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Abstract
The present investigation was carried out to establish an efficient and reproducible micropropagation protocol for the pro-
duction of morphologically, genetically and chemically uniform plants of Curcuma zedoaria. Axillary bud explants of C. 
zedoaria were inoculated into MS basal medium supplemented with various combinations and concentrations of 6-benzy-
ladenine (2.2–22.2 µM, BA), kinetin (2.3–23.2 µM, Kin), indole-3-acetic acid (2.9–11.4 µM, IAA), α-naphthalene acetic 
acid (2.7–10.2 µM, NAA) and adenine sulphate (33.9–203.6 µM, Ads). Almost 95% of rhizome buds sprouted on MS 
medium supplemented with 13.3 μM BA, 5.7 μM IAA and 63.9 μM Ads giving rise to an average of 12.89 ± 0.02 shoots 
within 6 weeks. However, the maximum number of roots (25.8 ± 0.07 roots per explant) was obtained on half strength MS 
medium supplemented with 7.4 µM of IBA after 4 weeks of inoculation. Morphological characteristics were similar in both 
conventionally propagated and micropropagated plants. Additionally, genetic homogeneity of in vitro plants was further con-
firmed through ISSR and flow cytometry analysis. A total of 27 ISSR primers were screened, out of which 13 ISSR primers 
generated 58 monomorphic and reproducible bands thereby confirming the genetic uniformity of obtained plants. The mean 
2C DNA content of the mother plant (2.96 pg) was similar to that of in vitro derived plants (3.07 pg). Gas chromatography-
mass spectrometry (GC–MS) analysis showed similarity in the qualitative profile of chemical constituents of essential oil 
and high-performance liquid chromatography analysis revealed no significant differences in curcumin content in the tissue 
culture regenerants and mother plants of C. zedoaria. Therefore, the present micropropagation protocol could be effectively 
employed to generate true to type plantlets of C. zedoaria.
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Introduction

Curcuma zedoaria (Christm.) Roscoe. (Zingiberaceae) also 
known as white turmeric is a rhizomatous herb, widely 
cultivated throughout Asia (Lobo et al. 2009; Tariq et al. 
2016). The rhizomes are used for treating stomach diseases, 
leucoderma, tuberculosis, toothache and menstruation (Lak-
shmi et al. 2011). Curcuma zedoaria possesses remarkable 

antioxidant, antifungal, antimicrobial and anti-inflammatory 
properties (Ayati et al. 2019; Lee et al. 2019; Lourembam 
et al. 2019). The medicinal properties of C. zedoaria can 
be attributed to the presence of diverse constituents such as 
terpenoids, flavonoids, and phenylpropanoids (Tariq et al. 
2016). There is an ever increasing demand of C. zedoaria 
and its important phytochemicals like curcumin, in the 
international market. Curcumin is a bioactive phenylpropa-
noid present in Curcuma species and is extensively used 
in traditional medicine due to its outstanding anti-cancer, 
antioxidant, anti-inflammatory and antimalarial properties 
(Rahmani et al. 2018; Shakeri et al. 2019; Carolina Alves 
et al. 2019). Slow multiplication rate of rhizomes by the 
conventional propagation and high susceptibility of the plant 
to rhizome rot diseases are the major stumbling blocks in 
commercial cultivation of C. zedoaria (Bharalee et al. 2005; 
Stanly and Keng 2007). Additionally, continuous habitat loss 
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and indiscriminating uprooting of rhizomes have enlisted 
the plant as critically threatened in the wild (Islam 2004; 
Anisuzzaman et al. 2008). Therefore, the present study was 
carried out to develop an efficient and reproducible micro-
propagation system for large-scale commercial production 
of C. zedoaria. Micropropagation is generally used for rapid 
and large scale production of several medicinal plants spe-
cies including Curcuma species, such as Curcuma angus-
tifolia (Jena et al. 2018), Curcuma caesia (Zuraida 2013), 
Curcuma longa (Panda et al. 2007) and Curcuma amada 
(Prakash et al. 2004). However, there is a possibility of 
somaclonal variation in the tissue culture regenerants due 
to the presence of genetic obstruction which can limit the 
broader utility of the plant tissue culture techniques (Salvi 
et al. 2001). For the commercial utilization of tissue cul-
ture technique, it is necessary to evaluate the genetic fidelity 
of in vitro regenerants. Among molecular markers, ISSR 
markers being polymorphic, reproducible and informative 
is widely used for estimating genetic stability of tissue cul-
ture-derived plants (Xing et al. 2010; Werner et al. 2015; 
Saha et al. 2016; Tripathi et al. 2018). Molecular markers 
along with flow cytometry technique have been successfully 
employed for the assessment of genetic uniformity of in vitro 
regenerants (Liu et al. 2011; Alatar et al. 2017; Konar et al. 
2018). Flow cytometry analysis is commonly used for the 
estimation of genome size and ploidy changes in the in vitro 
regenerants (Rewers et al. 2012).

Few studies have been established on the in vitro propa-
gation of C. zedoaria (Loc et al. 2005; Bharalee et al. 2005; 
Stanly and Keng 2007; Shahinozzaman et al. 2013), however 
they failed to evaluate the genetic and biochemical uniform-
ity of tissue culture raised plants. Thus, the present work 
was carried out to establish an efficient method for rapid 
plant regeneration of genetically uniform C. zedoaria, which 
could be utilized for large scale propagule production. Fur-
ther an attempt was made to verify the genetic fidelity of 
clonally raised plants by ISSR and flow cytometry analysis. 
Subsequently, validation of chemical uniformity among the 
regenerated plants and the mother plant of C. zedoaria were 
tested by assessing the essential oil profile and and curcumin 
content using GC–MS and HPLC analysis.

