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A B S T R A C T   

Nanoparticles have different shapes and sizes between the range of 1–100 nm, which show ad-
vantages for stabilizing compounds, higher carrier capacity, and lower costs. Metal nanoparticles 
such as copper, gold, silver, and zinc are favorable components for various applications due to 
their interesting properties. In the present study, nanoparticles were synthesized by reduction 
with flower extracts of Bauhinia variegate & Saussurea lappa that were used to stabilize the copper 
nanoparticles. Furthermore, the characterization of plants synthesized copper nanoparticles was 
carried out through UV–visible dynamic light scattering. Additionally, morphological charac-
terization of nanoparticles was confirmed by scanning electron microscopy and energy dispersive 
X-ray spectroscopy confirmed the elemental composition of copper nanoparticles. Powder X-ray 
diffraction was conducted for the analysis of crystallinity, purity, and crystal size of plant- 
synthesized copper nanoparticles. The average particle size was evaluated and exhibited the 
particle size at the peak of 8.721 nm and 98.03 nm for flower extracts of Bauhinia variegate & 
Saussurea lappa copper nanoparticles. The Fourier Transform Infrared spectrum was taken to 
scrutinize the various functional groups that were responsible for the reduction of the copper ions. 
The antimicrobial results against the bacterial strains with the positive test results of the zone of 
inhibition were for Bauhinia variegate (17 mm, 18 mm, 19 mm, and 18 mm) and Saussurea lappa 
(17 mm, 19 mm, 18 mm, and 18 mm) respectively for plants synthesized copper nanoparticles 
against the Staphylococcus aureus, Escherichia coli, Klebsiella pneumonia and Pseudomonas aerugi-
nosa. Lipase inhibition assay and Amylase inhibition assay with different concentrations (20 μg/ 
mL to 100 μg/mL) for Bauhinia variegate & Saussurea lappa (12.34 %–59.67 % and 10.50 %–47.01 
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%) and (34.52 %–89.02 % and 22.34 %–56.45 %) confirmed the anti-obesity and anti-diabetic 
activities of plants extract synthesized copper nanoparticles.   

