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Abstract
Celery seed oils can help in detoxification processes of the body as it facilitates the elimination of toxins
and other harmful substances out of the body. This study aimed to assess biological activity of essential oils
extracted from un-irradiated and irradiated celery seeds by gamma rays. Celery seeds were irradiated with
different dose levels of gamma radiation; control, 2.5, 5.0, and 10.0 kGy. The highest increase of essential oil
extracted was registered with a dosage level of 10.0 kGy (2.42%). The GC-MS analysis showed that, there were
new compounds detected in the irradiated samples and others compounds were increased or decreased. The
FTIR spectra showed alterations in functional groups of essential oils extracted from celery seeds upon gammairradiation. Total phenols, total flavonoids and antioxidant activity increased proportional to the increase in
the irradiation dose level and the maximum increase obtained in the irradiation dose level 10.0 kGy. This may
be an evidence on the biological value, there were anticancer activity against 2 cell lines, breast cancer cell line
(MCF-7) and lung cancer cell line (A549). The best IC50 in A549 was 145 µg/ml in sample with irradiation
dose level 5.0 kGy while the best IC50 in MCF-7 was 124 µg/ml in irradiated sample with dose 5.0 kGy. Also,
the highest inhibition zone of S. aureus, B. subtilis and K. pneumoniae were obtained with the oil extracted
from seeds irradiated with 5 kGy dose level, where E. coli and C. albicans were more pronounced for the oil
gotten from the seeds irradiated with 10.0 kGy. The irradiation process for celery seeds may be promising for
biological value of celery oils.
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Introduction
Spices and herbs have been used in several different ways, since the early times spices and herbs have been
added to food to improve flavour and enhance their organoleptic properties (Ene-Obong et al., 2018).
Antioxidants from herbs are a great group of bioactive compounds that consist of phenolic compounds,
flavonoids, sulphur-containing compounds, alkaloids, tannins, phenolic diterpenes, and vitamins
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(McCormick, 2017). Celery (A. graveolens L.) is a plant of the Apiaceae family grown in tropical and
subtropical regions of Africa, Asia, Central Europe, Western India and the Northwest Himalayas (Gauri et al.,
2015; Dolati et al., 2018). It is one of the widespread aromatic vegetables and part of the daily regime around
the world (Tashakori-Sabzevar et al., 2016). The complete plant or its seeds have been used as medicine or for
food purpose (Hassanen et al., 2015). The celery seed extracts oils, ranged from 1.8 to 3.4% of volatile or
essential oils and this oil contain (20% selinene and 60% limonene (Powanda et al., 2015). Medical benefits of
celery include prevention of coronary and vascular diseases; their phytochemical constituents consist of
bergapten, flavonoids, glycosides, furanocoumarins, furocoumarin, limonene, psoralen, xanthotoxin, and
selinene. Some of their pharmacological properties include anticancer, antioxidant, antimicrobial, antifungal,
nematocidal, anti-rheumatism, antiasthma, anti-bronchitis, hepatoprotective, appetizer, anticonvulsant,
antispasmodic, breast milk inducer, anti-jaundice, antihypertensive, anti-dysmenorrhea, prevention of
cardiovascular diseases, and spermatogenesis induction (Salehi et al., 2019). In the same concern, the celery oil
has a most important bioactive components named phthalide that show beneficial effect to health because it
shows protection against cholesterol level, cancer and high blood pressure. The most active compound of
phthalide is sedanolide which reduce the tumours in the cancer patients. The 3-n-butyl phthalide and
sedanolide are two main active components present in the seed oil of this plant and they have high activity to
stimulate the detoxifying enzyme in the target tumour tissues called glutathione S transferase (GST)
(Dąbrowska et al., 2020).
Celery contains distinctive phytochemical compounds, in specific polyphenols (such as flavonoids,
phenolic acids and tansiopropanoids) which collect free radicals and lead to high antioxidant activities
(Nickavar et al., 2007). Polyphenols provide biological effects, these effects are inducers for controlling free
radicals and peroxidation, in particular the antioxidant activities. In general, polyphenols have identical
chemical properties, meaning that one or more phenolic groups may interact with donors of hydrogen and
neutralize free radicals (de Almeida et al., 2005). There is information that various environmental stresses,
including gamma irradiation, have altered the activities of substances involved in the reactive oxygen species
(ROS) scavenging (Aly and EI-Beltagi, 2010).
This activity is owing to the capability of these materials to decrease oxidative stress by scavenging or
neutralizing of reactive species by hydrogen donation, before they attack biological components of cells (Kesba
and El-Beltagi, 2012). In this meaning, there is excessive concern in discovery of natural antioxidants from plant
materials, and many extracts and isolated compounds have been considered for their antioxidant activity, via
different methods (El-Beltagi, 2011; Aly et al., 2012; El-Beltagi et al., 2012; El-Beltagi et al., 2019). Many
researches showed that certain herbs and medicinal plants have beneficial effects on liver disorders, renal
diseases, anaemia, neurologic and mental disorders (Saki et al., 2014; Wu et al., 2014; Lone et al., 2015;
Mansouri et al., 2015). The usage of A. graveolens was recommended as a nutraceutical or dietary supplement
for the management of hyperuricemia (Dolati et al., 2015). The metabolic profile of celery such as sugars,
phenols polyphenols, amino acids, organic acids, sterols, fats, phathelides and flavonoids were detected at
various concentrations in different parts have been found to reflect possible uses as nutraceutical sources
(Ingallina et al., 2019). A study has shown that the celery seed extract, can inhibit lipid peroxidation, decrease
the level of plasma malondialdehyde and finally, act as a pulmonary fibrosis inhibitor (Javadi et al., 2015).
Food irradiation becomes a way to protect food that has developed since earliest decades of the 20th
century. If implemented properly, irradiation may treat a variety of food supply problems, such as infestation
of insect grains, potato sprouting, rapid fruit maturation and microbial growth (Luckman et al., 2002;
Mahindru, 2005; Afify et al., 2012; Afify et al., 2013). Radiation therapy with gamma radiation or electron
beam is an extraordinary function for decontamination of food after harvest between modern non-thermal
methods. Gamma irradiation as a phytosanitary treatment has been proven to be safe and effective in improving
the hygienic quality of various foods and herbal materials in order to extend their shelf life (Douar-Latreche et
al., 2018). Under normal conditions, γ-radiation by 60Co is used to spices and herbs and around 50% of overall
amount of irradiated food globally is dry herbs and vegetables (El-Beltagi et al., 2018; Rezk et al., 2019). Gamma
2115

El-Beltagi HS et al. (2020). Not Bot Horti Agrobo 48(4):2114-2133

irradiation method is permitted to decontaminate dehydrated aromatic herbs, spices, and vegetable flavourings
with a maximum total absorbed dose of 10.0 kGy, but the U.S. Food and Drug Administration (FDA) have
increased this limitation for decontamination of dried food and spices by up to 30 kGy (Alloun et al., 2019).
Specific effects can be observed on the secondary metabolites in different essential oils, even though submitted
to the same radiation conditions. The content of the constituents upon radiation is presumably due to its
radiation sensitivity at different dose levels (Ameer et al., 2020).
Aim of this research was to evaluate the impact of various dose levels of γ-irradiation on chemical
composition of oil extracted from celery seeds and whether these treatments have an enhancement on the
biological activities or not. The GC-MS, total phenolics, flavonoids, antioxidant activity, of the celery oils have
been studied. Also, antimicrobial and anticancer effects of the celery oil extract were evaluated.

Materials and Methods

Source of samples
Celery (A. graveolens) seeds were obtained from the local market (traditional and folk medicine plants
store) in Cairo, Egypt. Apium graveolens was botanically characterized by Dr. Samah Azooz from Botany
Department, Faculty of Agriculture, Cairo University, Cairo-Egypt.

Chemical and solvents
Diphenyl-2-Picrylhydrazyl (DPPH), sodium carbonate, Folin-Ciocalteu’s phenol reagent, gallic acid,
aluminium chloride hexahydrate (AlCl3. 6 H2O), gallic acid, quercetin, penicillin G potassium + streptomycin,
trypan blue, neutral red, glacial acetic acid, diphenyl and dimethyl poly siloxane were obtained from SigmaAldrich (Sigma–Aldrich, Milan, Italy). Phosphate buffer saline. calcium and magnesium free, trypsin–EDTA
Mueller-Hinton agar Gibco (Thermo Fisher Scientific, USA). Complete media of DMEM supplemented with
fetal bovine serum (SeraLab-Bio-Connect B.V., Begonialaan, Netherlands). Sodium nitrite, gentamycin,
nystatin, ethanol HPLC grade and sodium hydroxide were supplied by Roth company (Overland Park, KS,
United States).

Irradiation treatment
Fresh celery seeds were packed in polypropylene bags, they were irradiated by a 60Co source for
irradiation at different dose levels; control, 2.5, 5.0 and 10.0 kGy (Seo et al., 2007) using research irradiator
(60Co Gamma cell 220, Canada). Temperature and dose rate were 25±1 °C and 1.2 kGy/h, respectively, for all
samples. Irradiation treatments have been done at Atomic Energy Authority, National Center for Irradiation
Research and Technology, Nasr City, Cairo- Egypt.

Essential oil extraction
Celery essential oil (CEO), the mature and healthy fruits of celery (100 g five times for each treatment)
were crushed and used to extract the essential oil. By Hydro-distillation process separately using a Clevengertype tool based on method described by British Pharmacopoeia (British Pharmacopoeia Commission, 1993).
The EOs samples were dehydrated over anhydrous sodium sulphate and placed in dark glass vials in a
refrigerator at 4 °C till they were used in various analyses. Yields of the celery EO have been estimated.