Materials and methods

Plant material and explant preparation

The axillary bud explants were obtained from the 2 years old 
plant of C. zedoaria growing in the greenhouse of Centre for 
Biotechnology, Siksha ‘O’ Anusandhan (Deemed to be Uni-
versity), Odisha, India (Fig. 1a). The collected explants were 
rinsed under running tap water followed by washing in liquid 
detergent (Extran, Merck, Mumbai, India). Thereafter, the 

explants were washed with sterile double distilled water fol-
lowed by surface sterilization with mercury chloride  (HgCl2, 
0.1%) for 3–4 min. The sterilized axillary buds were washed 
with sterile water before inoculation.

Shoot induction and plantlet formation

Axillary bud were maintained in a culture tube contain-
ing MS basal medium supplemented with 6-benzyladenine 
(2.2–22.2 µM, BA), kinetin (2.3–23.2 µM, Kin), indole-
3-acetic acid (2.9–11.4 µM, IAA), α-naphthalene acetic acid 
(2.7–10.2 µM, NAA) and adenine sulphate (33.9–203.6 µM, 
Ads) either individually or in combination for shoot multipli-
cation. The pH of the media was adjusted to 5.8 before gel-
ling with 0.8% (w/v) agar. The culture tube was autoclaved 
at 121 °C for 20 min. Further, auxiliary buds were aseptically 
cultured on MS basal medium with different combinations 
and concentrations of cytokinins and auxins. The culture 
tubes were incubated at 25 ± 1 °C in a tissue culture room 
under a light dark cycle of 16:8 h and white fluorescent light 
with 50 µmol m2/s light intensity. MS basal medium without 
any plant growth hormones was taken as control.

Rooting and acclimatization of plantlets

For adventitious rooting, in vitro derived shoots (3–4 cm 
long) were removed from the culture vessels and were 
transferred into half strength MS medium supplemented 
with various concentrations of IAA and IBA alone. After 
4 weeks of subculture in root induction medium, the rooted 
plants were taken out from the culture bottle and rinsed with 
autoclaved double distilled water. The plantlets were then 
shifted to small pots filled with autoclaved soil, sand and 
cow dung with an equal proportion of 1:1:1 in the growth 
chamber for acclimatization and maintained at 24–25 °C and 
80–90% relative humidity. After 30 days of acclimatization, 
plantlets were successfully shifted to the ex vitro condition 
for maturity. Both micropropagated and field grown plants 
were compared for different morphological, biochemical 
and molecular characteristics. After 2 years, a comparative 
morphological study was carried out by randomly selecting 
20 replicates each for field grown tissue culture plants and 
the mother plant of C. zedoaria.

Molecular analysis

The total genomic DNA was extracted from the fresh leaf of 
both mother plant as well as 20 in vitro propagated plants of 
Curcuma zedoaria independently using modified cetyltrime-
thyl ammonium bromide (CTAB) method as mentioned by 
Doyle and Doyle (1987). DNA was quantified at 260 nm and 
purity was checked using the ratio of 260/280 nm. PCR reac-
tions were performed in a final volume of 25 µl comprising 
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25 ng of template DNA, 5 pM each primer, 10X reaction 
buffer containing 15 mM  MgCl2 (Bangalore Genei), 200 µM 
of each dNTP (Bangalore Genei) and 3U/µl of Taq poly-
merase (Bangalore Genei). Amplification of genomic DNA 
was performed using thermal cycler (Applied Biosystems 
Veriti 96 Well Thermal Cycler) and programmed as follows: 
preliminary step at 94 °C for 5 min, followed by 40 cycles of 
1 min denaturation at 94 °C, 1 min of annealing followed by 
2 min of extension at 72 °C followed by 7 min of final exten-
sion at 72 °C. Amplified reaction products were resolved 
electrophoretically on 1.5% agarose gel stained with 0.5 µg/
ml of ethidium bromide and visualized under UV light using 
a gel documentation system (BioRad, CA, USA).

Flow cytometry analysis

The nuclear DNA content of both micropropagated and 
conventionally propagated plants of Curcuma zedoaria was 
performed using a previously described method of Jena et al. 
(2018). Briefly, leaf samples of both the plant were homog-
enized and treated with Otto 1 buffer followed by the addi-
tion of propidium iodide (50 µM) and RNAse (100 µM). The 
reference standard was set as Glycine max. The nuclear sus-
pension of treated samples was filtered and analyzed using 
flow cytometry.

Essential oil analysis

For GC–MS analysis of essential oil, rhizome and leaf 
of following plant material was selected: in vitro derived 
plants obtained from axillary buds and cultured on MS 
medium containing 13.3 μM BA, 5.7 μM IAA and 63.9 μM 
Ads and maintaining it for 1 year by sub culturing and then 
transferring to field for 2 years and conventionally propa-
gated plants grown in field for 2 years. The essential oil 
was extracted by hydrodistillation according to the method 
of Guenther (1972), using a Clevenger-type apparatus. The 
extracted essential oils were dehydrated over anhydrous 
 Na2SO4. GC–MS analysis was performed on Clarus 580 
Gas Chromatograph (Perkin-Elmer, USA) equipped with 
an Elite-5 MS capillary column (30 m length, 0.25 mm 
internal diameter and 0.25 µm film thickness) and coupled 
with a SQ-8 MS detector. 0.1 µl volume of essential oil 
was injected. The oven temperature was programmed at 
60 °C then increased to 220 °C at a rate of 3 °C per min 
and the final temperature was kept for 7 min at 220 °C. 
Helium at a flow rate of 1 ml/min was used as a carrier gas. 
The injector and transfer interface temperature was kept 
at 250 °C. Mass spectra were recorded at 70 electron volt. 
The source temperature was kept at 250 °C.

Fig. 1  Curcuma zedoaria (a) control plant (b) axillary bud as 
explant (c) multiple shoot induction within 6  weeks supplemented 
with 13.3 µM BA, 5.7 µM IAA and 63.9 µM Ads (d) well developed 

rooted plantlets were transferred to ex vitro conditions (e) acclima-
tized plantlets after 2 years in field
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The identification of the compounds was based on com-
parison of the mass spectra (MS) data obtained for each 
compound with inbuilt spectral library (NIST 08). Addi-
tional confirmation was carried out by measuring the reten-
tion indices using straight chain alkane  (C8–C20) series and 
comparing the obtained retention indices values with pub-
lished literature (Adams 2007).

