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ABSTRACT

Background and Objective: Lagenaria siceraria is extensively grown as a vegetable crop in
tropical and subtropical regions of the world as a source of food and for it's medicinal potential. The
purpose of this research was to determine the optimal conditions for plantlet regeneration of
Lagenaria siceraria microshoots on various concentrations of benzyl amino purine and naphthalene
acetic acid in vitro.

Materials and Methods: The research was designed as a completely randomized design. Shoot
tips of Lagenaria siceraria were surface sterilized with sodium hypochlorite(NaOCI) at different
concentrations (0,3,4,5,6 and 7 mg/L) and cultured on Murashige and Skoog (MS) solidified
medium supplemented with 6-benzylaminopurine (BAP) at different concentrations of
(0,0.5,1.0,1.5,2.0,2.5 and 3.0mg/L) for shoot induction and the obtained shoots were transferred to
MS medium containing naphthaleneacetic ~ Acid(NAA) at different  concentrations
(0,0.5,1.0,1.5,2.0,2.5 AND 3.0mg/L) for root induction.
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after 4 weeks.

induction of Lagenaria siceraria shoots.

Results: Surface disinfection was optimal after immersion of shoot tips and/or nodal explants in
cleaning detergent (5 min), ethanol 70% (1 min), and sodium hypochlorite 5mg/L (15 min).
medium supplemented with 2.0 mg/L BAP was most effective in inducing shoot multiplication
(100%), with an average of 4,33 shoots per explant after 4 weeks. MS medium supplemented with
2.0 mg/L NAA was most appropriate for rooting (100%) with an average of 5.33 roots per shoot

Conclusion: shoots sterilized with 5mg/L NaOCI and inoculated in MS medium supplemented with
2.0 mg/LBAP and 2.0 mg/L NAA were optimal conditions for the surface sterilization, shoot and root

MS

Keywords: Micropropagation; MS medium; In vitro; surface sterilization; shooting; rooting.

1. INTRODUCTION

“Lagenaria siceraria also known as bottle gourd
is a monoecious vine with long, ribbed stem,
strong tendrils belonging to the Cucurbitaceae
family. It is extensively cultivated in tropical and
sub-tropical regions, notably for its medicinal
value and source of food. The fruits of Bottle
gourd have a variety of shapes: they can be
huge and rounded, small and bottle-shaped, or
slim and serpentine, and they can grow to be
over a meter long. Rounder varieties are typically
called calabash gourds” [1]. Lagenaria siceraria,
is utilized in a separate system of traditional
medicine to cure numerous ailments such as
asthma, fever, malaria, hypertension, jaundice,
ulcer, cardiac, bronchial and skin problems” [1].
“Cucurbitacin, a secondary metabolite found in
the seeds and fruit sections of several cucurbits,
has been described to have purgative, emetic,
and anthelmintic actions. This category of
chemicals had been considered for its anti-
inflammatory, hepatoprotective, cytotoxic, and
cardiovascular properties” [2]. The plant's fruiting
body is well-liked for its taste and extraordinary
nutritional content, which includes practically all
of the needed ingredients for good health. The
plant might provide physiologically active
polysaccharides” [3]. The fruit is extensively used
as a medicinal vegetable in Asia and Africa for a
variety of ailments. Alternative medicine is made
from several components of this plant, including
the fruit, seed, leaf, and root” [4]. Traditional
uses of the fruit include cardioprotective,
antidote, aphrodisiac, cardiotonic, diuretic, and
general tonic properties. The fruit juice is used as
a cure for jaundice and it heals other liver
ailments as it is a good source of anti-oxidants”
[5]. Lagenaria siceraria is traditionally propagated
via seeds. Propagation of Lagenaria siceraria via
this method appears to be restricted due to its
high susceptibility to fungal and bacterial
diseases, labor intensiveness and time
consuming with low survivability and possibility of

