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ABSTRACT 
  
 Medicinal plants providing natural products may be used as precursors for new drugs for their 
chemical diversity.  In the present study, the potential of gamma radiation as sterilizing agent for 
preservation and its effect on phytochemical contents, antioxidant and antibacterial activity of Teucrium 
polium (T. polium) was analyzed for antimicrobial activity. The results revealed that exposing plant 
powder to doses of gamma irradiation (5, 10, 15& 20 kGy) significantly increased the ethyl acetate 
extraction yield (dry weight) as compared to the non-irradiated plant (control). Teucrium polium 
phytochemical contents of total phenolic content (TPC), total flavonoids content (TFC) and tannins 
content were significantly increased with gamma irradiation. In the same line, the antioxidant activity 
was significantly increased in response to radiation dose. Teucrium polium showed antibacterial activity 
against Pseudomonas aeroginosa and Staphylococcus aureus. Gamma irradiation significantly increased 
the antibacterial activity against P.  aeroginosa and S.  aureus at dose of 20 KGy compared to other 
doses.    The microbial load total count of T. polium was significantly reduced by exposure to gamma 
radiation (5, 10, 15 & 20 kGy). Exposure to 5.0  kGy significantly reduced  the bacterial count by 99% 
while fungi count was not detected, while exposure to 10 kGy   was enough to eliminate bacteria and 
fungi from plant sample. 
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Introduction 
Ionizing Gamma radiation has been widely used as 
a safe decontamination process for many years, 
being applied to several types of foods including 
medicinal plants, which may affect plant chemical 
constituents and bioactivity. 
Teucrium polium L. (Ja’adeh) has been known as 
an important traditional medicinal plant in Jordan. 
It is a wild-growing flowering perennial 
herbaceous plant which belongs to the family 
Lamiaceae [1]. It’s a flowering plant, which grows 
in the dry rocky areas and stony places of the hills, 
mountains and deserts of almost all Mediterranean 
countries, South Western Asia, Europe and North 

Africa [2]. Hot infusion of aerial parts of T. polium 
has been used by many Jordanians and other 
people in Mediterranean countries in folk medicine 
for anti-inflammatory, gastrointestinal disorders, 
abdominal colic, diabetes, kidney stones, 
headache, hypoglycemic, as well as vermifuge, 
appetizer, expectorant, wound healing, stomach 
ulcer, chills, fever, earthworms, healing wound and 
other disorders[3]. Additionally, the plant reduces 
high body weight and high blood pressure and is 
lipid-lowering [4]. However, the Biological 
properties of Teucrium polium also include 
antioxidant [5], antidiabetic effects [6], antiseptic 
[7], antihypertensive [8], Hypolipidemics [9] 
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anticancer effect [10], antidiabetic [11] and anti-
inflammatory activity [12] Many researchers 
showed that the plants belonging to the genus 
Teucrium are rich in flavonoids, phenolic acid 
[13,14], phenylpropanoid glycosides, tannins, 
sterol [15] iridoid, fatty acid [16], 
monoterpenes,[17], sesquiterpenes, sterols, 
saponins and iridoid glycoside [18], and diterpenes 
[19]. Many reports showed that microbial 
contamination of plants, which occur during 
cultivation, harvest, processing and storage, may 
affect the chemical composition, and they may 
have an important role in determining the 
bioactivity and chemical composition [20]. 
Gamma radiation is a suitable food preservation 
technique for improving the safety of a wide range 
foods and their shelf life, by eliminating 
pathogenic and reduce the number of spoilage 
microorganisms without altering the biological or 
nutrition quality of the food and the physiological 
and biochemical process in plant [21]. The present 
work aims to study the effect of gamma irradiation 
on Teucrium polium: microbial load, 
phytochemical contents as well as antioxidant and 
antimicrobial activity. 

MATERIALS AND METHODS 
 

 Plant materials 
    Teucrium polium was collected from Adnaniah, 
Karak city (the south of Jordan) during May and 
June of 2017 when plants were at the late 
flowering stage, (position: 31° 11' 88.31" N 
(Latitude), 35°70'9608" E (Longitude). The plants 
was identified by Dr. Saleh Alquran, Biology 
department, college of science, Mu,tah University, 
Jordan. 

