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Abstract: Pelargonium graveolens UHér. is an important
aromatic and medicinal plant, which is famous for its essen-
tial oils (EO,).The aim of this study was to evaluate the effects
of UV-B on growth factors, essential oils components, anti-
oxidant activity of essential oils and antioxidant enzymes ac-
tivity, carbohydrate content, leaf pigments and total protein.
Cuttings from potted plants were exposed to 0, 0.12, 0.26, and
0.38 W m? of UV-B radiation. The antioxidant enzyme activity,
carbohydrate content and protein and pigments contents were
measured by spectrophotometric methods. The composition of
EOQ, was analyzed by GC-MS. The antioxidant activity of the
EO, was analyzed by free radical scavenging activity using the
2,2-diphenyl-1-picrylhydrazyl (DPPH). Results demonstrated
that the leaves’ fresh and dry mass, plant height, number of
leaves, and the content of chlorophyll, protein and total carbo-
hydrates were significantly (P < 0.05) decreased, when plants
were subjected to increased intensity of UV radiation. In con-
trast, the content of carotenoids and antioxidant enzymes ac-
tivities increased. The chemical composition of EO; indicated
that the main components in all treated plants were citronel-
lol, geraniol, and citronellyl formate. The antioxidant activity
of the essential oils increased with increasing UV-B radiation.
The maximum and minimum IC50 values of essential oils were
obtained in control plants and plants under 0.38 W m= UV-B
radiation, respectively.
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Vpliv UV-B sevanja na antioksidacijsko aktivnost, sestavo ete-
ri¢nih olj in fiziolo§ke parametre rozenkrauta (Pelargonium
graveolens UHér.)

Izvlecek: Rozenkravt (Pelargonium graveolens LHér.) je
med gojenimi pelargonijami pomembna aromati¢na in zdravil-
na rastlina zaradi vsebnosti eteri¢nih olj (EO,). Namen te raz-
iskave je bil ovrednotiti u¢inke UV-B sevanja na njene rastne
parametre, vsebnost eteri¢nih olj, antioksidacijsko aktivnost
eteri¢nih olj in antioksidacijskih encimov, vsebnost ogljikovih
hidratov, listnih pigmentov in celokupnih beljakovin. Pota-
knjenci iz v loncih vzgojenih rastlin so bili izpostavljeni 0; 0,12;
0,26, in 0,38 W m™ UV-B sevanja. Aktivnost antioksidacijskih
encimoyv, vsebnost ogljikovih hidratov, beljakovin in listnih bar-
vil so bile izmerjene s spektrofotometri¢nimi metodami. Sesta-
va eteri¢nih olj je bila analizirana z GC-MS metodo. Antioksi-
dacijska aktivnost eteri¢nih olj je bila analizirana z aktivnostjo
lovilcev prostih radikalov z uporabo 2, 2-difenil-1-pikrilhidra-
zila (DPPH). Rezultati so pokazali, da se je vrednost parame-
trov kot so sveza in suha masa listov, vi$ina rastlin, stevilo listov,
vsebnost klorofila, beljakovin in celokupnih ogljikovih hidratov
znacilno (P < 0,05) zmanjsala, e so bile rastline izpostavljene
pove¢anemu UV sevanju. Nasprotno sta se vsebnost karoteno-
idov in aktivnost antioksidacijskih encimov povecali. Kemijska
sestava eteri¢nih olj je pokazala, da so bile njihove glavne se-
stavine pri vseh obravnavanih rastlinah citronelol, geraniol in
citronelil format. Antioksidacijska aktivnost eteri¢nih olj se je
povecala z nara$¢anjem jakosti UV-B sevanja. Maksimalna in
minimalna IC50 vrednost eteri¢nih olj sta bili dobljeni pri kon-
trolnih rastlinah, izpostavljenih UV-B sevanju 0,38 W m™.

