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Abstract

Hyssopus officinalis L. is one of the most important medicinal plants. Medicinal herbs are contaminated by
microorganisms. Conventional methods for reducing of microbial loads such as ethylene oxide, propylene oxide
and also use of steam are hazardous and instead, non-thermal process such as microwave and gamma radiation
are being used widely in order to eliminate the microbial contaminations with no or a little side effect. In the
present study the effect of gamma and microwave irradiation on antioxidant and antimicrobial activities of
Hyssopus officinalis L. was investigated. Hyssopus samples were exposed to gamma irradiation at doses 10, 15,
20 and 25 kGy and microwave irradiation at power of 300, 450 and 600 W for 5 min. In order to undergo the
sequence experiments, the hydroalcoholic (EtOH 50%) extracts of plant were prepared. The antioxidant
activities of irradiated and control samples were evaluated by DPPH radical scavenging (RS), ferric reducing
power (FRP), B-carotene bleaching (BCB) and total phenolic content (TPC) of sampels. In order to study the
antimicrobial activity, for determination of minimal inhibitory concentration (MIC) on E. coli and S. aureus,
broth diluting method was used. Results showed that gamma irradiation had no significant effect on antioxidant
parameters, phenolic content and antimicrobial activities of sampels. Microwave treatment of Hyssopus at 300,
450 and 600 W for 5 min increased its antioxidant and antimicrobial activities. Results indicated that gamma
and microwave irradiation do not have any negative effect on antioxidant and antimicrobial activities of
Hyssopus.
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Pyrenophor aavenae, Pyricularia oryzae and other
fungi [3]. Hyssopus officinalis L. has antioxidant
activities. It was able to reduce the oxidation rate of
soybean oil in the oven test at 70 °C and it could
act as an alternative of synthetic antioxidants [4].
Hyssop oil is used as a food and drink additives [5].
In spite of its bitter taste, it’s used as a flavoring

Introduction

Hyssopus officinalis L. is one of the most important
medicinal plants. This plant is widely cultivated in
central and south European countries such as
Russia, Spain, France and Italy. Hyssop oil has
antifungal and anti-bacterial activities [1]. It has

shown that it could inhibit the growth of different
microorganisms such as Escherichia coli, Listeria
monocytogenes and Staphylococcus aureus [2].
Also, it had inhibiting effects on growth of

agent and also in sauce formulations [1].

Medicinal herbs like other agricultural products are
contaminated by microorganisms [6]. Conventional
methods for reducing the microbial loads such as
ethylene oxide, propylene oxide and also use of
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steam are hazardous and banned in most countries
[7,8]. Instead, today microwave, gamma radiation
and ozone are being used widely in order to
eliminate the microbial contaminations [9-11].
Non-thermal methods such as gamma irradiation
are an effective method for decontamination of
foodstuffs [12]. Many countries use gamma
irradiation to increase the hygienic quality of spices
and herbs. Commercial irradiation of spices in
2002 was approximately 100,000 tons world-wide
[13]. The internationally safe dose is up to 10 kGy,
while in some countries this level has increased to
30 kGy [12].

Microwave radiation is a region of electromagnetic
waves with frequencies between 300 MHz and 300
GHz (wavelengths ranging from A=1 mm to 1 m)
and heat generated is called microwave heating
[14]. Because of  interaction  between
electromagnetic field and food ingredients for
example water and NaCl lead to molecular friction
and excitation and these causes to generate heat
rapidly. Microwave heating is faster in comparison
with conventional-heating, so, it can improve
quality of food product by reducing heating time
[15].

The aim of the present study is to examine the
effect of two non-thermal processing namely,
gamma and microwave irradiation, on antioxidant
and antimicrobial activities of Hyssopus officinalis
L.

Material and Methods

Materials

Dry sample of Hyssopus officinalis L. was obtained
from the Institute of Medicinal Plants Research in
Karaj, Iran. Folin-Ciocalteu phenol reagent,
ethanol, potassium ferricyanide, trichloroacetic
acid, ferric chloride and sodium carbonate were
purchased from Merck (Darmstadt, Germany); 2,
2'-diphenyl-1-picrylhydrazyl (DPPH) and -
carotene were obtained from Fluka (Germany) and
linoleic acid from Sigma (USA). Muller Hinton
Broth (MHB) was purchased from Scharlau
microbiology (Spain). All other reagents used had
the highest analytical grade.

Microorganisms

The tested microorganisms were Escherichia coli
(RITTC 1177) and Staphylococcus aureus (PTCC
1112). E. coli was purchased from Razi Vaccine
and Serum Research Institute (Karaj, Iran) and
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Staphylococcus aureus was obtained from Iranian
Research Organization for Science and Technology
(Tehran, Iran).