Separation and identification of oil constituents extracted from un-irradiated and irradiated celery seeds
Gas chromatography/mass spectrometry (GC-MS) analysis of celery seed oils extracts was performed
using an Agilent 7000 Series Triple, Quad Gas Chromatograph interfaced with a Mass Spectrometer
(GC/MS/ Santa, Clara, CA, USA) prepared capillary column (30 x 0,25 μm ID x 0,25 μm df) was fused with
an Elite-5MS (5% diphenyl/ 95% dimethyl poly siloxane). An electron ionizing device with ionizing energy of
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70ev was used for the GC-MS identification. Helium gas (99.99%) has been used as carrier gas at a 1.0 ml/min
fixed flow rate and 2 μl injection volume (10:1 split ratio); injector temperature was 250 °C; ion-source
temperature was 200 °C. Automated oven temperature from 110 °C (iso thermal for 2 min) varying from 10
°C/min to 200 °C, then 5 °C/min to 280 °C, finishing with 9 min isothermal at 280 °C, mass spectrum was
taken at 70ev: scanning period of 0.5 seconds and remains of 45 to 450Da, total GC running time of 36
minutes. Relative percentage of every constituent was determined by associating their average peak area with
the entire areas. Turbo mass was program approved for handling mass spectra and chromatograms. Mass
spectrum GC-MS description was seen using National Institute of Standard and Technology (NIST) database
that contains more than 62,000 patterns. Unknown spectrum of components kept in NIST library. Title,
structure and molecular weight of test resource constituents is determined (Bagavathi and Ramasamy, 2012).

Fourier Transform Infrared (FTIR) spectroscopy
The FTIR analysis method uses infrared light to scan test samples and observe chemical properties. The
infrared spectra were investigated by FTIR spectrometer, Spectrum One, Perkin Elmer, USA, over the range
of 500-4000 cm−1. A dry constant weighted sample was mixed with 3 mg of KBr and pressed to form a
transparent disk (Hikima et al., 2019).

Total phenol content
Folin Ciocalteu's method was used to assess the total content of phenols as defined by (Singleton and
Rossi, 1965). One ml of ethanol containing 50 µg of oil sample was mixed with 0.5 ml of Folin-Denis and 1.0
ml of concentrated Na2CO3 solution, total volume was adjusted to 10 ml by distilled water. The absorbance
was evaluated at 765 nm against the blank after an hour. Mean of three readings has been used to measure total
phenol content, as gallic acid (GAE)/100 g oil extract equivalents.

Total flavonoid content
Aluminium trichloride method was used to determine total flavonoids content as mentioned (Zhishen

et al., 1999; Parket al., 2006). Ethanol (0.5 ml containing 50 µg of oil) sample was combined with 0.3 ml of 5%
sodium nitrite. Five minutes later, 0.3 ml of 10% aluminum chloride was added, 2 ml of 1.0 M sodium
hydroxide was added after 6 min, and the complete volume with distilled water was made up to 5.0 ml. The
absorption of the blend against the reagent blank was recorded at 510 nm using a spectrophotometer (Jasco V530, Japan). The mean of three readings was used to calculate the total flavonoids content, which was expressed
as g quercetin equivalents (QUE)/100g of oil.

DPPH free radical scavenging activity
The A. graveolens oils extract’s antioxidant activity was measured using stable DPPH method in terms
of hydrogen donating or radical-scavenging ability (Park et al., 2006). Reaction mix containing 1.0 ml of extract
at concentrations (10, 15 and 25 μg/ml) + 1.0 ml of DPPH (0.2 mM) was shaken and incubated at room
temperature in the dark for 30 min. Absorbance was recorded at 517 nm utilizing UV-visible
spectrophotometer (Jasco V-530, Japan). Radical scavenging activity was defined as the inhibition percentage
and estimated utilizing equation below:
%DPPH = [Absorbance of Control–Absorbance of Sample/Absorbance of Control] x 100

Antibacterial activity
The agar-disc diffusion procedure measured the antimicrobial activity of the non-irradiated and
irradiated seed oils extract of A. graveolens. The used bacterial strains Staphylococcus aureus and Bacillus
subtilis as Gram-positive, Escherichia coli and Klebsiella pneumoniae as Gram-negative and fungi (Candida
albicans) which were previously isolated and characterized at Microbiology Department, NCRRT, Atomic
Energy Authority, Cairo, Egypt. Agar disc diffusion method has been used to assess antibacterial and antifungal
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activities of the oil samples as defined (Bauer, 1966; Wistriech, 1997). The strains were grown for 24 hours at
37 °C on Mueller-Hinton agar slants, and checked for purity. After incubation cells were washed off the agar
surface, and then suspended in a sterile physiological solution. Volume of cells determined by the McFarland
nefelometer in 1 ml of suspension for inoculation was 5~107 CFU/ml. One ml of such suspensions has been
homogenized with 9 ml of melted Mueller-Hinton agar (45 °C) and dispensed into Petri dishes. Applied and
impregnated with 15 μl of samples on the agar surface paper disks (HiMediaR, Mumbai, India), with a diameter
of 5 mm. For each indicator strain plates were incubated at optimum temperature and evaluated after 24, 48
and 72 h. Growth inhibition has been scored positive and expressed in mm in existence of a clear zone (ZI)
detectable across disk. Experiments were tripled car-outs, and reported an inhibition zone as mean replicate ±
SE.

Anti-cancer assay
Lung cancer cell line (A549), and Breast cancer cell line (MCF-7) human cancer were bought from
CURP, faculty of agriculture at Cairo University (Egypt). Cells were stored in (DMEM) append 10% fetal
bovine serum heat-inactivated, 100 μg/ml streptomycin, and 100 unit/ml penicillin g potassium, 90%
humidified and 5% (V/V) CO2 at 37 °C. Neutral red (NR) assay was used to test the cytotoxicity of ethanolic
extracts as mentioned before (Repetto et al., 2008). Using 0.25 percent trypsin-EDTA, exponentially growing
cells were collected and seeded at 20000 cells/well in 96-well plates. Extracts were added in concentrations
(1000, 500 and 250 μg/ml) after incubation (overnight); 4 wells for every concentration. Following 24 h
treatment with oil extracts, media were extracted and cells were exposed for 4 hours to a neutral red solution at
37 °C. Destination solution has been used to remove stained NR cells at 540 nm microplate reader (Biotek,
ELX808, United States), and measure colour.

Statistical analysis
Values are analysed as means ± SE or SD. Statistical analysis was done utilizing “costat” statistic
computer program. Statistical analysis was established on One-way analysis of variance ANOVA followed by
Student–Newman–Keuls test, and least significant difference (LSD) at P< 0.05.

Results and Discussions

Essential oils (EO) yield
Yield of essential oils derived from un-irradiated and irradiated (2.5-10.0 kGy) celery seeds ranged from
1.90-2.42% as shown in (Figure 1). The highest increase was seen with a dosage level of 10.0 kGy (2.42%). The
highest yield of EOs extracted from the irradiated samples was generally attributed to radiation-induced
disruption of cell wall structure, giving higher extractability of oils from celery seeds. In addition, variations in
the EOs extraction yield may be attributed to a time-recombination of radiolytic materials. Relevant effects
may be observed on secondary metabolites on various essential oils, even though they are submitted under same
radiation conditions. Content of irradiated sample constituent is possibly due to its susceptibility to specific
doses of radiation (Araujo et al., 2017). Effects of gamma radiation on constituents of EOs depend on various
factors, such as exposure to radiation, dose rate, vegetable species, temperature and sample state. γ-radiation
exposure will raise or reduce extraction yield of EO and its constituents (Yalcin et al., 2011).
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Figure 1. Yield percentage of essential oils extracted from un-irradiated and gamma irradiated A.

graveolens seeds at different dose levels; control, 2.5, 5.0 and 10.0 kGy
Data are given as mean ± SE (n = 3). Various letters above the bars denote significant differences among four
treatments at the p <0.05.

