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ABSTRACT 

The development and practical application of nanotechnologies have increasingly attracted the 

attention of researchers due to the remarkable properties that can be achieved with materials 

when they are on the nanometric scale of size. The goal of this study was to create zinc oxide 

nanoparticles (ZnO NPs), ZnO nanoparticles with 0.25%(p/p) Silver added (ZnO/Ag0.25 NPs), 

and ZnO nanoparticles with 0.5% (p/p) Silver added (ZnO/Ag0.5NPs) using n-hexane extract 

of Stephania japonica Linn. leaf, which contained phenols, flavonoids. The synthesis of the 

ZnO and ZnO/Ag NPs was verified by XRD and TEM, and the NPs showed a hemispherical 

morphology and a particle size of less than 30 nm. The NPs were produced at temperatures 

between 300 and 600°C. This work also aims to study the antimicrobial activity of zinc oxide 

nanoparticles (ZnO NPs) and Zinc Oxide and Silver matrix nanoparticles (ZnO/Ag0.25) against 

Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) bacteria. To evaluate the 

antimicrobial activity of ZnO NPs and ZnO/Ag0.25, diffusion tests in solid media and Minimum 

Inhibitory Concentration (MIC) were performed. For ZnO NPs, the mean diameter of the 

inhibition halo was 1.1 ± 0.06 cm and 0.7 ± 0.15 cm for S. aureus and E. coli, respectively. The 

MIC of ZnO NPs determined in the present study to inhibit S. aureus ranges from 313.36μg 
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/ml and 626.64μg, while for E. coli it was not possible to determine the MIC because the 

solution saturated ZnO NPs is not sufficient to effectively inhibit this bacterium. When Silver 

was added to ZnO NPs, it decreased their bactericidal effect against S. aureus. The findings 

demonstrated that the ZnO NPs produced at 300°C (average size 9.9 nm) were more effective 

for the in vitro control of S. aureus. As for ZnO/Ag0.25, there was no formation of inhibition 

halo, and it was not possible to determine the MIC for any of the bacterial strains under study, 

reaffirming the inability of bacterial inhibition of ZnO/Ag0.25, without a supplying source of 

UV and/or visible light. 

Keywords: Stephania Japonica Linn. leaf extract, zinc oxide, Silver, Antibacterial Activity  

1. INTRODUCTION 

Plants contain biomolecules, which have a 

high capacity for metal reduction. 

According to Ghotekar, et al (2019) [1] plant 

extracts can act as reducing agents and 

stabilizers in synthesizing different types of 

NPs. Additionally, the NPs are left with an 

organic coating, which improves their 

stability and decreases their aggregation [2]. 

In addition to being an environmentally 

friendly, economical technique that allows 

large-scale production of NPs, it is versatile 

and allows obtaining nanomaterials (NMs) 

with high purity and homogeneity [4]. The 

synthesis of NPs through the use of plant 

extracts has great potential for the bio-

reduction of metallic cations of Silver, gold, 

copper and zinc or metallic oxides of zinc, 

Silver, titanium, aluminum etc., mainly used 

as antimicrobial agents against various 

human microorganisms and phytopathogens 

[3]. In general, one of the methodologies for 

the green synthesis of ZnO NPs is carried 

out as follows: dry leaves of some plant 

material are used, which are ground to 

obtain a powder material, this is mixed with 

some solvent (water or ethanol) and heated 

to a certain temperature for a certain time. 

The material obtained is then filtered and 

dried. To obtain the NPs, a stock solution of 

some chemical compound, such as zinc 

nitrate, is mixed with a certain amount of the 

extract if it is desired to prepare ZnO NPs, 

and the mixture is heated to a temperature 

between 80-100 °C, from which a precursor 

material is obtained, which is calcined at 

temperatures greater than 300 °C to finally 

obtain the desired oxide, take it to the 

characterization and final application.  