43

growth and yield retardation. Furthermore, the
recalcitrant nature of the seeds also causes
difficulties in generating the plantlets from seed
and the seed raised plants exhibit genetic
variations” [6]. Hence, in vitro propagation of
bottle gourd serves as an alternative method in

increasing productivity and developing a
sustainable agricultural system. The
pharmaceutical production could also be

upregulated using plant tissue cultures under
optimized conditions. These automated controls
of tissue growth would definitely contribute to
cost reduction and productivity improvement of
plantlets with desirable traits. Moreover, current
synthetic treatments have many adverse effects
and are regarded as unsafe  and
disadvantageous in the treatment of human
ailments” [7]. There is also an emergent concern
about herbal medicines across the world, which
is complemented by more laboratory research
into the pharmacological characteristics of
bioactive substances and their capacity to cure
various disorders. Through ethnopharmacology
and traditional medicine, a slew of new
medications has made their way onto the
worldwide market” [8]. Herbal medications are a
viable alternative to current synthetic treatments
owing to their few adverse effects and are
regarded as safe and useful in the treatment of
human ailments. The adaptability of L. siceraria
to various ecological zones, its wide range of
utilizations, and its high phenotypic plasticity
make it a likely species to sustain a minimal yield
in conditions of variable climate. Various studies
to obtain a better protocol for bottle gourd

propagation have been reported, such as
sterilization techniques, shoot induction and
rooting plant regeneration through

organogenesis [9]. In a related study, pumpkin
(Cucurbita maxima) and ash gourd (Benincasa
hispida) explants have been effectively sterilized
using 1% savlon (v/v) and two drops of tween-80
for 5 minutes treated with; 0.03% mercuric
chloride (w/v) at 3.0 minutes for pumpkin and ash
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gourd explants with 0.03% mercuric chloride(w/v)
at 3.5 minutes. 80% of the explants were free
from contamination and tissue Kkilling [10].
Pumpkin and ash gourd reported optimum
multiple shoot proliferation at a concentration of
2.0 mg/l BAP in pumpkin but in ash gourd it was
1.5 mg/l BAP. Therefore, this study aimed to
determine the optimum sodium hypochlorite
(NaOCl), 6-benzylaminopurine (BAP) and
Naphthalene Acetic Acid (NAA) for sterilization,
shoot and root regeneration respectively in
Lagenaria siceraria.

2. MATERIALS AND METHODS

Study area: This experiment was conducted at
the Botany Laboratory, Jomo Kenyatta University
of Agriculture and Technology.

Research tools: The tools used in this research
are autoclave, distilled water, analytical scale, pH
meter, Laminar Air Flow Cabinet (LAFC), culture
bottle, measuring beaker, tweezers, scalpel,
surgical blade, hand sprayer, pipette, stirring rod,
culture shelf, Bunsen burner, 60 mesh filter and
documentation tool. Planting materials used are
seeds of Lagenaria siceraria. Other materials
used include MS medium, NAA, BAP, sterile
distilled water, sucrose, phytagel, 70% alcohol,
detergent, tween 20 and Bayclin (bleach contains
5.25 % NaOCl).

Research protocol: This study was prepared
based on a Complete Randomized Design
(CRD) with two factors. The first factor was the
concentration of sodium hypochlorite solution
consisting of six levels i.e., without sodium
hypochlorite (NaOCI) 0 (T0), 3Mg/l NaOCI (T1),
4Mg/L NaOCI(T2),5 Mg/L NaOCI(T3), 6 Mg/L
NaOCI(T4) and 7Mg/L NaOCI(T5). The second
factor is the concentration of BAP, which consists
seven levels i.e., without BAP (B0), 0.5 ppm BAP
(B1), 1.0 ppm BAP (B2), 1.5 ppm BAP (B3),2.0
ppm BAP (B4), 2.5 ppm BAP (B5) and 3.0 ppm
BAP (B6). The third factor is concentration of
NAA which consists of seven levels i.e., without
NAA (NO), 0.5 ppm of NAA(N1), 1.0 ppm of
NAA(N2), 1.5 ppm NAA(N3), 2.0 ppm NAA(N4),
2.5 ppm NAA(N5), 3.0 ppm NAA(N6). Thus,
there are twenty combinations of treatments.
Each treatment combination was repeated three
times, so there were 60 experimental units. Each
experimental unit was composed of one explant,
resulting in a total sample of 60 explants. The
observation parameters included the average
number of sterile explants, shoot numbers and
root numbers. All these parameters were
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monitored at 7, 14,21 and 28 Days after
culturing. The data obtained were analyzed using
an analysis of variance (ANOVA) and F test at
5% was carried out to determine the effect of
treatments on the observed parameters. If it was
significant, then a 5% Honestly Significance
Difference (HSD) test was used to separate the
significantly different means.

