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ABSTRACT:

A biotic stress mostly controls medicinal
compounds productivity in the plant. This study
was carried out to investigate the effect of gamma
irradiation on some active constituents in shoot
and root of Cichorium pumilum (Chicory).
Irradiated seeds with 20, 40, and 80 gray (Gy) by
cobalt 60 gamma irradiation were cultivated under
normal field conditions. Results showed that the
plant dry weight was stimulated at the first growth
stage and inhibited at the following stages.
Photosynthetic pigments (chl. a & b) were
inhibited but carotenoids increased as a defensive
effect to the increase in gamma doses. Alkaloids
content was twice the phenolic and several times
the saponins content under the control plant.
Saponin content in the plant root increased with
all gamma doses and the highest increase (69.5%)
was at 40 Gy compared to the control. Likewise,
the total alkaloids content was increased by 49.7%
at the 40 Gy in the plant shoot. Accumulation of
alkaloids was more sensitive to gamma radiation
in shoot than in root. The 40 Gy dose enhanced
accumulation of total phenolic compounds in root.
Increasing gamma dose to 80 Gy inhibited the
accumulation of three secondary metabolites in
plant shoots and roots especially the alkaloids
content that was reduced per plant to the half. The
study suggested 40 Gy dose as an efficient dose
to induce the metabolism and accumulation of
active compounds of Chicory plants. In addition, it
certified the vegetative stage which used as a
human food to produce such compounds from the
total plant (shoots and roots).
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INTRODUCTION:

The natural environment for plants is
composed of a complex set of abiotic and
biotic stresses. Different types of abiotic
stresses are known to have strong impact on
morphological and development of plants.
Plant responses to these stresses are equally
complex (Cramer et al., 2001; Blagojevic,
2015). In the last decade, gamma irradiation
has been drawn the attention as an abiotic
stress and a new rapid method to improve the
gualitative and quantitative characters of
many plants (Charbaji and Nabulsi, 1999).

Gamma rays belong to ionizing radiation
and interact to atoms or molecules to produce
free radicals in cells. These radicals can
damage or modify important components of
plant cells and have been reported to affect
differentially the morphology, anatomy,
biochemistry and physiology of plants
depending on the species, plant growing
stage and radiation dose (Neelam et al.,
2014) and the effects include changes in the
plant cellular structure and metabolism (Kim
et al., 2004).

Mohamed and El Shimi (2014) pointed
out all doses of gamma used in his research
led to a decrease in dry weight. Dry weight
has an inverse relationship with the degree of
gamma dose from 5 tol0 Gy. The gamma
radiation had a significant effect on most of
the characteristics of the plant, including the
dry weight of the shoot, and increase was
continued up to 100 Gy, then it decreased in
the high doses.

Cichorium pumilum (commonly known
as Chicory) is a weed grows naturally
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associated with clover fields during fall, winter
and spring seasons. Cichorium pumilum is an
annual herbaceous plant of the dandelion up
to 90 cm, all plant parts exudate a milky latex.
It is preferable and eaten by the Egyptian
farmers with cheese as a common Egyptian
meal (Abou-Zeid, 2015). Chicory is known by
its medicinal importance. However, according
to EMA (2012) traditional use of chicory roots
includes the relief of symptoms related to mild
digestive disorders (such as feeling of
abdominal fullness, flatulence, and slow
digestion) and temporary loss of appetite.
Krylova et al. (2006) reported that C. pumilum
had anti- hepatoxic effects (decreases
glycogen content, cell necrosis and increases
the number of cells with pronounced protein
synthesis activity) induced hepatic damage.
Hazra et al. (2002) report that extract root of
Cichorium has a restraining influence on the
type of tumors in mice. Pushparaj et al. (2007)
stated that in Turkey traditional medicine used
Roots decoction to protective of Cancer and
kidney stones. Vohra (2004) pointed out that
Chicory has been listed as one of the 38
plants that are used to prepare Bach flower
remedies, a kind of alternative medicine. The
medical importance of Cichorium sp. lies
mainly in the photosynthetic pigments
(chlorophyll a, b and carotenoids) and the
secondary metabolites alkaloids, phenolic
compounds and saponins of its edible parts.
The content of these important metabolites
evaluates its economic utilization as a
complementary food and a source of many
medicinal compounds. Aqil et al. (2006)
reported that the plant acquires strong free
radical scavenging activity. The phytochemical
analysis of plant extracts indicated the
presence of the major phyto compounds,
including phenolic compounds, alkaloids,
glycosides, flavonoids, and tannins. The
phenolic concentrations in the plant ranged
from 28.66 to 169.67 mg/g of dry plant extract
and there is a fair correlation between
antioxidant/free radical scavenging activity
and its phenolic content.