Klju¢ne besede: Pelargonium graveolens; UV-B sevanje;
eteri¢na olja; antioksidacijska aktivnost; antioksidacijski encimi
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1 INTRODUCTION

Pelargonium graveolens (UHér), belonging to the
Geraniaceae family, is planted for its valuable oil, which
is generally called geranium oil and is widely used in
cosmetics, perfumery and food industry (Pandey &
Patra, 2015).The geranium oil has anti-bacterial and an-
ti-fungal properties. It was been used in ancient medi-
cine for the treatment of diabetes, allergies, asthma,
and diarrhea, and now it is used to treat heart disease,
hemorrhoids, infertility and even cancer (Boukhris et
al., 2013; Fayed, 2009).

Ozone (O,) is a unique air pollutant gas absorbing
UV-B radiation in the stratosphere (Inostroza-Blanche-
teau et al., 2016). Over the past few decades, the ozone
layer has been destroyed by CFCs and other man-made
pollutant gases. Therefore, more UV-B radiation reach-
es the surface of the earth (Rai et al., 2011).

High levels of UV-B radiation cause DNA damage,
increased production of reactive oxygen species (ROS),
reduced photosynthesis, damage to photosystem II,
and reduced chlorophyll content and lipid peroxida-
tion, which ultimately negatively affect the growth of
plants, crop production and the natural state of plants
in the ecosystem (Arora et al., 2002; Hollosy, 2002).
Plants produce many UV-absorbing compounds such
as flavonoids and carotenoids (Rai et al., 2011). On the
other hand, the activity of some antioxidant enzymes
such as catalase (CAT), superoxide dismutase (SOD),
and peroxidase (POD), as scavengers for free oxygen
radicals, increase to help plants resist oxidative stress
under UV-B radiation (Hui et al., 2015). Among the
various plant metabolites, the production of essen-
tial oils in medicinal plants and aromatic plants is of
utmost importance (Cavar & Maksimovic, 2012). The
UV-B radiation has different effects on the essential oils;
for example, the UV-B radiation increases the essential
oils content in the peppermint, while the essential oils
quality does not change. In contrast, the UV-B treat-
ment has no effect on the quality and quantity of basil
essential oils (Chang et al., 2009). Essential oils, as sec-
ondary metabolites, can replace synthetic antioxidants
mainly due to the antioxidant behaviour of terpenes
(Kamohara & Naparatanawong, 2013).

To our knowledge, no studies are available on the
effects of UV-B radiation on Pelargonium graveolens, as
yet. Therefore the aim of the presented study was to in-
vestigate the effects of UV-B on growth factors, essential
oils components, antioxidant activity of essential oils
and antioxidant enzymes, carbohydrate content, leaf
pigments and total protein in P. graveolens.
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2  MATERIALS AND METHODS

2.1 PLANT MATERIALS AND GROWTH CONDI-
TIONS

The P. graveolens stock plant from a greenhouse
belonging to the National Botanical Garden of Iran was
used. The cuttings were transfer to the plastic pots (12
x 10 cm) filled with a mixture of soil / sand (1:1) and
kept in the greenhouse. The greenhouse conditions were
16 hours light: 8 hours dark photoperiod at a tempera-
ture of 22/7 °C (day/night), and a relative humidity of
56 %. The photosynthetic active radiation was 194
pmol m~s™', provided by two 40 W white light lamps
(Parskazar, Iran). The plants were grown for two months
or until five-leaf stage prior investigation.

2.2 UV-BTREATMENT

The experiment had a randomized design with three
replications for each treatment and twelve plants for each
replicate. The plants were treated by UV-B radiation (0,
0.12, 0.26, and 0.38 W m™) for 10 minutes/day during
seven days. The UV-B radiation source was artificially
supplied with the Sankyo Denki lamps (G15T8E /Japan)
at a distance of 70 cm above the plants. The plants were
harvested for analysis after two weeks. Growth factors
including shoot fresh and dry mass, stem length, and the
numbers of leaves were measured.

2.3 TOTAL CARBOHYDRATE ASSAY

Carbohydrates were measured according to the
Kochert (1978) method. Approximately, 0.1 g of leaf dry
matter was homogenized in 10 ml ethanol 70 %.

