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ABSTRACT

In this study, bulbs of Narcissus tazetta ‘Chinensis’ were used as explants for micropropagation.
Several disinfection protocols, callus medium and regeneration medium were tested in addition to
the secondary metabolites content analysis. Four disinfection protocols were used. The most
successful was:1) disinfection of bulbs in 70% ethanol and 2% HgCl,, 10 minutes for each, outside
cabinet, or 2) 70% ethyl alcohol (4 min), 20% clorox (5 min), 0.1% mercuric chloride (1 min) and 9%
hydrogen peroxide (1 min) inside cabinet, washing with sterilized distilled water after every previous
step. This technique is considered as a novel effective procedure. Indirect micropropagation on MS
medium supplemented with 2 mg-L'1 2,4-D succeeded in narcissus callus induction which
regenerated into shoots on MS medium supplemented with 1 mg.L'1 IBA + 1mg.L'1 TIBA + 1 gm.L'1
of activated charcoal. The same medium with activated charcoal sowed high yield in a direct
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micropropagation protocol. Average shoot and root per explant showed significant increase when
using indirect micropropagation. Secondary metabolites from direct and indirect regeneration, using
phytochemical screening detected increasing alkaloids content in callus only, while regenerated
plantlets were the same as mother plants, as well as there were no significant changes in mother
and regenerated plants in terms of total phenol and flavonoids content.

Keywords: Alkaloids; callus induction; daffodils; disinfection protocol; regeneration; Narcissus tazetta.

1. INTRODUCTION

Daffodils (Narcissus) belong to the family
Amaryllidaceae. They resided in Egypt from
Pharaohs era, especially in the northern shores
but they almost disappear in the recent years, in
spite of all its benefits in terms of plenty of types
and forms of flowers and economy of Egypt
could be affected, hence it is producing and
exporting country from ornamental plants. The
plant has also important medicinal values
currently used in the extraction of alkaloids and
flavonoids. The genus Narcissus has been
widely used in folk medicine to treat a variety of
infections [1]. The plants contain alkaloids which

have been isolated and identified for their
different  biological  properties [2]. The
amaryllidaceae alkaloids were: narciclasine,

galanthamine, haemanthamine, pseudolycorine,
lycorine, pretazettin and tazettine [3]. Many
therapeutic properties have been established for
these alkaloids and flavonoids as: antifungal,
antiviral and antitumoral activities [1]. Plant cells
as narcissus bulbs have low content of alkaloids,
whereas they have a high market price and so
made Narcissus tazetta L. an essential model

plant for biotechnology and secondary
metabolism studies[4].
Narcissus tazetta ‘Chinensis’ is a common

flowering ornamentals bulb plant species. It is
naturally found in Mediterranean regions [5] with
about 60-80 discrete species [6] which cover a

wide range of environments. Nowadays,
narcissus genus has been focused with
expanding attention to their benefits [7].

Narcissus development projects are delayed by
the slow rate of narcissus vegetative and sexual
propagation which vyield only 1.6 bulblets
annually. It takes nearly about 25-30 years to
yield adequate bulbs to complete variety trials
and to bulk-up stock for marketable quantity.

Due to low speed of their propagation vegetative
methods (chipping and twin scales) is not an
effective method. Furthermore, because of a
large number of propagation cycles required in

the field, conventionally produced bulbs are
easily infected [8]. Hence, the tissue culture
techniques permit rapid and large-scale spread
of uniform plants for field culture [9,10].
Advanced tissue culture procedures could
significantly increase the number of narcissus
bulbs produced [11]. However, monocots are
considered as a challenging in vitro material [12].
Many efforts were done to accelerate vegetative
propagation by chipping and twin scaling [13],
and by in vitro micropropagation [14]. Narcissus
callus culture has been described in a few of
their species [15]. Disinfection is an essential
preliminary step of a successful
micropropagation  system  which  requires
cautious optimization [16].

