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       ANOTECHNOLOGY has emerged in the past decades with 

……different disciplines including medicine that plays an important 

role in improvement of human health. Utilization of nanomaterials in 

antimicrobial application may help to avoid drawbacks of antibiotics 

or help to improve their antimicrobial effect against resistance of 

microorganisms. In the present work, silver (Ag) and zinc oxide 

(ZnO) nanoparticles (NPs) are synthesized and characterized using 

UV-Vis spectroscopy, transmission electron microscope (TEM), X-

Ray diffraction (XRD), and Fourier-transform infrared spectroscopy 

(FT-IR).  The antimicrobial activities of the synthesized ZnO and Ag 

NPs are carried out by the well diffusion and a microtiter methods 

against different pathogens (Fungi, Gram-positive and Gram-negative 

bacteria) to reveal their minimum inhibitory concentration (MIC) and 

the half-maximal inhibitory concentration (IC50). The obtained results 

indicate that both types of nanoparticles are bacteriostatic and 

bactericidal while silver is more potent than ZnO NPs.  

 
Keywords: Nanotechnology, Ag, ZnO, NPs, Minimum inhibitory 
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Nanotechnology, the deliberate manipulation of matter at size scales of less than 100 

nm, holds the promise of creating new materials and devices that take advantage of 

unique phenomena realized at those dimensions, because of their high reactivity due 

to the large surface area to volume ratio. The Nanoparticles possess extraordinary 

physicochemical, optical and biological properties which can be manipulated suitably 

for desired applications
(1)

. Nanosized inorganic particles, of either simple or 

composite nature, display unique physical and chemical properties and represent an 

increasingly important material in the development of novel nanodevices which can 

be used in numerous physical, biological, biomedical, and pharmaceutical 

applications
(2)

. 

 

Silver is a safe and effective anti-bactericidal metal because it is non-toxic to 

animal cells and highly toxic to bacteria such as Escherchia coli (E. coli) and 

Staphylococcus aureas
(3)

. Nano-silver in the form of powder as well as suspension 

have been used as anti-bacterial agents because they enables the loading of small 

quantities of silver and thus makes the product cost effective.  
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Zinc oxide is non-toxic to human beings and noxious to microorganisms. Moreover, 

zinc is a mineral element necessary to human health and ZnO is a form in the daily 

supplement for zinc. ZnO nanoparticles also have good biocompatibility to human cells
(4)

. 

ZnO nanoparticles could be used  in  various  materials  and  products,  including  

medicine, cosmetics, solar cells, rubber, concrete and also foods 
(5)

. Zinc oxide 

nanoparticles may exhibit stronger  antibacterial activity than zinc oxide material itself 
(6)

. 

ZnO nanoparticles show a significant Antibacterial effects under normal laboratory 

lighting conditions than other metal oxides nanoparticles
 (7,8)

.
 

 

In present study, Ag and ZnO nanoparticles are prepared using chemical methods. 

The antibacterial activities of Ag NPs and ZnO NPs are also examined to show their 

effects upon different microorganisms. 

 

Materials and Methods 

 

Preparation of Ag nanoparticles 

The silver colloid is prepared by using chemical reduction method according to the 

description of Fang et al.
(9)

. All solutions of reacting materials are prepared in bi-distilled 

water. In typical procedure, 50 ml of 1 mM AgNO3 is heated to boiling. To this solution, 5 

ml of 1 % trisodium citrate is added drop by drop. During this process solutions are mixed 

vigorously. Resulting solution is heated until its color (colorless) change (pale yellow) is 

evident. Then the solution is removed from the heating element until becomes cool to 

room temperature. 

 

Preparation of ZnO nanoparticles 

Chemical reduction method is used for preparation of ZnO nanoparticles. In a typical 

procedure zinc nitrate solution (0.1M) is prepared and kept in magnetic stirrer for 

continuous stirring to dissolve zinc nitrate completely. Then 0.2 M of sodium hydroxide is 

added drop wise to the vessel and mixed well using magnetic stirrer, withstand the 

mixture in stirrer for 2 hr, then the solution is incubated at room temperature for 24 hr for 

settlement, the settled white precipitate is centrifuged at 10,000 rpm for 10 min. The 

supernatant is discarded and the pellets are washed several times with distilled water to 

remove byproducts. After washing the nanoparticles by bi-distilled water and ethanol, 

they dried at 300 ºC in hot air oven for 2 hr. During drying process, zinc hydroxide is 

completely converted into zinc Oxide.
 (4)

 

 

Characterization of nanoparticles 

The optical properties (absorbance) of colloidal solutions of both ZnO and Ag 

nanoparticles are evaluated by UV/VIS spectrophotometer (Jenway 6500, UK) at 

wavelength range: 200–900 nm. Size and morphology of the prepared NPs are studied 

using transmission electron microscope (JEOL-100 CX). The crystalline nature of the 

prepared nanoparticles is examined using powder X-ray diffractometer (XPERT-PRO-

PANalytical-Netherland) using CuKα target radiation at 45 kV in the range of 10-80 (2θ). 