The samples were kept at 4 °C for one week. Then,
1 ml of phenol 5 % and 5 ml of pure sulfuric acid were
added to 1ml of each sample, and the absorbance of the
solutions was measured at 485 nm by spectrophotometer.

2.4 PIGMENTS ASSAY

Approximately 0.1 g of the fresh leaves of each sam-
ple was homogenized with 10 ml acetone (80 %), accord-
ing to the Lichtenthaler (1987) method. The absorbance
was scanned spectrophotometrically (400-700 nm) to
calculate the content of chlorophyll a and b, total chloro-
phyll, and carotenoids.
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2.5 PROTEIN CONTENT AND ANTIOXIDANT
ENZYMES ACTIVITY ASSAY

Approximately 0.5 g of the fresh leaves of each sam-
ple was homogenized with 5 ml Tris-glycine buffer. The
extract was used to determine the protein content by
Bradford’s (1976) method, CAT activity by Pereira et al.
(2002), SOD activity by Giannopolitie and Ries (1997),
and POD activity by Koroi (1989) protocols.

2.6 ESSENTIAL OIL EXTRACTION

Approximately, 50 g of the leaf dry matter of P. gra-
veolens was used to extract the essential oil by hydro-
distillation method in a Clevenger type apparatus for
3 hours at 60 °C. Then, the essential oil was dried over
Na,SO,. The samples were weighed by a digital scale and
stored in closed vials at 4 °C for further analysis.

2.7 GC ANALYSIS

The chemical compositions of oil samples were ana-
lysed on a Thermo-UFM (Ultra Fast Model, Italy) gas
chromatograph equipped with a flame ionization detec-
tor (FID) and a Ph-5 capillary column (10 m x 0.1 mm
ID, 0.25 pm film thickness).

The column heating program was as follows: the
initial temperature was set to 60 °C for 3 min, and then
increased at a rate of 40 °C min™' to 246 °C, and hold for
8.63 min.

The carrier gas was helium with a flow rate of
0.5 ml min'. The injection port and detector tempera-
tures were both 280 °C.

2.8 GC-MS ANALYSIS

GC-MS analyses were carried out on a Varian 3400
(Saturn II, USA) GC/MS system equipped with a DB-5
fused silica column (30 m, 0.25 mm ID, and 0.25 pm
film- thickness). The carrier gas was helium with a lin-
ear velocity of 31.5 cm s™, split ratiol/60. The ionization
energy was 70 eV and the scan time was 1 s. The oven
temperature was 40-240 °C at a rate of 3 °C min™, the
injector temperature was 250 °C, and the transfer line
temperature was 260 °C. Identification of essential oil
components was carried out using the mass spectra of
compounds and the data from NIST GS-MS library.

2.9 ESSENTIAL OIL ANTIOXIDANT ACTIVITY

The DPPH assay was determined according to
Akowuah et al. (2005) method. 2, 2-diphenyl-1-picryl-
hydrazyl (DPPH, 0.004 %) was prepared freshly before
analysis and butylated hydroxytoluene (BHT) was used
as positive control. First, the essential oil was diluted
with methanol, and then five volumes (50-250 pl) of the
diluted essential oil reached 3 ml. Then, 1 ml of DPPH
was added to the samples and incubated for 30 min. The
absorbance was read at 517 nm and the inhibition per-
centage was calculated with I % = ((Ab - As)/Ab) X100
(where Ab is the absorbance of negative control reaction
and As is the absorbance of samples). Percentage of in-
hibition after 30 min was plotted against concentration,
and the equation for the line was used to obtain the IC50
value.

2.10 STATISTICAL ANALYSIS

All statistical analyses were done in the SPSS soft-
ware; version 16 (IBM Company). The mean values of
three replications and the standard error of means were
calculated for the biochemistry parameters and growth
factors. One-way ANOVA was used to determine the sig-
nificance of the differences between treatments using the
Duncan’s multiple range test (P < 0.05).

