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ABSTRACT 

The metallic type of nanoparticles like  Zinc oxide nanoparticles (ZnO NPs) is being applied 

in a growing number of products manufactured like coatings, and make. in the last ten years, 

ZnO NPs have become one of the generally famous metal oxide molecules in biology 

handling due to its perfect , cheap ,  compatibility and slight toxicity. In this work, a 

methodology of synthesis was prepared to get ZnO nanoparticles (ZnO NPs) and 

characterization as well as utilize their nanoparticles to inhibit candida  Albicans and non-

candidal skin infection. The nanoparticles obtained were characterized using particle size, , 

and scanning electron microscopy (TEM).The present study showed that vitamin E-TPGS has 

perfect surfactant ,,coating and stabilizer for ZNO particles .  To evaluate the effect of the 

quantity of zinc precursors used during ZnO NPs synthesis on the antifungal capacity, 0.1 and 

0.15 M concentrations of zinc acetate were tested. To research the inactivation of the 

mycelial growth of the fungus, different concentrations of ZnO NPs 5-300 μg / mL. The 

inhibitory effect on the growth of the candida Albicans completely was noted at high 

concentration(100,200,300 μg / mL) by measuring the growth of fungi with incubation 

period. While other types like diaper rash, ringworm and athletic foot more resistant to ZNO 

treatment even with high concentration. 

wherefore  NPS   of zinc also has been advantageously advanced for microbial remedy. 

Moreover, ZnO NPs appear superior shining character and have overturned them into one of 

the major therapy candidates for support biomedical fields, which will be beneficial for 

simplify their future explore forward and focusing on the biomedical scope. 

Keywords: ZNO, Candida Albicans, TPGS, ringworm 

INTRODUCTION  

Zinc oxide (ZnO) is consider one of the high scientific and technological size 

inorganic compounds (Wang et al., 2019), A situation that is constantly enriched by an 

openness to new technologies, where employing ZnO could take on additional rousing roles 

than ever before. (Moezzi et al., 2012), Due to its clear  advantages in surface physical and 

chemical properties. Due to the broad stripe gap and huge stimulation  attaching energy of 

60MV at temperature of room, this nanoparticles is very acute for implementation like for 

utilize as material has photo degradation property and . (Klingshirn et al., 2010). Since  ZnO 

is  consider one of normally classify chemical that  minor toxicity (Patnaik 2003), Zno is 

commonly utilized in a wide application and medical purpose involve cosmetic areas, , 

smoothing  moisturizers, lotions, fatty products, mineral makeup adjuvant, powders of face, 

zinc ointments, and front hand creams, smoothing and astringent as well as burn and injury 

accelerating . The creation of nanostructures and nanoparticles, taking into respect the 

potential utility it,  in environmental therapy, give a guide to an improvement interest in ZnO 

(Kisch, 2015, Lead and Smith, 2009). In respect of the creation of ZnO, has been prepared by 

a different of technique involve the following: sedemination technique  (Rodriguez-paez and 

Caballero, 2001); Pechini-polymer complex (Avila et al. 2004.  
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On the other aspect Zno has several morphologies due to their nano size,  they may  be 

existence in the  area of a highly specific surface, nanoparticles appear optimal chemical 

reactivity, perfect capacity surface for adsorption, with super surface charge (Moazzen et al., 

2013). It is commonly known that zinc as an essential trace element extensively exists in all 

body tissues, involving the brain, skin,  muscle, and bone. As an essential component of the 

various enzyme systems, zinc takes a side in the biotransformation of the body and act 

specific roles in neurogenesis, nucleic acid formation and hematopoiesis(Jiang et al., 2018) . 