Gamma Irradiation

The dry samples powder (500 g) was placed in
polyethylen bags and irradiation was carried out at
various doses 10, 15, 20 and 25 kGy at room
temperature using a Gamma cell-220 irradiator
(Nordion, Canada). The source strength was
approximately 18 kCi with a dose rate of 4.18 Gy/s
determined with a Fricke dosimeter. Untreated
sample was used as a control.

Microwave Irradiation

Boutan microwave oven (model CE300 S-TDU,
Tehran, Iran) was used for irradiating of Hyssopus.
Dry samples powder (20 g) put into a glass plate
and irradiated at power of 300, 450 and 600 W for
5 min. Untreated sample was used as a control.

Preparation of Plant Extracts

The dry irradiated and control samples were mixed
with ethanol 50% (1:25 g/ml) and the mixture was
shaken with laboratory shaker for 2 h at room
temperature. All extracts filtered using Whattman
filter paper No.l. Then, extracts was concentrated
by using a rotary evaporator (Heidolph, Germany)
at 40 °C and kept in a dark place at 4 °C.

Determination of Radical Scavenging Activity by
DPPH Method

This assay was carried out as previously published
method [16]. Two ml of various concentrations of
extracts were mixed with 1 ml of a 0.2 M ethanolic
DPPH solution and shaken vigorously. After
incubation in a dark place at room temperature for
30 min, absorbance at 517 nm was determined
using a spectrophotometer (Scinco, Seol, South
Korea). The corresponding absorbance of blank (-
containing 2 ml ethanol and 1 ml DPPH solution)
was also recorded. The radical scavenging activity
(RSA) of each extract was calculated by the
following equation:

RSA :[1 - (( AComrol_Asample) / AComrol ) X 100]
where Acongor 18 the absorbance of the control at t =
0 min, Agample is the absorbance of the sample at t =
30 min.

In this test, the ECs, index was calculated, which is
the concentration of antioxidant required to reduce
preliminary concentration of DPPH to 50%.
[-carotene bleaching assay (BCB)
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The antioxidant activities of the Hyssopus extracts
were determined using the following method [17].
In brief, 10 mg of B -carotene was dissolved in 10
ml of chloroform and one ml of this solution were
pipetted in to a 100 ml round-bottom flask. Then,
chloroform was removed by nitrogen gas, 40 pl of
linoleic acid, 400 pl of Tween 20 and 100 ml of
distilled water were added. After vigorous shaking,
9.6 ml aliquots of this emulsion was added to 0.4
ml of the extract. The initial (t= 0) absorbance was
measured at 470 nm, using a spectrophotometer.
Then, the mixture was incubated in a water bath at
50 °C for 2 h and then its absorbance was recorded.
Antioxidant activity was calculated according to
the following formula:

Al%=[ A/ Ap]* 100

where Al is a antioxidant index; A and Aqn) are
the absorbance of reaction mixture at zero and after
2 h.

Reducing Power

The reducing powers of Hyssopus extracts were
determined according to the method of Oyaizu
[18]. One ml of various concentrations of sample
extracts was mixed with 2.5 ml of phosphate buffer
(200 mM, pH 6.6) and 2.5 ml of potassium
ferricyanide (1%, w/v). The mixture was incubated
at 50 °C for 20 min. Subsequently, after rapid
cooling, 2.5 ml of trichloroacetic acid were added
(10%, w/v) and the mixture was centrifuged at
2000 rpm for 10 min. Then, 5 ml of upper layer
was mixed with 5 ml of distilled water and 1 ml of
ferric chloride (0.1%). After vigorous shaking, the
absorbance of the solution was measured at 700 nm
by spectrophotometer. In this test, the ECsy (RP)
value was obtained by linear regression analysis.
This parameter is defined as the sample
concentration at which the absorbance was 0.5 for
reducing power.

Determination of total Phenolic Content (TPC)

The total phenolic content of each extract was
determined using the Folin—Ciocalteu reagent [19].
One hundered microliter of each extracts was
mixed with 0.75 ml of Folin—Ciocalteu reagent
which was diluted 10-fold with distilled water.
After standing at room temperature for 5 min, 0.75
ml of 6% (w/v) sodium carbonate were added and
mixed. The absorbance of the mixture was
recorded after 90 min at 725 nm, using a
spectrophotometer. The TPC was calculated on the
basis of a calibration curve of gallic acid (y=
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0.004x + 0.0082) and results were expressed as mg
gallic acid per gram dry weight (mg gallic
acid/gdw) of extract.

