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ABSTRACT

Litsea cubeba (Lour.) Pers. is a vital medicinal plant in traditional medicine. Despite its high
economic efficiency, L. cubeba is grown mainly based on experience; the area is fragmented and
small, L. cubeba cultivation has relied on methods such as cuttings or grafting, with limited
research on in vitro tissue culture propagation. This study aims to create a clean in vitro bud
material source for micropropagation of L. cubeba by adding indole-3-butyric acid (IBA) and
6-benzylaminopurine (6-BA) to the cultured medium. Research results show that sterilising
L. cubeba stems with HgCl, is more effective than NaClO. After 4 weeks of culture, adding IBA
1.0 mg.L™ gave the best shoot development results. In MS medium supplemented with 6-BA
2.0 mg.L" gave the best growth results. The bud formation rate reached 100%, the bud colour
was green, the buds were fat, and the stem and internodes were divided. The research results
serve as a basis for building a process for quickly multiplying the L. cubeba from stem sections
and creating a source of disease-free seeds to supply to the people.
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INTRODUCTION

Litsea cubeba (Lour.) Pers. is a tropical and
subtropical plant, preferably distributed in
southeastern Asia or southern China, Nepal,
Japan, Taiwan and Vietnam. It belongs to the
genus Litsea, which comprises 622 known
species (Agrawal et al., 2011; Han et al., 2013).
L. cubeba is a member of the Lauraceae family
and can be either an evergreen or deciduous
tree, typically reaching heights of 5-8 meters.
The plant thrives in subtropical regions (Chen
et al., 2012) and is capable of growing on poor
soils, often found at elevations up to 2,700 m
(Saika et al., 2013). It produces white to
yellowish flowers that develop into small,
pepper-like spherical fruits, 4-5 mm in
diameter, which mature from green to black by
September. Essential oils can be extracted from
various parts of the plant, including its roots,
stems, leaves, flowers, and fruits, with yield
and composition varying by part (Choudhury et
al., 1998; Zhao et al., 2010). The fruit is a
significant source of natural citral, widely used
as a flavoring in food and cosmetics (Saika et
al., 2013). The essential oils derived from

L. cubeba exhibit numerous bioactive
properties; the fruit, in particular, is
traditionally used to treat headaches,

inflammation, and intoxication (Li et al., 2024).
Its antioxidant and antimicrobial properties
have garnered research interest, especially
concerning its radical scavenging and
antibacterial or antifungal activities in vitro
(Pante et al., 2021). Despite its economic
potential, L. cubeba cultivation in Vietnam
remains largely traditional, with small,
fragmented areas of cultivation. This reliance
on traditional propagation methods and the
limited scale of cultivation has hindered the
development of L. cubeba as a commercial
commodity. As a result, the quality of the
plants is inconsistent, they are prone to disease,
and there is a risk of genetic degeneration.

Research interest in plant cell culture has
been significant since the 1950s, with numerous
studies demonstrating its effectiveness in
producing biologically active compounds
(Mulabagal et al., 2024). One of the primary
advantages of plant cell culture is its ability to
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provide a continuous supply of raw materials
for industrial-scale extraction of active
ingredients, independent of natural conditions.
Additionally, plant cell culture can generate
novel compounds and enhance their production
by modifying culture conditions (Rajasekaran et
al., 1991). The active ingredients produced are
free from contaminants such as pesticides,
herbicides, or insect repellents, and avoid the
variability and  fluctuations  commonly
associated with natural plant products.
Endogenous plant hormones play a crucial role
in processes related to growth, development,
aging, and stress responses. In plant tissue
culture, these hormones are vital in regulating
organ formation and morphology (Asif et al.,
2022). Applying tissue culture technology to
propagate L. cubeba can produce a large
number of uniform, disease-free seedlings.
Axillary shoot multiplication, in particular, is a
rapid, reliable, and reproducible technique for
germplasm conservation and clonal propagation
under in vitro conditions (Chaudhuri et al.,
2007; Behera et al., 2023; Warner et al., 2023).
However, the in vitro culture conditions for
L. cubeba have not been extensively studied.
This gap in knowledge presents an opportunity
to develop L. cubeba as a regional specialty
crop, offering significant economic benefits and
promoting sustainable development in local
economies. This study aims to investigate the
effects of indole-3-butyric acid (IBA) and
6-benzylaminopurine (6-BA) on the stem
growth of L. cubeba under in vitro conditions,
with the goal of establishing a protocol for rapid
multiplication from stem sections and creating a
disease-free seed source for local cultivation.