Stephania japonica (S. japonica) belongs to 

Menispermiaceae family contains secondary 

metabolites such as polyphenolic 

compounds, quinones; that have therapeutic 

uses due to their antibacterial, anti-

inflammatory, antifungal, and antioxidant 

properties (Figure 1), which give them a 

potential use for disease control [5].  
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Figure 1: Stephania japonica Leaves 

 

In the literature it is mentioned that ZnO NPs 

are excellent candidates for use as 

antibacterial agent in pharma sector, due to 

their small size (<100 nm), they can interact 

easily with biological molecules [6]. It has 

been evaluated as an antibacterial agent on 

various Gram-positive and Gram-negative 

species. The antibacterial activity of ZnO 

NPs [7] made with plant extracts of Olea 

europea (48.2 nm), Matricaria chamomilla 

L. (65.4 nm), and S. lycopersicum (61.6 nm) 

has been assessed against Xanthomonas 

oryzae; the effectiveness of the NPs of ZnO 

depended on the extract used for synthesis, 

with those made with Olea europea being 

the best [9]. It has been proven that ZnO NPs 

combined with Silver increase their 

antibacterial capacity against 

microorganisms such as B. subtilis, S. 

aureus, E. coli, Staphylococcus aureus, 

Pseudomonas aeruginosa and Klebsiella 

pneumoniae [8], with better antibacterial 

capacity than pure ZnO NPs, it was also 

shown that the increase in 𝐴𝑔 content and 

the decrease in in particle size contribute 

significantly to antimicrobial efficiency 

[10]. Scanning electron microscopy 

confirmed the bacteriostatic effect of ZnO-

Ag, which manifested itself in the arrest of 

cell division with significant cell elongation 

compared to the control [9-10]. Based on the 

aforementioned information, the current 

work was created with the aim of evaluating 

the 𝑍𝑛𝑂, ZnO/Ag0.25 and ZnO/Ag0.5 

nanoparticles produced with S. Japonica 

leaf extracts in vitro antagonistic effect 

against S. aureus and to analyse the effect of 

the NPs with the best antibacterial effect. 

2 MATERIALS AND METHODS 

2.1 Materials: Leaves of S. Japonica were 

collected during the spring-summer period 

in Vijayawada rural agricultural fields, 5 km 

from the municipality of Vijayawada, 

Andhra Pradesh, India. The leaves were 

dried at 80 °C for 24 hours, later they were 

ground dry in a blender and the biomass 

powder was obtained, which was used as 

raw material to prepare the extract that was 

used in the synthesis of nanoparticles. The 

extract was prepared by modifying the 

methodology reported by Ansari, et al., 

(2020) [11]. Extracts were prepared in 



Krishnarao KL* And Rajeswari TR                                                                                                           Research Article 
 

 
37 

IJBPAS, January, 2024, 13(1) 

proportions of 0.5, 1, 2 and 3 grams of dry 

weight (DW) of biomass per 10 mL of 

solvent. The dry biomass was weighed 

depending on the proportion and placed in 

n-hexane (AR quality) purchased from 

Merck India, the suspension was placed in 

an ultrasound bath for 20 min for the 

extraction of secondary metabolites. Cell 

debris was then removed with Whatman 

filter paper number 1, the resulting solution 

was centrifuged at 15,000 rpm for 5 min, and 

the supernatant was recovered. The 

supernatant was stored in previously 

labelled glass bottles and refrigerated at -80 

°C until use. 

2.2 Characterization of the extract: The 

estimation of the number of total phenols 

present in the extract of S. Japonica was 

carried out with the Folin-Ciocalteu reagent 

according to the methodology of Li et al 

(2007) [12]. Total flavonoids were 

determined by the aluminum chloride 

colorimetric method according to the 

methodology of Li et al (2007). The 

concentration of chlorophyll A, B and total 

was determined by the method reported by 

Banu, (2015) [13]. The lyophilized extract 

of S. Japonica and the synthesized NPs were 

analysed by Fourier transform infrared 

spectroscopy (FTIR) to detect the 

characteristic peaks and their functional 

groups. The samples were measured in the 

wavelength range of 400 to 4000 cm-1 with 

a resolution of 4 cm-1; using the Nicolet Is 

10 FT-IR spectrophotometer (Thermo 

Scientific). X-ray diffraction patterns 

(XRD) of the NPs were obtained using a 

Bruker AXS Kappa Apex2 CCD 

Diffractometer with a CuK radiation 

source, operated at 44 mA and 40 Kv, in a 

scanning range of 10 to 80° in scale 2θ, at a 

speed of 0.02°/s; The equipment used was a 

Model FEI-Technai T20 Twin 200 KV 

instrument operated at an acceleration 

voltage of 300 Kv. For this characterization, 

a small amount of the sample was mixed 

with ethanol, then a micro drop of the 

solution was placed on a copper grid. TEM 

images were selected to count the particle 

size and generate the histograms, for this the 

ImageJ software was used and it was 

graphed with the OringinPro 2016 software. 