Sample preparation and HPLC analysis

In vitro regenerants obtained from axillary buds cultured 
on MS medium supplemented with 13.3 μM BA, 5.7 μM 
IAA and 63.9 μM Ads and maintaining it for 1 year by sub 
culturing and then transferring to field for 2 years and con-
ventionally propagated plants grown in the field for 2 years 
were used for HPLC analysis. Rhizomes of both tissue cul-
ture raised plants and mother plants of C. zedoaria were 
powdered and subsequently extracted with methanol for 6 h 
using a soxhlet apparatus. The prepared extract was filtered, 
concentrated using rotary evaporator and stored in airtight 
container at 4 °C until analysis. The dried extract (0.5 g) 
was mixed in 50 ml of HPLC grade methanol. The stock 
solution of standard (curcumin, 0.2 mg/ml) was prepared 
by dissolving 1 mg of curcumin in 5 ml of methanol. All the 
solvent used in this study were analytical grade. Standard 
and sample were filtered through 0.22 micron filter mem-
brane prior analysis.

A modular HPLC system (Shimadzu, Kyoto, Japan) con-
sisting of two LC-20 AD pump, a Rheodyne 8125 injector, 
an SPD-20A diode array detector, a CBM-20A controller 
and CT0-20AC column oven was used for estimating cur-
cumin content. The separation was carried out on a reverse 
phase Shimpak C18 column (Shimadzu, Kyoto, Japan, 
250 × 4.6 mm ID, 5 µm). Separation was achieved in the gra-
dient mode, using mobile phase of acetonitrile (A) and 0.1% 
formic acid (B) which were as follows: 0–7.0 min, 40–64% 
B; 7–10 min 64–90% B and 10–20 min 90% B. Elution was 
carried out at a column temperature of 35 °C, a flow rate of 
1.0 ml/min and a run time of 20 min. The injection volume 
was 20 µl. The detection wavelength was set at 425 nm.

Experimental design and statistical analysis

The experiments were set according to completely rand-
omized design and all the experiments (no. of shoots per 
explant, % of shoot initiation, no of roots per explant,  % of 
root response) were performed in triplicates by taking twenty 
explants for each experiment. The results were expressed 
using mean ± SD and the significant difference between the 
mean were evaluated using analysis of variance (ANOVA) 
followed by Tukey’s HSD test at p < 0.05 using Minitab 17 
statistical software (Minitab Inc, PA, USA).

Results

Plant multiplication

The axillary buds of the conventionally propagated plant 
of C. zedoaria were used as explants (Fig.  1b). The 
explants grown only on MS basal medium were consid-
ered as control as they did not exhibit any shoot induction. 
Therefore for optimum shoot induction and multiplication 
of shoot from inoculated explant, various experiments 
were performed with several concentration of auxins and 
cytokinins alone and in combinations. The shoot bud 
multiplication increased on increasing the concentration 
of BA from 2.2 to 13.3 µM. When the BA concentration 
increased beyond 13.3 µM, it did not show any positive 
effect on shoot multiplication of C. zedoaria. From the 
results it was observed that apart from BA, Kin, NAA 
and IBA did not showed much response of root induction 
(Table 1). Among the media concentration tried for BA, 
13.3 µM was found to give maximum response of shoot 
induction (90%) producing 7.6 ± 0.31 shoots/explant. On 
incorporation of IAA (5.7 µM) and Ads (63.9 µM) in the 
BA (13.3 µM) containing culture medium shoot multipli-
cation response increased to 95% producing maximum of 
12.9 ± 0.37 shoots per explant (Fig. 1c). From the present 
findings, it was observed that higher concentration of BA 
and Ads with a lower concentration of IAA, resulted in 
better shoot multiplication response. However, less num-
bers of shoots were obtained on MS media fortified with 
2.3 µM of Kin (1.8 shoots/explant).

In vitro rooting and acclimatization 
of micropropagated plants

For adventitious rooting, microshoots (3–4 cm long) were 
sub cultured on half strength MS medium containing IAA 
or IBA at different concentrations. It was observed that 
when fully grown shoots were rooted on the half strength 
MS media supplemented with IBA (7.4 µM), maximum 
number of roots (25.8 ± 0.07 roots/explant) were observed 
whereas, no roots were observed in control media even 
after 4 weeks of inoculation (Fig. 2). Healthy plants having 
well-developed roots were removed from the culture bottle 
and successfully transferred to pots filled with soil, sand 
and cow dung (1:1:1) for hardening in a growth chamber 
(Fig. 1d). After 30 days, plantlets were later shifted to 
ex vitro condition and about 98% of the in vitro regener-
ants survived when transferred to field condition (Fig. 1e). 
After 2 years of field establishment of micro propagated 
plant of C. zedoaria, morphological parameters such as 
plant height, tiller number, leaf width and leaf length 
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were assessed and compared with that of mother plant. No 
significant changes were observed in the morphological 
characters between the tissue culture raised and conven-
tionally propagated plants of C. zedoaria, thus confirming 
that in vitro derived plants were morphologically similar 
to that of the mother plant (Table 2). These results can be 

attributed to the genetic stability of axillary derived and 
conventionally grown plants of C. zedoaria. Similar find-
ings showing no differences in the morphological attrib-
utes were observed in meristem derived and convention-
ally propagated plants of Strawberry (Naing et al. 2019). 