Nano size of Zno , makes it more effective and highly blood circulation due to readily to be 

reach to systemic circulation. nano-ZnO is usually utilized as a food supplement. Moreover,  

ZnO NPs have received more attention in pharmaceutical applications. Many researcher 

noted that when compared Zno with another metal oxide NPs, nanoparticles formulated 

relatively inexpensive and relatively little toxic properties offer superior pharmaceutical 

applications, such as antibacterial, antiprotozoal, immune stimulant, diabetes treatment , 

inflammatory, carcinogenic inhibitors , drug delivery and wound healing (Ruszkiewicz et al., 

2017, Hatamie et al., 2015, Zhang and Xiong, 2015).  

The expect mechanism of ZnO to control many infections such as cholera and 

enterotoxin,  salmonella via adenylyl cyclase activity downregulation, as ell as cAMP levels 

are limited so that consider inhibition zone many bacterial infections,  on the other aspect 

damage to cell membranes by the generation of free radical as noted in S. Typhimurium and 

Klebsiella pneumonia. (Ramani et al., 2013, Salem et al., 2015). ZnO NPs have been 

documented to have a selective cytotoxic effect on cancer cell generation, therefore vastly 

utilizing in cancer therapy.  a recent study reported that the in-vitro cytotoxicity nanoparticles 

of ZnO on cancer cells of C2C12 myoblastoma and 3T3-L1 adipocytes.  ZnO NPs inhibit 

C2C12 cell proliferation via the production of ROS-potentiate mitochondrial intrinsic 

apoptotic pathway and p53 by stimulation many pathways of apoptosis like Bax/Bcl-2 ratio, 

and caspase-3 pathways. These data demonstrate the main mechanism that responsible for 

block development of cancer cell  so that may be an aid in the development of safe option  in 

the future as one cancer therapy 

plating, scanning electron microscopy (SEM), and Raman spectroscopy were used to study 

antifungal activities of ZnO NPs and to characterize the changes in morphology and cellular 

compositions of fungal hyphae treated with ZnO NPs. He et al. (2011)reported that zinc oxide 

nanoparticles (ZnO NPs) have antifungal activities by inhibiting the growth via affecting 

cellular functions, which lead to distortion in fungal hyphae. In comparison, ZnO NPs block 

the development of conidiophores and conidia of fungai. which ultimately led to the death of 

fungal hyphae. Antimicrobial activity of zinc on fungal activity and other bacterial 

pathogenic types  like (Escherichia coli, Bacillus subtilis, Staphylococcus aureus  Candida 

albicansAspergillus niger,   and the effect showed that zinc oxide nanoparticles do have 

potent antibacterial and excellent antifungal activity against selected strains of bacteria and 

fungus as compared to that of conventional zinc oxide ordinary(Singh and Nanda, 2013). the 

antimicrobial potency of the ZnO NPs may result from the generation  of free radical such as 

hydrogen peroxide  as well as oxidation of  γ-L-Glutamyl-L-cysteinyl-glycine (GSH) 

oxidation stress(Shinde, 2015). 
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MATERIAL AND METHOEDS  

Zinc oxide  nanoparticles synthesis   

In order to preparation of  nanoparticles of  ZnO, the sol–gel technique was applied. 

this technique depend on many steps  beginning g with purpose, 1316 mg zinc acetate 

dihydrate (CH3COO) 2 Zn2H2O - Merck) was utilized as a precursor. 

Secondly 72 mg of surfactant TPGS. To progress process the nucleation in the solid phase, 

ethanol (400 mL) was prepared for scattering the quantity of zinc acetate previously weighted 

mixed with TPGS,  and ad justify the pH of the solution at  (pH 8.6) by transfer the solution , 

drop follow drop, ammonium hydroxide and deionized water to the solution. The a liquid 

placed on hot plate to 70 
0
C and setting  it under low speed stirring for 6 h. Then the 

suspension was pliable for the period of 48 hours. On the other aspect at the termination of 

this essay, the suspension was cientrifuged at 6000 rpm for 0.3 hour, and then the solution 

was drier by roasted at 455 ° C in a muffle oven for 120 minutes.. Fig. 1 explains the steps of 

generation of Zno that used in the experimental study. A similar procedures was done to get a 

solution [0.1 M], in which the suitable quantity of zinc acetate and the surfactant were 

dissolved in 600 ml of analyte ethanol (Arciniegas-Grijalba et al., 2017, Jasim et al., 2019). 