Seed planting: The seeds were planted on a
tray containing sand soil. Watering was done
every two days until the shoots were harvested
to provide explants for subsequent in vitro
manipulations.

Explant sterilization: Shoot-tips (1-1.5cm) were
detached with scalpels from the mother plants
above to proceed with the disinfection as follows:
They were placed in a beaker and washed with
running tap waterto remove any adhering
contaminants until clean, then shaken in a
detergent solution to which 1-2 drops of
surfactant (Tween 20) was added and shaken
vigorously for 15 minutes at 90rpm. The shoots
were then rinsed in running water until free of
foam, then rinsed with sterile distilled water
several times. Sterilization was continued on the
laminar airflow using 70% ethanol (CHsOH) for 1
min. The ethanol was then decanted and the
explants immersed into 0,3,4,5.6 and 7% sodium
hypochlorite solution for 15 minutes under
continuous agitation. The explants were then
rinsed with sterile distilled water 3 times and
placed individually in borosilicate glass test tubes
containing Murashige-Skoog (MS) medium
(Murashige and Skoog, 1962) supplemented with
30g/L sucrose and 6g/L plant agar. The medium
pH value was adjusted to 5.7-5.8 prior to
autoclaving at 121°C for 15 min. shoots were
transferred onto MS medium without any plant
growth regulator for 2 weeks. The cultures were
maintained in a growth chamber under 16h/8h
light/dark photoperiod, temperature of 25 + 1 -C
(day/night), 80% RH, and cool white fluorescent
light intensity. The percentage of contaminant-
free explants were recorded after 14 days of
culture.

In vitro shoot multiplication: Single, 1.0 cm-
long shoot tips were cultured on the MS medium
supplemented with a concentration of BAP
(Omg/L,0.5mg/L, 1.0mg/L, 1.5Mg/L, 2.0mg/L,
2.5mg/L and 3.0 mg/L). The numbers of shoots
were counted after every 4 weeks.

Root induction: Single shoot tips 1.0 cm in
length were cultured on the MS medium
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supplemented with NAA at the following
concentrations: Omg/L, 0.5mg/L, 1.0mg/L,
1.5mg/L, 2.0mg/L, 2.5mg/L, and 3.0mg/L. The
number of roots and their lengths were recorded
after 4 weeks.

3. RESULTS AND DISCUSSION
3.1 Results

Surface sterilization of shoots explants: In the
present study, the analysis of variance showed
significant  effects of surface sterilization
treatments in reducing the incidence of microbial
contamination in shoot tip explants of Lagenaria
siceraria (p=.05). Surface sterilization using
sodium hypochlorite at 5mg/L proved to be
effective in reducing the incidence of microbial
contamination in shoot tip explants. For
treatment 0 — 4 mg/L, the survival percentage of
cultured explants significantly increased as the
concentration of sodium hypochlorite used for
surface  sterilization  treatment increased.

However, the detrimental effects of higher
concentrations of sodium hypochlorite
sterilization treatments was evident as the
concentration was increased to 6 and 7 mg/L. At
these higher concentrations, the explants got
100% bleaching. Therefore, surface sterilization
with 70% (v/v) ethanol for 1 min followed by 5%
mg/L sodium hypochlorite for 15 min was the
preferred method for Lagenaria siceraria shoots,
as it managed to have no contamination (0%)
with low bleaching (0%) and high survivability
(100%) after two weeks of surface sterilization
(Table 1 and Fig. 2).

For treatment 0, the contamination percentage of
shoot explants (100%) was the highest than the
rest of the treatments. Microbial contamination
was observed in the MS medium between 3 and
14 days after surface sterilization of explants. It
was noted that both bacterial and fungal
pathogens grew rapidly in this study and
colonized the culture media, which resulted in
increased tissue mortality.