The collected plants were dried in the shadow 
at ambient temperature (25°C) for enough time 
until the mass was stabilized, then grinded to a fine 
powder and stored in clean polyethylene bags 
away from light and moisture. 

Gamma irradiation 
The powder of the dry plants were irradiated at 

a dose level of (5, 10, 15, and 20 KGy) in the 
Gamma chamber 4000–A India, irradiation 
facility, at the National Center for Radiation 
Research and Technology (NCRRT), Atomic 
Energy Authority, Cairo, Egypt at a  dose rate of 
1.170 kGy/h. 

 

Microorganisms 
The antibacterial potency of T. polium extract 

was evaluated using Gram-positive strain 
(Staphylococcus aureus (ATCC 25923) and Gram-
negative strain (Pseudomonas aeroginosa (ATCC 
27853). These were obtained from the Regional 
Center for Mycology and Biotechnology, Faculty 
of Science, Al-Azhar University, Cairo, Egypt. 

Preparation of bacterial culture 
Fresh bacterial cultures were prepared by sub-

culturing stock bacterial cultures into freshly 
prepared nutrient agar and incubating at 37°C for 
24 hours. These microbial cultures were 
transferred into freshly prepared nutrient broth and 
standardized using the method of (0.5 McFarland 
turbidity standards) using the spectrophotometer 
(SCO TECH SPUV-19- Germany) to obtain the 
desired cell density of 1.5 X 108 (cells/ml). 

Preparation of Teucrium polium extract 
Dry powder (50.0g) of each T. polium sample 

was immersed in 150 ml of ethyl acetate for 72 
hours at room temperature (27°C) [22]. Plant 
extracts were dried by evaporating solvents using 
rotary evaporator and the extraction yield (%) is 
calculated by the formula below: 

 
𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 𝑜𝑜𝑜𝑜 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒%

=
𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑑𝑑𝑑𝑑𝑑𝑑 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑑𝑑𝑑𝑑𝑑𝑑 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡
 𝑥𝑥100 

 

 Hundred milligrams from the crude extract 
was dissolved in 1 mL of 10% DMSO. The extract 
was clarified by filtration through sterile syringe 
filter with 0.2-0.45 µm pore and stored in a 
refrigerator at 4°C as aliquots for further uses. 

Phytochemical contents: 
 

1. Determination of Total Phenolic Contents 
(TPC) 

The total phenolic contents of T.polium 
extract were determined by folin-ciocalteau 
reagent method according to [23]. 0.1ml of diluted 
extract was transferred into a test tube and the 
volume was made up to 8 ml with distilled water. 
Then, 0.5 ml Folin- Ciocalteus phenol reagent was 
added, followed by 1.5 ml of 20% aqueous sodium 
carbonate solution. Tubes were vortexed, 
incubated at room temperature (27°C) for 30 min. 
and the absorbance of blue colored mixture was 
determined at 765nm (SCO TECH SPUV-19-
Germany) against a blank solution prepared by 
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adding 0.1ml of solvent instead of the tested 
sample. Based on the measured absorbance, the 
concentration of phenolic content was determined 
from the standard curve of Gallic acid and 
expressed as Gallic equivalent (mg Gallic acid/g 
dry extract). 

 

2. Determination of Total Flavonoid Contents 
(TFC): 

The total flavonoid contents of T.polium extract 
were determined using aluminium chloride 
complex according to the method adopted by 
[24].100 µl of T.polium extract was mixed with 
500 µl of distilled water and then 100 µl of 5% 
Sodium nitrate was added and allowed to stand for 
6 minutes. Then 150 µl of 10% Aluminium 
chloride solution was added and allowed to stand 
for 5 minutes. After which 200 µl of 1M Sodium 
hydroxide solution was added sequentially. The 
absorbance of this reaction mixture was recorded 
at 510 nm using UV spectrophotometer (SCO 
TECH SPUV-19-Germany). Total flavonoid 
concentrations were calculated using rutin as a 
standard curve. Concentration of flavonoids in the 
extracts was expressed in terms of rutin equivalent 
(mg of rutin/g dry extract). 