 

 

Characterization ZnO NPs newly prepared 

 

Once the samples had been arrived by way of the consistency earth described upon (Fig. 1), 

they have been characterized using zeta seizers and  morphology determine by scanning 

electron microscopy (SEM), or particle size. 

Scanning  electron microscopy 

the synthesized ZnO nanoparticles were decided the size then morphology concerning this 

have been suspended into 1 mL of ethanol with the aid of an ultrasonic tub because 1hour. 

Subsequently, a small amount was taken with the aid of Pasteur pipette yet positioned of a 

nickel grid earlier covered including a formvar membrane in imitation of keep noticed among 

the filed of sample by scanning electron microscope. 

Preparation of fungal inoculum and biological assays using ZnO NP 

To decide the embargo over fungal growth Fungi below study, difficulty in 

conformity with impact ZnO NPs, sure subculture media used to be prepared for the pressure 

Using the methodology showed after into "Replication about E. Salmonicolor fungus stress in 

vitro. The redress evaluated were: (2) middling culture? Copper oxychloride (33.41 mmol L-

 

Fig. 1 Synthesis steps  using  to obtain znic oxide 

nanoparticles coated by TPGS 
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1 ) (Fungicides); (3) Medium culture? ZnO. NP (11 mmol L-1 ); (4) Medium culture? ZnO 

NP (8 mmol L-1 ); (5) Medium culture? ZnO NP (8 mmol L-1 And (6) in a culture? ZnO NP 

(4 mmol L-1 ). Mean stability while, such is important to liven that The fungicide, copper 

oxychloride (Cu2 (OH) 3Cl) was used. As a "standard" in the expermint, that is frequently 

Used so a potential counteractive rule regarding the pleasure over rosacea (Galvis-Garcıa 

2002). The variant concentrations of ZnO NPs were transfer according to the way of life 

average afterward exposed in conformity with an ultrasonic remedy according to confirm 

sufficient painting between the medium; he was below bearing within Petri dishes, the 

average was ductile in conformity with solidifying, then eventually, this structures had been 

incubated because of three days. 

To insure homogeneity then reproducibility Sowing process, a 16-day-old fungus was 

used, beside Samples have been learnt the use of a 1.5 cm perforator Diameter, between 

discipline according to secure so much at that place is growth Structures. Then mycelia was 

inoculated at the core From every petri dent includes the treatment. To get hold of Reliable 

results, the experiment used to be performed in triplicate. Seven days were allowed in 

imitation of omit below sowing, of In discipline in accordance with ascertain ample fungal 

boom yet after absorb pho tographs out of cultures every three days. it Then the information 

have been introduced of the photograph evaluation system, "Image Analyzer pro" after 

measurement a increase region Fungi into a petri dish, then lasts till 25 days of total. 

Longevity 

To monitor how treatments work over time.For an hour at 25C wash again using 

buffer solution , tid folds for the same five minutes each period. Samples were dried after 

fixation with ethanol increasing concentrations 30, 50, 70, 80, 90, 95 and 100%, and leave in 

each alcohol concentration of 10 minutes. ethanol pre-soaking was performed LR mixture of 

white resin in proportions of 3: 1, 1: 1, 1: 3, moreover the 1:1 ratio for 45 minutes each, and 

the last for one hour. Finally, the examined samples were encapsulated in gelatin shell,  white 

resin dipping and exposed into UV room at25C for 2 days. Finally  polymerized, and 

capsules  samples were taken Carved with a knife to clear the tiny piece of resin thus getting 

semi-minute sections 250 nm and nanoscale sections 50-80 nm. Semi-fine and infinitesimal 

sections getting using small knife made of glass  with the help of Leica ultra microtome. 

