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Abstract 
 

This paper reports successful preservation methods by minimal growth and 

cryopreservation of banana embryogenic callus. The minimal growth and 

cryopreservation techniques can be applied for medium-term and long-term 

preservation. The embryogenic callus of banana cv Dwarf Parfitt was used as 

the plant material. Different kind of medium formulations, temperature, gelling 

agents, and ABA concentrations were tested in minimal growth study. The type 

of explants, dehydration periods, and preculture media were tested in 

cryopreservation study. The result showed that the use of WIC medium was 

better than BM2G for maintaining embryogenic callus. The application of 0.005 

mg L-1 ABA combined with reduced temperature (150C) could preserve the 

cultures longer than 4 months with high survival rate (95%), high recovery rate 

(90%), and high number of recovered embryos indicating high embryogenic 

potential. For cryopreservation study, the best dehydration period was 20 

minutes. The combined treatments of 150 g/l sucrose and 2 M glycerol at 

preculture step was the most suitable treatment for successful 

cryopreservation with 80% survival rates; and the recovered cultures 

maintained their somatic embryogenic capacity. 

 

Keywords: Banana embryogenic callus, reduced temperature, ABA, 

vitrification, cryopreservation 

 
© 2022 Penerbit UTM Press. All rights reserved 

  

 

A B



168                                         Ika Roostika et al. / Jurnal Teknologi (Sciences & Engineering) 84:5 (2022) 167–176 

 

 

1.0 INTRODUCTION 
 

Banana is one of the most important commercial fruit 

in tropical countries such as Indonesia. To improve 

varieties, genetic diversity needs to be conserved. As 

cultivated bananas are vegetatively propagated 

and most of them are seedless, it is not an option to 

conserve them by using seeds. Field maintenance of 

germplasm is labor intensive and needs large area, 

high cost, yet it still faces many risks such as pest and 

disease. Thus, in vitro conservation is a valuable and 

potential alternative technique for preserving banana 

plant germplasm material. 

There are three kinds of in vitro preservation 

methods: (1) preservation in growth media for short-

term storage, (2) preservation by minimal growth 

technique for medium-term storage, and (3) 

cryopreservation for long-term storage [1]. Minimal 

growth preservation can be obtained by reducing 

temperature and light intensity [2, 3, 4], using osmotic 

regulator such as sucrose, sorbitol and mannitol at 

elevated concentration [3, 5], lessening essential 

factor such as medium strength [6], and using plant 

growth retardants such as paclobutrazol, cycocel, or 

ancymidol [3]. Cryopreservation is a potential method 

suitable for long-term conservation of plant genetic 

resources [5, 7] since they are stored in liquid nitrogen 

at -196 oC. By this method, the plant materials are 

brought to zero metabolisms and consequently the 

plant materials can be stored for a long period of time 

[8, 9]. By applying this technique, many samples 

(thousands) can be stored in one tank and they need 

not be sub-cultured intensively, and therefore it may 

reduce contamination risk, cost for labors, and time 

requires for maintenance. Moreover, the genetic 

stability of cryopreserved materials is guaranteed. 

Both minimal growth and cryopreservation have been 

applied routinely for preservation of banana shoots at 

International Transit Center (ITC) Belgium, Germany, 

Colombia, and Peru [10, 11]. 

Embryogenic callus of banana is usually 

maintained in vitro on solid medium and as suspension 

culture. Induction and maintainance of banana 

embryogenic cell suspension are laborious and time-

consuming due to frequent subculture. Strosse et al. 

(2006) reported that it need about 22 months for 

obtaining ideal embryogenic callus and 34 months for 

obtaining embryogenic cell suspension [12]. Frequent 

subculture may also increase the frequency of 

somaclonal variation and eventually the complete 

loss of morphogenic potential. Thus, it is necessary to 

develop a simple method which can facilitate 

maintenance of the embryogenic callus under 

minimal growth condition and cryopreservation. 

Minimal growth condition is desirable for maintaining 

the cell suspensions for routine work, from which 

actively growing cultures can be retrieved readlily 

[13].  

There is a report on maintenance of banana 

embryogenic cell by minimal growth method through 

temperature modification. The banana embryogenic 

callus can be maintained without sub-culturing at 8 °C 

for over 4 months [13]. The application of this low 

temperature has a consequent of high cost of 

electricity utilization. The use of plant growth inhibitor 

may be applicable and less expensive.  