1. Introduction 

Nanotechnology is a branch of science based on the synthesis, production, and use of materials [1]. Particles with a size ranging less 
than 100 nm are recognized as nanoparticles. It has become one of the most important emerging fields in science and technology with a 
wide range of applications such as agriculture, electronics, catalyst, bio-medical, sensors, optical fibers, bio-labeling, antimicrobials, 
cosmetics, paint, physicochemical areas, drug delivery, bioengineering, semiconductors, automobiles, packaging [2]. As the specific 
surface area of nanoparticles increases, their biological effectiveness also tends to increase due to the corresponding increase in surface 
energy [3]. Nanoparticle synthesis is based on various conventional methods. The two basic approaches of nanoparticle synthesis are 
the “Top-down” process (Mechanical, Chemical, Thermal, Laser, Explosion) and the “Bottom-down” process (Electro-
chemical/Chemical, Vapour deposition, Atom/Molecular, Laser, Spray, Sol-gel Process, Green Synthesis). In the top-to-bottom process, 
by size reduction appropriate bulk material breaks into fine size of particles, whereas the bottom-to-top process includes biological and 
chemical method synthesis of nanoparticles where self-assembly of atoms to nuclei takes place [4]. The synthesis of nanoparticles by 
conventional methods comprises some limitations bound to it as chemically synthesized nanoparticles exhibit the occurrence of some 
hazardous toxic compounds that are absorbed on the surface, which may later lead to some toxic effects on the medical field appli-
cations [5]. Various forms of metal nanoparticles have been used and comprise specific applications for particular metals such as gold 
nanoparticles (applications in fields such as tumor detection, specific delivery of drugs, genetic diseases and their diagnosis, photo-
thermal therapy, angiogenesis, and photo imaging), silver nanoparticles (anti-cancer, antimicrobial, anti-inflammatory and for the 
treatment of various wounds), Iron nanoparticles (drug delivery, cancer therapy, cell labeling, tissue repair, immunoassays, hyper-
thermia, magnetic resonance imaging (MRI) and biological fluids detoxification), Titanium and Zinc nanoparticles (field of cosmetic, 
biomedical, (UV)-blocking agents and in different cutting edge processing), Palladium and Copper nanoparticles (optical limiting 
devices, batteries, plastics plasmonic waveguides, and polymers) [6,7]. Nanoparticles have also been used for the production of 
biosensors and electrochemical sensors, such as nanosensors used for the detection of mycobacteria, mercury content in drinking 
water, and algal toxins [8,9]. Nanoparticles synthesized through biosynthetic methods typically have well-defined morphology and 
size, in contrast to those produced by physicochemical methods. Furthermore, physicochemical methods can be expensive and may 
result in the production of hazardous and toxic chemicals. Copper nanoparticles possess unique properties that make them useful in 
various applications, including as antifungal, antibiotic, antimicrobial, and anti-fouling agents [10,11]. Copper nanoparticles (CuNPs) 
have been extensively researched for their antimicrobial properties against a variety of infectious microorganisms such as Pseudomonas 
aeruginosa, Staphylococcus aureus, Bacillus subtilis, E.Coli, Syphillis typhus, Vibrio cholera, Klebsiella [12–14]. A variety of methods have 
been employed for the synthesis of copper nanoparticles. These include electrochemical techniques, solid-state reactions, Sono 
chemical methods, microwave irradiation, alcohol thermal synthesis, quick precipitation, sol-gel methods, and liquid-liquid interface 
techniques. Each method offers unique advantages and challenges in terms of cost, scalability, control over particle size and 
morphology, and environmental impact [15,16]. For instance, the size and shape of nanoparticles can influence their physical and 
chemical properties, while the surface area can affect their reactivity. Dispersity refers to the distribution of sizes within a nanoparticle 
sample, which can impact the consistency of the sample’s properties. The state of stability or aggregation can provide insights into how 
nanoparticles interact with each other and their environment. Lastly, the elemental composition can reveal the types of atoms present 
in the nanoparticles, which can be critical for certain applications [17]. Some of the basic techniques involved in the characterization 
of nanoparticles include Dynamic Light Scattering (DLS), UV–visible spectrophotometry, Fourier Transform Infrared Spectroscopy 
(FTIR), Powder X-Ray Diffraction (XRD), Transmission Electron Microscopy (TEM), Energy Dispersive Spectroscopy (EDS), and 
Scanning Electron Microscopy (SEM) [18]. 

Biological systems emerged as an alternative approach for the better synthesis of nanoparticles which are considered safe, eco- 
friendly, and have a special ability to produce nanoparticles of precise shape and controlled structures [19]. The use of naturally 
occurring reagents for the greener synthesis of nanoparticles majorly includes sugars, vitamins, biodegradable polymers, plant ex-
tracts, and microorganisms as a form of capping or reductant agents [20]. Synthesis of metal nanoparticles by biological method 
includes various parts of plants such as stem, root, leaf, latex, fruit, extracts, and seed [21]. The green synthesis process involves the use 
of various biomolecules found in plant extracts to reduce metal ions into nanoparticles [10]. Biomolecules such as proteins, organic 
acids, amino acids, vitamins, and various secondary metabolites like polyphenols, flavonoids, terpenoids, heterocyclic substances, 
polysaccharides, and alkaloids play a crucial role in the reduction of metal salts. These biomolecules also act as stabilizing and capping 
agents for the synthesized nanoparticles [22,23]. The demand for the development of new drugs whereas the primary focus occurs on 
bioactive compounds that are naturally endowed in plant sources and show higher medicinal and chemotherapeutic properties such as 
higher antioxidant properties due to flavonoids and phenols as a major constituent that help in the protection of cell damage from the 
free radicals, anti-inflammatory, anti-cancerous properties [24–26]. In this study, we report the green synthesis of copper nano-
particles (CuNPs) using plant extracts of Bauhinia variegate (KL) and Saussure lappa (SL) flower as reducing and stabilizing agents. We 
characterize the synthesized nanoparticles using various techniques such as UV–visible spectroscopy, FTIR, SEM, EDS, and PXRD. We 
also evaluate the antimicrobial, anti-obesity, and anti-diabetic activities of the plant-synthesized CuNPs. The novelty of the present 
study indicates that nanoparticles with a combination of herbal sources show potential inference for both health-related fields and the 
environment. 
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2. Material and methods 