2.2.1. Diffusion technique in solid 

medium from orifice 

Diffusion in solid medium from an orifice 

was performed following the 

recommendations of the Clinical and 

Laboratory Standards Institute [14] using 

Staphylococcus aureus (ATCC 25925) and 

Escherichia coli (ATCC 25923) bacteria. 

First, the bacterial suspensions were 

cultured in Brain Heart Infusion broth (BHI, 

Himedia brand) for 24 h at 37±1 ºC in a 

bacteriological oven (Quimis brand, model 

Q316m5). Then, the bacterial colonies were 

isolated and after 24 h they were adjusted in 

sterile saline solution (0.85%) (NaCl, Merck 
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brand) to a concentration of 108 CFU/mL 

(Colony Forming Units per mL) using A 

spectrophotometer (Bel photonics, model 

1105) was used at a wavelength of 619 nm. 

Mueller Hinton culture medium (Merck 

brand) was poured into the petri dishes and 

allowed to solidify. The bacteria under study 

were seeded in petri dishes with the aid of a 

sterile swab, seeding in three directions 

ensuring their total deposition on the culture 

medium. In each plate, three equidistant 

holes were made, with a diameter of 

approximately 0.8 cm, being deposited in 

these ZnO NPs and ZnO/Ag0.25. It was 

incubated at 37±1 °C for 24 h and, after this 

period, the microbial growth inhibition halo 

formed according to Equation 1 was 

measured. 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝐻𝑎𝑙𝑜 =  𝐷௘௫ − 𝐷௜௡ (1) 

Where: 𝐷௘௫: external diameter formed by 

the action of the antimicrobial agent on 

microorganisms (cm) 𝐷௜௡: diameter 

occupied by the antimicrobial agent (cm). 

The assay was performed in triplicate, and 

the mean value of inhibition halos was 

considered as a result. 

2.2.2 Broth microdilution technique for 

the determination of the Minimum 

Inhibitory Concentration (MIC) 

The MIC was determined using the 

methodology described by the Clinical and 

Laboratory Standards Institute (CLSI, 

2012b), with some modifications. Standard 

solutions were prepared at 3133.3 µg /mL 

concentrations for ZnO NPs and 9533.3 µg 

/mL for ZnO/Ag0.25 in ultrapure water, with 

homogenization performed by ultrasound 

(Eco-sonics brand, model Q1 .8/40 A). Such 

concentrations were determined from 

preliminary tests so that the solution was 

saturated and the compounds under study 

did not precipitate in the microwells of the 

analysis plate. Analogously to the solid 

medium diffusion assay, the bacteria used 

were Staphylococcus aureus (ATCC 25925) 

and Escherichia coli (ATCC 25923). 10 mL 

volumetric flasks were used to perform the 

serial dilution starting from the standard 

solution. 7 dilutions were performed as 

shown in Table 1. The assay was performed 

in 96-well sterile microplates (INLAB 

brand) with a “U” bottom, distributed in 8 

rows named A through H and 12 columns. 