Table 1. Effects of surface sterilization method and duration on the contamination, bleaching
and survival of shoot explants, after 14 days of culture

Contaminated
percentage %

Explant treatment

survived percentage
%

Bleached percentage
%

Control (TO) 100.00 0.00 0.00
3mg/L NaOCI 66.37 33.33 0.00
4mg/L NaOCl 33.33 66.37 0.00
5mg/L NaOCI 0.00 100.00 0.00
6mg/L NaOCl 0.00 0.00 100.00
7mg/L NaOCI 0.00 0.00 100.00

Values expressed as the mean of three replicated experiments, each indicating a significant difference (p=.05)

Fig. 1(a-d). Lagenaria siceraria seedlings and cultured shoots (a) Lagenaria siceraria seedlings
actively growing in a tray of soil (b) control experiment for shooting after 28 days (c) shoots
cultured in MS media supplemented with 1.5mg/L BAP after 28 days (d) shoots cultured on MS
media supplemented with 2.0mg/L BAP after 28 days
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Fig. 2. Effect of different concentrations of sodium hypochlorite on sterilization of shoots

Shoot multiplication: Shoot multiplication was
strongly influenced hormonal treatments (p=.05)
(Table 2). All explants were found to be
responsive towards the tested hormonal
treatments with the exception of the control
treatment, where there was no shooting
response recorded (Table 2, Fig. 3 and Fig. 4).
Of the different hormonal concentrations tested,
the optimum percent response (100%) was
observed on MS media supplemented with
2.0mg/L, BAP, with the average shoot numbers
being 4.33+0.33 shoots/explant. Media with
0.0mg/L of BAP showed (0%) response and no
multiple shoots were formed. In order to increase
the shoot multiplication, BAP (0.5-3.0 mg/L)

were tested. An increase in the number of shoots
(0.67+0.33) was observed when the in vitro shoot
explants were cultured on MS medium
supplemented with BAP (0.5 mg/L). Increased
concentration of BAP from 0.5mg/L up to
2.0mg/L led to an increase in shoot number.
23.26%, 46.51%, and 70.00% response rate was
observed in 0.5,1.0 and 1.5mg/l of BAP
respectively with the average shoot number
being 0.67+0.33,2.33+0.33 and 3.00+0.33 shoots
per explant respectively. At higher concentrations
of BAP beyond the optimum (2.5 and 3.0 mg/L),
explants produced fewer number of adventitious
shoots.

Table 2. Effect of plant growth regulator BAP added to MS media on in vitro shooting of
Lagenaria siceraria

BAP concentration(mg/L)

Responding shoots %

Average shoot number/ explant

0 0.00
0.5 23.26
1.0 46.51
15 70.00
20 100.00
25 46.51
3.0 30.23

0.00+0.33
0.67+0.33
2.33+0.33
3.00+0.33
4.33+0.33
2.33+0.33
1.00+0.33

Data is represented as mean + standard error of mean (SEM). Mean in each column is not significantly different
at p =.05 by Duncan’s MRT at 5% level of significance
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Fig. 3. Graph showing BAP concentration against mean percentage number of shoots
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Fig. 4. Graph showing BAP concentration against mean number of shoots

Root induction: The number of rooted shoots
significantly increased from 0.00-100.00%, as the
concentration of NAA increased from 0.0-2.0 mg/
L. In vitro shoot tips of Lagenaria siceraria were
cultured on MS medium supplemented with NAA
in the range 0.0-3.0mg/L. The number of roots
obtained in the control treatment using hormone-
free MS was significantly lower than those
obtained from 0.5mg/L to 3.0 mg/L NAA. Among
the various concentrations of NAA tested
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2.0mg/L of NAA proved to be the most effective
for root induction (5.33 £+ 0.83 roots per explant).
The media supplemented with 0.5 mg/L,1.0mg/L
and 1.5 mg/L NAA promoted root production to
1.67, 2.67 and 3.00 roots/explant, respectively
(Fig. 5 and Table 3). The percent response of
number of roots produced increased with
increase in amount of NAA added up to the
optimum level 2.0mg/L (Fig. 6).
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Table 3. Rooting of In vitro raised shoots of bottle gourd (Lagenaria siceraria) with different
concentrations of NAA

