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Abstract

Different designs of the plant tissue culture vessel, such as size, material, and shape, may alter its microenviron-
ment atmosphere. The present study was conducted on protocorm-like bodies (PLBs) of Dendrobium Sabin Blue
orchid to determine the development of PLBs on plastic and glass culture vessels of different sizes. PLBs were
cultured in half-strength Murashige and Skoog (MS) medium with the same initial weight of 0.5 g in 10 replicates.
The growth index of the PLBs was calculated after 11 weeks to study their growth in every vessel; additionally,
biochemical analysis was performed to determine carbohydrate content, proline concentration, and photo-
synthesis pigments in the PLBs. Scanning electron microscopy (SEM) was performed to study stomata develop-
ment on PLBs in each vessel, and histological analyses were conducted to study the cell structure. Overall, the
PLBs cultured in a large 470 ml plastic vessel showed successful growth with a high growth index, high carbo-
hydrate content, low-stress condition, and high chlorophyll content. SEM confirmed that the presence of trichome
and rhizoid in PLBs cultured in the 470 ml plastic vessel. Histological analysis showed the formation of the shoot
on the PLBs and the presence of starch granules. Thus, the use of plastic as a culture vessel provides a good
impact for culturing PLBs and has low cost.
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Introduction

Dendrobium is the second largest genus in the Orchi-
daceae family, which consists of more than 25 000 spe-
cies worldwide that belong to 880 genera (Niu et al.,
2017). Commonly known as “Shih Hu” in traditional Chi-
nese medicine, Dendrobium has been used for stomach
nourishment, to treat flu, as a tonic, and to increase the
production of body fluid (Shiau et al., 2005; Li et al.,
2021). Various chemical compounds can be found in
Dendrobium orchids, such as dendrobine and the pre-
viously unknown alkaloid nobiline. The main compo-
nents of diverse compounds found in Dendrobium are
alkaloids, aromatics, sesquiterpenoids, and polysaccha-
rides (Robustelli della Cuna et al., 2021). 

In vitro culture is the best method to propagate or-
chids as it can mass-produce plantlets that maintain good
qualities and genetic stability of the plant (Cardoso et al.,
2020). Protocorm-like bodies (PLBs) are a unique struc-
ture of orchids, and they are the initial structure formed
in embryo development during seed germination (Tei-
xeira da Silva et al., 2015; Santos et al., 2016). PLBs are
often used by researchers for studies as they can pro-
liferate easily and develop directly into shoots and roots
(Teixeira da Silva et al., 2015). All parts of the orchid
plant can be used as explants to produce PLBs, such as
leaves, roots, stem nodes, apical buds, flower stalk, and
seed (Zhao et al., 2008; Malik et al., 2021).
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The culture vessel conditions play an important role
in maintaining the growth of the orchid tissue cultures
(Chen, 2003; Vasudevan and Van Staden, 2011). Diffe-
rent types and sizes of culture vessels affect the culture
production efficiency (Islam et al., 2005). The types of
the culture vessel can have an impact on light penetra-
tion, ventilation rate, and gaseous exchange during the
production of plantlets (Patel et al., 2016). The size of
the culture vessel can also affect plantlets’ development.
A culture vessel with a larger volume tends to increase
the production of shoots and roots because of the effi-
cient dispersal of ethylene gas inside the vessel in ad-
dition to allowing for more accessible oxygen. The pre-
sent study is the first study on the size of culture vessels
used for growing Dendrobium Sabin Blue orchid.

Therefore, this study aimed to investigate the impact
of using plastic and glass culture vessels on the pro-
liferation and growth of PLBs in terms of growth index
based on various biochemical analyses and to examine
morphological and anatomical aspects of PLBs using
various treatments. 

Materials and methods

Plant material 

Sixty-day-old PLBs of Dendrobium Sabin Blue orchid
(1–2 mm) were obtained from the Plant Biotechnology
Laboratory, School of Biological Sciences, Universiti
Sains Malaysia, Penang. The PLBs were grown and
maintained in half-strength Murashige and Skoog (MS)
(1962) medium supplemented with 1 mg/l benzylamino-
purine (BAP) under a 16 h light/8 h dark photoperiod
with cool fluorescent light at 25 ± 2EC. Two types of
culture vessels, namely plastic and glass vessels, were
used in this study. The plastic culture vessels were of
four sizes: 120, 240, 350, and 470 ml, while the glass
culture vessels were of two sizes: 280 and 530 ml. The
plastic culture vessels were manufactured by Ecoplastic
Sdn. Bhd. (Malaysia) and purchased at Tesco Sungai
Dua, Penang, while the glass vessels were purchased
from JG Containers Malaysia Sdn. Bhd.