2.1. Material 

Bauhinia variegate (KL) and Saussure lappa (SL) flowers were obtained from Himachal Pradesh as shown in Fig. 1. Analytical grade 
chemicals were used such as Potassium iodide, Sodium acetate, Sodium cholate, Copper sulphate, Acetic acid, Tri’s base, lipase, 
Sodium hydroxide, Nitric acid, Iodine crystal, Lecithin, Glycerol trioleate, and Hydrochloric acid which were procured from Sigma 
Aldrich, St. Louis, MO, USA. Nutrient agar and Antibiotic (Ampicillin) were used of HiMedia, Mumbai, India. Bacterial cultures such as 
Pseudomonas aeruginosa (MTCC 424), Escherichia coli (MTCC 443), Staphylococcus aureus (MTCC 3160), and Klebsiella pneumonia 
(MTCC 3384) were procured from the Microbial Type Culture Collection (MTCC), Institute of Microbial Technology, Chandigarh, 
India. “A” certified glassware, Milli Q water, and double distilled water were used in the whole study. 

2.2. Cleaning and drying 

Bauhinia variegate (KL) and Saussure lappa (SL) flowers were cleaned with tap water thrice and once with triple distilled water to 
remove all the impurities. After that, both flower samples were dried through a tray dryer (PPI FiniX72) at a temperature of 40 ◦C for 
42 h. Then the dried samples were ground with a grinder (MRC SM-450TR) to convert into a fine powder (Mesh sieve number 120 with 
125 μm mesh aperture size) [6]. 

2.3. Extraction 

Bauhinia variegate (KL) and Saussure lappa (SL) flower powder were mixed with water in a ratio (1:10) and the extraction was done 
with an orbital shaker (Orbitek LT-Orbital Laboratory Incubator Shaker) method at temperature 40 ◦C at 150 rpm for 42–72 h. The 
cooled mixture was filtered with Watt man No. 1. The filtered extract was dried through a hot air oven (LHAOF-224) at 40 ◦C for 3 
days. Then dried extract was collected and stored in refrigeration condition 4 ◦C [27]. 

2.4. Synthesis of copper nanoparticles (CuNPs) by using plant extract 

KL and SL flowers were used for the reduction of copper sulphate by the following method. 1.25 g of copper sulphate solution (0.05 
M) was taken in 100 mL conical flask and heated at 80 ◦C on a Hot plate (Thermo Fisher Scientific, Mumbai, India). Then, the addition 
of 0.25 mL of plant extract dropwise with a micropipette during constant stirring on a magnetic stirrer (M3D, Eltak DIGIMAG, India). 
Blue to green colour was obtained, which confirmed the reduction in copper sulphate, and the reaction was completed. For optimi-
zation of plant stabilized CuNPs, the concentration of copper sulphate was kept constant (25 mL), and different concentrations of plant 
extract of KL and SL flower (1 %, 2 %, 3 %, 5 %, 6 %, 7 %, and 10 %) were used, respectively [28]. 

2.5. Characterization of copper nanoparticles 

2.5.1. UV–visible spectrophotometer 
UV–Visble Spectrophotometer (Evolution 201, Thermo Fischer Scientific India Pvt. Ltd, Mumbai) used to determine the concen-

tration of the solution and presence of organic compounds in plant extract between 500 and 280 nm range [29]. 

2.5.2. Fourier Transform Infrared Spectroscopy (FTIR) 
To determine the presence of different functional groups present in herbal extract FTIR (Agilent Technology) was used at a range 

Fig. 1. Bauhinia variegate (KL) (left) and Saussure lappa (SL) flower (right).  
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650–4000 cm− 1 with Attenuated Transmission (ATR) and an internal reflection accessory comprised of Composite Zinc Selenide 
(ZnSe) and Diamond 144 crystals (Shimadzu IR Prestige-21 equipment) [6]. 

2.5.3. Microstructure by scanning electron microscopy (SEM) 
SEM (JEOLJSM-6510LV, INCA, USA) was used to determine the microstructure of plant-synthesized CuNPs at an acceleration 

voltage of 15 KV under high vacuum (9.0 × 10− 5 torr) and micrographs were recorded [6]. 