NAA concentration(mg/L) Responding roots% Average roots/ explant
0 0.00 0.00

0.5 32.08 1.67+0.33

1.0 50.94 2.67+0.33

15 56.60 3.67+0.33

2.0 100.00 5.33+0.33

25 50.94 2.67+0.33

3.0 32.08 1.67+0.33

Data are mean of three replicates with + SE. Column do not differ significantly when compared by Duncan’s MRT
at 5% level of significance
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Fig. 5. A graph showing NAA concentration against percentage number of roots
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Fig. 6. Graph showing NAA concentration against average number of roots
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3.2 Discussion

To completely eliminate microbial infection in
tissue cultures, the formation of aseptic plant
cultures necessitates a detailed understanding of
the physiological condition of the plant as well as
its susceptibilities to pathological pollutants. In
this study, it was observed that the highest
microbial contamination occurred in the control
cultures (without sodium hypochlorite) when the
various concentrations of the sterilant were
evaluated. Fungal and bacterial contaminations
are one of the most important limiting factors,
particularly in medicinal plants during in
vitro culture of explants” [11]. Hence, in vitro
sterilization is a crucial stage in plant tissue
culture, and the success of the sterilization
process directly affects the culture's final
outcomes” [12]. The effectiveness of the
sterilizing step is crucial to the development of
plant regeneration procedures and to the
success of plant tissue culture [13].
“Inappropriate concentrations of sterilants have
lethal effects on cell division and it restricts
growth and development of explants. Therefore,
suitable  concentration, combinations and
duration of exposure of sterilant is essential to
raise in vitro cultures successfully” [14]. As
surfaces of plant parts carry a wide range of
microbial contaminants, the explants must be
thoroughly surface-sterilized before planting
them on the culture medium in order to avoid any
source of infection. To disinfect explants, various
sterilizing agents have been used such as
hypochlorite solutions [15]. “The use of mercuric
chloride and fungicides in explant surface
sterilization is not recommended due to potential
toxicity to both the researcher and the
environment and furthermore, there is also an
increased risk of plant growth retardation” [16]. In
the current study, Sterilant at concentration 5%
yielded maximum culture asepsis (100%). Higher
sterilant treatments beyond the optimum level of
5% aggravated the Phyto-toxic effects leading to
reduced explant. survival (0%). Similar results
were recorded by [17] who recorded reduced
explant survival under high treatments beyond
5% of sodium hypochlorite used and [18]. This
research indicated that explants treated with
lower concentration of sodium hypochlorite
survived better than shoot tips treated with
concentration of sterilant which may be due to
increased phytotoxic effects due to high
concentration of sterilant used. Shoot tips are
immature, thin and tender. Tender explants show
more phytotoxic effects of sterilant compared to
mature ones and hence less survival when high
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amount of sterilant is used. Many scientists have
also reported “a negative correlation with the
high concentration of the disinfectants and the
rate of explant viability” [19] and [13].

Application of BAP with MS media in in vitro
culture provided the effective shoot regeneration
and shoot numbers for Lagenaria siceraria when
compared to the BAP-free treatment. The
function of cytokinin is to effectively induce shoot
regeneration for plantlet growth in plant tissue
culture. Cytokinin, in particular BAP has been
discovered to be one of the most effective
cytokinin for shoot induction in plant tissue
culture” [20]. The advantage of BAP for shoot
induction may be attributed to the ability of plant
tissues to metabolize BAP more readily and also
the ability of BAP to induce the production of
natural hormones, such as zeatin within the
tissue” [21]. Moreover, BAP is not easily
metabolized and thus, persists in the medium in
either free or ionized forms. Cytokinin is one of
the most important factors in plant tissue culture
especially in proliferation stage. It plays multiple
roles in the plant development including cell
division and cell expansion, plant protein
synthesis stimulation and the activities of some
enzymes” [22]. Use of cytokinin during
multiplication stage increases the rate of
proliferation as well as shoots
quality” [23]. During this study MS medium
supplemented with BAP (2 mg/L) was effective
for 100% shoot multiplication in shoot tips
of Lagenaria siceraria. The effect of BAP on
multiple shoot formation has also been studied in
various medicinal plant species such as Stevia
rebaudiana [24] and Ceropegia noorjahaniae
[25]. An increase of the concentration of BAP
beyond the optimum concentration led to a
decrease in the number of shoots and this
corresponds with findings of Hasbullah and his
colleagues [9]. In the present research, no
significant increase in shoot multiplication
of Lagenaria siceraria was found when the
concentration of BAP was raised above 2.0mg/L.
This finding was consistent with the report
on that BAP concentration which was higher
than the optimum level did not increase the shoot
production rate of Lantana camara [9].