Culture of PLBs

Sterile plastic and glass culture vessels were used to
culture seven PLBs individually. In each vessel, 0.145 g
fresh weight of the seven PLBs was used as the initial
mass. Eight replicates were made using both types of

culture vessels. Therefore, the total number of samples
was 112. PLBs were cultured in half-strength MS me-
dium supplemented with 1 mg/l BAP and solidified with
3 g/l Gelrite. The pH of the medium was adjusted be-
tween 5.7 to 5.8 before autoclaving at 121EC for 20 min
under 1.05 kg/cm2 pressure. Each vessel contained
30 ml of culture medium. These cultures were main-
tained in a 16 h light/8 h dark photoperiod under cool
fluorescent light at 25 ± 2EC with 44 ± 9 μE/m2 @ s1 light
intensity. After 11 weeks of culture, the growth index of
the PLBs from culture vessel of each size was calculated
using the following formula. 

Growth index =
   final fresh weight ! initial fresh weight
       initial fresh weight

Biochemical analyses

Carbohydrate analysis

To determine carbohydrate content, 0.1 g of chopped
PLBs from each treatment was used. Samples were trans-
ferred to a 25 ml glass test tube to which 15 ml of 80%
(v/v) ethanol was added subsequently. The tubes were
then incubated in a 60EC water bath for 30 min. After
incubation, the samples were filtered through a What-
man No. 1 filter paper. Next, 4 ml anthrone solution was
added to the extracted samples. The extracted samples
were then incubated in a 95EC water bath for 30 min
and allowed to cool down. The absorbance was recorded
at 630 nm for carbohydrate determination by using
a spectrophotometer (UV mini-1240, Shimadzu, Japan).

Chlorophyll, carotenoid, and porphyrin analyses

To determine the content of chlorophyll, porphyrin,
and carotenoid, 0.1 g of PLBs was collected from each
treatment and grounded with 1 g of calcium carbonate
(CaCO3). Next, 25 ml of 80% acetone was added to the
powder and mixed evenly. The mixtures were filtered
through a Whatman No. 1 filter paper, and the filtrate
was collected to determine the content of chlorophyll,
porphyrin, and carotenoid. The absorbance was recorded
at 665 and 649 nm for chlorophyll determination. Total
chlorophyll, carotenoid, and porphyrin were determined
according to Harborne (1973) by using the following
equations:

Chlorophyll a [μg/ml] = 11.75 (Abs 665) ! 2.35 (Abs 649)

Chlorophyll b [μg/ml] = 18.61 (Abs 649) ! 3.96 (Abs 665)

Total chlorophyll = Ca + Cb
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The absorbance was measured at 440 nm for caro-
tenoid determination, and the carotenoid content was
calculated using the following equation: 

            
Carotenoid content [μg/g] =

   A × V [ml] x 104

   A1%
1cm

 × P [g]

The total porphyrin was calculated by equating the
sum of protoporphyrin, Mg-protoporphyrin, and proto-
chlorophyllide. To determine total porphyrin, the absor-
bances were measured at 575, 590, and 628 nm, res-
pectively. Protoporphyrin, Mg-protoporphyrin, and pro-
tochlorophyllide were determined using the following
equations:

Protophyrin = 12.25 × A665 ! 2.55 × A649

Mg-protoprophyrin = 20.31 × A649 ! 4.91 × A665

Protochlorophyllide = (196 × A575 ! 46.6 × A590 ! 58.68 × A628) +
 + (61.81 × A590 ! 23.77 × A575 ! 3.55 × A628) +
 + (42.59 × A628 ! 34.32 × A575 ! 7.25 × A590)

Proline analysis 

Proline analysis was performed according to Bates
et al. (1973). Ninhydrin (1.25 g) was added to 60 ml of
glacial acetic acid and 40 ml of 6M phosphoric acid. The
mixture was agitated until dissolved and stored in a refri-
gerator for 24 h to stabilize the mixture. Chopped PLBs
weighing 0.5 g were added to 15 ml of ethanol and im-
mersed in a 60EC water bath for 30 min. The sample mix-
ture was filtered with a filter paper, and the supernatant
was collected. Then, 2 ml ninhydrin acid and 2 ml glacial
acetic acid were added together to the filtrate. The mix-
ture was then placed in a 100EC water bath for 1 h and
cooled rapidly using ice water to immediately stop further
reaction. Next, 4 ml of toluene was added to the mixture
and shaken vigorously for 15 s. The absorbance of the
mixture was recorded at 520 nm wavelength.