3 RESULTS AND DISCUSSION
3.1 GROWTH FACTORS

The stem length significantly decreased (P < 0.05)
in all UV treated plants. The lowest stem lengths were
recorded in 0.38 W m™ treatment, whereas the highest
lengths were determined in control treatment (Tablel).
The mean values of leaf fresh and dry mass decreased
significantly with increasing UV-B radiation. The high-
est leaf number was obtained in the control treatment;
however, there were no significant differences between
the mean values of leaf number between different UV-
treatments (Tablel).

Our findings showed that UV-B radiation signifi-
cantly decreased the plant length, leaf number, and leaf
dry and fresh mass. Teramura (1983) reported that the
increased production of phytohormones under UV, such
as auxin and ethylene, affected the plant growth. It is well
known that ROS production increased lipid peroxida-
tion and ethylene. On the other hand it was reported that
the auxin (IAA) content decreased under UV condition
(Krizek et al., 1998; Teramura, 1983).The reduced plant
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Table 1: Stem length, fresh and dry mass of leaves and leave number under different UV-B radiation

UV-B (Wm™2) Stem length (cm) Leaves FM (g) Leaves DM (g) Leaves no.

0 9.833 + 0.48(a) 2.733 4 0.10 (a) 0.192 + 0.01(a) 7.500 + 0.26(a)
0.12 7.358 + 0.39(b) 2.304 + 0.23(a,b) 0.193 + 0.01 (a) 5.833 + 0.11(b)
0.26 5.866 + 0.37(c) 1.957 £ 0.26(b) 0.130 £ 0.023(b) 5.750 + 0.13(b)
0.38 4.191 + 0.33(d) 1.274 + 0.13(c) 0.081 + 0.007( ¢) 5.333 + 0.14(b)

Data are means of twelve replicates with standard errors (Mean + SE); different letters indicate significant differences between treatments (p < 0.05).

length and increased growth diameter are caused by high
ethylene content (Krizek et al., 1998). The increased ac-
tivity of some peroxidase, which acts as auxin oxidases,
can reduce the flexibility of cells under UV radiation and
affect all growth factors such as mass, length, and leaf
number (Hollosy, 2002). Hollosy (2002) found out that
reduced cell membrane flexibility caused the reduced
growth length. Kakani et al. (2003) and Zukgolaszewska
et al. (2003) reported that UV-B radiation decreased the
plant length. Liu et al. (2013) studied the effects of UV-B
radiation on the growth characteristics of three soybean
cultivars. Similar to our study, they stated that the in-
creased UV-B radiation caused decreased plant mass and
length. Valkama et al. (2003) reported that the UV-B ra-
diation caused a reduction of leaf number in strawberry
and barley. In Vigna mungo (L.) Hepper, the UV-B radia-
tion reduced the leaf number and leaf fresh and dry mass
(Rajendiran et al., 2015).

3.2 PHOTOSYNTHETIC PIGMENTS

With increasing UV-B radiation, different effects on
photosynthetic pigments were observed. By increasing
UV radiation intensity, chlorophyll a, b and total chlo-
rophyll contents decreased. In contrast, the carotenoids
content significantly increased when plants were treated
with higher levels of UV-B (0.26 and 0.38 Wm™?) (Table
2).

In this study, the content of chlorophyll a and b and
total chlorophyll in all treatments decreased in compari-

son with the control plants. Rai et al. (2011) treated the
Artemisia annua L. with UV-B and UV-C. They reported
that UV-B radiation decreased the content of chloro-
phyll a, b and total chlorophyll significantly. Hui et al.
(2015) analyzed the effects of UV-B radiation on two
key spices of soil crusts in China and reported that UV-B
stress decreased the chlorophyll content. Both of these
reports are in agreement with our study. The UV-B ra-
diation decreased the chlorophyll content by destroying
the structure of chloroplasts and decreasing the synthesis
of new chlorophylls. The higher ethylene production rate
under UV-B radiation can cause chlorophyll degradation
(Krizek et al., 1998;Teramura, 1983). Results showed that
the content of carotenoids increased with higher UV-B
radiation intensity. Carotenoids are ROS scavengers and
very active in protecting the plant against photo-oxida-
tion. They can protect chlorophylls against UV-B radia-
tion by dispersing extra stimulating energy (Hui et al,,
2015; Rai et al., 2011).