3. Determination of Tannins content (TC): 
Tannins concentration of T. polium ethyl 

acetate extract was determined according to the 
method of (Polshettiwar, Ganjiwale et al., 2007) 
[25] as follows: a volume of 100µL of diluted 
extract was added to 7.5 mL of a distilled water 
and 0.5 mL of folin reagent and 1 ml of 
Na2CO3(35%). After 30 min of incubation, the 
absorbance was determined spectrophotometrically 
using (SCO TECH SPUV-19-Germany) at 700 
nm. The Total tannins content was calculated using 
tannic acid standard curve and expressed as (mg 
tannic acid/g dry extract). 

 

4. Free radical scavenging activity  
The antioxidant activity of T. polium ethyl 

acetate extract was determined by the 2,2-
Diphenyl-1-picrylhydrazyl (DPPH) free radical 
scavenging assay. The hydrogen atom or electron 
donation abilities of the plant extracts to scavenge 
DPPH free radicals were assessed [26]. 

 

Freshly prepared (0.004%w/v) ethanol solution 
of DPPH radical was used. A 40 µl aliquot of 
T.polium extract dissolved in ethanol solution was 

added to 3 ml of the DPPH solution. Absorbance 
measurements were recorded immediately using a 
UV-visible spectrometer. The decrease in 
absorbance at 517 nm was determined 
continuously, with data being recorded at 1 min 
intervals until the absorbance stabilized (16 min). 
The absorbance of the DPPH radical (control) and 
the reference compound ascorbic acid were also 
measured. All the determinations were performed 
in three replicates. 

The percentage inhibition (PI) of the DPPH radical 
was calculated according to the formula: 
 

𝑃𝑃𝑃𝑃 =
𝐴𝐴𝐴𝐴 − 𝐴𝐴𝐴𝐴
𝐴𝐴𝐴𝐴

 
Where AC= Absorbance of the control at t =0 min 
and AT = absorbance of the sample + DPPH at t = 
16 min 

The 50% inhibitory concentration (IC50) that is the 
concentration required to inhibit DPPH radical by 
50%, was estimated from graphic plots of the dose 
response curve. 

Antibacterial activity assay 
The antibacterial activity of non-irradiated and 

irradiated (5, 10, 15 and 20 kGy) was assessed by 
agar well diffusion method reported by Murray et 
al.   [27]against S. aureus and P. aeruginosa. 
Briefly, 100 µl of bacterial inoculum containing 
1.5 X 108 CFU/mL was spread on nutrient agar 
plates. Then, the wells were made by using a 
sterile cork borer in the media and then 100 µl (10 
µg)of the extracts were placed into each well. 
Standard reference antimicrobial discs of 
(Gentamycin) were used as a positive control and 
solvent (10% DMSO) loaded well was also used as 
negative control. Plates which inoculated with 
bacteria were incubated at 37 °C for 24 hrs, then 
the inhibition zone was measured in mm. 

 

Evaluation of minimum inhibitory 
concentration (MIC) 

The MIC of non-irradiated and irradiated T. 
polium extract was determined according to the 
well diffusion method [27]. A 100 µl of (P. 
aeroginosa and S. aureus) inoculum containing 1.5 
X 108 CFU/mL was spread on nutrient agar plates 
with different concentrations of T. polium extracts 
(2, 4, 6, 8 and 10 mg/ml) dissolved in DMSO were 
placed into each well. The plates were 
subsequently incubated at 37o C for 24 hrs. After 
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incubation the growth inhibition zone was 
measured in mm. 

 

 Determination of T.polium microbial load 
The microbial load of both irradiated and non-

irradiated plants was determined using serial 
dilution method [28], where 1 gm of T.polium 
sample was mixed with 9 ml sterile saline (0.9%) 
and mixed well. 1 ml of mixed saline was pipetted 
to 9 ml of saline and serial dilutions were prepared 
consequently. 0.1 ml of each dilution was poured 
and spread on nutrient agar plate (30°C) for 48 
hours and potato dextrose agar plate (25°C) for 5 
days. The developing colonies were counted, and 
the Total Bacterial counts (TBC) and Total Fungal 
Count (TFC) were expressed as colony forming 
units (cfu) per gram of plant sample. 