MATERIALS AND METHODS

Plant material preparation and growth
conditions

Healthy L. cubeba stems were sourced
from a nursery garden in Dak Nong province.
Young stem cuttings from the 2™ to the 5"
node were isolated from the stem of an 8-
month-old plant and then transported to the
laboratory, where they were rinsed under
running water for 30 minutes, followed by a
wash with water and liquid soap to remove
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dust and other contaminants. The leaves were
then removed, and the stems were cut into
single-node segments, selecting nodes two
through five, with each segment measuring
between 1.0 and 1.5 cm in length for use in
the in vitro growth experiments.

Unless otherwise noted, all media used in
this study contained 0.6% agar and 3%
sucrose, with a pH ranging from 5.8 to 6.2.
Following inoculation, sterilization, and
axillary bud induction experiments were
conducted in the dark for two days, after
which the cultures were exposed to 12 hours
of light per day at an intensity of 2,100-2,500
lux and a temperature of 23-25 °C. For the
proliferation culture test, the axillary buds
were immediately placed under the same light
and temperature conditions, with 12 hours of
light exposure daily at 2,100-2,500 lux and a
culture temperature of 23-25 °C.

Sterilization of explants

In this experiment, young stem segments
containing bud points were used as explants.
The explants were initially cleaned in a
detergent solution to remove dust and debris,
followed by a 120-minute rinse under slow-
running water to eliminate any remaining
residues on the surface. The stem segments
were then sterilized using mercuric chloride
and sodium hypochlorite at varying
concentrations and exposure times, as outlined
in Table 1. After sterilization, the segments
were rinsed five times with sterile water.
Finally, the stem segments were vertically
inoculated into a hormone-free Murashige and
Skoog (MS) medium (Murashige & Skoog,
1962). Each treatment was repeated three
times, with 30 explants per replicate. After
14 days of culture, the rates of contamination,
mortality, and survival were recorded.

Table 1. Chemicals characteristics used in sterilization

Treatments Chemical agents

Concentration (%)

Duration (minute)

TO Distilled water

0

T1
T2
T3

HgCIZ

0.5

T4
T5
T6

1.0

T7
T8
T9

NaClO

0.5

T10
T11
T12

1.0

N W N WNO W N|OT|Ww| O

Induction of axillary buds in stem segments

Stem segments with uniform growth
characteristics were selected and subjected to
the optimal pretreatment and sterilization
methods. Following this, the segments were
vertically inoculated into MS and B5 media,
each supplemented with varying concentrations
of 6-benzyladenine (6-BA), indole-3-butyric
acid (IBA), and 3% sucrose, as detailed in
Table 2. A total of 13 different treatments were

applied, with each treatment repeated three
times, and each replicate consisting of
30 explants.

Sample collection and analysis parameters

Monitor growth indicators every week,
from week 1 to week 4. The measurement was
conducted in triplicate. Effects of IBA in
combination with 6-BA under in vitro shoot
multiplication of L. cubeba were determined
as follows:
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the number of stems segments that induce axillary buds N

100

The frequency of axillary bud induction=

Number of leaves/bud: Count the number
of leaves of each bud.

Bud height: Measure the height from the
agar surface to the top of the shoot in cm.

the number of inoculated stem segments

Fresh biomass: Stem segments in vitro
buds in all treatments were weighed
immediately after being removed from the test
tube to determine fresh biomass in mg.