Several protocols have been published on 

cryopreservation of banana and plantain [14]. The 

study of cryopreservation of banana embryogenic 

cell suspension through slow freezing method has 

been reported. However, slow freezing required a 

programmable and expensive slow freezing 

equipment, high electricity cost and is a slow process. 

Meanwhile, there is an alternative tecnique, called 

vitrification which does not require that programable 

freezing equipment, and yet the dehydration process 

is quick [15, 16]. The efficacy of vitrification method for 

preservation of bananas has not been reported. Thus 

it is important to study and to establish a 

cryopreservation technique applicable to Indonesian 

banana germplasms in gene bank for supporting 

banana breeding program.  

This paper reports on: (1) minimal growth 

technique of banana embryogenic callus for 

maintenance and medium-term storage without 

frequent subculture using abscisic acid (ABA) 

combined with low temperature, and (2) 

cryopreservation method of banana embryogenic 

callus for long-term storage by vitrification technique. 
 

 

2.0 METHODOLOGY 
 

The plant material used in this research was 

embryogenic callus of banana cultivar Dwarf Parfitt 

prepared at Research Center for Biology, The 

Indonesian Institute of Sciences. Two different 

preservation methods were tested in this study, i.e., 

minimal growth for medium-term preservation and 

cryopreservation for long-term preservation. The 

experiments were conducted at Tissue Culture 

Laboratory, Indonesian Center for Agricultural 

Biotechnology and Genetic Resources Research and 

Development, Agency for Agricultural Research and 

Development, Ministry of Agriculture, Indonesia. 

 

Minimal Growth Preservation of Banana Embryogenic 

Callus  
 

1. Preservation of Banana Embryogenic Callus in 

Liquid Media 
 

Two different maintenance media were used in this 

experiment. The first medium was BM2G medium [13], 

consisted of MS salts (Murashige and Skoog, 1962) 

supplemented with (in mg L-1): 2,4-D, 1; Biotin, 1; malt 

extract, 100; glutamin, 100; sugar, 45,000 [17]. Medium 

pH was adjusted to 5.7-5.8 prior to autoclaving. The 

second medium was WIC medium, developed by 

Witjaksono [personal communication]. This medium 

consisted of MS salts (Murashige and Skoog, 1962) 

supplemented with (in mg L-1): myo-inositol, 100; 

pyridoxine HCL, 2; thiamine HCL, 4; nicotinic acid, 2; 
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Ca-pantothenat, 1; cysteine, 40; biotin, 1; glycine, 2; 

2,4-D, 1; PVP (polyvinylpyrrolidone), 500; and sucrose, 

30.000 [17]. Medium pH was adjusted to 5.7- 5.8 prior 

to autoclaving. 

As much as 0.5 g embryogenic callus was used as 

the inoculum. Embryogenic callus was inoculated into 

50 mL treatment media in 250 mL Erlenmeyer flasks. 

The treatment media consisted of WIC medium 

supplemented with ABA at concentration of 0, 0.001, 

0.0025, and 0.005 mg L-1. The cultures were maintained 

at 25°C on a rotary shaker with a rotating speed of 70 

rpm, under dark condition. There were 2 replications 

for each treatment. At the end of preservation period, 

the cells were plated on WIC medium to recover 

embryogenic cell suspension and on REG medium to 

regenerate somatic embryos. The REG medium 

consisted of MS salts (Murashige and Skoog, 1962), 

vitamin, and (in mg L-1, unless stated otherwise): myo-

Inositol, 100; BA, 2; 20% liquid coconut endosperm; 

biotin, 2; sucrose, 30 [17]. Medium pH was adjusted to 

5.7-5.8 before autoclaving. The percentage of 

browning, final fresh weight, percentage of recovered 

embryogenic cell suspension, and number of 

developed somatic embryos were observed. The 

percentage of browning was calculated by the 

number of embryogenic callus divided by the total 

number of embryogenic callus observed multiplied by 

100%. The fresh weight of embryonic cell suspension 

was determined by weighing the settled cells in a 

sterile filter paper 15 minutes after double filtration with 

metal sieves of 100 μm and 62 μm pore size. The 

number of developed somatic embryos was 

determined by counting the number of white opaque 

somatic embryo per flask. 
 

