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Abstract: Today, considerable attention has been drawn to the unique physicochemical and biological 

properties of zinc nanoparticles. In this study, ZnO-NPs were synthesized using Magnoliae officinalis 

(MO) aqueous extract as a reducing and capping agent. Characteristics of ZnO-NPs were analyzed using 

analytical techniques such as UV, FTIR, SEM, XRD, EDX, DLS, and zeta potential. After that, the 

antibacterial activity of ZnO-NPs against methicilin resistant Staphylococcus aureus (MRSA) was 

studied. The results of FTIR and UV-vis spectra showed successful biosynthesis of ZnO-NPs, because 

the absorption peaks and functional groups involved in the synthesis process were well developed. 

Additionally, the SEM micrograph and the DLS showed that the morphology and size distribution of 

the ZnO-NPs were spherical with a size of 150 nm. XRD, EDX, and zeta potential indicated crystal 

form of ZnO-NPs with zinc: oxygen ratio of 72.35:27 and a surface charge of +28 mv. The antibacterial 

activity of ZnO-NPs with the assessment of the well-diffusion method, MIC and MBC indicated the 

highest inhibitory effect at a concentration of 300 µg/ml, MIC 250 µg/ml and MBC 300 µg/ml. As 

regards the desirable antimicrobial activity of biosynthesized ZnO-NPs using MO extract, they may be 

used for medicinal purposes, in particular as antimicrobials and antiseptic agents. 

Keywords: Zinc oxide nanoparticles; Magnoliae officinalis; Green synthesis; Staphylococcus aureus 

(MRSA). 
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1. Introduction 

Nanomaterials are nanoparticles (NPs) with unique characteristics distinct from their 

bulk chemicals. Nanomaterials have typically demonstrated enhanced catalytic reactivity, 

strong thermal conductivity, nonlinear optical performance, and high chemical stability due to 

the large surface area ratio [1, 2]. With the development of nanoparticle synthesis approaches, 

their application in various fields, such as agriculture, medicine, cosmetics, the environment, 

and chemistry, has extended [3, 4]. Numerous methods have been developed to fabricate 

metallic NPs, the most widely used of which include chemical reduction, microwave methods, 

and thermal deposition [5, 6]. Many of these methods use toxic compounds to synthesize NPs 
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or use a great deal of energy to perform the synthesis. Therefore, green synthesis is an 

alternative way to produce more beneficial NPs using plant metabolites, microorganisms, and 

algae. Green synthesis has numerous advantages, such as minimizing the use of dangerous 

chemicals, biocompatibility, low toxicity, simplicity of processing, cost-effectiveness, and the 

potential to monitor the synthesis process [7].  

Infections caused by emerging hospital infections are a severe problem for the treatment 

of infectious diseases [8]. MRSA pathogens are known to be an important challenge 

worldwide. As MRSA strains are resistant to many current antibiotics, new antimicrobial 

compounds are required to overcome this issue [9, 10]. 

Nanoparticle-based antimicrobial compounds (nanobiotics) are one of the most 

effective strategies to fight antibiotic-resistant bacteria. Synthetic NPs using medicinal plants 

can ameliorate the side effects of them [11]. On the other hand, the use of plant metabolites 

with antimicrobial properties increases the efficiency of NPs. Studies have shown that 

Magnolol and Honokiol, the main components of M. officinalis (MO) induce antibiotic 

susceptibility in MRSA strains by suppressing resistance genes [12].  

In this study, the feasibility of ZnO-NP synthesis was conducted using M. officinalis 

aqueous extract for the first time. Then, the antibacterial efficacy of biosynthetic NPs against 

methicillin-resistant S. aureus (MRSA) was investigated. 

2. Materials and Methods 

 2.1. Plant materials and extract preparation. 

To prepare MO extract, 10 g of dried bark powder was poured into a 250 ml Erlenmeyer 

flask containing 100 ml of distilled water. The flask was then sonicated in a bath sonicator at 

45 °C for 1 h. After that, the extract was filtered by Whatman filter paper (no. 1), and the 

resulting filtrate was used as a reducing and capping for NPs synthesis. 