Histological analysis

Histological analysis was performed by fixing the
PLBs in formaldehyde acetic acid (FAA). After 1 week,
FAA was removed, and the PLBs were serially dehydra-
ted with different concentrations of tertiary butyl alcohol
(TBA) solutions (Gnasekaran et al., 2014), embedded in
paraffin wax, and sectioned at 10 μm thickness using
a microtome (Leica, United States). The samples were
then stained with safranin and fast green (Hong et al.,
2008). Finally, the sample slides were observed and
photographed using a light microscope equipped with
a video camera (Olympus BX5, Japan).

Scanning electron microscopy

PLBs were analyzed by scanning electron microscopy
(SEM) based on the freeze-drying method. The freeze-
drying method involved vapor fixing of the samples with
1% osmium tetroxide for 1 h, followed by freeze-drying
(Emitech K 750 X) of the samples in liquid nitrogen
(!210EC) slush and coating with 5–10 nm of gold sputter
(Polaron SC515 sputter Coater, UK). The analysis was
conducted using a scanning electron microscope (Leo
Supra 50VP Field Emission SEM, Germany), and all
images were processed digitally using Oxford INCA 400
energy dispersive X-ray microanalysis system software.

Statistical analysis 

The experiments were performed under a completely
randomized design (CRD). All data were analyzed by
one-way analysis of variance (ANOVA) using Statistical
Package for Social Sciences (SPSS) Software version
22.0. Comparisons of mean and standard errors were
performed by Duncan’s multiple range tests at P # 0.05
significance level.

Results 

Growth index of PLBs

The growth index of PLBs in the plastic vessel gra-
dually increased from 1.367 in the smallest 120 ml ves-
sel to 7.36 in the largest 470 ml vessel (Fig. 1). PLBs in
the other two plastic vessels, 240 ml and 350 ml, exhibi-
ted similar growth indices of 4.374 and 5.09, respecti-
vely. In glass vessels, the growth index showed no signi-
ficant difference between the two vessel types of 280 ml
and 530 ml, reaching 7.123 and 6.52, respectively (Fig. 2).
The highest number of PLBs was obtained using the
470 ml plastic vessel (Fig. 3). PLBs grew larger in
120 ml plastic vessels but did not form shoots or roots,
whereas PLBs in 240, 350, and 470 ml plastic vessels
developed shoots. In glass culture vessels, complete
plantlets with shoots and roots were obtained (Fig. 4).

Biochemical analyses

Carbohydrate analysis 

The carbohydrate content of PLBs was significantly
influenced by different types of culture vessels (Table 1).
Among plastic vessels, PLBs growing in 470 ml plastic
vessels produced the highest carbohydrate content
(2.671 mg/g), whereas PLBs growing in 120 ml plastic 
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Fig. 1. Effect of different sizes of plastic vessels on the growth
of PLBs after 11 weeks of culture; data were analyzed by
one-way ANOVA; vessels assigned with the same letter show
no significant difference based on Duncan’s multiple range test

(P # 0.05)

Fig. 2.  Effect of different sizes of glass vessels on the growth of
PLBs after 11 weeks of culture; data were analyzed by one-way
ANOVA; vessels assigned with the same letter show no signi-
ficant difference based on Duncan’s Multiple Test (P # 0.05)

vessels had the lowest carbohydrate content (1.941 mg/g).
The carbohydrate content of PLBs was 2.078 mg/g fresh
weight in the 530 ml glass culture vessel. PLBs growing
in the 280 ml glass culture vessel showed carbohydrate
content of 1.449 mg/g fresh weight. Based on the histo-
logical observation, a higher amount of starch granules
was present in PLBs cultured in the 350 ml plastic ves-
sel than in PLBs cultured in the 240 ml vessel which
showed only a small amount of starch granules (Fig. 5). 

Proline analysis 

The size of culture vessels had a significant impact
on proline content in PLBs (Table 1). The highest
amount of proline (24.38 nmol/mg fresh weight) was ob-
served in PLBs growing in a 120 ml small plastic culture
vessel. The proline content of PLBs growing in the
240 ml and 350 ml plastic culture vessels decreased dra-
matically to 6.789 and 5.82 nmol/mg fresh weight, res-
pectively. The lowest amount of proline at 5.395 nmol/mg

fresh weight was obtained in PLBs growing in the 470 ml
plastic culture vessel. PLBs cultured in 280 ml glass ves-
sels showed a higher proline level of 27.016 nmol/mg
fresh weight than those cultured in 530 ml glass vessels,
with a proline content of 5.183 nmol/mg fresh weight.

