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ABSTRACT

Musa troglodytarum L. (‘Pisang Tongkat Langit’), a banana cultivar which originated 
from Eastern Indonesia, has an economic potential due to the high β-carotene content on 
its pulp. Being a climacteric fruit, M. troglodytarum has a short shelf-life that can reduce 
fruit quality. In this study, the effect of 1.25% (w/v) chitosan coating on M. troglodytarum 
fruit shelf-life and ACS1 and ACO1 gene expression analysis using quantitative PCR were 
evaluated. Results showed that the application of chitosan coating delayed the fruit ripening 
process for two days by delaying several fruit physical and chemical changes. ACS1 and 
ACO1 gene expression analysis showed a different expression pattern, the expression level 
was lower on chitosan-coated fruits on the first day compared to control. In conclusion, 
chitosan-based edible coating delayed M. troglodytarum fruit ripening and changed the 

ACS1 and ACO1 gene expression pattern, 
compared with the chitosan coating effect 
on Cavendish banana which also prolonged 
fruit ripening and suppressed ACS1 and 
ACO1 expression in a previous research.

Keywords: ACO1, ACS1, chitosan, fruit ripening, 

Musa troglodytarum L., real time PCR
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INTRODUCTION

Banana has been considered as the world’s 
number four important food crop (Instituto de 
Promocion de Exportaciones e Inversiones, 
2016). This fruit is widely consumed in the 
world due to its high nutrition. The ripe 
fruit has 89 kcal per 100 g fresh weight 
for energy source, carbohydrates, fibers, 
proteins, fats, calcium, iron, vitamins, and 
potassium (Pareek, 2015). One of the local 
banana cultivar from Eastern Indonesia 
that has an economic potential is Musa 
troglodytarum L. (‘Pisang Tongkat Langit’), 
belongs to the Australimusa section (Ploetz 
et al., 2007). This banana pulp has a high 
β-carotene content (520-2,780 µg·100 g-1), 
a pro-vitamin A precursor (Englberger et 
al., 2003b). Thus, this banana could be a 
good source of vitamin A. Vitamin A is an 
essential nutrient in the human diet and it 
has been reported that vitamin A deficiency 
is a world health problem and is related 
to mortality rate especially in developing 
countries (Englberger et al., 2003a).

Banana is a climacteric fruit where 
ripening is associated with a sharp increase 
followed by a rapid decline of ethylene 
production in the early climacteric period 
(Liu et al., 1999). This condition could speed 
up the fruit ripening process and shorten the 
fruit’s shelf-life. Postharvest technologies 
have been developed to solve this problem, 
such as using controlled atmosphere 
(CA) (Ahmad et al., 2001) and modified 
atmosphere packaging (MAP) (Kudachikar 
et al., 2011), but these technologies are 
relatively expensive.

An alternative postharvest technology 
which is relatively low cost is edible 
coating. Edible coating has received much 
attention because it is capable of forming 
a thin film that could prevent moisture 
loss and oxygen diffusion into the plant 
tissues, thus maintaining its postharvest 
quality (Jianglian & Shaoying, 2013; 
Xing et al., 2016). One promising edible 
coating biopolymer is chitosan, which 
is a chitin derivative that is known to be 
non-toxic, biodegradable, biocompatible, 
and biofunctional. Furthermore, chitosan 
is considered to be Generally Recognized 
as Safe (GRAS) by the Food and Drug 
Administration (FDA) (Luo & Wang, 2013).

