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Biomass Production of Anoectochilus formosanus
Hayata in a Bioreactor System
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We investigated the factors that affect biomass production from Anoectochilus formosanus in a bioreactor system. Those fac-
tors included inoculum size, initial sucrose concentration, media supplements, photosynthetic photon flux density (PPFD),
and culturing methods. An inoculum size of 8 g L™' was most suitable for shoot proliferation; biomass accumulation was opti-
mized when the medium was supplemented with 3% sucrose compared with sucrose-free media or those containing concen-
trations of 6% or 9%. This accumulation also was enhanced under a PPFD of 50 umol m™2 s™'. Likewise, the addition of
coconut water (50 mL L™) plus activated charcoal (0.5 mg L™) to our Hyponex medium proved most beneficial. Comparative
studies among three bioreactor systems — continuous immersion, raft (net), and temporary immersion (the ebb and flood sys-
tem) — revealed that shoot proliferation and biomass accumulation were more efficient when culturing was performed under
continuous immersion,
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Anoectochilus formosanus Hayata (Orchidaceae family) isan ~ medium, and specific culturing methods.
endangered orchid that is sparsely distributed in the Hima-
layan region of Indo-China, Taiwan, Vietnam, and Japan. It is
popularly called the “Jewel Orchid” because of the network of MATERIALS AND METHODS
colorful venation in its beautiful leaves. Although the flowers
are not large, their white labella are quite prominent and  Plant Material
toothed, such that a grouping of three or four flowering plants
makes an attractive, unique addition to one’s collection. Ano-
ectochilus is also an expensive Chinese folk medicinal plant
used to treat cancer, hypertension, diabetes mellitus, and
nephritis in Taiwan (Liang et al., 1990). It is known as “King of
Medicine” because of its diverse pharmacological effects,
including anti-inflammation and heptoprotective activities (Lin
et al., 1993), antioxidant activities (Lin et al., 2000; Wang et
al., 2002), and antitumor and immunostimulating activities
(Tseng et al., 2006). Gastrodin (4-(B-D-glucopyranosyloxy)
benzyl alcohol), gastrodigenisn gastrodigenin (p-hydroxybenzyl
alcohol), and kinsenoside (3-(R)-3-B-D-glucopyranosyloxybu- Shoots (1.0 to 1.5 cm long, and containing a single node)
tanolide) are its most important bioactive components (Ito et~ were cultured in 5 L balloon-type bubble bioreactors with 3
al., 1993, Hsieh et al., 1997; Du et al., 2000), and can be L of a 20-20-20 Hyponex medium (enriched with 6.5N-
obtained from whole-plant extracts (Du et al., 2003; Tseng et~ 4.5P-19K; 1 g L") that was supplemented with 15 g L™
al., 2006). sucrose, 2 g L' peptone, 50 mL L™ coconut water, and 0.5
Because this herb is precious in the Taiwanese market, its gL activated charcoal (H1 medium). The pH was adjusted
unrestricted harvesting from natural habitats has seriously  to 5.8 before autoclaving (30 min at 121°C and 1.2 kg cm™
reduced its populations (Shih et al., 2005). In addition, propa-  pressure). These bioreactor cultures were aerated at 0.1 vvm
gation by conventional methods is slow, and few tissue cul-  (air volume/culture volume per min), and were maintained
ture protocols have been developed for this important plant  at 25°C under lights (50 pmol m™ s~ PPFD, 16-h photope-
(Shiau et al., 2002; Ket et al., 2004). Therefore, to meet grow-  riod). Five independent sets of experiments (inoculum den-
ing demand by the herbal and pharmaceutical industries, our  sity, sucrose, PPFD, media supplements, and bioreactor
major objective here was to develop a methodology for bio-  system) were conducted to optimize the production proto-
mass production of A. formosanus Hayata using liquid media ~ col. In the first set, cultures were established in an HT1
in airlift bioreactor cultures. We evaluated the parameters of ~ medium at an initial inoculum density of 4, 8, 12, or 16 g L.
inoculum density, initial sucrose concentration, photosyn-  For our second set, cultures were treated in an H1 medium
thetic photon flux density (PPFD), components of the culture  supplemented with O, 3, 6, or 9% (w/v) sucrose. Here, an
inoculum density of 8 g L™" was used. In the third set, cul-
*Corresponding author; fax +82-43-272-5369 tures were established by placing 8 g L™" inoculum in an H1
e-mail paekky@chungbuk.ac.kr medium supplemented with 3% sucrose, and then main-