 
Table 1: Solutions with different concentrations of ZnO NPs and ZnO/Ag0.25NPs for the determination of MIC 

line ZnO NPs Conc. (µg/mL) ZnO/Ag0.25NPs Conc. (µg/mL) 
A 2506.64 7626.64 
B 1253.36 3813.36 
C 626.64 2306.64 
D 313.36 953.36 
E 156.64 476.64 
F 78.32 238.32 
G 39.12 119.12 
H 19.6 59.6 
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100 µl of BHI broth was placed in each of 

the microwells; then, in columns 1, 2 and 3 

(characterized as the analysis triplicate) and 

line A, 100 µL of the most concentrated ZnO 

NPs solution was added, decreasing it in the 

subsequent lines in descending order. After 

that, 5 µL of microbial suspension with 108 

CFU mL were added. In column 6 (negative 

control), 100 µL of BHI, 100 µL of ultrapure 

water and 5 µL of bacterial suspension (108 

CFU /mL) were inserted to attest that the 

ultrapure water, used as a solvent, was not 

inhibiting microbial growth. In column 9 

(positive control), 100 µL of BHI and 5 µL 

of bacterial suspension (108 CFU /mL) were 

inserted, in order to attest that the broth used 

allows the growth of the tested 

microorganisms; in column 12, only 100 µL 

of BHI was left, in order to certify its 

sterility (blank). In columns 4, 5, 7, 8, 10 and 

11 nothing has been added. The microplates 

were then incubated in a microbiological 

oven at a temperature of 37±1 ºC for 20 h. 

After this period, 20 µL of TTC (2,3,5-

triphenyltetrazole chloride, Sigma-Aldrich) 

were added to each microwell, an agent that 

promotes staining, allowing the 

visualization of bacterial growth. The 

microplates were taken to the 

bacteriological oven for another 4 h, and 

then removed to visualize the staining. The 

same analysis procedure was performed for 

ZnO/Ag0.25. 

3.0 RESULTS AND DISCUSSION  

Preparation of S. Japonica leaf extract: To 

obtain the greatest number of secondary 

metabolites from S. Japonica leaf extract, 

the extraction of these was evaluated with n-

hexane. Different proportions of biomass 

extracts were prepared with 5, 10, 20 and 30 

grams of biomass (powdered dry leaves) per 

10 mL of the solvent. 5g having 63.64mg 

Gallic Acid/gPS) in such way 10g (71.77 mg 

Gallic Acid/gPS), 20g (73.67 mg Gallic 

Acid/gPS) and 30g (77.06 mg Gallic 

Acid/gPS) respectively 

3.1 Synthesis of ZnO and ZnO/Ag 

nanoparticles: For the synthesis of the NPs, 

two variables were evaluated: biomass 

concentration (0.5, 0.75, 1 and 2 g PS/10 mL 

of water) and temperature of calcination 

(300, 400, 500 and 600°C). The samples 

obtained after the calcination process at 500 

ºC. 

3.2 X-ray diffraction (XRD) 

Figure 2 shows the X-ray diffraction 

patterns (XRD) of the ZnO NPs obtained at 

500°C, with the S. Japonica extract at 

different biomass proportions. The presence 

of characteristic peaks located at 31.84, 

34.44, 36.26, 47.56, 56.6, 62.9, 66.52, 

67.96, 69.12 and 72.76° is observed in all the 

samples attributed to reflections of planes 

(100), (002), (101), (102), (110), (103), 

(200), (121), (201), and (202) with a 

hexagonal structure corresponding to ZnO 

(JCPDS No. 36-1451). Additionally, it is 

observed that as the amount of biomass 
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increases, small peaks appear located at 

28.38, 40.54 and 50.14°, which correspond 

to the reflections (110), (200) and (211) of a 

phase identified as calcium (Ca) with cubic 

structure (JCPDS No. 10-0348), the 

intensity of these peaks also increases with 

increasing biomass (Estell et al., 1996). Also 

from the patterns, it can be seen that the 

main peaks corresponding to ZnO widen 

depending on the amount of biomass used to 

obtain the NPs. This broadening of the peaks 

is related to the size of the crystallite. Using 

the Scherrer equation (Cullity, 1956) it is 

possible to calculate this size according to 

the following expression: 

 𝐷 = 𝐾𝜆/𝛽𝐶𝑜𝑠𝜃 

Where, 

D = Crystallite size in nm K = Shape 

constant equal to 1 

λ = Wavelength of X-ray radiation (1.54 

angstroms) β = Mean width of main peak 

θ = Bragg angle 

Figure 2 shows the X-ray diffraction 

patterns (XRD) of the ZnO NPs, ZnO/Ag0.25 

and ZnO/Ag0.5, obtained with two different 

calcination temperatures, 300 and 600 ºC 

(7a and 7b, respectively). The characteristic 

peaks of ZnO, already discussed above, are 

observed in the diffraction patterns. The 

average size of the crystallite obtained by 

XRD is 9.4 nm for the NPs obtained at 300 

ºC and 22.7 nm for those obtained at 600 ºC. 