Table 2. The experiment design investigates the effects of IBA and BA on the growth of
explants under in vitro culture conditions

Treatments Medium Chemical agents Concerntration (mg.L™)
T13 0 (control)
T14 0.5
T15 MS 1.0
T16 2.0
T17 IBA 0 (control)
T18 0.5
T19 BS 10
T20 2.0
T21 0.5
T22 MS 1.0
T23 2.0
T24 6-BA 0.5
T25 B5 1.0
T26 2.0

Micro-morphological characteristics

The iodine green-carmine double staining
method was used as follows: the shoots' micro-
morphological properties were ascertained per
the guidelines provided by the Vietnamese
Pharmacopoeia V (Alamgir, 2017). A razor
was used to chop and cut the L. cubeba’s bud
into segments/pieces. After that, the samples
were manually sliced using a razor blade into
thin, horizontal slices between 10 and 20 pum
thick. The thin final cross-sections were then
bleached for 10 minutes using 50% (v/v)
chloral hydrate after 5.0% (w/v) chloramine-T
detergent had been used. Those slices were
neutralized with 1.0% (w/v) acetic acid for
2 min before being double stained with 0.3%
(w/v) lodine Green and 1.0% (w/v) Carmine, in
which the sample was immersed in lodine
Green for 5s and in Carmine for 10s (until the
samples became clearer). After each step,
excess bleach, reagents, and dyes were
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removed using double distilled water. Samples
were put on slides with one or two drops of the
50 : 50, (v/v) glycerin-water combination
before being covered with a coverslip. The
samples were examined and captured on
camera using an optical microscope (Labomed,
USA) at 4%, 10x, and 40x magnifications.

Statistical analysis

Statistical analyses were conducted using
SPSS software (version 26.0; SPSS Inc.,
Chicago, IL, USA). Mean comparisons were
carried out using either Duncan’s multiple
range test or the LSD test, with a significance
threshold set at 0.05 to identify differences
between the treatments and control groups.

RESULTS

Effect of mercuric (I1) chloride (HgCl,) and
sodium hypochlorite (NaClO) with different
soaking times on explant sterilization
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After 14 days of cultivation in the MS
media, the explants showed different degrees
of contamination, survival, and mortality rates
after each sterilization treatment (Fig. 1). The
HgCl, treatment demonstrated effective
decontamination results at all treatments, as
evidenced by a survival rate ranging from
6.67% to 90.00%. At a concentration of 0.5%
in 5 minutes, the HgCl, gave a high percentage
of decontamination (90.00%), which was
concentrated differently from the remaining
treatments (Fig. 1). The transplanted sample
has strong vitality, but the stem remains green.
NaClO, a common disinfectant in tissue
culture, also showed satisfactory results. The

&) 100 ]

Centamination rate (%)

™ Tt T2 T3 T4 TE T& T7 TE To TiD Tit Ti2

Treatments

results demonstrated that NaClO treatment
shows effective decontamination at all
treatments, ranging from 6.67% to 66.67%.
Within 5 minutes, the highest disinfection
result among the treatments was 66.67% at
1.0% NaCIlO concentration; however, the
effectiveness of NaClO is still lower than that
of HgCl2. However, as the disinfectant
concentration and sterilization time increased,
the mortality rate increased significantly
(Fig. 1). By combining the analyses of
contamination, survival, and mortality, it is
inferred that the best way to sterilize the stem
segments of L. cubeba was to apply a 0.5%
mercuric (I1) chloride treatment for 5 minutes.

w

Mortality rate (%)
1

™ Tt T2 T2 T4 TS T& TT T& Te TiD TiT TiZ

Treatments

Survival rate (%)

TO T T2 T2 T4 TE T T7 T8 T@ TI0 Tl Tz

Treatments

Figure 1. Effects of treatment combinations on contamination rate (a), mortality rate (b), and
survival rate (c) of explants. Each bar represents the mean of the observations, and error bars
designate the standard deviation

Effect of medium types and indole-3-
butyric acid on in vitro shoot propagation

A total of six different IBA and medium
treatments were set up for axillary bud
induction of stem segments. Both the medium
and IBA had significant effects on the
frequency of axillary bud induction and the

mean length of axillary buds, and their
interaction also had a significant effect on the
mean length of axillary buds (Fig. 2). When
IBA was added to MS medium from 0.5 to 2.0
mg.L™, the rate of shoot formation increased
from 53.33 (T14) to 100% (T15) and was
severely different from the control (T13) (p <
0.05). Other indicators, such as the number of
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leaves, length, and fresh biomass of explants,
increased compared to the control treatment
and were significantly different. The
monitored traits achieved the best quality at
an IBA concentration of 1.0 mg.L™"; the buds

were green, and the stems had clear
internodes. In the B5S medium, adding IBA to
the medium also increased other parameters
but was lower than adding IBA to the MS
medium (Fig. 2).