The aim of this study is to establish a new
effective  disinfection protocol and rapid
multiplication tissue culture system through direct
and indirect regeneration from different parts of
bulbs and leaves of Narcissus tazetta var.
Chinensis. This experiment was planned to study
the effect of culture media composition on
bulblets induction, multiplication and related
secondary metabolites content.

2. MATERIALS AND METHODS
2.1 Plant Material

Two years old bulbs of Narcissus tazetta
‘Chinensis’ bulbs were collected from a local
producer.

2.2 Disinfection of Bulbs and Explants

Firstly, healthy two-years-old narcissus bulbs
were carefully cleaned under running tap water,
then outer scales and roots were removed with
keeping basal plate intact. The cleaned bulbs
were soaked in distilled water with few drops of
soap and clorox, and kept for half an hour, next
bulbs were washed for 1 hour by running tap
water, then disinfection procedure was started
as follows in Table 1.
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Table 1. Different disinfection procedures for narcissus explants

Disinfection protocols

Protocol Outside cabinet

No.

Inside cabinet
(Washing with sterilized distilled water was done
after every step)

1 1- Soap + clorox in water for 30 min
2- Washing by running water for 1 h

3- Spray the bulbs with 70% ethanol

1-Bulbs were submerged in 70% ethanol +2-3 drops
of Tween 20 for 1 min followed by washing twice.
2-20% Clorox + 2-3 drops of Tween 20 for 5 min
followed by washing twice.

2n The same steps as 1 protocol

1-Bulbs were submerged in 70% ethanol + few
drops of Tween 20 for 1 min followed by washing
twice.

2- 20% Clorox + few drops of Tween 20 for 5 min
followed by washing twice.

3- Bulbs were kept in warm water for 1 h

4- 20% Clorox + Tween 20 for 5 min again followed
by washing twice.

3¢ The same steps as 1% protocol

1-Bulbs were submerged in 70% ethanol + few
drops of Tween 20 for 1 min followed by washing
twice.

2- 20% Clorox + few drops of Tween 20 for 5 min
followed by washing twice.

3- 0.1% Mercuric Chloride for 1 min followed by
washing three times.

4- 9%H,0,for 1 min followed by washing once.

1- Cleaned bulbs soaked in water
with soap + clorox for 30 min

2- Washing with running tap water
for1h

3- Soaking bulbs in 70% ethanol for
10 min

4-Soaking bulbs in 2% HgCI2 for 10
min

5- Spray the bulbs with 70% ethanol

1-Bulbs were submerged in 70% ethanol + few
drops of Tween 20 for 1 min followed by washing
once.

2- 20% Clorox + few drops of Tween 20 for 5 min
followed by washing twice.

3- 0.1% Mercuric Chloride for 1 min followed by
washing three times.4- 9% H,0, for 1 min followed
by washing once.

2.3 Culture Media

Culturing medium was MS [17], supplemented
with different plant growth regulators (PGRs)
such as indole-3-butyeric acid (IBA), 24-
Dichloro-phenoxyacetic acid (2,4-D) and 2, 3, 5
triiodobenzoic acid (TIBA) at a single
concentrations of one or more addition
depending on the goal as following:

2.3.1 Indirect propagation

MS medium supplemented with 2 mg.L'1 2,4-D +
30 g.L" sucrose + 7 g.L" agar (pH 5.8).

2.3.2 Direct propagation

MS medium supplemented with 1 mg.L'1 IBA +1
mg.L”" TIBA +30g.L" sucrose + 7 g.L”" agarin
addition to 1 g.L™ of activated charcoal (AC), (pH
5.8).