2.5.4. Energy dispersive X-ray spectroscopy (EDS) 
EDS was used for elemental analysis and chemical characterization of the samples. It is an analytical technique that relies on the 

interactions between electromagnetic radiation and matter. In EDS, the elemental analysis was performed using OXFORD EDS, which 
measured the intensity of the X-ray signals generated by the electron beam when it struck the surface of the sample [30]. 

2.5.5. X-ray diffraction (XRD) 
X-ray Diffraction is a technique used to study the crystallographic structure, physical properties, and chemical composition of bulk, 

films, and nanomaterials. To determine crystal structure Bragg’s law is used and XRD patterns revealed about the internal strain and 
crystalline size of plants stabilized CuNPs [31]. 

2.5.6. Dynamic light scattering (DLS) 
Dynamic light scattering technique was used to determine the particle size of plant synthesized CuNPs, which is based on Mie- 

scattering theory with particle size analyzer (ZETA Sizers nanoseries (Malveen Instruments Nano ZS) [30]. 

2.6. Agar-well diffusion method 

The Agar well diffusion method was used to evaluate the antibacterial activity of plant-synthesized CuNP extracts by measuring the 
inhibition zone diameter of wells. The plates were incubated at 37 ◦C for 24 h, and the growth inhibition of the test microorganisms 
was compared to a positive control using ampicillin [32]. 

Fig. 2. Plant synthesized CuNPs at different concentration (Fig. 2.A. KL and Fig. 2.B. SL).  
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2.7. Lipase inhibition assay 

The procedure of Kumar et al. [27], was used with minor modifications for the determination of lipase inhibitory assay of 
plant-synthesized CuNPs extracts. In 9 ml of 0.1 M TES buffer (pH 7.0), substrate solution was prepared by dissolving 10 mg lecithin, 5 
mg sodium cholate, and 80 mg glycerol trioleate. 2 ml of sample and 2 ml of substrate solution with 1 ml of lipase was added and 
incubated at 37 ◦C for 30 min. The optical density was recorded at 550 nm using a UV spectrophotometer. 

2.8. Amylase inhibition assay 

As per the procedure of Kumar et al. [32], the estimation of amylase inhibition activity was determined using a UV–visible 
spectrophotometer (Evolution 201, Thermo Fischer Scientific India Pvt. Ltd, Mumbai) with minor modifications. For substrate solu-
tion, in 0.4 M NaOH (25 ml) 500 mg of soluble starch was mixed and heated for 5 min at 100 ◦C. pH of 7.0 was maintained by using HCl 
and then the 100 ml of volume was made using distilled water. Using acetate buffer (pH 6.5), different concentrations of plant extract 
solution were made. 200 μL of sample was mixed with 400 μL of substrate and 200 μL of α-amylase solution and incubated for 15 min at 
25 ◦C. Thereafter, 800 μL of 0.1 HCl was added to terminate the reaction and then 2000 μL 1 mM iodine solution was added. At 650 nm, 
the optical density was measured using a UV–visible spectrophotometer. 

2.9. Statistical analysis 

As per the procedure of Kaushik et al., 2018 [29], standard error mean and one-way analysis of variance (statistical difference) were 
calculated through Microsoft Excel, 2019 (Microsoft Corp., Redmond, WA, USA). 

3. Result and discussion 

The present investigation focused on the synthesis and optimization of plants’ synthesized CuNPs, as well as characterization and 
in-vitro analysis. 

3.1. Synthesis and optimization of synthesized CuNPs 

Reducing copper sulphate pentahydrate with plant extracts of KL and SL, which are responsible for the CuNPs green synthesis. The 
visual color change from blue to green indicates the formation of CuNPs Fig. 2 (A and B). The CuNPs were then stabilized with different 
concentrations of the plant extracts (1 %, 2 %, 3 %, 5 %, 6 %, 7 %, and 10 % for both plants). The optimal concentration of CuNPs was 
determined by UV–visible spectroscopy, as shown in Fig. 3 A, B, C, D. The UV–visible spectra showed a strong absorption peak between 
500 and 280 nm for all the samples, which corresponds to the surface plasmon resonance (SPR) of CuNPs. The SPR peak did not shift 
with increasing plant extract concentration, suggesting that the shape and size of the CuNPs were not affected by the plant extracts. The 

Fig. 3. UV–Visible Spectrum of different concentrations of plant Synthesized CuNPs (Fig. 3.A: Different Concentrations of KL Synthesized CuNPs, 
Fig. 3.B: 6 % selected KL based CuNPs Fig. 3.C: Different Concentrations of SL Synthesized CuNPs, and Fig. 3.D: 3 % selected SL based CuNPs). 
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selected concentrations for further characterization of the plant-synthesized CuNPs were 6 % for KL and 3 % for SL. 