2. Preservation of Banana Embryogenic Callus on 

Semisolid Media 
 

The effect of ABA preservation of embryogenic callus 

was also experimented on semi solid medium 

formulation of BM2G and WIC which were gelled with 

2 kinds of gelling agents, i.e, 0.7 g L-1 agarose and 6 g 

L-1 agar. The medium was dispensed in glass jars. 

Unless stated otherwise, the inoculum for the 

experiments was masses of embryogenic callus with 

height of approximately 3 mm covering a circle label 

of 1 cm diameter (about 0.785 cm2). The embryogenic 

callus cultures that were plated on the preservation 

media were incubated at temperature of 15 and 25 

°C under dark condition for 4 months. There were two 

replications for each treatment.  

After 4 months, the preserved embryogenic callus 

was replated on WIC and REG media devoid of ABA, 

both gelled with 6 g L-1 agar and maintained at 

temperature of 25 °C to assess its growth response. The 

responses observed included percentage of 

embryogenic callus survival, and recovery, and 

number of developed somatic embryos. 
 

Cryopreservation of Banana Embyogenic Callus  

 

Cryopreservation through vitrification method consists 

of stages. Stages of cryopreservation carried out in this 

work were [16]: preculture, loading, dehydration with 

cryoprotectant, freezing in liquid nitrogen, thawing, 

unloading, culture recovery, and regeneration.  

There were two experiments in this 

cryopreservation study. The first experiment was 

intended to determine the optimal dehydration 

period. Dehydration is the most critical point during 

cryopreservation so that we optimized this step before 

doing all steps of cryopreservation work. The second 

experiment was aimed at studying the effect of 

preculture treatment to the survival and regeneration 

rate of cryopreserved embryogenic callus.  

On the dehydration experiment, embryogenic 

callus was used as the inoculum. For dehydration 

treatments, embryogenic callus was subjected to 

cryoprotectant for 0, 5, 10, 20, and 40 minutes. The 

cryoprotectant was Plant Vitrification Solution 2 (PVS2) 

(Sakai, 1990; Sakai et al., 2008) which consists of 30% 

glycerol, 15% ethylene glycol, 15% dimethylsufoxide, 

and 0.4 M (136.9 g L-1) sucrose [18, 19] that were mixed 

in WIC liquid medium. After dehydration treatments, 

the embryogenic callus was unloaded with rinsing 

solution (RS) for 15 minutes to remove PVS2 solution 

that may be toxic to the embryogenic callus. The RS 

solution was composed of WIC medium containing 1.2 

M (41 g L-1) sucrose. The unloaded embryogenic callus 

was then dried up on filter paper and then plated on 

WIC semisolid medium and was incubated in the dark 

room with temperature of 20 °C for 2 weeks,  for 

recovery.  As a negative control, embryogenic callus 

pieces were not washed with RS solution before 

plating on WIC medium. To induce development of 

somatic embryos, the recovered embryogenic callus 

was subcultured on REG medium and incubated 

under 1000 lux light intensity with 16 hours photo 

period. The variables observed were the percentage 

of recovery and the total number of regenerated 

embryos. The recovered embryogenic callus was 

marked as organized round structure with yellowish 

color.   

On the preculture experiment, two kinds of inocula 

were used; the early stage which contained small 

granular structures of yellowish color, and the late 

stage of embryogenic callus, which contained few 

greenish somatic embryos. The inocula were 

precultured for one day on WIC solid media 

containing sucrose at various concentrations as the 

treatments, i.e., 120, 150, 180, and 210 g L-1 with and 

without the addition of 2 M glycerol.  

After preculture treatment, the embryogenic callus 

was put into 1.8 mL cryotube and then subjected to 

three different stages of cryopreservation to evaluate 

the efficacy of the treatment: 1) the embryogenic 

callus was plated directly to WIC medium for recovery 

(preculture); 2) the embryogenic callus was subjected 

to fresh cold PVS2 cryoprotectant to dehydrate them 

for 20 minutes, then plated them onto WIC medium for 

recovery (dehydration); 3) the embryogenic callus 

was subjected to fresh cold PVS2 cryoprotectant to 

dehydrate them for 20 minutes, then together with its 

cryotube containers were plunged directly to a Dewar 

flask containing of liquid nitrogen (-196 °C) (freezing in 
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liquid N2. After storage overnight, the embryogenic 

callus was rapidly thawed by stirring the cryotubes in 

warm water of 40 oC for about 1 minute. Directly after 

thawing, the PVS2 solution was removed from the 

cryotubes and replaced with the RS solution as an 

unloading step for 15 minutes at room temperature. 