Anoectochilus formosanus Hayata plantlets were grown in
vitro on a 20-20-20 Hyponex (1 g L™'; Kano, 1965) semi-
solid medium (30 g L™ sucrose, 2 mg L™ benzyladenine, 1 g
L' activated charcoal, and 2 g L' gelrite). Cultures were
incubated at 25°C under a 16-h photoperiod, with a photo-
synthetic photon flux density (PPFD) of 40 pmol m™ s™'.
The plantlets sub-cultured every four weeks and 1.0 to 1.5
cm-long shoots were used as explants.
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taining them at 25°C either under darkness or while
exposed to light (16-h photoperiod) from cool white fluores-
cent lamps at an intensity of 10 or 50 umol m™ s™' PPFD.
For the fourth set of experiments, we used the Hyponex
medium (20N-20P-20K+6.5N-4.5P-19K; 1 g L' each)
either alone or supplemented with 50 mL L™ coconut water
(CW), 0.5 g L™ activated charcoal (AC), or a combination of
CW and AC. These cultures were established with 8 g L™
inoculum and were maintained at 25°C under lights (50
pmol m™? s PPFD, 16-h photoperiod). In the fifth set, we
compared three types of bioreactor systems — continuous
immersion, raft (net), and temporary immersion (ebb and
flood), the last being programmed so that the explants were
immersed in the medium for 30-min periods four times per
day. In the raft method, the plants were held in place with a
support net to avoid complete submersion in the liquid
medium. All three types of cultures were established by
using 8 g L™ inoculum in an H1 medium supplemented
with 3% sucrose, 50 ml L' CW, and 0.5 g L' AC. They
were then maintained at 25°C under lights (50 pmol m™2s™'
PPFD, 16-h photoperiod).

Growth Measurements

After eight weeks of culturing, all biomass was harvested
and fresh weights were measured gravimetrically. Dry weights
were then determined after the materials were oven-dried
at 60°C for 2 d.

Experimental Design

A completely randomized design was applied, with three
repetitions and three replicates. All data were subjected to
Duncan’s multiple range testes using a SAS program, and
standard errors were calculated.

RESULTS AND DISCUSSION

Effect of Inoculum Density on Biomass Accumulation

In tests of inoculum density (Fig. 1), cultured shoots of
Anoectochilus formosanus multiplied during the first four
weeks, then developed roots, at their nodal regions from
weeks 5 to 8. When an inoculum density of 4 g L™ was
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Figure 1. Effect of inoculum density on biomass accumulation by A.
formosanus plantlets cultivated in bioreactor system. Mean values
appear with SE (n=9); those marked with the same letters within the
same parameter are not significantly different at P 0.05 (DMRT).

J. Plant Biol. Vol. 50, No. 5, 2007

used, flesh weight of the biomass was 237.1 g L™, with a
corresponding dry weight of 23.5 g L. Those values rose
when a higher inoculum density, 8 g L™, was tested, result-
ing in optimum fresh (339.4 g L") and dry (38.1 g L")
weights. These increments represented a 42-fold increase
when compared with the initial fresh biomass. From studies
with Atropa, Kanokwaree and Doran (1997) have also con-
cluded that inoculum density is a critical factor influencing
the final accumulation of biomass. Similar effects have been
demonstrated during adventitious roots development in
Echinacea angustifolia (Wu et al., 2006) and cell growth of
Gymnema sylvestre (Lee et al., 2006).

Effect of Sucrose Concentration on Biomass Accumulation

Sucrose is an important carbon and energy source for plant
cell and tissue culture. lts initial concentration can affect
growth and biomass accumulation (Desjardins et al., 1995).
However, higher amounts can retard the development of cul-
tured cells (Wu et al., 2006) by causing a cessation of the cell
cycle when nutrients are limited (Gould et al., 1981). Here,
cultures supplemented with 3% (w/v) sucrose were associated
with significantly greater biomass accumulations (237.6 g L'
and 27.2 g L' fresh and dry weights, respectively) compared
with performance in the sucrose-free medium. In contrast,
higher concentrations [6 or 9% (w/v)] were linked to reduced
biomass production (Fig. 2).