Chitosan-based edible coating has 
been applied on some banana cultivars and 
could extend their shelf-life, such as on 
‘Berangan’ (Musa sapientum, AAA group) 
(Malmiri et al., 2011; Maqbool et al., 2011) 
and Cavendish (Musa acuminata, AAA 
group) (Lustriane et al., 2018; Pratiwi et al., 
2015). Though the study of chitosan effect 
on banana ripening had been confirmed 
through physical and chemical analysis, 
only limited study had been conducted 
on the molecular mechanism, such as 
analysis of the expression of ACS and 
ACO genes on chitosan-coated Cavendish 
banana (Dwivany et al., 2018; Lustriane 
et al., 2018; Yamamoto et al., 2018). ACS 
is a gene encoding 1-aminocyclopropane-
1-carboxylic acid synthase (ACS), while 
ACO encodes 1-aminocyclopropane-1-
carboxylic acid oxidase (ACO). These 
two key enzymes play an important role in 
ethylene biosynthesis (Xu & Zhang, 2015). 
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Moreover, ACS1 and ACO1 expression 
were associated with ripening process of 
banana fruit (Karmawan et al., 2009; Liu 
et al., 1999; López-Gómez et al., 1997), 
and these genes had been used as markers 
for the ripening process of chitosan-coated 
Cavendish banana (Dwivany et al., 2018; 
Lustriane et al., 2018). It was reported that 
these genes had been succesfully isolated 
and characterized from M. troglodytarum 
fruit pulp using ACS1 and ACO1 primers 
of Musa acuminata (AAA group) (Dwivany 
et al., 2020). But, there had been no report 
on the effect of chitosan coating to extend 
the shelf-life and ACS1 and ACO1 gene 
expression of M. troglodytarum fruit. 
Therefore, this study aimed to investigate 
the effect of chitosan coating on the shelf-
life and ACS1 and ACO1 expression of M. 
troglodytarum fruit.

In this study, the chitosan coating 
concentration was 1.25% according to the 
optimized concentration to prolong the 
shelf-life of Cavendish banana at room 
temperature by Lustriane et al. (2018). 
Besides, 1% acetic acid solution, the solvent 
of chitosan solution, used as a coating to 
analyze its effect on the fruit postharvest 
storage, since Du et al. (1997) found that 
acetic acid coating affected pear fruit 
physical characteristics during storage.

MATERIALS AND METHODS

Materials

‘ P i s a n g  To n g k a t  L a n g i t ’ ( M u s a 
troglodytarum L.) mature green fruits were 
harvested from Ullath Village, Saparua 
Island, Maluku Province (Moluccas Islands), 

Indonesia (Figures 1a and 1b). Eight hands, 
which consisted of 5 until 13 fingers, were 
chosen randomly from eight bunches. Each 
bunches were derived from different herbs 
(Figure 1c). The fingers then were separated 
from each hand (Figure 1d) and selected 
visually for similarity in relative peel color, 
size, and without physical damage and 
infection of fungi on the fruit surface. The 
fingers, which weight ranged from 186.60 g 
to 256.32 g, were washed with commercial 
soap. Then the fruits were air-dried and the 
tips were wiped with 70% ethanol. One 
finger was used for each replicate, with three 
replicates per treatment sets per evaluation 
date. Meanwhile, three fingers were used for 
control samples. Chitosan (food graded) was 
purchased from Biotech Surindo, Indonesia, 
with high molecular weight and 85% degree 
of acetylation. All chemicals used in this 
research were analytical grade.

Preparation and Application of 
Chitosan Coating

Fruits were grouped into two experimental 
sets, i.e. 1.25% chitosan-coated and 1% 
acetic acid-coated fruits, and a control 
(uncoated fruits) set. There were three 
replicates per treatment sets per evaluation 
date. 1.25% chitosan solution was chosen 
according to a study conducted by Lustriane 
et al. (2018). Meanwhile, 1% acetic acid 
solution was used to examine its effect on 
the postharvest storage of M. troglodytarum 
fruits, since it was the main solvent for 
chitosan.

The 1.25% (w/v) chitosan solution and 
1% (v/v) acetic acid solution were prepared 
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according to Malmiri et al. (2011) method 
with modification. 

Briefly, 1% (v/v) acetic acid solution 
was prepared by dissolving glacial acetic 
acid in distilled water. The 1.25% (w/v) 
chitosan solution was prepared by dissolving 
the chitosan powder in 1% (v/v) acetic acid 
solution. Both of the solutions were agitated 
with a magnetic stirrer until homogenous. 
The pH of solution was adjusted to 5.5-5.6 
by adding 3 N NaOH. Coating application 
was done by dipping the fruits into chitosan 

or acetic acid solution for 2 min and air-
dried at room temperature for 2 hours. Then 
the fruits were stored at ambient temperature 
of 27+0.7oC and relative humidity of 
82.57+3.62% for 9 days. The postharvest 
analysis was carried out on days 0, 1, 3, 5, 
7, and 9 of storage.

