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ABSTRACT

Kaempferia galanga L. or ‘aromatic ginger’ is a stem-less herb in Zingiberaceae having different pharmacological properties like
antioxidant, antimicrobial, nemeticidal, vasorelaxant and wound healing activity. The plant is generally a vegetatively propagated
annual herb; its conservation using conventional methods takes more time to get sufficient amount of planting materials for commercial
cultivation. Micropropagation by in vitro methods helps to overcome the present demand for this high sought medicinal and aromatic
species. At present the concern on in vitro propagation is directed to rhizome or storage organ induction for productive acclimatization
and to reduce the injury during transportation. Microrhizomes are the small rhizomes developed in in vitro conditions and its induction
is an effective biotechnological tool for the production of quality planting materials as they are genetically stable and disease free. The
present study is discussing the role of silver nitrate (AgNO3) along with sucrose in in vitro microrhizome induction in K. galanga for
the first time. MS medium fortified with 2.0 mgl-1 AgNO3 along with 6% (w/v) sucrose produced maximum amount of microrhizomes
i.e., 4.52±0.11 g after 3 months that increased to 5.70±0.20 g in six months of harvesting. Here we also reports the comparative
analysis of chemical constituents in the essential oil of in vivo rhizomes and in vitro microrhizome through GC-MS analysis that
further reveals the superior characteristics of the microrhizomes in terms of the bioactive components ethyl p-methoxy cinnamate and
ethyl cinnamate, the esters that contribute the nematicidal, antituberculosis, anti-inflammatory, antifungal and larvicidal properties to
the oil. This protocol for in vitro microrhizome induction can be used for the commercial production of rhizomes and essential oil in
K. galanga and the outcome of this study can be further used for mass production of pathogen-free microrhizomes and conservation
for its sustainable utilization of the species.
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INTRODUCTION
Kaempferia galanga L.is an endangered medicinal plant
of Zingiberaceae that is extinct in the wild, but available
under cultivation mainly in South East Asia and China for
its aromatic rhizome. The plant is economically important
as the main ingredient of several ayurvedic preparations
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such as Dasamularishta, Valiya rasnadi kasaya, Kaccoradi
churna, Asanaeladi taila, Valya narayana taila and is used
for the healing of rheumatism (Rastogi and Mehrotra 1993;
Sivarajan and Balachandran 1994; Kareem 1997). The
rhizome extract contains n-pentadecane, ethyl p-methoxy
cinnamate, ethyl cinnamate, camphene, borneol, cineol,
p-methoxy styrene, kaempferol and kaempferide (Tewtrakul
2005). The rhizome has stimulatory, expectorant, carminative
and diuretic medicinal properties generally. It possesses a
camphoraceous odour and the decoction prepared from the
rhizome is used for dyspepsia, headache and malaria. K.
galanga essential oil (galangal oil) is having high market
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value (Rs 2000/- for 10 ml, Silky scents L.L.C) (Alsalhi
et al. 2020).
Essential oil compounds were analyzed earlier in its rhizome
by many workers and the plant contains 2.4 to 3.9% volatile
oil (Rao et al. 2009; Raina et al. 2015; Sunitha et al. 2018;
Alsalhi et al. 2020). Ethyl p-methoxy cinnamate present
was found to exhibit anticancer activity which amount
to 30.6% and its vassorelaxation effect was also reported
(Srivastava et al. 2019). The species is conventionally
propagated by rhizomes and there is no seed setting by
natural means. In such circumstances plant tissue culture
based micropropagation is the most efficient propagation
method for quality planting material production. However,
in the rhizomatous species, the micro clones raised through
in vitro cloning are not suitable for direct commercial
planting, as they need at least two generations in green house
to form sufficient quantity of minirhizome for planting in the
field. In vitro microrhizome production can overcome this
hurdle and can be exploited for the utilization of commercial
product of interest thereby overcoming the delay in the
utilization of micropropagated plantlets (Alsalhi et al. 2020;
Srivastava et al. 2021).
The chief advantage of these microrhizomes is that
they are disease free can be directly transferred to the
field without any acclimatization procedure and can be
transported internationally as they do not require any
special measures as well as quarantine (Regunath and
Shameena 2013). Induction of vegetative storage organs
under in vitro conditions their application in planting
material production, in vitro conservation and germplasm
exchange has been reported in many Zingiberaceous species
(Raina et al. 2014; Swarnathilalaka et al. 2016; Nguyen et
al. 2020). Microrhizome production can be done in any
seasons in sterile conditions and they have advantages of
easily storage, transport and can be used in germplasm
conservation. Taking into consideration of these merits, the
present study was undertaken with an effort to establish an
efficient system for microrhizome induction in K. galanga
(Mohamed et al. 2014; Zahid et al. 2021).
Here an attempt has been made to develop a convenient and
effective method for high frequency in vitro micro rhizome
induction in using different concentrations of sucrose
and AgNO3 supplementation to the medium followed by
comparison of chemical constituents in the essential oil of
in vivo rhizomes and in vitro microrhizomes as there exist
some lacuna regarding this aspect in the targeted species.
The system established will be highly beneficial for mass
production of quality planting materials and its economic
utilization as well as germplasm exchange thereby providing
another means of conservation in this species.