Effect of PPFD on Biomass Accumulation

Culturing with illumination promoted better biomass
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Figure 2. Effect of sucrose concentration on biomass accumulation by
A. formosanus plantlets cultivated in bioreactor system. Mean values
appear with SE (n=9); those marked with the same letters within the
same parameter are not significantly different at P 0.05 (DMRT).
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Figure 3. Effect of darkness and light on biomass accumulation by A.
formosanus plantlets cultivated in bioreactor system. Mean values
appear with SE (n=9); those marked with the same letters within the
same parameter are not significantly different at P 0.05 (DMRT).



Biomass Production of Anoectochilus formsanus in a Bioreactor System 575

accumulations than when explants were treated under dark-
ness (Fig. 3). The particular level of PPFD also was a factor.
Here, a value of 50 umol m™ s~ resulted in optimum shoot
proliferation and biomass weights of 376.5 g L' (fresh) and
393 ¢g L (dry). Our observations are consistent with those
of Escalona et al. (2003), who found that the photosyn-
thetic rate responsible for higher accumulations in a tempo-
rary immersion bioreactor was maximum at high PPFD.

Effect of Media Supplements on Biomass Accumulation

The Hyponex medium is simple composition of nitrogen,
phosphorous, and potassium, and is widely used for in vitro
seed germination and propagation of orchids (Park et al.,
2000). We tested four variations of this media type: 1) 20-
20-20 Hyponex alone, 2) Hyponex supplemented with 50
ml L™ coconut water (CW), 3) Hyponex plus 0.5 g L™" acti-
vated charcoal (AC), Hyponex supplemented with 50 ml L™
CW and 0.5 g L' AC. When just the standard mix was
used, shoots proliferated and developed into plantlets
within eight weeks, resulting in accumulations of 453.0 g L™
fresh and 32.3 g L' dry weight (Fig. 4). No such benefit was
achieved on the Hyponex medium supplemented with 0.5
g L ™" activated charcoal. However, fresh and dry biomass
(759.7 g L' and 58.4 g L") increased significantly when
both coconut water and activated charcoal were added.
Coconut water contains a wide spectrum of growth factors
that can enhance the development of cultured cells and tis-
sues (Shantz and Steward, 1952), and has been successfully
used in orchid production (Murthy and Pyati, 2001; Payti et
al., 2002). Moreover, activated charcoal may exert a positive
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Figure 4. Effect of Hyponex medium and supplements on biomass
accumulation by A. formosanus plantlets cultivated in bioreactor sys-
tem. Mean values appear with SE (n=9); those marked with the
same letters within the same parameter are not significantly different
at P 0.05 (DMRT).
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Figure 5. Effect of bioreactor system on biomass accumulation by
cultured A. formosanus plantlets. Mean values appear with SE (n=9).

influence by aborting various inhibitory substances, e.g.,
polyphenols that form on the medium (Fridborg and Eriks-
son, 1975).

Effect of Culture Systems on Biomass Accumulation

Three types of bioreactor systems were investigated here:
continuous immersion, raft culturing, and temporary immer-
sion (ebb and flood). We found that neither ebb and flood
no rafting was suitable (Fig. 5). Plantlets grew best under
continuous immersion, as indicated by the highest biomass
accumulations (919.2 g L™ fresh biomass and 72.5 g L™" dry
biomass). Similar reports of success with that particular sys-
tem have come studies of bulblet/shoot proliferation and
biomass production in Allium sativum (Kim et al., 2004) and
Spathiphyllum cannifolium (Dewir et al., 2006).

Our results demonstrate that optimizing all factors in the
culturing protocol lead to a rapid, efficient rate of prolifera-
tion and maximum biomass accumulation during large-scale
propagation of this important medicinal orchid. The biomass
developed in a bioreactor system can then be used as raw
material by the pharmaceutical and herbal industries
because it has previously been demonstrated that tissue-cul-
tured plants of Anoectochilus formosanus possess high
amounts of active ingredients (Kinsenoside) (Do et al., 2001,
2003; Shih et al., 2005; Wu et al., 2007).
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