Table 1  Effect of various 
plant growth regulators on 
in vitro shoot initiation and 
multiplication of Curcuma 
zedoaria 

The values represent the mean ± SD of three independent experiments. Twenty explants were raised for 
each experiment and the experiments were repeated thrice. Mean having different letter in a column were 
significantly according to Tukey’s HSD test at p < 0.05. MS media devoid of any plant growth regulators is 
considered as control
BA 6-benzyladenine, NAA α-naphthaleneacetic acid, IAA indole-3-acetic acid, Kin kinetin, Ads adenine sul-
phate

MS media with growth regulators (µM) % of shoot 
initiation

No of shoots per explant

BA Kin IAA NAA Ads

0.0 0.0 0.0 0.0 0.0 0p 0.0 ± 0.00v

2.2 – – – – 65e 3.3 ± 0.11jkl

4.4 – – – – 50 h 4.8 ± 0.11 g

13.3 – – – – 85b 7.6 ± 0.31e

22.2 – – – – 70d 4.3 ± 0.18ghi

– 2.3 – – – 65e 1.8 ± 0.06qrs

– 4.6 – – – 45i 2.9 ± 0.13klmn

– 13.9 – – – 55 g 4.7 ± 0.23gh

– 23.2 – – – 50 h 3.4 ± 0.18jk

– – 2.9 – – 30 l 1.9 ± 0.08qrs

– – 5.7 – – 35 k 2.3 ± 0.05nopq

– – 8.6 – – 25 m 1.1 ± 0.06tu

– – 11.4 – – 20n 0.8 ± 0.07tu

– – – 2.7 – 20n 1.1 ± 0.08tu

– – – 5.4 – 25 m 1.3 ± 0.04st

– – – 8.1 – 20n 0.8 ± 0.01tu

– – – 10.2 – 15o 0.6 ± 0.01uv

– – – – 33.9 50 h 2.0 ± 0.12pqr

– – – – 63.9 65e 4.1 ± 0.05hi

– – – – 135.7 45i 2.1 ± 0.11opq

– – – – 203.6 40j 1.0 ± 0.06tu

13.3 2.3 – – – 65e 1.8 ± 0.04qrs

13.3 4.6 – – – 65e 2.6 ± 0.09mnop

13.3 13.9 – – – 55 g 2.4 ± 0.06nopq

13.3 23.2 – – – 50 h 1.4 ± 0.08rst

13.3 – 2.9 – – 60f 5.6 ± 0.22f

13.3 – 5.7 – – 85b 9.8 ± 0.42c

13.3 – 8.6 – – 70d 7.2 ± 0.26e

13.3 – 11.4 – – 60f 6.1 ± 0.52f

13.3 – – 2.7 – 55 g 2.2 ± 0.13opq

13.3 – – 5.4 – 50 h 3.9 ± 0.22ij

13.3 – – 8.1 – 65e 3.1 ± 0.15klm

13.3 – – 10.2 – 60f 2.7 ± 0.12lmno

13.3 – 5.7 – 33.9 85b 9.6 ± 0.38c

13.3 – 5.7 – 63.9 95a 12.9 ± 0.47a

13.3 – 5.7 – 135.7 85b 10.5 ± 0.32b

13.3 – 5.7 – 203.6 80c 8.7 ± 0.21d
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Genetic homogeneity of regenerants

In order to assess the genetic uniformity, ISSR banding pat-
tern of both tissue culture raised and conventionally propa-
gated plants of Curcuma zedoaria was carried out. Out of 
27 ISSR primers initially screened, 13 primers produced 58 
well resolved and reproducible bands ranging from 350 to 
2500 bp in size (Table 3). A total of 1218 bands produced 
monomorphic banding patterns across 20 micropropagated 
plants and mother plant thereby confirming generic uniform-
ity among all plants analyzed (Fig. 3). The total number of 
bands amplified per primer ranged from 3 to 8 with a mean 
of 4.46 bands per primer. The representative gel pic of ISSR 
24 and ISSR 12 are depicted in Fig. 3a, b, respectively. The 
gel photographs of remaining 11 primers are given as sup-
plementary file (Figs S1–S3). The result obtained from the 

ISSR analysis confirmed absence of DNA polymorphism 
among tissue culture raised and conventionally propagated 
plant of C. zedoaria.

Genetic integrity of tissue culture regenerants with that 
of the mother plant of Curcuma zedoaria was further con-
firmed by measuring their 2C DNA content. In the present 
investigation, nuclear suspension of young leaves from tis-
sue culture raised plants and mother plant of C. zedoaria 
were subjected to flow cytometry analysis. Flow cytometric 
histograms indicated two peaks: the first peak representing 
nuclei in the G1 phase of the cell cycle of C. zedoaria, while 
the second peak representing nuclei in the G1 phase of the 
internal standard (Glycine max) (Fig. 4). The mean 2C DNA 
content of tissue culture regenerants with that of the field 
grown mother plant of C. zedoaria was found to be 3.07 and 
2.96 pg, respectively, thereby revealing low level of differ-
ence in their nuclear DNA content.

Evaluation of biochemical fidelity

The biochemical stability of in vitro regenerants was esti-
mated by measuring essential oil chemical constituent and 
curcumin content. The essential oil yield obtained from 
the leaf of mother plant and micropropagated plants of C. 
zedoaria was 0.25 and 0.30% (v/w), respectively, whereas 
that of rhizome mother plant and tissue culture derived 
plants was 0.40 and 0.45% (v/w), respectively. GC–MS 
analysis was performed to identify the compositional pro-
file in leaf and rhizome oil of C. zedoaria (Tables 4, 5). A 
total of 49 components corresponding to 91.6 and 93.42% 
of the total oils were identified in leaf oil of mother plants 
and tissue culture regenerated plants of C. zedoaria, respec-
tively. Likewise, a total of 57 compounds accounting for 

Fig. 2  Effect of IAA and IBA at different concentrations on root response (%) and root number per explant after 4 weeks of inoculation. Bars 
represent SE. Significantly different treatment means are indicated by different letters (Tukey’s test, p < 0.05)

Table 2  Comparison of different morphological characters between 
field grown mother plant and in  vitro derived plants of Curcuma 
zedoaria 

The values represent the mean ± SD of 20 replicates. Mean having 
different letter in a row were significantly different according to Tuk-
ey’s HSD test at p < 0.05