2.2. Green synthesis of ZnO-NPs. 

To fabricate ZnO-NPs, 90 ml of Zn(NO₃)₂.6H₂O solution (0.01 M) in a 100 ml flask 

was placed on hotplate magnetic stirrer. Approximately 10 ml of aqueous extract was added 

drop-wise to the sample flask under constant stirring at room temperature until the clear 

solution changed to pale yellow. The mixture was then kept at 70 °C for 2 h until ZnO-NPs 

were formed entirely. The precipitate was harvested by centrifugation at 12000 rpm and 

washed twice with deionized water and dried in an oven at 50 °C. The dried powder was stored 

for further studies. 

2.3. ZnO-NPs characterization. 

The physicochemical properties of biosynthesized ZnO-NPs (The fine powder) were 

studied through analytical methods including Uv-visible (Jenway 6310; Japan), FTIR (Thermo 

AVATAR; USA), XRD (XRD Philips PW1730; Netherlands), FE-SEM-EDAX (TESCAN 

MIRA3; Czech Republic), and DLS-Zeta potential (Zetasizer Nano ZS90, Malvern, UK). 
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2.4. Antibacterial activity of ZnO-NPs. 

2.4.1. Well-diffusion assay.  

Antibacterial activity of MO extract and biosynthesized ZnO-NPs were examined 

against Methicillin-resistant Staphylococcus aureus (MRSA) (ATCC 33591) by well diffusion 

method on Muller Hinton agar (MHA) plates [13]. The MRSA strain was purchased from the 

Iranian Research Organization for Science and Technology (IROST). Prior to use, the MO 

extract and Zn-NPs were filtered using 0.45 filter paper. A fresh culture of S. aureus (MRSA) 

was prepared at a cell density of 0.5×108 CFU/mL as 0.5 Mc Farland standard in phosphate 

buffer saline. Bacterial cells spread with a sterile cotton swab on the agar plate. Afterward, 6 

mm wells were created with a sterile metal cork borer in agar. Twenty microliters of different 

concentrations of MO extract and ZnO-NPs were added to each well. Chloramphenicol (30 

µg/well) was used as a positive control. The plates were incubated at 37 °C for 24 h. 

Antimicrobial activity was expressed in terms of creating growth inhibition halos around the 

wells. 

2.4.2. MIC and MBC assessments.  

Minimum inhibitory concentration (MIC) was determined using the microdilution 

method according to Clinical and Laboratory Standards Institute guidelines (CLSI). Serial 

dilutions of the MO extract and ZnO-NPs solutions were prepared for achieving different 

concentrations. One milliliter of each dilution was added to 4 ml Muller Hinton broth (MHB) 

in the sterile glasses. Fresh culture cells (100 µl) with an optical density of 0.5 Mc Farland were 

inoculated to each tube. The test tubes and control (untreated) were incubated for 24 h at 37 

°C. After that, the bacterial growth was tracked by measuring the optical density at 600 nm 

using the UV-vis spectrophotometer. To determine the minimum bactericidal concentration 

(MBC), those tubes that display no bacterial growth were cultured on MHA plates and 

incubated for 24 h at 37 °C. 

3. Results and Discussion 

3.1. Uv-visible spectroscopy. 

The biosynthesis of ZnO-NPs using MO extract was determined by changing the 

solution's color from brown to pale yellow. Because the color of the ZnO-NPs was white and 

the MO extract was dark brown, it was not possible to confirm the ZnO-NPs by discoloring the 

solution. However, the discoloration may indicate the effective processing of ZnO-NPs by MO 

extract. Figure 1A and B show the UV-Vis spectra of ZnO-NPs and MO extract, respectively. 

