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ABSTRACT
The increasing emergence of antimicrobial resistance and oxidative stress related diseases has intensified the search for bioactive compounds from medicinal plants. Ricinus communis L. (Euphorbiaceae) is widely used in traditional medicine for the treatment of various ailments including infections and inflammatory conditions. This study aimed to evaluate the antimicrobial and antioxidant activities of crude extracts obtained from the leaves of R. communis. The powdered leaves were successively extracted with petroleum ether, chloroform, ethyl acetate, and methanol using maceration. Percentage recovery ranged from 1.44% (ethyl acetate) to 2.89% (methanol). Preliminary phytochemical screening revealed the presence of alkaloids, flavonoids, and tannins in all extracts, while saponins, anthraquinones, phenols, and cardiac glycosides varied depending on solvent polarity. Antioxidant activity was evaluated using the DPPH radical scavenging assay at concentrations of 250–1000 µg/mL. The petroleum ether and methanol extracts demonstrated the highest radical scavenging activities of 82.59% and 73.42%, respectively, at 1000 µg/mL, compared with 93.80% for ascorbic acid. Chloroform and ethyl acetate extracts showed moderate activities. Antimicrobial activity assessed by the disc diffusion method revealed that chloroform and methanol extracts exhibited strong inhibitory effects against Staphylococcus aureus and Pseudomonas aeruginosa, while moderate activity was observed against Salmonella typhi and Klebsiella pneumoniae. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) values further confirmed the antibacterial potential of the extracts. The findings suggest that R. communis leaves contain bioactive secondary metabolites responsible for significant antioxidant and antimicrobial activities, supporting their traditional medicinal applications and highlighting their potential as sources of novel therapeutic agents. Further studies involving purification, structural characterization, and mechanistic investigations are necessary to identify the specific compounds responsible for the observed activity and to evaluate their potential for therapeutic development.
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INTRODUCTION
Nature has been an outstanding provider of therapeutic remedies (Newman, & Cragg, 2016). Many traditional and conventional medicines are primarily derived from natural sources, especially plants (Moreira et al., 2014). Prior to the discovery of synthetic and chemical compounds, these plants were the mainstay of traditional medicine worldwide and were employed to treat a wide range of illnesses (Atanasov, et al., 2015). However, the advent of modern technologies has resulted in the development of novel synthetic compounds, which have garnered the attention of researchers in recent years. Although some of these compounds were originally obtained from natural sources, they were further modified to enhance their efficacy (Davies, and Davies, 2010).
The World Health Organization (WHO) has identified natural products as a crucial resources for developing new therapeutics and future medicines.  The development of antibiotics resistance has prompted the pharmaceutical industry to search for novel molecules that can fight against antibiotic-resistant microbes. Additionally, there is an urgent need to address the issue of resistance that has emerged towards anti-cancer drugs (Levy, 2002). By studying the mechanism of action of various crude extracts and plant-based compounds, it is possible to discover new and innovative compounds (Pan et al., 2013). According to Sasidhara et al., (2011), the biological effects of plants are determined by the various bioactive constituents present within them, which act as ligands and bind to the protein targets of specific pathogens, viruses or tumor cells, thereby exerting their actions.
The term “medicinal” as applied to a plant indicates that it contains a substance or substances which modulate beneficially the physiology of sick mammals and man has used it for healthful purpose (Nazhand et al., 2024) Medicinal plants were described by Chaachouay and Zidane (2024), as: “all higher plants with medicinal effects that relate to health, or which are proven as drugs by western standards, or which contain constituents that are defined as hits.” 
Medicinal plant (MP) refers to any plant which, in one or more of its organs, contains substances that can be used for therapeutic purposes or which are precursors of the synthesis of valuable drugs. A whole plant or plant parts may be medicinally active (Chaachouay and Zidane, 2024). Medicinal plants (MPs) are becoming very important due to their uses mainly as a source of therapeutic compounds that may lead to novel drugs. MPs are plants that are used for healthcare purposes in both allopathic and traditional medicine systems. MPs cover various species used including condiments, food aromatic and cosmetics (Aware et al., 2022)
Herbs may be defined as the dried leaves of aromatic plants used to impart flavor and odor to foods with, sometimes, the addition of color. The leaves are commonly traded separately from the plant stems and leaf stalks (Khan et al., 2024). Herbal medicine is referred to as medicinal preparations comprising active ingredients obtained from the herbal plant. The product can be made from the whole plant or any part. Preparations from by-product herbal plants such as oil, gum, and other secretions are also considered herbal medicines (Hlatshwayo et al., 2024).
The definition of bioactive compounds remained ambiguous and unclear for a long time. Very few references describe the term “bioactive”. It is composed of two words bio- and -active. In etymology bio- is from the Greek (Bio-) “bios” that means life while -active is derived from the Latin word “activus” that refers to dynamic, full of energy, with energy, or involved in activity (Sainz-Urruela et al., 2020). The term “bioactive” is an alternative term for “biologically active”. Hence, a bioactive compound is simply a substance with biological activity (Sainz-Urruela et al., 2020). A plant extract is a substance or an active substance with desirable properties removed from the tissues of a plant.
R. communis has been used as a therapeutic agent for over 4000 years and has been used to treat many diseases, disorders and infections. The leaves, seed root and stem of R. communis have been used as laxative for 2,500 years in Greece and Rome (Ramothloa et al., 2024). Due to the large quantity of oil extracted from R. communis seeds, it has been known as the castor oil plant. This oil has numerous applications in various fields (Patel et al., 2016). 
