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Abstract In the emerging issue of increased multi-resistant properties in food borne pathogens, zinc oxide (ZnO) and
nano-particle zinc oxide (nano-ZnO) are being used increasingly as antimicrobial agents. Thus, the minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) of nano-ZnO towards pathogens microbes Bacillus
subtilus NRRL B-543, Bacillus megaterium ATCC 25848, Staphylococcus aureus; NRRL B-313, Sarcina lutea ATCC27853,
Escherichia coli; NRRL B-210, Pseudomonas aeruginosa NRRL B23 27853, Klebsiella pneumoniae ATCC 27736, proteus
vulgaris NRRL B-123, Candida albicans NRRL Y-477 and Aspergillus niger NRRL-3 were examined in this study. The
results obtained suggested that nano-Zno exhibit a good bacteriostatic effect but poor bactericidal effect towards all
pathogens tested. Nano-ZnO can be a potential antimicrobial agent due to its low cost of production and high effectiveness in

antimicrobial properties, which may find wide applications in various industries to address safety issues.
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1. Introduction

Nanotechnology offers unique approaches to control a
wide variety of biological and medical processes that occur
at nanometer length and it is believed to have a successful
impact on biology and medicine (1 -2). By controlling the
structure precisely at nano scale dimensions, one can control
and modify their surface layer for enhanced aqueous
solubility, biocompatibility or bio-conjugation Nano-
particles exhibit attractive properties like high stability and
the ability to modify their surface characteristics easily. The
basic necessities for drug targeting are that the carrier should
be capable of extended circulation in the blood stream; it
must be small enough to gain access to target tissues and
target cells (3). Nowadays, research efforts are being
concentrated on integrating nano-particles with biology. It
has been reported that antibiotics often disturb the bacterial
flora of digestive tract which may develop multiple
drug-resistant isolates, hence novel ways of formulating
biocide materials is an upcoming field of attraction (4-7). For
this reason, there is a need for the use of an agent which does
not generate resistance and presents a good bactericidal
property. The field of nanotechnology is one of the most
active areas of research in modern materials science.
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Nano-particles exhibit completely new or improved
properties based on specific characteristics such as size,
distribution and morphology. New applications of
nano-particles and nano-materials are emerging rapidly.
Nano crystalline particles have found tremendous
applications in the field of high sensitivity biomolecular
detection and diagnostics, antimicrobials and therapeutics,
Catalysis and microelectronics (8).

The commonly proposed pathogenic mechanisms initiated
by nano particles (NPs) are dominated by inflammation-
driven effects, including fibrosis, oxidative stress, and DNA
damage, making inflammation a target for toxicological
testing (9). Inflammation is a complex, concerted group of
responses that, although defensive against infection, is
harmful when induced chronically by environmental stimuli
such as inhaled particles (10). The type, harmfulness, and
outcome of inflammation vary depending on the nature of
the stimulus initiating the inflammation; the affected tissue;
the nature of the cellular exudates; its chronicity, severity,
and potential to resolve; and the genetic susceptibility of the
individual.

There are some reports (11) on the considerable
antibacterial activity of CaO, MgO and ZnO, which is
attributed to the generation of reactive oxygen species on the
surface of these oxides. The advantage of using these
inorganic oxides as antimicrobial agents is that they contain
environmentally safe mineral elements essential to humans
and exhibit strong activity even when administered in small
amount. The activity is quantitatively evaluated by studying
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the growth medium caused by the bacterial metabolism (12).
Many researchers have attempted to correlate the biological
activity of inorganic antibacterial agents with the size of the
constituent particles (13-14). The advantages of inorganic
antibacterial materials over organic antibacterial materials
are that the former show superior durability, less toxicity,
greater selectivity and heat resistance. Nagarajan and
Rajagopalan 2008 (15) reported that the activity was affected
by particle size, which is controlled by processing
parameters.

ZnO has recently achieved special attention regarding
potential electronic application due to its unique optical,
electrical and chemical properties (16).