Saponin have various effects attributed
to a diverse range of properties, some of
which induce both beneficial and detrimental
effects on human health such as pesticides,
insecticidal and molluscicidal activity,
allelopathic action, anti-nutritional effects,
sweetness and bitterness, and as phyto-
protectants those defend plants against
attack by microbes and herbivores
(Hostettmann, 1991). Also, saponin is useful
medically in controlling cholesterol,
decreasing incidence of heart diseases and
protection from cancer (Oakenfull and Sidhu,
1990). The phenolic compounds play
important physiological and ecological roles,
being involved in resistance to different types
of stresses (Ayaz et al., 2000).
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All parts of this plant have major
medicinal importance because of the
presence of several medicinally important

compounds such as sesquiterpene, lactones,
flavonoids, alkaloids, coumarins, vitamins,
chlorophyll pigments, unsaturated sterols,
inulin, saponins and tannins (Nandagopal and
Ranjitha 2007). The bitter compounds in the
plant namely, lactucin, lactucopicrin, and the
guaianolide sesquiterpenes, isolated from
aqueous root extracts of chicory were
concluded to be the antimalarial components
of the plant. Lactucin and lactucopicrin
completely inhibited the HB3 clone of strain
Honduras-1 of Plasmodium falciparum at

concentrations of 10 and 50 ug/ml,
respectively (Bischoff et al., 2004).
The aim of the present study is to

investigate effect of gamma irradiation on some
secondary metabolites having a medicinal
importance in the shoot and root of C. pumilum
at the active growth (vegetative) stage.

On Line ISSN: 2090 - 0503

MATERIAL AND METHODS:

Cichorium pumilum is a Mediterranean
plant species belongs to the subfamily
Cichorioideae, Asteraceae. Seeds of the plant
were obtained from Weed Research Center,
Sakha, Kafr EI-Sheekh. Chicory seeds were
irradiated with gamma rays at (0, 20, 40, and
80 Gy) emitted from cobalt 60 source at room
temperature. Irradiation  process was
performed at the National Institute of
Standards (NIS), Giza, Cairo, Egypt. Seeds
were germinated in plastic pots of 20 cm
diameter and 30 cm depth in the green house
of Menoufia University, Egypt. The seeds
were irrigated with tap water once every 3
days or whenever needed until the growing of
seedling. The plant at vegetative stage was
harvested (after 78 days). The plants were
separated into shoot and root and dried in an
oven at 50 °C to constant weight. The plant
shoots and root dry weights were recorded,
and the dried materials were powdered and
preserved in paper bags until using.

Estimation of photosynthetic pigment:

The quantitative values of pigments
(chl. a, b, and carotenoids) were extracted
and measured by using absorption proposed
by Welburn (1994).

Estimation of saponin:

Saponin was estimated quantitatively by
the method described by Hiai et al. (1975). A
standard curve by cholesterol was
constructed as in the previous steps and used
for the determination of the content of saponin
(mg/g d.wt).
Determination of total alkaloids:

Total alkaloids were extracted,
precipitated and measured quantitatively
according to the method described by

Harbone (1973). Alkaloids content was
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calculated and expressed as
weight of the plant samples.