Research has shown that ricinine has the ability to initiate cell death in cancer cells and therefore, it may be a beneficial additional treatment for certain types of cancer (Abdul et al., 2018). 
Castor bean, scientifically known as R. communis L., is native to the Mediterranean region and belong to the Emphorbiaceae family. Despite its origin, it has now spread into various parts of the world such as Africa, Asia and the American. Rana et al., (2012), has reported the different bioactive compounds such as ricinine, quercitin, gallic acid and gentisic acid present in R. communis alongside the different bioactivity such as antioxidant, anti-inflammatory, antidiabetic, antitumor and antiasthmatic.
Gopalkrishnan, and Rampally, (2015), conducted a preliminary phytochemical analysis of R. communis and detected the presence of various compounds including saponins, steroids glycosides, alkaloids and Flavonoids. Shokeen et al., (2008); two alkaloids, ricinine and N-dimethylricinine and six flavones glycosides in the dried leaves of R. communis. R. communis contains various phytochemicals such as steroids, terpenoids, saponins, alkaloids, flavonoids and glycosides (Linima et al., 2023). Lectins of R. communis are also prominently used in the treatment of some diseases, especially tumors (Ohishi, et al., 2014). Padma and Ribali (2014) reported that initial phytochemical screening of methanol extracts from R. communis seeds indicated the existence of alkaloids and steroids. The presence of steroids in the methanol extract could be responsible for the anti-fertility effect of R. communis seeds. In a study by Salihu et al., (2014) and Oladeji, et al., (2020), it was discovered that the methanolic extract and oil from R. communis helped seed up the process of wound healing in rats. 
Taur and Patil (2011) reported that R. communis seeds have 45% fixed oil, which consists of several compounds like ricinoleic, stearic, dihydroxystearic acids, and isoricinoleic lipases and a crystalline alkaloids called ricinine. Furthermore, the stem of the plant was reported to contain ricinine.
Liu et al., (2022), reported that the methanol extract from the R. communis leaves had antimicrobial properties against Staphylococcus aureus and Streptococcus pneumonia Escherichia coli, Salmonella typii, Candida albican and Aspergillus niger. The antimicrobial capabilities of different extracts from R. communis L. against Escherichia coli, Staphylococcus aureus, Candida albican and Aspergillus niger was confirmed according to Linima et al., (2023).. Earlier studies have also shown that R. communis has antimicrobial properties due to its ricinoleic acid content, which has been found to inhibit the growth of Staphylococcus aureus and Escherichia coli bacteria
Antioxidants are molecules that fight free radicals or a compound that is able to neutralize free radicals such as oxygen, nitrogen and lipid radicals and protect a biological system (Shahidi and Wanasundara, 2015). Antioxidant have the ability to scavenge free radicals in the human body and have been suggested to contribute to the protective effect of plant best food on disease such as cardiovascular disease (CVD), cancer, and type 2 diabetes. Antioxidants are naturally occurring molecules or compound that combat oxidative damage in biological entities by free radical scavenging. Antioxidants achieve this by slowing or preventing the oxidation process that can damage cells in the body (Baunthiyal et al., 2017). Cellular component of the human body is altered in oxidative stress conditions resulting in various disease states. The oxidative stress can be effectively neutralized by enhancing cellular defences in the form of antioxidants. The physiological role of an antioxidant is to quench free radical reaction and delay or inhibit cellular damage (Nimse, et al., 2011). Additionally, according to Jena and Kumar (2012), the leaves of R. communis possess anti-oxidant, indicating the presence of biologically active compounds that could have medicinal benefits.
Significant antioxidant activity of both ethanol and methanol extracts from R. communis has been reported (Ribeiro et al., 2014; Baunthiyal et al., 2017). Furthermore, Hassan et al., (2010), conducted a study that explored the anti-oxidant and cytotoxic properties of R. communis L. seeds with results revealing that the methanol extract of the seeds showed notable anti-oxidant activity and cytotoxic effects against cancer cell lines. 
In Nigeria, there are many medicinal plants used for treatment of different diseases. R. communis which is traditionally used to treat sicknesses such as diabetes, cancer and other microbial infections in Africa. Many work had been done on R. communis but there is less report on antimicrobial and antioxidant activity of R. communis. Hence this study aimed to extract and carry out antioxidant and antimicrobial analysis of leave of R. communis. Introduction is lengthy can be summarize 
MATERIALS AND METHOD
[bookmark: _Toc137701957][bookmark: _Toc156666651]Materials and Reagents
The materials and reagents that wasused in this research include digital balance, measuring cylinder, soaking jars, beakers, gravity filtration apparatus, Whatman filter paper, rotary evaporatorp, petroleum ether methanol, chloroform, ethyl acetate, sulfuric acid, iodine, HCl, FeCl3, ammonia solution, DMSO, Muller Hilton Agar, Potato dextrose Agar (PDA) and DPPH solution. Give full names of ingredients atleast once like DMSO
[bookmark: _Toc156666652][bookmark: _Toc137701960]Collection and Preparation of plant materials
Healthy and fresh leaves of R. communis was collected near zoological park of Gombe State University, Gombe State, Nigeria. A voucher specimen of the plant material has been deposited in the Herbarium, Department of Botany Gombe State University, and the voucher/specimen number is GSUH101.
[bookmark: _Toc137701959][bookmark: _Toc156666653]Extraction
The leaves of R. communis were thoroughly washed, shade dried and powdered by using a warring blander. Maceration was used for extraction. 
About 1 kg of the plant powdered R. communis was extracted by exhaustive maceration method at room temperature, the sample was soaked in n-hexane, Chloroform, Ethyl acetate and methanol respectively, each  for a period 7 days with regular shaken each day. The extracts was filtered with Whatman no. 1 filter paper. The extracts was concentrated with rotary evaporator at 40 °C under reduced pressure to obtained the crude extracts. Correct grammer 
[bookmark: _Toc156666654]Phytochemical screening of the crude extracts
The preliminary phytochemical tests was conducted for each crude extract according to the method described by (Afzal et al., 2021) with slight modifications.
[bookmark: _Toc137701961][bookmark: _Toc156666655]Phenols
Ferric Chloride Test: Aqueous solution of extract was treated with few drops 5% ferric chloride solution. Dark green/bluish black color indicate the presence of phenolic compounds.