The crystalline dimension is calculated using Scherrer equation: 
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where λ is the wavelength of X-ray radiation and β is the full width at half 

maximum of the peaks at diffracting angle θ. The Fourier transform infrared 

spectroscopy analysis (Shimazdu Prestige-21) is performed to identify the 

possible functional groups involved in the synthesis of the nanomaterials. The 

samples are mixed with KBr and then pressed into thin pellets. Infrared spectra 

are measured at wavenumber range from 400 to 4000 cm
-1

.  

 

Determination of antimicrobial activity 

The antimicrobial susceptibility of Ag and ZnO nanoparticles is evaluated 

using the well diffusion and the microtiter method to determine the minimum 

inhibitory concentration (MIC). For well diffusion technique, a well of diameter 

6.0 mm performed in the agar plate of the microorganisms and 100 µl of 

nanoparticles are added into the well. The cultured agar plates are incubated at 

37
0
C for 24 hr. After 24 hr of incubation, the zone of inhibition is measured. 

 

For determination of MIC, different concentrations of the ZnO NPs (from 

0.49 to 125 µg/ml) and of Ag NPs (from 0.06 to 15.63 µg/ml) are used. 

Microbial suspension  at concentration 5x10
5
 CFU/ml in sterile 96-well flat-

bottomed microtiter plate is used. To each well 100 µl of the desired NPs 

concentration added (three wells for each microorganism) against three wells 

contain microorganism without addition of the nanoparticles. Plates of both type 

of bacteria (Gram-positive and Gram-Negative bacteria) incubated for 24 hr at 

37
o
C and plates of fungi (Aspergillus fumigates and Candida albicans) incubated 

for 48 hr at 28
o
C. The optical density of all suspensions are measured using a 

multi-detection microplate reader (Sun Rise- Tecan, USA) at 600 nm. The 

percentage of growth at each concentration of nanoparticles is calculated with 

the following equation: 

 

Growth % = [(OD600 of wells containing the sample/ OD600 of the sample-

free well) x 100] 
(10)

. 
 

Results and Discussion 
 
Figure 1 shows the XRD pattern of the as prepared Ag and ZnO 

nanoparticles. Nine prominent peaks for ZnO observed at 2θ angle (31.74
o
, 

34.42
o
, 36.24

o
, 47.5

o
, 56.62

o
, 62.83

o
, 66.4

o
, 67.93

o
, 69.05

o
). All peaks are the 

characteristics peaks of ZnO NPs according to (JCPDS-79 0206) without other 
extra strange peaks detected which indicate to the phase purity 

(11,12)
. Average 

crystallite dimensions is determined by the well-known sherrer’s equation (eq: 1) 
from the full width at half maximum of the most intense peak that are found to 
be 22 nm. 

 
XRD pattern of Ag NPs shows that, all diffraction peaks correspond to the 

characteristic face centered cubic (FCC) silver lines. These four peaks are 
observed at 2θ angle (38.07

o
, 44.18

o
, 64.37

o
, 77.29

o
), have been indexed as 

(111), (200), (220) and (311), respectively. The average crystallite dimension for 
Ag as determined by Scherer’s formula are found to be 10 nm. 
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Fig. 1 .XRD patterns of Ag and ZnO nanoparticles. 

 

The TEM images are shown in Fig. 2 and 3 that illustrate the TEM images of 

both Ag and ZnO nanoparticles, respectively. TEM investigation of Ag NPs 

shown that particles shape is more like nanospheres and show homogeneous 

distribution of the nanoparticles and less aggregation. Particles dimensions 

obtained from TEM image of Ag NPs are agreed with that obtained from XRD 

data to be around 10 nm. Figure 3 shows the TEM of ZnO NPs that appear as 

rod-like shape. Dimensions of ZnO NPs are close to that obtained by XRD data. 

 

 
 

Fig. 2 .TEM image of Ag nanoparticles. 
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Fig. 3. TEM image of ZnO nanoparticles. 

 

The UV-Vis spectra of the prepared Ag and ZnO nanoparticles are shown in 

Fig. 4. The maximum absorption band located at 375 nm for ZnO NPs, which 

confirms the property of ZnO as UV-filter 
(13)

. The optical absorption spectra of 

metal nanoparticles are dominated by surface plasmon resonance (SPR), which 

shift to longer wavelengths with increasing particle size
(14)

. The number of SPR 

peaks increases as the symmetry of the nanoparticles decreases, hence different 

shaped nanoparticles of silver may show one, two or more peaks
(15)

. The 

absorption spectrum of Ag nanoparticles (nanosphere) prepared by reduction 

method shows a sharp SPR feature at 425 nm indicating monodispersity of the 

sample without any anisotropic features that agree with TEM investigation
(16)

. 

