
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Effect of microgravity simulation using 3D clinostat
on cavendish banana (Musa acuminata AAA
Group) ripening process
To cite this article: Fenny Martha Dwivany et al 2016 J. Phys.: Conf. Ser. 771 012045

 

View the article online for updates and enhancements.

Related content
Assembly of cells and vesicles for organ
engineering
Tetsushi Taguchi

-

A new scenario for gravity detection in
plants: the position sensor hypothesis
O Pouliquen, Y Forterre, A Bérut et al.

-

Motions of leaves and stems, from growth
to potential use
Mathieu Rivière, Julien Derr and Stéphane
Douady

-

This content was downloaded from IP address 167.205.22.105 on 25/01/2018 at 08:24

https://doi.org/10.1088/1742-6596/771/1/012045
http://iopscience.iop.org/article/10.1088/1468-6996/12/6/064703
http://iopscience.iop.org/article/10.1088/1468-6996/12/6/064703
http://iopscience.iop.org/article/10.1088/1478-3975/aa6876
http://iopscience.iop.org/article/10.1088/1478-3975/aa6876
http://iopscience.iop.org/article/10.1088/1478-3975/aa5945
http://iopscience.iop.org/article/10.1088/1478-3975/aa5945


 

 

 

 

 

 

Effect of microgravity simulation using 3D clinostat on 

cavendish banana (Musa acuminata AAA Group) ripening 

process 

Fenny Martha Dwivany 1,2, Rizkita R. Esyanti 1,2, Adeline Prapaisie 1, Listya Puspa 

Kirana 1, Chunaeni Latief 3 and Ari Ginaldi 3 

1School of Life Science and Technology, Institut Teknologi Bandung, Indonesia;  
2Biosciences and Biotechnology Research Center, Institut Teknologi Bandung, 

Indonesia 
3Indonesian National Institute of Aeronautics and Space (LAPAN), Bandung, 

Indonesia 

 

E-mail: fenny@sith.itb.ac.id 

Abstract. The objective of the research was to determine the effect of microgravity simulation 

by 3D clinostat on Cavendish banana (Musa acuminata AAA group) ripening process. In this 

study, physical, physiological changes as well as genes expression were analysed. The result 

showed that in microgravity simulation condition ripening process in banana was delayed and 

the MaACO1, MaACS1 and MaACS5 gene expression were affected.  

1.  Introduction 

According to several researches, microgravity conditions may lead to the limitation of air convection, 

resulted in a change in the composition of O2 and CO2 in the surface around the plant [1,2]. The condition 

can lead to a stagnant air layer that will thicken around plant surface, meanwhile the air from outside 

was difficult to diffuse, causing unbalanced in composition of CO2 and O2. CO2 will increase as a result 

of respiration, while O2 will decrease due to the limitations of air convection [2]. Changes in the 

composition of the air can change some metabolic processes in plants, for example ethylene 

biosynthesis. 

Ethylene is a gaseous plant hormone that is naturally produced. One function of ethylene is a signal 

in the process of fruit ripening. In climacteric fruit such as banana, ethylene production will increase 

along with the increase of the rate of respiration. Increased ethylene does not occur in non-climacteric 

fruit. Along with increase of ethylene, the fruit will undergo maturity, changes in physiology, 

biochemistry, molecular and organoleptic characters [3]. 

Ethylene is synthesized from methionine and the reaction is catalyzed by two enzymes, ACC 

synthase and ACC oxidase [4]. Methionin is changed into S-adenosyl-methionin (SAM), and ACC 

synthase catalyze reaction of SAM into ACC (1-Aminocyclopropane-1-carboxylic acid). Finally, ACC 

oxydase catalyze ACC conversion into ethylene and this step really depends on O2 and accelerated by 

fruit ripening [5]. It has been known that ACC synthase is encoded by multigene families ACS, whereas 

ACC oxidase is encoded by multigene families ACO. According to previous research, MaACO1, 

MaACS1, MaACS5 were expressed higher in ripening bananas [6,7,8].  
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In this study, the effect of microgravity simulation performed by 3D clinostat and closed chamber 

condition on banana fruit ripening process were analysed based on physical, physiological and gene 

expression study. As control, banana was placed at open air condition as well closed chamber on ground 

and clinostat open condition. Until recently, report related to effect of microgravity on fruit ripening 

process was limited. Understanding the effect of space condition on plant response to various signals 

from the environment can also materialize to the idea of establishing a greenhouse/laboratory to 

minimize effect of microgravity for further space farming. In addition, understanding of fruit maturation 

and decay from this experiment can also be applied to design a better postharvest technology. 

2.  Methods 

Mature green Cavendish Bananas, (Musa acuminata AAA Group), were used as samples after 24 hours 

treatment by ethylene. Banana samples were wrapped in paper tissues containing active charcoal to 

avoid physical injury and to absorb water from respiration process. Three replicates of samples were 

then placed into four groups. Experiment was conducted using 3D clinostat [9] over seven days then 

samples were harvested at day 0, 1, 4, 5 and 7 and stored at -80°C for further molecular analysis. Physical 

and physiological analyses were performed to observe changes in peel colour and to measure peel to 

pulp ratio. In addition, gene expression analysis was also performed, a total of RNA was isolated from 

1 gram sample [10], then qPCR was performed [8,11]. The qPCR result was analysed using relative 

analysis method with equations, ΔΔCt = (Cttarget gene - CtGAPDH)Tx - (Ctgene target - CtGAPDH) T0, where T was 

the treatment time [12]. 