[bookmark: _Toc137701962][bookmark: _Toc156666656]Saponin
To the boiling tubes containing 0.5 g of the extract, 5 mL distilled water was added and shaken. A stable froth was observed in all tubes if saponin are present.
[bookmark: _Toc137701963][bookmark: _Toc156666657]Terpenoid
The extract was added into a boiling tube and 3mL of chloroform was added. Later 3mL concentrated sulphuric acid was added drop wise. A reddish brown colour was formed at the interface in all boiling tubes that indicates the presence of terpenoid.
[bookmark: _Toc137701964][bookmark: _Toc156666658]Alkaloid
Iodine Test: 5mL of the extract was treated with few drops of iodine solutions. A blue colour, which disappear on boiling and reappear on cooling indicate the presence of alkaloids. 
[bookmark: _Toc137701965][bookmark: _Toc156666659]Flavonoid
Shinoda's Test/Mg-Hydrochloride reduction Test: the plant extracts were dissolve in 5mL alcohol, the fragment of magnesium ribbon was added followed by 5-6 drops of concentrated HCl. A pink to crimson coloured solution was observed if flavonoids is present.
[bookmark: _Toc137701966][bookmark: _Toc156666660]Anthraquinone
Borntrager’s test: the extract wastreated with 10mL 10% ammonia solution, (shaken vigorously for 30 seconds) A pink, violet, or red coloured solution indicate the presence of Anthraquinones.
[bookmark: _Toc137701967][bookmark: _Toc156666661]Cardiac glycoside.
Keller-Killani Test: To 2 mL of the extract, glacial acetic acid, was added and one few drops 5 % ferric chloride, then concentrated sulphuric acid was added. A reddish brown colour was observed at the junction of the two and layers in EtOAc and MeOH extracts that indicates the presence cardiac glycosides.
[bookmark: _Toc137701968][bookmark: _Toc156666662]Antimicrobial Screening (Mahesh et al., 2025)
The antimicrobial activity of R. Communis crude extracts was determined against four pathogenic two gram positive and two gram negative bacteria obtained from Federal Teaching Hospital Gombe state.
[bookmark: _Toc156666663]Preparation of Extract
Stock solution of the plant extracts were prepared by adding 0.1 g of each crude extracts in 1ml dimethyl Sulphur oxide (DMSO). From the stock solution, 500mg/ml, 400mg/ml, 300mg/ml 200mg/ml and 100mg/ml concentrations were prepared using one-fold serial dilution method.
[bookmark: _Toc156666664]Preparation of Nutrient Agar
Nutrient agar (NA) was prepared in line with the manufacturer’s instructions. Briefly, 28 g of the agar was dissolved in 1L of distilled water. The suspension was homogenized, well capped in conical flasks, and sterilized using autoclave at 121°C for 15 minutes. The media were later cooled to 30°C and poured into four separate sterile petri plates. Give references
[bookmark: _Toc156666665]Media Culture 
Four bacterial strains were obtained from Federal Teaching Hospital (FTH), Gombe State. Two Gram-negative bacterial strains (Salmonella typhi and Klebsiella pneumoniae ) and two Gram– positive (Pseudomonas aeruginosa and Staphylococcus aureus) human bacterial pathogens were selected for the study. The selected Bacteria were then placed in four separate sterile petri plates containing Nutrients Agar and kept in incubator for 24 hours at 40°C. Give references 
[bookmark: _Toc156666666][bookmark: _Toc137701973]Standardization of bacterial Inoculum
Using inoculum loop, over-night grown agar culture (bacteria and fungi) was transferred into a test tube containing normal saline until the turbidity of the suspension matched the turbidity of the 0.5 McFarland (mixture of Barium Chloride and Sulfuric acid with normal saline) Standard National committee for clinical laboratory standard.
Susceptibility Test of Bacterial isolates to Different Concentrations of the crude Extracts the antimicrobial activity of R. Communis crude extract against Salmonella typhi, Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus were evaluated using dics diffusion method of susceptibility test. Give references
[bookmark: _Toc156666667]Inoculation of the Plate 
The inoculum of the test organisms was placed in the center of the plate using sterile dry cotton swab spread it evenly across the central third of the plate. The surface of the plate was allowed to dry for 5 minutes, the antimicrobial dics was placed in the plate and the control strains press each disc lightly to make an even contact with the agar surface. It was then allowed for 30 minutes for prediffussion of antimicrobial before bacterial growth and incubated at 37°C for 18 hours. The zone of inhibition was measured. 
[bookmark: _Toc137701974][bookmark: _Toc156666668]Antioxidant Activity
The antioxidant activity of the plant extracts was determined using the method proposed by (Kellil et al., 2025). 
[bookmark: _Toc137701975][bookmark: _Toc156666669]Preparation of DPPH Solution
A methanolic dilution of DPPH (1 x 10-4 M) was prepared. The DPPH solution was act as a stable free radical, which can be quenched by antioxidants present in the crude extracts.
[bookmark: _Toc137701976][bookmark: _Toc156666670]Sample Preparation
Aliquots of 1 mL of each plant extract in the methanolic solutions were collected. Four different concentrations (250, 500, 750 and 1000 µg/ml) was prepared for each sample and concentration. Two replicates wastaken for each sample and concentration.
[bookmark: _Toc137701977][bookmark: _Toc156666671]Reaction with DPPH
To each aliquot, 2 mL of the prepared Methanolic dilution of DPPH was added. The mixtures were thoroughly mixed and kept in the dark at room temperature for 45 minutes. During this time, the antioxidants present in the plant extracts was react with the DPPH radical, leading to a reduction in its absorbance. Give references
[bookmark: _Toc137701978][bookmark: _Toc156666672]Measurement of Absorbance	
After the reaction period, the absorbance of each sample was measured at 517 nm using a UV-spectrophotometer. The decrease in absorbance indicate the antioxidant activity of the crude extracts. Give references
[bookmark: _Toc137701979][bookmark: _Toc156666673]Blank Preparation
A blank was prepared using standard ascorbic acid without any plant extract. This will serve as a reference for the measurement of absorbance and background correction.
RESULTS AND DISCUSSION
[bookmark: _Toc156666678]Percentage Recovery of crude extracts of R. communis
The leaf of R. Communis was extracted in Solvent of increasing polarity; -hexane, chloroform ethyl acetate and methanol. The result of the extraction of the leaf extracts of R. communis showing the colour of the extracts and the percentage recovery is represented in the table 4.1 below.
[bookmark: _Toc156667520]Table 1. Percentage Recovery of crude extracts of R. communis
	Extracts
	Colour 
	Texture
	Weight of Extract
	Percentage Recovery