3.3 TOTAL CARBOHYDRATES

The content of carbohydrates decreased with in-
creasing UV-B radiation. The highest and lowest car-
bohydrate content was observed in the control and
0.38 W m™ treatments respectively (Table 2).

Alteration in carbohydrates content is usual
phenomenon in abiotic stresses. Reduction in soluble
sugars was reported in Eucalyptus and Acacia (Liu et al.,

Table 2: Chl-a, Chl-b, Chl a+b, carotenoids and total carbohydrate under different UV-B radiation

UV-B(Wm™) Chl-a(mgg'fm) Chl-b(mgg'fm)

Carotenoids (mg g'fm) Chl.a+b (mg g™'fm)

Total carbohy-
drate (mg g"'dm)

0 8.415+0.10 (a)  3.139 + 0.04(a)
0.12 8.177 £0.03 (a)  2.972 +0.04 (a,b)
0.26 7.714+0.12 (b)  2.955+0.08 (a.b)
0.38 7.382+0.14 (b)  2.703 +0.18(b)

3.950 + 0.01(c)
3.964 + 0.04 (c,b)
3.977 + 0.06 (b,a)
3.982 + 0.08(a)

11.554 +0.11 (a)
11.090 + 0.06 (b)
10.669 + 0.04 (b)
10.085 + 0.25 (c)

6.539 + 0.25(a)
5.816 + 0.11 (a,b)
5.298 + 0.38(b)
4.007 + 0.18(c)

Data are means of three replicates with standard errors (Mean+SE). Different letters indicate significant differences between treatments (p < 0.05).
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2005), corn (An et al., 2000) and linen (Tossi et al., 2009)
in response to UV radiation.

UV-B radiation has diverse environmental roles in
plants ranging from regulatory to damaging (Jansen &
Bornman, 2012). The changes in carbohydrates amount
under the abiotic stresses like UV-B may be due to dam-
aging the structure of chloroplast and blocking of chlo-
roplast electron transport, which provides ATP and NA-
DPH for the production of carbohydrates. The decreased
chlorophyll contents can be directly correlated with
lower level of carbohydrates contents (Bano et al., 2017).
Earlier, it has been reported that oxidative stress induced
by UV-B radiation can destroy macromolecules such as
proteins, carbohydrates, and nucleic acids (Salma et al.,
2011). However, Singh et al. (2015) suggested that there
is proper balance between different metabolites under el-
evated UV-B. The observed degradation in concentration
of sugars during UV radiation stress confirms also the
fact that sugars play a vital role in signaling and provid-
ing energy source for the synthesis of secondary meta-
bolites.

3.4 PROTEIN CONTENT AND ANTIOXIDANT
ENZYMES ACTIVITY

Increasing UV-B radiation increases the activity of
antioxidant enzymes. In all UV treatments, the protein
content significantly decreased (P < 0.05) compared to
the control (Table 3).

The proteins with aromatic amino acids are known
to be more susceptible to by UV-B stress (Kovacs & Kre-
seszfes, 2002).

In addition, the synthesis of proteins is disrupted
under UV-B radiation. D1 and D2 proteins, RUBISCO,
and ATPase complex are some important proteins that
are affected and destroyed by UV-B (An et al., 2000).
Our results showed that protein content decreased with
increasing UV radiation intensity. The UV-B radiation
not only causes structural modification and damages to
amino acids, but also can disable proteins (Casati & Wal-