2.4 Culture Establishment

e Leaf bases were cut 10 mm above the
basal plate and were left attached to a 1.5
mm length of basal plate.

e Bulb explants were divided longitudinally
into three or four parts depending on the
bulbs size (Twin-scales). Green leaves
were used as other explants for culture
initiation.

e Explants were cultured on callus induction
medium (2 mg-I" 2,4-D) incubated in the
dark conditions at 18 £ 2°C and were
observed weekly, then after 3-5 weeks,
jars with calli were transferred to light
followed by transferring to standard
regeneration medium (MS with activated
charcoal 1 gm-I'1) after 2 weeks.

e One subculture was done after 4 weeks of
regeneration culture initiation, cultures
were incubated at 18 + 2°C, for 16/8 h
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day/night photoperiod (one explant was
used in each jar with seven replicates).

2.5 Phytochemical the

Samples

Analysis of

Air-dried plant sample (1 gram) was extracted
with 5ml methanol at 50°C. Methanol extracts
were concentrated under vacuum, then 1 ml
were taken from each plant extract samples.
Four sample types were used as following: (1)
mother plant, (2) callus, (3) regenerated plant
and (4) subcultured bulblet (7 replications plant
from each combination), followed by dissolving in
methanol solvent and few drops of distilled water
was added for complete solubility and then the
extract was subjected to different phytochemical
tests described by Yadav and Agarwala [18].

2.6 Determination of Total Phenolic and
Flavonoids Contents

The total phenolic contents were analyzed by
the colorimetric method [19], with minor
modifications, 0.5 mL of sample (1 mg) was
mixed with distilled water (7.0 mL) and
subsequently with  Folin-Ciocalteu’s phenol
reagent (FC reagent) (0.5 mL). After sixmin,
Na,CO; solution (2.0 mL, 2.0%) was added into
the mixture. The observed color absorbance was
measured by a spectrophotometer at 760 nm
after 90 min. The total phenolic contents were
expressed as microgram of gallic acid equivalent
by using an equation that was obtained from
standard gallic acid graph (0-400 pg mLG1) (R2
= 0.9998).

The total flavonoids contents were determined by
using a modified colorimetric method described
previously by Dewanto et al. [20]. The 1.0 mL of
the extract was added to test tubes containing
DMSO (5.0 mL) and subsequently NaNO,
solution (1.0 mL, 5.0%) was added to each of
them. After 6 min, AICI; solution (1.0 mL, 10%)
was added to the tubes and the mixtures were
allowed to stand for 5 min before further addition
of NaOH solution (2.0 mL, 1.0 M). The
absorbance values were read at 510 nm. Total

flavonoids contents were expressed as
microgram of catechin equivalent that was
obtained from standard graph (0-200 ug mLG1)
(R? = 0.9977).

2.7 Statistical Analysis

Results are expressed as the mean * standard
deviation (S.D.) of three independent
experiments, t-test was used for statistical
analyses; P values > 0.05 were considered to be
significant.

3. RESULTS AND DISCUSSION
3.1 Disinfection Procedures

In this research four procedures were used as
previously mentioned (Table 1). The 4"
procedure was the most successful one (Table
2). The 1* procedure had the highest bacterial
and fungal contamination, the 2" procedure had
moderate bacterial and high fungal
contamination, while the 3¢ procedure showed
(16%) contamination. Moreover, the percentage
of the 4™ protocol was 6% and this could be
attributed to using mercuric chloride. This is in
agreement with Jevcsak [21]. In comparison,
Lema-Ruminska and Kulus [22] and Kulus [23]
obtained an over 80% disinfection efficiency of
Astrophytu masterias and Kalanchoe tubiflora
primary  explants by applying sodium
hypochlorite.

The effectiveness ofthe 4" protocol to eliminate
bacterial and fungal contamination, could be
attributed to the use of 2% mercuric chloride and
70% ethanol followed by hydrogen peroxide (9%)
and mercuric chloride (0.1%). Whereas, using
warm water in the second protocol may enhance
the fungal spores to grow, while the first protocol
was not enough to eliminate any contamination.