The thawed embryogenic callus was taken from the 

RS solution, dried on filter paper and then plated on 

semisolid WIC media in 90 mm Petri dishes for regrowth 

for 2 weeks and placed in the dark. The recovered 

embryogenic callus was then sub-cultured to WIC and 

REG regeneration media to develop somatic 

embryos. They were incubated under 1000 lux light 

intensity with 16 hours photo period. The survival 

percentage of embryogenic callus and the total 

number of developed somatic embryos were 

observed. The regrowth embryogenic callus was 

indicated by the appearance embryogenic callus 

new growth or greenish somatic embryos. 

 

 

3.0 RESULTS AND DISCUSSION 
 

Minimal Growth Preservation of Banana Embryogenic 

Callus  

 

1. Preservation of Banana Embryogenic Callus in 

Liquid Media 

 

Embryogenic callus cultured in BM2G liquid media 

containing various concentrations of ABA resulted in 

complete loss of survival capacity since the 

embryogenic callus turned brown after 2 weeks 

preservation period (Figure 1A, Figure 2A-D). This 

indicated that the media were not suitable for 

preservation. Browning is an indicator of oxidative 

reaction occurred in stressed cells. Stressed cells are 

known to release quinone which might be inhibitory 

and resulted in growth cessation and death of the 

embryogenic callus.  A better response was obtained 

when the WIC liquid media was used for maintaining 

embryogenic callus. Mostly, embryogenic cell 

suspension could proliferate and survive until 4 months 

preservation period (Figure 1B, Figure 2E-H). The 

inclusion of PVP in the WIC medium may contribute to 

the prevention browning.  Cai et al. (2020) found that 

addition of 0.5 gL-1 reduced browning to 95% in tissue 

cultures of herbaceous peony ‘Festival Maxima’ [20]. 
Treatment of ABA in the liquid culture medium did 

not improve in regard to either browning or fresh 

weight for both medium formulations.  This result 

indicated that ABA was not necessary for preserving 

banana embryogenic cell suspension. Unfortunately, 

the survived embryogenic callus in liquid WIC medium 

failed to be recovered and regenerated on WIC and 

REG respectively. Therefore, we used semisolid media 

for the following experiments to improve the success 

of minimal growth preservation of banana 

embryogenic callus. 

 

 

Figure 1 Preservation of banana embryogenic callus cv 

Dwarf Parfitt in liquid media with addition of various 

concentration of ABA. (A) the embryogenic callus 

underwent severe browning in BM2G media with various ABA 

concentrations; (B) the embryogenic callus proliferated and 

the fresh weight gain maintained in WIC medium after 4 

months preservation period 

 

 

Figure 2 The growth of banana embryogenic callus cv Dwarf 

Parfitt in BM2G liquid media after 2 weeks (upper) and in WIC 

liquid media after 4 months preservation period (lower) with 

different concentration of ABA (mg L-1): 0 (A, E), 0.001 (B, F), 

0.0025 (C, G), and 0.005 (D, H) 

 

 

2. Preservation of Banana Embryogenic Callus in 

Semisolid Media 
 

Upon transfer to BM2G preservation media, the 

embryogenic callus turned brown. The incident of 

browning tent to be higher with the use of agarose 

than the use of agar, however, not significantly 

different with different in temperature, whether 15 or 

25 oC. Browning of embryogenic callus tent not to be 

affected by increasing concentration of ABA in the 
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medium except when the it was cultured in Agar 

(Figure 3A).  

