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Abstract

Today, Ozone as a disinfectant method, without putting on the harmful effects on human and plant products, it is alternative 
common methods for disinfection of plant material. The research as a factorial experiment was conducted on the basis of randomized 
complete block design with three replications and the effects of Ozone gas on decreasing the microbial load of some important medicinal 
plants include: peppermint (Mentha piperita), summer savory (Satureja hortensis), Indian valerian (Valeriana wallichii), meliss (Melissa 
officinalis) and Iranian thyme (Zataria multiflora) were investigated. Medicinal plants leaves were treated with Ozone gas concentration 
0.3, 0.6 and 0.9 ml/L at times of 10 and 30 then total count, coliform and mold and yeast of the samples were studied. The result showed 
that Ozone gas decreases microbial load of medicinal plants samples, but Ozone gas and Ozone gas in medicinal plants interaction had 
no effect on essential oil content. The lowest and the highest of microbial load were detected in samples treated with concentration of 
0.9 ml/L of Ozone gas and control respectively. The highest and the lowest of microbial load were observed in Iranian thyme and Indian 
valerian respectively. Also result showed that Ozone gas treatment for 30 min had the greatest of effect in reducing the microbial load 
and 0.9 ml/L Ozone gas concentration had the lowest of microbial load. Results of this survey reflect that the use of Ozone as a method 
of disinfection for medicinal plants is a decontamination.
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Introduction

Decontamination of microorganisms in herbal plant, 
usually performed with decontamination method includes 
decontamination with methyl bromide, ethylene oxide, 
heat treatment, irradiation with gamma rays or electron 
beam and Ozone (Leistritz, 1997). 

The use of ethylene oxide and methyl bromide due to 
the release of toxic compounds, persistent and destructive 
effects for the environment, has been limited. Heat treat-
ment is cause of changing in the organoleptic properties 
and color of medicinal plants (Inan et al., 2007; Juri et al., 
1986). 

Therefore, selecting a suitable method for disinfection 
medicinal plants is very important. The use of Ozone by 
the United States Department of Agriculture in 1997 for 
the recovery of water was approved for poultry indus-
try. One year after the original study information, on the 
Ozone in the world by a special committee, in 1997, voted 
to GRAS (general recognized as safe) of Ozone, as a dis-
infection and decontamination methods for foods. EPA 
(Environmental protection agency) researchers have con-
firmed that Ozone is safer than chlorine and other disin-
fectants (Kahfourshan et al., 2005).

Due to the high oxidizing properties of Ozone (Perry 
and Yousef, 2011), and without having unfavorable effects 
on products, in comparison with other oxidizing agents, it 
became replacing of chlorine (due to dangerous for human 
and environment and not significant effect on microbes, 
Rice et al., 1982). The Ozone as a treatment of postharvest 
in vegetables and fruits are used as gas and water (Barth et 
al., 1995; Karac et al., 2007; Tzortzakis et al., 2007). 

The important point about the use of Ozone as a dis-
infectant, half-life of Ozone is only 20 min in water at 
room temperature and when it decomposes into simple 
molecules of oxygen, which is not harmful for consumers 
(Graham et al., 1997). 

Information of little about effect of Ozone on mi-
crobial load of medicinal plants was reported. Inan et al. 
(2007) were evaluated the effect of different concentra-
tions of Ozone on the red pepper. The results showed that 
the amount of Aflatoxin B1in red pepper decreased after 
ozonation. 

Effect of Ozone on microbial inactivation and sensory 
characteristics of red pepper was examined in 2008 by Ak-
bas and Ozdemir. Results showed that Ozone treatments 
with concentration of 1 mg/L for 360 min can reduce the 
number of Escherichia coli and Bacillus cereus but Ozone 
concentrations greater than 5 mg/L can be used for the re-
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had. Ozone gas was produced by corona discharge Ozone 
generator with production capacity 10 g/h of Ozone gas 
(OZONEAB co. A.S10. Iran) using Oxygen. Oxygen 
produced (the source of Oxygen was water of by LANG-
FEL Co. model, LFY-I-5A-W) with capacity of maximum 
production 10 L/min. Finally, Ozone gas was transferred 
to special barrel of medicinal plants samples. Then, by the 
sensor of Ozone measure (OZONEAB Co) the amount 
of Ozone entering to the barrel was measured. (Fig. 1 and 
2).

Essential oils analysis
The essential oils of the treated Medicinal plants sam-

ples with Ozone gas were extracted by water distillation 
using Clevenger type apparatus.