3.2 Callus Induction

In this study, two types of media with different
components were used. Results showed that MS

Table 2. Results of the disinfection protocols for Narcissus tazetta bulbs

Disinfection Type of contamination Contamination percentage of cultured jars
protocol

1 Bacterial and fungal contamination 100%

2m Bacterial and fungal contamination 55%

3¢ Bacterial and fungal contamination 16%

4" Bacterial and fungal contamination 6%
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+ 2,4-D medium was suitable for callus induction.
Indirect micropropagation protocol was give 70%
of bulb propagation frequency and growth,
whereas MS medium supplemented with active
charcoal gave the best results for callus
regeneration. Callus mostly was yellowish-white
color and compact, as shown in (Table 3).

It was clear that main bulb was the best part to
be used as explant. The results showed that twin
scale method of the main bulbs recorded (70% )of
calli induction (table 3) while leaves never gave
any callus (Fig. 1). It is concluded that media
components used in this study can be
recommended for callus induction and
regeneration. This is in agreement with Li et al.
[7], Zaidi et al. [12], Jevcsak [21], Park et al. [24]
and Sage et al. [25].

The plant growth regulators used in this study
were auxins as following, IBA,2,4-D,IAA and
TIBA. Auxins stimulate numerous cytological
activities, such as celldivision and elongation,
vascular tissue proliferation and root formation
[26]. Indirect propagation gave a significant
increase in shoots number (6.5+2.1*) and roots
length  (7.241.5*) compared to  direct
organogenesis, as illustrated in Table 3. In the
contrary, shoots length in direct method was
significantly greater (3.2+1.8*) when compared
with indirect method (Table 3).

3.2 Regeneration

The obtained calli gave regenerated plantlets
(90%) after they were sub-cultured on MS
medium with activated charcoal. Fig. 1 shows the

callus induction stages, figure (2) shows
regenerated plantlets and roots. Narcissus
production encountered by many conflicts
infections as viruses and pests besides the low
rate conventional propagation [25], therefore,
crop improvement hindered with  slow
reproduction [26], it takes about 25-30 years to
produce enough bulbs for commercial release
[27]. This study shows that daffodil commercial
growth could be accelerate using tissue culture
techniques and to overcome many encountered
problems, as the slow rate of normal vegetation
production.

Callus induction in Narcissus genus has been
described only in a limited number of species [8].
Similar to other monocots, the species are
considered a difficult in vitro material [9], but the
use of sophisticated tissue culture techniques,
can increase the number of produced plants [13].
Santos et al. [28] studied the culture conditions
for in vitro propagation of Narcissus asturiensis
bulbs. Twin-scales were used as primary
explants, then cultured on a modified MS
medium supplemented with IBA (1 mg.L'1), BA
(1.99 mg.L™") and NAA (0.12 mg.L™"), BA (5.99
mg.L"). Both media were found suitable for
shoot initiation and proliferation, but the growth
rate of leafy shoots was higher with NAA and BA.
Small bulb appeared at the leave bases after 60
days. Jiao et al. [8] suggested that in vitro anther
culture can give a novel indirect
micropropagation method in Chinese narcissus.
Whereas, Sage [29] established a novel
technique for fast and effective propagation using
bioreactors for Narcissus pseudonarcissus.

Fig. 1. Callus induction of the Narcissus tazetta indirect micro propagation: a) from green leaf
and b) from leaf base
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Fig. 2. Different stages of the Narcissus tazetta micropropagation: a) Callus induction on 2,4-D-
supplemented media b), Embryo formation, c) Starting of regeneration, d) Regenerated
plantlets, e) Root formation of the regenerated plants and f) Bulblets from twin scale method
of leaf base