In order to succeed in micropropagation, high-
quality adventitious roots must be produced [26].
Auxins are important factors involved in rooting
because they promote adventitious roots
formation in the vast majority of species [27].
Auxins are powerful cell division and
differentiation regulators that support
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adventitious root development in cuttings and
micro shoots. Auxins regulate cell differentiation,
starch  hydrolysis, sugar and  nutrient
mobilization, cell differentiation, and rooting
ability, resulting in a larger rooting percentage
and more roots per rooted cutting [28]. For
induction of adventitious rooting, higher auxin
concentration is required [26].

In the present study 2.0mg/L of Naphthalene
acetic acid (NAA) yielded maximum rooting
percentage (100%) and highest number of roots
(5.33per  explant) compared to  other
concentration. which was similar to Hasbullah et
al 2017 [9]. These results were also similar to
Show kat Bhat et al 2022 [29] where highest ex
vitro survival (89.67%) was observed in plantlets,
which were rooted in MS media supplemented
with IBA (2.0 mg/L). In the present study, no
significant increase in root multiplication
of Lagenaria siceraria was found when the
concentration of NAA was raised above 2.0 mg/L
which was the optimum concentration. This result
was consistent with the report on Ash gourd that
NAA concentration which was higher than the
optimum level did not increase the shoot
production rate [10]. This suggested that the best
medium suitable for root induction
in L. camara was the MS medium added with
2.0mg/L NAA. The report of Haquel [30]
indicated that a low NAA concentration at
1.0mg/L produced 8.3 shoots per shoot tip
explants of Cucurbita maxima. This suggested
that the lower the concentration of NAA used, the
higher the number of roots that were produced
and a higher concentration of NAA should
reasonably induce lower shoot numbers. This
was in contrast to findings in the current study.

4. CONCLUSION

A novel regeneration protocol for the sterilization,
multiple shoot production and in vitro rooting of
an important medicinal plant, Lagenaria siceraria
using shoot tip explants has been successfully
developed. This was achieved using 5mg/L
sodium hypochlorite that provided the most
effective sterilization. 2.0mg/l of BAP provided
the most effective multiple shoot shoot
production and 2.0mg/l of NAA generated the
highest number of roots per shoot and the
highest root induction rate. The protocol
described herein has the potential for rapid and
mass propagation of Lagenaria siceraria for
commercialization, conservation purposes and
genetic improvements of this important medicinal
plant.

50

ACKNOWLEDGEMENTS

The authors would like to thank Jomo Kenyatta
university of agriculture and technology for their
funding support and the facilities used in this
research. This research was made possible with
the kind help and cooperation from Mr. Joseph
Nderitu, the Botany laboratory technician, Jomo
Kenyatta university of agriculture and technology,
Nairobi, Kenya. His valuable support in providing
and propagating the plant materials were highly
appreciated.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Zahoor M, Ikram M, Nazir N, Naz S, Batiha
GES, Kamran AW, et al. A Comprehensive
Review on the Medicinal Importance;
Biological and Therapeutic Efficacy of
Lagenaria siceraria (Mol.) (Bottle Gourd)
Standley Fruit. Current Topics in Medicinal
Chemistry. 2021 Aug 1;21(20):1788-803.
Saboo SS, Thorat PK, Tapadiya GG,
Khadabadi SS. Ancient and Recent
Medicinal Uses of Cucurbitaceae Family.
International  Journal of Therapeutic
Applications. 2013;9.

