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 The combined effect of ZnO nanoparticles and peppermint extract on the bacteria 

Listeria, Salmonella and Escherichia coli was examined. Usually nanoscale dimensions 

on the order of about 1 nm to 100 nm. This test was performed by disk diffusion 
method in the first stage of the preparation of suspensions of nanoparticles at 

concentrations 100 ppm, 300 ppm, 500 ppm & 700 ppm occurred. After testing by the 

disk diffusion method, the mean diameter of the inhibitory zones around discs with four 
slots 12, 24, 36 and 48 h was measured. This study showed that the overall effect of 

zinc oxide nanoparticles against bacterial physiology, metabolism, and permeability of 

intracellular membranes and walls of bacteria, and the physical conditions of 
nanoparticle dose are dependent. 
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INTRODUCTION 

 

 Nanotechnology is an anticipated manufacturing technology that allows finely controlled, accurate and cost 

structure of matter through change, move and play with the atoms of matter provides [1]. The benefits of 

engineered nanoparticles are potentially very large, and are still being discovered. This is due to the 

characteristics of magnetic materials; electrical, chemical, mechanical and optical are certain the wide range of 

products and applications, including electronics, physics, textile, food packaging and incriminated catalyst [2-5]. 

One of the applications of nanotechnology is in food science and technology. Membranes and coatings are made 

of nanoparticles with antibacterial features, some of which can effectively be used in food science [6]. Unusual 

properties of nanoparticles for optical, chemical, electrical and photo electrochemical the scientists are [7-12]. 

The main mechanism of the effect of nanoparticles on the bacterial cell wall is damaged proteins and DNA 

damage [13]. One of the nanoparticles, zinc oxide (ZnO) is used on an industrial scale in many countries. The 

mechanism of action of ZnO nanoparticles is similar to others, but most of the damage is to the wall of the 

bacteria [14]. Due to this feature as one of the most widely used nanoparticles of zinc oxide nanoparticles to 

combat Gram-positive and Gram-negative bacteria are used. Since meat has the proper PH, nutrients and 

moisture are adequate, provided suitable environment for growth of spoilage microorganisms [15, 16]. Improper 

maintenance of the product as packaged meat causes the activity of the microorganisms on the meat adversely 

affects and makes it impossible to use. It seems that the essence of aqueous and alcoholic extracts of peppermint 

can be used as a source of natural antioxidants cheap, available and potential for medicinal and nutritional 

purposes should be considered. Peppermint extract has antioxidant properties and is anti-bacterial and inhibits 

the growth of germs and bacteria [17, 18]. Peppermint extract makes a tasty addition to a variety of meat and 

meat products as a flavoring is added to prove [19]. This family is such a rich source of polyphenolic 

compounds, so try to have the effect of nanoparticles on carbon dioxide and plant extracts (Peppermint extract) 

and the combination of these two materials on meat spoilage microorganisms were examined. 
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MATERIALS AND METHODS 
 

 ZnO nanoparticles family has features such as semiconducting, piezoelectric, and electric follower. These 

unique properties make it the richest zinc oxide particles are nanostructure materials. Also, these particles are 

biocompatible and safe and can be used in medical applications easily and without coating. The special 

properties of zinc oxide may in the future provide various research fields [20]. 

 Peppermint plant with aerial roots and stems are straight and square, and its leaves are 3 to 5 cm in length, 

cross-lanceolate or fusiform, the edge of a deep notch, the edge cuts sharp. Mint leaves a little crack. Green mint 

is often cultivated around the world. This plant which is in the north of Iran near Tehran goes wild and farmed 

[21, 22]. Peppermint contains menthol, a substance which causes a sensation in the mouth. The amount of 

menthol in peppermint from 35 to 55 percent depends on the type of change that will break sooner if 

peppermint, menthol content it comes down to about 30 percent. 