Statistical analysis
All tests were performed in three replication. Analysis 

of variance and means comparison were calculated, by us-
ing SAS 9.1 (Cary, NC, USA, 2002-2003). Means square 
comparisons were different at the 5% significance level by 
the least significant difference test.

Results

Tab. 1 provides data for the reduction of total count, 
mold and yeast, coliform and essential oil on medicinal 
plants following Ozone gas treatments. It is evident that 
microbial load of medicinal plants affected by Ozone gas 
had different concentrations (p<0.01) (Tab. 1). But Ozone 

duction of B. cereus spores. The aim of this study is the in-
vestigation of concentrations effect of 0.3, 0.6 and 0.9 ppm 
of Ozone gas as an important decontamination method 
on the microbial load of medicinal plants such as summer 
savory, Iranian thyme, peppermint, meliss and Indian val-
erian.

Materials and methods

Samples and sampling
In order to prepare of medicinal plants samples; pep-

permint and Iranian thyme were collected from the farm 
of Faculty of Agriculture, Ferdowsi University of Mash-
had. Other samples such as summer savory and Indian 
valerian were purchased from traditional shops, and they 
were transferred to the Plant Science Institute of Ferdowsi 
University of Mashhad, and spices of medicinal plants 
were confirmed.

Study of microbial load
The 10 gram samples of medicinal plants were weighed 

and diluted with 90 ml buffered peptone saline (peptone, 
1%, NaCl, 8.5 g in 1 L water, Liofilchem Co., Italia). And 
it was homogenated for 2 min. The homogenate was used 
for determination of microbial load. Enterobacteriaceae 
and coliform were determined using with 0.1 ml of each 
dilution in Violet Red Bile lactose (VRBL) agar (Lio-
filchem Co., Italia), over-layered with VRBL agar and the 
plates were incubated at 37°C for 24 h (according to the 
method of ISO4832). According ISO 7954 for determi-
nation of mold and yeast used from yeast extract glucose 
chloramphenicol agar (Liofilchem Co., Italia). The total 
count (plate count agar, Liofilchem Co., Italia) was deter-
mined by method of ISO 4833. Each sample was analyzed 
in 3 replicates (each replicate was tested with duplicate 
pour plates).

Ozonation of medicinal plants
Herbal samples for ozonation with Ozone gas were 

transferred to laboratory of Ferdowsi University of Mash-

Fig. 1. Trial steps Fig. 2. The barrel of medicinal plants samples

Tab. 1. Mean squares of microbial load of medicinal plants at 
different Ozone gas concentration

SOV df Total 
count

Mold and 
Yeast Coliform Essential 

oil
Ozone(O) 6 8.931** 12.715** 19.197** 0.022ns
Medicinal 

plants (MP ) 4 7.642** 52.194** 41.855** 32.277**

O×MP 24 1.166** 1.883** 1.493** 0.021ns
Error 70 0.078 0.112 0.191 0.064

** significant at p<0.01; NS= Non-Significant
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gas and interaction effect had no effect on essential oil con-
tent. Ozone gas had a significant decrease on total count, 
mold and yeast and coliform (Tab. 2). It was found that by 
increasing the Ozone gas concentrations from 0.3 ppm to 
0.9 ppm, microbial load reduction significantly increased 
(p<0.05). The highest and lowest level of contamination 
was observed in the control and in the 0.9 ppm concentra-
tion of Ozone gas for 30 min, respectively (Tab. 2). The 
medicinal plants samples which were treated with Ozone 
gas are shown in Tab. 3. The result indicated that the high-
est of total count, mold and yeast, coliform and essential 
oil were observed in Indian valerian, summer savory, and 
Iranian thyme and the lowest of total count, mold and 
yeast, coliform and essential oil were observed in meliss, 
Iranian thyme and meliss respectively.

The decontamination curves for total count mould 
and yeast and coliform in peppermint, summer savory, 
Iranian thyme, Indian valerian and meliss after ozonation 
treatment are shown in Fig. 3, 4 and 5. The results showed 
that the 0.9 ppm concentration for 30 min of Ozone gas 
was the effective concentration for reduction 1.12 and 
1.79 log cycles of total count contamination of pepper-
mint and summer savory. The microbial analysis after ozo-
nation with concentration of 0.9 ppm for 30 min showed 
that no total count was observed in Iranian thyme com-
paring with control samples (Fig. 3). And After ozonation 
with 0.9 ppm concentration for 30 min of Ozone gas the 
total count were decreased at 3.5 log cycle in meliss, also 
decrease in the total count with an increase of the Ozone 
gas concentration (0.3 ppm for 10 min by 0.9 ppm for 30 
min). Decrease in the total count with an increase of the 
Ozone gas concentration (0.6 ppm for 30 min) in sum-

