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Abstract. We report here the protocol for Zedoary (Curcuma zedoaria Roscoe) callus and cell
suspension cultures. The MS medium supplemented with 2% sucrose, 1.0 mg/l 2,4-D and 1.0 mg/I
BA was effective for callus induction from in vitro leaf-base explants of Zedoary. During
subcultures, secondary proliferated calli were subsequently produced from initial induced calli on
the MS medium with 0.5 mg/l 2.4-D and 0.5 mg/l BA. These calli were light yellow in color,
compact and friable. The cell suspension culture for Zedoary was established using 3 g fresh
weight inoculum in a batch culture on the MS medium supplemented with 3% sucrose, 1.5 mg/l
2,4-D and 0.5 mg/l BA. The highest biomass of 10.44 g fresh weight (0.66 g dry weight) was
obtained after 14 days of culturein 50 ml liquid medium of 250 ml Erlenmeyer flask with shaking
speed of 120 rpm. Results from this study might be a well established foundation for further
studies on Curcuma zedoaria Roscoe in order to serve as a potential source for secondary

metabolites production in large scale.
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1. Introduction

Zedoary (Curcuma zedoaria Roscoe) plant,
a vegeativedy propagated species of the
Zingiberaceae  family, is an aromdtic
herbaceous plant with a rhizome growing
mainly in South Asian and South-East Asian
countries, and China [1]. Zedoary is a valuable
medicina plant, the essentia oil obtained from
rhizome has been reported to have antimicrobial
activity and be clinically used in the treatment
of cervical cancer, the water extract of Zedoary
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demonstrated antimutagenic activity [2]. It has
been aso used for stomach diseases,
hepatoprotection [3], treatment of blood
stagnation, and promoting menstruation as a
traditional medicine in Asia [4]. Furthermore,
the Zedoary has anti-inflammatory potency
rdated to its antioxidant effects [3].

Higher plants are a valuable source of wide
range of secondary metabolites, which are used
as pharmaceuticas, agrochemicas, flavours,
fragrances, colours, biopesticides and food
additives [5]. In the end of 1960s, plant cdll
culture technologies were introduced as a tool
for both dudying and producing plant
secondary metabolites. A highly potent
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secondary metabolites that is used in
pharmaceuticals and food additives have been
produced through plant cell suspension cultures
inlarge-scale [6, 7]. Cell suspension cultureisa
requirement for the production of chemicals
from plants in a way quite similar to that used
for microorganisms, where the utilization of
bi oreactor becomes feasible [8]. The purpose of
this study is to establish an efficient suspension
cel culture protocol for C. zedoaria as a
starting point to produce bioactive compounds
inplant cdl culture.

2. Materials and methods
2.1. Callusculture

Leaf-base explants of 0.5x0.5 cm were
excised from in vitro growing Zedoary plants
on the Murashige and Skoog (MS) [9] solid
medium supplemented with 2% (w/v) sucrose,
20% (v/v) coconut water, and 2 mg/l
ngphthaleneacetic acid (NAA) [10]. The
explants were placed on the MS solid medium
supplemented with 2% (w/v) sucrose, 0.25 to
4.0 mg/l 2,4-dichorophenoxyacetic acid (2,4-
D), and 0.25 to 4.0 mg/l benzyladenine (BA)
for calus induction and its proliferation. The
pH of the medium was adjusted to 5.8, and then
it was autoclaved at 121°C for 15 min. The
cultures were incubated a 25+2°C under an
intensity of 2,000-3,000 lux with a photoperiod
of 10-h day light.

2.2. Establishment of cell suspension culture

Cdl suspension cultures were initiated
through the agitation of 3 g of callusin 250 ml
Erlenmeyer flasks containing 50 ml MS liquid
medium supplemented with 2% (w/v) sucrose,
0.5 mg/l 2,4-D and 0.5 mg/l BA for 10 days at
120 rpm until a suspension of free cells formed.

Then, 3 g of cdls from initid culture was
transferred on the MS medium supplemented
with different plant growth regulators (2,4-D
and BA) and sucrose for investigation of
biomass production. The suspensions were
placed on a rotary shaker at 120 rpm for 18
days under the same conditions as for the callus
culture except an intensity of 500 [ux.

Samples were obtained every two days to
determine the cdl biomass in both fresh and dry
we ghts. For measurement of fresh cell weight,
the cells in the suspension culture were filtered,
washed with distilled water, collected, and
weghed. The dry cell weight was determined
by drying the fresh cell biomass at 50°C until a
constant weight was attained.

Growth index = Fina fresh cdl
we ght/Initia inoculums fresh cdl weight.

2.3. Satistical analysis

The expeiments of cdlus and cdl
suspension culture were conducted with a
minimum of three replicates. All experiments
were repeated three times. The data were
analyzed by mean * standard error followed by
comparison of the means with the Duncan’ s test
a p<0.05.