Percent (%) inhibition 

Fungicide growth prohibition used to be decided based over Fungus boom area, 

adequate into cm2 or expressed as much Percent taboo conditions, parameter computed the 

use of The consequent formulation counseled by way of longevity Pandey et al. (1982): 

% Inhibition =
𝑔𝑟𝑜𝑤𝑡   𝑜𝑓  𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝑔𝑟𝑜𝑤𝑡   𝑜𝑓  𝑡𝑟𝑎𝑡𝑚𝑒𝑛𝑡  

𝑔𝑟𝑜𝑤𝑡   𝑜𝑓  𝑜𝑛𝑡𝑟𝑜𝑙  
𝑥 100  

EXPERMENTAL DESIGN 

Collection of toe hand   swap Collection  of   were  chosen from  sixty  patients from 

diwaniya city  range  between  30-50years of both sexes.  The collection of samples  were 

added to 0.9 ml of sterile saline of phosphate buffer at pH 7.0-7.2 for microbiological 

analysis of 60 isolates from humans skin infection 33 were determined as C. Albicans by 

common phenotypic and genotyping methods. ZnO nanoparticles with 30 nm were made by 

the sol-gel method, which was confirmed by particle size and scanning electron microscope 

(SEM) methods. The effect of  MIC concentrations of ZnO-np and sub-MIC (minimum 
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inhibitory concentrations) on biofilm formation was evaluated after48 hours using Crystal 

violet (CV), colony-forming unit (CFU), and SEM. 

Effect of ZnO Nanoparticles over the Growth about C. Albicans Isolates Using the MTT. 

The growth of C. Albicans isolates was exposed to graded concentration to evaluate the 

inhibitory effect according to the CLSI-M27-A3 guidelines. Briefly,  peptone dextrose broth 

was harvested by centrifugation then adjusted to a final concentration of 1 × 106 cell/mL in 

RPMI-1640 medium from cell culture of Candida  isolates from cults after overnight-grown 

in yeast extract. The suspension cell at 0.1 ml was transferred to each well of the 96-well 

microplates. . The dissolved ZnO nanoparticles in deionized water were added by pipette to 

wells to reach a two-fold series of concentrations of ZnO, ranging from 5µg/mL to 300 

µg/mL. The wells injected by the same volume of deionized water lay as negative controls, 

while the wells treated with 8 µg/mL nystatin were consider as standard therapy as positive 

controls for evaluation of the ZnO effecacy. The wells act as blank controls that not exposed 

to treatment. Next, 5 μl of sterile MTT solution (10 mg / mL in PBS) was added to each well 

of the microplate, then a new period of incubation at 37 ° C in the dark place for 4 h. The 

supernatant was inspired from each well, and then DMSO water-soluble supernatant at 100 

ml was transferred to each well . the optical absorption of a 96-well microplate was recorded 

by eliza reader (Nanke, Germany) (OD) at wavelength  570 nm. The fungal cell viability in 

each well was determined by knowing the percentage of the remaining cells = (1-X / C) x 100 

X: OD570 processing, control C: OD570. All tests were performed in triplicate. 

RESULTS AND DISCUSSION 

 Characterization and synthesis of ZnO-TPGS NPs 

The present study was designated to  synthesized  and coated ZnO NPs to control 

opposonization of macrophage that result activated immune cell , the creation was  described 

as based on the information in Fig. 1. Zeta particlesizers and in the schematic diagram (2) and 

SEM images of ZnO NPs in which the nanoparticles were averaged to be 40 nm with 

spherical rounded and elliptical - it was noted that this result was In agreement with several 

studies, ZnO NPs confirm the clear shiny crystalline nature of ZnO NPs . The UV-Vis 

absorption spectra of the prepared ZnO NPs are in the between wave length  200 nm to 800 

nm.  Also noted the a optimal absorption peak at ̴ 310 nm as shown in Figure 1 (d), which 

according  to a band gap of 3.9 eV, was documented  by(Ma, 2011 ). 