Estimation of total phenolic compounds:

Total phenolic content was estimated
quantitatively using the method described by
Jindal and Singh (1975). A standard curve
was prepared by using different
concentrations of gallic acid and used for the
determination of total phenolic compounds
content (mg/g d.wt).

Data statistical analyses:

One-way ANOVA analysis was used to
signify treatments variation. Correlation
coefficients between the recorded variables
were evaluated. All the statistical methods
were according to (Bishop, 1983), while the
analysis was carried out by IBM SPSS
statistical package.

(mg/g dry)

RESULTS AND DISCUSSION:
The plant weights:

The plant dry weight result was
represented in table 1 and indicated greater
shoot than root weight at all growth stages.
All gamma doses decreased shoot dry weights
at all growth stages while they decreased root
dry weights at flowering and fruiting stages
but at the earlier stages seedling and
vegetative stages gamma doses increased the
plant dry weight in comparison with the
control. The maximum gamma dose (80 Gy)
greatly inhibited the shoot and root dry
weights. Mohamed and ElI Shimi (2014)
pointed out that plant dry weight in their study
has an inverse relationship with the increase
of gamma dose from 5 to10 Gy.

Table 1. The shoot and root dry weight (g d. wt.) of Chicory

+ the SD under the effect of 0-80 Gy gamma

irradiation during the different growing stages.

in plant leaves in all gamma radiation doses
comparing with the control and the maximum
decrease, by 7%, was recorded at 20 Gy.
Under all gamma doses chlorophyll a was
relatively higher than chlorophyll b and the
increase in gamma doses increased the
difference between them due to the more
inhibition in chlorophyll b synthesis. Jan et al.
(2013) found that plant photosynthetic
pigments were stimulated under low gamma
doses and then reduced with increasing
gamma radiation. The carotenoids synthesis
at the vegetative stage was increased with the
increase of the used gamma doses and the
highest carotenoids content by 80Gy was up
to 102%. Kovacs and Keresztes (2002)
investigated the effect gamma dose on plant
and observed that gamma dose led to
increasing carotene content as a way of
gamma stress defense.
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Fig. 1. Effect of gamma irradiation doses on the

photosynthetic pigments (mg/g f.wt) of Chicory.

Saponin content:

Figure 2 shows the saponin content of
C. pumilum under influence of different doses
of gamma irradiation at the vegetative growth
stage. In general, most doses used in the
study caused increased saponin content. All
radiation doses caused a significant effect on
the saponin content (P < 0.01) in both plant
shoot and root. The shoot saponin content
was greater than root content under all
gamma ray doses except 40 Gy dose.

Stage Organ 0 20 40 80
shoot 0028 0019 0017 0018
Seeding +0.011 +0.003 +0.001 +0.005
Root 0012 0016 0016 0015
+0.003 +0.003 +0.004 +0.002
Shoot 0325 0322 0289  0.91
Vedetative +0.024 +0058 +0.066 +0.054
9 Root 0246 0250 0263 0.257
+0.062 +0033 +0.020 +0.006
0875 0714 0723 0579
Shoot
Flowering +0.314 +0.067 +0.111 +0.124
Root 0638 0603 0416  0.320
+0.153 +0.054 +0.093 +0.051
1079 0820 0791  0.839
Shoot 0416 +0258 +0.318 +0.102
Fruiting - o A N
Root 0779 0808 0720  0.583
+0.113 +0211 +0.074 +0.103

Plant photosynthetic pigments:

The chlorophyll a, b, and carotenoid
contents in C. pumilum leaves (Fig. 1) varied
slightly in response to the effect of the
different gamma doses at the vegetative
growth stage. At vegetative stage the
chlorophyll b content significantly decreased
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Fig. 2. Effect of gamma irradiation doses on saponin

contents (mg/g d.wt) of Chicory Error lines represent
the SD of three replicates of the mean independent
experiments. Columns with the same letter are not
significantly different (at p < 0.05).