	Petroleum Ether
	Dark green
	Gummy
	19.5g
	1.95%

	Chloroform
	Dark green 
	Gummy
	24.8g
	2.48%

	Ethyl Acetate
	Black-green
	Gummy 
	14.4g
	1.44%

	Methanol
	Deep-green
	Gummy
	28.9g
	2.89%


[bookmark: _Toc156666679]Phytochemicals Analysis 
The phytochemicals study of the leaf of R. communis revealed the presence of almost all the secondary metabolites tested except saponins, Anthraquinone, phenols and cardiac glycosides were all absence in Petroleum ether and chloroform crude extracts as summarized in the table 4.2 below. 
[bookmark: _Toc156667521]Table 2. Phytochemicals Study of the leaf of R. communis
	Phytochemical Constituents
	Petroleum Ether Crude extract
	Chloroform Crude extracts
	Ethyl Acetate Crude extracts
	Methanol Crude extracts

	Alkaloids
	+
	+
	+
	+

	Flavonols
	+
	+
	+
	+

	Tannins 
	+
	+
	+
	+

	Saponins
	+
	+
	-
	-

	Anthraquinone
	-
	-
	+
	+

	Phenols
	-
	-
	+
	+

	Cardiac glycoside
	-
	-
	+
	+


+ = (Present) - = (Absent)
[bookmark: _Toc156666680]Antioxidant Activity
DPPH Radical Scavenging Activity: the reduction capability of DPPH was determined by the decrease in its absorbance at 517nm induced by extracts having antioxidant potential.
[bookmark: _Toc156667522]Table 3. DPPH Radical Scavenging Activity of Petroleum Ether
	CONC. µg/ml
	ABS1
	ABS2
	ABS (Mean)
	ABS. OF CONTROL  
	SCAVENGING ACTIVITY  %

	250
	0.571
	0.572
	0.572
	 0.839
	31.82

	500
	0.458
	0.456
	0.457
	 0.839
	45.53

	750
	0.267
	0.263
	0.265
	 0.839
	68.41

	1000
	0.145
	0.148
	0.146
	 0.839
	82.59


ABS= absorbance 
[bookmark: _Toc156667523]Table 4. DPPH Radical Scavenging Activity of Chloroform
	CONC. µg/ml
	ABS1
	ABS2
	ABS (Mean)
	ABS. OF CONTROL  
	SCAVENGING ACTIVITY  %

