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ABSTRACT

This study was conducted to evaluate the potential of cryopreserving Dendrobium sonia 28 protocorm-like

bodies (PLBs) by means of the plant vitrification solution 2 (PVS2) technique. The effects of preculture media

of five different sucrose concentrations (0.06 M, 0.10 M, 0.25 M, 0.50 M, and 0.75 M) and dehydration

treatment with six different periods (5, 10, 15, 20, 25, and 30 min) were the main testing parameters of PLBs

survival in liquid nitrogen (LN) storage. PLBs of two parameters of length (0.01-0.20 cm and 0.21-0.40 cm)

were precultured under the five different sucrose concentrations for two different periods (24 and 48 hours).

The PLBs (0.21-0.40 cm) treated with 0.25 M sucrose in 24 hours were then chosen for further study because

it produced relatively highest viability in 2,3,5-triphenyltetrazolium chloride (TTC) assay. Subsequently, the

selected PLBs were subjected to PVS2 treatment at different time of exposure (minutes) and temperatures (0°C

and 24°C). Two viability assessment techniques were employed to evaluate the viability of PLBs after two

weeks of recovery (TTC assay) and six weeks of recovery (chlorophyll analysis). The results from both tests

showed more or less, that the cryopreserved PLBs treated with 20 min PVS2 at 0°C possessed highest

viability. Apparently, PVS2 technique appeared to be less effective in the cryopreservation of D. sonia 28

PLBs. Hence, other cryopreservation methods such as encapsulation-dehydration method and DMSO-droplet

freezing technique should be explored.
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Introduction

Orchidaceae is the largest family of the flowering plants (Angiospermae) (Nicoletti, 2003). The Royal

Botanical Gardens of Kew list 880 genera and nearly 22,000 accepted species, but the exact number is

unknown (perhaps as many as 25,000) because of taxonomic disputes (Chase, 2002) . The number of orchid

species equals about four times the number of mammal species, or more than twice than that of bird species.

It also encompasses about 6-11% of all seed plants (Chase and Pillon, 2006). About 800 new orchid species

are discovered each year. The largest genera are Bulbophyllum  (2,000 species), Epidendrum  (1,500 species),

Dendrobium (1,400 species) and Pleurothallis (1,000 species). The family also includes the Vanilla (the genus

of the vanilla plant) and many commonly cultivated plants like some Phalaenopsis or Cattleya.

Of these, 854 species covering 141 genera are said to be indigenous to Peninsular Malaysia (Seidenfaden

and W ood, 1992) and over 1400 species in 147 genera to Borneo (Chan et al., 1994). Many of the orchid

species, for example, the Paphiopedilum  and Vanda are so showy that they are said to be in extinction in their
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natural habitats due more to horticultural collections than developmental activities. Even other inconspicuous

orchids are also endangered because of their horticultural value as rare plants. As such, most of the orchid

species are now listed as endangered species (Reid and Miller, 1989). Orchids can be saprophytic, terrestrial,

or epiphytic. In general, orchids are most abundant in the tropics and subtropics, but they are also common

in the temperate latitudes. The tropical ones are mainly epiphytic, meaning they are found growing anchored

to trees or shrubs. In Australia and North America, the orchids are mainly terrestrial. They grow in the soil,

and emerge each season to reproduce. Some orchids, like Neottia and Corallorhiza, lack chlorophyll and are

unable to photosynthesise. Instead, they obtain energy and nutrients by parasitizing soil fungi through the

formation of orchid mycorrhizas (Leake, 2005).

The traditional way of conserving orchids is through field collection of living plants and growing them

in greenhouses or nethouses as well as by embryo culture. Now, cryopreservation has become a promising tool

for long-term conservation of orchid germplasm. It facilitates management of in vitro collection by minimizing

the risk of both somaclonal variation and cultures contamination (Pandey et al., 2008). For successful

cryopreservation, it is essential to avoid lethal intracellular freezing which occurs during rapid cooling in LN.