As seen in Figure 1B, a known adsorption signal at 371.25 nm is attributed to the formation of 

ZnO-NPs [14]. According to studies, the Uv adsorption peaks of ZnO-NPs often appears in the 

range of 300-380 nm. This range is related to the transfer of electrons from voltage to the 

conduction band involved in the formation of ZnO-NPs [15]. Towards the other side, the MO 

extract spectrum has a variety of peaks which do not occur in the ZnO-NPs region. It can be 

concluded, therefore, that the purity of the synthesized ZnO-NPs by the extract was 

appropriate. 

https://doi.org/10.33263/BRIAC111.77657774
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC111.77657774  

 https://biointerfaceresearch.com/ 7768 

 
Figure 1. UV-Vis spectra of A and B show absorbance intensity of MO extract and biosynthesized ZnO-NPs, 

respectively. 

3.2. SEM and EDX studies. 

SEM and EDX were used to study morphology and elemental analysis of NPs. As 

shown in Figure 2, ZnO-NPs were slightly aggregated together. Additionally, spherical NPs 

can be seen throughout the field with an approximate size of 50-150 nm. On the other hand, 

morphological analysis of NPs indicates their amorphous feature. Figure 3b shows the EDX 

spectrum of ZnO-NPs that three distinct peaks at 1.1 kV, 8.6 kV, and 9.5 kV related to the 

elemental proportion of the ZnO-NPs [16]. According to data from the EDX spectrum, the ratio 

of the constituent elements of ZnO-NPs was measured at approximately 72.35% and 27% for 

zinc and oxygen, respectively. 

 
Figure 2. Electron microscopy analysis of biosynthesized ZnO-NPs. A) FESEM micrograph, B) EDX spectrum. 

3.3. FTIR analysis. 

FTIR spectroscopy was performed to identify active functional groups involved in the 

formation of ZnO-NPs in the range of 600-4000 nm. According to the spectra presented in 

Figure 3, broad and stretching peaks at 3339.21 and 2141.23 nm can be attributed to the 

hydroxyl and alkyl groups, respectively, in bioactive compounds of MO extract [17]. Two 

peaks in 1841.12 and 1289.34 indicate the presence of Alken, Carbonyl, and Hydroxyl groups 

in reducing sugars [18]. Additionally, the peaks of 3419.24 and 3038.07 nm in the ZnO-NPs 

spectrum demonstrate the role of hydroxyl and carboxylic groups on the formation of NPs. 

Other peaks in 1699.05 and 1427.32 regions also indicate the changes in the functional groups 

of the compounds in MO extract after the formation of ZnO-NPs [19]. 
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Figure 3. FTIR spectra of A) MO extract and biosynthesized ZnO NPs. 

3.4. DLS and Zeta potential studies. 

DLS analysis was used to evaluate the hydrodynamic diameter and size distribution of 

ZnO-NPs. Figure 4A shows the particle size distribution so that the graph peak of the ZnO-

NPs was approximately 150 nm. The distribution range of NPs varies from 50 to 750 nm, 

indicating that part of the NPs is aggregated. Such findings were compatible with the SEM 

image. In addition, the PDI value was about 0.66, meaning that ZnO-NPs have a heterogeneous 

distribution. Studies have shown that the hydrodynamic diameter of NPs may be affected by 

plant metabolites. Polyphenolic compounds cap the NPs and thereby prevent them from 

aggregation [20, 21]. 

The zeta potential of NPs can also play a critical role in their biological activity. Figure 

4B shows the surface load of NPs in the positive range. The maximum surface charge of NPs 

was about +28 mv. Since research has been demonstrated that high-stability NPs have a surface 

charge between +10 and -10, heterogeneity in the particle size caused by predictive aggregation 

was predictable [22]. 

 

Figure 4. A) Particle size distribution (DLS) and B) surface charge distribution (Zeta potential) of 

biosynthesized ZnO-NPs. 
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3.5. XRD analysis.   

X-ray diffraction analysis (XRD) was used to investigate the crystalline phase of NPs. 

XRD crystallography of ZnO-NPs was performed by Philips PW1730 XRD with a copper 

source (Kα = 1.54.) From 20 to 80 at C at 2. C. Figure 5 shows the XRD pattern of NPs as 

plates (100), (002), (101), (102), (110), (103), (112) and (201) based on normal angles (2θ) of 

31.18, 35.16, 37.06, 46.51, 57.58, 64.11, 67.47 and 69.23, respectively [23]. The size of the 

crystals was determined on the basis of the Scherrer formula of approximately 145 nm. 