Identification of essential oil extracted from un-irradiated and irradiated celery seed oil constituents
Chromatographic analysis of essential oil extracted from un-irradiated and irradiated A. graveolens seeds
revealed that there were qualitative and quantitative changes between un-irradiated and irradiated samples
presence of many compounds, Table 1 and Figure 2. In addition, the analysis of A. graveolens oils highlighted
four main components representing 39.02% to 58.1% of the total oil: 3-methylene-bicyclo [3.2.1] oct-6-en-8ol (9.8-16.9%), isolongifolene (9.5-11.6%) and apole (8.6-13.7%). (E, Z, Z)-2,4,7-tridecatrienal (11.2-15.8%).
It is worth noting that some compounds are increased by a dose level of 2.5 kGy; sabinene, 2-beta. -pinene,
camphene, gamma terpinene, L-linalool, carveol, anisole and longifolenaldehyde. Other compounds increased
till 5.0 kGy dose such as trans-p-mentha-2,8-dienol, myrtenol, ß-citral, carveol, elemicin and 3 nbutyl
phthalide, as well as there is some other increase till reached to the maximum dose use (10.0 kGy) such as, ethyl
linoleate, apole and (E, Z, Z)-2,4,7-tridecatrienal. Otherwise, anithole (isomer of stragole), trans-caryophyllene
(-)-spathulenol, and methyl palmitate were detected in irradiated samples only. On the other hand, there are
other compounds decreased by irradiation such as cis-ocimene, 3-methylene-bicyclo [3.2.1] oct-6-en-8-ol, (+)
limonene oxide and cis-carveol.
Anisole caryophyllene and trans-caryophyllene-cis-ocimene are monoterpene and used in perfumery for
its sweet herbal aroma, and have anti-fungal properties so are thought to act as plant defense (Ehiabhi et al.,
2013). Camphene was shown to reduce triglycerides and plasma cholesterol in hyperlipidemia rats independent
of the activity of HMGA-CoA reductase an also attributes to its antifungal properties, effectively in the
treatment of fungal skin infections, displayed anti-inflammation and analgesic properties (Vallianou et al.,
2011; Marei et al., 2012; Quintans-Júnior et al., 2013). Myrtenol is a monoterpene alcohol, it was increased by
increasing irradiation dose to 5.0 kGy. Myrtenol, was found to improve asthma by reducing inflammatory cell
infiltration and preventing hyperplasia of goblet cells (Bejeshk et al., 2019; Rajizadeh et al., 2019). Isoeugenol
also was detected only in the highest dose level 10.0 kGy it is a promising antidiabetic and it can work against
Alzheimer disease because it works as α-glycosidase inhibitor and AChE inhibitor (Topal, 2019).
Isolongifolene a tricyclic sesquiterpene which increased by increasing irradiation dose level can help in
decreasing rotenone-induced mitochondrial dysfunction and cell apoptosis in SH-SY5Y cells. Which means it
may attenuate Parkinson’s disease (Balakrishnan et al., 2018). The compound α-curcumene, have antimicrobial
activity, Pozzatti et al. (2015) concluded that fungal strains are more sensitive for α-curcumene than the
bacterial ones. Elemicin inhibited the bacterial growth of NCTC 11168 strain (Rossi et al., 2007). Previous
studies indicated that trans-caryophyllene is a natural sesquiterpene it has anti-inflammatory properties,
reduced both chronic and acute pain in mice, which may be facilitated through the opioid and
endocannabinoid systems (Fernandes et al., 2007; Paula-Freire et al., 2014). Caryophyllene oxide was detected
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in the four samples, but it was highest in 10.0 kGy sample. It showed significant central and peripheral analgesic,
along with anti-inflammatory activity (Chavan et al., 2010). Methyl palmitate detected only in 2.5 and 5.0 kGy
samples, a study demonstrated that methyl palmitate has anti-inflammatory effect (El-Demerdash, 2011).
Methyl palmitate also was known for its effect on preventing silica-induced lung fibrosis. This effect can be
attributed to methyl palmitate's capability to counteract the inflammatory cells' infiltration and therefore
reactive oxygen species (ROS) generate and control cytokine effects (Kirkin et al., 2014). Volatile compounds,
such as terpenes and terpene derivatives, are usually majority components in EOs from plant material and
contain different chemical functional groups. A volatile compound in different EOs is under specific reactional
environments and the conditions of each EO submitted to different ways of isomerization, oxidation, and
hydroxylation when exposed to γ-radiation provide new compounds (Sharawy et al., 2013; Kizilay and
Kahraman, 2018).

Peak
No.
1
3
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Table 1. GC-MS profile of chemical composition (area sum%) of A. graveolens seeds essential oils
Gamma irradiation (kGy)dose levels
Area sum %
Area sum %
Area sum %
Compound
RT
Control
2.5
5.0
cis-Ocimene
6.60
2.4±0.20
1.6±0.20
1.5±0.30
Sabinene
7.377
0.23±0.01
0.29±0.01
ND
2-Beta-pinene
7.438
2.0±0.10
2.68±0.03
1.75±0.02
Camphene
7.722
1.85±0.02
2.39±0.04
1.85±.04
3-Methylene-bicyclo[3.2.1]oct-6-en 8-ol
8.557
16.9±0.50
12.4±0.40
9.8±0.30
GammaTerpinene
8.987
0.15±0.02
0.24±0.02
ND
L-Linalool
9.703
0.30±0.04
0.43±0.01
0.39±0.01
trans-p-Mentha-2,8-dienol
10.084
0.37±0.03
0.34±0.02
0.42±0.2
cis-p-Mentha-2,8-dien-1-ol
10.333
ND
ND
0.43±0.03
(+) Limonene oxide
10.396
0.22±0.02
0.20±0.01
0.16±0.01
cis-Verbenol
10.760
3.6±0.30
2.2±0.10
1.8±0.10
Myrtenol
11.431
0.32±0.02
0.36±0.03
0.38±0.01
ß-Citral
11.482
0.28±0.01
0.34±0.03
0.40±0.03
cis-Carveol
11.486
1.98±0.06
0.94±0.03
0.88±0.04
Carveol
11.892
0.66±0.02
0.84±0.04
0.96±0.02
Anisole
12.249
0.62±0.04
0.76±0.01
0.73±0.01
Anethole (isomer of stragole
12.984
ND
0.76±0.02
0.58±0.02
Isoeugenol
14.287
0.18±0.01
ND
ND
Caryophyllene
15.565
3.8±0.40
2.8±0.10
3.4±0.30
Longifolenaldehyde
16.456
2.4±0.50
3.1±0.10
2.9±0.10
α-Curcumene
16.702
0.57±0.03
0.99±0.03
0.96±0.20
Isolongifolene
16.886
11.6±0.60
10.1±0.50
11.5±0.40
Junipene
17.062
0.26±0.03
0.38±0.01
0.25±0.02
Isomyristicin
17.415
4.8±0.30
6.40±0.30
6.98±0.05
Elemicin
17.985
0.98±0.04
1.54±0.04
1.91±0.03
trans-Caryophyllene
18.129
0.20±0.01
0.26±0.02
0.23±0.02
Caryophyllene oxide
18.625
1.1±0.10
1.7±0.10
1.6±0.30
(-)-Spathulenol
19.211
ND
ND
0.61±0.01
Ethyl linoleate
19.828
3.2±0.50
3.9±0.30
2.5±0.20
Apole
20.383
8.6±0.30
12.4±0.20
12.7±0.30
(E,Z,Z)-2,4,7-Tridecatrienal
21.373
11.5±0.40
11.2±0.40
13.2±0.40
3 N butyl phthalide
21.416
0.30±0.05
0.42±0.01
0.52±0.02
Methyl palmitate
24.432
ND
0.19±0.02
0.30±0.01
Total
81.37±1.61 82.15±0.09 86.59±1.98

Area sum %
10.0
1.6±0.30
ND
1.5±0.10
1.66±.04
11.9±0.42
ND
0.39±0.10
ND
ND
ND
2.4±0.30
ND
ND
ND
0.43±0.02
0.51±0.01
0.35±0.02
0.95±.03
2.8±0.20
2.9±0.30
0.59±0.02
9.5±0.40
0.21±0.01
5.7±0.40
0.98±0.02
ND
0.85±0.03
0.65±0.01
4.2±0.20
13.7±0.20
15.8±0.30
0.39±0.01
ND
79.96±2.73

RT=Retention time; Area sum %; Values were expressed as [area percentage] mean ± SD (standard deviation) n=3;
ND not detected
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Figure 2. The gas chromatography/mass spectrometry chromatogram of the essential oil extracted from
un-irradiated and gamma irradiated A. graveolens seeds at various dose levels; control, 2.5, 5.0 and 10.0
kGy

Fourier Transform Infrared (FTIR) spectroscopy
The technique of FTIR spectra has proved positive in measuring structural changes in oils and fats. It
was performed to examine whether any structural changes occurred during gamma-irradiation proceed. The
FTIR spectra are shown in Figure 3 and the wavenumbers of characteristic bands and corresponding
assignments for the gamma-irradiated oil with different dose levels are listed in Table 2, the results detected
that at certain wavenumbers, there were some functions group obtained of essential oil extracted from unirradiated and irradiated celery seeds with different dose levels. The key bands of these treatments are at 3309,
2919, 1668 ,1633, 1440, 1363, 1247, 1107, 889, 559 and 482 cm-1. There was a broad absorption, band peaking
at 3309cm-1 in the control treatment and not appeared in the irradiated oil, this band is corresponding to OH
stretching bands of alcohols and/or carboxylic acids vibrations. Followed by peaks ranged from 3100-2723 cm1
which appeared in the treated seeds with all irradiation dose levels and assigned to vibration of the -CH3
asymmetric stretching and symmetric stretching absorption band of the methylene group vibration,
respectively. Other band in this spectrum is observed at 1636 cm-1 due to the bond vibrations of the
asymmetrical carboxylic acid observed in the un-irradiated sample. Contrariwise, 1668 cm-1 which attributed
to ester carbonyl –COOR and carboxylate ion stretching (-COO-) groups were recorded in the irradiated
samples with 2.5, 5.0 and 10.0 kGy dose levels and weren’t recorded in the control. The bands C-O stretching
vibration (amide) and C-C stretching from phenyl groups, COO symmetric stretching and CH2 bending were
observed at the wavenumbers ranged from 1600–1400 cm-1 in the extracted oils from seeds irradiated with 2.5,
5.0 and 10.0 kGy. In addition, stretching vibrations C-O of mono-, oligo-, carbohydrates, pyranoid ring were
obtained in the IR spectra 1150-1000 cm-1 in the extracted oils from seeds irradiated all used dose levels.
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Moreover, the IR spectra of 960-700 cm-1 corresponding assignments to α–glycoside bond, ß-glycoside bond,
C-H out-of-plane bending vibrations from isoprenoids detected in all the used irradiated samples. Otherwise,
the 690-550 cm-1 wavenumbers detected in the un-irradiated and irradiated samples which was assigned to CBr which indicates the presence of aliphatic bromo compound. In a previous work, it was found that FTIR
spectroscopy discovered the chemical composition of the citrus lemon oil (Boughendjioua and Djeddi, 2014).
The spectrum shows characteristic bands corresponding to CC at 1600-1680 cm-1, the signals shown between
3100-3000 cm-1 and 3150-3050 cm-1 are provided by asymmetrical and symmetrical stretching vibrations of
C–H groups. According to Elzey et al. (2016), FTIR spectra of clean essential oil of lemon, displaying expected
characteristic C-H stretch (~2900 cm-1), C=O stretch (~1700 cm-1), broad O-H stretch (~3400 cm-1), and CO stretch (~1100 cm-1) of terpenoid constituents. Constituents and compositions of essential oils can vary
greatly and depend on geochemistry of soil in which it is produced. Overall, essential oils consist, for example,
of terpenes, cineoles, terpineols, citronellals, and others. Gutiérrez et al. (2017) assessed physicochemical
characteristics of oils extracted from gamma-irradiated Plukenetia volubilis seeds at four dose levels (control,
1.0, 5.0 and 8.0 kGy) exhibited that the FTIR spectroscopy can be related to exact functional groups like band
at 3471 cm-1 is allocated to absorption of glyceride ester carbonyl, band at 3010 cm-1 ascribed to stretching
vibration of cis olefinic CH double bands. The 2926 and 2854 cm-1 bands correspond to symmetrical and
asymmetric methylene vibrations, while the 1746 cm-1 bands correspond to stretching vibration of
triacylglycerol group C=O. Otherwise, Aly et al. (2019) cited that the attendance of metabolites screened such
as amino acids, phenols, amines, carbohydrates, alkaloids, alkenes, carboxylic acid, lipids, sulphur compounds,
and proteins in irradiated eggplant consistent to FTIR functional groups. On the other hand, Ameer et al.
(2020) implied that no significant change in the absorption values of irradiated samples compared with those
of controls. In addition, Rezanejad et al. (2019) showed that, the irradiated (30 kGy) and crude rosemary had
identical phenol compound-type FTIR spectra patterns without any significant changes in the status of main
bands and functional groups. In contrast 20 kGy dose caused the appearance of the specific absorption peak at
3385 cm-1 and disappearance of the absorption peak at 3419 cm-1, generally corresponding to N-H stretching
in amines and amides, in addition to the appearance of O-H peak of free hydroxyl in alcohols and phenols at
3683 cm-1 in Foeniculum vulgare. The 5 and 10 kGy are the most effective doses affected the total contents of
phenolic and flavonoids in Foeniculum vulgare and Carum carvi seeds (Ali et al., 2018).