3. Results and discussion
3.1. Callusinduction and proliferation

As shown in Table 1, the effects of 2,4-D
and BA on callus induction were initially tested
using the leaf-base explants of in vitro Zedoary
plant. The MS medium with 1.0 mg/l 2,4-D and
1.0 mg/l BA showed the strongest induction
with 46% of explants produced callus; cali
were whitein col or and soft (Fig 1A). The other
combinations of plant growth regulators
resulted in non-growth or poor growth of
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Zedoary calus. No calus was formed on
medium without 2,4-D and BA. At high
concentrations of 2,4-D (3.0-4.0 mg/l) and BA
(3.0-4.0 mg/l), or low concentration of 2,4-D
(0.5 mg/l) and BA (0.5 mg/l) the calus
obtained was white in color and viscous (Fig
1B). It was found that medium concentrations
of 2,4-D (1.0-2.0 mg/l), in combination with
BA (1.0-2.0 mg/l), had significant effects on
calus formation. Several studies had been
reported regarding the effects of plant growth
regulators on callus growth of Zedoary [8, 11]
found callus was induced from root segments of
in vitro Zedoary plants. The explants were
cultured on the MS medium supplemented with

3% sucrose, 13.4 uM NAA and 2.2 uM BAP in
the dark. According to [12], no callus formation
from the explants of Zedoary on the MS
medium with 2,4-D. Callus induction and
growth were obtained by inoculating root
segments on the MS medium supplemented
with 1.0 mg/l NAA and incubation in the dark.
In this work, other plant growth regulators
treatments (NAA and kinetin) also had been
done on cdlus induction from Zedoary (data
not shown) but were terminated due to severa
problems such as weak cdlus induction
frequency (NAA) or browning callus after three
times of subculture (kinetin).

Table 1. Cdlusinduction and morphogenesis of Zedoary | eaf-base explants

24-D (mg/l) BA (mg/l) % explant produced cdlus Calusinduction  Callus morphogenesis
0.0 0.0 0.00 - -
05 05 15.74° ++ White and viscous
1.0 1.0 46.01° ++++ White and soft
2.0 2.0 40.10° o+ White and soft
30 30 10.20° +++ White and viscous
4.0 4.0 8.20° ++ White and viscous

-2 noinduction; +: induction; ++: low production of callus; +++: medium production of callus; ++++:
high production of callus
Different |etters indicate significantly different means using Duncan’ stest (p<0.05)

Fig. 1. Cdlusinduction culture of Zedoary. A: White and soft cdlus, B: White and viscous calus
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White and soft calli (primary calli) were
transferred on the MS media supplemented with
different concentrations of 2,4-D and BA for
proliferation. Cdli obtained from the induction
medium with 2.0 mg/l 2,4-D and 2.0 mg/l BA
turned brown and dead in all subcultures. Calli
obtained from the induction medium with 1.0
mg/l 2,4-D and 1.0 mg/l BA developed into
secondary calli on the medium containing 0.5
mg/l 2,4-D and 0.5 mg/l BA (Table 2). Other

concentrations of 2,4-D and BA did not show
any positive response for callus proliferation in
any of the tested formulars of explants when
evaluation was carried out four weeks after
subculture. The secondary cali which were
light ydlow in color, compact and friable
obtained after four weeks of culture were
subcultured and maintained in the fresh
medium with the same composition every two
weeks (Fig. 2A).

Table 2. Growth ability and morphogenesis of Zedoary primary callus

2,4-D (mg/l) BA (mg/l) Callus growth Callus morphogenesi s

0.25 0.25 ++ White and viscous

0.50 0.50 ++++ Light yellow, compact and friable
1.00 1.00 ++ White and soft

2.00 2.00 ++ White and viscous

4.00 4.00 - Brown and dead

Fig. 2. Secondary cdlus and suspenson cdll of Zedoary. A: Light yellow, compact and friable callus B: Suspension cell

3.2. Cdl suspension culture for biomass
production

In order to investigate cel biomass
accumulation, a suspension culture was
established. Approximatdy 3 g fresh weight of
calus was transferred in 50 ml the liquid MS
medium containing 0.25 to 2.5 mg/l of 2,4-D
and 0.5 mg/l BA. Suspension cdls were
initially generated as shown in Fig. 2B within 2
weeks of culture. In order to maintain the
suspension culture, 3 g of cels was transferred
to fresh MS liquid medium at 10 days interval.

Growth of cell was aso determined by fresh
and dry weight measurement (Fig 3A and 3B).
The fresh and dry weights of cedls were
recorded every two days until 18 days of culture
time. It was observed that cel biomass was
increased by culture time (data not shown). The
MS medium supplemented with 1.5 mg/l 2,4-D
and 0.5 mg/l BA showed the highest biomass
accumulation compared to other combinations
of 24-D and BA. Day 14™ showed the
maximum biomass accumul aion with 7.22 g of
fresh weight (approximately 0.55 g of dry
weght) (Table 3).
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Table 3. Effect of plant growth regul ators on the production of Zedoary cell biomass

BA (mg/l) 2,4-D (mg/l) Freshweight (g) Dryweight (g)  Growth index
0.5 0.25 5.12°¢ 0.35° 1.71
0.5 0.5 5.91° 0.44® 2.05
0.5 1.0 6.20° 0.46% 2.06
0.5 15 7.228 0.55% 2.41
0.5 2.0 6.03 0.43® 2.19
0.5 25 6.01° 0.42% 2.18

Fg. 3. Cdl biomass of Zedoary. A: Fresh cdll biomess, B: Dry cdll biomass.

