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 The combination of TiO2 nanoparticle and savory extract on the bacteria Listeria, 

Salmonella and E. coli have been studied. The disk diffusion method was performed in 

the first stage of preparing suspensions of the nanoparticle at concentrations of 100, 
300, 500, 700, and 1000 ppm. After testing the disk diffusion method, mean diameter of 

growth inhibition around the disc in the four times 12, 24, 36, and 48 hour was 

measured. The results showed that the TiO2 nanoparticle with size of 100 nm effective 
against the pathogenic origin of food. The present study also demonstrated that TiO2 

nanoparticle because of excellent antibacterial and antimicrobial properties can be 

effective on Listeria, Salmonella and E. coli bacteria. 
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INTRODUCTION 

 

 Nanotechnology is a general term for all advanced technologies in the field of nanoscale dimensions with 

nanoscale refers generally to about 1nm to be 100 nm [1]. The first spark of Nanotechnology (although this 

name was not known at that time still) in 1959 was estimated. The main difference with other technologies at 

the nanoscale materials and structures are used in this technology. It is intended only small size, but the size of 

this scale, is their inherent qualities such as color, hardness, corrosion resistance, etc., vary. In fact, if we accept 

the technology with other technologies to assess the expression, we can exist "basic elements" as a criteria 

mentioned [2, 3]. One of these nanoparticles is TiO2. Chemical stability, durability and antibacterial activity of 

photocatalytic properties of titanium dioxide has been attributed to its crystal structure [4]. Titanium dioxide can 

decompose organic and inorganic compounds that are potential applications in hygiene and sterilization 

currently used to support materials coated with TiO2are effective for anti-bacterial properties [5, 6]. Since the 

meat has the proper PH, nutrients and moisture are adequate, suitable environment for the growth of spoilage 

microorganisms provides and placed on the activities of these microorganisms cause effects an improper 

maintenance of the production and packaging of meat causes. The activities of these microorganisms have 

adverse effects on the meat and make it inedible [7, 8, 9]. It seems that the aqueous and alcoholic extracts and 

Essence savory can be used as a natural antioxidant source of cheap, accessible and the potential for medicinal 

and nutritional purposes should be considered[10,11]. Savory herb scented with various effects such as the 

treatment of muscle pain, nausea and diarrhea and infectious diseases. It is also used as flavorings in food. In 

vitro antibacterial, antioxidant and antispasmodic of the plant are shown. It is also due to the aromatic 

substances for use in food drinks, industrial Anti-fungal and antibacterial properties due to the large amount of 

attention has been [12-13]. Therefore, the impact of nanoparticles of titanium dioxide and Savory herb extract 

and the composition of the material the meat spoilage microorganisms examined [14, 15]. 

 

MATERIALS AND METHODS 
 

 Titanium dioxide has three crystalline forms including anatase, rutile and brookite. Thermodynamically 

stable rutile phase at normal pressure is TiO2 Phase and other phases of the system are semi-stable [16, 17]. The 

three-phase differences are in the Structure of the Octagon. The structure of TiO2 mass is due to the high surface 
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to volume ratio of TiO2 nanoparticles and the arrangement may be quite different from the mass [18, 19]. One of 

the most widely used nanoparticles of titanium dioxide semiconductor nanoparticles with hydrophilic special 

features and photocatalytic, ultraviolet light absorbers and anti-bacteria which are used for food packaging. In 

this research, TiO2 nanoparticles with diameter of approximately 100 nm were purchased from Sigma Aldrich 

Company (Fig. 1). 10 g/lit stock solution of this nanoparticle was exposed to UV beam (260 nm) for 30 min to 

be activated; and then, was applied in the desired concentrations. 

 

 
Fig. 1: TiO2 nanoparticle with a diameter of 100 nm. 

 

 Savory is an herbaceous plant, a year and has branched stems up to 30 cm long, gray-green color of which 

varies with the characteristics of other species. There are two wild and cultivated summer savory [20] Published 

in Europe, especially France, Siberia, South and West Asia, including Iran. Savory exists in the North West of 

Iran, Tabriz, Khoy, Arasbaran different parts of Khorasan. This plant has been cultivated as green vegetable and 

dry spices in different parts of the common. Summer savory (dried leaves) contain about one percent of the oil 

that includes objects such as carvacrol, thymol, limonene and camphene. Other ingredients include various 

vitamins and minerals. Savory combinations, depending on weather conditions in growing areas may vary. 

Savory essential oil has a warm nature, effect of nourishing the stomach, facilitates digestion, carminative and 

disinfectant is strong. These herbs and spices to season are the meat with the audit. 