)
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Axillary bud induetion frequency (%)

T3 Ti4 T15 TG

TI7 T8 T19 T20

Treatments
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Bud height (em.bud™)
5
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Figure 2. Effects of medium types and indole-3-butyric acid on axillary bud induction
frequency (a), number of leaves/bud (b), bud height (c), and fresh biomass (d) of shoots. Each
bar represents the mean of the observations, and error bars designate the standard deviation

WEEK 2

2]

WEEK 3

OPHOLOGY

%l

Figure 3. Bud development of the stem node of Litsea cubeba after 4 weeks under in vitro
conditions in MS medium supplemented 1.0 mg.L™ IBA
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In the treatments of this study, when
observing the micro-morphological
characteristics of the stem node in vitro after 4
weeks of culture on different treatments, it
was shown that each stem segment in vitro
only produces 1 bud was obtained and the
buds developed well after each week of
culture (Fig. 3).

Effect of medium
benzylaminopurine on
propagation

Following 28 days of cultivation, medium
and 6-BA treatments had significant effects on
the frequency of axillary bud induction and
the mean length of axillary buds (Fig. 4). The
research results indicate that adding 6-BA to

and 6-
shoot

types
in vitro

E
8

a

a

Axillary bud induction frequency (%)
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Treatments

© >* A

0
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Treatments

the MS medium increased the rate of shoot
formation compared to the control treatment.
The rate of shoot formation was highest at the
concentration levels of 1.0 mg.L" and
2.0 mg.L™ reached 100% and had a statistical
difference compared to the remaining
treatments (p < 0.05). There were statistical
differences between the remaining treatments
for the traits monitored at the highest
concentration level of 2.0 mg.L™ (p < 0.05).
B5 medium supplemented with 6-BA at
different concentrations also gave similar
results at 2.0 mg.L-1 provided the best shoot
development parameters, but it was lower
when compared to MS medium with a 6-BA
supplement (Fig. 4).

I -

Mumber of leaves/bud (leaves)
-
o

T3 T21 = T22 mnr T24 T25 =8

Treatments

(d)

Fresh biomass (mg.bud™)

T2 21 T2 T23 7 T24 T25 8

Treatments

Figure 4. Effects of medium types and 6-benzylaminopurine on axillary bud induction
frequency (a), number of leaves/bud (b), bud height (c), and fresh biomass (d) of shoots. Each
bar represents the mean of the observations, and error bars designate the standard deviation

Similar to the results of the micro-
morphological characteristics survey of the
stem nodes in vitro supplemented with IBA,
after 4 weeks of culture in the medium

supplemented with 6-BA, it was shown that
each stem node in vitro produced only 1 bud
and these buds developed well after each
week of culture (Fig. 5).
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WEEK 1
|

WEEK 4

MICRO-MOPHOLOG

Figure 5. Bud development of the stem node of Litsea cubeba after 4 weeks under in vitro
conditions in MS medium supplemented 2.0 mg.L™" 6-BA