Chlorophyll, carotenoid, and porphyrin analysis 

The size of the culture vessels significantly affected
the concentrations of chlorophyll a and b and total
chlorophyll in PLBs (Table 2). The highest concentra-
tion of total chlorophyll (7.825 mg/g fresh weight) was
obtained in PLBs cultured in the 470 ml plastic culture
vessel, while the lowest concentration (1.256 mg/g fresh
weight) was obtained in PLBs in 120 ml culture vessels.
The highest chlorophyll a and chlorophyll b concentra-
tions in PLBs grown in the largest 470 ml plastic vessel
were 3.363 and 4.462 mg/g fresh weight, respectively.
The lowest chlorophyll a (0.90 mg/g fresh weight) and
chlorophyll b (0.356 mg/g fresh weight) concentrations
were obtained in 120 ml cultured PLBs. The concentra-
tions of chlorophyll in PLBs growing in glass culture
vessels with larger and smaller sizes were significantly
different. Total chlorophyll (2.069 mg/g fresh weight),
chlorophyll a (1.105 mg/g fresh weight), and chloro-
phyll b (0.964 mg/g fresh weight) were observed to be
the highest in the 530 ml glass vessel. In contrast, total
chlorophyll (1.280 mg/g fresh weight), chlorophyll a
(0.884 mg/g fresh weight), and chlorophyll b (0.379 mg/g
fresh weight) were lower in the PLBs growing in the
280 ml glass vessel.      

The type and size of culture vessels showed a signi-
ficant impact on the carotenoid content (Table 3). Caro-
tenoid levels in the PLBs grown in the plastic vessels
fluctuated as the vessel volume increased. The carote-
noid content of PLBs in the 120 ml plastic vessel was
27.20 g/g fresh weight but decreased slightly to
23.727 g/g fresh weight in the 240 ml vessel. However,
in the 350 ml plastic culture vessel, the growth of PLBs
was boosted, and the concentration of carotenoid increa-
sed to 141.40 g/g fresh weight. In contrast, in the
470 ml plastic culture vessel, the carotenoid content of
PLBs was decreased to 74.07 g/g fresh weight. PLBs
cultured in 280 ml glass culture vessels showed higher
carotenoid content (30.478 g/g fresh weight) than those
grown in 530 ml glass vessels (21.605 g/g fresh weight).

Porphyrin content was also significantly influenced by
the type and size of culture vessels (Table 3). PLBs
grown in a 470 ml plastic vessel had the highest por-
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Fig. 3. PLBs grown in different sizes of plastic vessels after 11 weeks of culture:
A) 120 ml vessel, B) 240 ml vessel, C) 350 ml vessel and D) 470 ml vessel; the white 

scale bar represents 1 cm

Fig. 4. PLBs grown in different sizes of plastic vessels after 11 weeks of culture:
A) 280 ml vessel and B) 530 ml vessel; the white scale bar represents 1 cm 

phyrin content (40.521 g/g fresh weight), while those
grown in the smallest vessel of 120 ml had 14.165 g/g
fresh weight of porphyrin. PLBs grown in 240 ml vessels
had slightly lower porphyrin concentration (8.096 g/g
fresh weight) than those grown in 350 ml vessels

(6.093 g/g fresh weight). The porphyrin content of PLBs
in the glass jar decreased from 7.772 g/g fresh weight in
the 280 ml vessel to 6.696 g/g fresh weight in the
530 ml vessel.
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Table 1.  Effect of different sizes of plastic and glass vessels on the carbohydrate
and proline content in the PLBs after 11 weeks of culture

Type
of culture vessel

Size
of culture vessel

[ml]

Carbohydrate content
in PLBs
[mg/g]

Proline content
in PLBs

[nmol/mg]

Plastic vessel

120 1.941 ± 0.11 b 24.38 ± 0.11 c 

240 2.604 ± 0.37 a 6.789 ± 0.03 b 

350 2.626 ± 0.41 a  5.82 ± 0.05 a

470 2.671 ± 0.4 a  5.395 ± 0.04 a

Glass vessel 
280 1.449 ± 0.34 c 27.016 ± 0.02 c 

530 2.078 ± 0.03 b    5.183 ± 0.015 a

Data were analyzed by one-way ANOVA; vessels assigned with the same letter show no
significant difference based on Duncan’s Multiple Test (P # 0.05)

Table 2. Content of chlorophyll (a & b ) and total chlorophyll content in the PLBs grown
in different sizes of plastic and glass vessels

Type
of culture vessel

Size
of culture vessel

[ml]

Chlorophyll a
[mg/g]

Chlorophyll b
[mg/g]

Total
[mg/g]