The results of this study demonstrated that twin-
scale explants with basal plate were more
suitable as an explant as mentioned in (Table 3
and Fig. 1). Medium supplemented with 2 mg.L"
'2,4-D was appropriate for callus induction, as
well as MS media supplemented with 1 mg.L'1
IBA + 1 gm.L" TIBA and activated charcoal
found to give excellent results. Activated
charcoal (AC) is frequently used in plant tissue
culture to increase the growth and development
of plant cell, hence AC has a very fine net of
holes, this means it has a large area in their inner
surface to enable numerous elements to be

adsorbed [30]. The addition of activated charcoal
to media enhances and affects the growth and
development of explant and regenerated plant,
and this may be attributed mostly to the
adsorption of growth-inhibitors present in the
culture medium [31]. Due to AC presence, the
phenolic oxidation was extremely reduced and
brown excretions accumulation eliminated [32],
medium pH was altered to an optimum degree
suitable for morphogenesis [33]. These offering
conditions by AC addition stimulate root growth
and hence, plantlet growth increase.
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Table 3. Micropropagation of Narcissus tazetta with direct and indirect procedures. (AC= Activated Charcoal). (*= significance at 0.05, T test)

Protocol = Number of % of Incubation conditions Callus Average shoot per explant Average root per explant
explants Callus properties Number Length Number Length
(twin scale induction [cm] [cm]
method)
Indirect 120 70% Jars with explants kept in dark for 3-5  Yellowish 6.5+2.1* 2.6x0.7 3.9+0.3 7.2+1.5*
weeks then jars transfer to light white color
followed by subculture in MS with AC  and compact
for 4 weeks
Direct 120 10% Jars with explants kept in light for 4 Brownish 4.6+1.6 3.2+1.8* 4.7+0.5 6.2+0.9
weeks then subculture to MS with AC  yellow color

for 4 weeks

and compact

Fig. 3. Direct micropropagation of Narcissus tazetta on MS medium with activated charcoal
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In several bulb plants, induction of bulblets is
significantly affected by the presence of activated
charcoal in the medium [34,35]. Activated
charcoal increases growth and development of
plant cell when used in tissue culture procedure.
It shows a dynamic role in micropropagation
enhancement response and the obvious increase
in bulblet size [34]. In addition, Steinitz and Yahel
[35] reported that AC stimulated bulblet
production in Narcissus tazetta, which is in
agreement with our results.

3.3 Phytochemical Screening

Results of constituents for all micropropagation
stages compared to original plant showed in
table (4) exhibited no difference between the
original mother plants and other plant samples
that regenerated in both MS media. While total
phenolic and flavonoids were listed in table (5),
data showed that there were no significant
changes between different micropropagation
stages, calli and mother plants in their contents
of total phenolic and flavonoids content.

Results proved that all samples contained the
same quantities of secondary metabolites,
except one changein alkaloids content found only
during callus induction. Other samples, such as:

mother plants, regenerated or subcultured
plantlets were found to have the same amount of
carbohydrates, glycosides, alkaloids, sterols,
triterpenes, and coumarins.

Amaryllidaceae family plants are well-known not
only for their ornamental importance, but also
they are remarkable for their alkaloids contents
[4]. Many methods have been planned to
increase the alkaloid manufacture under tissue
culture conditions, for example via optimization of
media conditions [36,37]. Different combinations
of growth regulators (auxins and cytokinins)
which will be added to micropropagation media,
are capable of generating the same types and
quantity from secondary metabolites as resulted
from the integral plant while, higher levels of
secondary metabolites will be resulted with
media conditions optimization [4]. Furthermore,
techniques of plant tissue culture provide another
possibility to produce secondary metabolites that
have marketable importance in food and
medicine products [38]. In addition,
micropropagation provide several benefits above
the in vivo agriculture ofentire plant since the
removal of microbial contamination and the
absence of the environmental elements (as light,
nutrients and temperature) [39].

Table 4. Phytochemical screening of Narcissus tazetta donor plants, callus and regenerated
plantlets produced on MS media with activated charcoal (AC) and subcultured bulb.
(+) denotes the presence of the constituent, (++) denotes the excess presence of the
constituent and (-) denotes the absence of the constituent.