Additionally, in the diffraction patterns of 

the samples containing Silver, characteristic 

reflections located at 38.12, 44.3, 64.46 in 

planes (111), (200), (220) and (311) 

corresponding to a metallic Ag phase with 

crystalline structure are observed. FCC 

(JCPDS No. 04-0783). 

In a study of ZnO/Ag nanocomposites, 

prepared using the precipitation method, 

diffraction peaks corresponding to two 

phases were presented. The main one was 

indexed as ZnO with hexagonal structure 

(JCPD No. 36-1451), while the other 

corresponded to metallic Ag with cubic 

structure centered on the face (JCPDS No. 

04-0783), which evidences the formation of 

the ZnO/Ag nanocomposites. Therefore, Ag 

does not replace Zn2+ ions in its crystal 

structure, it is only as a phase independent 

of ZnO crystallites [15]. The results of XRD 

of the literature cited above, are similar to 

those obtained in this work, where there was 

no shift of the main peaks of ZnO and Ag in 

the samples obtained at different 

temperatures, showing that the green 

synthesis with extract of S. Japonicais 

possible to obtain ZnO/Ag nanocomposites 

to be studied and seek an opportunity for 

antibacterial activity study. 

3.3 Transmission Electron Microscopy 

(TEM) 

TEM micrographs and size histograms of 

the NPs synthesized by the S. Japonica 

extract with calcination treatments at 300 

and 600 °C were obtained. Figure 3 shows 

the TEM micrographs and histograms of the 
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ZnO, ZnO/Ag0.25 and ZnO/Ag0.5 NPs 

obtained at 300°C with hemispherical 

morphology. The ZnO NPs exhibited sizes 

between 5-30 nm, with an average of 12.73 

± 5 nm, of which more than 75% of these 

have a size less than 20 nm; while the 

ZnO/Ag0.25 NPs presented a size distribution 

between 5-30 nm and an average of 12 ± 4.9 

nm, where approximately 75% of these 

present a size smaller than 15 nm. For the 

ZnO/Ag0.5 NPs, 75% of these had a size less 

than 20 nm with an average of 14.24 ± 6.9 

nm. In recent studies, the optimization of the 

particle size in ZnO/Ag and ZnO/Cu 

samples has been reported [21], it was found 

that there is a ZnO core with a uniform cover 

of Ag and Cu with particle sizes of 58.9 nm 

and 53.47 nm, respectively. 

3.4 Ultraviolet Visible 

Spectrophotometry (UV-VIS) 

Figure 4 shows the absorption spectrum of 

the synthesized ZnO;ZnO/Ag0.25  

nanoparticles. A broad absorption peak 

around 360-380 nm corresponds to a 

characteristic ZnO band [17]. Additionally, 

no other absorption peaks are observed in 

the spectrum, which confirms the purity of 

the nanoparticles obtained. The ZnO 

exhibits a maximum around 370 nm while 

using ZnO/Ag0.25 has an absorption 

maximum at 373 nm. It is well known that a 

shift to longer wavelengths in the UV-VIS 

spectrum reflects an increase in particle size 

[17]. However, the two maximum 

wavelengths are close to each other, which 

is related to the average sizes between the 

obtained for both types of NPs obtained by 

XRD.  

3.5 Light scattering in dynamic mode 

(DLS) 

According to the histograms obtained for the 

two types of ZnO and ZnO/Ag0.25 NPs 

synthesized; greater polydispersity can be 

seen when the nanoparticles were 

synthesized in the presence of Silver 

(Figure 5). However, the average 

hydrodynamic size is between 1-5 nm in 

both cases. There are two main factors that 

contribute to the morphology and size of the 

final nanoparticles obtained under thermal 

conditions: the initial nucleation of the 

crystals and the solubility of the precursor in 

solvents with different vapor pressures [18].   