In the shoot, the application of 80 Gy
doses of gamma irradiation show maximum
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induction in saponin contents and led to an
increase up to 5% compared to control, while
40 Gy dose had a negative effect and led to a
slight decrease. Likewise, in the root, all
gamma radiation doses especially low ones
had a positive effect on saponin content of
Chicory and 40 Gy recorded the highest
increase in saponin content where it was up
to 69.5% of the control. According to the
obtained results in the study, we can conclude
that the use of gamma doses up to 80 Gy was
enhancing of saponin metabolism in Chicory
root. These results are in harmony with those
obtained by Mohamed (2009). This response
may be associated with gamma ray stress
tolerance in the Chicory because of the
modulation of enzymes activity and defensive
pathways as found by Zhang et al. (2011).

Alkaloid content:

The statistical analysis of the obtained
data of alkaloid compounds content showed that
gamma ray treatments caused highly significant
variations (p < 0.01) in alkaloid content of C.
pumilum shoot and root (Fig. 3). Alkaloids
content was greater in root than in shoot of the
plant and it was about double under control and
low doses of gamma rays reduced this ratio of
root to shoot content. On the contrary, the 80
Gy dose greatly inhibited the alkaloids content
of shoot that caused many times root content
compared to shoot content. Alkaloids content in
shoot increased gradually at low doses and 40
Gy recorded the maximum increase of alkaloids
in Chicory that was by 49.7% of the control.
Meanwhile, doubling the dose to 80 Gy caused
a severe inhibition of alkaloids metabolism in
shoot of the plant. These results agree with the
findings of Benslimani and Khelifi (2014) that
gamma rays had positive effects on alkaloid
content in the Datura innoxia. In contrast, all
the used gamma rays doses had relatively
inhibited the accumulation of alkaloids content
in the plant root but variation with the effect of
the different doses was not significant. Similar
varied results in content and profile of alkaloids
in Emblica officinalis were also obtained by
Khattak (2013).
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Also, the remarkable accumulation of
the alkaloid compounds in the plant root than
in shoot showed that most treatment induced
translocation of alkaloids compounds from
shoot to root rather increase their
metabolism in shoot especially under the
highest treatment (80 Gy). Several studies
such as those of Kim et al. (2006) and
Mohajer et al. (2014) report that gamma
irradiation significantly affects the alkaloid
content of different organs in various plants.
It is also important to note that 40 Gy
induced both metabolism of alkaloids in
shoot and their translocation from shoot to
root leading to high alkaloids content in the
two organs.

Total phenolics:

The used doses of gamma radiation led
to variable effects on the phenolic
compounds content in the Chicory shoot and
root, but most variations were not significant
(Fig. 4). In the shoot, the recorded data
indicated that the used gamma rays had an
inhibitory effect on the production of phenolic
compounds. The lowest phenolic compounds
content was evident with the 20 Gy dose
which caused 13.3% decrease compared to
the control, followed by treatment with 80
and 40 Gy doses which led to 4.1% and 0.9%
decreases of phenolic compounds,
respectively compared to the control. This
showed correlative inhibition of gamma-ray
doses stress to the phenolic compounds
metabolism in shoot.
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Fig. 3. Effect of gamma irradiation doses on alkaloid content

(mg/g d.wt) of Chicory Error lines represent the SD
of three replicates of the mean independent
experiments. Columns with the same letter are not
significantly different at (p < 0.05).
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Fig. 4. Effect of gamma irradiation doses on total phenolic
compounds (mg/g d.wt) of Chicory. Error lines
represent the SD of three replicates of the mean
independent experiments. Columns with the same
letter are not significantly different (at p < 0.05).