Chakraborty I, Ghosh K. Nutritional
potential, health effects and structural
diversity of bioactive polysaccharides from
Lagenaria siceraria: A review. Journal of
Advanced Scientific Research. 2020 Aug
10;11(03):34-42.

Kumari N, Tajmul Md, Yadav S. Proteomic
Analysis of Mature Lagenaria siceraria
Seed. Appl Biochem Biotech Nol.
2015;175(8):3643-56.

Panchal CV, Sawale JA, Poul BN,
Khandelwal KR. hepatoprotective activity
of Lagenaria siceraria (molina) standley
fruits against paracetamol induced
hapatotoxicity in mice. 4.

Elhadi IM, Koko WS, Dahab MM, Imam
YME. Antigiardial Activity of some
Cucurbita  Species and  Lagenaria
Siceraria; 2013.

Magiorakos AP, Srinivasan A, Carey RB,
Carmeli Y, Falagas ME, Giske CG, et al.
Multidrug-resistant,  extensively  drug-
resistant and pandrug-resistant bacteria:
an international expert proposal for
interim standard definitions for acquired



10.

11.

12.

13.

14.

15.

Kabiru and Njenga; Asian Plant Res. J., vol. 11, no. 5, pp. 42-52, 2023; Article no.APRJ.106031

resistance. Clin Microbial Infect. 2012
Mar;18(3):268-81.

M. A. Hussein M, Hamed Arisha A, M.
Tayel E, A. Abdo S. Effect of Long-Term
Oral Exposure to Carmoisine or Sunset
Yellow on Different  Hematological
Parameters and Hepatic  Apoptotic
Pathways in mice. JAHP [Internet]. 2021
[cited 2023 Aug 24];9(sl). Available:
http://nexusacademicpublishers.com/table
_contents_detail/11/1999/html

Hasbullah NA, Department of Agriculture
Science F of T and VE, Lassim MM,
Mazlan MA, Lood SZ, Amin MAM. Mass
Propagation of Lagenaria siceraria through
in Vitro Culture. Journal of Advanced
Agricultural Technologies. 2017;4(1):92.
Haque ME, Sarkar M a. R, Mahmud MA,
Rezwana D, Sikdar B. In vitro Propagation
of Pumpkin and Ash Gourd through Nodal
Segments. Journal of Bio-Science. 2008;
16:67-71.

Ahmad poor F, Zare N, Asghari R, Sheikh
Zadeh P. Sterilization protocols and the
effect of plant growth regulators on callus
induction and secondary metabolites
production in in vitro cultures Melia
azedarach L. AMB Express. 2022 Jan
10;12(1):3.

Hesami M, Naderi R, Tohidfar M. Modeling
and Optimizing in vitro Sterilization of
Chrysanthemum via Multilayer Perceptron-
Non-dominated Sorting Genetic Algorithm-
Il (MLP-NSGAII). Frontiers in Plant
Science [Internet]. 2019 [cited 2023 Apr
9];10. Available from:
https://www.frontiersin.org/articles/10.3389
/fpls.2019.00282

Hesami M, Naderi R, Yoosefzadeh-
Najafabadi M. Optimizing sterilization
conditions and growth regulator effects on
in vitro shoot regeneration through direct
organogenesis in Chenopodium quinoa.
BioTechnologia Journal of Biotechnology
Computational Biology and Bio
nanotechnology [Internet]. 2018 [cited
2023 Apr 9];99(1).
Available:http://agro.icm.edu.pl/agro/eleme
nt/bwmetal.element.agro-7aecceb3-bf03-
482a-b295-700d67dd3a93

Bhadane BS, Patil RH. Data on the cost-
effective surface sterilization method for C.
carandas (L.) seeds and callus induction
from aseptic seedling. Data in Brief. 2016
Jun; 7:1551-5.

Rout GR, Samantaray S, Das P. In vitro
manipulation and propagation of medicinal

51

16.

17.

18.

19.

20.

21.

22.

23.

24.

plants. Biotechnology Advances. 2000 Apr
1;18(2):91-120.

Webster S, Mitchell S, Ahmad MH. A novel
surface sterilization method for reducing
microbial contamination of field grown
medicinal explants intended for in vitro
culture. In 2003.