Specimens to be preserved have to be sufficiently dehydrated to avoid intracellular freezing and thus, vitrify

upon rapid cooling (Pandey et al., 2008). A cryoprotectant is a chemical or a mixture of chemicals (e.g.

sucrose, glucose, proline, mannitol, glycerol, sorbitol, trehalose, polyethylene glycol, and ethylene glycol) which

protect tissues under conditions of exposure to ultra-low temperatures. These may be applied in combination

with dimethyl sulfoxide (DMSO) and/or three component mixtures, within the concentration of 5-15% (w/v

or v/v) or 0.5-1.0 M. Vitrification solutions contain two or more of the aforementioned components and applied

either at 0°C or at 25°C and at greater concentrations [15-30% (v/v)] (Pandey et al., 2008). These additives

are generally toxic at such concentrations; hence duration of plant exposure to them needs to be considered.

This study was undertaken to establish a suitable method for preserving D. sonia 28 orchids, using its PLBs

as an explant. The specific objectives of the study were as follows: (i) To evaluate the effects of various

sucrose concentrations (0.06 M, 0.10 M, 0.25 M, 0.50 M, and 0.75 M) on explants that were precultured for

24 and 48 hours ; (ii) to study the effects of different treatment times of PVS2 (5, 10, 15, 20, 25, and 30 min)

and temperatures (0°C and 24°C) prior to storage in liquid nitrogen; (iii) to determine the survival and

regrowth of explants through viability assessments (TTC assay and chlorophyll analysis).

Materials and Methods

Plant Material:

The in vitro-grown protocorm-like bodies (PLBs) of Dendrobium sonia 28 orchid hybrid was used in this

study. This material was used as the starting material to initiate multiplication of shoots for the study. The

cultures were incubated at 25±2ºC in a 16h photoperiod under cool white fluorescent lamps (Philips TLD, 36

W) at 150 µmol m  s .-2 -1

Multiplication of PLBs:

In order to have enough PLBs for the whole study, the MS (Murashige and Skoog, 1962) liquid media

prepared previously were used to multiply the explants. Fresh-growing PLBs were aseptically excised and

transferred into the liquid media in conical flasks. The flasks were then tightly closed with aluminium foil,

sealed with parafilm and put on rotary shaker for incubation of 2-3 weeks. 

Experimental designs:

There were two main parts in this study. The first part was to determine the best sucrose concentration,

time of culture and length of PLBs used in preculture that would produce best explants for next steps. Five

different sucrose concentrations (0.06 M, 0.10 M, 0.25 M, 0.50 M, and 0.75 M) and two culture times (24 and

48 hours) were tested. The PLBs were excised into two parameters of length, 0.01-0.20 cm and 0.21-0.40 cm.

The second part was to determine the best time and temperature of PVS2 solution exposed to explants which

would yield highest viability after LN storage. Six different exposure times were used, i.e. 5, 10, 15, 20, 25,

and 30 min while two different temperatures applied were 0°C and 24°C. Two viability tests were then

employed in this part, namely TTC assay and chlorophyll analysis.
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Preculture treatment of PLBs with sucrose:

PLBs in the liquid media, were carefully excised using a sharp scalpel blade into two parameters of length,

i.e. 0.01-0.20 cm and 0.21-0.40 cm. The measurement was done by means of plastic ruler placed underneath

a transparent, sterile Petri dish (9 cm). The dissected PLBs were then transferred to MS semi solid media with

the five tested sucrose concentrations. The samples were cultured under room temperature for two different

time periods, 24 and 48 hours. TTC assay was then applied to test the viability of samples. After this,

multiplication of PLBs was repeated, but only using the explants of the length, the sucrose concentration, and

the treatment time which produced best TTC result.

Treatment of PLBs with PVS2 and LN storage at room temperature (24°C):

PLBs from second round of multiplication (after preculture test) were transferred into cryovials (2 mL)

aseptically. By using pipette, 2.0 mL of loading solution (2 M glycerol + 0.4 M sucrose in MS media) were

pipette into the cryovials and left for 30 min at room temperature. After that, 1.0 mL of loading solution was

discarded and 1.0 mL of PVS2 solution were mixed into the remaining 1.0 mL of loading solution. This step

was done to prevent culture shock which might occur if the samples were subjected directly to PVS2 solution.