Statistical analysis 
Results are expressed as means ± standard 

deviations from triplicate measurements. The 
Statistical Package for Social Sciences (SPSS, 
version 20 for windows) was used to analyze the 
data. The means were compared using Duncan’s 
multiple range (DMRT) test at p<0.05 following 
analysis of variance (ANOVA). 

RESULTS 
 

Effect gamma radiation on the extraction yield  
The extraction yields of ethyl acetate T. polium 

extract were determined at various doses of gamma 
irradiation and results are given in Figure (1). 
Yield percentages of non-irradiated and irradiated 
T. polium were ranged from 2.80 to 3.38%. While, 
non-irradiated T. polium (Control sample) gave a 
yield of 2.84%, the gamma radiation with dosages 
from 5 kGy to 15 kGy increased the extraction 
yield to 2.90, 3.28 and 3.38% respectively. On the 

other hand, 20 KGy decreased the extraction yield 
to (2.8%) compared to the control. 
Total flavonoids content (TFC): 
The results showed that changes in TFC of the T. 
polium extract under different doses of gamma 
irradiation recorded a significant increase 
compared to the control plants. The TFC values 
were significantly increased with the increase of 
gamma radiation doses, with percentage of 36.31, 
69.87, 74.14 and 82.25% at doses of 5, 10, 15 and 
20 kGY, respectively compared to the control 
(non-irradiated), Figure (2). 

Tannins content (TC): 
Our results revealed that, TC values of 

T.polium were significantly increased with 
increasing doses of gamma irradiation. Gamma 
irradiation significantly increased TC at 5, 10, 15 
and 20 kGy  with percent of change 17.50, 140.66, 
141.74, 150.38% respectively as compared to the 
control samples (Figure 3). 

Antioxidant activity: 
The DPPH and IC50 value of the gamma 

irradiated and non-irradiated (control) of T. polium 
extracts are presented in Figures (4&5). The 
antioxidant activities of the non- irradiated 
T.polium were increased significantly when 
increasing the extract concentrations (200 to 1000 
µg/ml). Gamma irradiation results in a significant 
increase of antioxidant activity of T.polium extract 
at different doses. At 400 µg/ml, the irradiation 
doses resulted in a slight increase in the 
antioxidant activity of T. polium extract 11.78, 
17.66, 25.90 and 47.08% for 5, 10, 15 and 20 kGy 
respectively as compared to control. IC50 content is 
decreased significantly under gamma irradiation 

 

  
  

A b 
            Table (1): Effect of gamma radiation on the extraction yield of T. polium 

        Gamma radiation 
(kGy) 

Dry yield weight 
(mg) 

Yield percentage 
(%, w/w) 

0 426±23.65 2.84 
5 435±35.56 2.90 

10 492±38.89* 3.28 
15 507±25.70* 3.38 
20 420±20.65 2.80 
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Fig. (1): Effect of gamma radiation on total phenolic content of T. polium. 

Each value represents the mean of triplicate (n=3) ± S.D. **=high significant (P≤ 0.01). 

 
 

 
Fig. (2): Effect of gamma radiation on total flavonoids content of T. polium. 

Each value represents the mean of triplicate (n=3) ± S.D. (***) indicate very high significant (P≤ 0.01). 
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Fig. (3): Effect of gamma radiation on tannins content of T. polium Each value represents the mean of triplicate 
(n=3) ± S.D.(***) indicate very high significant (P≤ 0.01). 
 

 

 
Fig. (4): Effect of gamma irradiation on the DPPH scavenging activity of T. polium. 

Each value represents the mean of triplicate (n=3) ± S.D 
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Fig. (5): Radical scavenging activity IC50 of T.polium 

 

 
Fig. (6): Effects of gamma radiation on the antibacterial activity of T. polium. 