bot, 2004). Takshak and Agrawal (2015) reported that
in Plectranthus barbatusAndrews under UV-B stress,
the protein content of leaves and roots decreased in all
growth stages. The increased activity of SOD, POD and
CAT, as the key enzymes for scavenging of free oxygen
radicals, was observed in our study. The SOD is responsi-
ble for dismutation of anion superoxide and reducing the
risk of radical hydroxyl production under UV-B radia-
tion (Arora et al., 2002). Meiling et al. (2012) in a study
on flavonoid signal pathway under UV-B radiation in
Caryopteris mongholica Bunge reported that SOD activ-
ity was increased under UV-B exposure. In addition, an
increase in POD activity may occur in detoxification of
H,O, (Arora et al., 2002). Yannarelli et al. (2006) reported
an increase in POD in sunflower cotyledons under UV-B
radiation. Xu et al. (2008) studied the soya bean respons-
es under UV-B radiation and reported that CAT activity
increased under UV-B radiation.

3.5 ESSENTIAL OILS QUALITY AND QUANTITY

The essential oils content were increased with in-
creasing UV-B radiation.The highest (0.70 w/w) and low-
est (0.54 w/w) essential oils contents were obtained in the
0.38 W m™ and in the control treatments, respectively.
The amount of essential oils of 0.12 and 0.28 W m?treat-
ed plants was the same (0.68 w/w). The GC/MS results
showed (Figurel) that some of the important essential
oils components such as citronellol and geraniol were in-
creased along with increasing UV-B radiation. However,
some components like y-eudesmol, citronellyl butyrate,
citronellyl formate, bornyl acetate, and germacrene D
were decreased (Table 4).

All studied samples were rich in citronellol and ge-
raniol as the main components.Therefore, the essential
oils of P. graveolens are known as the citronellol and ge-
raniol chemo type. The essential oils contain oxygenated
monoterpens or alcohol monoterpens such as citronellol
and geraniol, monoterpens such as isomenthone, and
sesqueiterpens such as caryophyllen and germacrene D.

Table 3: Total protein, catalase (CAT), peroxidase (POD) and superoxide dismutase (SOD) activity under different UV-B radia-

tionn

UV-B Protein CAT POD SOD

(Wm?2) (mg g'fm) (AOD.min mg'protein) (AOD.min mg'protein) (unitmg'protein)
0 3.337 £ 0.20(a) 0.387 £ 0.11(C) 1.165 + 0.17(c ) 0.282 + 0.03(c)
0.12 2.996 + 0.056(a,b) 2.477 £ 0.51(b) 3.894 + 0.56(b) 0.478 +0.02(b)
0.26 2.892 + 0.082(b) 2.696 + 0.46(b) 4.608 + 1.15(b) 0.546 + 0.03(b)
0.38 2.726 + 0.90(b) 3.838 + 0.48(a) 8.558 + 1.22(a) 0.760 = 0.024(a)

Data are means of three replicates with standard errors (Mean + SE). Different letters indicate significant differences between treatments (p < 0.05).
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In this study, the percentage of volatile oil (w/w) was in-
creased with increasing UV-B radiation. In most cases,
the production of secondary metabolites was increased
under stress condition (Matos Nunes et al., 2014). Plants
produce secondary metabolites in leaves and accumulate
it in epidermal layer to absorb UV-B radiation (Kakani
et el., 2003). Johnson et al. (1999) reported that UV-B
increased the quality and quantity of volatile oil in basil
plants. The essential oils composition of P. graveolens
under UV radiation has not been studied, as yet. There-
fore, we compared our findings on some of the impor-
tant compounds of P. graveolens with similar compounds
in other plants under UV stress. Similar to our findings,
bornyl acetate is reported to be reduced in Artemisia
annua L. under UV-B radiation (Pandey & Pandey-

Rai, 2014). Germacrene B was reduced in O. basilicum
(Chang et al., 2009) and A. annua (Pandey & Pandey-
Rai, 2014). Citronellol and geraniol increased in grapes
treated with UV-treatment (Song et al., 2015). Manukyan
(2013) reported that UV-B radiation could increase the
bioactive compounds such as geraniol and citronellol in
medical plants.