Constituent

Biological material

Original bulb Callus Regenerated Once subcultured
plant bulb
Carbohydrates and/or glycosides + + + +
Tannins - - - -
Alkaloids + ++ + +
Flavonoids + + + +
Sterols and/or Triterpenes + + + +
Saponins - - - -
Coumarins + + + +

Table 5. Quantity of methanol extract for total phenolic and flavonoids contents in different
micropropagation stages of Narcissus tazetta mother, callus and regenerated plantlets on MS
media with activated charcoal (AC) and subcultured bulb.

(*= significance at 0.05, T test)

Constituent

Biological material

Mother bulb  Callus Regenerated plant Once subcultured bulb
Flavonoids 13.86+0.01 13.89+0.02 13.62+0.022 13.60+0.022
Total phenolic ~ 143.29+£0.01  144.06+0.01 143.11+0.019 143.05+0.018
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In another approach, Singh [40], found that both
biotic and abiotic stresses lead to enhanced
secondary metabolites production in plant tissue
cultures. In several studies, various parameters,
such as growth regulators and nutrients in the
medium, could affect the  secondary
metabolites production [41]. In addition, Verma et
al. [42], described an increase in total alkaloid
content of «calli induced in MS media
supplemented with 1:0.5 and 0.5:1 mg/l of 2,4-D
and BA, while Kadi et al. [43] and Abu Taleb et
al. [4], studies showed that alkaloid production in
Narcissus tazetta ’ltalicus’ is improved by
cytokinins and auxins interaction. These are in
agreement with our studyin case of callus
stage.

4. CONCLUSION

This research proved that Narcissus tazetta
‘Chinensis’ bulbs could be directly or indirectly
micropropagated with fewer contamination
percentage and maximum results of callus
induction and regeneration. First of all, with
applying a new an effective disinfection
procedure outside and inside the culture cabinet,
consequently, by using 2,4-D-supplemented
medium indirect callus induction results was
70%. After that, the induced «calli were
regenerate indirectly and directly to overcome its
slow vegetative reproduction using MS medium
supplemented with activated charcoal. The
quantity of secondary metabolites constituents
extracted from the regenerated plantlets have no
change under all procedures and protocols that
were used in this study, but with one exception in
case of callus but with little non significance
increase. Total phenolic and flavonoids
compounds were recorded non-significant
changes after micropropagation. This study could
contribute to enrich and increase the diversity of
narcissus in the desired direction.

ACKNOWLEDGEMENT

This study was generously funding by the
National Research Centre, Dokki, Giza,
Egypt, under project number (P101110) for

2015/2016.
COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Pigni NB, Berkov S, Elamrani A, Benaissa
M, Viladomat F, Codina C, Bastida J. Two
new alkaloids from Narcissus serotinus L.
Molecules. 2010;15:7083-7089.

2. Bastida J, Berkov S, Torras L, Pigni NB, de
Andrade JP, Martinez V, Codina C,
Viladomat F. Chemical and biological
aspects of Amaryllidaceae alkaloids. In:
Munoz-Torrero, D. (Ed.), Recent Advances
in Pharmaceutical Sciences. Transworld
Research Network, Kerala. 2011;65—100.

3. Moraes RM, Burandt C, Nanayak D.
Evaluation of four Narcissus cultivars as
potential sources for galanthamine
production. Plant Med. 1997;63:472-474.

4, Abu Taleb AM, Hamed ER, Zaki SA,
Salama AB, Abdel-Fattah A, Kapiel TYS.
Enhancement of alkaloids production in
tissue culture of Narcissus tazetta var.
Italicus |: Effect of growth regulators an
fungal elicitors. Journal of Agricultural
Technology. 2014;9(3):503-514.

5. Noy-Porat T, Cohen D, Mathew D, Eshel
A, Kamenetsky R, Flaishman MA. Turned
on by heat: Differential expression of FT
and LFY-like genes in Narcissus tazetta

during floral transition. Journal of
Experimental Botany. 2013;64(11):3273—
3284.