tap water, outer scales were removed and washed in 5%
Teepol (v/v) for 20 minutes, again washed in running tap
water and treated with 0.2% bavistin (fungicide) for 10
minutes. After several rinses in distilled water, they were
subjected to sterilization with 0.1% (w/v) HgCl2 for 8-10
minutes followed by 4-5 rinses in sterile distilled water,
then inoculated aseptically in MS (Murashige and Skoog)
medium (Murashige and Skoog 1962) containing 0.5 mgl-1
BA. The initiated shoots were further subcultured to fresh
MS medium augmented with 3.0 mgl-1 BA and 0.5 mgl-1
NAA for stimulating the shoot multiplication (Preetha et
al. 2012). For microrhizome induction, in vitro shoots were
trimmed to 1-1.5 cm length bearing the rhizomatous base
and then inoculated to different media treatments.
To study the effect of sucrose on in vitro microrhizome
induction, varying concentrations of sucrose (3, 6, 9 and
12%) along with 3.0 mgl-1 BA and 0.5 mgl-1 NAA was
checked. To examine the effect of different concentration
of AgNO3 and sucrose in in vitro microrhizome induction,
the in vitro shoots established in 0.3 mgl-1 BA and 0.5 mgl-1
NAA were subcultured to the fresh medium of the same
PGR composition augmented with different concentration
of silver nitrate (1.0 mgl-1 and 2.0 mgl-1) and 3, 6 and 9%
sucrose (w/v). Here two different concentrations of AgNO3
and three different concentrations of sucrose were used.
The different treatments were 1T1 (1.0 mgl-1AgNO3+3%
sucrose), 1T2 (1.0 mgl-1AgNO3+6% sucrose), 1T3 (1.0 mgl1AgNO3+9% sucrose), 2T1 (2.0 mgl-1AgNO3+3%sucrose),
2T 2 (2.0 mgl -1 AgNO 3 +6% sucrose), 2T 3 (2.0 mg l1AgNO3+9% sucrose) respectively. The response of the
cultures were periodically noted for up to six months.
Bulging of basal portion of the stem was taken as the
indication of microrhizome induction.
Experiments were carried out in triplicates with at least ten
explants per treatment. The results were taken after 3 and
6 months respectively. Morphogenic response of plants
regarding the number of shoots, number of shoots, length
of shoots, number of leaves per shoots during these periods
and the amount of microrhizomes produced were recorded
and statistically analysed by one way analysis of variance
(ANOVA) and the means were compared by Duncan’s
multiple range test p ≤ 0.05 using the computer software
SPSS/ PC + version 4.0 (SPSS Inc., Chicago, USA).