The mixture of loading and PVS2 solution were then discarded totally. Next, the PLBs were dehydrated with

2.0 mL of PVS2 solution for six different times (5, 10, 15, 20, 25, and 30 min). After each dehydration period,

the cryovials were closed and secured onto a cryocane. The cryovials, together with the samples, were then

rapidly immersed into LN within few seconds’ intervals. 

Treatment of PLBs with PVS2 but without LN storage at room temperature (24°C):

The method was identical to that with LN storage, except that the corresponding samples were not

immersed into LN.

Treatment of PLBs with PVS2 (Both with and without LN Storage) at 0°C:

The method for PVS2 treatment at 0°C was similar to that at room temperature (24°C), with and without

LN storage respectively. The difference was all the steps of loading, PVS2 treatment, and unloading in this

part were done in ice bath. The parameter of 0°C was actually a parameter for PVS2 treatment, but other steps

were also conducted under the same temperature in order to prevent culture shock due to abrupt changes in

temperature.

Thawing:

Thawing was only performed for PLBs that had undergone LN storage. After being stored for at least one

hour in LN, the PLBs were thawed to recover the growth for viability assessments. The cryopreserved samples

were taken from LN storage tank and immediately submerged into a water bath at 40 ± 2°C for 90 seconds.

Growth Recovery after Post-cryopreservation Treatment:

One (1.0) mL of the PVS2 solution were discarded from the cryovials. Next, 1.0 mL of unloading solution

(1.2 M sucrose in MS media) were mixed with the residual PVS2 solution in cryovials. The mixture was then

discarded totally. The PLBs were transferred into disposable Petri dishes containing the control MS semi solid

media covered by Whatman No.1 (7 cm) filter papers to extract the remaining unloading solution. The Petri

dishes were put under dark conditions for recovery process. After two days, the PLBs were transferred to new

MS semi solid media and left under dark condition again for the next 12 days.

Viability assessment via TTC assay:

This method is based on the reduction of colourless TTC into red formazan in living tissues and cells, due

2 4 2to reductases, particularly dehydrogenases. TTC solution was made by mixing 8.9 g of Na HPO ·2H O, 6.8

2 4g of KH PO , and 60.3 g of TTC powder in 1 L of sterile distilled water. The resulted solution contained each

component at the concentration of 0.05 M, 0.05 M, and 0.18 M respectively. The PLBs from recovery stage

were transferred into test tubes containing 3 mL of TTC solution and incubated for 15-20 hours at 30°C with

aluminium foil covering the test tubes. After this, the TTC solution was drained off and the cells were washed
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with distilled water. These were then vortexed and extracted with 7 mL of ethanol (95%) in a water bath at

80°C for 5 min. The extract were cooled and made to 10 mL volume with 95% ethanol. Absorbances of the

extract were measured by using spectrophotometer (Spectro 22, Digital Spectrophotometer, Labomed. Inc.) at

530 nm.

Viability Assessment via chlorophyll analysis:

The chlorophyll determination was based on Harbone method (Harbone, 1973). PLB samples (0.1 g) were

3ground with 0.2 g of calcium carbonate (CaCO ) and 1 mL of 80% acetone solution at 4°C using chilled

mortar and pestle. The ground extracts were filtered with Buchner Funnel by using Whatman no.1 (9 cm) filter

paper, followed by washing the mortar and pestle with 80% acetone solution. The extraction volumes were

then added up to 15 mL using Falcon tubes with 80% acetone solution. By using spectrophotometer, the

absorbances of these chlorophyll extracts were measured at 646 nm and 663 nm with the readings taken three

times for each sample. The chlorophyll contents were calculated by using the following formula:

663nm 646nmChlorophyll a (µg/mL) = 12.21 A  – 2.81 A

646nm 663nmChlorophyll b (µg/mL) = 20.12 A  – 5.03 A

646nm 663nmTotal chlorophyll content (µg/mL) = 17.30 A  + 7.18 A

Results and discussion

Preculture treatment of PLBs with different  sucrose concentrations:

With reference to Fig. 1 and 2, it was observed that regardless of the lengths of PLBs and incubation

times tested, their TTC sustainability increased from 0.06 M to 0.25 M sucrose concentration. This was

interpreted as increased growth of PLBs when grown in media containing 0.06 M to 0.25 M sucrose. In the

media containing 0.5 M and 0.75 M sucrose, the TTC assay readings decreased, indicating lower PLBs growth

rates at these two sucrose concentrations. It appeared that the PLBs of D. sonia 28 used in this study were

not tolerant to sucrose concentration higher than 0.25 M. 