Morphological parameters Mother plant In vitro derived plants

Plant height (cm) 118.5 ± 3.4a 123.2 ± 4.6a

Tiller number per plant 2.9 ± 0.2a 3.2 ± 0.3a

No. of leaves/clump 10.1 ± 1.4a 11.7 ± 1.2a

Leaf length (cm) 45.2 ± 2.3a 46.2 ± 1.9a

Leaf width (cm) 11.13 ± 0.8a 11.6 ± 0.5a

Rhizome diameter (cm) 3.2 ± 0.3a 3.5 ± 0.2a

Total rhizome weight (g) 88.5 ± 3.1a 92.7 ± 4.1a

Rhizome length (mm) 42.1 ± 1.7a 47.8 ± 1.8a
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93.65 and 95.94% of total essential oil were identified in 
the rhizome of the mother plant and tissue culture regener-
ated plants, respectively. 1, 8-cineole, γ-eudesmol acetate, 
curzerenone and camphor were common to both leaf oil 
of mother plant and tissue culture regenerated plants of C. 
zedoaria. Similarly, major constituent like curzerenone, 
γ-eudesmol acetate, germacrone, α-zingiberene and camphor 
were found to be common in rhizome oils of field grown and 
in vitro propagated plants of C. zedoaria. Leaf oils of both 
field grown mother plants and in vitro generated plant of C. 
zedoaria were dominated by 1, 8-cineole which comprises 
about 10.33% of peak area. Curzerenone was reported to be 
a predominant component of rhizome oil comprising about 
22.94% of the total peak area. 

Quantification of curcumin in the methanol extracts 
of conventionally propagated and tissue culture derived 
plants of C. zedoaria were performed using HPLC analy-
sis. From the results, it was observed that there was no sig-
nificant variation in the curcumin content in the rhizome 
of conventionally propagated and in vitro derived plants. 
The content of curcumin in the rhizome methanol extract 
of micropropagated plants and conventionally propagated 
mother plant were 135.1 µg/100 mg and 122.4 µg/100 mg 
dry weight (DW), respectively. Thus, indicating that the 
plant derived by the present micropropagation protocol 
could maintain the consistency of curcumin content in C. 
zedoaria without any variation.

Table 3  ISSR banding patterns 
of micropropagated and 
conventionally grown plants of 
Curcuma zedoaria 

No. Primer code Primer sequence (5´–3´) Total no of 
bands amplified

No. of scora-
ble bands

Range of 
amplicons 
(bp)

1 ISSR 7 GAC GAC GAC GAC GAC 84 4 600–2250
2 ISSR 9 GTG TGT GTG TGT GTGTA 63 3 1000–2500
3 ISSR 10 GTG TGT GTG TGT GTGTT 84 4 750–1900
4 ISSR 11 AGA GAG AGA GAG AGAGC 63 3 650–1300
5 ISSR 12 AGA GAG AGA GAG AGAGG 168 8 350–1800
6 ISSR 14 GAG AGA GAG AGA GAGAA 84 4 450–1700
7 ISSR 17 CTC TCT CTC TCT CTCTG 84 4 350–1600
8 ISSR 18 CAC ACA CAC ACA CACAT 63 3 1000–2000
9 ISSR 19 CAC ACA CAC ACA CACAA 63 3 800–1400
10 ISSR 20 GTG GTG GTG GTG GTG 126 6 750–1800
11 ISSR 22 TGA GAG AGA GAG AGA GAG A 126 6 500–1200
12 ISSR 24 GAG AGA GAG AGA GAG AGA T 63 3 350–800
13 ISSR 25 GAC AGA CAG ACA GACA 147 7 900–1950
Total 1218 58 350–2500

Fig. 3  ISSR profile of mother plant and micropropagated plants of Curcuma zedoaria with primers a ISSR 24 and b ISSR 12. Lane 1: mother 
plant, Lane 2–21: randomly selected 20 micropropagated plants
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Discussions

In the present study, it was found that in vitro shoot induc-
tion and proliferation was dependent upon the concentration 
and combination of auxins and cytokinins. Present results 
differs in responses from the earlier report of C. zedoaria 
where BAP (1 mg/l) and NAA (0.5 mg/l) gave a maximum 
of 4.5 ± 0.15 shoots and 8.9 ± 0.09 roots per explant in media 
containing 0.5 mg/l IAA (Bharalee et al. 2005). The pre-
sent study showed significantly high shoots of 12.89 ± 0.02 
per culture vessel in Murashige and Skoog medium forti-
fied BA (13.3 µM), IAA (5.7 µM) and Ads (63.9 µM) after 
6 weeks of inoculation. The rate of shoot multiplication was 
found to be influenced by the concentration and combina-
tion of auxins and cytokinins rather than cytokinins alone 
(Jena et al. 2018; Tripathi et al. 2018). Moreover, the sup-
plementation of Ads beyond 63.9 µM in the culture medium 
did not showed any positive response on shoot prolifera-
tion. Adenine in the form of Ads can stimulate cell growth 
and also help in the shoot multiplication (Siwach and Gill 
2011; Ahmad et al. 2018). However, the stimulative effect 
of Ads in shoot proliferation has also been documented in 
different plant species such as Acacia chundra (Rout et al. 
2008), Ficus religiosa (Siwach and Gill 2011), Curcuma 
angustifolia (Jena et al. 2018). The synergistic effects of 
cytokinins-auxins concentration for shoot multiplication 
were also documented by several authors (Mohanty et al. 
2013; Moharana et al. 2017; Khatri et al. 2019).

In this study, full strength MS medium was used for the 
shoot multiplication of C. zedoaria whereas half strength 
MS media was found to be best for in vitro root enhance-
ment. After 6  weeks, shoot plantlets were transferred 
from the culture tube and sub-cultured in half strength 
MS medium with various combination of IAA and IBA. 

Half strength MS basal medium with 7.4 µM IBA gave 
the best results for adventitious roots formation. The pre-
ferred rooting media for in vitro regenerants was selected 
as half strength MS over full strength MS due to the close 
resemblance of half strength osmotic strength with natural 
soil conditions. Another probable reason for best rooting 
response might be the low concentration of nutrients in half 
strength MS which in turn stimulates rooting (Tripathi et al. 
2018). Similar observation with half strength MS as more 
efficient was reported in several plant species (Tripathi and 
Kumari 2010; Valizadeh and Valizadeh 2011). Among the 
different auxins tried, IBA was found to be most efficient 
for in vitro rooting. In general, IBA has been attributed to 
in vitro rooting in various plant species including Mentha 
arvensis Linn. (Faisal et al. 2014), Prunus armeniaca L. 
(Ozdemir and Gur 2018), Ceropegia candelabrum L. (Beena 
et al. 2003) and Centella asiatica L. (Kumar 2017).

