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Abstract- Medicinal plants have long been integral to traditional medicine, addressing various 

health conditions. Although species such as Hibiscus sabdariffa and Hibiscus rosasinensis have 

been extensively researched, Hibiscus lobatus (H. lobatus) remains comparatively underexplored 
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despite its therapeutic potential. This study investigates the antimicrobial, antidiabetic, and 

antioxidant properties of H. lobatus by synthesizing silver nanoparticles (AgNPs) using its leaf 

extract. Preliminary phytochemical analysis confirmed the presence of bioactive compounds like 

phenols, flavonoids, alkaloids, and terpenoids, which were linked to the observed bioactivities. 

Characterization of the AgNPs using UV-Vis spectrophotometry, XRD, and FTIR revealed a 

crystalline structure and functional groups such as alcohols, conjugated alkenes, fluoro 

compounds, and amines involved in the reduction of silver nitrate. Both crude extracts and AgNPs 

demonstrated effective antimicrobial activity against Staphylococcus, Pseudomonas, Candida, 

Bacillus, and E. coli, with AgNPs showing higher efficacy. The minimum inhibitory 

concentrations ranged from 5 to 25 mg/mL. In vitro α-amylase inhibition assays revealed up to 

70% antidiabetic activity in both forms, while the ABTS radical scavenging assay showed AgNPs 

exhibited superior antioxidant potential compared to crude extracts. These findings suggest that 

H. lobatus possesses significant medicinal properties in both its crude and nano forms, with AgNPs 

showing enhanced bioactivities. Further research could explore its potential applications in 

medicine. 

Keywords - Silver nanoparticles (AgNPs), Green synthesis, Antidiabetic activity, Antioxidant 

potential, Phytochemical analysis 

 

Ⅰ. INTRODUCTION 

For centuries, medicinal plants have been integral to human healthcare, serving as the foundation   

including alkaloids, flavonoids, tannins, terpenoids, saponins, and phenolics, which enhance their 

medicinal efficacy against infections, inflammation, cardiovascular disorders, and cancer [1]. 

Noble metal nanoparticles, including zinc, copper, platinum, silver, magnesium, gold, and 

titanium, are attracting interest in biomedicine for their multifaceted properties. Conventional 

chemical and physical synthesis processes present environmental risks and include hazardous 

substances [2]. In comparison to manufactured pharmaceuticals, botanical medicines are often 

seen as safer, more economical and less prone to induce undesirable side effects. Approximately 

25% of pharmaceutical medications are derived from plant sources, indicating that medicinal 

plants remain a valuable resource for novel drug discoveries [3].  

Recent advancements in biotechnology and nanotechnology have broadened the uses of plant-

derived chemicals, especially in the field of medicine. Nanotechnology, including materials at the 
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nanoscale, provides unique benefits owing to the exceptional optical, chemical, and biological 

characteristics of nanoparticles. The environmentally friendly production of nanoparticles using 

plant extracts offers an environmentally benign alternative to traditional chemical and physical 

processes, promoting sustainability and biocompatibility. Due to their inherent biological activity 

and reduced toxicity, plant-mediated nanoparticles have demonstrated promising results in 

biomedical applications. Silver nanoparticles (AgNPs) have attracted a lot of attention due to their 

antimicrobial, antioxidant, and drug-delivery properties. Because of their remarkable antibacterial 

qualities and capacity to avert the development of multidrug resistance in bacteria and fungi, silver 

nanoparticles have attracted a lot of attention lately [4]. Size, shape, and concentration are among 

the physical and chemical properties that are necessary for the development and production of 

these nanoparticles as an alternative antibiotic treatment. Consequently, more attention should be 

devoted to the synthesis and characterization of AgNPs in light of this issue [5].  

India, with its rich heritage of traditional knowledge systems such as Ayurveda and Siddha, has 

long emphasized the therapeutic use of plants. Ancient texts describe numerous herbs with curative 

potential, many of which remain scientifically underexplored [6,7]. Documenting and validating 

this indigenous wisdom through modern biotechnological and nanotechnological approaches not 

only preserves cultural knowledge but also offers a path to sustainable drug discovery [8]. 

Exploring medicinal plants within this framework bridges traditional practices with contemporary 

science, enabling novel solutions to global health challenges [9]. The Hibiscus genus has been 

widely studied for its medicinal properties. Species such as Hibiscus sabdariffa, Hibiscus 

cannabinus, and Hibiscus rosa-sinensis have been traditionally used to manage conditions like 

hypertension, digestive disorders, and skin ailments. Research highlights their potent antioxidant, 

anti-inflammatory, and anticancer properties [10].  