Each value represents the mean of triplicate (n=3) ± S.D.(***) indicate very 

high significant (P≤ 0.01) 
Table (2): Minimum inhibitory concentrations (MIC) of non- irradiated and irradiated     (20 

kGy) Teucrium polium against P. aeruginosa and S.aureus 
 

Concentration 
(mg/ml) 

Inhibition Zone (mm) 
Non-irradiated plant extract 

(0 kGy) 
Irradiated plant extract 

(20 kGy) 
S.aureus P. aeruginosa S.aureus P. aeruginosa 

2 NA 6.20±0.66 NA NA 
4 NA 6.30±1.20 6.30±1.40 7.50±1.10 
6 NA 7.60±1.57 7.80±1.80 9.00±1.45 
8 9.20±1.66 9.25±2.06 8.50±2.20 10.25±0.54 
10 10.70±1.00 11.50±1.90 9.40±2.18 12.40±0.98 
12 10.30±0.45 12.25±2.10 10.10±1.79 13.00±1.40 

           Each value represents the mean ± S.D. (n=3), NA: No activity 

0

100

200

300

400

500

600

700

0 5 10 15 20

IC
50

 (µ
g/

m
l)

Gamma Radiation Doses (KGy)

0

2

4

6

8

10

12

14

16

18

20

0 (Control) 5 10 15 20

In
hi

bi
tio

n 
Zo

ne
 D

ia
m

et
er

 (m
m

)

Gamma radiation doses (KGy)

P.aeroginosa S.aureus

***

*****

Arab J. Nucl. Sci. & Applic. Vol. 53, No. 2 (2020)  



Ionizing Radiation effect on Teucrium polium: Phytochemical Contents …  
 

 

105 
 

Table (3): Effects of various doses of gamma irradiation on the on microbial load (CFU/g) of Teucrium polium 
powder 

 

Total count 
(CFU/g) 

Irradiation dose (kGy) 
0 (control) 5 10 15 20 

TBC 8.2×104 4.0×102 <10 <10 <10 
TFC 3.1×104 <10 <10 <10 <10 

TBC: Total bacterial count, TFC: Total fungi count.<10: Not detected (detection limit > 10 CFU/g). Each value 
represents the mean ± S.D. (n=3). 
 

 
  

Antibacterial activity 
The antibacterial activity of ethyl acetate 

extract of non-irradiated and irradiated T. polium 

against P. aeruginosa and S. aureus are displayed 
in Figure (6). Non-irradiated T.polium was of 
moderate antibacterial activity against P. 
aeruginosa and S.aureus producing inhibition zone 
diameter (11.20, 10.30 mm) respectively. 

Irradiation significantly increased antibacterial 
activity of T.polium against P.aeroginosa. The 
inhibition zone was increased by the effect of 
gamma radiation. On the other hand, it could be 
noted that irradiation did not affect the 
antibacterial activity against S.aureus, where, the 
inhibition zone in the control sample was 10.30 
mm, the largest inhibition zone was 20  mm at 
irradiation dose of 10 kGy, while the smallest 
inhibition zone was 9.40 mm at irradiation dose 20 
kGy. The minimum inhibitory concentration 
(MIC) of T. polium against P.aeroginosa and 
S.aureus was determined by the well diffusion . As 
it can be seen in Table (2), different concentrations 
(2, 4, 6, 8, 10 and 12 mg/ml) of non-irradiated 
and irradiated plant extracts were investigated to 
determine their MICs against test microorganisms. 
Our results showed that the minimum inhibitory 
effect of non-irradiated T. polium extract was at 8 
mg/ml and < 2 mg/ml with inhibition zones of 9.20 
and 6.20 mm against S. aureus and P. aeruginosa 
respectively, while irradiated T. polium suppressed 
bacterial growth of these strains at concentration of 
4 mg/ml with inhibition zones of 6.30and 7.50 mm 
respectively. 

Effect of gamma irradiation on T.polium 
microbial load 
 

Microbial counts (total bacterial counts and 
total fungal counts) were measured by pour plate 
method in control and irradiated T.polium powder. 
The initial mean populations of the total bacterial 

and total fungal counts for T.polium powder were 
8.2×104 CFU/g and 3.1×104 CFU/g respectively. 
Samples that were irradiated with doses up to 5 
kGy did not show any fungal counts, but there was 
a reduction of bacterial counts by 99.50% as 
compared to the control (0 KGy), while complete 
elimination was achieved at a dose level of 10 
KGy and above( Table 3). 