Plastic vessel

120 0.9 ± 0.12 d 0.356 ± 0.02 d 1.256 ± 0.08 e 

240 0.759 ± 0.08 d 0.760 ± 0.04 cd 1.520 ± 0.10 d

350 1.603 ± 0.06 b 1.784 ± 0.03 b 3.387 ± 0.18 b 

470 3.363 ± 0.11 a 4.462 ± 0.10 a 7.825 ± 0.21 a

Glass vessel
280 0.884 ± 0.06 d 0.379 ± 0.03 d 1.280 ± 0.11 e

530 1.105 ± 0.07 c 0.964 ± 0.05 c 2.069 ± 0.18 c

Table 3. Content of carotenoid and porphyrin content in the PLBs grown
in different sizes of plastic and glass vessels

Type
of culture vessel

Size
of culture vessel

[ml]

Carotenoid
content
[μg/g]

Porphyrin
content
[μg/g]

Plastic vessel

120 27.199 ± 1.23 c 14.165 ± 0.67 b

240 23.727 ± 1.11 c 8.096 ± 0.39 c

350 141.397 ± 2.51 a 6.093 ± 0.26 c

470 74.07 ± 1.89 b 40.521 ± 0.21 a

Glass vessel
280 30.478 ± 1.65 c 7.332 ± 0.32 c

530 21.605 ± 1.28 c 6.696 ± 0.28 c

Histological analysis

PLBs from 120 ml plastic vessels had a compact tis-
sue of dividing cells and a small number of starch gra-
nules (Fig. 5). PLBs grown in the 240 ml plastic culture
vessel showed rapidly dividing cells and shoot formation.
Starch granules were condensed with large vacuoles in

the 350 ml vessel, whereas shoots, and starch granules
were observed in PLBs grown in the 470 ml vessel.
PLBs cultured in the 530 ml glass vessel had a high
concentration of starch granules (Fig. 6), whereas those
grown in the 280 ml glass vessel had a low concentration
of starch granules.
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Fig. 5. Histological observation of PLBs after 11 weeks of culture in different sizes
of plastic vessels: A) 120 ml plastic vessel, B) 240 ml plastic vessel, C) 350 ml plastic
vessel, D) 470 ml plastic vessel; N – nucleus, CT – compact tissue, SG – starch granule,

S – shoot, CW – cell wall

Fig. 6. Histological observation of PLBs after 11 weeks of culture in different sizes
of glass vessels: A) 280 ml glass vessel under  magnification, B) 530 ml glass vessel;

N – nucleus, SG – starch granule

SEM analysis

PLBs from the 120 ml plastic vessel had fewer stoma-
tal pores (Fig. 7). In larger plastic culture vessels of 240

and 350 ml, PLBs showed a higher number of more de-
veloped and highly distributed stomatal pores. Rhizoid
formation was observed on PLBs growing in plastic ves-
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Fig. 7. SEM analysis of 11-week-old PLBs cultured in different types and sizes of vessels: A) 120 ml
plastic vessel, B) 240 mlplastic vessel, C) 280 ml glass vessel, D) 350 ml plastic vessel, E) 470 ml

plastic vessel, F) 530 ml glass vessel

sels (350 ml) and glass vessels (280 ml) (Fig. 8). PLBs
growing in the 530 ml glass vessel exhibited partially
grown stomatal holes (Fig. 9).

Discussion

In general, it is essential to optimize in vitro culture
conditions for growing cultures. Explants when grown in
vitro face many stress conditions due to the availability
of gases and nutrients for the growth of cultures. The
culture vessel size and type largely influence plant

growth and pigment concentration (Martins et al., 2015).
In the current experiment, we analyzed and reported the
impact of large-sized plastic and glass culture vessels on
the growth of PLBs and pigment concentration.

This study found that the different sizes and types of
culture vessels used for the experiment affected the
fresh weight of PLBs. The main highlight of this experi-
ment was that, following the use of large-sized culture ves-
sels, the total yield of PLBs increased, resulting in in-
creased concentrations of pigments such as chlorophyll,
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Fig. 8. SEM analysis of 11-week-old PLBs cultured in different types and sizes of vessels: A) 120 ml
plastic vessel, B) 240 ml plastic vessel, C) 280 ml glass vessel, D) 350 ml plastic vessel, E) 470 ml

plastic vessel, F) 530 ml glass vessel

carotenoids, and porphyrins. It is known that different
vessel sizes have a significant impact on the microenviron-
ment inside the vessel (Martins et al., 2015), especially on
the concentrations of oxygen and carbon dioxide, along
with other volatiles such as ethylene in the air inside the
vessel (Huang and Chen, 2005). This can be attributed to
the limitation of air volume and gaseous exchange oc-
curring in the culture vessel, which may affect the
growth of PLBs (Kitaya et al., 2005; Saéz et al., 2012).