Taking the parameters of length into account, the PLBs which were 0.21-0.40 cm showed much higher

readings at all the sucrose concentrations tested, if compared to those of 0.01-0.20 cm in length. The PLBs

of 0.21-0.40 cm length, however, did not show significant difference of growth when cultured for 24 or 48

hours in media containing 0 M to 0.25 M sucrose. For the purpose of further study in this project, PLBs of

0.21-0.40 cm length were multiplied in half-strength MS media containing 0.25 M sucrose for 24 hours since

such treatment produced highest cell growth relatively.

Preculture of plant material in media containing sucrose or sorbitol is a valuable approach for improving

survival of shoot tips in LN in the presence of cryoprotectants (Yamada et al., 1991; Niino et al., 1992). The

beneficial effect of sucrose in cryopreservation could be due to two effects (Steponkus et al., 1992). First,

sucrose has, like other osmotically active substances such as mannitol, an osmotic dehydration effect during

treatment, leading to reduced water content in the tissue (Reinhound et al., 1995; Tanaka et al., 2004). Sucrose

is able to penetrate the cells and is able to enter the cells has been provided by histological observations of

intracellular accumulation of starch during preculture (González-Arnao et al., 1993). The accumulation of

sucrose within the tissue contributes to the cell viability when the cellular water is removed to the point of

glassy state during vitrification in the presence of LN (Steponkus et al., 1992). Furthermore, sugars are also

known to play a crucial role in the preservation of the membrane integrity (Crowe et al., 1988) and protein

structure (Leslie et al., 1995) during dehydration.

Viability assessment via TTC assay:

As shown in Fig. 3 and 4, the PLBs which had not undergone LN storage, in general, showed higher

readings of absorbance (or, cell viability) than those which had been cryopreserved, regardless of the times

of PVS2 treatment and temperatures tested. This phenomenon was plausible, since the PLBs without LN

storage would not be subjected to any freezing damage as occurred in cryopreserved samples. Thus, more of

the PLB cells survived in the test. 

Morphologically, all the PLBs appeared much less greener, similar to that shown in Plate 4.1, than those

precultured PLBs which had not been treated with PVS2, thus indicating lower viability. This was consistent

with the comparison between absorbance readings in this section and that of PLBs (0.21-0.40 cm) precultured

with 0.25 M sucrose for 24 hours (Fig. 2). All the PLBs in this test showed much lower viability than that

selected precultured PLBs.
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Fig. 1: TTC sustainability of PLBs (0.01-0.20 cm in length) treated with different sucrose concentrations and

incubation times. The tested sucrose concentrations were 0.06 M, 0.10 M, 0.25 M, 0.50 M, and 0.75

M whereas the incubation times used were 24 and 48 hours. Error bars show corresponding standard

deviation.

Fig. 2: TTC sustainability of PLBs (0.21-0.40 cm in length) treated with different sucrose concentrations and

incubation times. The tested sucrose concentrations were 0.06 M, 0.10 M, 0.25 M, 0.50 M, and 0.75

M whereas the incubation times used were 24 and 48 hours. Error bars show corresponding standard

deviation.  

By considering the temperatures of PVS2 treatment, one could also found that PLBs treated at room

temperature (24°C), after LN storage, gave similar viability if compared to those treated at 0°C. However, the

PLBs treated at 24°C displayed much higher viability than those treated at 0°C if they were not cryopreserved

prior to the recovery stage. The reason for such exceptionally high viability was yet to be discovered. When

the times of PVS2 treatment were also examined, it was found that 5-20 min of PVS2 treatment followed by

LN storage resulted in increasing viability whereas those treated for 25 and 30 minutes showed decreasing

viability. Exposure of D. sonia PLBs to PVS2 solution for more than 20 min turned out to be deleterious.