Plant regeneration and successful propagation of geneti-
cally stable plantlets are the most important factor for suc-
cessful in vitro conservation method. No significant changes 
in morphological characters were observed between tissue 
culture raised and conventionally propagated plants of C. 
zedoaria. Assessment based on morphological characters 
has some drawbacks as they are prone to environmen-
tal conditions and do not necessarily reflect the genetic 
makeup of the plant (Behera et al. 2018) whereas, DNA 
based molecular markers are not influenced by any environ-
mental factors. No genetic variations among micropropa-
gated and mother plants of C. zedoaria were observed using 
ISSR primers thereby confirming that in vitro regenerants 
are true-to-type clones. Similarly, the ISSR marker based 
stability assessment of micropropagated plants have been 
successfully used in various medicinal plant species includ-
ing Curcuma angustifolia (Jena et al. 2018), Kaempferia 

Fig. 4  Histogram showing 2C nuclear DNA content of a conventionally propagated and b micropropagated plant of Curcuma zedoaria with 
respect to standard (Glycine max)
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Table 4  Chemical constituents 
identified in rhizome oil of 
conventionally propagated 
and micropropagated plants of 
Curcuma zedoaria 

No. Compounds RIa RIb Peak area  %

Conventionally 
propagated

Micropropagated

1 α-Thujene 929 924 0.20 ± 0.01a 0.21 ± 0.01a

2 α-Pinene 932 932 0.44 ± 0.02a 0.46 ± 0.01a

3 α-Fenchene 945 945 0.62 ± 0.03a 0.65 ± 0.02a

4 Camphene 949 946 1.49 ± 0.08a 1.51 ± 0.06a

5 Sabinene 969 969 0.13 ± 0.01a 0.13 ± 0.01a

6 β-Pinene 977 974 0.95 ± 0.03a 0.97 ± 0.02a

7 Myrcene 985 988 0.34 ± 0.01a 0.35 ± 0.01a

8 Limonene 1026 1024 0.56 ± 0.01a 0.59 ± 0.01b

9 1,8-Cineole 1031 1026 3.23 ± 0.05a 3.26 ± 0.03a

10 Terpinolene 1087 1086 0.13 ± 0.01a 0.14 ± 0.01a

11 Cis-Thujone 1099 1101 0.11 ± 0.01a 0.11 ± 0.01a

12 Camphor 1145 1141 3.99 ± 0.08a 4.03 ± 0.05a

13 Camphene hydrate 1161 1145 1.56 ± 0.06a 1.59 ± 0.04a

14 Borneol 1168 1165 0.66 ± 0.11a 0.70 ± 0.08b

15 Terpinen-4-ol 1176 1174 0.22 ± 0.01a 0.23 ± 0.01a

16 α-Terpineol 1191 1186 0.66 ± 0.09a 0.69 ± 0.06a

17 γ-Terpineol 1215 1199 0.15 ± 0.01a 0.16 ± 0.01a

18 Nerol 1228 1227 0.14 ± 0.01a 0.18 ± 0.01a

19 Azulene 1282 1298 3.00 ± 0.06a 3.06 ± 0.04a

20 δ-Elemene 1330 1335 1.00 ± 0.02a 1.05 ± 0.01b

21 α-Ylangene 1376 1373 0.14 ± 0.01a 0.15 ± 0.01a

22 β-Elemene 1384 1389 3.04 ± 0.06a 3.22 ± 0.05b

23 (E)-Caryophyllene 1416 1417 0.53 ± 0.03a 0.56 ± 0.01a

24 γ-Elemene 1423 1434 0.25 ± 0.02a 0.26 ± 0.01a

25 (Z)-β-Farnesene 1442 1440 0.12 ± 0.01a 0.15 ± 0.01a

26 α-Humulene 1448 1452 0.20 ± 0.01a 0.24 ± 0.01b

27 ar-Curcumene 1477 1479 0.32 ± 0.02a 0.33 ± 0.02a

28 Germacrene D 1484 1484 2.46 ± 0.04a 2.51 ± 0.02a

29 α-Zingiberene 1491 1493 5.75 ± 0.13a 5.78 ± 0.08a

30 Curzerene 1499 1499 1.45 ± 0.15a 1.49 ± 0.11a

31 γ-Cadinene 1514 1513 0.31 ± 0.01a 0.32 ± 0.01a

32 β-Curcumene 1518 1514 0.12 ± 0.01a 0.15 ± 0.01b

33 β-Sesquiphellandrene 1520 1521 0.19 ± 0.01a 0.21 ± 0.01a

34 Elemol 1551 1548 2.22 ± 0.05a 2.27 ± 0.03a

35 Germacrene B 1555 1559 0.13 ± 0.01a 0.16 ± 0.01b

36 Caryophyllene oxide 1581 1582 0.46 ± 0.02a 0.51 ± 0.01a

37 ar-Turmerol 1587 1582 0.34 ± 0.01a 0.34 ± 0.01a

38 Curzerenone 1597 1605 22.94 ± 0.61a 23.15 ± 0.57a

39 Humulene epoxide II 1613 1608 0.69 ± 0.11a 0.73 ± 0.08a

40 10-epi-γ-Eudesmol 1620 1622 0.24 ± 0.01a 0.27 ± 0.01a

41 1-epi-Cubenol 1630 1627 0.27 ± 0.01a 0.31 ± 0.01b

42 epi-α-Cadinol 1634 1638 0.38 ± 0.01a 0.41 ± 0.01b

43 β-Eudesmol 1650 1649 1.12 ± 0.02a 1.17 ± 0.01a

44 α-Cadinol 1660 1652 0.36 ± 0.01a 0.40 ± 0.01b

45 ar-Turmerone 1668 1668 0.31 ± 0.02a 0.33 ± 0.01a

46 Germacrone 1690 1693 6.67 ± 0.17a 6.74 ± 0.14a

47 (Z)-epi-β-Santalol 1704 1702 0.71 ± 0.04a 0.77 ± 0.03b

48 2E,6Z-Farnesol 1712 1715 0.55 ± 0.03a 0.61 ± 0.02b

49 γ-(Z)-Curcumen-12-ol 1730 1728 0.28 ± 0.01a 0.32 ± 0.01a
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galanga (Mohanty et al. 2011), Cornus alba L. (Ilczuk 
and Jacygrad 2016) and Puya berteroniana (Viehmannova 
et al. 2016). Further genetic stability of micropropagated 
plants was also analyzed by flow cytometry to check the 
level of genomic variations. Flow cytometry techniques have 
been frequently used to estimate the nuclear DNA content, 
genome size and ploidy uniformity of in vitro regenerants 
(Escobedo-GraciaMedrano et al. 2014; Faisal et al. 2014; 