 

 

 

 

 

 

 

 

 

 

 

Diagram (2 ) refer to particle sizes of ZNO determined by particles . 
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Figure (2) SEM showed to morphology  of  oval to rounded shape of ZNO determined 

by particles . 

 

 

 

 

 

 

 

 

 

               

 

 

 

Figure (3 ) Gross apperance  shape of ZNO powder after prepare . 

 

              The suitable amount of the zinc acetate parent Zn and optimal size of organic 

solvent (methanol) were choosen as different types, as well as the suitable 

concentration of aqueous phase of TPGS as a surfactant was applied to the creation of 

ZnO NPs, i.e. the first the concentration of the zinc acetate was count as a changeable 

for characterization suitable size. subsidiary the methodology fixe size nanoparticles 

had two morphology, first one types spherical whiles acicular, although looking at the 

latter more noted in figure (2,3) the particles were created by the congregation of the 

ZnO nanospheres, a growth of fungai as well as inhibitory of nanoparticles studied 

and recorded. The size of these nanoparticles was in the size small size range from 30 

and 45 nm.TPGS-COOH has been used as biocompatibility coating material to 

prepare metallic nanoparticles for surface transformation of zinc oxide, and antifungal 

from polyoxymetal citrate with long in vivo turnover, high targeting, low toxicity 

effect, and more stability. ZnO NPs sizes of 30-35 nm have antibacterial advantages 

against Staphylococcus  and Salmonella. The data show that ZnO NPs have great 

efficacy in inhibiting the growth of gram postive compared to gram negative bacteria. 

and its inhibitory effects increase with the rise in concentrations of ZnO NPs. 
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Effect of different concentration of ZNO on C albicanis growth  

 

          The candida strains were exposed to a graded variant sub-MIC concentration 

of ZnO-TPGS nanoparticles. The present study showed increase the percent of 

candida inhibition with raise the dose of ZNO, so that perfect  conncentration was 

(100 to 300  µg/mL while lower dose give limited response listed in figure (4). On the 

othe aspect , our data reported that highly concentration was (100 ,200, 300  µg/mL 

are less effective on other C.albicanis types like atheletic foot, ringworm and diaper 

rash that inhibition were noted in figure (5,6,7) respectively.  

 

 

  

 

 

 

 

 

 

 

 

  

 

                 

 

 

 

 

 

  

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig.(4)Inhibition of C.Albicanis by ZNO at concentration 

(5 ,50.100,200,300 µg/mL)respectively .   

Fig.(5)Inhibition of athletic foot  by ZNO at concentration 

(100,200,300) µg/mL retrospectively 

 

Fig.(6)Inhibition of ring worm by ZNO at concentration 

(Inhibition of atheletic foot  by ZNO at concentration 

(100,200,300) µg/mL 

)  
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The our dato  obtanied from the sensitivity test of Cadida albicans isolates from skin 

and exposed to different concentration  of ZnO nanoparticles, these data in the present study 

with increasing the dose showed clear inhibition of fungi. Recent research confirms that the 

inhibitory potency of ZnO-NPs against Candida albicans was concorde with recent study 

reported that the minimum inhibitory concentration (MIC) and minimum fungicide 

concentration (MFC) were 129 and 255 μg / mL, respectively(Miri et al., 2019). In addition 

to ZnO has a high cell wall permeability and cytoplasmic membrani via anchor to 

phospholipid and proteins and denaturing over the devastation of the 3-D structure of 

proteins. damaged cell membrane can leak proteins and minerals, The genetic material thus 

causes cell death (Dananjaya et al., 2018).  In addition to this experiment Confirms that the 

antifungal activities of ZnO-NPs on C. albicans are Dosage dependent so that it boosts the 

concentration of ZnO-NPs and reduces fungal growth. Moreover (Dananjaya et al., 2018) 

confirmed that the concentration of ZnO NPs with minimum inhibitory range from  210 

μg/mL and 85 μg/mLrespectively, against fungal activity of C. Albicans) and who 

suggested the perfect therapeutic concentration of ZnO-C NCs return to the cell membrane 

of fungi was spoiling. On the other hand, ZnO-C NCs showed minor cytotoxicity with 

HEp2 cells confirmed the suitable with lock like cytocompatibility of created  ZnO-C NCs. 