 

DISSCUSION 
 

T d The microbial load of medicinal plants is 
influenced by their origin. Herbal drugs are subject 
to contamination by microorganisms from soil, air, 
water and post harvesting conditions maybe 
present potentially pathogenic microorganisms to 
man. Microbial contaminant in non-sterile 
pharmaceutical products may reduce or even 
inactivate the therapeutic activity of the product.  
Gamma radiation is one of the processes that allow 
achieving the highest standard of medicinal herbal 
product and food through the destruction of 
microorganism. Gamma irradiation has the ability 
to extend the shelf life and improve the hygienic 
quality of the product and also increase their 
effectiveness. As herbal medicinal products are 
complex mixtures which originate from biological 
sources, it is necessary to insure a constant and 
adequate quality [21].  

To decontaminate and preserve these 
medicinal plants so as to get safer, natural and 
potent medicines, gamma radiation could be used.  
Exposing T.polium dry powder to gamma radiation 
with dosages from 5 kGy to 15 kGy increased the 
plant ethyl acetate extraction yield compared to 
non-irradiated control. The results showed that 
there are positive correlations between yield 
extract percentage and gamma radiation dose. The 
results of the present study confirm the findings of 
a previous study [29] which reported an increase in 
the extraction yields of Korean medicinal plants, 
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with increasing gamma radiation doses from 5 to 
25 KGy. Similarly, several studies found that, an 
increase in extraction yield after treating with 
gamma radiation, and referred that to the 
degradation of some high molecular weight 
components or solubilization of some of the non-
soluble components of the plant material [22,30]. 

 

The present study indicated that TPC, TFC 
and TC contents in the ethyl acetate extract of T. 
polium were considerably increased in TPC, TFC 
and TC values in relevant  to exposure dose (5, 10, 
15 and 20 KGy). The effect of gamma irradiation 
on the phenolic, flavonoid and tannins content of 
the T. polium was not conducted before. Many 
studies reported different effects of gamma 
radiation on plants phytochemical contents. 
Another study found that irradiation at 10 kGy 
increases TPC and decreased TFC of Thymus 
algeriensis extract [31]. Also Ashouri, [32] 
reported an  increase in total phenolic content in 
gamma irradiated Ferula gummosa as compared to 
the control. Khalaf,  [33] confirmed that irradiated 
Cichorium intybus L. leaves and roots increased 
the levels of phenolics, flavonoids, enhanced the 
DPPH· scavenging activity and antimicrobial 
activity against B. cereus, S. aureus, K. pneumonia 
and P. aeruginosa. A previous study [34] on 
irradiated  Emblica offcinalis showed the increase 
in the level of phenolics, flavonoids, enhanced the 
DPPH· scavenging activity and extraction yields. 
Another study for clove and nutmeg [35] reported 
an increase in tannin contents after irradiation at 
dose 15 KGy and above. On the opposite side, 
gamma radiation may induce other effects on 
plants chemical contents. A study by Ghadi [36] 
found no effect of gamma radiation  on TPC, while 
another study [37] revealed  slight decreased of 
TPC and TFC values at 10 kGy. 

 

Gamma radiation effect on the phytochemical 
contents may be attributed to different phenolic 
compounds present in different herbs. 
Hydrolysable tannins, which may be more 
susceptible to gamma-irradiation compared to the 
condensed tannin, could explain the increase in 
tannin contents which can be observed with 
increase of doses. Some studies have shown 
different effects that were attributed to the different 
phenolic compounds present in the different plant 
materials. Some of the materials have appreciable 
amounts of hydrolysable compounds, which may 
be more susceptible to gamma-irradiation 

compared to the condensed compounds present in 
other products. Accumulation of the phenolic 
compound in cells may be due to the release of 
phenolic compounds from glycosidic components 
and degrade the larger phenolic compounds into 
smaller ones by gamma radiation [38]. Briefly, by 
production of free radicals such as hydroxyl 
radicals, hydroperoxide radicals and hydrated 
electrons through the radiolysis of water, whereas, 
these radicals may break the glycosidic bonds of 
some compounds such as tetramer  and hexamer 
that are present in plants, which increase the total 
phenolic and flavonoids content in irradiated plants  
[39].  