3.2. Characterization of plants synthesized CuNPs 

3.2.1. Average particle size 
Dynamic light scattering (DLS) analysis was used to check the average particle size of copper nanoparticles synthesized using plant 

extracts. The results, as shown in Fig. 4.A and 4.B revealed that the particle sizes for KL and SL were 8.721 nm and 98.03 nm, 
respectively. It showed that the correlation of nanoparticle concentration and the average particle size was increased. The UV–visible 
characterization showed lower absorbance values for both SL and KL, with particle sizes ranging between 1 and 100 nm. Consequently, 
these samples were selected for further characterization and application due to their optimal properties. This results in a larger average 
particle size due to the interaction and coalesce that occur between the free copper molecules during the minimum availability of 
binding sites in the plant extract. It has been reported that iron nanoparticles prepared with Glycyrrhiza glabra L leaf extract had 11–18 
nm of particle size [33,33,34]. Similarly, 10–40 nm particle size was reported for AuNPs, which were synthesized by Lens culinaris seed 
aqueous extract [35]. Hashem et al., 2023 [36] reported that Tri-CSZ NPs were synthesized with Aspergillus niger which shows the 
average size of the particle (26.3 nm). 

3.2.2. Fourier Transform Infrared Spectroscopy (FTIR) 
Fig. 5.A and 5.B represent the functional group present in KL and SL Synthesized CuNPs through FTIR at 4000 to 500 cm− 1. Results 

clearly unveiled that C ≡ C at 2100 cm− 1 confirmed the Alkyne stretching vibrations at the variable intensity in KL synthesized CuNPs. 
It also contains the vibrational band between ranges of 3200–3600 cm− 1resembles to the (O––H) hydroxyl group at 3203 cm− 1 with a 
broad and strong intensity which presents the H-bonded and stretched vibration. Furthermore, the presence of (C ≡ C) confirmed the 
Alkyne i.e., 2108 cm− 1 and 2100 cm− 1 stretching vibrations at variable intensity. Similarly, SL synthesized CuNPs show the (O––H) 
with board and strong intensity at 3253 cm− 1. The vibrational band 1620-1680 cm− 1 resembles of Alkene group (C––C) i.e., 1648 cm− 1 

with stretched vibrations at variable intensity. 2243 cm− 1 and 2183 cm− 1 peaks showed the H-bonded vibration and alkyne group (C ≡
C), which present between 2100 and 2260 cm− 1. The various peak’s location in the spectrum indicates that for the CuNPs synthesis, 
the plant extract requirement was diverse because it prevents the agglomeration of the nanoparticles, which contributes to the sec-
ondary structures [37]. [38] reported the presence of hydroxyl group, alkyne, and alkene group in plants synthesized copper nano-
particles. Similarly, major copper elements with minor functional compounds were confirmed through elemental analysis and reported 
by Ref. [39]. [40] reported Alhagi maurorum extract with FeNPs showed the presence of triterpenes, phenolic, and flavonoids, which 
are commonly known as secondary metabolites. The different peaks are observed, such as 1197 cm− 1 (-C-O- stretching), 1407 cm− 1 

(C––C stretching), 2927 cm− 1 (C–H stretching), and 3417 cm− 1 (O–H stretching). Therefore, Dehnoee et al. [41] reported a huge 
number of different organic functional groups at different bands such as 1500–1750 cm− 1 (C═O and C═C bonds), 1056 cm− 1 (C–O), 
2928 cm− 1 (C–H), and 3356 cm− 1 (OH groups) are observed in H. persicum extract which conjugated with AgNPs. These bands prove 
the presence of phenolic and flavonoid compounds present in AgNPs with H. persicum extract. However, Rhus coriaria L. fruit aqueous 
extract used for synthesis of AuNPs l shows the presence of several antioxidant and secondary compounds at different peaks such as 
1038 cm− 1 (C–OH bands for proteins or polysaccharides), 1383 cm− 1 (C––O for carboxylic acid group), 1623 cm− 1 (C–O groups), 3287 
cm− 1 (OH groups of phenols and alcohols) respectively [42]. 