Fruit Physical Analysis

Observation of the Peel and Pulp of the 
Fruit. Changes on the peel and pulp of the 
fruit were noted and photographed at each 

Figure 1. Sampling location of Musa troglodytarum L. (‘Pisang Tongkat Langit’). (a) Saparua Island in 
Maluku Province is circled in red. The inset shows the position of the map in Indonesia [Ministry of Education 
and Culture of Indonesia (Kemdikbud), 2018], (b) Location of Ullath Village (red arrow) in Saparua Island 
(Kemdikbud, 2015), (c) Musa troglodytarum herb and bunches, (d) Hand of M. troglodytarum fruits
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observation days of storage, which was 
described by Dadzie and Orchard (1997).

Weight Loss Determination. Weight 
loss was measured, which was described 
by Dadzie and Orchard (1997) as well as 
Lustriane et al. (2018), by comparing the 
initial fruit weight (day 0) and the fruit 
weight on each observation days during 
storage. The weight loss percentage was 
obtained by calculating the difference 
between the initial weight and final weight, 
then dividing the result with the initial 
weight and multiplying with 100%.

Pulp to Peel Ratio. The middle part of the 
fruit was cut transversely 1.0 cm thick, then 
the peel and pulp were weighed separately. 
The pulp to peel ratio was calculated by 
dividing the pulp weight with the peel 
weight (Dadzie & Orchard, 1997).

Fruit Chemical Analysis

Starch into Sugar Coversion. Starch into 
sugar conversion analysis was conducted 
using iodine starch staining techniques 
developed by Dadzie and Orchard (1997). 
The iodine staining solution was made by 
dissolving 1% potassium iodide and 0.25% 
iodine in warm distilled water. The middle 
part of the fruit was cut transversely 1.0 cm 
thick, then the peel was separated from the 
pulp. Then the pulp was immersed at a depth 
of 5 mm for 20-30 seconds in the staining 
solution. The iodine starch pattern of each 
fruit was compared with the chart of banana 
pulp stained surface with iodine staining 
(Blankenship et al., 1993).

Total Soluble Solids (TSS). Total soluble 
solids (TSS) content of fruit pulp was 
measured by using a refractometer 
(ATAGO) which was described by Dadzie 
and Orchard (1997). Briefly, 15 g fruit 
pulp was homogenized with 45 mL of 
distilled water using a blender to give 
three times dilution. The homogenate 
was centrifuged at (18,600 x g) for 5 min 
using microcentrifuge (Thermo Fisher 
ScientificTM Heraeus PicoTM 21). Then a 
few drops of the supernatant were dripped 
on the refractometer prism before reading. 
The results were multiplied by three 
and expressed as degree Brix (oBrix). 
Calibration of the refractometer was done 
before measurement by placing a few drops 
of distilled water to give a 0 oBrix reading.

Fruit Surface Microstructure Analysis

The 1.25% chitosan-coated and uncoated 
fruits on day 1 after storage (unripe fruit) 
were used for fruit surface microstructure 
analysis, as described by Lustriane et al. 
(2018) with slight modification. Square 
pieces (0.5 cm x 0.5 cm) of 2 mm thick peel 
from the fruits were cut transversely from the 
middle part of the fruit. The samples were 
freeze dried (freeze dryer VD-550R, Taitec 
Corporation) for 25 hours, then were coated 
with gold (Au) using ion sputter coater 
(MC1000, Hitachi). The microstructure of 
peel outer surface was analyzed by using 
scanning electron microscopy (JSM-6510A, 
JEOL Ltd.) using an accelerating voltage of 
10 kV and viewed in 1,000x zoom.
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Sensory Quality Evaluation
Sensory quality evaluation was conducted 
using hedonic test which was described by 
Amerine et al. (1965). Sixteen semi-trained 
panelists were chosen to evaluate untreated 
(control) and treated fruits (days 5, 6, and 
7 of storage at 27+0.7oC). Fruit samples 
were presented randomly to the panelists 
and rated on a seven-point hedonic scale (1 
= extremely dislike, 7 = extremely like) for 
aroma, taste, and fruit overall acceptability.