 

 

Figure 3 Preservation of banana embryogenic callus cv 

Dwarf Parfitt on BM2G semisolid media and subsequent 

growth and development. (A) the effect of ABA and 

temperature to the browning level; (B) the recovery rate after 

4 months preservation; (C) the number of embryo developed 

after 5 weeks inoculated on recovery (WIC) and 

regeneration media (REG) 

 

 

Regardless of the type of gelling agent used, gel 

strength increased with gelling agent concentration 

and was critical to the maturation response. High gel 

strength was associated with reduced water 

availability from the medium to the cultures [21]. The 

recovery of embryogenic callus after preservation 

treatment of this medium formulation were 

significantly affected by formulation of recovery 

medium, gelling agent and treatment of ABA, and the 

best recovery of embryogenic callus up to 80% was 

reached at ABA concentration 0,001 mg L-1, on WIC 

medium and gelled with agar (Figure 3B). Similar 

response was observed for somatic embryo 

development where WIC medium gelled with agar 

were superior than REG medium and agarose, but 

with no clear pattern on the effect of ABA (Figure 3C). 

Similarly, when the embryogenic callus was preserved 

in the WIC semi solid medium, agar was superior as 

gelling agent than the agarose, while increasing 

concentration of ABA tent to decrease the incident of 

browning (Figure 4A). The recovery of embryogenic 

callus was also significantly higher on WIC medium 

gelled with agar, but with addition of ABA at 

concentration of 0.0025-0.005 mg L-1. In this media, 

somatic embryo development was also the best 

(Figure 4C, Figure 5).   

Apparently WIC based medium was more suitable 

than REG media for recovering embryogenic callus 

after preservation. The highest recovery rate (about 

90% survival and more than 40 developed somatic 

embryos) was obtained from WIC medium 

supplemented with 0.001 mg L-1 ABA. This WIC medium 

(with addition of ABA) could preserve embryogenic 

callus longer than 4 months. Beside of the longer 

preservation period, the medium could increase 

survival rate of preserved cultures and subsequent 

recovery rate. The best treatment was 0.005 mg L-1 

ABA, which resulted in more than 90% survival, 95% 

recovery, and 45 developed somatic embryos. 

Kulkarni and Ganapathi (2009) reported that banana 

embryogenic callus could be maintained over 4 

months by using low temperature at 8 oC [13]. As 

illustrated in Figure 4 and 5, the embryogenic callus 

from that treatment could proliferate as friable callus 

and regenerate into somatic embryos. According to 

Hoekstra et al. [19], ABA caused somatic embryos to 

suspend the growth, exhibit low rates of respiration, 

and maintain elevated sucrose content. It means that 

by reducing cellular metabolism, ABA may maintain 

high sugar content which contributes to the stability of 

membrane, protein, and cytoplasmic glassy matrix 

during preservation. Generally somatic embryos 

cannot be conserved for long periods due to 

precocious germination, even at low temperature 

[23]. However, the application of ABA can artificially 

induce the quiescent state in somatic embryos, similar 

to the dormancy state in zygotic embryos, and 

promote short- to medium-term conservation [24]. Rai 

et al. [25] stated that ABA is often used in tissue culture 

systems to promote somatic embryogenesis and 

enhance somatic embryo quality by increasing 

desiccation tolerance and preventing precocious 

germination.  
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Figure 4 Preservation of banana embryogenic callus cv 

Dwarf Parfitt on WIC semisolid media and subsequent growth 

and development. (A)  the effect of ABA and gelling agent 

to the browning level; (B) the recovery rate after 4 months 

preservation; (C) the number of embryo developed after 5 

weeks inoculated on recovery (WIC) and regeneration 

media (REG) 

 

 

After preservation, there was no phenotypical 

different between the plantlets derived from the 

control and ABA treated embryogenic callus (Figure 

6). It indicates ABA does not cause any change in the 

morphological character of somatic embryos and 

their subsequent developments, i.e., shoot 

development/plant conversion. 

 

 

 

 

 

 

 

 

 

Figure 5 Growth and development of banana embryogenic 

callus cv Dwarf Parfitt on WIC semisolid agar preservation 

media after 4 months at 15 oC (A-D), and subsequent growth 

and development after recovery on WIC medium (E-H) and 

on REG medium after 1 month (I-L) 
 

 

Figure 6 Plantlet development from banana embryogenic 

callus cv. Dwarf Parfitt on REG regeneration medium (2 

months) after preservation by minimal growth technique, in 

which the preservation medium containing ABA. (A) the 

medium without ABA (as the control); (B) the medium had 

ABA 
 

 

Cryopreservation 
 

1. The Optimization of Dehydration   

 

Cryopreservation of banana embryogenic callus by 

using slow freezing has been reported by Panis (2009) 

[23]. However, vitrification technique is the method of 

choice since it is simpler and applicable. Vitrification-

based protocols involve some degree of dehydration 

before freezing by exposure of samples to highly 

concentrated solution of cryoprotectant to remove 

most of freezable water [15]. Dehydration is the most 

critical point during cryopreservation, therefore it 

should be optimized before proceeding to all steps of 

cryopreservation work [16]. Our results showed that 

dehydration period from 0-40 minutes in dehydration 

solution PSV2 did not significantly affected the 

recovery of embryogenic callus after 2 month, but the 

its recovery after 1 month decreased significantly at 

40 minutes (Figure 7).  