Shilpha et al. 2014). The nuclear DNA content of micro-
propagated and field grown mother plants of C. zedoaria 
revealed a relatively low level of difference in the 2C DNA 
content. Another study by Islam (2004) have reported 2C 
DNA content of C. zedoaria collected from Bangladesh to 
be 3.321 pg. Similarly, flow cytometry has been extensively 
used for genetic uniformity of in vitro regenerants such as 
Quercus suber L. (Loureiro et al. 2005), Silene bolanthoides 
Quézel, Contandr. and Pamukç. (Çördük et al. 2018) and 
Curcuma angustifolia (Jena et al. 2018).

The essential oil composition of in vitro C. zedoaria rhi-
zome and leaf was fairly stable and similar to that of the cor-
responding field-grown plants. The slight increase observed 
in the composition of minor constituents such as limonene, 
borneol, δ-elemene, β-elemene, 1-epi-cubenol, epi-α-
cadinol, (Z)-epi-β-santalol, 2E, 6Z-farnesol, etc. in in vitro 
propagated plants could be the result of stress response to 
in vitro conditions. Our findings are in agreement with the 
report of Purkayastha et al. (2006), who reported curzer-
enone as the major component in the rhizome essential of 
C. zedoaria. Contrary to our results, Syamsir et al. (2017) 
reported camphor, zerumbone, curzerenone and isovelleral 
as the predominant components in C. zedoaria essential 
collected from Malaysia, whereas camphor, zerumbone, 
α-cuparenol and 1,8-cineole were the major constituents 
in C. zedoaria accession from Indonesia. Previous studies 

have investigated curzerenone to exhibit various pharma-
cological properties such as antioxidant, anti-inflammatory 
and analgesic activities (Dakebo et al. 2002; Makabe et al. 
2006). The result of our study also supports the finding of 
the Rahman et al. (2014) who reported eucalyptol followed 
by α-caryophyllene, 1-octen-3-ol, β-elemene and caryophyl-
lene oxide as the major constituents in the C. zedoaria leaf 
essential oil. The antioxidant and antimicrobial properties of 
1,8-cineole have been previously reported by several authors 
(Juergens et al. 2003; Rašković et al. 2014; Ray et al. 2018). 
Quantity and quality of essential oil is affected by various 
abiotic and biotic factors like temperature, rainfall, humidity, 
plant nutrition, genetic variation, application of fertilizers, 
stress during maturity and geographical location (Sangwan 
et al. 2001; Rahimmalek et al. 2013; Raut and Karuppayil 
2014).

HPLC chromatogram of the rhizome extract of field 
grown mother plant and randomly selected micropropa-
gated plants of C. zedoaria showed similarity in the cur-
cumin content. Similar studies showing consistency in the 
content of bioactive compounds of micropropagated plants 
with the conventionally propagated plants were previously 
reported in Decalepis salicifolia (Bedd. ex Hook. f.) (Ahmad 
et al. 2018), Melastoma malabatricum Linn. (Ghimire et al. 
2016), Curcuma angustifolia (Jena et al. 2018) and Stevia 
rebaudiana Bert. (Lata et al. 2013).

Conclusions

In the present work, an effective protocol for rapid clonal 
propagation of C. zedoaria was established using axillary 
buds as explant. Genetic fidelity of the micropropagated plant 
was established using ISSR and flow cytometry analysis. The 

Table 4  (continued) No. Compounds RIa RIb Peak area  %

Conventionally 
propagated

Micropropagated

50 (E)-β-Santalol 1737 1738 3.08 ± 0.06a 3.11 ± 0.03a

51 (2E,6E)-Farnesal 1743 1740 0.35 ± 0.01a 0.37 ± 0.01a

52 Xanthorrhizol 1752 1751 0.97 ± 0.02a 1.19 ± 0.01b

53 γ-Curcumen-15-al 1767 1766 1.55 ± 0.02a 1.61 ± 0.01a

54 γ- Eudesmol acetate 1782 1783 14.62 ± 0.35a 14.72 ± 0.31a

55 β-Eudesmol acetate 1792 1792 0.19 ± 0.01a 0.19 ± 0.01a

56 Eudesm-7(11)-en-4-ol, acetate 1840 1839 0.39 ± 0.02a 0.44 ± 0.01b

57 (Z,Z)-Farnesyl acetone 1859 1860 0.37 ± 0.02a 0.39 ± 0.01a

Data are represented as mean ± SD (n = 3). Mean having different letter in a column were significantly dif-
ferent according to Tukey’s HSD test at p < 0.05. Rhizome essential oils are derived from in vitro grown 
plants of Curcuma zedoaria on MS medium with 13.3 µM BA, 5.7 µM IAA and 63.9 µM Ads
a Relative retention indices calculated against homologous n-alkane series  (C8–C20) on the Elite-5 MS col-
umn
b Relative retention indices from literature (Adams 2007)
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Table 5  Chemical constituents 
identified in leaf oil of 
conventionally propagated 
and micropropagated plants of 
Curcuma zedoaria 