Isolation of Total RNA and cDNA 
Synthesis

RNA isolation was carried out on uncoated 
(control) and 1.25% chitosan-coated fruits 
on observation days of 0, 1, 3, 5, and 7. 
Total RNA was isolated from fruit pulp 
using Cordeiro’s method (Corderio et al., 
2008). cDNA synthesis was done by using 
the isolated RNA as template and iScriptTM 

cDNA Synthesis (Bio-Rad Laboratories) as 
mix reagent.

ACS1 and ACO1 Gene Expression 
Analysis 

Total cDNA from the pulp of uncoated 
and 1.25% chitosan-coated fruits were 
used for ACS1 and ACO1 gene expression 
analysis by quantitative PCR (qPCR). 
Specific primers were used to amplify the 
cDNA fragments of MaACS1 (primer of 
Cavendish banana ACS1 gene), MaACO1 
(primer of Cavendish banana ACO1 gene), 
and a reference gene, MaGAPDH (primer 
of Cavendish banana GAPDH gene). The 
primer pairs used to amplify ACS1, ACO1, 
and GAPDH are presented in Table 1. The 
qPCR was performed by MyGo Pro® real 
time PCR instrument connected with MyGo 
Pro PCR software, using Thunderbird® 
SYBR® qPCR mix reagent (Toyobo). In each 
qPCR analysis, three samples were used for 

Gene Name Primer Name Primer Sequences Reference
MaGAPDH
(Reference 
Gene)

MaGAPDH 
Forward

5’-TCAACGACCCCTTCATCAC-3’ Karmawan
et al. (2009)

MaGAPDH 
Reverse

5’-AGCAGCCTTGTCCTTGTCA-3’

MaACS1 MaACS1 
Forward

5’-CCGAGACTGGATGAAGAAGAA-3’ Karmawan
et al. (2009)

MaACS1 
Reverse

5’-GTCTGGGTCAAATCTGGCTC-3’

MaACO1 MaACO1 
Forward

5’-CGAGATGCTTGCGAGAAATGG-3’ Dwivany et al. 
(2018)

MaACO1 
Reverse

5’-TGCAGCAAATTCCTTCATCGC-3’

Table 1
Primer sequences of analyzed genes
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triplicate. The qPCR cycle condition was 
set at 95oC initial hold for 60 s, followed 
by 40 cycles of denaturation (95oC, 15 s), 
annealing (60oC, 30 s), and extension (72oC, 
30 s). This was followed by a melting stage 
from 60oC to 97oC (4oC increments for 30 s 
each at the initial stage and 0.5oC increments 
for 1 s each at the final stage).

Gene expression levels were normalized 
using the reference gene. Then the relative 
gene expression levels were calculated 
using obtained Ct (cycle threshold) value 
by 2-ΔΔCt method as formulated by Livak and 
Schmittgen (2001).

Statistical Analysis

Statistical analysis was conducted using 
IBM SPSS Statistics ver. 20. Analysis of 
variance (ANOVA) was used to measure 
the treatment effect and followed by Tukey’s 
HSD as post hoc test. Differences were 
considered to be significant when the 
P-values ≤ 0.05.

RESULTS AND DISCUSSION

Fruit Physical Analysis

Changes on Peel and Pulp Color. Changes 
on peel and pulp color are often used to 
estimate fruit ripening stages. The effects 
of coatings on peel and pulp color changes 
are presented in Figure 2a. As observed, peel 
color of uncoated (control) and 1% acetic 
acid-coated fruit were yellowish orange on 
day 3 and orange on day 7, while 1.25% 
chitosan-coated peel color just changed to 
yellowish orange on day 5 and orange on 
day 9. Moreover, control and 1% acetic acid-

coated fruit showed a faster deterioration 
compared with 1.25% chitosan-coated fruit 
on day 9. Observation of the pulp color 
showed that the pulp color of the control 
fruit changed from yellow to orange on 
day 3, this color was obtained on day 5 for 
the 1% acetic acid-coated fruit. On 1.25% 
chitosan-coated fruit, the pulp reached 
the orange color on day 9. These results 
indicated that chitosan coating delayed the 
changes in the peel and pulp color.