Rhizomes of K. galanga L. collected from Kundara, Kollam
District, Kerala, India (JNTBGRI Herbarium Voucher
number TBG 60677) were used as the plant material for
the in vitro shoot culture establishment in the present
study. Fresh rhizomes with axillary buds collected from the
field-grown plants were thoroughly washed under running

Twenty five grams each of microrhizomes and in vivo
rhizomes from the field were subjected to hydro-distillation
using a modified Clevenger-type glass apparatus for 4 h.
The oil samples were separated by using di-ethyl ether and
anhydrous sodium thio sulphate. The GC-MS analysis was
done on a Hewlett Packard 6890 gas chromatograph fitted
with a cross-linked 5% phenyl methyl siloxane HP-5MS
capillary column (30m x 0.32mm, film thickness 0.25 mm)
coupled with a 5973 series selective mass detector. 1.0 ml
of the essential oil was injected. Helium was used as the
carrier gas at 1.4 ml/min. Constant flow mode, with injector
temperature 220 °C and oven temperature 60 °C to 246 °C
(3 °C/min). Mass spectra at electron impact (EI+) mode
were taken at 70 Ev. The oil constituents were identified
by MS library search (WILEY 275), comparison of the
relative retention indices were calculated with respect to
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homologous of n-alkanes (C6-C30, Aldrich Chem.Co.Inc)
and by comparison of mass spectrum reported in the
literature (Dool and Kratz 1963; Adams 2007).

Results and Discussion
Effect of sucrose on Morphogenic response of shoot
culture: In the present experiment the morphogenic
response of K. galanga in different concentration of sucrose
(3, 6, 9 and 12%) (w/v) were recorded after 3 months as
well as 6 months of inoculation. The mean number of
shoot was 4.33±0.31 in 3% (w/v) sucrose (control) which
increased to 9.33±0.33 with the increase of concentration
of sucrose to 9% (w/v). There after it decreased 6.67±0.30
in 12% (w/v) sucrose. The results agree with the findings
in Z. officinale, where maximum number of shoots were
noticed in MS medium supplemented with 8% (w/v) sucrose
while in Kaempferia parviflora MS medium fortified with

6 % (w/v) sucrose produced maximum number (8.5) of
shoots (Mehaboob et al. 2019; Labrooy et al. 2020). Here,
in K. galanga, maximum shoot length (4.51±0.11 cm) was
observed in 6% (w/v) sucrose level. Shoot length reduced
considerably as the concentration of sucrose increased
further. Very short shoots (1.67±0.07) were noticed in MS
medium with 12% (w/v) sucrose (Table 1). Regarding the
number of leaves per shoots, maximum number of leaves
were recorded in 6% (w/v) sucrose and this parameter
remained almost same in the rest of the treatments.
Maximum leaf area (15.17±0.17) was observed in the
highest sucrose concentration tested, i.e., 12% (w/v) and
the leaves were not much expanded in 6 and 9 % (w/v)
sucrose levels. However comparatively large leaves were
seen in the control i.e., 3% (w/v) sucrose. Similar trend
of morphogenic response was exhibited in six months old
cultures also (Fig. 1a).

Table 1. Morphogenic Response of K. galanga in Sucrose Treatments
Sucrose
(%)

3
6
9
12

Number of Shoots
3 months
6 months

Length of Shoots (cm)
3 months
6 months

Leaf Number Per Shoot
3 months
6 months

4.30±0.3c
6.30±0.32b
9.33±0.33a
6.67±0.30b

2.80±0.09c
4.51±0.11a
3.53±0.06b
1.67±0.07d

3.40±0.25b
4.00±0.41a
3.70±0.21b
2.67±0.21c

5.67±0.32d
7.33±0.30c
11.33±0.33a
8.33±0.34b

3.59±0.07b
4.52±0.08a
3.67±0.11b
2.54±0.08c

4.83±0.21b
5.37±0.37a
3.92±0.22c
2.67±0.16d

Leaf Area (cm2)
3 months
6 months
11.75±0.25b
8.00 ± 0.20d
8.67 ± 0.33c
15.17±0.17a

12.00±0.57b
8.50 ± 0.12d
9.33 ± 0.66c
16.00±0.50a

*Data represents mean values of ten replicates repeated thrice, recorded after 3 and 6 months of culture. Mean values followed
by the same letter in the superscript in a column do not differ significantly based on ANOVA and t-test at p ≤ 0.05
Table 2. Effect of Sucrose on Microrhizome induction in K. galanga
Sucrose			
(%)
Weight of Plant (g)
3 months
6 months