6. Santos-Gally R, Vargas P, Arroyo J.
Insights into Neogene mediterranean
biogeography based on phylogenetic
relationships of mountain and lowland
lineages of Narcissus (Amaryllidaceae). J
Biogeogr. 2012;39:782—798.

7. Li X, Lu M, Tang D, Shi Y. Composition of
carotenoids and flavonoids in Narcissus
cultivars and their Relationship with Flower
Color. PLoS ONE. 2015;10(11):e0142074.

8. Lin HX, Lin R. and Xie L. Narcissus virus
and its progress. Plant Quarantine Sin.
1997;10:227-229.

9. Staikidou 1, Watson S, Harvey B.
Narcissus bulbet formation in vitro: Effects
of carbohydrate type and osmolarity of the
culture medium. Plant Cell. Tissue and
Organ Cult. 2005;80:313-320.

10. Kulus D. Selected aspects of ornamental
plants micropropagation in Poland and
worldwide. Nauki Przyrodnicze. 2015;
4(10):10-25.

11. Malik M, Bach A. High-yielding repetitive
somatic embryogenesis in cultures of
Narcissus L. ‘carltonk. Acta Sci. Pol.
Hortorum Cultus. 2017;16(2):107-112.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Abdel-Rahman et al.; JALSI, 14(1): 1-11, 2017; Article no.JALSI.36410

Zaidi N, Khan NH, Zafar F, Zafar SI.
Bulbous and cormous monocotyledonous
ornamental plants. In vitro. Science Vision.
2000;6(1):58-73.

Fenlon JS, Jones SK, Hanks GR, Langton
FA. Bulb yields from Narcissus chipping
and twin-scaling. J. Hort. Sci. 1990;65:441-
450.

Jiao C, Yizhu X, Jian W. Efficient callus
induction and plant regeneration from
anthers of Chinese narcissus (Narcissus
tazetta). Plant Cell Rep. 2005;24:401-407.
Langens-Gerrits M. Improved protocol for
the propagation of Narcissus in vitro. Acta.
Bot. Neerl. 1996;45(4):578-579.
16-Teixeira da Silva J, Kulus D. Zhang
X.andPiqueras A. Disinfection of explants
for saffron (Crocus sativus L.) tissue
culture. Environmental and Experimental
Biology. 2016,14(4):183-198.

Murashige T, Skoog F. A revised medium
for rapid growth and bioassays with
tobacco tissue cultures. Plant Physiol.
1962;15:473-497.

Yadav RNS, Agarwala M. Phytochemical
analysis of some medicinal plants. Journal
of Phytology. 2011;3(12):10-14.

Singleton VL, Orthofer R, Lamuela-
Raventos RM. Analysis of total phenols
and other oxidation substrates and
antioxidants by means of folin-ciocalteu
reagent. Metho. Enzymol. 1999;299:152-
178.

Dewanto V, Wu X, Adom KK, Liu RH.
Thermal  processing enhances the
nutritional value of tomatoes by increasing
total antioxidant activity. J. Agric. Food
Chem. 2002;50:3010-3014.

Jevcsak M. In-vifro propagation of
Narcissus angustifolius Curt., a protected
species in the Carpathian Mountains.
Doctoral thezis, Faculty of Horticultural
Sciences, Szent Istvan University,
Hungary; 2016.

Lema-Ruminska J, Kulus D. Induction of
somatic embryogenesis in Astrophytum
asterias (Zucc.) Lem. in the aspect of light
conditions and auxin 2,4-D concentrations.
Acta Scientiarum Polonorum, Hortorum
Cultus. 2012;11(4):77-87.

Kulus D. Micropropagation of Kalanchoe
tubiflora  (Harvey) Hamet. Nauka,
Przyroda, Technologie. 2015;9(1):1-8.

Park WT, Kim YK, Udin MR, Park NII, Kim
SG, Young L, Park SU. Somatic
embryogenesis and plant regeneration of

10

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

lovage (Levisticum officinale Koch. (Plant
Omics. 2010;3:159-161.