mer savory, peppermint and Iranian thyme. The results in 
the present study showed that total count decreased in all 
the medicinal plants samples due to using Ozone gas con-
centration 0.9 ppm for 30 min. Also peppermint, summer 
savory and Iranian thyme samples that were treated with 
concentration of 0.9 ppm for 30 and 10 min had lower to-
tal count in comparison to control and other treatments. 
No significant difference was observed among control and 
other treatments of Ozone gas concentration. 

The data in Fig. 4 show the mold and yeast count of 
medicinal plants in response to different concentration 
of Ozone gas. Non-ozonation sample showed maximum 
level of mold and yeast count.  Mold and yeast count levels 
decreased gradually (from concentration of 0.6 ppm for 
10 min to 0.9 ppm for 30 min) with increase in Ozone 
gas concentration in meliss and peppermint. The highest 
and the lowest level of decontamination effect of Ozone 
gas observed in meliss and peppermint, respectively. No 
mold and yeast contamination was detected after ozona-
tion with concentration of 0.3 ppm for 30min in Iranian 
thyme, 0.6 ppm for 30 min in summer savory and 0.9 ppm 
for 30 min in meliss. Otherwise, ozonation treatment re-
sulted in complete sterilization of the Iranian thyme, sum-
mer savory and Meliss. The rate of reduction was little for 
doses up to 0.9 ppm for 30 min summer savory compara-
tive with 0.3 ppm for 10 min. no significant differences 
observed on decreasing other medicinal plants samples 
that treated by Ozone gas.

The effects of the Ozone gas treatment on the coliform 
of medicinal plants are shown in Fig. 5. According to data 

Tab. 2. Mean squares of microbial load at different Ozone gas 
concentration

Ozone Total count Mold and Yeast Coliform
Control 4.48 a 3.65 a 3.62 a

0.3 ppm, 10 min 4.37 a 3.27 b 3.37 ab
0.3 ppm, 30 min 4.29 ab 2.81 c 3.23 bc
0.6 ppm, 10 min 4.09 b 2.45 d 3.01 c
0.6 ppm, 30 min 3.86 c 2.05 e 2.53 d
0.9 ppm, 10 min 3.51 d 1.81 f 1.64 e
0.9 ppm, 30 min 2.26 e 0.94 g 0.46 f

Means followed by the same letter in a column are not significantly different using 
LSD test at p=0.05

Tab. 3. Mean squares of microbial load of medicinal plants

Medicinal 
plants

Total 
count

Mold and 
Yeast Coliform Essential 

oil
Peppermint 4.24 b 3.59 b 3.42 b 2.23 b

Summer savory 4.15 b 1.41 d 3.81 a 2.02 c
Iranian thyme 3.30 c 0.32 e 0.20 e 2.76 a
Indian valerian 4.17 a 4.18 a 2.44 d 0.23 d

Meliss 3.08 d 2.64 c 2.89 c 0.04 e
Means followed by the same letter in a column are not significantly different using 
LSD test at p=0.05

Fig. 3. The effect of treatment of Ozone gas on the total count 
in medicinal plants

Fig. 4. The effect of treatment of Ozone gas on the mold and 
yeast in medicinal plants
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coliform were found in summer savory and Iranian thyme. 
Control had the highest of microbial load and concentra-
tion of 0.9 Ozone gas had the lowest of microbial load. 
Researchers suggest that the use of Ozone, cause of the 
control or reduce the microbial load. This research results 
in studies of Inan et al. (2007) and Akbas et al. (2007) 
was reflected. Ozone effects on Escherichia coli and Bacil-
lus cereus were evaluated in Pistachio. Results showed that 
Ozone gas was affected by increasing concentration and 
increases of time increase, and in physical and chemical 
properties (free fatty acids, color, peroxide value and fatty 
acid composition) of the peroxide value did not change in 
pistachios (Akbas and Ozdemir, 2006). Ozone effects on 
Escherichia coli, Bacillus cereus bacteria and Bacillus cereus 
spores in dried fig samples were analyzed. Results indicat-
ed that Ozone reduced these bacteria and Bacillus cereus 
spores and Ozone had no negative effect on the sensory 
properties of samples were investigated. Akbas and Oz-
demir (2008), Perez et al. (1999) studied effect of Ozone 
on postharvest quality of strawberry fruit; they showed 
that Ozone is effective in preventing fungal spoilage. Also 
ozonation was decreased Bacillus cereus and Micrococcus by 
6 log cycles in spice.