Weight of Plant
Without Leaf (g)
3 months
6 months

Weight of
Microrhizome (g)
3 months
6 months

3
6
9
12

1.01±0.00c
4.31±0.09b
7.26±0.14a
4.43±0.06b

0.57±0.01c
2.17±0.05b
2.93±0.08a
1.93±0.03a

5.83±0.08d
15.23±0.11b
18.69±0.45a
11.95±0.06c

11.45±0.09d
13.34±0.07c
20.71±0.13a
19.48±0.43b

2.52±0.06c
3.67±0.02b
10.26±0.05b
10.74±0.10a

0.07±0.03d
2.58±0.01c
3.94±0.03b
3.01±0.04a

*Data represents mean values of ten replicates repeated thrice, recorded after 3 and 6 months of
culture. Mean values followed by the same letter in the superscript do not differ significantly based
on ANOVA and t-test at p ≤ 0.05

Effect of Sucrose on Microrhizome Induction: The
present experiment has analysed the effect of different
concentration of sucrose in inducing microrhizomes
in K. galanga. In some previous studies on Zingibers,
certain specific concentration of sucrose was effective in
microrhizome induction such as 6-8% (w/v) sucrose was
better for Curcuma longa, while 6% (w/v) sucrose was most
effective in Curcuma aromatica and Curcuma zedoaria
(Shirgurkar et al. 2001; Nayak 2000; Anisuzzaman et al.
2008; Zahid et al. 2021). In K. galanga, more amount of
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

rhizomes were observed in 6 and 9% (w/v) sucrose that
produced 2.17±0.05 g and 2.93±0.08 g microrhizomes
after three months (Table 2). However, the amount of
microrhizomes increased predominantly in 6 months old
cultures and maximum quantity was observed in 9% (w/v)
sucrose which produced 3.94 g microrhizomes, while
in 12% (w/v) sucrose 3.01±0.04 g microrhizomes were
recorded (Fig. 1b).
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Figure 1: Microrhizome induction in K. galanga after six
months in sucrose treatments

Maximum plant weight was noticed in 9% (w/v) sucrose
(Table 2). Similarly in Curcuma longa MS medium
supplemented with 60-90g sucrose helped in microrhizome
induction while in Curcuma amada maximum response
was obtained in MS medium supplemented with 80 gl-1 of
sucrose where 76.2% explants formed microrhizomes but

the control failed to induce microrhizome (Sanghamitra
2002; Pramila et al. 2011). Also, the role of sucrose in in
vitro microrhizome induction in another rhizomatous herb
Accorus calamus was reported in previous studies (Devi et
al. 2012). Agreeing with this, in Zingiber species maximum
micorhizome induction was noticed in 8% (w/v) and 10%
(w/v) sucrose and medium containing 6% (w/v) and 12%
(w/v) sucrose failed to produce microrhizomes (Tombisana
and Singh 2015; Zahid et al. 2021).
A healthy and maximum microrhizome production was
reported recently in ginger that was obtained in the MS
medium with 0.5 mgl-1 BA, 0.5 mgl-1 IAA and 8% (w/v)
sucrose under 8-hour photoperiod (Mehaboob et al. 2019).
Our result pattern is concomitant with the findings in
Zingiber officinale, where microrhizomes were induced
when MS medium was supplemented with 4.5 to 9% (w/v)
sucrose. All these findings further substantiates that high
concentration of sucrose treatments have a profound effect
in microrhizome evoking in K. galanga, when compared
to control (3% (w/v) sucrose). High rate of microrhizome
induction with increasing concentration of sucrose may
be due to the presence of high carbon energy in sucrose
because rhizomes mostly store carbohydrate. Very earlier
Bhat et al. (1994) suggested that sucrose might act as an
energy source and an osmoticum in inducing rhizome
formation. Reports of Chirangini et al. (2005) also supports
our findings that rhizomes serve as a sink where assimilates
are uploaded and in an in vitro culture system assimilates
provided as sucrose may have been transported to the stem
for rhizome formation (Bhat et al. 1994; Chirangini et al.
2005; Mehaboob et al. 2019; Zahid et al. 2021).