Sage D, Lynn J, Hammart A. Somatic
embryogenesis in Narcissus
pseudonarcissus cv. Golden Harvest and
ST. Keverne. Plant Sci. 2000;150:209-216.
Hanks GR. Narcissus In: DeHertogh A., Le
Nard M. (Eds). The physiology of flower
bulbs. Elsevier. Amsterdam, the
Netherlands. 2002;463-558.

Rees AR. The initiation and growth of
Narcissus bulbs. Ann. Bot. 1969;33:277-
288.

Santos A, Fidalgo F, Santos F. In vitro bulb
formation of Narcissus asturiensis, a
threatened species of the Amaryllidaceae.
The Journal of Horticulture Science and
Biotechnology. 2002;77:149-152.

Sage D. Propagation and protection of
flower Bulbs: Current approaches and
future prospects with special reference to
Narcissus. Acta Hort. 2005;673:107-115.
Pan MJ, Van Staden J. The use of
charcoal in in vitro culture—a review. Plant
Growth Regul. 1998;26:155-63.

Theander O, Nelson DA. Aqueous, high

temperature transformation of
carbohydrates relative to utilization of
biomass. @ Adv. Carbohydr.  Chem.

Biochem. 1988;46:273—-326.

Teixeria JB, Sondahl MR, Kirby EG.
Somatic embryogenesis from immature
inflorescences of oil palm. Plant Cell Rep.
1994;13:247-50.

Owen HR, Wengerd D, Miller AR. Culture
medium pH is influenced by basal medium,
carbohydrate  source, gelling agent,
activated charcoal, and medium storage
method. Plant Cell Rep. 1991;10:583-586.
Thomas TD. The role of activated charcoal

in plant tissue culture. Biotechnology
Advances. 2008;26:618-631.
Steinitz B, and Yahe IH. [In Vvitro

propagation of Narcissus tazetta. Hort
Science. 1982;17:333—4.

Van der Heijden R, Verpoorte R, Ten
Hoopen HJG. Cell and tissue cultures of
Catharanthus roseus (L) G. Don: A
literature survey. Plant cell and Tissue
organ cultures. 1989;18:231-280.
Ganapthi, Kargi F. Recent advances in
indole alkaloid production by Catharanthus
roseus (periwinkle). J. Exp. Bot. 1990;41:
259-267.

Jacobs DI, Gaspari M, Van der Greef J.
Van der Heijden R, Verpoorte
R.Proteome analysis of the medicinal



39.

40.

Abdel-Rahman et al.; JALSI, 14(1): 1-11, 2017; Article no.JALSI.36410

plant  Catharanthus
2005;221(5):690-704.
Ingram DS. Applications in plant pathology.
In: Plant tissue and cell culture (street ,H.
E. ed.), Univ. California Press, Berkeley.
1977;463-500.

roseus. Planta.

Singh G. Elicitation-manipulation and
enhancing secondary metabolite
production. In :Plant Cell and Tissue
Culture for the Production of Food

Ingredients, (Fu, T. J.; Singh ,G. and
Curtis, W. R. eds.), Kluwer Academic/
Plenum Publishers; New York. 1999;101-
128.

41.

42.

43.

Vida K, Balvanyos |, Szoke E, Toth E.
Alkaloid production of Atropa belladonna L.
hairy roots. Plant Physiology and
Biochemistry. 2000;38:100.

Verma AK, Singh RR, Singh S. Improved
alkaloid content in «callus culture of
Catharanthus roseus. Botanica Serbica.
2012;36(2):123-130.

Kadi K, Yahia A, Hamli S, Auidane L,
Khabthane H, Ali WK. In vitro antibacterial
activity and phytochemical analysis of
White Henbane treated by phytohormones.
Pakistan Journal of Biological Sciences.
2013;16:984-990.

© 2017 Abdel-Rahman et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/21413

11