Determination of Antimicrobial Activity

Antimicrobial activities of irradiated and control
extracts of samples were determined according to
the method of Demirci et al. [20]. Two fold serial
dilutions of extracts were made with MHB in 96-
well microtiter plate (adding 100 microliter of herb
extracts with 100 microliter of MHB). Then, 10
microliter of bacterial suspensions standardized to
0.5 Mac Farland was added. A positive control
(containing 10 microliter inoculum and 100
microliter MHB) and negative control (containing
10 microliter herb extracts and 100 microliter
MHB) were prepared. The contents of the wells
were mixed and the microplates were incubated at
37 °C for 18- 24 h. The minimum inhibitory
concentration (MIC) was defined as the lowest
concentration of the extract that inhibited
microorganism growth.

Statistical Analysis

All statistical analyses were carried out by SAS ver
9.1.3 software and differences among the means
were determined using least significant differences
(LSD) test at a = 0.01. All tests were performed in
triplicate and results are presented as mean =+
standard  deviation of three independent
determinations

Results

Radical Scavenging Activity

In this test, the lower ECsy means, higher
antioxidant activity. Fig. 1A and B show the effect
of gamma and microwave irradiation on ECsy of
Hyssopus, respectively. As seen, there was no
significant difference between ECs, values of
Hyssopus samples and control at various levels of
gamma doses. Therefore, gamma irradiation
treatment of Hyssopus up to 25 kGy had no
influence on its antioxidant activity. Microwave
treatment of Hyssopus leads to decrease the ECs
values. Therefore, antioxidant activity of treated
sample was increased. Also, the result indicated,
antioxidant activity of sample decreased at power
of 600 W in comparison with 450 W.
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Fig. 1 ECs, values of hydroalcoholic extracts of Hyssopus (by DPPH method) treated by different doses of gamma ray (A)
and various power of microwave (B). Values with same letters are not significantly different (p< 0.01).

B-carotene Beleaching Assay

Fig. 2A shows the antioxidant indices of Hyssopus
treated with gamma ray. There was no significant
difference between antioxidant activities of treated
samples and control. Microwave treatment of
Hyssopus increased its antioxidant activity. In
addition, antioxidant activity of sample at 600 W
was lower than 450 W (Fig. 2B).

Reducing Power

In this test the lower ECsy (RP) means the higher
antioxidant activity. Fig. 3A shows the effect of
gamma irradiation on ECsy (RP) wvalues of
Hyssopus extracts. Gamma irradiation had no
significant effect on ECsy (RP) and reducing power
of Hyssopus. Microwave treatment of sample
resulted in reduced ECsy (RP) or increased of
reducing power. But, reducing power of sample

treated at 600 W was lower than sample treated at
450 W. (Fig. 3B).

Total Phenolic Content

The Folin—Ciocalteu method is used to measure the
TPC. This method is based on the reduction of
metal oxides by polyphenols. Gamma irradiation
treatment did not have significant effect on TPC of
Hyssopus. Microwave treatment at all levels
increased the total phenolic content of samples
(Fig. 4A and 4B).

Effect of Gamma and Microwave Irradiation on
Antimicrobial Activity of Extracts

In the present study, broth dillution method was
employed to determin MIC of Hyssopus extracts
against E. coli and S. aureus. MIC of gamma
treated Hyssopus and control, at all levels, were 1.5
and 6mg/ml, against S. aureus and E. coli,
respectively.
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Fig. 2 Antioxidant index of hydroalcoholic extracts of Hyssopus (by BCB assay) treated by different doses of gamma ray
(A) and various powers of microwave (B). Values with same letters are not significantly different (p< 0.01).
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Fig. 3 ECsy (RP) values of hydroalcoholic extracts of Hyssopus (by reducing power test) treated by different doses of
gamma ray (A) and various powers of microwave (B). Values with same letters are not significantly different (p< 0.01).
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Fig. 4 Total phenolic content of hydroalcoholic extracts of Hyssopus at different doses of gamma ray (A) and various
powers of microwave (B). Values with same letters are not significantly different (p< 0.01).
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Therefore, gamma irradiation did not have
significant effect on antimicrobial activity of
Hyssopus extracts. Also, in microwave treatment,
MIC against S. aureus and E. coli for control
samples were 1.5 and 6mg/ml, respectively.
However, for samples treated at 300, 450 and 600
W MIC against S. aureus and E. coli were 0.75 and
3mg/ml, respectively, which show that microwave
treatment resulting decrease in MIC and
enhancement in the antibacterial activity of
Hyssopus extracts.