3.2.3. Microstructure and morphological characteristics of KL and SL synthesized copper CuNPs through scanning electron microscopy (SEM) 
SEM was used to observe the morphology and structural characterization of plants synthesized CuNPs as depicted in Fig. 6. A 

Micrograph of plants synthesized CuNP powder showed the particles of different diameters, which are found to be poly-dispersed and 

Fig. 4. A and 4.B average particle size of KL and SL synthesized CuNPs.  
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distributed. These plants’ synthesized CuNPs appear to be predominantly in different shapes, irregular surfaces with small and 
different shape-like structures with irregular edges. This could be due to the synthesis of the copper nanoparticles with the plant 
extract. Dehnoee et al. [41] reported that the extract of H. persicum shows changes in metabolite arrangement and AgNPs adjustment. 
Similarly, H. persicum extract with AgNPs showed the homogeneous uniformity of silver, oxygen, nitrogen, and carbon elements 
through map screen images [42] reported the agglomeration structure for gold nanoparticles which are conjugated with Rhus coriaria 
L. fruit aqueous extract due to the presence of hydroxyl groups. However, agglomeration was also observed in Fe3O4 NPs with the 
synthesis of pectin molecules during manual preparation [43]. [40] reported a spherical shape for FeNPs, whereas plant extract helps 
in biosynthesized iron oxide and it works like a capping agent. 

Fig. 5. A and 5.B FTIR Spectroscopy spectrum of KL and SL Synthesized CuNPs.  

Fig. 6. Scanning Electron Microscopy (SEM) of KL (left) and SL synthesized CuNPs (right).  

Fig. 7. A and 7.B EDS Spectrum of KL and SL synthesized CuNPs.  
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3.2.4. Energy dispersive X-ray spectroscopy (EDS) 
EDS analysis can provide both qualitative and quantitative data of the elements that were used in the fabrication of nanoparticles as 

shown in Fig. 7.A and 7.B that represent the elemental composition of nanoparticles. At 1 KeV and 8 KeV and 9 KeV for KL and 0.95 
KeV for SL showed the highly intense peak of elemental copper in the spectrum, which confirmed the stabilization of CuNPs with plant 
extracts. In addition, the presence of sulphur at 2.15 KeV, Carbon at 0.2 KeV, and Sulphur at 2.30 KeV for KL and Carbon at 0.2 KeV and 
Sulphur at 2.2 KeV and 2.4 KeV were also present all around the peak due to synthesis of plants extracts. In the synthesis of copper 
nanoparticles copper sulphate was used, which confirms the presence of sulphur. Thus, XRD confirms the presence of pure copper in 
plant-synthesized copper nanoparticles. Dehnoee et al., 2024 [44] reported Thymus fedtschenkoi leaf extract, which biosynthesized 
CuNPs, showed a weak peak (carbon, sulphur, and oxygen elements) and a strong peak such as copper element for elemental com-
pounds. Similarly, it also revealed the development of biomolecules (originate the carbon and oxygen elements) which bind with 
CuNPs surface due to the presence of total phenolic compounds in the extract. Dehnoee et al. [41] reported the uniform peak of silver, 
nitrogen, oxygen, phosphorous, and carbon in AgNPs, which were surrounded with Heracleum persicum fruit extract. Similarly, it has 
been also reported that nanocomposite surfaces modified with pectin Fe3O4NPs showed a homogeneous dispersion of Au, Fe, and C 
atoms [43]. 