The annual herb Hibiscus lobatus (H. lobatus) is a member of the Malvaceae family. In the arid 

tropical ecosystem of India's Western Ghats, this plant grows seasonally. Despite the extensive 

research on other Hibiscus species, H. lobatus remains relatively unexplored, lack of 

phytochemical profiling, pharmacological investigations, and nanoparticle studies. The entire 

plant of this species has been used in traditional medicine to treat wounds, inflammation, 

spermatorrhea, diabetes, debility, aphrodisiac properties, and coughing [11]. In this study, silver 

nanoparticles (AgNPs) are synthesized using the leaf extract of H. lobatus. After a preliminary 
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phytochemical screening, their antibacterial qualities and pharmacological characteristics are 

assessed. 

  

Ⅱ. MATERIAL AND METHODS 

2.1 Plant Collection and Identification 

Hibiscus lobatus was collected from the University College for Women, Koti. The specimen was 

identified and authenticated by the Botanical Survey of India (BSI), Deccan regional office. 

2.2 Plant Processing and Extract Preparation 

Leaves were washed with double-distilled water, air-dried for 5–7 days at room temperature, 

powdered, and stored in airtight containers. 5 g of powdered leaves were boiled in 100 mL of 

distilled water at 60°C, resulting in a greenish solution for the aqueous extract. Ethanolic and 

methanolic extracts were prepared by macerating 5 g of powder in 100 mL of 95% ethanol and 

80% methanol, respectively, for 72 hours, followed by filtration with Whatman No.1 filter paper. 

All extracts were freshly prepared before use. 

2.3 Green Synthesis of Silver Nanoparticles (AgNPs) 

2 mL of plant extract was added dropwise to a 20 mM silver nitrate solution at 30°C while being 

continuously stirred (350 rpm) in order to synthesize AgNP. The reaction was monitored until a 

dark brown color appeared [12]. After centrifuging the mixture for 20 minutes at 4°C at 6500 rpm, 

the precipitate was allowed to dry for 48 to 72 hours at room temperature. 

2.4 UV-Vis Spectroscopy 

A UV-Vis spectrophotometer (200–700 nm) was used to confirm AgNP formation. AgNPs 

typically exhibit a characteristic surface plasmon resonance (SPR) between 400–500 nm. 

2.5 Characterization of AgNPs 

Fourier transform infrared spectroscopy (FTIR) and X-ray diffraction (XRD) were carried out. 

XRD (2θ = 20°–100°) was used to determine crystal structure, while FTIR (300–4000 cm⁻¹) 

identified functional groups involved in nanoparticle synthesis. 

2.6 Antimicrobial Activity 

i. Agar Well Diffusion Assay 

The antibacterial activity of crude extracts and AgNPs was tested against Staphylococcus, 

Pseudomonas, Bacillus, E. coli, and antifungal activity against Candida using the agar well 

diffusion method [13]. Streptomycin served as a positive control, and the extraction solvent was 
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used as a negative control. Wells were punched, 100 µL of test samples (dissolved in DMSO for 

powdered extracts) were put onto inoculated nutritional agar (bacteria) and potato dextrose agar 

(fungi) plates. The inhibitory zones on the plates were measured after they were incubated at 37°C. 

ii. Minimum Inhibitory Concentration (MIC) 

MIC was determined using serial dilutions (50 to 2.5 mg/mL). Wells containing different 

concentrations were incubated at 37°C, and the lowest concentration inhibiting visible growth was 

recorded as MIC. 

2.7 Antidiabetic Assay (α-Amylase Inhibition Test) 

The inhibitory action of α-amylase was evaluated following [14]. 200 µL of sodium phosphate 

buffer (0.02 M), 20 µL of enzyme (0.4 U/mg), and 100 µL of plant extract (31.25–1000 μg/mL) 

constituted the assay mixture, which was incubated for 10 minutes. Following the addition of 1% 

starch, 3.5 mL of dinitrosalicylic acid was used to stop the reaction, and it was then heated for five 

minutes. At 540 nm, absorbance was measured. To calculate inhibition (%), we used: 

 

Inhibition (%) = Abs control - Abs sample x 100  

                         Abs control 

2.8 Antioxidant Assay (ABTS Radical Scavenging) 

ABTS solution (2 mM) was prepared with potassium persulfate (17 mM) and incubated overnight 

in the dark. The sample (200 µL) was mixed with ABTS (1:1 v/v), and absorbance at 734 nm was 

recorded after 5 min [15]. Results were expressed as: 

 

Inhibition (%) = Abs control - Abs sample x 100  

                         Abs control 

2.9 Phytochemical Screening 

Qualitative tests were performed to detect secondary metabolites [16]: 

● Alkaloids (Mayer’s test): Yellow precipitate with Mayer’s reagent. 

