 0.412–0.539, while that of ascorbic acid recorded the highest within the range 1.121–5.692. This strong ferric ion–reducing power of the ethyl acetate extract reflects its superior electron-donating power, accordingly confirming the good DPPH result recorded by Gulcin & Alwasel, 2025 and DeGraft-Johnson et al., 2007.
These observations agree with earlier reports of the strong antioxidant activity of polyphenol-enriched fractions from C. jagus (Alawode et al., 2019), further maintaining the potential of the species as a natural source for antioxidants in the management of oxidative stress-related diseases.

Table 6: DPPH radical scavenging activity of Crinum jagus bulb extracts compared with ascorbic acid.
	Concentration (µg/mL)
	Ethyl acetate extract
	Ethanol extract
	Ascorbic acid

	31.25
	30.46±0.06
	17.82±0.00
	24.38±0.02

	62.50
	52.62±0.08
	23.28±0.06
	26.10±0.08

	125.00
	59.62±0.06
	35.30±0.05
	55.26±0.04

	250.00
	69.67±0.02
	43.94±0.04
	79.86±0.02

	500.00
	73.43±0.05
	44.43±0.11
	96.46±0.03

	IC50
	182.77
	467.34
	171.18




Table 7: Ferric reducing antioxidant power (FRAC) of Crinum jagus bulb extracts compared with ascorbic acid.
	Concentration (µg/mL)
	Ethyl acetate extract
	Ethanol extract
	Ascorbic acid

	31.25
	0.462
	0.412
	1.121

	62.50
	0.368
	0.420
	2.433

	125.00
	0.522
	0.449
	3.333

	250.00
	0.848
	0.475
	4.462

	500.00
	1.205
	0.539
	5.692




Results obtained from the antimicrobial susceptibility assay are presented in Figure 3; Tables 8 and 9, which show that both ethanol and ethyl acetate extracts have broad-spectrum activity against Gram-positive and Gram-negative bacteria and fungi. Inhibition zones ranged between 10 and 18 mm, with the highest inhibition being for an ethanolic extract of 18 mm against Trichophyton rubrum and 16 mm against S. aureus, B. subtilis, P. aeruginosa, and C. albicans at 100 mg/mL. Ethyl acetate extract showed a moderate inhibition range of 12–16 mm, comparable in some instances with gentamicin and ketoconazole.
These findings were corroborated by the results of MIC and MBC: the ethanolic extract had lower values of MIC (1.56–25 mg/mL) and MBC (3.13–59 mg/mL) than the ethyl acetate extract, which reflects the higher antimicrobial potency. Fungal isolates, especially C. albicans and T. rubrum, proved to be highly susceptible (MIC/MBC: 1.56–6.25 mg/mL). This pronounced activity of the ethanolic extract might originate from the richness of polar phytochemicals-phenols, flavonoids, tannins, and saponins-known to disrupt microbial membranes and interfere with nucleic acid synthesis (Ozogul et al., 2025).
These results are in consonance with earlier reports on the antimicrobial property of C. jagus leaves and rhizomes (Udegbunam et al., 2015) and confirm a synergistic inhibitory role for alkaloids, flavonoids, and tannins against microorganisms. Therefore, C. jagus bulb extracts are potential natural antimicrobial agents.


Table 8: Zones of inhibition of Crinum jagus bulb extracts against selected microorganisms.
	
	Ethanol extract
	Ethyl acetate extract
	Control

	Organisms
	100
	50
	25
	100
	50
	25
	Ket.
	Gent.

	Staphylococcus aureus
	16
	15
	12
	14
	13
	10
	NA
	14

	Bacillus subtilis
	16
	14
	12
	16
	15
	12
	NA
	16

	Escherichia coli
	14
	12
	12
	16
	15
	12
	NA
	14

	Pseudomonas aeruginosa
	16
	15
	12
	14
	13
	12
	NA
	18

	Candida albicans
	16
	14
	10
	13
	12
	10
	14
	NA

	Trichophyton rubrum
	18
	14
	13
	16
	14
	12
	14
	NA




[image: C:\Users\Ibidotun\AppData\Local\Packages\5319275A.WhatsAppDesktop_cv1g1gvanyjgm\LocalState\sessions\E17F6F09C392800589391607308F233FF272CE85\transfers\2025-46\WhatsApp Image 2025-11-12 at 5.01.17 PM.jpeg]Figure 3: Antibacterial activity of ethyl acetate (E.A) and ethanol (Eth) extracts of Crinum jagus bulb against selected bacterial strains by agar well diffusion method.