3.6 Antimicrobial studies 

3.6.1. Diffusion technique in solid 

medium from orifice 

Figure 6 shows the mean inhibition halo for 

ZnO NPs and ZnO/Ag0.25NPs against S. 

aureus and E. coli. 

Figures 6(a) and 6(b) show the mean 

inhibition halo formed by ZnO NPs against 

S. aureus and E. coli (c). These 

measurements were 1.1 0.06 cm and 0.7 

0.15 cm, respectively. By measuring the size 

of the inhibitory halos produced by ZnO 

NPs, it is simple to confirm that they are 

more effective against S. aureus bacteria 

than E. coli. Unlike gram-negative bacteria 
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like E. coli, which have two outer layers, 

gram-positive bacteria like S. aureus only 

have one, making them more fragile. This is 

due to the ease with which exogenous 

chemicals can enter gram-positive bacterial 

cells and interact with the cytoplasmic 

membrane. These have a second membrane 

with a phospholipid bilayer structure that 

more effectively covers the inner 

cytoplasmic membrane, improving 

resistance to this type of bacterium. 

Yamamoto, Osamu. (2001) [19] discovered 

that the mean particle diameter size is a 

major factor in the antimicrobial activity of 

zinc oxide nanoparticles against E. coli, with 

a halo of inhibition of 3.1± 0.01 cm for ZnO 

NPs with a particle size of 12 nm and a halo 

of inhibition of 2.7 ±0.01 cm for ZnO NPs 

with a particle size of 45 nm. Narayanan et 

al. (2012) discovered that the number of 

ZnO NPs is a positive factor when examined 

for antibacterial action. The authors utilised 

20, 40, 60, 80, and 100 g of powder and 

achieved inhibition zones of 1.8, 1.9, 2.0, 

2.0, and 2.1 cm for S. aureus and 1.3, 1.4, 

1.6, 1.6, and 1.7 cm for E. coli, respectively. 

For ZnO/Ag0.25-NPs, there was no inhibition 

halo for both bacteria under study. Some 

studies attest that ZnO/Ag0.25-NPs have 

antimicrobial activity against gram-negative 

and gram-positive bacteria due to their 

photocatalytic activity, and this activity is 

associated with the electron/hole pairs 

generated in the photoexcitation process, 

which interact with the cell membrane of 

microorganisms, causing damage to it and 

causing leakage of minerals, proteins and 

genetic materials, culminating in cell death 

(Bonilla et al., 2013; Fu et al., 2005; Joo et 

al., 2005). However, such activity is limited 

to exposure of the compound to UV light 

and/or visible light, agents responsible for 

promoting the activation of the compound 

and consequent generation of electron/hole 

pairs. Therefore, without the presence of this 

agent, ZnO/Ag0.25-NPs do not show 

effective antimicrobial activity, which is 

confirmed in the present study. 

3.6.2. Minimum Inhibitory 

Concentration (MIC) 

The study of MIC is important to determine 

the lowest concentration of solution capable 

of inhibiting the growth of microorganisms. 

Figure 7 shows the results of the Minimum 

Inhibitory Concentration test for ZnO NPs 

when tested against S. aureus and E. coli, 

Figure 7(a) and 7(b), respectively. 
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Figure 2: XRD patterns of ZnO, ZnO/Ag0.25 and ZnO/Ag0.5 nanoparticles using a biomass ratio of 0.75:10 p/v and 

calcination temperatures of 300°C (a) and 600 °C (b) 

 
 
 
 
 
 

 

 

 
Figure 3: TEM micrograph and particle size distribution histogram of ZnO; ZnO/Ag0.25 and ZnO/Ag0.5 obtained at 

600 °C using S. Japonica extracts 
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Figure 4: UV-VIS ultraviolet spectra of ZnO;ZnO/Ag0.25  nanoparticles 

 

 
Figure 5: Average size distribution of A) ZnO NPs (B) ZnO/Ag0.25 NPs 

 
 

 
Figure 6: Results of the solid media diffusion test for (a) ZnO NPs/S. aureus; (b) ZnO/Ag0.25/S. aureus; (c) ZnO 