 

The present study showed that the DPPH 
scavenging activities increased with gamma 
radiation, results in a significant increased 
antioxidant activity and decreased IC50 
significantly in T.polium extract (Lower IC50 
indicates to higher DPPH free radical scavenging 
activity) especially at 20 KGy. Similar results have 
previously revealed that gamma radiation 
significantly increased the antioxidant activity of 
Cichorium intybus roots and leaves [33]. While 
several published papers revealed the increase of 
DPPH radical- scavenging activity of extracts from 
irradiated herbs as in the Curcuma alismatifolia 
(Zingiberaceae) Leaves powder extract prepared 
from sample exposed to 20 Gy [40]. 

 

High antioxidant activity of plant extract may 
be attributed to the highest content of various 
phenolic compounds, therefore. These compounds 
are containing at least one hydroxyl aromatic ring 
system that can be easily oxidized and act as 
important units for donating electrons. Plants 
extract show the potent proton donating ability on 
DPPH. to produce DPPHH [41]. 

 

Gamma radiation caused no effect on the 
antibacterial activity of T.polium against S.aureus 
up to dose level of 20 KGy. No information is 
available in the literature on the effect of gamma 
irradiation on the antibacterial activity of T.polium. 
However, for other plant materials, the present 
study is in agreement with that of Pereira et 
al.[42] as the antimicrobial activity of  the 
irradiated lemon verbena and Fagonia arabica 
extracts were not affected by gamma radiation 
treatment up to a dose level of 10 kGy. Another 
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study confirmed that gamma-radiation has no 
effect on the antimicrobial activity of the 
Glycyrrhiza glabra roots up to 20 kGy [22]. 
Nigella sativa seed antimicrobial activity was not 
affected by gamma radiation up to 10 kGy [43]. 
Another study [44], revealed that the antimicrobial 
activity of ciprofloxacin was not affected by 
gamma radiation treatment up to 100 kGy. 
Therefore, the significant effect of gamma 
radiation on the antibacterial activity may be due 
to some chemical changes in the structure of 
bioactive compounds upon irradiation at 
comparatively high doses. On the other hand, the 
results showed that the antibacterial activity of 
T.polium was significantly increased against 
P.aeroginosa with the increase of gamma radiation 
doses, a good agreement on the content of phenolic 
compounds (responsible for antibacterial activity) 
among the non-irradiated and irradiated samples 
was found, inferring that these compounds were 
stable and were not decomposed by the irradiation 
[33]. Also gamma radiation affects chemical 
modifications in compounds, enhancing their 
action against the S. aureus. 

The results of microbial load count of the non-
irradiated samples of T.polium were highly 
contaminated with bacteria and fungi at the levels 
of 8x 104 CFU/g and 3x 104 CFU/g , respectively. 
These values exceeded the level of l.0x104 CFU/g 
reported by WHO [45] as the maximum 
permissible total count level. The high 
contamination level may be due to the high natural 
micro flora of the herbs as well as the general 
conditions during their cultivation, harvesting, 
drying, handling, processing, storage, distribution 
and sales. T.polium irradiated with 5, 10, 15 and 20 
KGy of gamma radiation had significantly reduced 
the microbial count. Whereas, gamma radiation at 
a dose level of 5 kGy decreased the total microbial 
load of the plant by 98.5%, it was 100% at a dose 
level of 10 kGy. This result agrees with the study 
of Sofowora et al. [46]. Gamma irradiation kills 
the microbes through water.  Ionization of water is 
achieved through the excruciating the molecules of 
water into hydrogen, hydroxyl and oxygen 
radicals. The most important target of ionizing 
radiation in a microorganism is the DNA molecule. 
Therefore, the free radicals combine with the 
microbial DNA and destroy or deactivate them 
[47]. 
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