In the root, contents of phenolic
compounds were lower than those of shoot
under all the used gamma doses except 40
Gy. All gamma doses induced increases in
root phenolic compounds content compared
with control and its highest content was due
to at 40 Gy and was higher by 26.8 % in
comparison with the control. On the contrary
the highest level of gamma dose (80 Gy)
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caused a slight decrease in the phenolic
compounds in the plant root but its value was
still higher than that of the control. The
responsive increase in root content of
phenolic compounds was due to induction of
their translocation to root which was
remarkably inhibited by the highest gamma
dose (80 Gy). These results agree with the
results of Mohamed (2009) who reported an
increase in the amount of phenolic
compounds that was gradually with the
increase in gamma irradiation dose and the
extreme increase was noticed at 40 Gy. The
increase in the phenolic compounds might be
attributed to the release of phenolic
compounds from glycosidic components and
increase the activity of larger phenolic
degradation into smaller ones by irradiation
as was reported by Stajner et al. (2007).
Also, Oufedjikh et al. (2000) pointed out that
gamma irradiation increases the activity of
phenylalanine ammonia-lyase which s
responsible for the synthesis of polyphenolic
acids. The result recommended 40 Gy for the
production of greater amounts of phenolic
compounds especially when both shoot and
root contents were considered.

The Correlation between the studies
secondary metabolites:
The relationship between the

secondary metabolite in C. pumilum under
the effect of different doses of gamma-ray
was represented in table 2. Alkaloids in
shoot significantly (r < 0.01) and positively
correlated with saponin and phenolic
compounds of root at but negatively with
shoot saponin positively. Shoot phenolic
compounds correlated with alkaloid in root
and negatively correlated significantly with
saponin in shoot (r < 0.01). Saponin content
in root correlate significantly and positively
with phenolic in root but positively with
saponin of shoot. The other relationships
were non-significant. The previous
relationship, especially the significant once,
verified dependence of the root content from
the three secondary compounds on the shoot
content. This was due to the effected of the
used gamma radiation doses on the
translocation of metabolites rather than
inhibition of their metabolism. The partition
of the metabolites into the different plant
organs was previously found to be affected
by the different stresses such as gamma ray
irradiation (Kim et al., 2006; Mohajer et al.,
2014).
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Table. 2. The correlation coefficients for the relationships
between secondary metabolite in Cichorium pumilum
under the different doses of gamma irradiation (0, 20,
40, and 80 Gy).

alkaloids phenolic saponin
shoot | root sh00t| root | shoot | root
. shoot| 1
alkaloids oot | 0.268 1
henolic shoot| 0.034 | .571* 1
P root |.670** |0.391 | 0.048 1
. |shoot|-.799** |-0.494|-0.264 | -.539* 1
saponin
root |.706** |0.102| 0.018 | .892** | -.562* 1

** Correlation is significant at r < 0.01. * Correlation is
significant at r < 0.05.

Secondary metabolites per plant:

Figure 5 shows that content of secondary
metabolites in the whole plant, in general,
acquired the trend alkaloid > phenolic > saponin
compounds indicating that alkaloid content
represents the major medicinal compounds in
comparison with phenolic compounds and
saponin of chicory plant. Also, Gamma
irradiation has a highly significant effect on the
productivity of the medicinal compounds in the
plant, especially alkaloid while change of
saponin content was very close. The 40 Gy of
gamma ray was the most suitable dose as it
improved remarkably the studied secondary
metabolites productivity (saponin, alkaloid and
phenolic compounds) in chicory plant. The
gamma ray increase of secondary metabolites
yield was by enhancing the activity of certain key
biosynthetic enzymes as reported by Vardhan
and Shukla (2017). On the opposite, the dose up
to 80 Gy led to the lowest content of those
secondary metabolites. This dose reduced the
plant content of alkaloids by more than 50% and
with lower percentages for phenolic and saponin.