Cytotoxicity tests of the ethyl acetate and ethanol extracts were carried out using Brine Shrimp Lethality Assay (Table 10). Both extracts presented a dose-dependent toxicity, whose LC₅₀ was estimated to be 118.5 µg/mL for the extract obtained with ethyl acetate and 289.4 µg/mL for that obtained with ethanol, against 0.78 µg/mL for the standard vincristine sulfate. According to Karchesy et al. (2016), both extracts presented moderate toxicity, indicating the presence of bioactive compounds with cytotoxic or antiproliferative action.
The increased toxicity found in the ethyl acetate extract might relate to its higher levels of flavonoids, terpenoids, and phenolic ketones-the chemical groups often associated with cytotoxic mechanisms. Other studies have reported somewhat comparable toxicities for C. jagus extracts (Clemence et al., 2021). All these results would suggest that while bioactive compounds are present in the bulbs of C. jagus, they can still remain potentially safe within therapeutic dosage ranges.












Table 9: Minimum inhibitory and bactericidal concentrations (MIC and MBC) of Crinum jagus bulb extracts.
	
	Ethanol
	Ethyl acetate
	Broth only
	Broth and extract
	Broth and isolate
	Control

	
	
	
	
	
	
	
	
	Ket (%)
	Cipro (µg/ml)

	Organisms
	MIC
	MBC
	MIC
	MBC
	
	
	
	MIC
	MBC
	MIC
	MBC

	S. aureus
	3.125
	12.5
	6.25
	25
	-
	-
	+
	NA
	NA
	5
	5

	B. substiles
	3.125
	6.25
	1.5625
	25
	-
	-
	+
	NA
	NA
	>5
	10

	E. coli
	6.25
	59
	3.125
	12.5
	-
	-
	+
	NA
	NA
	10
	10

	P. aeruginosa
	25
	59
	12.5
	50
	-
	-
	+
	NA
	NA
	>10
	>10

	C. albicans
	1.5625
	6.25
	25
	25
	-
	-
	+
	1%
	0.25%
	NA
	NA

	T. rumbrum
	3.125
	3.125
	1.5625
	6.24
	-
	-
	+
	1%
	1%
	NA
	NA















Table 10: Brine shrimp lethality assay (BSLA) of Crinum jagus bulb extracts compared with standard reference.
	Conc. (µg/mL)
	Standard
	Ethyl Acetate Extract
	Ethanol Extract

	1.00
	10.00 ± 5.77
	0.00 ± 0.00
	0.00 ± 0.00

	10
	50.00 ± 0.00
	16.67 ± 5.77
	10.00 ± 0.00

	50
	80.00 ± 5.77
	36.67 ± 5.77
	23.33 ± 5.77

	100
	96.67 ± 5.77
	53.33 ± 5.77
	36.67 ± 5.77

	250
	100.00± 0.00
	73.33 ± 5.77
	56.67 ± 5.77

	500
	100.00 ± 0.00
	90.00 ± 0.00
	76.67 ± 5.77

	1000
	100.00 ± 0.00
	100 ± 0.00
	93.33 ± 5.77

	LC₅₀ (µg/mL)
	0.78
	118.5
	289.4





4. CONCLUSION
This study revealed the rich phytochemical composition and bioactivity of Crinum jagus bulb extracts from Ogbomoso. Solvent polarity influenced yield and metabolite distribution. Ethyl acetate extract showed superior antioxidant activity, while ethanol extract exhibited stronger antimicrobial effects. GC–MS confirmed diverse bioactive compounds supporting its ethnomedicinal potential.
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