Total phenols, flavonoids and antioxidant activity (DPPH)
The results shown in Table 3 revealed that there is a noticeable increase in the phenolic content of the
irradiated samples and that highest phenolic content has resulted in the 10.0 kGy dose (1.54 g /100 g oil
relevant to the control sample 0.68 g/100 g oil). Data in Table 3 indicates that there is a gradual increase in the
flavonoids content in the celery oils by increasing irradiation dose level and the highest raise was found in dose
level 10.0 kGy (0.59 g/100 g oil) compared to the control sample (0.22 g/100 g oil).
Table 2. Wavenumbers of characteristic bands and corresponding assignments for A. graveolens essential
oils extracted from un-irradiated and gamma irradiated seeds at different dose levels)
Irradiation dose level (kGy)
Wavenumber
Function groups assigned
cm-1
0.0
2.5
5.0
10.0
Polymeric hydroxyl compound O-H stretching
3300-4000
3309 ND
ND
ND
carbohydrate amino acids OH stretching bands of alcohols
3079 3080 3079
O-H, N-H and C-H
2962 2962 2846
3100-2723
C-H stretching vibrations specific to CH3
ND
2919 2921 2919
and CH2
2723
C=O stretching vibration, C-N stretching, Lipids,
1636 ND
ND
ND
1700-1630
Ester carbonyl – COOR and carboxylate ion
ND 1668 1668 1668
stretching (-COO-)-
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1600–1400

C-O stretching vibration (amide) and C-C stretching from
phenyl groups, COO symmetric stretching, CH2 bending

1380-1200

P=O of phosphoryl, C-O stretching

1150 -1000

Stretching vibrations C-O of mono-, oligo-,
and carbohydrates, Pyranoid ring

ND

960-700

α –glycoside bond and ß- glycoside bond
C-H out-of-plane bending vibrations from isoprenoids

ND

690-550

Bromo compound

588
559

500-400

Iodo compound

ND

ND
ND

1511
1440
1363
1363
1247
1150
1107
957
889
765
563
633
693
482
436

1514
1440
1363
1363
1247
1147
1107
958
889
766
564
631
695
482
430

1513
1440
1363
1363
1247
1149
1107
956
889
767
558
632
694
482
434

ND: Not detected

Figure 3. Spectra of FTIR of A. graveolens essential oils extracted from un-irradiated and gamma irradiated
seeds (1: control kGy, 2: 2.5 kGy, 3: 5.0 kGy, and 4: 10.0 kGy)
Table 3. Total phenols and flavonoids content of A. graveolens essential oils extracted from the unirradiated and gamma irradiated seeds at different dose levels
Irradiation dose level
Phenols
Flavonoids
(kGy)
(g/100 g oil)
(g/100 g oil)
Control
0.68±0.00 d
0.22±0.01 d
2.5
1.00±0.07 c
0.33±0.00 c
5.0.
1.20±0.03 b
0.42±0.00 b
10.0
1.54±0.01 a
0.59±0.04 a
Data are given as mean ± SE (n = 3). a, b and c Means within the same column with different letters are significantly
differed (p < 0.05).

The results obtained in Table 4 indicates that there is an increase in the antioxidant activity of celery oil
at different dose levels, while increasing the oil concentration used from each treatment (in µl) proved that the
highest antioxidant activity is resulted in the irradiation dose level 10.0 kGy 88.30, 90.51 and 93.86% for the
concentrations 10, 15 and 25 µg oil, respectively compared to the control samples 77.15, 81.35 and 84.09% at
the same concentrations. Otherwise, the IC50 for the essential oil ranged from 54.17 µg/g oil in control sample
to 127.23 µg/g oil in the dose level of 5.0 kGy.
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Table 4. Antioxidant activity of A. graveolens essential oil extracted from the non-irradiated and irradiated
seeds at different dose levels against DPPH method
Oil concentration
Irradiation dose level
IC50
(kGy)
µg/g oil
10 µg
15 µg
25 µg
Control
77.15±0.29 d
81.35±0.23 d
84.09±0.17 d
54.17
c
c
2.5
82.32±0.26
85.41±0.21
88.58±0.11 c
71.27
5.0
86.92±0.36 b
88.91±0.46 b
91.11±0.32 b
127.23
10.0
88.30±0.21 a
90.51±0.03 a
93.86±0.27 a
95.18
Data are given as mean ± SE (n = 3). a, b and c Means within the same column with different letters are significantly
differed (p < 0.05).

It could be assumed that the rise in total phenolic and flavonoids is attributed to the irradiation that
raises the celery oil's secondary compounds.
Phenolic components are considered to act as antioxidants not only because of their ability to contribute
hydrogen atoms or electrons, but also because of their stable radical intermediates, which prevent the oxidation
of different food ingredients, in especially fatty acids and oil. Thymus algeriensis, showed that essential oil total
phenolic content was highly elevated at a dose level of 10.0 kGy after the irradiation. The findings obtained are
in accordance with those of Aly et al. (2016) who found that phenolic compounds in M. oleifera oil increased
by γ-irradiation up to 10.0 kGy. This rise in total phenolic content is due to the activity of phenylalanine
ammonia-lyase (PAL), principal enzyme for phenolic metabolism. It catalyzes L-phenylalanine deamination to
yield ammonia and trans-cinnamic acid which produces phenolic compounds. Quite an increase in total
phenolic is attributable to release of phenolic compounds from glycosidic components and degradation of
larger phenolic compounds into smaller ones, as indicated by gamma irradiation (Horváthov et al., 2007).
Flavonoids are one of the best important secondary metabolites in celery, and most flavonoids occur
with the formation of glycosides. Flavonoids, including apigenin, kaempferol, luteolin, quercetin and
isorhamnetin, were isolated from celery (Nijveldt et al., 2001; Romanova et al., 2001). Such findings are in
conjunction with those published on M. oleifera oil (Horváthov et al., 2007). On the other hand, Fatemi et al.
(2013), found that flavonoids content of essential oil extracted from cumin wasn’t highly affected after being
irradiated with 10.0 and 25.0 kGy doses, while in the current study it was indicated that flavonoids content of
celery essential oil was noticeable changed as it was enhanced after being exposed to 10.0 kGy dose. In the
concern El-Beltagi et al. (2019b) found that by raising irradiation dose level to 5.0 kGy, overall phenolic and
flavonoid content had been substantially increased. ‘Sakouti’ cultivar displayed the highest degree of scavenging
activity (DPPH %), with γ-irradiation dose level 5.0 kGy (82.85%).
The conversion of phenylalanine to cinnamic acid in the presence of PAL as a catalyst is flavonoid
biosynthesis, which is an essential step in phenyl-propanoid pathway. The activity of PAL affects the synthesis
of flavonoids in response to irradiation (gamma and UV-B stress) whereas flavonoids alleviate the damage
caused by irradiation stress. Phenolic compounds serve as free radical terminators and the mechanism of
flavonoid action is by process of scavenging or chelating.
Our findings are consistent with those recorded for R. officinalis essential oil for which antioxidant
activity measured using DPPH increased 10.0 kGy with irradiation dose (Fatemi et al., 2013). The radical
DPPH in oil provided by un-irradiated and irradiated moringa seed oil revealed that scavenging activity raised
progressively by raising dose level to 10.0 k Gy (Aly et al., 2016). On the other hand, Horváthová et al. (2007)
noticed the impact of oregano sample irradiation at 5.0-30.0 kGy doses on the radical-scavenging capability of
DPPH and FRP to be negligible. In addition, Alloun et al. (2019) relived that the percentage of volatile oil yield
from control and irradiated samples showed no substantial difference with irradiation level. The capabilities of
scavenging DPPH radical of the essential oil of celery were studied. A study indicated that the maximum
scavenging rates were 98.1% when 0.20 µl of the oil was used (Lu et al., 2011). The extract of celery seed with
concentrations 0.1-5.0 mg/ml gave 83%-93% inhibition to the DPPH radical (Lin et al., 2011). The essential
oil of celery seeds reduced the stable-free radical DPPH with an IC50 of 89.11 g/l (Dąbrowska et al., 2020).
2124

El-Beltagi HS et al. (2020). Not Bot Horti Agrobo 48(4):2114-2133

Other investigation displayed that celery is effective as antioxidant compared to ascorbic acid (Ibrahim, 2016).
The DPPH scavenging activity with irradiation dose dependent which may be attributed to the elevation
inactive compounds. Essential oils contain monoterpene hydrocarbon which contains a phenolic ring as well
as the oxygenated monoterpene which contains both the hydroxyl group and the phenolic ring, knowing that
these groups play an important role in antioxidant activity (Hadjadj and Hazzit, 2020). The herbal phenols
consider one of the most numerous classes of secondry biomolecules that have a common characteristic of an
aromatic ring carrying one or more hydroxyl groups including functional derivatives as esters, glycosides, etc.
Otherwise, flavonoids are found in the vacuoles, chloroplasts, and chloroplasts in the form of glycosides and
the presence of OH groups linked to the carbon atoms of the benzene ring (Ameer, 2020).