The smallest size of the culture vessel will have the
least air capacity, and therefore, the growth of PLBs will
be low as compared to that in other vessels. Only a mo-

dest amount of gas exchange occurs within the PLBs
during photosynthesis due to the small volume of air in
the smallest vessel. High carbon dioxide levels hinder
the process of photosynthesis, which prevents the plants
from synthesizing carbohydrates, thereby limiting their
growth (Amoo et el., 2009). In contrast, it was observed
that culture vessels with a larger size will have a higher
air volume and therefore allows for free gaseous ex-
change. This promotes the process of photosynthesis
and thus enhances plant growth in large-sized culture
vessels (Dutta, Gupta and Prasad, 2010). 
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Fig. 9. SEM analysis of the stomata of 11-week-old PLBs cultured in different types and sizes
of vessels: A) 120 ml plastic vessel, B) 240 ml plastic vessel, C) 280 ml glass vessel, D) 350 ml plastic

vessel, E) 470 ml plastic vessel, F) 530 ml glass vessel

The relationship between the size of the culture
vessels and plant growth and pigment concentration has
been extrapolated in many prior studies. Claussen
(2005) observed that the proline content in PLBs cultu-
red in vessels with varying diameters reflects stress
conditions. The concentration of ethylene produced by
the PLBs inside the little air volume of a small-sized
vessel could result in a large amount of proline. In vitro
grown plantlets in a tank with restricted space have been
found to produce ethylene, which slows down plantlet
growth and results in tiny leaves (Islam et al., 2005;

Alvarez et al., 2012). Ethylene overabundance can also
inhibit the formation of PLB shoots or calli (Jackson,
2003; Xiao et al., 2011). PLBs in a small vessel showed
a low growth rate. In contrast, in bigger vessels, the
ethylene gas released by the PLBs can freely diffuse
over a large region, resulting in a higher PLB growth.
This could be because of the release of ethylene gas by
PLBs, which increases proline levels (Park et al., 2002;
Kozai, 2010). Larger culture vessels are capable of di-
luting metabolic waste accumulation and protecting in
vitro grown plant tissues from stress (Islam et al., 2005;
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Shin et al., 2013). Carbohydrates contained in starch
granules in PLBs provide energy for the plant cell to
function and build the plant’s cell wall, and therefore,
they are essential for PLB growth. Because starch is
involved in the plant’s development in the form of ATP,
PLB growth will be enhanced if the amount of starch gra-
nules is higher (Oakes et al., 2016). The authors also
reported that the amount of carbohydrate content in-
creased as the volume of culture vessels increased. In
the present study, large-sized plastic and glass vessels
were found to enhance chlorophyll concentration in the
PLBs. Chloroplast is an important plant organelle, and
chlorophyll a and b pigments are substantially required
for photosynthesis. Martins et al. (2015) reported that
different culture conditions affect the anatomy and phy-
siology of in vitro growing plants. This is because of
restricted gas exchange. The ideal chemical structure of
the chlorophyll pigments consists of a long hydrocarbon
phytol tail linked to the head (which is also called the
porphyrin ring) of the chlorophyll molecule. Therefore,
depending on the culture vessel conditions, the con-
centrations of the chlorophyll pigments are bound to
change as it affects the chemical structures of the mole-
cules in the in vitro growing cultures. It was also ob-
served that porphyrin and carotenoid concentrations
were high in cultures grown in the large-sized plastic and
glass culture vessels. The photosynthetic pigments (na-
mely, chlorophyll, porphyrin, and carotenoid) can effi-
ciently absorb the required visible light wavelength and
facilitate photosynthesis (Leyva et al., 2008). The other
findings of the experiment were based on the observa-
tions of SEM. The SEM images showed that the number
of stomatal pores on the PLBs was higher in the large-
sized culture vessels. Gas exchange and the delivery of
water and minerals in plants mainly depend on the sto-
mata, and therefore, the number of stomata will affect
the growth of the plants (Rodrigues et al., 2016). In
in vitro cultures, PLBs with many stomata can absorb
a large amount of CO2, which can be subsequently used
in photosynthesis to generate glucose and stored as
starch granules in the shoots, roots, or leaves (Leyva
et al., 2008; Martins et al., 2015). The importance of
large-sized vessels for culturing PLBs was also confir-
med based on the observations in the small-sized culture
vessel (120 ml). In the 120 ml vessel, the cultures were
incapable of growing to their ideal fresh weight and
showed closure the stomata. In contrast, completely

grown PLBs in larger culture vessels showed fully ope-
ned stomata for gaseous exchange. The rhizoid formed
on PLBs grown in glass containers (280 ml) and plastic
vessels (470 ml) may aid in nutrient and water intake,
both of which are necessary for the plant growth and de-
velopment process.