80 4 Dalkaloids Bphenolic Osaponin
70 4
60 -
50 A
40 A
30 A
20 A

10 4
ac a c e
0

0 20 40 80

Gamma treatments (Gy)

secondary metabolite (mg/plant)
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Fi

g. 5. Effect of gamma irradiation doses on secondary
metabolite (mg/plant) of Chicory Error lines
represent the SD of three replicates of the mean
independent experiments. Columns with the same
letter are not significantly different (at p < 0.05).

http://my.ejmanger.com/ejeb/




158

REFERENCES:

Abou-Zeid NA. 2015. Utilization of the weed
Cichorium Pumilum, Jacq as vegetable
protease enzymes for  whey protein
hydrolysate production. Int. J. Res. Stud.

Biosci., 3(10): 44-53.

Aqil F, Ahmad |, Mehmood Z. 2006. Antioxidant and
free radical scavenging properties of twelve
traditionally used Indian medicinal plants.
Turk. J. Biol., 30: 177-183. Ayaz FA, Kadioglu
A, Turgut R. 2000. Water stress effects on the
content of low molecular weight carbohydrates
and phenolic acids in Ctenanthe setosa
(Rosc.) Eichler. Can. J. Plant Sci., 80(2): 373-
378.

Benslimani N, Khelifi L. 2014. Use of
radiomutagenesis for obtaining alkaloid- rich
plant mutants. In: “Current trends in medicinal
botany. (Igbal M, Ahmad A. Eds)’. I. K.
International Publishing House Pvt. Ltd., pp:
396-401.

Bischoff TA, Kelley CJ, Karchesy Y, Laurantos M,
Nguyen-Dinh P, Arefi AG. 2004. Antimalarial
activity of lactucin and lactucopicrin:
sesquiterpene lactones isolated from
Cichorium intybus L. J. Ethnopharmacol.,
95(2-3): 455-457.

Bishop ON. 1983. Statistics in Biology. Longman,
Penguin, London, pp. 56-63.

Blagojevic D. 2015. Effects of gamma radiation on
growth and development in Arabidopsis
thaliana. Department of Plant Sciences,
Faculty of Biology, the Norwegian University
of Life Sciences, pp. 3.

Charbaji T, Nobulsi 1. 1999. Effect of low doses of
gamma irradiation on in vitro growth of
Grapevine. Plant cell Tiss. Org., 57(2): 129-
132.

Cramer G, Urano K, Delrot S, Pezzotti M, Shinozaki
K. 2011. Effects of abiotic stress on plants: a
systems biology perspective. BMC Plant Biol.,
11: 163.

EMA. 2012. Community herbal monograph
on Cichorium intybus L., radix.
EMA/HMPC/121816/2010, May 22, 2012,
European Medicines Agency (EMA) and
Committee on Herbal Medicinal Products

(HMPC), London, UK.

Harbone JB. 1973. Phytochemical methods, a guide
to modern techniques of plant analysis.
Chapman and Hall. London, pp. 185-186.

Hazra B, Sarkar R, Bhattacharyya S, Roy B. 2002.
Tumour inhibitory activity of chicory root
extract against Ehrlich ascites carcinoma in
mice. Fitoterapia, 73(7-8): 730-733.

Hiai S, Oura H, Hamanake H, Odakea Y. 1975. A
colour reaction of penaxadiol with vanillin and
sulfuric acid. Planta med., 28(2): 131138.

Hostettmann K. 1991. Methods in plant biochemistry:
Assays for bioactivity. Vol. 7, Academic Press,
London, pp. 376.

Jan S, Parween T, Hameed R, Siddigi TO,
Mahmooduzzafar. 2013. Effects of presowing
gamma irradiation on the photosynthetic
pigments, sugar content and carbon gain of
Cullen corylifolium (L.) Medik. Chilean J.
Agric. Res., 73(4): 345-350.

ISSN: 1687-7497

On Line ISSN: 2090 - 0503

Egypt. J. Exp. Biol. (Bot.), 14(1): 153 — 159 (2018)

Jindal KK, Singh RN. 1975. Phenolic content in male
and female Carica papaya: A possible
physiological marker for sex identification of

vegetable seedlings. Physiol. Plantarum,
33(1): 104-107.