Anticancer assay
Results obtained for the evaluation of cytotoxic characteristics of essential oils extracts obtained from
non-irradiated and irradiated celery seeds toward two human cancer cell lines (Lung cancer cell line A549 and
Breast cancer cell line MCF-7) for three concentrations (250, 500 and 1000 μg/ml) are given in Table 5. It is
found that oil extracted from irradiated seeds by dose level 5.0 kGy was reduced the cell viability and anticancer
activity enlarged (Table 5). Results revealed that the IC50 of oils extracted from seeds irradiated by dose level
5.0 kGy were 145 and 124 μg/ml against Lung cancer cell line A549 and MCF-7 Breast cell lines, respectively.
Some of the compounds in the seed of the Apium plant have collaborations in the molecular mechanisms and
pathways of cellular targets that are considered to have a significant effect on the treatment of human cancers
with its anti-inflammatory and analgesic effects (Salehi et al., 2019). A study confirmed that celery seeds oil
inhibits cell proliferation, down regulates inflammatory markers and up-regulates apoptosis and that might be,
at least in part, the principal mechanisms associated with the tumour inhibition (Aprotosoaie et al., 2016).
Anethole which irradiated up in 5.0 kGy samples has anticarcinogenic and chemo-preventive properties
(Ahmedy, 2016). (-)-Spathulenol was identified in 5.0 and 10.0 kGy samples. As established previously, that
antioxidant, anti-inflammatory, and anti-proliferative properties of spathulenol (do Nascimento et al., 2018).
The constituents derived from A. graveolens have been shown to stop growth and to prompt apoptosis
in several cancer tissues (Köken et al., 2016). They induce apoptosis of Dalton’s lymphoma ascites cells
(Subhadradevi et al., 2011), human colon cancer cell line HCT116 (Quassinti et al., 2014), Breast cancer cell
line MCF-7 (Park et al., 2014), human cervical cancer cell line HeLa (Fu et al., 2012). At the same time celery
flavonoid had anticancer effect on HepG2 hepatic cancer, and MCF-7 breast cancer (Shakir, 2013). Regarding
the impact of irradiation, the 2.0 and 5.0 kGy irradiated thyme samples showed lower toxicity than the control
sample (0.0 kGy) on cell lines MCF-7, HeLa and HepG2, whereas thyme samples irradiated at 10.0 kGy
increased their cytotoxicity in the assayed tumour cell lines compared with samples submitted to 2.0 and 5.0
kGy. They also identified the cytotoxicity of infusions that were prepared from non-irradiated and irradiated
Aloysia citrodora, Mentha piperita L., also confirming that all cell lines tested displayed antiproliferative
activity in those samples (Pereira et al., 2018).
Table 5. Cytotoxicity of A. graveolens essential oils extracted from un-irradiated and gamma irradiated
seeds toward Lung cancer cell line (A549) and Breast cancer cell line (MCF-7)
Viability % and IC50 for tested cell lines
Concentrations
A549
MCF-7
A549
MCF-7
A549
MCF-7
A549
MCF-7
(µg/ml)
Control
2.5 kGy
5.0 kGy
10.0 kGy
1000
0
1
0
0
0
1.8
0
0
500
36.5
7
0
0
1.3
1.7
11
37.7
250
49.5
37.8
71.25
45.5
35.6
26
42.5
41.7
IC50 (µg/ml)
265
151
324.6
225
145
124
190.5
180.6
A549; Human Lung cancer cell line; MCF-7; Human Breast cancer cell line.

2125

El-Beltagi HS et al. (2020). Not Bot Horti Agrobo 48(4):2114-2133

Antimicrobial activity
Antimicrobial activity of essential oils extracted from un-irradiated and irradiated celery seeds were
evaluated using disc diffusion method (Table 6). There wasn’t any resistant strain to the celery seed oil, the
largest inhibition zones of S. aureus, B. subtilis and K. pneumoniae were recognized with the oils extracted from
the irradiated seeds with 5.0 kGy dose level, where E. coli and C. albicans were more pronounced for the oils
extracted from the irradiated seeds with 10.0 kGy. May be the antibacterial compounds were higher in 5.0 kGy
sample, while antifungal compounds were higher in 10.0 kGy sample. For example, cis-verbenol which was
detected in highest concentration in 5.0 kGy sample. Gamma irradiation is an effective method of breaking
down dangerous microorganism, increasing shelf life and improving food safety. The decontaminating impact
of gamma irradiation can be attributed to spontaneous and widespread destruction of microorganisms 'DNA
molecules by treatment leading to irreversible inactivation of microbes' metabolic and cellular systems (Lima
et al., 2018). Meanwhile, Dąbrowska et al. (2020) cited that essential oils from celery seeds contains
considerable amount of (R)-(+)-limonene, which is an attractive aroma compound used in the cosmetics and
food industries. This monoterpene is known to exhibit numerous biological activities, including antimicrobial
properties against Gram-positive bacteria. Also, found that the essential oils from celery seeds showed moderate
activity against the tested microorganisms. The growth of Gram-negative bacteria E. coli and P. aeruginosa was
inhibited at oils concentrations of 20 and 30 μl/ml, respectively. It was found that the blend of the
monoterpene cis-verbenol and the antibiotics amoxicillin and gentamicin displayed a synergic effect against a
sensitive and a resistant strain of S. aureus, which is also resistant to methicillin (Bobadilla et al., 2019). Also,
aromadendrene was detected only in 5.0 kGy sample, it was indicated that might be responsible for
antimicrobial properties (Mulyaningsih et al., 2010). (-)-Spathulenol which was detected in 5.0 and 10.0 kGy
samples only. It has been stated that some essential oil constituents interfere with the lipids of cell membranes,
cause leakage of intracellular materials, and finally the cell lysis (Oyedemi et al., 2009). It was reported that
celery seed oils caused inhibition zone of 2 mm to E. coli (Teixeira et al., 2013). The present results are in line
with the previous study reported for rosemary irradiation (5.0, 10.0 and 15.0 kGy) (Abdeldaiem et al., 2009).
The antibacterial efficacy of essential oils, as reported by several research studies, is associated with the major
components, including in particular the phenolic monoterpenes carvacrol and/or thymol reported to have
antimicrobial activity toward a variety of bacteria, particularly foodborne pathogens (Hassan et al., 2019).
Table 6. Antimicrobial activity (zone of inhibition in mm) of A. graveolens essential oils extracted from
un-irradiated and irradiated seeds comparing to standard antibiotics
Inhibition zone (mm)
Standard
Microbial strains
Irradiation dose level (kGy)
*
**
Control
2.5
5.0
10.0
CN
NS
Gram positive
d
b
a
b
c
14±0.13
20±0.34
25±0.46
20±0.21
15±0.12
NT
S. aureus
17±0.21 d
20±0.25 b
23±0.33 a
19±0.15 c
13±0.09 e
NT

B. subtilis

Gram negative

E. coli
K. pneumoniae
Candida albicans

19±0.29 c
1±0.07 e

22±0.40 b
15±0.28 c

22±0.29 b
20±0.18 a

25±0.34 a
16±0.24 b

10±0.11 e
11±0.10 d

NT
NT

15±0.18 d

16±0.23 c

18±0.2 b

21±0.30 a

NT

12±0.14 e

Values are mean ± SE,a, b and c Means within the same column with different letters are significantly differed (p<
0.05).*Gentamycin (CN 10 µg), **Nystatin (NS 100 µg), NT: not tested, R: resistant
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Conclusions
Gamma radiation has emerged as the favoured methods of food irradiation in recent years. Irradiation
induces certain alterations that can modify the chemical composition and nutritive value of the foods.
Apparently, there is a huge benefit come out of irradiated A. graveolens seeds. The highest increase of essential
oils extracted was registered with a dosage level of 10.0 kGy (2.42%). There were new compounds were detected
in the irradiated samples and others compounds were increased. The total phenols and flavonoids increased by
increasing γ-irradiation dose level, as well as there was a remarkable DPPH scavenging activity. Results revealed
that the IC50 of oils extracted from seeds irradiated by dose level 5.0 kGy were 145 and 124 μg/ml against Lung
cancer cell line A549 and MCF-7 Breast cell lines, respectively. The biggest inhibition zone of S. aureus, B.
subtilis and K. pneumoniae were obtained with the oils extracted from seeds irradiated with 5.0 kGy dose level,
where E. coli and C. albicans were more pronounced for the oils gotten from the seeds irradiated with 10.0
kGy. It could be assumed that gamma irradiation may not only be a valuable decontamination viewpoint but
also as an enhancement factor for some properties through a preliminary study on celery seeds. Further studies
are required to correlate the biological effects to specific compounds and to find out the best extraction method
for exploiting these properties. But also, to highlight a possible interest for its by-products as nutraceutical
sources for further develop.