3.  Results  

Effect of 3D clinorotation on fruit ripening was analysed using physical and physiological approaches. 

Peel colour changed gradually from green to yellow during seven days of fruit ripening process. The 

peel colour at closed chamber on clinostat changed slightly and took longer time compared to control 

and other treatments (figure 1(a)). Mass ratio of peel to pulp fruit ripening bananas was also measured, 

ripening process at closed chamber on clinostat treatment was slowest and resulted highest ratio of peel 

to pulp (figure 1(b)).  

 

 
(a) 

 
 

(b) 

Figure 1. (a) Peel colour changes, (b). Mass ratio of peel to pulp 
 

In addition to physical and physiological analyses, analysis at molecular level was also performed 

using gene expression analysis. Total RNA was isolated from all banana samples. The expression of 

fruit ripening-related (MaACS1, MaACS5 and MaACO1) genes expressions were characterized by qPCR 

method using gene specific primers. The result of MaACS1 expression analysis during fruit ripening 

showed that gene expression increased in all conditions from day 0 until day 7 (2A). Lower gene 

expression of MaACS1 was shown in all treated samples compared to control. On the other hand, the 
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expression of MaACS5 in control condition increased from day 0 and reached the highest at day 5, 

whereas at other treatment still increasing after day 5 (figure 2(b)).  

The expression of MaACO1 gene during fruit ripening was shown in figure 2(c). The highest gene 

expression at closed chamber on clinostat was at day 1, then it decreased whereas in other treatments 

reached the highest expression later at day 4 then decreased. However, gene expression at open chamber 

on clinostat increased again at day 7. 
 

 
(a) 

 
(b) 

 
(c) 

Figure 2. Relative quantification analysis of gene expressions from banana pulp during ripening process 

in four storage conditions: control open, clinostat open, control closed, and clinostat close chamber. (a). 

MaACS1, (b). MaACS5 and, (c). MaACO1. 

4.  Discussion 

According to the results, longest self-life was obtained when banana was stored at microgravity 

simulation condition (closed chamber on clinostat), followed by closed chamber and open chamber on 

clinostat, and last was control.  

In this study, changes in peel colour were slowest in banana placed at closed chamber on clinostat 

compared to other treatment. This phenomenon was confirmed by the pattern of chlorophyll content at 

the same treatment which was also the lowest (data not shown). The result might be related to the limited 

oxygen content around the fruit. Peel colour of banana commonly changed gradually from green into 

yellow during ripening process, which was caused by chlorophyll degradation [13].  

Mass ratio of fruit peel to pulp is an indicator of bananas fruit ripening [14]. The mass ratios of peel 

to pulp for all conditions in this study were decrease during ripening process. However, closed chamber 

on clinostat treatment showed the highest ratio and slowest ripening process. The decrease in the mass 

ratio of peel to pulp might be associated with changes in water levels on both tissues.  

Molecular analysis showed similar patterns of MaACS1 gene expression found in all conditions. 

MaACS1 showed an increase in gene expression but the averages of gene expression were lower in other 

conditions compared to control. On the other hand, MaACS5 gene expression patterns in treated 

conditions were different to control. In control condition, the gene expression increased and reached the 

peak at day 5 then decreased, whereas gene expression at treated conditions has not reached the peak 

and increased continually after day 5. Further study to obtain the peak of MaACS5 expression in treated 

conditions was needed. The gene expression pattern of MaACO1 showed that the peak of gene 

expression at control was attained earlier compared to other condition.  

This study showed that MaACS1, MaACS5 and MaACO1 gene expression pattern were affected by 

different chamber condition during fruit ripening. Analysis on MaACS1 showed that lower gene 

expression resulted in slower ripening process compared to control. Delayed activity of MaACS5 gene 

expression might correlate with slower ripening process at treated condition compared to control. 

Interestingly, longest shelf-life of bananas stored at closed chamber on clinostat condition might 

correlate with MaACO1 gene expression. In this condition, the gene expression of MaACO decreased 

drastically after day one, while in other conditions increased continually until day 4. Since these genes 

belong to gene families which encode ACC synthase and ACC oxidase, their activity all together might 
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affect fruit ripening. It has been known that the decrease of O2 concentration in environment result in 

inhibition of ACC oxidase activity [5]. 

Our previous study showed that banana fruit ripening in bamboo closed chamber was also delayed 

compared to control [15]. It was reported that banana stored at closed chamber filled with 5% carbon 

dioxide showed lower MaACS5 and MaACS6 gene expressions [8]. Several other studies also reported 

a correlation between delay in banana ripening and high carbon dioxide composition around the fruit 

[16,17,18]. It has been known that ethylene synthesis from ACC is induced by the presence of oxygen 

and is inhibited at high concentrations of carbon dioxide [5]. 

5.  Conclusion 

Simulated microgravity conditions using closed chamber on clinostat condition resulted in delaying of 

banana fruit ripening. In this study, we also found that MaACS1, MaACS5 and MaACO1 gene expression 

were affected when banana was placed in such condition.  
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