Data are represented as mean ± SD (n = 3). Mean having different letter in a column were significantly dif-
ferent according to Tukey’s HSD test at p < 0.05. Leaf essential oils are derived from in vitro grown plants 
of Curcuma zedoaria on MS medium with 13.3 µM BA, 5.7 µM IAA and 63.9 µM Ads
a Relative retention indices calculated against homologous n-alkane series  (C8–C20) on the Elite-5 MS column
b Relative retention indices from literature (Adams 2007)

No. Compounds RIa RIb Peak area %

Conventionally 
propagated

Micropropagated

1 Tricyclene 921 921 0.18 ± 0.01a 0.22 ± 0.01a

2 α-Pinene 932 932 1.42 ± 0.03a 1.46 ± 0.02a

3 Camphene 949 946 4.33 ± 0.09a 4.38 ± 0.07a

4 Sabinene 969 969 0.32 ± 0.02a 0.33 ± 0.01a

5 β-Pinene 977 974 2.24 ± 0.14a 2.29 ± 0.12a

6 Myrcene 985 988 0.54 ± 0.05a 0.55 ± 0.03a

7 Limonene 1026 1024 1.77 ± 0.07a 1.81 ± 0.06a

8 1,8-Cineole 1031 1026 10.33 ± 0.37a 10.38 ± 0.31a

9 Cis-Thujone 1099 1101 1.30 ± 0.11a 1.34 ± 0.08a

10 Camphor 1145 1141 6.88 ± 0.48a 6.92 ± 0.42a

11 Camphene hydrate 1161 1145 2.24 ± 0.12a 2.27 ± 0.09a

12 Borneol 1168 1165 1.37 ± 0.14a 1.39 ± 0.11a

13 α-Terpineol 1191 1186 0.45 ± 0.03a 0.47 ± 0.01a

14 Azulene 1282 1298 0.85 ± 0.09a 0.88 ± 0.06a

15 δ-Elemene 1330 1335 0.27 ± 0.01a 0.34 ± 0.01b

16 α-Ylangene 1376 1373 0.21 ± 0.01a 0.23 ± 0.01a

17 β-Elemene 1384 1389 2.99 ± 0.08a 3.11 ± 0.06b

18 (E)-Caryophyllene 1416 1417 2.34 ± 0.06a 2.38 ± 0.04a

19 γ-Elemene 1423 1434 0.12 ± 0.01a 0.12 ± 0.01a

20 β-Gurjunene 1426 1431 0.14 ± 0.01a 0.15 ± 0.01a

21 α-Humulene 1448 1452 5.04 ± 0.12a 5.12 ± 0.09a

22 cis-Muurola-4(14),5-diene 1468 1465 0.13 ± 0.01a 0.14 ± 0.01a

23 10-epi-β-Acoradiene 1474 1474 1.27 ± 0.08a 1.31 ± 0.05a

24 ar-Curcumene 1477 1479 0.18 ± 0.01a 0.20 ± 0.01b

25 α-Zingiberene 1491 1493 2.84 ± 0.07a 2.86 ± 0.03a

26 Curzerene 1499 1495 1.61 ± 0.04a 1.63 ± 0.02a

27 γ-Cadinene 1514 1513 0.20 ± 0.01a 0.27 ± 0.01b

28 Elemol 1551 1548 1.81 ± 0.05a 1.83 ± 0.03a

29 (E)-Nerolidol 1584 1561 0.36 ± 0.01a 0.37 ± 0.01a

30 Germacrene D-4-ol 1573 1574 0.58 ± 0.02a 0.61 ± 0.01a

31 Caryophyllene oxide 1581 1582 0.39 ± 0.01a 0.41 ± 0.01a

32 Curzerenone 1592 1605 7.57 ± 0.19a 7.62 ± 0.16a

33 Humulene epoxide II 1613 1608 0.88 ± 0.01a 0.93 ± 0.01b

34 10-epi-γ-Eudesmol 1620 1622 0.87 ± 0.03a 0.89 ± 0.02a

35 1-epi-Cubenol 1630 1627 0.11 ± 0.01a 0.17 ± 0.01b

36 epi-α-Cadinol 1634 1638 0.27 ± 0.01a 0.31 ± 0.01b

37 β-Eudesmol 1650 1649 0.79 ± 0.09a 0.82 ± 0.05a

38 α-Bisabolol oxide B 1655 1656 0.16 ± 0.01a 0.17 ± 0.01a

39 ar-Turmerone 1668 1668 0.12 ± 0.01a 0.13 ± 0.01a

40 epi-α-Bisabolol 1683 1683 4.15 ± 0.11a 4.18 ± 0.08a

41 Eudesm-7(11)-en-4-ol 1699 1700 0.13 ± 0.01a 0.13 ± 0.01a

42 (Z)-epi-β-Santalol 1704 1702 0.18 ± 0.02a 0.22 ± 0.01b

43 2E,6Z-Farnesol 1712 1715 0.87 ± 0.09a 0.93 ± 0.07b

44 γ-(Z)-Curcumen-12-ol 1730 1728 0.72 ± 0.02a 0.80 ± 0.01b

45 (E)-β-Santalol 1737 1738 1.85 ± 0.17a 1.88 ± 0.12a

46 Xanthorrhizol 1752 1751 0.77 ± 0.01a 0.79 ± 0.01a

47 γ-Curcumen-15-al 1767 1766 2.69 ± 0.07a 2.73 ± 0.03a

48 (Z)-α-Santalol acetate 1777 1777 5.45 ± 0.14a 5.51 ± 0.11a

49 γ-Eudesmol acetate 1782 1783 9.32 ± 0.25a 9.44 ± 0.23a
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biochemical uniformity of the tissue culture derived plants 
was proved using GC–MS and HPLC analysis. Thus, the 
present micropropagation protocol may be useful for the 
large scale commercial propagation of true-to-type Curcuma 
zedoaria for stable supply of the drug to the market.
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