Chitosan coating formed a thin film 
on fruit surface which can be seen on 
microstructure observation (Figure 4). This 
thin film provides a physical barrier against 
water and gas, which causes a reduction 
in the diffusion of O2 into and CO2 out 
from the plant tissue (Xing et al., 2016). If 
internal O2 decreases, ethylene biosynthesis 
is inhibited and ripening process is slowed 
down, including chlorophyll degradation 
on peel and pulp (Knee, 1980). Chitosan 
coating may also inhibit carotenoid pigment 
production in the fruit. This may happen 
since the carotenoid production is affected by 
ethylene (Rodrigo & Zacarias, 2007). Delay 
on peel color changes are also observed on 
other chitosan-coated banana fruits, such 
as ‘Berangan’ (Maqbool et al., 2011) and 
Cavendish (Lustriane et al., 2018). Chitosan 
coating also delays fruit decay because of 
its antimicrobial properties (Jianglian & 
Shaoying, 2013; Xing et al., 2016). Delay on 
fruit decay was also observed on chitosan-
coated raspberry (Tezotto-Uliana et al., 
2014) and Cavendish banana (Lustriane 
et al., 2018). On Cavendish banana, it was 
reported that chitosan coating (concentration 
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1.25%) delayed the fruit deterioration until 
2-3 days (Lustriane et al., 2018).

Weight Loss. The effect of coatings on 
weight loss is shown in Figure 2b. Fruit 
weight loss is one of important parameter to 
determine fruit postharvest quality (Maqbool 
et al., 2011). Generally weight loss increases 
during ripening. However, according to 
statistical analysis, all of the treatments 
did not show any significant differences (P 
≤ 0.05). This result showed that chitosan 
coating did not affect weight loss of M. 
troglodytarum fruit. Fruit weight loss is 
related with moisture loss from respiration 
and transpiration during ripening. Chitosan 
coating is supposed to prevent moisture 
loss and weight loss of fruits (Eshghi et al., 
2014). Therefore, chitosan coating can be 
added with a plasticizer such as glycerol 
to increase its permeability to water so it 
can restrain transpiration and decrease fruit 
weight loss (Malmiri et al., 2011).

Pulp to Peel Ratio. The effect of coatings 
on pulp to peel ratio can be seen on Figure 
2c. Generally, pulp to peel ratio increased 
until it reached a peak, then it decreased at 
the end of the ripening process. The peak 
values of each treatment were significantly 
different (P ≤ 0.05) from one another. Each 
treatment reached its peak value at different 
storage time, 1% acetic acid-coated fruit on 
day 5, control on day 7, and 1.25% chitosan-
coated fruit on day 9. This suggested that 
chitosan coating slowed down the changes 
in the pulp to peel ratio.

During fruit ripening, pulp and peel 
tissues undergo changes in water and 
soluble sugar content, which lead to osmotic 
pressure differences between pulp and 
peel. Therefore, the pulp and peel weight 
ratio is increased (Dadzie & Orchard, 
1997). Chitosan coating slows down starch 
conversion into soluble sugar (Maqbool et 
al., 2011). Hence, osmosis from pulp to peel 
is inhibited and pulp to peel ratio changes is 
delayed. Lustriane et al. (2018) and Pratiwi 
et al. (2015) reported that pulp to peel ratio 
of chitosan-coated Cavendish banana was 
lower than the uncoated banana.

Fruit Chemical Analysis

Starch into Sugar Conversion Analysis. 
The effects of coatings on changes of 
starch degradation pattern are visualized 
in Figure 3a. Starch degradation in 1.25% 
chitosan-coated fruit pulp was the slowest 
among all treatments. This could be seen 
from the presence of starch staining on the 
middle part (placenta) and the edge part of 
the 1.25% chitosan-coated fruit pulp on day 
5, while control and 1% acetic acid-coated 
fruit only showed starch staining on the edge 
of the pulp.