Many studies expected that the advantages of delivery of metal with polymers may be that 

chitosan and ZNO  accompaniment way and outcome synergistic influence activity for 

antifungal and biomedical usage. Ringworm on the scalp commonly affects children,. 

medication is with antifungal drugs which always diffecults and needed to several months. 

An antifungal shampoo is not effective alone but may be advised in addition cream or 

tablets(Vishwa Priya, 2017). 

 

CONCLUSIONS 

 

Therefore, for synthesis and formulated nanoparticles more stable and more effective with 

minor toxicity, ZnO nanoparticles prepared using a stabilizer, coating, and natural surfactants 

TPGS to reduce toxicity and increase uptake by fungal cells. ZnO-TPGS has a high cell wall 

uptake permeable to the cytoplasmic membrane via binding to proteins, lipids and 

deteriorates the 3-D framework of proteins of candidal cells. These results supported that 

ZnO-TPGS may be more active in inhibiting the growth and performance of fungi by varient 

mechanisms compared to ordinary an antifungal agent. 

 

 

 

 

Fig.(7)Inhibition of diaper rash  by ZNO at concentration 

(100,200,300) µg/mL 

 



http://annalsofrscb.ro 

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 5, 2021, Pages. 1089 - 1098 
Received 15 April 2021; Accepted 05 May 2021. 

 
1097 

REFERANCE  

 

[1]    ARCINIEGAS-GRIJALBA, P., PATIñO-PORTELA, M., MOSQUERA-SáNCHEZ, L., 

GUERRERO-VARGAS, J. & RODRíGUEZ-PáEZ, J. (2017). ZnO nanoparticles (ZnO-NPs) 

and their antifungal activity against coffee fungus Erythricium salmonicolor. Applied 

Nanoscience, 7, 225-241. 

[2]     DANANJAYA, S., KUMAR, R. S., YANG, M., NIKAPITIYA, C., LEE, J. & DE 

ZOYSA, M.( 2018). Synthesis, characterization of ZnO-chitosan nanocomposites and 

evaluation of its antifungal activity against pathogenic Candida albicans. International 

journal of biological macromolecules, 108, 1281-1288. 

[3]      HATAMIE, A., KHAN, A., GOLABI, M., TURNER, A. P., BENI, V., MAK, W. C., 

SADOLLAHKHANI, A., ALNOOR, H., ZARGAR, B. & BANO, S. (2015). Zinc oxide 

nanostructure-modified textile and its application to biosensing, photocatalysis, and as 

antibacterial material. Langmuir, 31, 10913-10921. 

[4]       HE, L., LIU, Y., MUSTAPHA, A. & LIN, M. (2011). Antifungal activity of zinc 

oxide nanoparticles against Botrytis cinerea and Penicillium expansum. Microbiological 

research, 166, 207-215. 

[5]       JASIM, A. M., HASAN, H. F. & AWADY, M. J.( 2019). Preparation of Vorapaxar 

loaded with Vitamin E TPGS and PVA emulsified PLGA nanoparticles In vitro studies. 

Research Journal of Pharmacy and Technology, 12, 4503-4510. 

[6]       JIANG, J., PI, J. & CAI, J. (2018). The advancing of zinc oxide nanoparticles for 

biomedical applications. Bioinorganic chemistry and applications, 2018. 

[7]       KISCH, H.( 2015). Semiconductor photocatalysis: principles and applications, John 

Wiley & Sons. 