The rinsing of PSV2 during unloading step with RS 

solution inhibited the recovery of embryogenic callus 

after 1 month, but the recovery increased significantly 
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after 2 months. The process of recovery probably 

takes some time before the embryogenic cultures 

stably regrew. The development of somatic embryos 

from the dehydrated-recovered embryogenic callus 

were also significantly affected by period of 

dehydration, but in any specific pattern. Nonetheless, 

dehydration period of 20 minutes resulted in the 

highest number of somatic embryo development 

(Figure 7). Some of the developed embryos were able 

to convert to shoots, regardless of the previous 

dehydration treatment (Figure 8).   

 

Figure 7 The effect of length of dehydration treatment with 

PVS2 solution to the growth of banana embryogenic callus 

cv Dwarf Parfitt planted on REG regeneration medium. (A) 

percent recovery of embryogenic callus; (B) number of 

somatic embryo developed. 0-UL = the embryogenic callus 

was not rinsed with RS solution before plating in REG medium. 

0+UL = embryogenic callus was rinsed with RS solution before 

plating the same as with the treatment of 5-40 minutes 

dehydration 

 

 

 

 
 

Figure 8 Shoot development from somatic embryos on REG 

regeneration media 1 month after recovery of embryogenic 

callus from dehydration treatment with PVS2 solution: for 0 

minute (A), 5 minutes (B), 10 minutes (C), 20 minutes (D), and 

40 minutes (E) 

2. The Optimization of Preculture 

 

Preculture treatments were evaluated by the 

embryogeic callus recovery and subsequent somatic 

embryo development as a measure of embryogenic 

potential. Generally, after preculture treatment prior 

to dehydration and freezing step, the growth of the 

embryogenic cultures fell into tree different pattern, 

i.e., whitish, yellowish, and blackish granular structures 

during the early of observation (1−2 weeks).  The white 

color indicated cell death after dehydration 

treatment, while yellowish color indicated the new 

growth of embryogenic callus. According to Panis 

(2009), there were four type of explant reactions to 

freezing, i.e., one of them was white structure resulting 

from an immediate death of the tissue without 

blackening. As shown at Figure 9 (C-D), there was not 

any regeneration from the whitish embryogenic callus 

after freezing and recovery step during 

cryopreservation. Some of the embryogenic cultures 

turned black after dehydration with PVS2 solution and 

freezing with LN, but new growth as spots of granular 

and semi compact structures and proliferating callus 

developed (Table 1. Figure 9). The embryogenic callus 

could develop into somatic embryos after sub-

culturing onto REG media (Figure 10). 
 

 

Figure 9 Recovery of banana embryogenic callus cv Dwarf 

Parfitt on WIC medium (1 month) after preculture only (A, E, 

I), preculture and dehydration (B, F, J), and preculture, 

dehydration followed by freezing (C, G, K), and subsequent 

development somatic embryos and plantlets on REG 

medium (D, H, L). A−D: The early stage of embryogenic callus 

was treated with 150 g/l sucrose, E−H: the late stage 

embryogenic callus was treated with 150 g/l sucrose and I−L: 

with 150 g/l sucrose and 2 M glycerol 
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Figure 10 Morphology of the regenerated plantlets of 

banana cv. Dwarf Parfitt on REG regeneration medium (2 

months) before (A) and after (B) cryopreservation of 

embryogenic callus by vitrification technique 

 

 

As shown in Table 1, the late stage embryogenic 

callus yielded more friable and proliferable 

embryogenic callus after dehydration and freezing 

than that of the early stage of embryogenic callus. As 

water content in the late stage embryogenic callus 

might be lower than that in the early stage 

embryogenic callus, the former might be more 

resistant to dehydration during cryopreservation when 

exposed to high osmoticum and super-low 

temperature in liquid nitrogen. Ishikawa et al. (2006) 

reported that the late exponential phase or early 

stationary phase proved best for survival after 

cryopreservation [27]. This is contrary to the classical 

concept which stated that cells in exponential growth 

phase are generally more tolerant to freezing than 

those in linear or stationary phase [24]. The culture 

growth phase issue may be species dependent.  