Table 3. Morphogenic response of K. galanga in AgNO3 and sucrose supplementation
Treatments

Number of Shoots
3 months
6 months

Length of Shoots (cm)
3 months
6 month

1T1
1T2
1T3
2T1
2T2
2T3
Control

7.61±0.24c 8.41±0.36c
8.40±0.24b 9.52±0.34b
9.00±0.36a 10.83±0.24a
9.52±0.28a 12.22±0.03a
7.61±0.24b 10.41±0.01b
4.63±0.12c Stunted growth
4.31±0.31d 5.60 ±0.32

4.26±0.20b
5.00±0.23b
a
5.02±0.24
6.32±0.20a
c
3.23±0.06
4.22±0.06c
a
6.60±0.27
6.95±0.039a
4.75±0.27c
5.01±0.12b
c
4.16±0.21 Stunted growth
2.84±0.09d
3.63±0.07d

Leaf Number Per Shoot
3 month
6 month
5.41±0.18a
6.24±0.17a
b
4.22±0.29
5.81±0.25b
c
3.75±0.18
4.23±0.19c
a
5.00±0.21
6.32±0.67a
4.33±0.28b
5.35±0.04b
c
3.42±0.34 Stunted growth
3.41±0.25d
4.86±0.21d

Leaf Area (cm2)
3 month
6 month
6.55±0.31c
7.5±0.14c
b
7.76±0.14
8.2±0.31b
a
8.26±0.14
9.6±0.42a
b
8.36±0.20
9.0±0.02b
11.80±0.55a 12.7±0.43a
7.40±0.21c Stunted growth
11.8 ± 0.25a 12.0±0.05a

*Data represents mean values of ten replicates repeated thrice, recorded after 3 and 6 months of culture. Mean values followed
by the same letter in the superscript do not differ significantly based on ANOVA and t-test at p ≤ 0.05.

Effect of Sucrose and AgNO3 on Morphogenic Response
of Shoot Cultures: The second set of experiments of the
present study has analyzed the morphogenic responses in
terms of different concentration of silver nitrate and sucrose
supplementation during in vitro culturing of K. galanga.
AgNO3 is a salt of silver and it is commonly used as an antiethylene compound in plant tissue culture (Sarropoulo et
al. 2016). Significant variation was noticed among different
parameters analysed in different period of data collection
here also. Among the various treatments, 2T1 evoked the
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production of maximum number of shoots (9.5±0.29)
after 3 months of culturing than the control (4.3±0.31) and
these shoots were comparatively elongated also. In MS
medium augmented with 1.0 mgl-1 AgNO3 and varying
concentration of sucrose (Treatments 1T1, 1T2, 1T3), the
mean number of shoots as well as leaf area exhibited a linear
increase with the increase in the concentration of sucrose
in the nutrient medium both in 3 months and 6 months
of observation (Table 3). A gradual increase in the mean
shoot length (4.26±0.20 cm to 5.02±0.24 cm) was noticed
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Vidya VR et al.,
as the concentration of sucrose was increased to 6% (w/v)
which suddenly dropped to lower values (3.23±0.06) when
the sucrose concentration was 9% (w/v) upon 3 months of

culture. This trend repeated after 6 months of observation
also. Effect of AgNO3 on shoot multiplication was already
reported in Sphaeranthus indicus and in Moringa oleifera
(Harathi et al. 2016; Drisya et al. 2019).