NPs/E. coli; (d) ZnO/Ag0.25/E. coli 

 
 

 
Figure 7: Results of the MIC test for ZnO NPs against (a) S. aureus and (b) E. coli 
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As can be seen in Figure 7(a), the MIC of 

ZnO NPs to inhibit the growth of S. aureus 

at a concentration of 10଼ CFU /ml is 

between Line C and D, that is, between 

313.36μg /ml and 626.64μg. For the 

bacterium E. coli, no inhibition of microbial 

cells was observed at any of the 

concentrations studied, that is, they were 

insufficient to inhibit the growth of said 

bacterium. 

Although the diffusion assay in solid 

medium attested to the bactericidal and/or 

bacteriostatic capacity of ZnO NPs against 

E. coli through the diffusion mechanism, the 

MIC assay concentrations were insufficient 

to attest to the minimum inhibitory 

concentration for such bacteria. Due to the 

saturation of the ultrapure water/ZnO NPs 

solution at concentrations above that used, it 

cannot be increased, as the solution would 

precipitate at the bottom of the microwells, 

leading to a procedural error and, thus, 

compromising the analysis. Analogously to 

the one performed for ZnO NPs, the MIC 

test was carried out for ZnO/Ag0.25, 

however, as already mentioned, ZnO/Ag0.25, 

without an external light-supplying agent, 

does not present effective antimicrobial 

activity, as the photoexcitation does not 

happen and the inhibitory mechanism is 

compromised, a fact confirmed in the 

present analysis. It should be noted that, 

similarly to what happened with the ZnO 

NPs, it was not possible to use a more 

concentrated solution for the MIC tests, due 

to the saturation being reached and the 

deposition of the material at the bottom of 

the microwells, compromising the analysis. 

In a study carried out by Ghosh, et al. 

(2015), the authors focused light energy on 

ZnO/Ag and verified through the surface 

plating test that the concentration of ZnO/Ag 

that proved to be most effective to kill E. coli 

cells varying between 10ଷ and 10଼ CFU /ml 

was 1 mg /ml. Furthermore, the study 

proved that ZnO/Ag0.25 concentrations 

greater than 1 mg /ml reduce the killing 

efficiency for E. coli bacteria. This fact can 

be explained by the turbidity caused by the 

high concentration of ZnO/Ag0.25 particles 

in suspension and the low penetration power 

of UV radiation, which reduces the intensity 

of radiation by the system. 

4.0 CONCLUSION 

The green synthesis of ZnO, ZnO/Ag0.25 and 

ZnO/Ag0.5 NPs with a particle size of less 

than 30 nm was possible, using as reducing 

agent the biocompounds of the n-hexane 

extract of S. Japonica leaves, making this 

methodology an economical, easy and 

environmentally friendly technique. The 

addition of Ag to the ZnO NPs improved 

their bactericidal effect; being the most 

effective for the in vitro control of S. aureus, 

the NPs of ZnO/Ag0.25 with an average 

particle size of 9.9 nm, which allows us to 

accept the hypothesis. Additionally, these 

NPs improved seed germination and vigor at 
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the concentrations studied (250-1000 mg/L) 

without presenting possible phytotoxic 

effects. When the antimicrobial activity of 

ZnO NPs was evaluated by the solid 

medium diffusion assay, it was found that 

the average inhibition halo value was 1.06 ± 

0.04 cm and 0.8 ± 0.16 cm for S. aureus and 

E. coli, respectively. The MIC of ZnO NPs 

determined in the study to inhibit S. aureus 

is between 313.36μg /ml and 626.64μg /ml. 

As for E. coli, it was not possible to 

determine the MIC. For ZnO/Ag0.25-NPs, 

the manifestation of antimicrobial activity 

was not observed either by the solid medium 

diffusion test or by the MIC. The present 

study demonstrated that ZnO NPs have 

potential application to support materials 

whose antimicrobial functionality is desired 

to be inserted. Still, studies for photoexcited 

ZnO/Ag0.25-NPs are suggested to verify if 

there is antimicrobial activity against the 

tested bacteria. 
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