Hence, the study inferred that both the treatment time and temperature of PVS2 solution played a role in

survival of cells post-cryopreservation.

In fact, finding the optimal length of treatment with a vitrification solution is equivalent to establishing

a correct balance between toxicity (or more precisely, “dehydration tolerance” due to the nature of PVS2 as

a dehydrating agent) and an adequate dehydration to reduce water content and thus, the chance of lethal ice

formation in the regenerative tissue (Panis et al., 2005). The exposure of explants to the highly concentrated

vitrification solution is potentially injurious due to the phytotoxic effects of individual components or their

combined osmotic effects on cell viability (Jarret and Towill, 1992). It was reported by Steponkus et al. (1992)

that exposure of protoplasts to the vitrification solution for more than 5 min resulted in the complete disruption

of the plasma membrane. The optimal dehydration treatment of different plant species (with varying water

content and membrane permeability) can differ considerably. Takagi (2000) compared the behavior of several



285Am.-Eurasian J. Sustain. Agric, 3(3): 280-289, 2009

tropical species and graded banana among the most sensitive plant species since all its meristems were already

killed by a 10 min PVS2 treatment at room temperature, whereas 70% of the taro meristems survived a 60

min treatment. The temperature, at which dehydration takes place, turns out to play an important role. At 0°C,

longer treatments are possible which particularly benefit tropical, dehydration-sensitive plants such as pineapple

(González-Arnao et al., 1998) and sweet potato (Plessis and Steponkus, 1996). 

Besides, the length of the loading treatment can also influence the length of dehydration. For instance, after

20 min loading, the optimal PVS2 treatment for sweet potato meristems was at 10 min while this was 16 min

after 60 min loading (Pennycooke and Towill, 2000). For most plant species, the optimal duration for

dehydration with a vitrification solution is restricted to a limited time interval. A 10 min shorter or longer

treatment can make a significant difference concerning the post-thaw regeneration rates (Matsumoto et al.,

2001).

Fig. 3: TTC sustainability of PLBs after two weeks of recovery from PVS2 treatment at room temperature

(24°C). Six different times of dehydration had been tested, namely 5, 10, 15, 20, 25, and 30 min. All

the PLBs were 0.21-0.40 cm in length, which had been precultured in half-strength MS semi solid

media containing 0.25 M sucrose for 24 hours. 

Fig. 4: TTC sustainability of PLBs after two weeks of recovery from PVS2 treatment at 0°C. Six different

times of dehydration had been tested, namely 5, 10, 15, 20, 25, and 30 min. All the PLBs were 0.21-

0.40 cm in length, which had been precultured in half-strength MS semi solid media containing 0.25

M sucrose for 24 hours.

Viability Assessment via Chlorophyll Analysis:

Chlorophyll analysis was done as an auxiliary test to the previous assessment of viability (which tested

the viability of PLBs after two weeks of recovery). This test, however, used PLBs which had been left for six

weeks of recovery so that the cells could develop sufficient chlorophyll pigments for testing.

Based on Fig. 5 to 8, one could conclude that the PLBs that were treated at 0°C (both LN+ and LN-),

for the most part, showed higher chlorophyll a, chlorophyll b, and total chlorophyll content than those treated



286Am.-Eurasian J. Sustain. Agric, 3(3): 280-289, 2009

at room temperature (24°C). This finding contrasted with the result of previous viability test, wherein PLBs

treated at 0°C either did not differ much in viability than those treated at 24°C (for LN+ samples) or exhibited

much less viability than those at 24°C (for LN- samples). The cause(s) for such contradiction was unclear.