Table 4. Effect of sucrose and AgNO3 on Microrhizome Induction in K. galanga
Treat			
ments
Weight of Plant (g)
3 months
6 months
1T1
1T2
1T3
2T1
2T2
2T3
Control

7.83±0.12c
10.25±0.09c
b
9.90±0.15
12.57±0.09b
a
10.66±0.09
14.56±0.07a
b
16.70±0.11
18.78±0.10b
a
17.09±0.12
19.68±0.16a
c
11.10±0.13 Stunted growth
3.09±0.09d
3.42±0.097d

Weight of Plant
Without Leaf (g)
3 months
6 months
2.64±0.035c 3.21±0.09c
3.18±0.09b
4.12±0.02b
a
4.40±0.08
5.57±0.05a
b
5.75±0.07
7.68±0.05b
a
7.47±0.17
9.63±0.02a
c
4.87±0.05 Stunted growth
1.99±0.08d
2.00±0.07d

Weight of
Microrhizome (g)
3 months
6 months
1.57±0.05c
2.35±0.03c
b
2.22±0.01
3.54±0.04b
a
3.24±0.06
4.66±0.01a
b
2.65±0.06
3.01±0.05b
a
4.53±0.11
5.70±0.20a
b
2.23±0.01 Stunted growth
0.98±0.02d
1.08±0.01d

*Data represents mean values of ten replicates repeated thrice, recorded after 3 and 6 months of
culture. Mean values followed by the same letter in the superscript do not differ significantly based
on ANOVA and t-test at p ≤ 0.05.
Figure 2: Microrhizome induction in K. galanga shoots in
sucrose and AgNO3

The mean number of leaves per shoots gradually decreased
with regard to the increase in the concentration of sucrose
in both periods of data recording and the leaf area exhibited
linear increase in the values but were having comparatively
lesser area than control (Table 3). While the level of AgNO3
was increased to 2.0 mgl-1with varying concentration of
sucrose (Treatments 2T1, 2T2, 2T3), a linear reduction in
the mean number of shoots and mean length of shoots was
noticed. Though 2T1 executed maximum shoot production
i.e., 9.52±0.29 after 3 months and 12.22±0.04 after 6
months, it significantly reduced to 7.6±0.24 and 10.4±0.02
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

after 3 months and 6 months respectively as the sucrose
concentration was elevated to 6% (w/v). Further increase
in the concentration of sucrose to 9% (w/v) i.e., treatment
2T3 produced a significant decrease in the mean number of
shoots after 3 months (4.63±0.12 shoots) (Fig. 2a) and as the
culture period was extended to 6 months, the shoots become
stunted. Similar trend was apparent with the mean length
of shoots and mean number of leaves per shoot (Table 3).
Statistically significant leaf area was observed in 2T2 and
control, while in 2T1, the leaves were less expanded and in
2T3 the shoots were stunted and died in six months, hence
insufficient to calculate the leaf area (Table 3) (Drisya et
al. 2019).
It has been experimentally proved that AgNO3 reduces
ethylene production by inhibiting amino cyclopropane-1
carboxylic acid (ACC), present in ethylene biosynthetic
pathway (Kumar et al. 2009). Ethylene hormone attaches
to its receptors in the presence of copper ions. It has been
proved that silver ions could be substituted by copper ions
because of similarity in size and thus blocks the receptors
and prevent the response from ethylene (Kumar et al. 2016).
In addition to the inhibitory effect of silver ions on ethylene
and growth stimulation, nitrate in AgNO3 as the main source
of nitrogen and its interference in the structure of amino
acids and nucleic acids, is one of the growth factors in
plants leading to longitudinal growth of roots and shoots
and increased leaf area as observed in K. galanga ((Sun et
al. 2017). At the same time AgNO3 increases the production
of polyamines, having a common precursor (S-adenosyl
methionine) with ethylene. The metabolism of polyamines
is related to the production of NO, which is an essential
signaling component for plant growth (Pal et al. 2015;
Agurla et al. 2017; Mohd et al. 2018). This substantiates
the necessity of an in depth study on the role of polyamines
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in plant growth and development and the effects on plant
signaling substances which would further provide a concrete

evidence for the stimulatory effect of AgNO3 on plant
growth responses as observed in the present study.