Absorption spectrum of Ag nanoparticles formed in the reaction media has 

absorbance maxima at 425 nm, which is characteristic for Ag NPs 
(2)

. 

 

FT-IR spectra of both Ag and ZnO nanoparticles are shown in Fig. 5. In the 

FT-IR spectra, the band at 540 cm
-1 

in ZnO spectrum is attributed to vibration of 

Zn – O bond. The bands appeared at 900 and 1380 cm
-1 

in ZnO spectrum are 

assigned to C – O stretching mode in carbonate group of residual organic 

compound (ethanol) from washing procedure. Two bands located at 1668 and 

3398 cm
-1 

in both ZnO and Ag spectra are assigned to deformation mode of O – 

H attributed to the absorbed water molecules. In Ag spectrum, the band observed 

at 2088 cm
-1

 is attributed to citrate precursor 
__

(CH2) 
(17,18)

.  
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Fig. 4. UV-Vis spectra of ZnO nanoparticles (a) and Ag nanoparticles (b). 

 
 

Fig. 5. FT-IR spectra of Ag and ZnO nanoparticles. 
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Antimicrobial activity 

ZnO and Ag nanoparticles antimicrobial activity are studied against different 

pathogenic microorganisms (Fungi, Gram positive and Gram negative bacteria). 

These nanoparticles are dispersed in water bath sonication. Aqueous dispersion 

of ZnO and Ag nanoparticles of desired concentration was made. 

 

Well diffusion results 

The antimicrobial effects of ZnO and Ag nanoparticles on different 

microorganisms are performed. Table 1 summarized the mean diameter ± 

standard deviation of the clear inhibition zones around the well treated with Ag 

and ZnO NPs. it is clear that, both types of NPs have antimicrobial effect but Ag 

NPs is more potent than ZnO NPs. 

 
TABLE 1. Mean zone of inhibition in mm ± SD of Ag and ZnO nanoparticles against 

different Microorganisms. (NA=Not available). 

Microorganisms ZnO NPs Ag NPs 

Fungi 

Aspergillus fumigates 

(RCMB 02569) 
17.2± 0.58 18.3±0.25 

Candida albicans 

(RCMB 05038) 
NA NA 

Gram-Positive Bacteria 

Streptococcus pneumonia 

(RCMB 010015) 
20.6±0.15 20.8±0.43 

Bacillis subtilis 

(RCMB 010069) 
21.2±0.42 22.3±0.53 

Gram-Negative Bacteria 

Pseudomonas aeruginosa 

(RCMB 010048) 
NA NA 

Escherichia coli 

(RCMB 010059) 
17.4±0.53 19.6±0.25 

 

Micro-titer results 

The antimicrobial activity of Ag and ZnO nanoparticles is detected by micro-

titer method to reveal their minimum inhibitory concentration (MIC) and the half 

maximal inhibitory concentration (IC50). The MIC is determined as the lowest 

concentration that inhibited the visible growth of microorganism. Table 2 

summarizes the MIC of the tested Ag and ZnO NPs samples against different 

types of microorganisms. The present results reveal that the antimicrobial 

activity of Ag NPs are more effective than ZnO NPs, these data confirm the 
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results obtained by well diffusion method. Inhibiting activity of these 

nanoparticles  against Aspergillus fumigates, Streptococcus pneumonia, Bacillis 

subtilis and Escherichia coli show an agreement with the results obtained by                                       

the authors 
(4,9,20-25)

. Results of resistance appeared against some microorganisms, 

e.g. C. abicans and P. aeruginosa are different with the results obtained by 

Yousef & Daniel 
(19)

 and Shailaja et al. 
(22).

 This may be due to lower 

concentration used in the present study, it is reported that MIC for C. abicans is 

100 µg/ml 
(26)

. 

 

Higher activity of Ag nanoparticles may be attributed due to their small size 

and their higher surface–to–volume ratio. This helps to increase penetration of 

nanomaterials through membrane of microorganism and increase the chemical 

interaction activity of the nanomaterial in the microorganisms environment
(25)

.  

 

Mechanisms of interaction of nanomaterials with the microorganisms still not 

fully understood
(20)

. There are many mechanisms of antimicrobial activity of Ag 

and ZnO NPs that may be summarized as follow: ZnO NPs may adhere with cell 

wall and interact with building elements that causing destruction of it
(19)

. On 

entrance into microorganism ZnO reacts with proteins and DNA results in 

denaturation them
(22)

. Releasing of Zn
+2

 ions that cause deformation or swelling 

of membrane
(27)

. ZnO plays role in generation of reactive oxygen species 

(ROS)
(20)

. Also mechanisms of interaction of Ag NPs with microorganisms is the 

same as ZnO
(2,25)

. Besides, interaction with thiol group –SH by replacing H atom 

to be (–S Ag) which cause inhibiting growth of microorganism, silver-amino 

acid interactions, enhancing phosphate efflux and inhibition of uptake
(24,28,29)

. 