Khattak KF. 2013. Proximate composition,
phytochemical profile and free radical

scavenging activity of radiation processed
Emblica officinalis. Int. Food Res. J., 20(3):
1125-1131.

Kim JH, Baek MH, Chung BY, Wi SG, Kim JS. 2004.
Alterations in the photosynthetic pigments and
antioxidant machineries of red pepper
(Capsicum annum L.) seedlings from-
irradiated seeds. J. plant Biol., 47(4): 314-
321.

Kim JK, Jo C, Hwang HJ, Park HJ, Kim YJ, Byun
MW. 2006. Color improvement by irradiation of
Curcuma aromatica extract for industrial
application. Radiat. Phys. Chem., 75(3): 449-
452.

Kovacs E, Keresztes A. 2002. Effect of gamma and
UV-B/C radiation on plant cells. Micron, 33(2):
199-210.

Krylova SG, Efimova LA, Vymiatina ZK, Zueva EP.
2006. The effect of Cichorium root extract on
the morphofunctional state of liver in rats with
carbon tetrachloride induced hepatitis model.
Eksp. Klin. Farmakol., 69(6): 34-36.

Mohajer S, Taha R, Lay MM, Esmaeili AK, Khalili M.
2014. Stimulatory Effects of Gamma
Irradiation on Phytochemical Properties,
Mitotic Behaviour, and Nutritional Composition
of Sainfoin (Onobrychis viciifolia Scop.). Sci.
World J., 2014: 854093, pp. 9.

Mohamed AA 2009. Effect of Low Dose Gamma
Irradiation on Some Phytochemicals and
Scavenger Ability of in Vitro Culantro
(Eryngium foetidum L.) Plantlets. Med.
Aromat. Plant Sci. Biotechnol., 3(Special issue
1): 32-36.

Mohamed WW, EI-Shimi 1Z. 2014. The effect of
gamma rays on the pharmaceutical products
of essential oils for peppermint (Mentha
piperita L.). Int. J. Farm. All. Sci., 3(8): 884-
894.

Nandagopal S, Ranjitha KBD. 2007. Phytochemical
and antibacterial studies of chicory (Cichorium
intybus L.) - A multipurpose medicinal plant.
Adv. Biol. Res., 1(1-2): 17-21.

Neelam D, Tabasum T, Husain SA, Mahmooduzaffar,
Subhan S. 2014. Radiation Sensitivity of
Cajanus Cajan to Gamma Radiations. J. Food
Process Technol., 5(12): 1-7.

Oakenfull D, Sidhu G. 1990. Could saponins be a
useful treatment for hypercholesterolaemia?
Eur. J. Clin. Nutr., 44(1): 79-88.

Oufedjikh H, Mahrouz M, Amiot MJ, Lacroix M. 2000.
Effect of gamma-irradiation on phenolic
compounds and phenylalanine ammonia-lyase
activity during storage in relation to peel injury
from peel of Citrus clementina hort. Ex.
Tanaka. J. Agric. Food Chem., 48(2): 559-
565.

Pushparaj PN, Low HK, Manikandan J, Tan BK, Tan
CH. 2007. Anti-diabetic effects of Cichorium

http://my.ejmanger.com/ejeb/


https://www.scopus.com/scopus/source/sourceInfo.url?sourceId=4700152284
https://www.amazon.com/s/ref=dp_byline_sr_ebooks_1?ie=UTF8&text=Muhammad+Iqbal+%26+Altaf+Ahmad&search-alias=digital-text&field-author=Muhammad+Iqbal+%26+Altaf+Ahmad&sort=relevancerank

Elhaak et al., Effect of gamma irradiation on some active constituents and metabolites of Cichorium pumilum Jacg.

intybus in streptozotocin-induced diabetic rats.
J. Ethnopharmacol., 111(2): 430-434.