Kurtar ES, Balkaya A, Okumu NO. Effects
of Polymers and Growth Mediums on in
vitro Plantlets of Winter Squash (Cucurbita
maxima Duch. ex Lam.) and Pumpkin
(Cucurbita moschata Duch. ex Poir.) in
Acclimatization. 2010;

Cartabia A, Sarropoulou V, Grigoriadou K,
Maloupa E, Declerck S. In vitro
propagation of Alkanna tinctoria Tausch.: a
medicinal plant of the Boraginaceae family
with high pharmaceutical value. Industrial

Crops and Products. 2022 Aug 1,
182:114860.
Nongalleima Kh, Dikash Singh Th,

Amitabha D, Deb L, Suniti Bala Devi H.
Optimization of surface sterilization
protocol, induction of axillary shoots
regeneration in Zingiber zerumbet (L.) Sm.
as affected by season. Biological Rhythm
Research. 2014 Mar 4;45(2):317-24.
Ponnusamy B, Narayanasamy J. An
efficient micropropagation system for
Eclipta, alba—A valuable medicinal herb.
In Vitro Cellular and Developmental
Biology - Plant. 2005 Jan 7; 41:532-9.
Naik SK, Chand P. Tissue culture-
mediated biotechnological intervention in
pomegranate: A review. Plant cell reports.
2010 Dec 1; 30:707-21.

Arab MM, Yadollahi A, Shojaeiyan A,
Shokri S, Ghojah SM. Effects of nutrient
media, different cytokinin types and their
concentrations on in vitro multiplication of
GxN15 (hybrid of almond peach)
vegetative rootstock. Journal of Genetic
Engineering and Biotechnology. 2014 Dec
1;12(2):81-7.

Hassan KM, Hosni AM, Hewidy M, Abd El
razik AB. Micropropagation and evaluation
of genetic stability of foxglove tree
(Paulownia tomentosa). Arab Universities
Journal of Agricultural Sciences. 2018 Feb
1;26(Special issue (2D)):2287-96.
Thiyagarajan M, Venkatachalam P. Large

scale in vitro propagation of Stevia
rebaudiana  (Bert) for  commercial
application: Pharmaceutically important

and antidiabetic medicinal herb. Industrial
Crops and Products. 2012 May 1;37(1):
111-7.



25.

26.

27.

28.

Kabiru and Njenga; Asian Plant Res. J., vol. 11, no. 5, pp. 42-52, 2023; Article no.APRJ.106031

Chavan JJ, Nala wade AS, Gaikwad NB,
Gurav RV, Dixit GB, Yadav SR. An
efficient in vitro regeneration of Ceropegia
noorjahaniae: an endemic and critically
endangered medicinal herb of the Western
Ghats. Physiol Mol Biol Plants. 2014 Jul
1;20(3):405-10.

de Klerk GJ, van der Krieken W, de Jong
JC. Review the formation of adventitious
roots: new concepts, new possibilities. In
Vitro Cell Dev Biol-Plant. 1999 May
1;35(3):189-99.

De Klerk GJ. Rooting of Micro cuttings:
Theory and Practice. In Vitro Cellular &
Developmental Biology Plant.
2002;38(5):415-22.

Leakey RR. Physiology of vegetative
reproduction. In: Burley J, Evans J,

29.

30.

Youngquist JA, editors. London, UK:
Academic Press; 2004 [cited 2023 Apr 10].
p. 1655-68.
Available:https://researchonline.jcu.edu.au/
307/

Showkat Bhat M, Ahmad Rather Z, Tahir
Nazki I, Banday N, Wani T, Rafig S, et al.

Standardization of in vitro
micropropagation of Winter Jasmine
(Jasminum  nudiflorum) using nodal
explants. Saudi Journal of Biological
Sciences. 2022 May 1;29(5):3425—

31.

Haque ME, Rezwana D, Islam MA, Sikdar
B. In vitro regeneration of pumpkin
(Cucurbita maxima) through shoot apical
meristem. Journal of Bio-Science. 2010;
18:104-7.

© 2023 Kabiru and Njenga; 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:
https://www.sdiarticle5.com/review-history/106031

52


http://creativecommons.org/licenses/by/4.0