● Carbohydrates (Molisch’s test): Red/violet ring at the interphase with sulfuric acid. 

● Flavonoids (Alkaline reagent test): Yellow color turning colorless upon HCl addition. 

● Terpenoids (Salkowski’s test): Reddish-brown precipitate with chloroform and H₂SO₄. 

● Tannins (Braymer’s test): Blue/green color with ferric chloride. 

● Saponins (Foam test): Stable foam formation. 
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● Cardiac glycosides (Keller-Killiani test): Brown ring at the interface with acetic acid and 

ferric chloride. 

2.10 Statistical Analysis 

Experiments were conducted in triplicate. GraphPad Prism (v9.5.1) and Microsoft Excel were used 

for data analysis. A significance level of p < 0.05 was established. 

 

Ⅲ. RESULTS AND DISCUSSION  

3.1 Synthesis of AgNPs Using H. lobatus Leaf Extract 

A color shift in the reaction mixture to a brownish-black shade, signifying the reduction of silver 

ions, visually verified the creation of silver nanoparticles (AgNPs). This transformation, attributed 

to the surface plasmon resonance (SPR) effect, suggested successful nanoparticle synthesis. 

Further characterization was performed to confirm synthesis, crystalline structure, and the 

functional groups involved. 

3.2 UV-Vis Spectroscopy Analysis 

The UV-Vis absorption spectrum of the green-synthesized AgNPs exhibited a peak at 

approximately 420 nm (Fig. 1), confirming their formation. This result aligns with findings from 

H. Sabdariffa petal extract-based AgNPs, which showed SPR bands at 421 nm [17]. Although the 

exact synthesis mechanism remains unclear, it is hypothesized that bioactive compounds aid in the 

reduction of silver ions in the plant extract [18]. 

 

Figure 1. UV-Vis absorption spectrum of AgNPs synthesized from H. lobatus leaf extract 
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3.3 Characterization of Green-Synthesized AgNPs 

3.3.1 XRD Analysis 

AgNPs' crystalline nature was validated by X-ray diffraction (XRD) analysis, which showed 

distinctive peaks at 2θ values of 28°, 32°, 46°, 54°, 58°, and 77° (Fig. 2). According to the standard 

JCPDS file No. 04-0783 [19], these peaks match the face-centered cubic structure of silver. The 

comparatively large crystalline size of the produced AgNPs is shown by the strong peaks in the 

XRD pattern. 

 

 Figure 2. XRD pattern confirming the crystalline structure of synthesized AgNPs 

 

3.3.2 FTIR Analysis 

AgNP synthesis functional groups were identified using Fourier Transform Infrared Spectroscopy 

(FTIR). The presence of phenolics, flavonoids, alkaloids, and terpenoids was indicated by the 

prominent bands at 3359 cm⁻¹ (O-H stretching, phenolic compounds), 1640 cm⁻¹ (C=C stretching, 

aliphatic compounds), 1366 cm⁻¹ (C-H stretching), and 1218 cm⁻¹ (C-O stretching, aromatic 

compounds) in the FTIR spectrum of the aqueous H. lobatus extract (Fig. 3A). 

The FTIR spectrum of the AgNPs (Fig. 3B) showed peaks at 3359 cm⁻¹ (O-H group in alcohols), 

1600 cm⁻¹ (C=C bond in conjugated alkenes), 1400 cm⁻¹ (C-F bond in fluoro compounds), and 

1000 cm⁻¹ (C-N stretch of amines), indicating that these functional groups are involved in the 

production of AgNPs. The similarity in spectral bands between the extract and synthesized AgNPs 

further confirmed the role of plant metabolites in nanoparticle stabilization [20]. 
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Figure 3. FTIR spectra of H. lobatus (A) leaf extract; (B) green-synthesized AgNPs 

 

3.4 Antimicrobial Activity of H. lobatus Extracts and AgNPs 

Both the crude extract and synthesized AgNPs exhibited antimicrobial activity against all tested 

pathogens. The inhibition zones ranged from 9 to 13 mm, with E. coli showing the highest 

A 

B 
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inhibition (12.33 ± 0.57 mm) for the aqueous extract, while Candida was most affected by AgNPs 

(13 ± 1.00 mm) (Fig. 4). 