During fruit ripening, starch is degraded 
into soluble sugar by amylase activity, 
hence this decreases the starch content 
and increases the soluble sugar content of 
the pulp (do Nascimento et al., 2006). In 
chitosan-coated fruit, ethylene production 
is inhibited (Maqbool et al., 2011). As a 
result, starch degradation rate decreases, 
since amylase activity is affected by 
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Figure 2. Changes of the physical characteristics of uncoated (control), 1% acetic acid-coated, and 1.25% 
chitosan-coated Musa troglodytarum fruits during ripening. (a) Changes on the peel and pulp colors, (b) 
Weight loss (significant at P ≤ 0.05), (c) Pulp to peel ratio (significant at P ≤ 0.05). Error bars indicate standard 
deviation (SD) (n = 3)

ethylene (do Nascimento et al., 2006). 
The effect of chitosan coating on delay 
of starch degradation were also reported 
on ‘Berangan’ (Maqbool et al., 2011) and 
Cavendish bananas (Lustriane et al., 2018).

Total Soluble Solids (TSS). The effects 
of coatings on total soluble solids (TSS) 
content during ripening are shown in Figure 
3b. Generally, all treatments showed an 
increase of TSS until day 3 or day 5, and 
then followed by constant values until 
day 9. TSS on 1.25% chitosan-coated fruit 
was lower (P ≤ 0.05) than control and 1% 

acetic acid-coated fruit from day 0 until 
day 3. However, TSS was not significantly 
different (P ≤ 0.05) between all treatments 
on day 5 until day 9. This result showed that 
chitosan coating decreased TSS values of M. 
troglodytarum fruit until day 3.

Total Soluble Solids, which consists 
of soluble sugar and organic acids, 
increases in fruit pulp during ripening 
(Dadzie & Orchard, 1997). It is caused by 
starch degradation into soluble sugar (do 
Nascimento et al., 2006) and production of 
organic acids (McGlasson & Wills, 1972). In 
chitosan-coated fruit, there is a decrease in 
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Figure 3. Changes on the chemical characteristics of uncoated (control), 1% acetic acid-coated, and 1.25% 
chitosan-coated Musa troglodytarum fruits during ripening. (a) Changes of the starch pattern on the pulp, (b) 
Total soluble solids of the pulp (significant at P ≤ 0.05). Error bars indicate standard deviation (SD) (n = 3)

(a)

(b)
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internal O2 (Ali et al., 2011). Low O2 content 
decreases soluble sugar concentrations (Ali 
et al., 2011) and Krebs cycle related organic 
acids content (citrate, malate, glutamate, 
and aspartate acid) (McGlasson & Wills, 
1972). The effect of chitosan coating on the 
decrease of TSS had also been reported on 
papaya (Ali et al., 2011) and ‘Berangan’ 
banana (Malmiri et al., 2011).

According to physical and chemical 
analysis, chitosan-coated fruit shows delay 
on its ripening compared with control 
and acetic acid-coated fruits which show 
no delay. Meanwhile, acetic acid-coated 
fruit shows no significant differences with 
control, except for the pulp to peel ratio, 
which may be caused by the damaging 
effect on the peel by acetic acid as described 
by Du et al. (1997). Therefore, chitosan 

coating and control coating are used for 
fruit surface microstructure and quantitative 
PCR analysis.

Fruit Surface Microstructure Analysis

Surface microstructure of uncoated 
(control) and 1.25% chitosan-coated M. 
troglodytarum fruits at day 1 of storage 
are shown in Figure 4. We used this stage 
to examine the thin film formation on the 
chitosan-coated fruit peel surface after one 
day of the coating process and compared 
it with the uncoated fruit (control). The 
microstructure of uncoated fruit showed 
porous surface and epidermal cells clearly. 
Meanwhile, chitosan-coated fruit surface 
was coated with a film; hence the pores and 
the epidermal cells were covered. Chitosan 

(a)
Figure 4. SEM micrographs of Musa troglodytarum peel surface at day 1 of fruit storage (1,000x zoom) 
(a) Uncoated (control) fruit peel surface,
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Figure 4. SEM micrographs of Musa troglodytarum peel surface at day 1 of fruit storage (1,000x zoom). (b) 
The 1.25% chitosan-coated fruit peel surface, which shows a thin film formation