	250
	0.687
	0.683
	0.685
	 0.839
	18.35

	500
	0.635
	0.637
	0.636
	 0.839
	24.19

	750
	0.541
	0.540
	0.540
	 0.839
	35.63

	1000
	0.508
	0.509
	0.508
	 0.839
	39.45


ABS= Absorbance 
[bookmark: _Toc156667524]Table 5. DPPH Radical Scavenging Activity of Ethyl acetate
	CONC. µg/ml
	ABS1
	ABS2
	ABS (Mean)
	ABS. OF CONTROL
	SCAVENGING ACTIVITY  %

	250
	0.745
	0.743
	0.745
	0.893
	11.20

	500
	0.696
	0.692
	0.694
	0.839
	17.28

	750
	0.618
	0.615
	0.617
	0.839
	26.46

	1000
	0.537
	0.538
	0.538
	0.839
	38.87


ABS= Absorbance
[bookmark: _Toc156667525]Table 6. DPPH Radical Scavenging Activity of Methanol
	CONC. µg/ml
	ABS1
	ABS2
	ABS (Mean)
	ABS. OF CONTROL  
	SCAVENGING ACTIVITY  %

	250
	0.607
	0.604
	0.606
	 0.893
	27.78

	500
	0.546
	0.543
	0.545
	 0.839
	35.04

	750
	0.378
	0.377
	0.377
	 0.839
	54.94

	1000
	0.224
	0.221
	0.223
	 0.839
	73.42


ABS= Absorbance 
[bookmark: _Toc156667526]Table 7. DPPH Radical Scavenging Activity of Standard Ascorbic Acid
	CONC. µg/ml
	ABS1
	ABS2
	ABS (Mean)
	ABS. OF CONTROL  
	SCAVENGING ACTIVITY  %

	250
	0.392
	0.391
	0.392
	 0.893
	53.27

	500
	0.287
	0.285
	0.286
	 0.839
	65.91

	750
	0.173
	0.175
	0.174
	 0.839
	79.26

	1000
	0.053
	0.051
	0.052
	 0.839
	93.80


ABS= Absorbance 
Graphs may be added here 

The antioxidant activity of the petroleum ether, chloroform, ethyl acetate, and methanol extracts was evaluated using the DPPH radical scavenging assay, with ascorbic acid serving as the reference standard. The results demonstrate a clear concentration-dependent increase in radical scavenging activity for all extracts (250–1000 µg/mL), indicating that the antioxidant constituents present in the extracts act in a dose responsive manner.
The petroleum ether extract exhibited the highest antioxidant activity among the crude extracts, with scavenging activity increasing from 31.82% at 250 µg/mL to 82.59% at 1000 µg/mL. This strong activity suggests the presence of lipophilic antioxidant compounds such as terpenoids and non polar phenolics. The 82.59% inhibition at 1000 µg/mL is considered high and approaches the activity of the standard ascorbic acid (93.80%). Ahmad et al., (2024) observed that non-polar extracts of medicinal plants demonstrated appreciable DPPH scavenging effects due to the presence of bioactive terpenoids and phenolic constituents. In several plant-based antioxidant studies, scavenging activities above 70% at 1000 µg/mL are classified as strong antioxidant activity, which places the petroleum ether extract in a high-activity category. Give references
The methanol extract also showed substantial antioxidant activity, increasing from 27.78% at 250 µg/mL to 73.42% at 1000 µg/mL. Methanol is known to efficiently extract polar phenolic compounds, flavonoids, and tannins, which are well established free radical scavengers. The observed activity aligns with the result of Ncama et al., (2025), indicating that methanolic extracts of medicinal plants often demonstrate strong DPPH radical scavenging activity due to their high phenolic content. Ncama et al., (2025) showed that methanol extract inhibition values ranged between 60–85% at 1000 µg/mL, placing the present findings within the expected and comparable range. Give referencec 
The chloroform extract showed moderate antioxidant activity, with inhibition values ranging from 18.35% at 250 µg/mL to 39.45% at 1000 µg/mL. These values suggest the presence of moderately active semi-polar compounds but at lower concentrations compared to petroleum ether and methanol extracts. Similar moderate activities (30–50% at higher concentrations) have been reported for chloroform fractions of various medicinal plants, indicating partial extraction of bioactive constituents (Hossain et al., 2026).
The ethyl acetate extract exhibited the lowest antioxidant activity among the extracts, increasing from 11.20% at 250 µg/mL to 38.87% at 1000 µg/mL. Although ethyl acetate typically extracts medium polarity phenolics, the relatively lower activity suggests either a lower concentration of phenolic compounds in this fraction or the dominance of less active constituents. Ethyl acetate fractions often show moderate to strong activity (40–70%), depending on plant species and phytochemical composition (Wang et al., 2025). Therefore, the comparatively lower activity observed here may reflect plant specific phytochemical distribution.
Ascorbic acid, used as the standard antioxidant, exhibited the highest scavenging activity, increasing from 53.27% at 250 µg/mL to 93.80% at 1000 µg/mL. The standard’s near complete radical scavenging confirms the reliability and sensitivity of the assay. The progressive and significant difference between the standard and the extracts indicates that while the plant extracts possess strong antioxidant potential, their activity is slightly lower than that of a pure, well-characterized antioxidant compound (Shahidi and Samarasinghe, 2025).
Overall, the results indicates that antioxidant activity follows the order: Ascorbic acid > Petroleum ether > Methanol > Chloroform ≈ Ethyl acetate.
The observed activities can be attributed to the presence of phytochemicals such as flavonoids, phenolics, tannins, and terpenoids identified during phytochemical screening. These compounds donate hydrogen atoms or electrons to neutralize DPPH free radicals, thereby reducing oxidative stress.
the results confirmed that the plant under investigation possesses appreciable free radical scavenging activity and may serve as a potential natural antioxidant source..
[bookmark: _Toc156666681]Susceptibility Test Results: Zone of Inhibition 
Sensitivity of the confirmed  clinical  isolates  for leaf extracts of R. communis using  disc  diffusion  method  was  determined by  measuring  the  zones  of  inhibition formed around the impregnated discs with different concentrations of the leaves extract as shown in Table 8-11. 
[bookmark: _Toc156667527]Table 8. Sensitivity Test of Petroleum Ether Crude Extracts
	Concentration in µg/ml
	S. Typhi
	K. Pneumoniae
	S. aureus
	P. aeruginosa 