[8]       KLINGSHIRN, C. F., WAAG, A., HOFFMANN, A. & GEURTS, J.( 2010). Zinc 

oxide: from fundamental properties towards novel applications. 

[9]      KOŁODZIEJCZAK-RADZIMSKA, A. & JESIONOWSKI, T. Materials 7 (2014) 

2833. PMid. 

[10]    LEAD, J. R. & SMITH, E. 2009. Environmental and human health impacts of 

nanotechnology, John Wiley & Sons. 

 

 [12]     MIRI, A., MAHDINEJAD, N., EBRAHIMY, O., KHATAMI, M. & SARANI, M. 

(2019). Zinc oxide nanoparticles: Biosynthesis, characterization, antifungal and cytotoxic 

activity. Materials Science and Engineering: C, 104, 109981. 

[13]      MOAZZEN, M. A. M., BORGHEI, S. M. & TALESHI, F. (2013). Change in the 

morphology of ZnO nanoparticles upon changing the reactant concentration. Applied 

Nanoscience, 3, 295-302. 

[14]      MOEZZI, A., MCDONAGH, A. M. & CORTIE, M. B. (2012). Zinc oxide particles: 

Synthesis, properties and applications. Chemical engineering journal, 185, 1-22. 

[15]       RAMANI, M., PONNUSAMY, S., MUTHAMIZHCHELVAN, C., CULLEN, J., 

KRISHNAMURTHY, S. & MARSILI, E.( 2013). Morphology-directed synthesis of ZnO 

nanostructures and their antibacterial activity. Colloids and Surfaces B: Biointerfaces, 105, 

24-30. 

[16]       RODRIGUEZ-PAEZ, J. & CABALLERO, A. (2001). Villegas, m.; Moure, C.; 

Duran, P.; Fernandez, JF. J. Eur. Ceram. Soc, 21, 925. 

[17]        RUSZKIEWICZ, J. A., PINKAS, A., FERRER, B., PERES, T. V., TSATSAKIS, A. 

& ASCHNER, M. (2017). Neurotoxic effect of active ingredients in sunscreen products, a 

contemporary review. Toxicology Reports, 4, 245-259. 

[18]       SALEM, W., LEITNER, D. R., ZINGL, F. G., SCHRATTER, G., PRASSL, R., 

GOESSLER, W., REIDL, J. & SCHILD, S.( 2015). Antibacterial activity of silver and zinc 



http://annalsofrscb.ro 

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 5, 2021, Pages. 1089 - 1098 
Received 15 April 2021; Accepted 05 May 2021. 

 
1098 

nanoparticles against Vibrio cholerae and enterotoxic Escherichia coli. International Journal 

of Medical Microbiology, 305, 85-95. 

[19]      SHINDE, S. S.( 2015). Antimicrobial activity of ZnO nanoparticles against 

pathogenic bacteria and fungi. Sci Med Central, 3, 1033. 

[20]     SINGH, P. & NANDA, A. (2013). Antimicrobial and antifungal potential of zinc 

oxide nanoparticles in comparison to conventional zinc oxide particles. J Chem Pharm Res, 

5, 457-463. 

[21]      VISHWA PRIYA, K. (2017). Clinicomycological Profile of the Dermatophytes and 

Its Antifungal Susceptibility Pattern in Patients Attending Dermatology Out Patient 

Department in a Tertiary Care Hospital. Chengalpattu Medical College, Chengalpattu. 

[22]      WANG, M., ZHANG, M., PANG, L., YANG, C., ZHANG, Y., HU, J. & WU, G.( 

2019). Fabrication of highly durable polysiloxane-zinc oxide (ZnO) coated polyethylene 

terephthalate (PET) fabric with improved ultraviolet resistance, hydrophobicity, and thermal 

resistance. Journal of colloid and interface science, 537, 91-100. 

[23]     ZHANG, Z.-Y. & XIONG, H.-M. (2015). Photoluminescent ZnO nanoparticles and 

their biological applications. Materials, 8, 3101-3127. 

 