The use of antimicrobial agents in them later on promoted
to the emergence of resistance in micro-organism (17-18).
Therefore, the resistant bacteria can certainly infect the
humans via the food (19). The emergence and the
development of antimicrobial resistance in pathogens with
its scattering nature therefore turned into a global public
health concern. Research has been intensively done in
antibacterial material containing various natural and
inorganic substances to overcome this problem (20). Among
them, ZnO and nano-ZnO has known to have strong
inhibitory and antibacterial effects as well as a broad
spectrum of antimicrobial activities. The availability of a
wide range of nanostructures makes ZnO an ideal material
for nanoscale optoelectronics (21) and piezoelectric
nanogenerators (22) as well as an efficient material for
biotechnology (23). Furthermore, ZnO appears to be
strongly resisted to microorganisms , and nano-ZnO are now
widely used as antibacterial (24).

At present, ZnO and nano-ZnO have emerged as a viable
treatment option for antimicrobial activities and then we
determined the minimum inhibitory concentrations of the
pathogenic strains which showed low resistant against ZnO
and nano-ZnO.

2. Materials and Methods

2.1. Microorganisms

The organisms used were: Gram positive bacteria namely
Bacillus subtilus NRRL B-543, Bacillus megaterium ATCC
25848, Staphylococcus aureus; NRRL B-313 and Sarcina
lutea ATCC27853, Gram negative bacteria Escherichia coli,
NRRL B-210, Pseudomonas aeruginosa NRRL B23 27853,
Klebsiella pneumoniae ATCC 27736 and proteus vulgaris
NRRL B-123, pathogenic yeast Candida albicans NRRL
Y-477 and fungi Aspergillus niger NRRL-3. These
microorganisms were obtained from Natural Research center,
Department of Chemistry of Natural and Microbial product
Cairo Egypt.

2.2. Antimicrobial Activity

ZnO and nano-ZnO were tested in vitro for their
antimicrobial activities against strains by the agar diffusion

technique (25). The tested samples were dissolved in
dimethyl sulfoxide (DMSO) to prepare chemicals of stock
solutions of 20 pg/ml. The pathogenic bacteria and fungi
were maintained on nutrient agar and Czapek’s-Dox agar
media, respectively in Petri dishes with an inner diameter 9
cm to provide thin agar plates after solidification of thickness
3.4-3.5 mm. After solidification, hollows of 10 millimetre
diameter wells were cut from the agar using a sterile
cork-borer, and 0.1 ml of each of the tested solutions were
poured into the wells. The Petri dishes were incubated at
5-8°C for 2-3 h to permit good diffusion and then incubated
for 24 h at 30°C in case of bacteria and 48 h at 28°C in case
of yeast and fungi. After incubation the diameter of
inhibition zone (mm) was measured. amoxycillin and
chloramphenicol, were purchased from Egyptian market and
used in a concentration of 20 pg/ml as standard antibacterial
and antifungal references.

2.3. Minimum Inhibitory Concentration (MIC)

The antimicrobial activities of the samples were evaluated
through the determination of the minimum inhibitory
concentration (MIC) by the micro dilution method in culture
broth. For both the antibacterial and the antifungal assays,
the compounds were dissolved in DMSO (20 mg/ml).
Further dilutions were prepared at the required quantities of
20, 10, 5 1 and 0.5 pg/ml concentrations. The minimum
inhibitory concentration (MIC) values were determined
using the method of twofold serial dilutions (26). The
Nutrient Broth, which contained tested samples and controls,
were inoculated with approximately 5x10°cfu/ml of actively
dividing bacterial and fungal cells or spores. The cultures
were incubated for 24 h and 48 h at 30°C on a metabolic
rotary shaker (220 rev/min), and the growth was monitored
visually and spectrophotometerically (at 540 nm). In order to
ensure that the solvent had no effect on bacterial growth, a
control test was also performed containing inoculated broth
supplemented with only DMSO at the same dilutions used in
our experiments and found inactive in culture medium.