Conclusions

The research conducted that Ozone had a great impact 
on reducing the microbial load of peppermint, summer sa-
vory, Iranian thyme, Indian valerian and meliss. The Ozone 
concentration of 0.9 ppm for 30 min was the most effec-
tive in reducing the microbial load of medicinal plants. 
Results of this survey and research results of scholars other 
indicat that the use of Ozone as a method of disinfection 
for medicinal plants decontamination is a suitable method 
of decontamination.

References

Akbas MY, Ozdemir M (2006). Effectiveness of Ozone for inac-
tivation of Escherichia coli and Bacillus cereus in pistachios. 
Int J Food Sci and Technol 4:513-519.

Akbas MY, Ozdemir M (2008). Application of gaseous Ozone 
to control populations of Escherichia coli, Bacillus cereus and 
Bacillus cereus spores in dried figs. Food Microbiol 25:386-
391.

Akbas MY, Ozdemir M (2008). Effect of gaseous Ozone on mi-
crobial inactivation and sensory of flaked red peppers. Inter-
national J Food Sci Technol 43:1657-1662.

Allen B, Wu JN, Doan H (2003). Inactivation of fungi associat-
ed with barley grain by gaseous ozone. J Environ Sci Health 
Part B-Pest Food Conta Agric Wastes 38(5):617-630.

Barth MM, Zhou C, Mercier J, Payne FA (1995). Ozone storage 
effects on anthocyanin content and fungal growth in black-
berries. J Food Sci 60(6):1286-1288.

Beuchat LR (1992). Surface disinfection of raw produce. Dairy 

of this figure, independent of the Ozone gas concentration, 
there was significant decrease on the coliform in medicinal 
plants. Coliform were eliminated by Ozone gas concentra-
tion of 0.6 ppm for 10 min up to 0.9 pp for 30 min in Ira-
nian thyme samples. Also coliform were eliminated with 
Ozone gas concentration of 0.9 ppm for 30 min in meliss 
and Indian valerian. There was 4.02 and 2.45 log reduc-
tion of coliform at a concentration of 0.9 ppm for 30 min 
Ozone gas in peppermint and summer savory, respectively. 
The highest levels of coliform contamination were found 
in control and the lowest levels of coliform contamination 
were found in ozonation with concentration of 0.9 ppm 
for 30 min in all medicinal plants

By end all, the results of this study indicated that 
Ozone gas treatment  had significantly effects had on mi-
crobial load of medicinal plants samples under investiga-
tion, Moreover, The total count, Molds and Yeasts and 
coliform was found 4.66, 4.44 and 4.45 in the control, 
respectively, not found in the samples of medicinal plants 
affective the Ozone. Tzortzakis et al. (2007) and Naitoh et 
al. (1987) were indicated that ozonation was affected on 
decreasing of fungal decay of strawberries, and microbial 
load of cereal grain powders, peas, beans, and whole spices. 
Scholars reported that Ozonation of onions, barley grain, 
black pepper, cereals, grains, peas, beans, spices, apple, 
orange, blackberries and grapes resulted to the reduction 
of microbial load (Allen et al., 2003; Beucha et al., 1992; 
Khadre, 2001; Kim et al., 1999; Naitoh et al., 1988; Song 
et al., 2000; Zhao and Cranston, 1995). In this study, it 
was observed that, in the concentrations of Ozone utilized 
for decontamination of medicinal plants, the concentra-
tions of 0.9 ppm for 30 min had the highest effect on to-
tal count, mold and yeast and coliform in summer savory, 
peppermint, Indian valerian and Iranian thyme. Han et al. 
(2002) and Proctor et al. (2004) observed that decreased 
the count of Escherichia coli O157:H7 increased ozone 
gas concentration and exposure time. Then, concentration 
of 0.9 ppm Ozone for 10 min had the lower contamina-
tion in plant samples was investigated. The highest of the 
total count and mold and yeast was observed in the Indian 
valerian and the lowest of total count was observed in me-
liss and Iranian thyme. Also, the highest and the lowest of 

Fig. 5. The effect of treatment of Ozone gas on the coliform 
count in medicinal plants



Vali Asill R. et al. / Not Sci Biol, 2013, 5(1):34-38

38
Perry JJ, Yousef AE (2011). Decontamination of raw foods us-

ing Ozone-based sanitization techniques. Annual Review 
Food Sci Technol 2:281-298. 