Conclusions

Plastic culture vessels provide a reliable alternative
culture vessel for the development of Dendrobium Sabin
Blue orchid PLBs. The best PLB growth was attained in
a 470 ml plastic jar with the highest growth index. PLBs
grown in 470 ml plastic culture vessels produced the
highest levels of carbohydrate and photosynthetic pig-
ments such chlorophyll a and chlorophyll b, indicating
a high photosynthesis efficiency rate. Hence, the 470 ml
plastic vessel appears to be the best choice for culti-
vating Dendrobium Sabin Blue PLBs and produces high-
quality plantlets as compared to the other culture ves-
sels used in this study.

Author contributions
Aimie Nadzirah Abd Malik designed the study, performed the
experimental work, collected data, interpreted data, perfor-
med statistical analysis, and wrote the first draft of the manu-
script. Sreeramanan Subramaniam supervised the work, pro-
vided technical support, and contributed to chemicals and
scientific advice. Jasim Uddain, Jessica Jeyanthi James Antony,
and Ankita Rajendra Parab analyzed the study, interpreted the
results, and made substantial contribution to the biochemical
work. Chin Chee Keong and Bee Lynn Chew edited the manu-
script. All authors have reviewed and approved the final ver-
sion of the manuscript.

Acknowledgment
The authors are grateful to USM Research University 2015
(1001/PBIOLOGI/811309) for funding this project.

Declarations of interest
The authors declare that they have no conflict of interest.

References

Alvarez C., Sáez P., Sáez K. (2012) Effects of light and ventila-
tion on physiological parameters during in vitro acclimati-
zation of Gevuina avellana. Plant Cell Tiss. Org. Cult. 110:
93–101.

Amoo S.O., Finnie J.F., Staden J.V. (2009) Effects of tempera-
ture, photoperiod and culture vessel size on adventitious
shoot production of in vitro propagated Huernia hystrix.
Plant Cell Tiss. Org. Cult. 99(2): 233–238.

Bates L.S., Waldren R.P., Teare I.D. (1973) Rapid determi-
nation of free proline for water-stress studies. Plant Soil
39(1): 205–207.



A.N.A. Malik et al.52

Cardoso J.C., Zanello C.A., Chen J.-T. (2020) An overview of
orchid protocorm-like bodies: mass propagation, biotech-
nology, molecular aspects, and breeding. Int. J. Mol. Sci. 
21(3): 985. 

Claussen W. (2005) Proline as a measure of stress in tomato
plants. Plant Sci. 168(1): 241–248.

Gnasekaran P., Mustaffa M.N., Uddain J., Subramaniam S.
(2014) Micromorphological analysis of Aranda Broga Blue
orchid PLBs for Agrobacterium-mediated transformation
system. Malaysian J. Microbiol. 10(3): 186–196.

Dutta Gupta S., Prasad V.S.S. (2010) Shoot multiplication
kinetics and hyperhydric status of regenerated shoots of
gladiolus in agar-solidified and matrix-supported liquid cul-
tures. Plant Biotech. Rep. 4: 85–94.

Harborne J.B. (1973) Photochemical methods. Chapmann and
Hall Ltd., London: 49–188.

Hong P.I., Chen J.T., Chang W.C. (2008) Plant regeneration
via protocorm-like body formation and shoot multiplication
from seed-derived callus of a Maudiae type slipper orchid.
Acta Physiol. Plant 30(5): 755–759.

Islam M.T., Dembele D.P., Keller E.J. (2005) Influence of ex-
plant, temperature and different culture vessels on in
vitro culture for germplasm maintenance of four mint ac-
cessions. Plant Cell Tiss. Org. Cult. 81: 123–130.

Huang C., Chen C. (2005) Physical properties of culture ves-
sels for plant tissue culture. Biosyst Eng. 91(4): 501–511.

Jackson M.B. (2003) Aeration stress in plant tissue cultures.
Bulg. J. Plant Physiol. Spec. Issue 2003: 96–109.

Kitaya Y., Ohmura Y., Kubota C., Kozai T. (2005) Manipula-
tion of the culture environment on in vitro air movement
and its impact on plantlets photosynthesis. Plant Cell Tiss.
Org. Cult. 83(3): 251–257.

Kozai T. (2010) Photoautotrophic micropropagation-environ-
mental control for promoting photosynthesis. Propag.
Ornam. Plant 10: 88–97.