 
Figure 5. The X-ray diffraction (XRD) pattern of biosynthesized ZnO-NPs. 

3.6. Antibacterial activity studies. 

The antibacterial assay results using the Well diffusion technique displayed more 

effective inhibition at 300 μg/ml of ZnO-NPs than the MO extract at 500 μg/ml (Figure 6).  

 
Figure 6. Antibacterial activity assay of A) MO extract B) ZnO-NPs against MRSA strain (ATCC 33591) and 

C) diameters of growth inhibition halos at the presence of different concentrations of MO extract and ZnO-NPs. 

As can be seen in figure 7, the MIC values for ZnO-NPs and MO extract were 

determined at 250 and 625 μg/ml, respectively. MBC values were determined after the MIC 

assay that for ZnO-NPs and MO were estimated 300 and 900 μg/ml.  
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Figure 7. Cell viability based on MIC values. The percentage of living cells in the presence of serial dilutions of 

MO extract and ZnO-NPs. 

The two major compounds found in MO extract, namely honokiol and magnolol, 

exhibited potent biological properties [24]. In this regard, Kim et al. (2015) showed that 

magnolol and honokiol have robust growth inhibition activity against MRSA [12]. Ha et al. 

(2019) showed the inhibitory potential of MO metabolites against S. aureus, E. coli, Candida 

albicans [25]. Zheng et al. ( 2019) synthesized gold nanoparticles using MO aqueous extract, 

which demonstrated significant anti-cancer activity against the lung cancer line (A549) [26].    

In the process of NPs synthesis by MO extract, the role of phytochemicals as reducing 

and capping agents is prominent [1, 27]. Therefore, the biological activity of NPs is consistent 

with the type of compounds present in the extract and their bioactive properties. Additionally, 

the morphological and reactive properties of NPs are also affected by capping and stabilizing 

agents [5]. Metallic NPs with significant biological activity has been introduced as a new type 

of antimicrobials. ZnO-NPs have clearly shown that they have great potential to inhibit a 

variety of pathogens [13]. The mechanism of action of the antimicrobial effect of ZnO-NPs 

appears to be complicated, with variation in targeting against microbes [28]. Studies have 

shown that ZnO-NPs bind to bacterial cells, disrupting the plasma membrane integrity and 

altering its permeability. Hydrogen peroxide and other oxygen free radicals are the most 

important mediators produced under the influence of ZnO-NPs. Therefore, the production of 

multiple reactants by ZnO-NPs increases its antimicrobial properties [14]. On the other hand, 

surface charge and size are considered to be critical factors in the antimicrobial capacity of 

NPs. Positively charged NPs are more likely to bind to bacteria and therefore have a higher 

lethality [29]. In this study, biosynthesized ZnO-NPs by MO extract had a positive charge (+28 

mv) and showed potent antimicrobial activity against S. aureus (MRSA). The size of NPs is an 

effective factor in their biological activity. As confirmed in the previous studies, small NPs 

with high monodispersity exhibit greater efficacy to penetrate the cells [30]. In contrast, 

polydispersed NPs have stronger photocatalytic activity as well as good reactive agents for the 

production of intermediate oxygen radicals [31]. In this study, ZnO-NPs had an average size 

of about 150 nm, which can be a suitable reactor for catalyzing oxidation reactions and have a 

high capacity for intermediate oxygen production. 

4. Conclusions 

 The physicochemical properties of ZnO-NPs showed successful biosynthesis by MO 

extract with substantial antimicrobial potential. As mentioned, green synthesis methods are 

biocompatible and cost-effective. Magnoliae officinalis is known to have metabolites with 

potent biological activities. Thus, MO metabolites involved in the green synthesis of NPs can 
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improve antimicrobial activity, biocompatibility, and sustainability. In this study, the use of the 

MO extract to synthesize ZnO-NPs, as expected, increased their antibacterial potential. Taken 

together, the biosynthetic ZnO-NPs can be used for medicinal purposes, especially as 

antimicrobials and disinfectants. 
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