	500
	12
	14
	22
	20

	400
	R
	10
	13
	19

	300
	R
	R
	11
	13

	200
	R
	R
	R
	R

	100
	R
	R
	R
	R

	OXF 10 
	27
	29
	26
	30


R=Resistance
[bookmark: _Toc156667528]Table 9. Sensitivity Test of Chloroform Crude Extracts
	Concentration in µg/ml
	S. Typhi
	K. Pneumoniae
	S. aureus
	P. aeruginosa 

	500
	14
	10
	28
	29

	400
	10
	R
	24
	24

	300
	R
	R
	22
	21

	200
	R
	R
	19
	14

	100
	R
	R
	16
	9

	OXF 10 
	25
	27
	28
	27


R=Resistance
[bookmark: _Toc156667529]Table 10. Sensitivity Test of Ethyl Acetate Crude Extracts
	Concentration in µg/ml
	S. Typhi
	K. Pneumoniae
	S. aureus
	P. aeruginosa 

	500
	18
	17
	14
	11

	400
	14
	12
	11
	R

	300
	10
	10
	9
	R

	200
	R
	R
	R
	R

	100
	R
	R
	R
	R

	OXF 10 
	28
	28
	26
	29


R=Resistance
[bookmark: _Toc156667530]Table 11. Sensitivity Test of Methanol Crude Extracts
	
	
	
	
	