When considering each of the data groups in the figures containing the three measured variables

(chlorophyll a, chlorophyll b, and total chlorophyll content) at different PVS2 treatment times, it was shown

that total chlorophyll content would always be the highest in each data group. This is undeniable since this

variable included both of the other two variables (chlorophyll a and chlorophyll b). In broader view, it seemed

that chlorophyll a content was always more than that of chlorophyll b, irrespective of the temperatures and

times of PVS2 treatment. The chlorophyll a content also, typically, increased from 5 min PVS2 treatment to

20 min PVS2 treatment and started to decrease in the case of longer PVS2 treatment times. On the other hand,

the trend of increase in chlorophyll b was quite ambiguous. From external appearance, all the PLBs in this

stage appeared almost completely whitish, as which denoted death of cells. Nonetheless, the PLBs still

contained chlorophyll pigments which were synthesized at earlier time. Thus, the analysis was able to detect

the presence of chlorophyll pigments in very small amount. The ability to assess the cell viability quantitatively

and qualitatively after recovery from cryopreservation is important as a part of protocol development and

quality control for established routine procedures, the latter being of utmost importance as part of the quality

assurance routines within gene banks. Light microscope can be used to procure significant information on cell

integrity, cellular compartmentalization and plasmolysis. Such observations can be usefully combined with

viability staining such as fluorescein diacetate (FDA) staining (Wildholm, 1972). This staining assesses the cell

viability by determining the relative number of fluorescent cells. Nevertheless, there is an element of

subjectivity in such observations, since different cell types within a sample exhibit different degree of

fluorescenc.

Fig. 5: Chlorophyll a, chlorophyll b, and total chlorophyll content of PLBs after six weeks of recovery from

PVS2 treatment (LN+) at room temperature (24°C). The tested dehydration times were 5, 10, 15, 20,

25, and 30 min. Error bars show corresponding standard deviation. 

Fig. 6: Chlorophyll a, chlorophyll b, and total chlorophyll content of PLBs after six weeks of recovery from

PVS2 treatment (LN-) at room temperature (24°C). The tested dehydration times were 5, 10, 15, 20,

25, and 30 min. Error bars show corresponding standard deviation.
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Fig. 7: Chlorophyll a, chlorophyll b, and total chlorophyll content of PLBs after six weeks of recovery from

PVS2 treatment (LN+) at 0°C. The tested dehydration times were 5, 10, 15, 20, 25, and 30 min. Error

bars show corresponding standard deviation.

Fig.  8: Chlorophyll a, chlorophyll b, and total chlorophyll content of PLBs after six weeks of recovery from

PVS2 treatment (LN-) at 0°C. The tested dehydration times were 5, 10, 15, 20, 25, and 30 min. Error

bars show corresponding standard deviation.

Another method of cell viability assessment is TTC method, based on the spectrophotometry concept. It

is the most common short-term method of survival assessment, but the technique can produce ambiguous

results (Kessler and Furusaki, 1997). In the period shortly after thawing, the cells are in a state of metabolic

flux, resulting in positive TTC assay characteristics while the cells may either recovering or actually dying.

An example is the rice suspension culture which was maintained on a fructose-consisting medium, whereby

it showed high TTC results right after thawing but the value was not reflected in the subsequent cell regrowth

(Benson et al., 1992). Hence, more caution must be taken in the interpretation of post-thaw viability assays.

Conclusions:

This study was carried out with the main idea of establishing a suitable method for preserving D. sonia

28 orchids, wherein its PLBs were used as an explant. From this study, it was observed that PLBs of 0.21-0.40

cm length produced highest growth after 24 hours culture in MS liquid media containing 0.25 M sucrose.

Sucrose had not only been the main carbon source for cell growth, but also functioned in hardening the

explants for cryopreservation. The PLBs of this size were then selected for subsequent study of PVS2 effects.

After two weeks of recovery from cryostorage, the TTC assay showed that PLBs that were treated with LN

basically exhibited low survival rate.  A trend of increasing viability, nevertheless, was noticed for those

cryopreserved PLBs whereby 20 min PVS2 treatment at 0°C gave relatively highest viability. Four weeks after

this viability test, chlorophyll analysis was conducted to further support the collected data. The test displayed

that only chlorophyll a peaked at 20 min PVS2 treatment, similar to the trend shown in previous test. The
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trend of increase in chlorophyll b, however, could not be determined clearly. The TTC method seemed to be

appropriate for testing the initial viability of D. sonia 28 PLBs without long-term waiting for their germination.

However, chlorophyll analysis might not be suitable for viability assessment at later stages. Hence, other

assays, for instance, FDA assay could be used to confirm the survival rate of PLBs.
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