Stajner D, Milosevic M, Popovic BM. 2007.
Irradiation effects on phenolic content, lipid
and protein oxidation and scavenger ability of
soybean seeds. Int. J. Mol. Sci., 8(7): 618-

627.

Vardhan PV, Shukla LI. 2017. Gamma irradiation of
medicinally  important plants and the
enhancement of  secondary metabolite

production. Int. J. Radiat. Biol., 93(9): 967-
979.

Vohra DS. 2004. Bach Flower Remedies: A
Comprehensive Study. B Jain Publishers Pvt
Ltd, pp. 240.

159

Welburn AR. 1994. The spectral determination of
chlorophylls a and b, as well as total
carotenoids, wusing various solvents with
spectrophotometers of different resolution. J.
Plant Physiol., 144(3): 307-313.

Zhang JY, Bae TW, Boo KH, Sun HJ, Song |IJ, Pham
CH, Ganesan M, Yang DH, Kang HG, Ko
SM, Riu KZ, Lim PO, Lee HY. 2011.
Ginsenoside production and morphological
characterization of wild ginseng (Panax
ginseng Meyer) mutant lines induced by c-
Irradiation (8°Co) of adventitious roots. J.
Ginseng Res., 35(3): 283-293.

LysSaindl Old mels abuiidl OULgixoll Yoy e bl> asuwl ).ub
* 9l e Ll ol dgoxo S lud () doxo (dg2uuo Joxo

yon ddgioll asols pglall @S (oLl powd
yon aib dsols pglall @S wolidl poud *

Jo,iiSIb @i (% 69.5) (| oy 6305 aws wslel
osJl (> 40) ac,=dl ells ol wladgsl) awidl clis
wlull Sazdl ggoxoll J3Is % 49.7wsl, 6505 auww
5SS Srazdl ggoxoll w9 wladgs)l oSl Ul LS
wize diS izl Lo bl aswV auwlus
bl jei> (89 Vgl pSI e s> 40 ac,=ll
AS s (sl Sh> A ac,=dl (sl gusaaidl 8sbysl
aols awlhl ilesss il agll olS, el Sgizo
9 Lys wall v wasss] il wladgsll Sgixo
s> 40 ac,> (sde sloxell awl,l 285 . JSS ol
il LS 0l cusSis LaVl wldac v @lsd ac,=S
il @zl d>yell Bbgi i S LySeudl ol (o9
ol wd wlS,oll 0id oY [1aeS lisS paziws

bogSeall

ISSN: 1687-7497

On Line ISSN: 2090 - 0503

audall OUSp0ll @] (09 lolo T95 slp=VI sy

b oo izl awhal 0is el 18 wlil (58
ol olS,oll am e bls asal s>V
oley> e bl aswl 9ill g o5 Uiy bygSidl
asanbll Jaxl Byl (5 lpicl,; pi oS> 80 « 40 . 20
Joball 08 wlall Gl 0l 8505 | bols asunl wsl
Jolell 58 8Lyl 0id cexlys geidl G (sdeVI
d J9,0ls)l Olers (s o LS 9ol oo dorisall
Ol poazsown sl wluig) Sl aww wsly oSy ©
eleaVl saus s 83L3)l Leb doglin) ducles aliwsS
Sl ©Vgiall weo OIS wlidgall Sgixoe ple JSiu
JSo Jo,uS)l 9 oweladl Sgie oo Blesl iz
w9 3505 ol sl awhal 9 doaziwell wle,zdl
Sh> £+ ac,zl clxwg bl 93> (88 Guiglowd| Sgixo

http://my.ejmanger.com/ejeb/


https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bae%20TW%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boo%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20IJ%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pham%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ganesan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ko%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riu%20KZ%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20PO%5BAuthor%5D&cauthor=true&cauthor_uid=23717071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=23717071