	Concentration in µg/ml
	S. Typhi
	K. Pneumoniae
	S. aureus
	P. aeruginosa 

	500
	13
	17
	27
	29

	400
	10
	13
	20
	25

	300
	R
	10
	16
	22

	200
	R
	R
	R
	16

	100
	R
	R
	R
	R

	OXF 10 
	25
	26
	26
	27


R=Resistance

The antibacterial activity of petroleum ether, chloroform, ethyl acetate, and methanol crude extracts was evaluated against Salmonella typhi, Klebsiella pneumoniae, Staphylococcus aureus, and Pseudomonas aeruginosa using the disc diffusion method. The results indicates concentration dependent inhibitory effects, with varying susceptibility patterns among the test organisms. Oxacillin (OXF 10 µg) served as the positive control and exhibited larger zones of inhibition (25–30 mm), confirming the validity of the assay.
The petroleum ether extract Table 8. demonstrated moderate antibacterial activity, particularly against S. aureus (22 mm at 500 µg/mL) and P. aeruginosa (20 mm at 500 µg/mL). However, resistance (R) was observed at lower concentrations (≤200 µg/mL) against most organisms. The Gram-positive bacterium S. aureus appeared more susceptible than the Gram-negative strains. This observation is consistent with reports of Pavlović et al., (2024) that Gram-positive bacteria are generally more sensitive to plant extracts due to the absence of an outer membrane, which in Gram-negative bacteria acts as a permeability barrier. Reported inhibition zones for non-polar extracts in similar studies typically range from 10–25 mm at higher concentrations, which aligns with the present findings (Pavlović et al., 2024).
The chloroform extract Table 9, exhibited the strongest antibacterial activity among all extracts. At 500 µg/mL, inhibition zones of 28 mm and 29 mm were recorded against S. aureus and P. aeruginosa, respectively, which are comparable to or slightly higher than the standard oxacillin values (28 mm and 27 mm). Even at 300 µg/mL, significant inhibition was maintained against S. aureus (22 mm) and P. aeruginosa (21 mm). These results suggest that semi-polar bioactive compounds with potent antibacterial properties are concentrated in the chloroform fraction. Stan et al., (2021), reported strong antimicrobial activity in chloroform extracts to the presence of alkaloids, flavonoids, and terpenoids. In several medicinal plant studies, inhibition zones greater than 20 mm are classified as strong antibacterial activity, placing the chloroform extract in the high-activity category (Stan et al., 2021).
The ethyl acetate extract Table 10, showed moderate activity at 500 µg/mL, with inhibition zones ranging from 11 mm P. aeruginosa to 18 mm S. typhi. However, activity decreased significantly at lower concentrations, with resistance observed at ≤200 µg/mL for most organisms. Nyalo et al., (2023), showed that ethyl acetate fractions often demonstrate moderate antimicrobial activity (12–20 mm) depending on phytochemical composition. The results obtained here fall within this typical range, suggesting moderate antibacterial potency.
The methanol extract Table 11, also exhibited strong antibacterial activity, particularly against S. aureus (27 mm at 500 µg/mL) and P. aeruginosa (29 mm at 500 µg/mL), values comparable to the standard antibiotic. Even at 300 µg/mL notable inhibition was observed against P. aeruginosa (22 mm) and S. aureus (16 mm). Lee et al., (2023), reports that polar solvents efficiently extract phenolics, flavonoids, tannins, and saponins, which possess well-documented antimicrobial properties. Mhamdi et al., (2025), revealed that in many studies, methanolic extracts of medicinal plants produce inhibition zones between 15–30 mm at high concentrations, which agrees closely with the present findings.
Across all extracts, S. aureus (Gram-positive) was generally more susceptible than S. typhi and K. pneumoniae (Gram-negative). However, P. aeruginosa, typically known for high intrinsic resistance, showed significant susceptibility to chloroform and methanol extracts at higher concentrations (El-Saadony et al., 2025). This is noteworthy, as P. aeruginosa often demonstrates reduced sensitivity to plant derived compounds in many studies (El-Saadony et al., 2025).
Overall, antibacterial activity followed the general order: Chloroform ≈ Methanol > Petroleum ether > Ethyl acetate The concentration dependent decrease in inhibition zones and the occurrence of resistance at lower concentrations suggest that the extracts exhibit bacteriostatic effects at moderate concentrations and possibly bactericidal effects at higher concentrations. Compared with literature values, inhibition zones above 20 mm are considered strong activity, 10–20 mm moderate, and below 10 mm weak. The chloroform and methanol extracts therefore demonstrate strong antibacterial potential, supporting the presence of potent bioactive secondary metabolites (Kakouri et al., 2022).
[bookmark: _Toc156667531]Table 12. Minimum Inhibitory Concentrations (MICs) and Minimum Bactericidal Concentration (MBC) Results 
	Extracts
	Concentration  in µg/ml
	Organisms

	Petroleum Ether 
	
	S. Typhi 
	S. aureus 
	K. Pneumonia 
	P. aeruginosa 

	
	500
	Cleared  MIC/MBC
	Cleared 
	Cleared MBC 
	Cleared 

	
	250
	Turbid
	Cleared MBC 
	Cleared MIC
	Cleared MIC/ MBC 

	
	125
	Turbid 
	Cleared MIC
	Turbid
	Turbid

	
	62.5
	Turbid
	Turbid 
	Turbid
	Turbid

	
	31.25
	Turbid
	Turbid 
	Turbid
	Turbid

	Chloroform 
	
	
	
	
	

	
	500
	Cleared MBC
	Cleared 
	Cleared
	Cleared 

	
	250
	Cleared MIC
	Cleared 
	Cleared 
	Cleared 

	
	125
	Turbid
	Cleared 
	Cleared/MBC 
	Cleared MBC 

	
	62.5
	Turbid
	Cleared 
	Cleared/MIC
	Cleared MIC 

	
	31.25
	Turbid
	Cleared MIC/MBC 
	Turbid
	Turbid

	Ethyl acetate 
	
	
	
	
	

	
	500
	Cleared 
	Cleared 
	Cleared MIC/MBC 
	Cleared MBC

	
	250
	 Cleared MBC 
	Cleared 
	Turbid 
	Cleared MIC

	
	125
	Cleared MIC
	Cleared MIC/MBC 
	Turbid
	Turbid

	
	62.5
	Turbid
	Turbid
	Turbid
	Turbid

	
	31.25
	Turbid
	
	Turbid
	Turbid

	Methanol 
	
	
	
	
	