3.2.5. Powder X-ray diffraction (PXRD) 
Internal strain and crystalline structure of different sizes of plants synthesized CuNPs were revealed through XRD patterns, as 

shown in Fig. 8.A and 8.B. It was observed that plants synthesized CuNPs are crystalline in nature and clearly showed a series of 
diffraction peaks. The diffraction peaks indicated the small crystal size and Scherrer formula, (D = 0.9 λ/β Cos θ, where λ is the 
wavelength of X-ray radiation, β is the full width at half maximum (FWHM) of the peaks at the diffracting angle θ) were used to check 
the average crystallite size of plants synthesized CuNPs. A similar crystalloid structure and XRD spectrum have been supported by 
Ref. [45] for the Gliricidia leaf extract AgNPs which show the reduction of Ag + ions. Dehnoee et al., 2024 [44] reported that the CuNPs 
with Thymus fedtschenkoi leaf extract showed a highly crystalline nature at different sharp peaks 2θ are 43.24◦, 50.39◦, and 74.09◦. 
These peaks clearly informed about the face-centered cubic structure of copper. However, FeNPs with plant extract showed crystal-
linity in structure with the peaks at different 2θ values such as 35.23◦, 37.31◦, 54.03◦, 61.38◦, and 75.37◦ [40]. Li et al., 2020 [43] 
reported the crystalline structure for the pectin-modified Fe3O4NPs, which show the cubic spinel peak at different degrees of 2θ (30.4◦, 
35.9◦, 43.2◦, 54.1◦, 57.2◦, and 63.1◦). 

Fig. 8. A and 8.B PXRD of KL and SL synthesized CuNPs.  
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3.3. Antibacterial activity and antimicrobial activity 

Fig. 9.A, B, C, and D represent the antibacterial activity of KL and SL Synthesized CuNPs against four bacterial cultures such as 
Klebsiella pneumoniae, Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa against the positive control i.e., antibiotic 
(Ampicillin) and the distilled water as the negative control. The zone of inhibition for KL (17 mm, 18 mm, 19 mm, and 18 mm) and SL 
(17 mm, 19 mm, 18 mm, and 18 mm) respectively for synthesized CuNPs against different strains as shown in Fig. 10.A and B. The 
present study shows a higher antibacterial activity due to different bacterial pathogens. Release of Cu+ ions and attachment to the 
bacteria cell walls in CuNPs which are also responsible for bactericidal activity [46] reported penetration also occurs inside the 
membrane surface due to the presence of metal ions [26] reported that CuNPs were surrounded with Allium eriophyllum boiss leaf 
aqueous extract and showed a significantly (p < 0.05) higher antibacterial activity as compared with all antibiotic standards. Ac-
cording to WHO, antimicrobial resistance is the microorganism’s resistance to treat infections and works like an antimicrobial drug 
[47]. Whereas it reported that chitosan showed antimicrobial properties with amino group [48]. Hashem et al., 2023 [36] reported 
that Tri-CSZ NPs showed higher antifungal properties against all fungal strains such as M. racemosus (56 mm), R. microspores (43 mm), 
L. corymbifera (25 mm), and S. racemosum (52 mm). Similarly, it reported the MIC value of Tri-CSZ NPs for M. racemosus (1.95 μg/mL), 
R. microspores (7.81 μg/mL), L. corymbifera (62.5 μg/mL), and S. racemosum (3.9 μg/mL). Therefore, ZnO–CuO NPs showed signifi-
cantly (p < 0.05) higher MIC value with C. neoformans (1000 μg/mL) as compared with C. albicans (500 μg/mL), E. coli and S. aureus 
(125 μg/mL), B. subtilis (31.25 μg/mL), and A. brasiliensis (15.62 μg/mL) [49]. [1] reported CuONPs showed significantly (p < 0.05) 
higher antimicrobial properties due to changes occurred in the transfer of macro and micro nutrients in cells through the destruction of 
barrier components inside the system. 

3.4. Lipase inhibition assay 

Fig. 11 represents the percentage of lipase inhibition assay with different concentrations and IC50 of plant-synthesized CuNPs. The 
study revealed that with an increase in concentration (20 μg/ml to 100 μg/ml) the percentage of lipase inhibition assay significantly (p 
< 0.05) increased in KL synthesized CuNPs (12.34 %–59.67 %) as compared with SL synthesized CuNPs (10.50 %–47.01 %). Similarly, 
the IC50 value for KL-synthesized CuNPs (64.21) is significantly (p < 0.05) higher as compared with SL-synthesized CuNPs (60.01). As 
compared with the literature, observed Achillea millefoliumrubra seeds showed the percentage of lipase inhibition and IC50 were 43.21 
% and 24.67 [50]. [27] reported that Saussurea lappa root extract showed a percentage of lipase inhibition and IC50 (75.75 %, and 
62.47). Similarly, it reported in Nigella sativa seeds plant-synthesized CuNPs with an increase in concentration from 20 μg mL to 1 to 
80 μg mL− 1, the percentage of lipase inhibition significantly (p < 0.005) increased from 33.20 % to 66.00 %, whereas the IC50 value is 
57.54 [32]. The fat absorption in the body was reduced due to the presence of flavonoid content in Saussurea lappa [28,32]. Bauhinia 
variegata help in the hydrolysis process to convert dietary lipids into fatty acids. Therefore, it also observed that alkaloids and 