Table 5. Essential oil components in in vivo rhizome of K. galanga
Peak
number

Retention
time

Abundance
Compound
%		

Common
name

Chemical
formula

53
43.218
12.219
n-Hexadecanoic acid	Palmitic acid
C16H32O2
8
17.00
6.447, 2.508
n-Decanoic acid
Capric acid
CH3(CH2)8COOH
5
11.832
4.468
Octanoic Acid
Caprylic Acid
C8H16O2
29
29.144
3.082
Dodecanoic acid
Lauric acid
C12H24O2
64
49.196
3.948
Octadecanoic acid
Stearic acid
C18H36O2
42
36.434
3.924
Tetradecanoic acid
Myristic acid
C14H28O2
60
47.012
3.920
2(3H)-Furanone,
Gamma
C16H30O2
			
5-dodecyldihydro
palmitolactone
61
47.904
3.255	RH-Pyran-2-one,
δ-tetradecalactone
C14H26O2
			
tetrahydro-6-nonyl
41
35.686
2.132
2-Propenoic acid,3
Ethyl p-methoxy
C12H14O3
			
(4-methoxyphenyl)-ethyl ester
cinnamate
21
24.804
0.795
2-propenoic acid ,
Ethyl cinnamate
C 11H12O2
			
3-phenyl,ethyl ester
Figure 3: GC-MS -Chromatogram of In vivo
microrhizome oil of K. galanga

Effect of AgNO 3 and Sucrose on Microrhizome
Induction: To study the effect of AgNO3 on microrhizome
induction in K. galanga MS medium supplemented different
concentration sucrose with AgNO3 (1.0 and 2.0 mgl-1) or
without AgNO3 were tested. Results were taken after three
months and six months as in the previous experiment. MS
medium supplemented 1.0 mgl-1 AgNO3 along with 9%
(w/v) sucrose (1T3) produced 3.24±0.07 g microrhizomes in
three months of culture and after six months the weight of
rhizomes increased to 4.66±0.01g (Table 4). These cultures
showed a significant increase in number of shoots, weight of
plant and amount of rhizomes. Weight of the plant recorded
was 10.66±0.09 g after three months and it was raised to
14.56±0.07 g after six months.
MS medium containing 2.0 mgl-1 AgNO3 along with 6%
(w/v) sucrose produced 4.53±0.11g in vitro rhizomes
in three months of culture and the amount increased
significantly after 6 months (5.70±0.20g) (Fig. 2b, Table
4). Similarly, in ginger plantlets microrhizomes size was
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improved in MS medium supplemented with 1.9 mgl-1
AgNO3 and 80 gl-1 sucrose (Nguyen et al. 2020). In the
present study, MS medium fortified with 3% (w/v) sucrose,
but without AgNO 3 (control) produced least number
of shoots and microrhizomes. Here it is very clear that
AgNO3 has a significant promoting effect on microrhizome
induction. The positive effects of AgNO3on microrhizome
induction can be attributed to the binding of Ag2+ cations to
ethylene receptors at the cell membrane thereby interfering
with the typical inhibitory effect of ethylene on organ size’s
elongation and determination as established in ginger
(Nguyen et al. 2020).
However, in our experiment, higher concentration of AgNO3
(2.0 mgl-1) along with 9% (w/v) sucrose (2T3 treatment)
showed an inhibitory effect on in vitro microrhizome
induction in K. galanga. Ethylene inhibitory effect of
AgNO 3 was reported in many other works. Similar
inhibitory effect of AgNO3 in concentrations higher than
11 µM is already reported in two species of ginger. Here
we have discussed the combined effect of sucrose and
AgNO3 on microrhizome induction in K. galanga. In the
light of the findings established here it can be concluded
that sucrose and AgNO3 played an important role in in
vitro microrhizome induction in K. galanga (Ticona and
Oropeza 2013; Singh et al. 2013; Moniuszko 2015; Nguyen
et al. 2020).
GCMS Analysis of Essential oils from in vivo rhizomes
and Microrhizomes: Essential oils collected from in
vivo rhizomes and in vitro microrhizomes of K. galanga
were analysed by GC-MS and the composition of both
rhizome oils are shown in Tables 5 and 6 respectively. As
per GC-MS analysis, there were 79 components present
in in vivo rhizome oil and most of the compounds are
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS
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present in lower amounts (Fig. 3). Some of the major
compounds and their reported activities are represented
in Table 5. Palmitic acid (12.219%) was detected as the
predominant compound in in vivo rhizome oil. In addition
to this, capric acid (8.955 %), caprylic acid (4.468 %),
lauric acid (3.082 %), myristic acid (3.924 %), stearic acid
(3.948%), ethyl-p-methoxy cinnamate (2.132%) and ethyl
cinnamate (0.795%) are also detected in in vivo rhizome