3.6 ANTIOXIDANT ACTIVITY

The IC50 was significantly (P < 0.05) decreased with
increasing UV-B radiation. The results showed that the
antioxidant activity of the essential oils of treated plants

Table 4: Percentage of essential oils components under different UV-B radiation

RT Name Control % T1 % T2 % T3 %
2.61 cis-rose oxide C,H,0 1.1864 1.4911 1.0053 11715
2.67 trans-rose oxide C,H,O 0.78 1.0277 1.0796 1.7525
2.97 isomenthone C,H,O 2.2638 2.1742 2.1511 3.0934
3.13 citronellol C,H,,0 48.1634 49.3096 48.4592 49.8152
3.22 geraniol C,H,0 12.2863 18.4966 16.5241 14.3379
3.27 citronellyl formate C,H,0, 10.978 8.0398 7.5222 8.6425
3.30 verbenyl acetate C,H,0O, 0.307 0.353 0.3559 0.3371
3.37 bornyl acetate C,H, 0, 2.3254 1.724 1.7357 1.7116
3.52 citronellyl acetate C,H,0, 0.3168 0.2874 0.2812 0.4184
3.73 a-copaene C.H, 0.5142 0.4741 0.5638 0.6215
3.77 B-bourbonene C.H, 0.3974 0.3945 0.5658 0.5604
3.83 E-caryophyllene C.H, 0.7627 0.5529 0.5529 0.7485
3.91 citronellyl propionate C,H,0, 0.7384 0.6008 0.8496 0.8111
3.93 germacrene D C.H, 0.9667 0.6233 0.5749 0.5312
4.06 B-curcumene C.H, 0.5642 0.6233 0.6315 0.5405
4.12 citronellyl butanoate C,H,0, 4.1837 2.2097 3.2676 2.6706
4.16 -cadineney C.H,, 0.4524 0.3765 0.5423 0.3231
4.19 elemol C,H,O 0.7149 0.5786 0.7657 0.8285
421 germacrene B C.H, 0.9725 0.5634 0.7623 0.7858
423 -calacorene C.H, 0.3076 0.2632 0.3018 0.3869
441 -eudesmoly C.HO 2.3083 2.0929 2.1044 2.1793
445 B-eudesmol C.H,0 0.4744 0.9735 0.9087 0.7709
4.48 B-bisabolol C,H,O 0.5645 0.5617 0.6598 1.0399
455 B-sinensal C.H,0 1.064 0.9986 1.2491 0.956
4.58 (E,E)farnesol C,H,O 0.5824 0.395 0.6048 0.4153
4.66 khusimol C.H,O 3.4842 3.2469 4.2292 2.4259
4.68 -sinensala C,.H O 0.5301 0.2978 0.6175 0.4147

15" 722

Control: without UV-B, T1: 0.12 W m™2, T2: 0.26 W m~2 and T3: 0.38 W m™2). RT: Retention time.
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Figure 1: IC50 of essential oils under different UV-B radiation (control: without UV-B, T1: 0.12 W m™, T2: 0.26 W m~? and T3:
0.38 W m™). Bars are standard errors (Mean + SE) .Different letters indicate significant differences between treatments (P < 0.05).

with the highest UV-B radiation was approximately equal
to the commercial antioxidant (BHT) (Figurel).

Results indicated that the antioxidant activity of
the essential oils increased (IC50 decreased) with elevat-
ing UV-B radiation. This activity can be related to the
main essential components such as geraniol and citron-
ellol, which are increased in the plant under UV-B 0.26
and 0.38 W m™treatments. Geraniol and citronellol are
known as antioxidant compounds. It was previously re-
ported that the ability of P. graveolens essential oils in
DPPH radical reduction can be related to the high con-
tent of these two alcoholic monoterpenes or allylic alco-
hols (Boukhris et al., 2013; Cavar & Maksimovic, 2012).

4 CONCLUSION

In conclusion, it seems that the use of UV-B radia-
tion can improve the essential oil quality and quantity
of the studied plant especially at a low intensity (0.1 W
m~?) and also increase the antioxidant activity of the es-
sential oil in higher intensities (0.26, 0.38 W/m™) .In ad-
dition, high UV intensities show destructive effects on
the growth parameters .
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