DISCUSSION

Selecting the appropriate explant from a
healthy, vigorous plant is crucial in the initial
stages of plant tissue culture (Pan et al.,
2017). In this study, shoot stem segments
from young, healthy, pest- and disease-free
green branches of L. cubeba were used as
explants. It is well-established that shoot-tip
explants are particularly vulnerable during
sterilization due to their delicate nature, often
resulting in low survival rates (Ye, 2004).
However, the ideal explant may differ among
plant varieties and depending on the specific
objectives of the culture. Establishing an
aseptic propagation system in plant tissue
culture requires effective sterilization of
explants (Ahmad et al., 2016). In this study,
explants of L. cubeba were disinfected using
HgCl, and NaCIlO. The findings indicate that
the duration and concentration of NaClO
treatment  significantly  influenced the
contamination rate, viability, and mortality of
the explants. Although NaClO, a milder
sterilizing agent, should be used more
frequently to manage contamination, HgCI,
proved to be more effective due to its strong
bactericidal properties, resulting in higher
decontamination success. The experiments
demonstrated that HgCl,  consistently
provided effective sterilization across all
tested concentrations. However, increasing the
concentration and exposure time of both
HgCl, and NaCIO had more detrimental
effects on the explants. Higher concentrations
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and prolonged soaking times led to greater
damage to the stem segments, slowed growth
recovery, and, in some cases, inhibited
regrowth altogether. Previous studies by
Srivastava et al. (2010) and Rihan et al.
(2014) also reported increased shoot mortality
with higher concentrations and extended
exposure to HgCl,.

PGRs are crucial to the growth and
development of plant tissues or organs in
laboratory settings (Bhojwani & Dantu,
2013). Using the right cytokinins along with
other growth hormones can greatly speed up
the process of activating and growing axillary
buds in explants (Liang et al., 2020; Chen et
al.,, 2020). The predominant hormone for
initiating culture and promoting proliferation
is 6-BA. In the current study, an increase in
the overall concentration of 6-BA and IBA
enhanced the induction and proliferation of
axillary buds. Simultaneously, the results
showed that the concentration of 6-BA had a
more significant effect on axillary buds
induction than IBA with different types of
medium. An appropriate concentration of
2.0 mg.L™ 6-BA contributes to the elongation
of axillary buds. Ho et al. (2021) also found
that 6-BA promoted axillary bud induction in
Acacia confusa nodal sections. When the MS
medium was supplemented with 2.0 mg.L™
6-BA, it emerged as the optimal medium, with
the mean axillary bud length reaching its peak
at 2.88 cm. Compared to the B5 medium, the
appropriate concentration of 6-BA maximized
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the effectiveness of the MS medium in
promoting axillary bud growth. The high
levels of inorganic salts, such as nitrogen and
potassium, in the MS medium, fulfill the
nutritional needs for rapid growth and support
the culture's development and long-term
viability.

In contrast, the B5 medium is
characterized by lower ammonium levels and
higher concentrations of nitrate and thiamine
hydrochloride (Lin et al., 2021). The study
results indicate that the effectiveness of shoot
growth in treatments supplemented with IBA
is lower than that with 6-BA. IBA, an auxin-
type plant growth regulator, promotes cell
elongation and division by relaxing the cell
wall, which increases protoplasm volume and
mass, depending on its concentration and the
specific tissue it influences (Cao et al.,
2023). At low concentrations, auxin
encourages bud growth (Cao et al., 2023).
However, as the concentration of auxin
increases beyond a certain threshold, it can
inhibit bud growth or induce dormancy (Wei
et al., 2022). When IBA was incorporated
into the explant culture, it accelerated
axillary bud growth and created favorable
conditions for bud explant development.
Additionally, IBA facilitates tissue shoot
elongation, contributing to the formation of a
complete plant during propagation (EIl-Banna
et al., 2023). While auxins are known to
stimulate stem elongation and lateral root
formation, they also inhibit axillary bud
formation and growth by reinforcing apical
dominance (Cao et al., 2023).

CONCLUSION

This study successfully established an
initial in vitro propagation method for L.
cubeba by exploring key processes, including
explant sterilization, axillary bud induction,
and proliferation. Explants were sterilized
using 0.5% HgCl2 for 5 minutes and
subsequently inoculated onto MS medium
supplemented with either 1.0 mg.L™" IBA or
2.0 mg.L" 6-BA to promote axillary bud
sprouting. While the buds exhibited healthy
growth, the induction of new bud formation
was less effective. The findings of this

experiment offer technical support for the
rapid propagation of L. cubeba. However,
further research is needed to optimize bud
production by adjusting the composition of
the culture medium, experimenting with
different  hormones, varying  hormone
concentration ratios, and exploring other
growth conditions.
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