Statistical analysis using an F-test revealed a significant difference in inhibition effects among 

microbial strains (p = 0.0329). A highly significant difference (p = 0.0001) was observed between 

crude extracts and AgNPs, confirming the superior antimicrobial efficacy of AgNPs (Table 1). 

Among all tested microbes, Bacillus and Candida were most susceptible to AgNPs. The enhanced 

antimicrobial activity of AgNPs is attributed to their nanoscale size, enabling attachment to 

bacterial membranes, increased permeability, and disruption of structural integrity. In fungi, 

AgNPs are known to compromise membrane integrity and spore stability, leading to cell death 

[21].  

Previous studies have demonstrated that Hibiscus extracts exhibit antimicrobial properties against 

various clinical pathogens. For instance, H. rosa-sinensis extracts were effective against 

Escherichia coli, Staphylococcus aureus, Salmonella choleraesuis, and Salmonella typhimurium 

[22]. Furthermore, Hibiscus crude extracts have shown potent anti-biofilm activity, prevented 

Candida adhesion, and inhibited biofilm growth at higher concentrations [23]. 

 

Figure 4. Comparative inhibition zones (mm) for crude extract and AgNPs against tested 

pathogens 
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3.5 Minimum Inhibitory Concentration (MIC) Analysis 

The MIC values for aqueous and ethanolic extracts, as well as synthesized AgNPs of H. lobatus, 

were determined against tested microbial strains. The results indicated variations in antimicrobial 

efficacy depending on the extract type and microorganism. Among the tested pathogens, Candida 

and Pseudomonas exhibited the lowest MIC values (5–12.5 mg/mL), suggesting higher 

susceptibility to the bioactive compounds present in H. lobatus. Conversely, Bacillus and E. coli 

demonstrated the highest MIC values (7.5–25 mg/mL), indicating relative resistance to the 

extracts. These differences suggest differential interactions between microbial cell components 

and the phytochemicals or AgNPs. A summary of the MIC values for H. lobatus extracts and 

AgNPs against tested pathogens is provided in Table 1. 

The antimicrobial potency of AgNPs was notably higher than that of crude extracts, which aligns 

with previous findings that attribute enhanced microbial inhibition to the nanoscale size and 

surface reactivity of silver nanoparticles. AgNPs are known to interact with microbial membranes, 

induce oxidative stress, and interfere with intracellular functions, leading to cell damage and death 

[24]. Statistical analysis through one-way ANOVA demonstrated a significant difference (p < 

0.05) in MIC values among the different treatments, further supporting the enhanced antimicrobial 

activity of AgNPs over crude extracts.  

 

Table -1 Minimum Inhibitory Concentration (MIC) of Hibiscus lobatus Crude Extracts and AgNPs 

against various Bacterial and Fungal Pathogens. 

Pathogen Aqueous Extract (mg/mL) Ethanolic Extract (mg/mL) AgNPs (mg/mL) 

Staphylococcus 25 7.5 5 

Bacillus 25 7.5 7.5 

Escherichia coli 25 7.5 7.5 

Pseudomonas 12.5 7.5 5 

Candida 12.5 5 7.5 
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3.5.1 Inhibition of α-Amylase Activity 

The α-amylase inhibitory assay demonstrated that H. lobatus ethanolic leaf extracts and 

synthesized AgNPs exhibit potential anti-diabetic activity. At the tested concentrations (31.25–

1000 μg/mL), both crude extracts and AgNPs samples showed inhibition above 70%, indicating a 

strong ability to interfere with carbohydrate digestion and glucose release. The inhibition profile 

of each sample varied, with AgNPs exhibiting slightly enhanced inhibition compared to crude 

extracts, suggesting a possible synergistic effect of bioactive compounds in their nanoparticle form 

(Fig. 5). ANOVA analysis showed a significant difference in α-amylase inhibition between the 

crude extracts and AgNPs (p = 0.0217).   Similar results have been reported in H. sabdariffa L. 

where flavonoids and tannins were identified as key contributors to enzyme inhibition [25]. 

The IC50 values could not be precisely determined due to the extremely low concentration 

required for 50% inhibition. This suggests that the bioactive constituents of H. lobatus play a 

crucial role in modulating α-amylase activity, potentially contributing to its anti-diabetic 

properties. 