oil sample. In in vitro microrhizome oil, there were 74
compounds upon by GC-MS analysis. Ethyl-p-methoxy
cinnamate (58.088%) was detected as most abundant
component. Remaining compounds present in in vitro
rhizome oils were ethyl cinnamate (10.155%), octahydro-4a
(2H)-naphthalinyl methanol (2.045%), borneol (1.349%),
pentadecane (1.482%), α-cadinol (0.729%) and retinol
(0.501%) (Table 6).

Table 6. Essential oil components in in vitro microrhizome of K. galanga
Peak
number

Retention
time

Abundance
Compound
%		

Common
name

48
35.845
58.088
2-Propenoic acid,3
Ethyl p-methoxy cinnamate
			
(4-methoxyphenyl)-ethyl ester
14,15
24.822, 25.290 9.774.0.381
2-propenoic acid ,
Ethyl cinnamate
			
3-phenyl,ethyl ester
3
12.231
1.349
Borneol
Borneol
19
26.205
1.482	Pentadecane
Alkane hydrocarbon
37
31.980
0.729
α-Cadinol
Cadinane sesquiterpenoid
30
30.187
0.633
12-Oxybicyclo[9.1.0]dodeca-3,
Humulene epoxide 2
			
7diene,1,5,5,8-tetramethyl
59
47.323
0.501	Retinol	Retinol
s40
32.517
0.413
Caryophyllene
Bicyclic sesquiterpene

Figure 4: GC-MS -Chromatogram of In vitro
microrhizome oil of K. galanga

Chemical
formula
C12H14O3
C11H12O2
C10H18O
C15H32
C15H26O
C15H24O
C20H30O
C15H24

et al. 2012). According to Ajay (2014) monoterpenes
and sesquiterpenes were found in the essential oil of K.
galanga rhizomes which also may contribute the flavour
and fragrance properties to the oil. Anti-cancer activity of
K. galanga was due to the presence of the compound ethyl
p methoxi cinnamate and vassorelaxation effect of ethyl
p- methoxy cinnamate in K. galanga was also reported
in previous studies (Srivastava et al. 2019; Srivastava et
al. 2021). In our experiment a good percentage (58%) of
ethylp methoxy cinnamate was detected from microrhizome
oil sample.

CONCLUSION
Great variation was noticed in the case of chemical
constituents in in vivo rhizome and in vitro microrhizome
as per GC-MS analysis. Based on previous reports ethylp-methoxy cinnamate and ethyl cinnamate were the
predominant bioactive compounds in the essential oils
of K. galanga and their presence was detected in both
samples analyzed here. The percentage of ethyl-p- methoxy
cinnamate and ethyl cinnamate was comparatively higher
in in vitro microrhizome (Fig. 4) than the in vivo rhizome,
which was the control sample. Most of the compounds
found in the essential extracted here have been reported to
exhibit significant biological activities. The major among
them viz. ethyl cinnamate and ethyl-p-methoxycinnamate
are esters which contribute the nematicidal, anticancer,
antituberculosis, anti-inflammatory, antifungal and
larvicidal properties to the oil (Liu et al. 2010; Muhammad
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

The findings of the present study reports the technology for
microrhizome induction using sucrose and AgNO3 in K.
galanga which can be effectively used to produce quality
planting material at affordable price for commercial purpose.
In GC-MS analysis, there were 79 components present in
in vivo rhizome oil and on par with these 74 components
were detected in microrhizome oil. The findings established
here offers the development of a novel method for the
extraction of volatile oil from microrhizomes which can be
further scaled up by bioreactor technology. This protocol
for microrhizome induction can be used for the commercial
production of rhizomes and essential oil in K. galanga and
thus ensuring the conservation and sustainable utilization
of this species.
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