The MIC was defined as the lowest concentration required
to arrest the growth of the bacteria at the end of 24 h of
incubation. The MBC was determined by sub culturing a 0.
I-ml volume of the medium drawn from the culture tubes
after 48 h on Nutrient Agar and incubated further for
bacterial growth. The growth was scored for relative
numbers of the bacterial colonies. The lowest concentration
of the antimicrobial agent causing negative growth (fewer
than three colonies) was considered the MBC. Since the MIC
and MBC were virtually the same, we generally reported
only the MBC in the results.

3. Results and Desiccations

A wide variety of synthetic compounds exert antibacterial
effect, but just some of them can be used as biocides to
develop drugs or coatings. The primary impediment for their
use is their toxicity compared with their bactericidal effect;
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some of them are so toxic for eukaryotic cells that cannot be
proposed as antibiotics. Among these materials, ZnO and
nano-ZnO compounds raise as potent antimicrobial agents.
The advantage of using these inorganic oxides as
antimicrobial agents is that they contain environmentally
safe mineral elements essential to humans and exhibit strong
activity even when administered in small amount In order to
study ZnO and nano-ZnO as novel antimicrobial agents. The
antimicrobial activity of ZnO and nano-ZnO were
determined against Bacillus subtilus NRRL B-543, Bacillus
megaterium ATCC 25848, Staphylococcus aureus; NRRL
B-313, Sarcina lutea ATCC27853, Escherichia coli; NRRL
B-210, Pseudomonas aeruginosa NRRL B23 27853,
Klebsiella pneumoniae ATCC 27736, proteus vulgaris
NRRL B-123, Candida albicans NRRL Y-477 and
Aspergillus niger NRRL-3 as a pathogenic strains.

3.1. Agar Diffusion Technique

Antimicrobial activities of ZnO and nano-ZnO tested
against pathogenic microorganisms using agar diffusion
technique. The results represented in Fig (1) showed that the
best zone of inhibition against Bacillus subtilus (24mm),
Escherichia coli (24mm) Staphylococcus aureus (22mm)
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and Pseudomonas aeruginosa (22mm) for oxide zinc
nano-partials. The date also refer that ZnO has moderated
effect on Bacillus megaterium (20mm), Sarcina lutea
(18mm), Candida albicans (18mm), Klebsiella pneumoniae
(16mm) proteus vulgaris (14mm), and Aspergillus niger
(14mm).

On the other hand the uses of ZnO appeared the lowest
effect on all tested microorganisms as shown in Fig (1). The
antimicrobial ability of nano-ZnO might be referred to their
small size which is 250 times smaller than a bacterium. This
makes them easier to adhere with the cell wall of the
microorganisms causing its destruction and leads to the death
of the cell. Also, metal nano-particles are harmful to bacteria
and fungi (26). Nano-ZnO stimulate biofilm production and
aggregate within this bio-film. They bind closely to the
surface of microorganisms causing visible damage to the
cells, and demonstrating good self assembling ability.

Nano-ZnO possess well-developed surface chemistry,
chemical stability which make them easier to interact with
the microorganisms (27). Also, the particles interact with the
building elements of the outer membrane and might cause
structural changes, degradation and finally cell death.
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Figure 1. Antimicrobial activity of ZnO and nano —ZnO against pathogenic microorganisms

The effective of ZnO and nano-ZnO can be explained on

the basis of the oxygen species released on the surface of
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Zn0O, which cause fatal damage to microorganisms (28). The
generation of highly reactive species such as OH , H,0,
andO,” is explained as follows. Since ZnO with defects can
be activated by both UV and visible light, electron-hole pairs
(e’h") can be created. The holes split H,O molecules (from
the suspension of ZnO) into OH and H+. Dissolved oxygen
molecules are transformed to superoxide radical anions
("O",), which in turn react with H' to generate (HO,") radicals,
which upon subsequent collision with electrons produce
hydrogen peroxide anions (HO, ). They then react with
hydrogen ions to produce molecules of H,O,. The generated
H,0, can penetrate the cell membrane and kill the bacteria
(29)
ZnO +hv —e +h";h" +H,0—~'OH + H".
ei“"Oz —>.072; .02 + H+—>H02.
H()z.‘i‘HJr +e —>H202

Since, the hydroxyl radicals and superoxide are negatively
charged particles, they cannot penetrate into the cell
membrane and must remain in direct contact with the outer
surface of the bacteria cell of the bacteria; however, H,O,
canpenetrateinto the cell (30).