Fig. 9. Antibacterial Activity of KL and SL Synthesized CuNPs i.e., (Fig. 9.A) Klebsiella pneumoniae (Fig. 9.B) Escherichia coli (Fig. 9.C) Staphylococcus 
aureus (Fig. 9.D) Pseudomonas aeruginosa. 
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flavonoids present in Bauhinia variegate help in reducing the breakdown of triglyceride [51]. A combination of herbs also helps in 
controlling the fat digestion process by removing the fat content from the body during the gastrointestinal process [27,32,50]. 

3.5. Amylase inhibition assay 

The results of the Amylase Inhibition Assay are represented in Fig. 12. It shows an increase in concentration (20 μg/ml to 100 μg/ 
ml), the percentage of amylase inhibition significantly (p < 0.05) increased in KL synthesized CuNPs (34.52 %–89.02 %) as compared 
with SL synthesized CuNPs (22.34 %–56.45 %) whereas, IC50 value 78.06 and 45.31. In a previous study by Ref. [27], it was reported 
that Saussurea lappa root extract showed a percentage of amylase inhibition and IC50 value of 75.41 % and 61.37, respectively. 
Similarly, it reported at 80 μg/mL concentration Nigella sativa seeds nanoparticles showed significantly (p < 0.005) higher inhibition 
effect and IC50 value (76.00 % and 46.34) [32]. Therefore, Andrographis paniculata shows a significantly (p < 0.005) lower amylase 
inhibition assay percentage and IC50 (3.29 % and 0.68). The specific mechanism shown by the Saussurea lappa and Bauhinia variegate 
helps in decreasing the content of carbohydrate digestion and glucose absorption by triggering the reduction in postprandial hyper-
glycemia. They also help reduce complex carbohydrate molecules through the enzymatic hydrolysis process [27,32]. 

Fig. 10. A and 10.B Antimicrobial activity of KL and SL Synthesized CuNPs i.e., (a) Staphylococcus aureus (b) Escherichia coli (c) Klebsiella pneumoniae 
(d) Pseudomonas aeruginosa. Data are presented as mean ± SD (n = 3). a-b Means with the same superscript in a column do not vary significantly (p <
0.05) from each other. 

Fig. 11. Percentage of lipase inhibition assay (%) of SL and KL synthesized CuNPs.  
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4. Conclusions 

Over many decades, plants have been used more due to higher therapeutic effects due to the presence of a huge number of bioactive 
compounds such as phenols, alkaloids, terpenoids, flavonoids, and many others. The bioactive compounds present in plants interact in 
the human body with biological systems, which show several effective properties such as anti-inflammatory, antioxidant, analgesic, 
antimicrobial, anxiolytic, antidepressant, immunomodulatory, cardioprotective, and hepatoprotective. Different experiment involves 
various methods for the isolation, extraction, and to check the efficacy of bioactive compounds present in plant sources. In conclusion, 
the present investigation demonstrated that the green synthesis of CuNPs using plant extracts is a feasible, eco-friendly, non-toxic, and 
economical method. The plant-synthesized CuNPs (SL and KL of concentration 3 % and 6 %, respectively), have promising applications 
in the fields of antibacterial, anti-obesity, and anti-diabetic. KL and SL showed average particle sizes of 8.721 nm and 98.03 nm. 
Whereas, KL synthesized CuNPs (IC50 64.21 and IC50 78.06) showed higher lipase and amylase inhibition assay as compared with SL 
synthesized CuNPs (IC50 60.01 and IC50 45.31). However, more research is needed to scale up the production of copper nanoparticles 
and to evaluate their toxicity, biocompatibility, and mechanism of action. CuNPs could be potentially used as food additives or 
nutraceuticals in the future. 
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