Discussion

Results of the present study demonstrated that
gamma irradiation doses not have significant effect
on antioxidant activity, phenolic content and
antimicrobial activity of Hyssopus. It has been
observed that formation of free radicals is difficult
in samples with lower water content also, produced
free radicals are not able to move freely; thereby,
they react with each other. Therefore, other
components presented in the sample are protected.
There are some literatures available that show
gamma irradiation had no effect on antioxidant and
antimicrobial activities of plant materials. In
studying of gamma irradiation of Glycyrrhiza
glabra root at 5-25 kGy, result showed that
radiation dose up to 20 kGy did not have any effect
on antimicrobial activities. However, radiation at
25 kGy against some special bacteria declined the
antibacterial activity of sample [21]. Irradiation of
Nigella sativa seed up to 10 kGy did not have
detrimental effect on antimicrobial activities [22].
Gamma irradiation of sage and oregano at 30 kGy
did not have any significant effect on DPPH radical
scavenging activity, reducing power and TPC [23].
Also, gamma irradiation of sage, thyme and
oregano at 10 kGy showed slight effect on their
antioxidant activities [24]. Kim et al (2009)
reported gamma irradiation of cumin seed at 1- 10
kGy protected its antioxidant features [17]. Also, in
another study, it was observed that radiation of
licorice, mint, nutmeg, and vanilla at 1- 10 kGy did
not have any significant effect on antioxidant
activity of sample as tested by DPPH radical
scavenging assays [25].

The result of the effect of microwave treatment on
antioxidant and antimicrobial activities of
Hyssopus at 300, 450 and 600 W for 5 min showed
antioxidant  activity, phenolic content and
antimicrobial activity were increased. Therefore, it
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can be concluded that microwave treatment
released the phenolic components; it might be
attributed to break of covalence bonds of phenolic
components. Hence, phenolic content increased,
which lead to enhancement of antioxidant capacity
of extract. Microwave treatment of citrus mandarin
peels and pomace showed that antioxidant
activities have been increased by increasing the
applied microwave power [26,27]. Microwave
treatment of Thai red curry powder increased its
antioxidant activity in comparison with control
sample and an increase in microwave power
increased the antioxidant activity [28]. Also, our
results showed that antioxidant activity decreased
at 600 W in comparison with 450 W. Therefore, by
applying the power higher than 450 W, some
antioxidant compounds were degraded to other
compounds with lower or no antioxidant activity.
Hayat et al., was observed a decreasing trend in
antioxidant activity and phenolic acid content of
citrus mandarin peel by increasing the processing
time and microwave power [26].

Regarding to antimicrobial results, antimicrobial
activity of treated samples at 300, 450, and 600 W
have been increased, which could be resulted from
the increase of phenolic content and direct relation
between phenolic components with antimicrobial
activities. Some of the studies showed sample with
higher phenolic content show higher antimicrobial
activity [29,30]. Inhibition of microbial growth by
phenolic components could be associated with
formation of hydrogen bonds with vital proteins
such as microbial enzymes and lake of iron [31].
Also, result showed gram negative bacteria (E.
Coli.) are resistant against antimicrobial materials
than gram possitive bacteria (S. aureus), because
they have a hydrophile surface at outer layer of
their membranes and unique preplasmic space [32,
33].

In addition, our results showed microwave
treatment has a better effect compared to gamma
irradiation. It could increase phenolic content and
antioxidant and antimicrobial activities of samples.
It could be related to generation of heat by
absorption of electromagnetic rays during
microwave treatment which result in break of
covalance bonds between phenolic components and
increase of free phenolic components, antioxidant
and antimicrobial activities; however, gamma
irradiation is considered as a cold treatment. Some
studies showed that heat can increase the
antioxidant and antimicrobial activities. Heat
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treatment of tanic acid at 121 °C for 15 min
incresed its antioxidant and antimicrobial activities
[34]. Heat treatment of thyme essential oil (up to
80 °C for 1, 2 and 3 h) increased its antioxidant
activity and phenolic content as well as terpenic
components [35]. In another research, by thermal
processing of turmeric essential oil and powder (at
100 °C for 1 hour), an increased antiradical activity
has been reported [36].

Conclusion

Gamma irradiation had no adverse effect on
antioxidant and antimicrobial activities and
phenolic content of Hyssopus. Microwave
treatment of Hyssopus increased its antioxidant and
antimicrobial activities. Finally, the results
indicated that gamma and microwave irradiation do
not have any negative effect on antioxidant and
antimicrobial activities of Hyssopus. In addition,
appropriate and reasonable power of microwave
can increase the antioxidant and antimicrobial
activities of samples.
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