(b)

coating formed a thin film which provided a 
barrier against gas and water, thus modifying 
internal O2 and CO2 in the fruit tissues (Xing 
et al., 2016). This condition decreased 
respiration and ethylene biosynthesis rate, 
hence decreasing the decay rate, peel color 
change, pulp to peel ratio, TSS, and delayed 
starch degradation of chitosan-coated M. 
troglodytarum fruits, which were also 
observed on chitosan-coated Cavendish 
bananas (Lustriane et al., 2018).

Sensory Quality Evaluation

The effects of coatings on sensory quality 
are shown in Table 2. According to 
panelists, the chitosan-coated fruit had 

lower (P ≤ 0.05) aroma and taste quality 
compared with control on day 7. Meanwhile, 
uncoated and coated fruits showed no 
significant differences (P ≤ 0.05) on overall 
acceptability on days 5, 6, and 7. These 
results indicated that chitosan coating could 
only keep the overall fruit quality, but not 
the aroma and taste quality on the last day of 
storage. This might have happened since the 
chitosan film was too thick and resulted in 
CO2 accumulation in the fruit tissues, hence 
inducing anaerobic respiration and ethanol 
production which might have affected the 
fruit aroma and taste on the last day of 
storage (Xing et al., 2016).
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Expression Analysis of ACS1 and ACO1

The effect of chitosan coating on ACS1 and 
ACO1 expression of M. troglodytarum fruits 
are presented in Figure 5. In this analysis, 
only uncoated (control) and chitosan-coated 
samples were used, since the physical and 
chemical analysis result of control and acetic 
acid-coated samples showed no significant 
differences. On uncoated banana (control), 
ACS1 and ACO1 expression level increased 
until day 1, decreased on day 3 and day 5, 
then increased again on day 7 although it 
was smaller than day 1. This expression 
pattern is also found on the other banana as 
biphasic peaks and considered as a unique 
pattern among banana (Lustriane et al., 
2018; Pathak et al., 2003). Furthermore, 
the biphasic expression level pattern on 

ACS1 is concomitant with biphasic ethylene 
production and respiration rate (Pathak et 
al., 2003). However, Pathak et al. (2003) 
explained that the mechanism on this 
biphasic pattern was still not understood and 
needed to be explored.

ACS1 and ACO1 expression level was 
lower (P ≤ 0.05) on chitosan-coated fruit 
compared with control on day 1. However, 
there were no significant differences (P 
≤ 0.05) between control and chitosan-
coated fruit on day 3 and day 5. On day 7, 
ACS1 expression level on chitosan-coated 
fruit was higher (P ≤ 0.05) than control, 
while ACO1 expression level showed no 
significant differences (P ≤ 0.05) compared 
with control. This suggested that 1.25% 
chitosan coating suppressed the expression 

Parameter Storage Time 
(Days)

Treatment
Control 1% Acetic Acid 1.25% Chitosan

Aroma 5 4.48 + 0.60 a 4.50 + 0.53 a 4.23 + 0.75 a
6 3.98 + 1.07 a 4.06 + 1.22 ab 4.15 + 1.17 a
7 4.13 + 0.87 a 3.88 + 0.65 ab 3.29 + 0.76 b

Taste 5 4.42 + 1.00 a 4.35 + 0.83 a 4.44 + 0.76 a
6 4.46 + 1.03 a 4.81 + 0.92 a 4.50 + 1.33 a
7 4.40 + 0.96 a 4.02 + 1.04 ab 3.44 + 1.11 b

Overall 
Acceptability

5 3.71 + 1.77 a 3.44 + 1.41 a 3.77 + 1.11 a
6 3.50 + 1.45 a 3.00 + 1.53 a 3.81 + 1.25 a
7 3.58 + 1.15 a 3.29 + 0.86 a 3.69 + 1.26 a

Table 2
Sensory quality evaluation of coated and uncoated Musa troglodytarum L. fruits at days 5, 6, and 7 of storage 
at 27+0.7oC