 

Preparation of suspensions of nanoparticles: 

 To prepare a homogenous solution of nanoparticles in different concentrations are concentrations 100ppm, 

300ppm, 500ppm and 700ppm, 1000 rate of 10 ml distilled water for each of the above test tube individually 

cast and the required amount of nano proportional to the concentration of the particles used, then add weight to 

it. The above solution was then placed in an autoclave to be sterilized. After disinfecting solution for a period of 

30 minutes to put under ultrasonic waves to activate the solution as a homogeneous suspension (see Fig.2). 

 

 
 

Fig. 2: Solution under ultrasonic waves. 

 

Preparation of nanoparticle titanium dioxide discs containing different concentrations of the extract of plant:  

 After preparation of various concentrations of titanium dioxide nanoparticles and ethanol extract of 

Satureja, 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. 
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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.  

 

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 TiO2 nanoparticles, nano-particles and the 

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

were incubated for 24-48 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 hr were measured. The results are shown in Table 1 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 (Fig. 3). 

Inhibition zone diameter of TiO2 nanoparticles on the bacteria Listeria, Salmonella and E. coli in concentrations 

measured at different times 100 ppm, 300 ppm, 500 ppm, 700 ppm and 1000 ppm recorded in the Table 1. The 

Table 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. The inhibition zone diameter of TiO2 

nanoparticle and Savory extract on the Listeria, Salmonella and E. coli is shown in Fig. 4. As shown in Fig. 4, 

the TiO2 nanoparticle on Salmonella in concentration of 1000 ppm has more efficient. Table 1 show that the 

nanoparticle in concentration of 1000ppm on the bacteria Listeria has more Inhibition zone diameter. Also, 

Table 1 shows that the Savory extract has notable effect on Salmonella and E. coli, whereas the extract has not 

effect on Listeria.  

 
Table 1: Effect of TiO2, Savory extract and their combination on the growth of bacteria in the meat.   

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

 

A 
TiO2 (1000) Listeria 

Aa 

22±1 mm 

Ab 

18±1 mm 

Ac 

15±1 mm 

Ad 

12±1 mm 

 

B 
TiO2 (700) Listeria 

Ba 

21±1 mm 

Bb 

16±1 mm 

Bc 

14±1 mm 

Bd 

11±1 mm 

 

C 
TiO2 (500) Listeria 

Ca 

20±1 mm 

Cb 

15±1 mm 

Cc 

13±1 mm 

Cd 

9±1 mm 

 

D 
TiO2 (100) Listeria 

Da 

17±1 mm 

Db 

13±1 mm 

Dc 

11±1 mm 

Dd 

7±1 mm 

 
E 

TiO2 (1000) Salmonella 
Ea 

24±1 mm 
Eb 

20±1 mm 
Ec 

17±1 mm 
Ed 

13±1 mm 

 

F 
TiO2 (300) Salmonella 

Fa 

16±1 mm 

Fb 

12±1   mm 

Fc 

9±1 mm 

Fd 

8±1 mm 

 
G 

TiO2 (100) Salmonella 
Ga 

12±1 mm 
Gb 

9±1 mm 
Gc 

7±1 mm 
Gd 

6±1 mm 

H 
 

I 

Savory extract (50) 

Savory extract (100) 

Salmonella 

E.coli 

Ha 

20±1 mm 

Ia 
15±1 

Hb 

17±1 mm 

Ib 
12±1 

Hc 

14±1 mm 

Ic 
10±1 

Hd 

12±1 mm 

Id 
8±1 

 

J 

The combination of nanoparticles 

(TiO2) (500), and Savory extract 
E.coli 

Ja 

20±1 mm 

Jb 

16±1 mm 

Jc 

13±1 mm 

Jd 

10±1 mm 

 
K 

The combination of nanoparticles 
(TiO2) (1000), and Savory extract 

Salmonella 
Ka 

22±1 mm 
Kb 

18±1 mm 
Kc 

16±1 mm 
Kd 

13±1 mm 

 

Conclusion: 

 In this study, the diameter of bacteria growth in the hybrid nanoparticle and savory herb extract in 

comparison with the case of a single nanoparticle and the ethanol extract on Listeria, Salmonella, and E. coli 

bacteria have been studied. The results show that TiO2 nanoparticle on Listeria, Salmonella, and E. coli in 

concentration of 1000 ppm has more efficient. Also, the Savory extract has notable effect on Salmonella and E. 

coli, whereas the extract has not effect on Listeria and can prevent bacteria spoilage in foods such as meat. 
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Fig. 3 Effect of nanoparticle, Savory extract and their combination on the growth of bacteria in the meat . 

  

 
 

Fig. 4: Impact of TiO2 nanoparticle on (a) Salmonella (1000), (b) Listeria (300), (c) Salmonella (100), and (d) 

       composition of TiO2 nanoparticles (500) and plant extract on E. Coli. 
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