Proctor AD, Ahmedna M, Kumar JV, Goktepe I (2004). Deg-
radation of aflatoxins in peanut kernels/flour by gaseous 
ozonation and mild heat treatment. Food Addit Contamin 
21:786-793. 

Rice RG, Farquhar W, Bollyky LJ (1982). Review of the appli-
cation of ozone for increasing storage time for perishable 
foods. J Int Ozone Associat 4(1):147-163. 

Song J, Fan L, Hildebrand PD, Forney CF (2000). Biological ef-
fects of corona discharge on onions in a commercial storage 
facility. Hort Technol 10(3):608-612.

Tzortzakis N, Singleton I, Barnes J (2007). Development of 
low-level Ozone- enrichment for the preservation of chilled 
fresh produce. Posth Biol Technol 43:261-270. 

Zhao J, Cranston PM (1995). Microbial decontamination of 
black pepperby ozone and the effect of the treatment on 
volatile oil constituents of the spice. J Sci Food Agric 68:11-
18.

***Microbiology-General guidance for enumeration of yeasts 
and moulds-Colony count technique at 25°C. ISO 7954 
(1987). International Organization for Standardization, 
Geneva.

***Microbiology of food and animal feeding stuffs-Horizontal 
method for the enumeration of coliforms - Colony-count 
technique ISO 4832 (2006). International Organization for 
Standardization, Geneva.

***Microbiology of food and animal feeding stuffs horizontal 
method for the enumeration of microorganisms-colony 
count technique at 30°C. ISO 4833 (2003). International 
Organization for Standardization. Geneva.

***Ozone gets ok for use in U. S. Food industry (1997). EPRI J 
22 (11).

Food Environ Sanit 12(1):6-9.
Graham DM (1997). Use of Ozone for food processing. J Food 

Technol 55:72-75.
Han Y, Floros JD, Linton RH, Nielsen SS, Nelson PE (2002). 

Response surface modeling for the inactivation of Escheri-
chia coli O157:H7 on green peppers (Capsicum annuum) by 
ozone gas treatment. J Food Sci 67:1188-1193.

Inan F, Pala M, Doymaz I (2007). Use of Ozone in detoxification 
of aflatoxin B1 in red pepper. J Stor Pro Res 43:425-429.

Juri ML, Ito H, Watanabe H, Tamur N (1986). Distribution of 
Microorganisms in Spices and Their Decontamination by 
Gamma-irradiation. Agric Biol Chem 50(2):347-355.

Kahforoushan D, Chitsaz M, Adeli S (2005). Use of Ozone in 
food industrial of Iran. Iran Chem Engin J 4(18):54-60.

Karaca H, Velioglu YS (2007). Ozone Applications in Fruit and 
Vegetable Processing. Food Review Int 23:91-106.

Khadre MA, Yousef AE (2001). Sporicidal action of ozone and 
hydrogen peroxide: a comparative study. Int J Food Micro-
biol 71:131-138.

Kim JG, Yousef AE, Dave S (1999). Application of ozone for 
enhancing the microbiological safety and quality of foods: 
A review. J Food Prot 62(9):1071-1087.

Leistritz W (1997). Methods of bacterial reduction in spices. 
Spices 660:7-10.

Naitoh S, Okada Y, Sakai T (1987). Studies on utilization of 
ozone in food preservation: III. Microbicidal properties of 
ozone on cereal grains, cereal grain powders, peas, beans, and 
whole spices. Japan Food Science and Technology Society, 
34:788-793.

Naitoh S, Okada Y, Sakai T (1988). Studies on utilization of 
ozone in food preservation: V. Changes in microflora of 
ozone treated cereals, grains, peas, beans, and spices during 
storage. Japan Food Sc and Technol Soci 35:69-77.

Perez AG, Sanz, C, Rios JJ, Olias, R, Olias JM (1999). Effect of 
Ozone treatment on postharvest strawberry quality. J Agric 
Food Chem 47:1652-1656.


	ICANBHG_NSBL_v5n1_8297.pdf
	ICANBHG_NSBL_v5n1_8297.pdf
	ICANBHG_NSBL_v5n1_8297.pdf
	Abstract
	Introduction
	Materials and methods
	Samples and sampling
	Study of microbial load
	Ozonation of medicinal plants
	Essential oils analysis
	Statistical analysis
	Results
	Conclusions
	References