	
	500
	Cleared MBC 
	Cleared 
	Cleared 
	Cleared 

	
	250
	Cleared MIC
	Cleared MBC 
	Cleared MBC 
	Cleared MBC 

	
	125
	Turbid
	Cleared MIC
	Cleared MIC
	Cleared MIC

	
	62.5
	Turbid
	Turbid
	Turbid
	Turbid

	
	31.25
	Turbid
	Turbid
	Turbid
	Turbid


MIC = Minimum Inhibitory Concentrations, MBC = Minimum Bactericidal Concentrations.
[bookmark: _Toc137701985][bookmark: _Toc156666682]The Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) results presented in Table 12 provide deeper insight into the antibacterial potency of the petroleum ether, chloroform, ethyl acetate, and methanol extracts beyond the zone of inhibition data. MIC indicates the lowest concentration that inhibits visible bacterial growth (bacteriostatic effect), while MBC represents the lowest concentration that kills the organism (bactericidal effect). The results show clear variations in antibacterial strength depending on solvent polarity and bacterial species.
For the petroleum ether extract, bactericidal activity was observed at higher concentrations (500 µg/mL) against S. typhi and K. pneumoniae, while MIC values were observed at 125–250 µg/mL for S. aureus, K. pneumoniae, and P. aeruginosa. However, turbidity was noted at concentrations ≤62.5 µg/mL for most organisms, indicating reduced activity at lower doses. According to Das et al., (2026), crude plant extracts often exhibit MIC values between 125–1000 µg/mL, with values ≤100 µg/mL considered strong activity and >500 µg/mL regarded as weak to moderate. Therefore, the petroleum ether extract demonstrates moderate antibacterial activity consistent with previously reported non-polar plant fractions.
The chloroform extract showed the most potent activity among all extracts. MIC values were observed as low as 31.25 µg/mL for S. aureus, with bactericidal effects occurring between 62.5–250 µg/mL for several organisms. At 250 µg/mL and 500 µg/mL, complete clearing was observed for most tested bacteria. According to Barbarossa et al., (2025) classifies that crude extracts with MIC values below 100 µg/mL have strong antibacterial activity. The ability of the chloroform extract to inhibit S. aureus at 31.25 µg/mL and demonstrate bactericidal effects at relatively low concentrations indicates significant potency (Barbarossa et al., 2025). Similar findings have been reported in studies where chloroform fractions of medicinal plants exhibited MIC values between 25–125 µg/mL due to the presence of concentrated alkaloids, flavonoids, and terpenoids (Ullah et al., 2026).
The ethyl acetate extract exhibited moderate antibacterial activity. MIC values were observed at 125–250 µg/mL for S. typhi and S. aureus, while higher concentrations (500 µg/mL) were required to achieve bactericidal effects for some organisms. Turbidity at lower concentrations (≤62.5 µg/mL) indicates limited efficacy at minimal doses. Hsouna et al., (2025), showed that ethyl acetate fractions having MIC values between 125–500 µg/mL, which aligns with the present findings. The moderate activity may be attributed to intermediate polarity phenolic compounds present in the extract.
The methanol extract demonstrated strong antibacterial activity, with MIC values generally at 125–250 µg/mL and MBC values between 250–500 µg/mL. For example, bactericidal effects were observed at 250 µg/mL for S. aureus, K. pneumoniae, and P. aeruginosa, indicating substantial antimicrobial potency. Methanol extracts of medicinal plants mostly exhibit MIC values between 50–250 µg/mL due to high concentrations of phenolics, tannins, and flavonoids. Therefore, the present results fall within the expected range and confirm the effectiveness of polar extracts in antimicrobial activity (Kozłowska et al., 2021).

Across all extracts, S. aureus (Gram-positive) consistently showed greater susceptibility, often exhibiting lower MIC values compared to Gram-negative bacteria such as S. typhi and K. pneumoniae. This pattern agrees with established report of Maher and Hassan, (2023), which explains that the outer membrane of Gram-negative bacteria acts as a protective barrier against many plant-derived compounds. Interestingly, P. aeruginosa, which is typically highly resistant due to efflux pumps and low membrane permeability, demonstrated susceptibility to chloroform and methanol extracts at moderate concentrations. This suggests the presence of bioactive compounds capable of overcoming intrinsic resistance mechanisms (Maher and Hassan, 2023).
In general, the antibacterial potency of the extracts followed the order: Chloroform > Methanol > Ethyl acetate > Petroleum ether. When compared with standard evaluation criteria, crude extracts with MIC ≤100 µg/mL are considered strongly active, 100–500 µg/mL moderately active, and >500 µg/mL weak. The chloroform extract meets the criteria for strong antibacterial activity against certain organisms, while methanol and ethyl acetate extracts fall within the moderate activity range. Petroleum ether extract exhibits moderate to weak activity depending on the organism (Senhaji et al., 2022).
[bookmark: _GoBack]Overall, the MIC and MBC findings correlate well with the disc diffusion results and are consistent with previously published antimicrobial studies of medicinal plants. Give refrence and compare with previous studies The results suggest that the plant contains potent antibacterial secondary metabolites, particularly in the chloroform and methanol fractions.
CONCLUSION
This study demonstrated that the leaves of Ricinus communis possess appreciable antioxidant and antimicrobial properties attributable to the presence of diverse phytochemical constituents such as alkaloids, flavonoids, tannins, and other secondary metabolites. The percentage recovery indicated that methanol yielded the highest extractable constituents, suggesting that polar solvents are more efficient in extracting bioactive compounds from the plant material.
The DPPH radical scavenging assay showed a concentration dependent increase in antioxidant activity, with petroleum ether and methanol extracts exhibiting notable free radical scavenging effects comparable to the standard ascorbic acid. Antimicrobial screening revealed significant inhibitory effects, particularly against Gram-positive bacteria, with chloroform and methanol extracts demonstrating the highest zones of inhibition and favorable MIC/MBC values.
The results validate the ethnomedicinal use of R. communis and indicate that its leaf extracts could serve as promising candidates for the development of natural antioxidant and antimicrobial agents. Further studies involving isolation, purification, and structural elucidation of the active compounds, as well as toxicity profiling and in vivo evaluations are recommended to fully establish its therapeutic potential.
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