 
TABLE 2. MIC and IC50 of both Ag and ZnO NPs against different types of 

microorganisms. 

Microorganism 

ZnO NPs Ag NPs 

MIC (µg/ml) IC50 (µg/ml) MIC (µg/ml) IC50 (µg/ml) 

A.fumigatus 31.25 88 3.9 9.92 

C.albicans NA NA NA NA 

S.pneumoniae 1.95 30.4 1.95 10.9 

B.subtilis 0.98 10.3 0.49 2.63 

P.aeruginosa NA NA NA NA 

E.coli   15.63 73.8 3.9 14 

 

https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=0ahUKEwjV_uvex9rRAhWrHJoKHcsNDsAQFggYMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBacillus_subtilis&usg=AFQjCNGFijWm9LtsdZ-Da63OlFj9u3JOdg&sig2=W2-uXFF_kPAsTYPURpP-hQ
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=0ahUKEwjV_uvex9rRAhWrHJoKHcsNDsAQFggYMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FBacillus_subtilis&usg=AFQjCNGFijWm9LtsdZ-Da63OlFj9u3JOdg&sig2=W2-uXFF_kPAsTYPURpP-hQ
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=0ahUKEwjfj7r-x9rRAhUIEJoKHagEB-oQFggYMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEscherichia_coli&usg=AFQjCNFT_fJrAAEMjuPEQYfRdOqM5ifGCw&sig2=fdgb11DrYKwIgdkyTrGv8g
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Fig. 6. MIC of Both Ag and ZnO NPs against different types of microorganisms. 

 

Conclusion 

 

Simple, rapid and inexpensive methods have been developed to prepare ZnO 

and Ag nanoparticles. The silver nanoparticles synthesized and analyzed in 

present study are found to have stronger antimicrobial potency than ZnO NPs.  

 

The MIC of Ag is lower than that of ZnO which indicates that Ag is more 

potent than ZnO in agreement with the result obtained by well diffusion desk.  

 

Due to their antimicrobial activity, little toxicity and some properties, it is 

suggested that Ag and ZnO nanoparticles can be used as antimicrobial agents or 

used in combination with synthetic antibiotics to enhance their antimicrobial 

activity. 
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للميكروبات لكلا من الجسيمات النانومترية من  المضادة التأثيرات

  الفضة وأكسيد الزنك
 

 محمد إسماعيل الجوهرى ، ثناء إبراهيم شلبى
*

و سعد يحيى مجاهد
  

 -جامعة الأزهر  - بنين() كلية العلوم -قسم الفيزياء  -شعبة الفيزياء الحيوية 

والقاهرة 
*

جامعة الأسكندرية  -البحوث الطبية معهد  -قسم الفيزياء الحيوية الطبية 

 .مصر –الإسكندرية  -

 

  

 ومنها تكنولوجيا النانو تداخلت فى الأونة الأخيرة مع مختلف التخصصات

إستخدام  إن .صحة الإنسان الحفاظ على والتى تلعب دور هام فى الطبية التطبيقات

ساعد فى تجنب فى التطبيقات المضادة لنمو الميكروبات قد ي المواد النانومترية

هذه  فى .سلبيات المضادات الحيوية أو يحسن من تأثيرهم المضاد للميكروبات

 كما تم الجسيمات النانومترية من الفضة وأكسيد الزنك كيميائيا تم إعداد الدراسة

 وكذلك فوق البنفسجى والمرئى  جهاز الطيف باستخدام دراسة خواصهم

جهاز  بالإضافة إلى الميكروسكوب الإلكترونى النافذ و جهاز حيود أشعة إكس

تم إختبار نشاط الجسيمات  . طيف الأشعة تحت الحمراء باستخدام تحليل فوريه

تم فحص هذا  النانومترية المضاد للميكروبات بطريقتى الإنتشار والميكرو تتر.

 أقل تركيز مثبط ام لتحديدالنشاط ضد الفطريات والبكتيريا موجبة وسالبة جر

(MIC) والتركيز المثبط لنصف تركيز الميكروبات. (IC50) أكدت النتائج وقد 

لها نشاط مضاد  النانومترية من الفضة وأكسيد الزنك أن كلا من الجسيمات

من جسيمات أكسيد الزنك  أقوى جسيمات الفضة تأثيرا أظهرت للميكروبات ، بينما

 . النانومترية

 