Authors’ Contributions
Conceptualization: H.S.E. and A.A.A.; Data curation: H.S.E., A.E.A. and A.A.A.; Formal analysis:
H.S.E., A.E.A. and A.A.A.; Funding acquisition: H.S.E. and F.D.; Investigation: H.S.E., A.A.A. and F.D.;
Methodology: H.S.E., A.E.A. and A.A.A.; Project administration: H.S.E., F.D. and A.A.A.; Resources: H.S.E.,
F.D., and A.A.A.; Software: H.S.E. and A.E.A.; Supervision: H.S.E. F.D. and A.A.A.; writing-original draft
preparation: H.S.E., A.E.A. and A.A.A.; writing-review and editing, H.S.E.: F.D. and A.A.A. All authors read
and approved the final manuscript.

Acknowledgements
Authors would like to acknowledge Egyptian Atomic Energy Authority for supporting this research and
to appreciate the Deputyship for Research & Innovation, Ministry of Education in Saudi Arabia for funding
this research work through the project number IFT20006.

Conflict of Interests
The authors declare that there are no conflicts of interest related to this article.

References
Abdeldaiem MH, Mohamed HG, Abdel-Khalek HH (2009). Antimicrobial and antioxidant activities of rosemary
essential oil treated by gamma irradiation. Journal of Radiation Research and Applied Sciences 2(4):819-837.

2127

El-Beltagi HS et al. (2020). Not Bot Horti Agrobo 48(4):2114-2133
Afify AEMM, El-Beltagi HS, Aly AA, El-Ansary AE (2012). Antioxidant enzyme activities and lipid peroxidation as
biomarker compounds for potato tuber stored by gamma radiation. Asian Pacific Journal of Tropical Biomedicine
2(3):S1548-S1555.
Afify AMR, Rashed MM, Ebtesam AM, El-Beltagi HS (2013). Effect of gamma radiation on the lipid profiles of soybean,
peanut and sesame seed oils. Grasas y Aceites 64(4):356-368. https://doi.org/10.3989/gya.119712
Ahmedy O (2016). Study of the anticancer potential of celery seed oil against chemically induced hepatocellular carcinoma
in rats: a mechanistic approach. Al-Azhar Journal of Pharmaceutical Sciences 53(1):14-28.

https://doi.org/10.21608/AJPS.2016.6686
Ali SI, El-Emary GAE, Mohamed AA (2018). Effects of gamma irradiation on FT-IR fingerprint, phenolic contents and
antioxidant activity of Foeniculum vulgare and Carum carvi seeds. Research Journal of Pharmacy and Technology
11(8):3323-3329. https://doi.org/10.5958/0974-360X.2018.00611.X
Alloun K, Benchabane O, Hazzit M, Mouhouche F, Baaliouamer A, Chikhoune A, Benchabane A (2019). Effect of
gamma ray irradiation on chemical composition, antioxidant, antimicrobial, and insecticidal activities of Thymus
pallescens essential oil. Acta Chromatographica 31:57-62. https://doi.org/10.1556/1326.2017.00346
Aly AA, EI-Beltagi HE (2010). Influence of ionizing radiation on the antioxidant enzymes of Vicia faba L. Grasas y Aceites
61(3):288-294. https://doi.org/10.3989/gya.111509
Aly AA, Eliwa NE, AbdEl-Megid MH (2019). Stimulating effect of gamma radiation on some active compounds in
eggplant fruits. Egyptian Journal of Radiation
Sciences and Applications 32:61-73.

https://doi.org/10.21608/ejrsa.2019.10024.1066
Aly AA, Mansour TMM, Mohamed HI, Abd-Elsalam KA (2012). Examination of correlations between several
biochemical components and powdery mildew resistance of flax cultivars. Plant Pathology Journal 28(2):149-155.

https://doi.org/10.5423/PPJ.2012.28.2.149
Aly AA, Maraei RW, Ali HGM (2016). Fatty acids profile and chemical composition of Egyptian Moringa oleifera seed
oils. Journal of the American Oil Chemists Society 93:397-404. https://doi.org/10.1007/s11746-015-2781-6
Ameer K, Jo Y, Amir RM, Shahbaz HM, Kwon JH (2020). Screening and identification of electron-beam irradiated dried
spice-mixture products by electronic sensing and standard analytical methods through dose estimation. LWT
125:108957. https://doi.org/10.1016/j.lwt.2019.108957
Aprotosoaie AC, Costache II, Miron A (2016). Anethole and its role in chronic diseases. In: Drug Discovery from Mother
Nature Springer, Cham. pp 247-267. https://doi.org/10.1007/978-3-319-41342-6_11
Araújo CRR, Corrêa GM, da Costa Abreu VG, de Melo Silva T, Osorio AMB, De Oliveira PM, de Carvalho Alcântara
AF (2017). Effects of gamma radiation on essential oils: A review. New Insights on Gamma Rays 179-201.
Balakrishnan R, Elangovan N, Mohankumar T, Nataraj J, Manivasagam T, Thenmozhi AJ, … Khan MAS (2018).
Isolongifolene attenuates rotenone-induced mitochondrial dysfunction, oxidative stress and apoptosis. Frontiers
in Bioscience 10:248-261.
Bauer AW (1966). Antibiotic susceptibility testing by a standardized single disc method. American Journal of Clinical
Pathology 45(4):4963-496.
Bejeshk MA, Fekri MS, Najafipour H, Rostamzadeh F, Jafari E, Rajizadeh MA, Masoumi-Ardakani Y (2019). Antiinflammatory and anti-remodeling effects of myrtenol in the lungs of asthmatic rats: Histopathological and
biochemical
findings.
Allergologia
et
Immunopathologia
47(2):185-193.

https://doi.org/10.1016/j.aller.2018.09.003
Bobadilla D, Flores-Giubi ME, Alvarenga N (2019). Synergistic effect of (s)-cis-verbenol with the antibiotic’s amoxicillin
and gentamicin against sensitive and resistant Staphylococcus aureus strains. International Journal of
Pharmaceutical Sciences and Research 10(5):2182-2188. (could not find reference)
Boughendjioua H, Djeddi S (2014). Biological activity of lemon essential oil used for skin care. European Journal of
Scientific Research l:219-226.
British Pharmacopoeia Commission (1993). British Pharmacopoeia.
Chavan MJ, Wakte PS, Shinde DB (2010). Analgesic and anti-inflammatory activity of caryophyllene oxide from Annona
squamosa L. bark. Phytomedicine 17(2):149-151. https://doi.org/10.1016/j.phymed.2009.05.016
Dąbrowska JA, Kunicka-Styczyńska A, Śmigielski KB (2020). Biological, chemical, and aroma profiles of essential oil from
waste celery seeds (Apium graveolens L.). Journal of Essential Oil Research 32:308-315.

https://doi.org/10.1080/10412905.2020.1754937

2128

El-Beltagi HS et al. (2020). Not Bot Horti Agrobo 48(4):2114-2133
de Almeida Melo E, Mancini Filho J, Guerra NB (2005). Characterization of antioxidant compounds in aqueous
coriander extract (Coriandrum sativum L.). LWT - Food Science and Technology 38(1):15-19.

https://doi.org/10.1016/j.lwt.2004.03.011
do Nascimento KF, Moreira FMF, Santos JA, Kassuya CAL, Croda JHR, Cardoso CAL, … Formagio ASN (2018).
Antioxidant, anti-inflammatory, antiproliferative and antimycobacterial activities of the essential oil of Psidium
guineense
Sw.
and
spathulenol.
Journal
of
Ethnopharmacology
210:351-358.

https://doi.org/10.1016/j.jep.2017.08.030
Dolati K, Rakhshandeh H, Golestani M, Forouzanfar F, Sadeghnia R, Sadeghnia HR (2018). Inhibitory effects of Apium
graveolens on xanthine oxidase activity and serum uric acid levels in hyperuricemic mice. Preventive Nutrition and
Food Science 23(2):127-133. https://doi.org/10.3746/pnf.2018.23.2.127
Douar-Latreche S, Benchabane O, Sahraoui N, Hazzit M, Mouhouche F, Baaliouamer A (2018). Effect of gamma
irradiation on the chemical composition and antioxidant activity of Thymus algeriensis extracts. Journal of
Essential Oil-Bearing Plants 21(2):449-461. https://doi.org/10.1080/0972060X.2017.1421869
Ehiabhi OS, Edet UU, Walker TM, Schmidt JM, Setzer WN, Ogunwande IA, … Ekundayo O (2013). Constituents of
essential oils of Apium graveolens L., Allium cepa L., and Voacanga africana Staph. from Nigeria. Journal of
Essential Oil-Bearing Plants 9(2):126-132. https://doi.org/10.1080/0972060X.2006.10643483
El-Beltagi HES (2011). Effect of roasting treatments on protein fraction profiles, some enzyme activities of Egyptian
peanuts.
International
Journal
of
Food
Science
and
Nutrition
62(5):453-456.