Note. Scales 1 to 7 (1 = extremely dislike, 7 = extremely like). Mean values + standard deviation in the same 
column with a same letter are not significantly different (P ≤ 0.05) (n = 3)
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Figure 5. Chitosan coating effect on (a) ACS1 and (b) ACO1 expression level of Musa troglodytarum fruit 
pulp during storage at 27+0.7oC for 7 days. Bars marked with a same letter are not significantly different (P 
≤ 0.05). Error bars indicate standard deviation (SD) (n = 3)

(a)

(b)
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of ACS1 and ACO1 in the early ripening 
stage (day 1) and increased ACS1 expression 
in the late ripening stage (day 7).

Chitosan coating caused the decline 
of ethylene production rate on banana 
(Maqbool et al., 2011). This condition may 
affect the suppression of ACS1 and ACO1 
expression level on the early ripening stage 
since ethylene influenced ACS and ACO 
expression (Liu et al., 1999; López-Gómez 
et al., 1997). The same expression pattern 
was also observed in Cavendish banana 
(Lustriane et al., 2018). Low ACS1 and 
ACO1 expression level from day 1 to day 3 
might decrease ethylene production, hence 
slowing the changes in peel and pulp color, 
pulp to peel ratio, starch content, and TSS on 
chitosan-coated fruits in the early ripening 
stage (day 1 until day 3).

The rise of ACS1 and ACO1 expression 
level on day 7 (Figures 5a and 5b) might 
be caused by the physical barrier effect of 
chitosan film against ethylene diffusion 
(Xing et al., 2016). Consequently, internal 
ethylene might be trapped and accumulated 
inside chitosan-coated fruits at the late 
ripening stage. Ethylene was autocatalytic 
at climacteric period, which means the 
additions of ethylene would trigger ethylene 
biosynthesis (McMurchie et al., 1972). 
Therefore, ethylene accumulation on the 
last ripening stage (day 7) may trigger ACS1 
and ACO1 expression and more ethylene 
production, causing the peel and pulp color, 
pulp to peel ratio, starch content, and TSS on 
chitosan-coated fruit to show no differences 
compared to control on the last day of 
storage. The increase of ACS1 expression 

level at the late ripening stage was also 
observed on chitosan-coated Cavendish 
banana (Dwivany et al., 2018).

On day 7, ACS1 expression level on 
chitosan-coated fruits increased dramatically 
compared with control. However, ACO1 
expression level also raised but showed 
no significant differences compared with 
control. This might be due to low O2 level 
caused by the physical barrier from chitosan 
coating. ACO is a gene encoding ACO 
enzyme that converts ACC to ethylene with 
the presence of O2 (Xu & Zhang, 2015). 
Therefore, low O2 might cause the ACO 
activity and ACO1 expression level to be 
lowered and showed no sharp increase 
compared with ACS1 expression level. 
Moreover, ACS1 showed higher mRNA 
accumulation in the ripening process and 
ethylene presence than ACO1 as reported by 
Liu et al. (1999). Measurement of ethylene 
production should be conducted to clear this 
mechanism.

CONCLUSION

Chitosan coating could be an alternative 
postharvest technology with a potential to 
prolong M. troglodytarum (‘Pisang Tongkat 
Langit’) shelf-life, because it maintained 
several postharvest qualities, i.e. peel and 
pulp condition, pulp to peel ratio, starch 
content, and TSS in the early ripening stage. 
Chitosan coating also affected fruit ripening 
at the molecular level, i.e. suppressed ACS1 
and ACO1 gene expression in the early 
ripening stage. As compared with Cavendish 
banana, chitosan coating (concentration 
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1.25%) also prolonged the banana shelf-
life until the eleventh day of storage and 
suppressed ACS1 and ACO1 gene expression 
(Lustriane et al., 2018).

Further gene expression analysis 
related with M. troglodytarum ethylene 
biosynthesis, signaling, and perception, 
and fruit ripening is required to reveal the 
mechanism clearly. In the future, chitosan 
coating can be developed and modified 
with the addition of plasticizer and natural 
antimicrobial compounds to get more 
optimal result in delaying M. troglodytarum 
fruit ripening.
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