 This study was conducted in the laboratory and on the bacterial standard strains. All chemicals needed 

Sigma- Aldrich Co. was purchased in America. Trade to assess the antibacterial activity of ZnO nanoparticles 

with a purity of 99< percent from Sigma-Aldrich in America was prepared. In the crystalline state, and the 

amount of impurities in ZnO nanoparticles using X-ray diffraction (XRD) and also using scanning electron 

microscope (SEM) shape and size of nanoparticles was determined by the manufacturer. Based the results of 

SEM, nano-particles of zinc oxide nanoparticles almost spherical shape and a diameter of about 100 nanometers, 

respectively (see Fig. 1). 

 

 
 

Fig. 1: ZnO nanoparticles with a diameter of 100 nm. 

 

Preparation of suspensions of nanoparticles: 

 To obtain a homogenous solution of nanoparticles at different concentrations, including concentrations 100 

ppm, 300 ppm, 500 ppm and 700 ppm, the 10 
cc

 distilled water for each of the above test tube separately, spills 

and quantity of nanoparticles each concentration added to it. This solution is then placed in an autoclave to be 

sterilized. After disinfecting solution for a period of 30 minutes put under ultrasonic waves to a homogenous 

solution or suspension in a match (see Fig. 2). 

 

 
 

Fig. 2: Solution under ultrasonic waves. 
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Preparation of nanoparticle zinc oxide discs containing different concentrations of the extract of plant: 

 After preparation of various concentrations of zinc oxide nanoparticles and ethanol extract of mint, blank 

discs manufactured nanoparticles and antibody therapies with different concentrations of the extracts, intended 

to put. It should be noted that samples from the vicinity of the nanoparticle and the plant will be tested has a 

synergistic effect on the move. After that the discs were treated for 10 min at concentrations of material and 

extract the desired material was completely absorbing discs, them in an incubator at 37 °
C
 for 24 hours to put dry 

completely. 

 

Equivalent to half a McFarland standard suspension (1.5×10
8 
cfu/ml) from any of the bacteria: 

 Bacteria used to examine Connecticut's death, including gram-positive rod Listeria monocytogenes is a 

bacterium, Salmonella Typhimurium, Escherichia coli (E. coli) type bacteria are gram-negative rods. Tested 

bacteria (bacterial spoilage) were obtained from the Laboratory of Microbiology, College of Natural Resources 

Gorgan. Any of microbial bacterial suspension equivalents to McFarland half prepared. For this purpose, each 

of the bacterial culture medium for 24 h provided Garyk Hinton and 3-2 colonies 24-hour cultures of bacteria in 

Mueller-Hinton broth medium for data transmission after several hours, the bacteria was grown to logarithmic 

phase, the turbidity of the suspension with the standard half pipe McFarland same query.  

 

Performed by disk diffusion method: 

 Of each bacterial suspensions were prepared in the previous step, a uniform culture on Mueller Hinton agar 

medium was prepared and discs containing various concentrations of zinc oxide nanoparticles, nano-particles 

and the composition of mint extract and ethanol extract of the plant on the surface of the media as possible. 

Plates were incubated for 48-24 hours in an incubator at 37 ° C, and then the laying period by measuring the 

diameter of inhibition zone around disk susceptibility or resistance of different concentrations of nanoparticles, 

nanoparticle composition of the extract and ethanol extract of the plant and the extraction plant. 

 

RESULTS AND DISCUSSION 

 

Results of tests performed by disk diffusion method: 

 After testing by the disk diffusion method, the mean diameter of the inhibitory zones around discs with four 

slots 12, 24, 36 and 48 h were measured the following table and graph the results, which are listed according to 

the time zone diameter Each graph of a bacterium and a known concentration that is written next to it is drawn 

with Excel. Inhibition zone diameter of ZnO nanoparticles on the bacteria Listeria, Salmonella and E. coli in 

concentrations measured at different times 100 ppm, 300 ppm, 500 ppm and 700 ppm recorded in the Table 1.   