https://doi.org/10.3109/09637486.2010.544642
El-Beltagi HS, Ahmed OK, El-Desouky W (2011). Effect of low doses γ-irradiation on oxidative stress and secondary
metabolites production of rosemary (Rosmarinus officinalis L.) callus culture. Radiation Physics and Chemistry
80(9):968-976. https://doi.org/10.1016/j.radphyschem.2011.05.002
El-Beltagi HS, Aly AA, El-Desouky W (2019b). Effect of gamma irradiation on some biochemical properties, antioxidant
and antimicrobial activities of Sakouti and Bondoky dry dates fruits genotypes. Journal of Radiation Research and
Applied Sciences 12(1):437-446. https://doi.org/10.1080/16878507.2019.1690799
El-Beltagi HS, Mohamed HI, Megahed BMH, Gamal M, Safwat G (2018). Evaluation of some chemical constituents,
antioxidant, antibacterial and anticancer activities of Beta vulgaris L. root. Fresenius Environmental Bulletin
27(9):6369-6378.
El-Demerdash E (2011). Anti-inflammatory and antifibrotic effects of methyl palmitate. Toxicology and Applied
Pharmacology 254(3):238-244. https://doi.org/10.1016/j.taap.2011.04.016
Elzey B, Norman V, Stephenson J, Pollard D, Fakayode SO (2016). Purity analysis of adulterated essential oils by FT-IR
spectroscopy and partial-least-squares regression. Spectroscopy 31:26-37.
Ene-Obong H, Onuoha N, Aburime L, Mbah O (2018). Chemical composition and antioxidant activities of some
indigenous
spices
consumed
in
Nigeria.
Food
Chemistry
238:58-64.

https://doi.org/10.1016/j.foodchem.2016.12.072
Ezhilan BP, Neelamegam R (2012). GC-MS analysis of phytocomponents in the ethanol extract of Polygonum chinense
L. Pharmacognosy Research 4(1):11. https://doi.org/10.4103/0974-8490.91028
Fatemi F, Dadkhah A, Rezaei MB, Dini S (2013). Effect of γ-irradiation on the chemical composition and antioxidant
properties of cumin extracts. Journal of Food Biochemistry 37(4):432-439. https://doi.org/10.1111/j.1745-

4514.2011.00641.x
Fernandes ES, Passos GF, Medeiros R, da Cunha FM, Ferreira J, Campos MM, … Calixto JB (2007). Anti-inflammatory
effects of compounds alpha-humulene and (−)-trans-caryophyllene isolated from the essential oil of Cordia
verbenacea. European Journal of Pharmacology 569(3):228-236. https://doi.org/10.1016/j.ejphar.2007.04.059
Fu J, Chen D, Zhao B, Zhao Z, Zhou J, Xu Y, Yin Z (2012). Luteolin induces carcinoma cell apoptosis through binding
Hsp90
to
suppress
constitutive
activation
of
STAT3.
PloS
One
7(11):e49194.

https://doi.org/10.1371/journal.pone.0049194
Gauri M, Ali SJ, Khan MS (2015). A review of Apium graveolens (Karafs) with special reference to Unani medicine.
International Archives of Integrated Medicine 2:131-136.
Gutiérrez LF, Quiñones-Segura Y, Sanchez-Reinoso Z, Díaz DL, Abril JI (2017). Physicochemical properties of oils
extracted from γ-irradiated sacha inchi (Plukenetia volubilis L.) seeds. Food Chemistry 237:581-587.

https://doi.org/10.1016/j.foodchem.2017.05.148

2129

El-Beltagi HS et al. (2020). Not Bot Horti Agrobo 48(4):2114-2133
Hadjadj N, Hazzit M (2020). Analysis and antioxidant activity of essential oils and methanol extracts of Origanum
floribundum
Munby.
Journal
of
Essential
Oil-Bearing
Plants
23(1):85-96.

https://doi.org/10.1080/0972060X.2020.1729867
Hassan AB, Ahmed SM, Elkhatim SKA, Abdelhalim TS, Fawale SO, Adiamo OQ, Ahmed MIA (2019). Effect of gamma
irradiation and microwave heating treatments on microbial load and antioxidant potentials in cinnamon, fennel
and hot pepper. Journal of Food Measurement and Characterization13(2):1130-1138.

https://doi.org/10.1007/s11694-018-00028-w 45
Hassanen NH, Eissa AMF, Hafez SAM, Mosa EA (2015). Antioxidant and antimicrobial activity of celery (Apium
graveolens) and coriander (Coriandrum sativum) herb and seed essential oils. International Journal of Current
Microbiology and Applied Sciences 4(3):284-296.
Hikima Y, Morikawa J, Kazarian SG (2019). Analysis of molecular orientation in polymeric spherulite using polarized
micro attenuated total reflection Fourier transform infrared (ATR-FTIR) spectroscopic imaging. Analytica
Chimica Acta 1065:79-89. https://doi.org/10.1016/j.aca.2019.02.017
Horváthov J, Suhaj M, Polovka M, Brezová V, Šimko P (2007). The influence of gamma-irradiation on the formation of
free radicals and antioxidant status of oregano (Origanum vulgare L.). Czech Journal of Food Sciences 25(3):131143. http://www.agriculturejournals.cz/publicFiles/00209.pdf
Ibrahim HK (2016). Antibacterial and antioxidant activity of seed methanolic extract of Apium graveolens in vitro.
World Journal of Pharmaceutical Research 5(6):1914-1923.
Ingallina C, Capitani D, Mannina L, Carradori S, Locatelli M, Di Sotto A, … Sobolev AP (2019). Phytochemical and
biological characterization of Italian “sedano biancodi di Sperlonga” Protected Geographical Indication celery
ecotype:
a
multimethodological
approach.
Food
Chemistry
309:125649.

https://doi.org/10.1016/j.foodchem.2019.125649
Javadi I, Rashidi Nooshabadi M, Goudarzi M, Roudbari R (2015). Protective effects of celery (Apium graveloens) seed
extract on bleomycin-induced pulmonary fibrosis in rats. Journal of Babol University of Medical Sciences
17(1):70-76.
Kesba HH, El-Beltagi HS (2012). Biochemical changes in grape rootstocks resulted from humic acid treatments in
relation to nematode infection. Asian Pacific Journal of Tropical Biomedicine 2(4):287-293.

https://doi.org/10.1016/S2221-1691(12)60024-0
Kirkin C, Mitrevski B, Gunes G, Marriot PJ (2014). Combined effects of gamma-irradiation and modifed atmosphere
packaging
on
quality
of
some
species.
Food
Chemistry
154:255-261.

https://doi.org/10.1016/j.foodchem.2014.01.002
Kizilay Z, Kahraman Cetin N (2018). Effect of methyl palmitate on the formation of epidural fibrosis in an experimental
epidural
fibrosis
model.
Journal
of
Investigative
Surgery
31(6):469-474.

https://doi.org/10.1080/08941939.2017.1356403
Köken T, Koca B, Özkurt M, Erkasap N, Kuş G, Karalar M (2016). Apium graveolens extract inhibits cell proliferation
and expression of vascular endothelial growth factor and induces apoptosis in the human prostatic carcinoma cell
line LNCaP. Journal of Medicinal Food 19(12):1166-1171. https://doi.org/10.1089/jmf.2016.0061
Lima F, Vieira K, Santos M, de Souza PM (2018). Effects of radiation technologies on food nutritional quality. Descriptive
Food Science 137-152. https://doi.org/10.5772/intechopen.80437
Lin LY, Ker YB, Chang CH, Chen KC, Peng RY (2011). Arabinogalactan present in the mountain celery seed extract
potentiated hypolipidemic bioactivity of coexisting polyphenols in hamsters. Pharmaceutical Biology 49(3):319326. https://doi.org/10.3109/13880209.2010.516753
Lone ZA, Lone Y, Khan SS, Wani AA, Reshi MI (2015). Hepatoprotective medicinal plants used by the Gond and Bhill
tribals of District Raisen, Madhya Pradesh, India. Journal of Medicinal Plant Research 9:400-406.

https://doi.org/10.5897/JMPR2015.5764
Lu ZG, Li W, Wang PJ (2011). Chemical composition and ability of scavenging DPPH radical of essential oil and residue
from the celery seed. In: Advanced Materials Research 183:18-21. Trans Tech Publications LTD.
Luckman GJ (2002). Food irradiation: regulatory aspects in the Asia and Pacific region. Radiation Physics and Chemistry
63(3-6):285-288.
Mahindru SN (2005). Food preservation and irradiation. 1st Ed., Saujanya Books, New Delhi, India.
Mansouri E, Kooti W, Bazvand M, Boroon MG, Amirzargar A, Afrisham R, … Jalali N (2015). The effect of hydroalcoholic extract of Foeniculum vulgare Mill on leukocytes and hematological tests in male rats. Jundishapur
Journal of Natural Pharmaceutical Products 10(1):e18396. https://doi.org/10.17795/jjnpp-18396

2130

El-Beltagi HS et al. (2020). Not Bot Horti Agrobo 48(4):2114-2133
Marei GIK, Rasoul MAA, Abdelgaleil SA (2012). Comparative antifungal activities and biochemical effects of
monoterpenes on plant pathogenic fungi. Pesticide Biochemistry and Physiology 103(1):56-61.

https://doi.org/10.1016/J.PESTBP.2012.03.004
McCormick.

The

History

of

Spices

(2017).