 

 

 

Figure 5. α-Amylase inhibition activity of crude extract and AgNPs from H. lobatus 
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3.6 Preliminary Evaluation of Antioxidant properties of H. lobatus Leaf Extracts 

The antioxidant potential of H. lobatus aqueous and organic extracts, along with synthesized 

AgNPs, was assessed using ABTS radical scavenging activity. Among the tested samples, the 

organic extract exhibited the highest antioxidant activity (70.50%), followed by the aqueous 

extract (66.72%), while AgNPs demonstrated the lowest scavenging ability (37.82%) (Fig. 6).  

Statistical analysis revealed significant variation among the samples with p-values <0.05.  The 

IC50 values were determined and compared to ascorbic acid. AgNPs had a least IC50 value 

amongst the tested samples, signifying it to be a more potent antioxidant, meaning less sample is 

needed to neutralize the radicals and achieve 50% inhibition (Fig. 7). Similarly, AgNPs derived 

from different Hibiscus species like, H. sabdariffa, H. tiliaceus, H. rosasinensis have shown 

promising antioxidant activity [18; 26; 27]. 

The observed radical scavenging activity of AgNPs is attributed to the presence of bioactive 

compounds capable of donating hydrogen molecules. These molecules not only aid in the 

reduction of silver ions but also enhance the antioxidant properties of the synthesized AgNPs by 

increasing their surface interaction with free radicals [28]. These findings suggest that H. lobatus-

derived AgNPs hold potential as natural antioxidants, with prospective applications in biomedical, 

pharmaceutical, and cosmetic industries. 

 

Figure 6. ABTS scavenging activity of H. lobatus crude extract and synthesized AgNPs  

(where AE= Aqueous extract, EE= Ethanolic extract and E= AgNPs) 
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Figure 7. IC50 values for antioxidant activity of H. lobatus crude extract and green 

synthesized AgNPs. 

 

3.7 Phytochemical Screening for Secondary Metabolites 

Phytochemical analysis was performed to identify the presence of bioactive compounds in H. 

lobatus extracts. The aqueous extract contained a broad range of secondary metabolites, including 

alkaloids, carbohydrates, flavonoids, terpenoids, tannins, and cardiac glycosides. The ethanolic 

extract demonstrated the presence of saponins in addition to carbohydrates, terpenoids, and 

tannins, while the methanolic extract showed the least variety, containing only flavonoids, 

terpenoids, and tannins (Table 2). These results align with the FTIR findings, indicating that the 

bioactive compounds in plant extract are involved in the reduction of silver nitrate to AgNPs [29]. 

The presence of these secondary metabolites further supports the therapeutic potential of H. 

lobatus, particularly in antimicrobial, antidiabetic, and antioxidant applications. 
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Table -2 Secondary metabolites present in crude extract of H. lobatus 

Phytochemicals Aqueous extract Ethanolic extract Methanolic extract 

Alkaloids + + - 

Carbohydrates + - - 

Flavonoids + - + 

Terpenoids + + + 

Tannins + + + 

Saponins - + - 

Cardiac glycosides + - - 

Note: ‘+’ indicates presence, ‘-’ indicates absence. 

 

Ⅳ. CONCLUSION 

This study assessed the bioactivity of H. lobatus in both crude and nanoparticle forms and 

effectively generated silver nanoparticles (AgNPs) utilizing a green synthesis approach. The 

synthesized AgNPs exhibited a crystalline structure with surface-functionalized biomolecules. 

Both crude extracts and AgNPs demonstrated significant antimicrobial potential against clinical 

pathogens, with AgNPs exhibiting superior activity due to their enhanced interaction with 

microbial cell membranes. Furthermore, the crude extracts and AgNPs displayed promising 

antidiabetic activity, inhibiting α-amylase by over 70%. The antioxidant potential was highest in 

crude extracts, while AgNPs showed relatively lower scavenging activity. Alkaloids, flavonoids, 

terpenoids, tannins, and saponins were validated by phytochemical screening, and these substances 

most likely played a role in the bioactivities that were observed.  

These findings support the potential therapeutic applications of H. lobatus, aligning with the 

medicinal properties observed in other Hibiscus species. The outcomes also resonate with the 

Indian Knowledge System, where medicinal plants have historically been employed for managing 

infections, metabolic disorders, and wound healing. By integrating this traditional wisdom with 

nanotechnology-driven approaches, the present study strengthens the bridge between ancient 

practices and modern biomedical research. Further studies, including in vivo analysis and detailed 

characterization of active metabolites, are warranted to explore its full clinical potential in 

biomedical applications. 
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