Leyva A., Quintana A., Sánchez M.,  Rodríguez E.N., Cremata
J., Sánchez J.C. (2008) Rapid and sensitive anthrone – sul-
furic acid assay in microplate format to quantify carbo-
hydrate in biopharmaceutical products: method develop-
ment and validation. Biologicals 36(2): 134–141. 

Li Y., Zhang B., Wang Y., Gong X., Hao Yu H. (2021) DOTFL1
affects the floral transition in orchid Dendrobium Chao
Praya Smile. Plant Physiol. 186(4): 2021–2036.

Malik A.N.A., Uddain J., Chin C.K., Chew B.L., Sreeramanan
S. (2021) Elicitation of protocorm-like bodies (PLBs) of
Dendrobium ‘Sabin Blue’ using methyl jasmonate, salicylic
acid and melatonin for in vitro production of anthocyanin.
Phytochem. Lett. 43: 60–64.

Martins J.P.R., Verdoodt V., Pasqual M., De Proft M. (2015)
Impacts of photoautotrophic and photomixotrophic condi-
tions on in vitro propagated Billbergia zebrine (Bromelia-
ceae). Plant Cell Tiss. Org. Cult. 123: 121–132.

Murashige T., Skoog F. (1962) A revised medium for rapid
growth and bioassays with tobacco tissue cultures. Physiol.
Plant 15(3): 473–497.

Niu Z., Xue Q., Zhu S., Sun J., Liu W., Ding X. (2017) The
complete plastome sequences of four orchid species: in-
sights into the evolution of the orchidaceae and the utility
of plastomic mutational hotspots. Front Plant Sci. 8: 715. 

Oakes A.D., Desmarais T., Powell W.A., Maynard C.A. (2016)
Improving rooting and shoot tip survival of micropropaga-
ted transgenic American chestnut shoots. Hort Sci. 51(2):
171–176.

Patel A.K., Lodha D., Ram K., Shekhawat S., Shekhawat N.S.
(2016) Evaluation of physiochemical factors affecting high-
frequency plant regeneration of Blyttia spiralis (synonym:
Pentatropis spiralis), a threatened climber of medicinal
value. In Vitro Cell Develop. Biol. Plant. 52(1): 10–19.

Robustelli della Cuna F.S., Calevo J., Bazzicalupo M., Sottani
C., Grignani E., Preda S. (2021) Chemical composition of
essential oil from flowers of five fragrant Dendrobium
(Orchidaceae). Plants 10: 1718. 

Rodrigues J., Verdoodt V., Pasqual M., De Proft M. (2016)
Physiological responses by Billbergia zebrina (Bromelia-
ceae) when grown under controlled micro environmental
conditions. Afr. J. Biotech. 15: 1952–1961.

Santos S.A., Smidt E.C., Padial A.A., Ribas L.L.F. (2016)
Asymbiotic seed germination and in vitro propagation of
Brasiliorchis picta. Afr. J. Biotech. 15: 134–144.

Saéz P.L., Bravo L.A., Latsague M.I., Sánchez M.E., Ríos D.G.
(2012) Increased light intensity during in vitro culture im-
proves water loss control and photosynthetic performance
of Castanea sativa grown in ventilated vessels. Sci. Hortic.
138: 7–16.

Shiau Y.J., Satish M.N., Chi-Ni H., Vanisree M., Hsin-Sheng T.
(2005) In vitro propagation of the Chinese medicinal plant,
Dendrobium candidum Wall. Ex Lindl., from axenic nodal
segments. In Vitro Cell Dev. Biol. Plant 41(5): 666–670.

Shin K.S., Park S.Y., Paek K.Y. (2013) Sugar metabolism,
photosynthesis, and growth of in vitro plantlets of Doritae-
nopsis under controlled micro environmental conditions.
In Vitro Cell Dev. Biol. Plant 49: 445–454.

Teixeira da Silva J.A., Cardoso J.C., Dobránszki J., Zeng S.
(2015) Dendrobium micropropagation: a review. Plant Cell
Rep. 34(5): 671–704.

Vasudevan R., Van Staden J. (2011) Cytokinin and explant
types influence in vitro plant regeneration of Leopard Or-
chid (Ansellia africana Lindl.). Plant Cell Tiss. Organ.
Cult. 107: 123–129. 

Xiao Y., Niu G., Kozai T. (2011) Development and application
of photoautotrophic micro propagation plant system. Plant
Cell Tiss. Org. Cult. 105: 149–158.

Zhao P., Wu F., Feng F.S., Wang W.J. (2008) Protocorm-like
body (PLB) formation and plant regeneration from the
callus culture of Dendrobium candidum Wall ex Lindl. In
Vitro Cell Dev. Biol. Plant 44(3): 178–185.