As shown in Table 4, the concentrations of
sucrose to dignificantly affect on the biomass
accumulation of cdl, highest fresh cdl weight
were attained in media containing sucrose
concentration of 3% (10.44 g with growth index
of 3.48). However, despite sucrose being an
indisputably important carbon and energy
source, increasing its concentration from 4 to
6% resulted in fresh cdl weight reductions and
significantly reduced at sucrose concentration of
7%. This decline in performance might be

attributed to the inhibition of nutrient uptake as
the osmotic potential was enhanced and the
medium became more viscous. As have shown
in Vitis vinifera that a higher concentration of
sucrose can act as an osmotic agent, with
mannitol having asimilar effect on growth [13].
Additionaly, this retardation in growth could
be caused by a cessation in the cdl cyce when
nutrients are limited and sucrose concentrations
are higher [14, 15].

Table 4. Effect of sucrose concentration on the production of Zedoary cell biomass

Sucrose concentration (g/l) Freshweight (g) Dryweight (g)  Growth index
20 7.22° 0.55° 2.41
30 10.447 0.66° 3.48
40 8.85 0.64° 2.95
50 8.80° 0.65° 2.93
60 8.75" 0.70° 2.92
70 6.75° 0.60° 2.25
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Typical cdl growth curves constructed from
suspension culture are shown in Fig.4. These
curves indicated a lag phase was quite short and
difficult to predict, followed by an exponential
phase of growth lasting approximately 12 days,
ending up in the death phase. The whol e growth
curve took approximatdy 18 days to be
completed and presented more three folds fresh
cell biomass accumulation [8] reported that 0.5
g Zedoary cdl culture in the presence of 3%
sucrose, 13.4 pM NAA and 2.2 uM BAP
showed atypical growth curve with a maximum
fresh weight (approximatey 6 g) after about 35
days of culture in 10 ml medium at speed of 60
cycless/minute. [12] also showed that a typical
growth curve of 1 g Zedoary cdl culture on the
medium supplemented with 1.0 mg/l NAA. The
fresh biomass reached a highest vaue
(approximatedly 8 g) after more 20 days of
culturein 75 ml medium at speed of 100 rpm.
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Fig 4. Biomass production of Zedoary cdls onthe
medium with 3% sucrose, 1.5 mg/l 2,4-D and 0.5 mg/l
BA (p<0.05).

4. Conclusion

The suspenson culture offers many
advantages to scale-up production of secondary
metabolites in plant cdls of interest. In this
study, we established an efficient cdl
suspension culture protocol for Zedoary plant.
Ther suspension cells derived from secondary
cali proliferated on the MS medium
supplemented with 3% sucrose, 1.5 mg/l 2,4-D
and 0.5 mg/l BA had a homogenous feature
from a morphological viewpoint. The most
important observation of this study is that
suspension cells of Zedoary had a high
proliferation potential and the finding will
provide some basic information for the
production of bioactive compounds from
Zedoary cdl culturein further.
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Nubi ciy té bao huyén phl caa cdy nghé den
(Curcuma zedoaria Roscoe)

V& Chau Tuan™?, Vil buc Hoang', Nguyén Hoang Loct

Vign Tai nguyen Mai truong va Cong nghé Sinh hoc, Pai hoc Hué
“Truong Pai hoc S pham, Pai hoc P& Ning

Nghién ciru nay trinh bay phuong thirc nudi ciy callus va té bao huyén phu cia cdy nghé den
(Curcuma zedoaria Roscoe). Méi truong MS bd sung 2% sucrose; 1,0 mg/l 2,4-D va 1,0 mg/l BA
thich hop cho nudi cy callus tir be 14 caa cay nghé den in vitro. Trong quéa trinh nudi ciy, cac calus
thir cip dugc tao thanh tir callus so cap trén méi truong MS c6 bd sung 0,5 mg/l 2.4-D va 0,5 mg/l
BA. Céc callus nay c6 mau vang, ran varai rac. Nudi cy té bao huyén phil duoc thiét 1ap véi 3 g sinh
khéi callus twoi nudi trong binh tam giéc thé tich 250 ml, chira 50 ml méi truong MS ¢ b sung 3%
sucrose; 1,5 mg/l 2,4-D va 0,5 mg/l BA vai téc do lic 120 vong/phit. Sinh khéi cao nhit dat 10,44 g
trong lugng tuoi (0,66 g trong lugng khd) sau 14 ngay nudi ciy. Céc két qua ndy la co so cho nhitng
nghién ctru sAu hon vé cdy nghé den nhiam cung cip nguon nguyén ligu té bao dé san xuat cac hop chat
thir cap & qui md lon.

Tur khod: Callus, sinh khéi té bao, té bao huyén phu, cay nghé den, cay thudc.