Concerning, the effect of the amoxycillin as antibiotic or
chloromphenicol in combination ZnO and nano-ZnO were
studied. It indicated that the best results were against
Escherichia coli with zone of inhibition equal (20 and
20mm), respectively followed by Bacillus megaterium (20
and 18mm), Bacillus subtilus (20 and 18 mm),
Staphylococcus aureus (20 and 18 mm), Pseudomonas
aeruginosa (18 and 18 mm), Klebsiella pneumoniae (16 and
14 mm), proteus vulgaris (16 and 14 mm), Sarcina lutea, (14
and 14 mm) Candida albicans (14 and 12 and Aspergillus
niger (14 and 12 mm), as shown in Figure (1). This results
will be agreement with the results obtains by (31).

3.2. Minimum Inhibitory Concentration (MIC)

Table 1. Antimicrobial activity (MIC values in pg/ mL) nano-ZnO
towards pathogenic microorganismes

Type of . . Minimum inhibitory
. microorganisms .
pathogenic concentration in pg/mL

B. subtilus >5

Gram®* positive B. megaterium >5
bacteria Staph. aureus >1
Sarcina lutea >5

E. col. >(0.5

Gram P. aeruginosa >0.5
positive bacteria K. pneumoniae >5
prot. vulgaris >5

Fungal species C. albicans >10
A. niger >10

In our study, the relative antimicrobial activity of
nano-ZnO suspensions against Pathogenic microorganisms
were studied qualitatively in aqueous nutrient broth
quantitatively in terms of the MIC and MBC. The MIC of the
agent is the concentration at which the solution becomes
turbid (32). Here, five nano-ZnO suspensions with different
concentrations were tested, in the range of 0.5 to 20 pg and
the results are given in table (1). The data shows that all

tested microorganisms were completely inhibited at the
concentration of 0.5 to 20 pg/ml of nano-ZnO. The
nano-ZnO solution at the concentration of 10 pg/ml of
nano-ZnO showed inhibition kinetics against all test
organisms but no significant antibacterial activity was
observed at concentrations less than 0.5 pg/ml of nano-ZnO

The MIC of nano-ZnO against Escherichia coli; and
Pseudomonas aeruginosa, were the best affect at the both
strains (4 pg/ml), followed by Staphylococcus aureus (1
pg/ml) . The moderated effect had been showed By Bacillus
subtilus, Bacillus megaterium, Sarcina lutea, Klebsiella
pneumonia and proteus vulgaris (5 pg/ml), Once nano-ZnO
kills/captures the cell membrane, the nano-ZnO presumably
remain tightly adsorbed on the surface of the leftover/dead
bacteria preventing further antibacterial action. However,
nano-ZnO continue to release peroxides into the medium
even after the surface of the dead bacteria are completely
covered by nano-ZnO, so it showing high bactericidal
efficacy (15). But the lowes effect has been recorded by
Candida albicans NRRL Y-477 and Aspergillus niger (10
pg/ml), Fungicidal activity of nano-ZnO was due to
destroying cell membrane integrity (25)._

MIC results obtained in our study resembled those
reported by Nawaz (33). The reported results of MIC are
higher than those obtained by us in the present study, which
suggests that, the antimicrobial activity of ZnO and
nano-ZnO may be influenced by preparation method as well
as by particle size. The difference in MIC results against the
test microorganisms might be due to the strains used. Thus,
we can conclude from the results of this study that the
nano-ZnO inhibited the growth and multiplication of all the
tested microorganisms.
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