Retrieved

2017

May

30

from:

http://www.mccormickscienceinstitute.com/resources/history-of-spices
Mulyaningsih S, Sporer F, Zimmermann S, Reichling J, Wink M (2010). Synergistic properties of the terpenoids
aromadendrene and 1, 8-cineole from the essential oil of Eucalyptus globulus against antibiotic-susceptible and
antibiotic-resistant
pathogens.
Phytomedicine
17(13):1061-1066.

https://doi.org/10.1016/j.phymed.2010.06.018
Nickavar B, Kamalinejad M, Izadpanah H (2007). In vitro free radical scavenging activity of five Salvia species. Pakistan
Journal of Pharmaceutical Sciences 20(4):291-294.
Nijveldt RJ, van Nood ELS, van Hoorn DE, Boelens PG, Van Norren K, Van Leeuwen PA (2001). Flavonoids: a review
of probable mechanisms of action and potential applications. American Journal of Clinical Nutrition 74:418-425.

https://doi.org/10.1093/ajcn/74.4.418
Oyedemi SO, Okoh AI, Mabinya LV, Pirochenva G, Afolayan AJ (2009). The proposed mechanism of bactericidal action
of eugenol, -terpineol and -terpinene against Listeria monocytogenes, Streptococcus pyogenes, Proteus vulgaris
and Escherichia coli. African Journal of Biotechnology 8:1280-1286.
Park HR, Park E, Rim AR, Jeon KI, Hwang JH, Lee SC (2006). Antioxidant activity of extracts from Acanthopanax
senticosus. African Journal of Biotechnology 5(23):2388-2396.
Park SH, Ham S, Kwon TH, Kim MS, Lee DH, Kang JW, Yoon DY (2014). Luteolin induces cell cycle arrest and
apoptosis through extrinsic and intrinsic signaling pathways in MCF-7 breast cancer cells. Journal of
Environmental
Pathology,
Toxicology,
and
Oncology
33(3):219-231.

https://doi.org/10.1615/jenvironpatholtoxicoloncol.2014010923
Paula-Freire LIGD, Andersen ML, Gama VS, Molska GR Carlini ELA (2014). The oral administration of transcaryophyllene attenuates acute and chronic pain in mice. Phytomedicine 21(3):356-362.
Pereira E, Pimenta AI, Barros L, Calhelha RC, Antonio AL, Verde SC, Ferreira IC (2018). Effect of gamma radiation on
the bioactivity of medicinal and aromatic plants: Mentha xpiperita L., Thymus vulgaris L. and Aloysia citrodora
palau as case studies. Food and Function 10:5156-5161. https://doi.org/10.1039/c8fo01558a
Powanda MC, Whitehouse MW, Rainsford KD (2015). Celery seed and related extracts with antiarthritic, antiulcer, and
antimicrobial activities. In: Novel Natural Products: Therapeutic Effects in Pain, Arthritis and Gastro-intestinal
Diseases. Springer, Basel pp 133-153. https://doi.org/10.1007/978-3-0348-0927-6_4
Pozzatti P, Rigatti F, Hörner R, Alves SH, Mallmann CA, Heinzmann BM (2015). Antimicrobial evaluation of
sesquiterpene alpha-curcumene and its synergism with imipenem. Journal of Microbiology, Biotechnology and
Food Sciences 4(5):434. https://doi.org/10.15414/jmbfs.2015.4.5.434-436
Quassinti L, Maggi F, Barboni L, Ricciutelli M, Cortese M, Papa F, Bramucci M (2014). Wild celery (Smyrnium
olusatrum L.) oil and isofuranodiene induce apoptosis in human colon carcinoma cells. Fitoterapia 97:133-141.

https://doi.org/10.1016/j.fitote.2014.06.004
Quintans-Júnior L, Moreira JC, Pasquali MA, Rabie S, Pires AS, Schröder R, … Gelain DP (2013). Antinociceptive
activity and redox profile of the monoterpenes (+)-camphene, p-cymene, and geranyl acetate in experimental
models.
International
Scholarly
Research
Notices
Toxicology
2013:459530.

https://doi.org/10.1155/2013/459530
Rajizadeh MA, Najafpour H, Samareh Fekri M, Rostamzadeh F, Jafari E, Bejeshk MA (2019). Anti-inflammatory and
anti-oxidative effects of myrtenol in the rats with allergic asthma. Iranian Journal of Pharmaceutical Research
18(3):1488-1498. Https://doi.org/10.22037/ijpr.2019.1100749
Repetto G, del Peso A, Zurita JL (2008). Neutral red uptake assay for the estimation of cell viability/cytotoxicity. Nature
Protocols 3:1125-1131. https://doi.org/10.1038/nprot.2008.75
Rezanejad R, Ojagh SM, Heidarieh M, Raeisi M, Rafiee G, Alishahi A (2019). Characterization of gamma-irradiated
Rosmarinus officinalis L. (Rosemary). Turkish Journal of Pharmaceutical Sciences 16(1):43-47.

https://doi.org/10.4274/tjps.37880
Rezk AA, Al-Khayri JM, Al-Bahrany AM, El-Beltagi HS, Mohamed HI (2019). X-ray irradiation changes germination
and biochemical analysis of two genotypes of okra (Hibiscus esculentus L). Journal of Radiation Research and
Applied Sciences 12(1):393-402. https://doi.org/10.1080/16878507.2019.1680188

2131

El-Beltagi HS et al. (2020). Not Bot Horti Agrobo 48(4):2114-2133
Romanova D, Vachalkova A, Cipak L, Ovesna Z, Rauko P (2001). Study of antioxidant effect of apigenin, luteolin and
quercetin by DNA protective method. Neoplasma 48:104-107.
Rossi PG, Bao L, Luciani A, Panighi J, Desjobert JM, Costa J, Berti L (2007). (E)-Methylisoeugenol and elemicin:
antibacterial components of Daucus carota L. essential oil against Campylobacter jejuni. Journal of Agricultural
and Food Chemistry 55(18):7332-7336. https://doi.org/10.1021/jf070674u
Saki K, Bahmani M, Rafieian-Kopaei M (2014). The effect of most important medicinal plants on two importnt
psychiatric disorders (anxiety and depression)-a review. Asian Pacific Journal of Tropical Biomedicine 7:S34-S42.

https://doi.org/10.1016/S1995-7645(14)60201-7
Salehi B, Venditti A, Frezza C, Yücetepe A, Altunta Ü, Uluata S, Matthews RK (2019). Apium plants: Beyond simple
food and phytopharmacological applications. Applied Science 9(17):3547. https://doi.org/10.3390/app9173547
Seo HY, Kim JH, Song HP, Kim DH, Byun MW, Kwon JH, Kim KS (2007). Effects of gamma irradiation on the yields
of volatile extracts of Angelica gigas Nakai. Radiation Physics and Chemistry 76:1869-1874
Shakir MA (2013). Extraction and purification flavonoid from celery plant and application on hepatic and breast.
International Journal of Current Research 5:2462-2465.
Sharawy MH, El-Agamy DS, Shalaby AA, Ammar ESM (2013). Protective effects of methyl palmitate against silicainduced
pulmonary
fibrosis
in
rats.
International
Immunopharmacology
16(2):191-198.

https://doi.org/10.1016/j.intimp.2013.04.007
Singleton VL, Rossi JA (1965). Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents.
American Journal of Enology and Viticulture 16(3):144-158.
Subhadradevi V, Khairunissa K, Asokkumar K, Sivashanmugam MUA, Jagannath P (2011). Induction of apoptosis and
cytotoxic activities of Apium graveolens Linn. using in vitro models. Middle East Journal of Scientific Research
9(1):90-94.
Tashakori-Sabzevar F, Razavi BM, Imenshahidi M, Daneshmandi M, Fatehi H, Sarkarizi YE, Mohajeri SA (2016).
Evaluation of mechanism for antihypertensive and vasorelaxant effects of hexanic and hydroalcoholic extracts of
celery seed in normotensive and hypertensive rats. Revista Brasileira de Farmacognosia 26(5):619-626.

http://dx.doi.org/10.1016/j.bjp.2016.05.012
Teixeira B, Marques A, Ramos C, Neng NR, Nogueira JM, Saraiva JA, Nunes ML (2013). Chemical composition and
antibacterial and antioxidant properties of commercial essential oils. Industrial Crops and Products 43:587-595.

https://doi.org/10.1016/j.indcrop.2012.07.069
Topal F (2019). Anticholinergic and antidiabetic effects of isoeugenol from clove (Eugenia caryophylata) oil.
International Journal of Food Properties 22(1):583-592. https://doi.org/10.1080/10942912.2019.1597882
Vallianou I, Peroulis N, Pantazis P, Hadzopoulou-Cladaras M (2011). Camphene, a plant-derived monoterpene, reduces
plasma cholesterol and triglycerides in hyperlipidemic rats independently of HMG-CoA reductase activity. PloS
One 6(11):e20516. https://doi.org/10.1371/journal.pone.0020516
Wistriech GA (1997). Microbiology laboratory. pp 319-325.
Wu SY, Shen JL, Man KM, Lee YJ, Chen HY, Chen YH, … Chen WC (2014). An emerging translational model to screen
potential medicinal plants for nephrolithiasis, an independent risk factor for chronic kidney disease. Evidencebased Complementary and Alternative Medicine 2014:972958. https://doi.org/10.1155/2014/972958
Yalcin H, Ozturk I, Tulukcu E, Sagdic O (2011). Effect of γ-irradiation on bioactivity, fatty acid compositions and volatile
compounds of Clary sage seed (Salvia sclarea L.). Journal of Food Science 76(7):C1056-C1061.

https://doi.org/10.1111/j.1750-3841.2011.02331.x
Zhishen J, Mengcheng T, Jianming W (1999). The determination of flavonoid contents in mulberry and their scavenging
effects on superoxide radicals. Food Chemistry 64(4):555-559. https://doi.org/10.1016/S0308-8146(98)00102-

2

2132

El-Beltagi HS et al. (2020). Not Bot Horti Agrobo 48(4):2114-2133
The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any
other lawful purpose, without asking prior permission from the publisher or the author.
License - Articles published in Notulae Botanicae Horti Agrobotanici Cluj
Cluj--Napoca are Open-Access,
distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.
© Articles by the authors; UASVM, Cluj-Napoca, Romania. The journal allows the author(s) to hold the
copyright/to retain publishing rights without restriction.

2133