Preculture treatment with sucrose and glycerol also 

affected the increase of inoculum viability explants 

post-dehydration (up to 90%) and freezing in liquid 

nitrogen (up to 80%).  Zhu et al. (2006) reported that 

preculture by using sucrose could support 

regeneration of the banana culture post-

cryopreservation by increasing the content of various 

sugars (glucose, fructose, sucrose, raffinose, inositol, 

and sorbitol) and total fatty acids, as well as changing 

the ratio of sterols [29]. Sugar is an important 

osmoticum and affects the reduction of freezing 

point, maintaining the membrane bilayers, and 

stabilize proteins during freezing, whereas sterols is one 

of the constituent components of cell membranes 

and play an important role in the stabilization and cell 

membrane permeability. In addition, Gamez-

Pastrana et al. (2011) reported that preculture can 

reduce nucleation temperature of ice crystals 

formation during freezing [30]. This indicates that 

preculture treatment can significantly increase the 

success of cryopreservation. 

Observation on the morphology plantlets derived 

from the control and those of cryopreservation 

treatments showed no different (Figure 10). However, 

the growth of the plantlets of control treatment were 

slower than the plantlets derived from 

cryopreservation treatment. Similar result was 

achieved by Georget et al. (2009) where the number 

of somatic embryos from cryopreservation treatments 

of banana (cv. Grand Naine) cell suspension was 

higher than that of control [31]. 

By using cryopreservation technique, 

embryogenic callus can be preserved and recovered 

and therefore would be available without often doing 

culture initiation that is difficult and take a long time. 

As reported by Panis [14], the ability to produce 

somatic embryos remains intact and embryogenic 

cell suspension could again be re-established even 

from 15 years-cryopreserved embryogenic callus.  

 

Table 1 The recovery rate of banana embryogenic callus cv Dwarf Parfitt of early and late stage on WIC medium 1 month after 

preculture and subsequent treatment, i.e., preculture only, preculture treatment followed by dehydration only, and preculture 

treatment followed by dehydration and freezing during cryopreservation by vitrification technique 

 

Type 

of inoculum 

1-day preculture 

treatment 
Embryogenic Callus Recovery (%) after 

Additional observation 

after cryopreservation Sucrose 

(g/l) 

Glycerol 

(M) 
Preculture 

Preculture, 

Dehydration 

Preculture, 

Dehydration, 

Freezing 

The early stage 

embryogenic 

callus 

120 0 95 75 0 - 

150 0 100 30 0 - 

180 0 50 10 50 - 

210 0 80 5 0 - 

120  2 40 60 70 1 spot 

150  2 40 30 70 2 spots 

180  2 95 50 80 6 spots 

210  2 30 40 30 1 spot 

The late stage 

embryogenic 

callus 

120 0 70 90 0 - 

150 0 80 80 70 14 spots, semi compact 

180 0 60 60 70 11 spots, semi compact 

210 0 80 10 40 3 spots, semi browning 

120 2 70 10 0 - 

150 2 60 40 80 
10 spots, friable, 

proliferable 

180 2 80 80 0 - 

210 2 80 50 50 3 spots, friable 

 

A B
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4.0 CONCLUSION 
 

The use WIC medium was better than BM2G medium 

for maintaining morphogenetic capacity of 

embryogenic callus of banana cv. Dwarf Parfitt. 

Minimal growth technique could preserve the 

embryogenic callus longer than 4 months. The 

combined treatment of 0.005 mg L-1 ABA and low 

temperature of 150C provided 95% survival, 90% 

recovery rate, and no loss of embryogenic potential.  

The cryopreservation of the late stages of 

embryogenic callus that included dehydration period 

of 20 minutes, and preculture step with 150 g L-1 

sucrose and 2 M glycerol was the most suitable 

treatments for successful cryopreservation with 80% 

survival rate. 
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