 Table 1 shows the concentration of capital letters A, B, C, ... and intervals of 12, 24, 36 and 48 hours a 

lowercase a, b, c, d marked numerical values in the following diagram it is drawn. In the form of a nano-particle 

effect on Listeria concentration was 700 ppm, as well as b and c in Fig concentrations of 500 ppm and 300 ppm 

impact of nanoparticles on Salmonella have been studied on the combined effect of nanoparticles in the form d 

100 ppm and peppermint extract has been studied on Listeria. 

 

 
Fig. 3: Effect of nanoparticles, Peppermint extract and their combination on the growth of bacteria in the meat. 
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Fig. 4: Impact of ZnO nanoparticle on (a) Listeria (700), (b) Salmonella (500), (c) Salmonella (300), and (d) 

composition of ZnO nanoparticles (100) and plant extract on Listeria. 

 
Table 1: The results of the impact of nanoparticles on bacterial growth in the Peppermint extract and combine meat. 

Number Concentration in ppm Name of bacteria 12 hr 24 hr 36 hr 48 hr 

 

A 

ZnO (700) Listeria Aa 

20±1 mm 

Ab 

16±1 mm 

Ac 

14±1 mm 

Ad 

12±1 mm 

 

B 

ZnO (500) Listeria Ba 

17±1 mm 

Bb 

12±1 mm 

Bc 

9±1 mm 

Bd 

7±1 mm 

 

C 

ZnO (100) Listeria Ca 

15±1 mm 

Cb 

11±1 mm 

Cc 

8±1 mm 

Cd 

6±1 mm 

 

D 

ZnO (500) Salmonella Da 

19±1 mm 

Db 

14±1 mm 

Dc 

12±1 mm 

Dd 

9±1 mm 

 

E 

ZnO (300) Salmonella Ea 

17±1 mm 

Eb 

13±1 mm 

Ec 

11±1 mm 

Ed 

8±1 mm 

 

F 

ZnO (100) Salmonella Fa 

11±1 mm 

Fb 

8±1   mm 

Fc 

7±1 mm 

Fd 

6±1 mm 

 

G 

Peppermint extract (50) E-coli Ga 

17±1 mm 

Gb 

12±1 mm 

Gc 

9±1 mm 

Gd 

8±1 mm 

 

H 

Peppermint extract (100) Listeria Ha 

16±1 mm 

Hb 

11±1 mm 

Hc 

9±1 mm 

Hd 

7±1 mm 

 

I 

The combination of nanoparticles (ZnO) 

(100), and peppermint extract 

Listeria Ia 

17±1 mm 

Ib 

13±1 mm 

Ic 

11±1 mm 

Id 

9±1 mm 

J The combination of nanoparticles (ZnO) 

(500), and peppermint extract 

Salmonella Ja 

21±1 mm 

Jb 

17±1 mm 

Jc 

15±1 mm 

Jd 

13±1 mm 

 

Conclusion: 

 In this study the inhibition zone diameter of ZnO nanoparticles in the hybrid mode and single-mode 

Peppermint extract of the plant with zinc oxide nanoparticles and a single mode of mint extract on Listeria and 

Salmonella bacteria were higher. The results show that the most appropriate and best practice between zinc 

oxide nanoparticles, zinc oxide nanoparticles combined Peppermint extract and peppermint extract and ethanol 

for Listeria growth inhibitory effects of zinc oxide nanoparticles in a mixture of ethanol extract of the plant was 

100 ppm and salmonella hybrid mode for ZnO nanoparticles at a concentration of 500 ppm of ethanol extract of 

the plant is. The study also showed that zinc oxide nanoparticles, zinc oxide nanoparticles combined ethanol 

extract and ethanol extract of the plant and plant anti-microbial and with increasing concentrations of 

nanoparticles of diameter greater inhibition and increases anti-microbial properties. In general, the antibacterial 

effect of ZnO nanoparticles on the physiology, metabolism, and intracellular permeability membranes and walls 

of bacteria, and the physical conditions of nanoparticle dose dependent. 
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