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ABSTRACT

Bananas are one of the most widely consumed sources of nutrients in Indonesia. Generally, bananas are consumed fresh
and processed into various snacks. This leads to an increased demand for bananas in the market. However, the natural
ripening process takes 7-8 days after harvest. which is a lona time to meet consumer demand. One solution is to use calcium
carbide to accelerate fruit ripenina. The reason for usina calcium carbide is that it is readily available and inexpensive, so
banana producers use carbide as a fruit ripening agent. The objective of this study was to determine the effects of calcium
carbide on fruit rioenina of Ambon bananas. The method used was a laboratorv experiment with a post-test-onlv control aroun
desian. There were three treatments with calcium carbide concentrations of 12%. 6%. and 3%. and positive control, namely
rapining with rice. Data were analyzed descriptive qualitative by collecting, presenting, reducing, and conclusions. The process
of fruit ripening can be observed using the variables of color, texture and aroma. The results obtained were differences in
color, texture, and aroma at concentrations of 12%, 6%, and 3% based on the length of aging. Based on the color parameter,
the concentration of 6% and 12% showed a blackish yellow/brown color, while the concentration of 3% was yellow with black
spots. The texture parameters of the 6% and 12% concentrations had a very soft texture, while the 3% concentration had a
smooth texture. The aroma parameters of the 12%, 6%, and 3% concentrations had a rancid aroma on day six, while days
one, two, and three were fragrant. The conclusion is that using calcium carbide at different concentrations affects the rate of
fruitripening. The higher the concentration of calcium carbide used, the faster the respiration rate of the bananas, thus initiating
the ripening process.
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INTRODUCTION

Banana (Musa paradisiaca) is a tropical fruit distributed in tropical countries such as Latin America, Central
Africa, Pacific Islands, Caribbean Islands, and Southeast Asia (Salas-Pascual and Caceres-Lorenzo, 2022; Strobl
and Mohan, 2020; Van Den Houwe et al., 2020). Indonesia ranks sixth among the world's largest banana
producers, with an average production of 9.6 million tons or 5.67% of the world's total banana production in 2022
(Harto etal., 2019; Hastuti et al., 2019). Various banana species can be found on all islands of Indonesia, including
Sumatra, Java, Kalimantan, Sulawesi, Bali, NTT, NTB, Maluku, and Papua. Banana species found in Indonesia
include Ambon, Raja, Tongka Langit, Tanduk, Kepok, Cevendish, Susu, Mas and Barangan bananas (Hastuti et
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al., 2019; Riandini et al., 2021; Saiya et al., 2020; Sulistyaningsih, 2016). Bananas are preferred by almost all
people around the world because it has good taste, readily available, inexpensive, and have high nutritional value.
(Harto et al., 2019). Bananas contain carbohydrates, protein, fat, vitamin C, fiber, and minerals (calcium,
magnesium, iron, phosphorus, and potassium), which are useful for improving the digestive tract and as
neurotransmitters in the smooth functioning of the brain (Hapsari and Lestari, 2016; Hasanah et al., 2017).

In general, Indonesians consume bananas in fresh form or directly eaten and processed into various snacks.
This has resulted in higher consumer demand for bananas in the market (Markiah et al, 2020). Data from the
Coordinating Ministry of Agriculture in 2022 shows that the average banana consumption in Indonesia is 24.71
grams/capita/day (Kemenko Perekonomian RI, 2022). However, this amount only reached 54.09% of the World
Health Organization's (WHO) minimum nutritional requirement, so banana consumption still needs to be increased.
One way to increase banana consumption is to make bananas available in large quantities on the market. This is
certainly related to the post-harvest ripening process of bananas. Bananas are climacteric fruits with a high water
content, which increases the respiration rate during the ripening process (Seyedabadi et al., 2019). However, the
natural ripening process of bananas takes 5-8 days after harvesting, and depending on the type of banana, it can
take a long time to meet the consumer demand (Akter et al., 2020; Kuang et al., 2021). One solution to accelerate
fruit ripening is the use of calcium carbide.

Ripening is a method used to accelerate the ripening of fruit by storing it under certain conditions after
harvesting (Brizzolara et al., 2020). The purpose of maceration is to accelerate the ripening process and
homogenize the degree of maturity of the fruit (texture and color) (Firmansyah et al., 2022). The process of fruit
ripening can be performed by storing in a closed container, wrapping in leaves, smoking, using ethylene gas,
ethepon, or using carbides (calcium carbide) (Suryanti et al., 2017). Generally, banana producers use carbides to
ripen the fruit. Carbide (calcium carbide) is a chemical compound with the chemical formula CaCz, which reacts
with water (H20) to produce ethylene gas (C2H2) and Ca(OH)z, which accelerate the respiration process, resulting
in fruit ripening (Oladipupo et al., 2022). Research by Firmansyah et al. (2022) on different doses of calcium carbide
on plantain showed that the higher the concentration used, the faster the ripening time of the fruit and the nutritional
content of plantain. The study (Wekti, 2018) on the use of calcium carbide on Ambon banana only measured the
vitamin C content, while the study (Putri, 2023) used ethephon and methanol to measure the maturity of Ambon
banana. However, using carbides with different concentrations on Ambon bananas has yet to be studied.

Based on this, the use of of calcium carbide can be used to meet consumer demand for bananas in the market.
The purpose of this study was to determine the effect of using calcium carbide at concentrations of 12%, 6%, and
3% on the ripening rate of Ambon bananas based on the length of soaking with a positive control is soaking with
rice.

METHODS

This research is a laboratory experiment using a post-test only control group design. This research was
conducted at the Science Laboratory of Laboratory High School of Universitas Pattimura, which was held on
September 15-22, 2022. Observations of changes in the ripening of Ambon bananas were made from day one to
day six after harvest. The analysis was carried out descriptively and qualitatively by looking at the difference in
concentration to the results of Ambon banana ripening based on the length of time used.

Materials and Tools

The materials used in this study were Ambon banana (Musa Paradisiaca Var. Sapientum) collected from
Kairatu Village, West Seram, calcium carbide, rice, and distilled water. Samples were collected directly from the
farm. The number of bananas taken was one bunch and in an old condition (harvest age 90-95 days). The
physiological characteristics of harvested bananas are green fruit surfaces with a yellow or slightly yellow tinge.

Procedure

The Ripening process was carried out by making three concentrations of calcium carbide, namely the highest
concentration of 12%, medium concentration of 6% and low concentration of 3%. Then, 15 g of calcium carbide
was mixed with 100, 250, and 500 ml of distilled water. The Ambon bananas used were medium size with an
average fruit length of 14-16 ¢cm on the seventh or eighth comb, green fruit color with a yellow tinge. The banana
was then wrapped in used paper until it was tightly closed, and sprayed with the prepared calcium carbide mixture
until the entire surface of the paper was wet (Suryanti et al., 2017). The spraying was done once on the first day
before curing with a spray bottle volume of 100ml. Bananas were stored on a cupboard and protected from sunlight
for sixth days. The observation process was conducted from day one to day sixth (Arif and Balai, 2014). The same
treatment was also applied to the positive control of bananas in rice. Each treatment was replicated in duplicate
(Suryanti et al., 2017). The temperature used in this research process is room temperature, namely 28.
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Observations were made from day one to day sixth to see changes in the parameters measured, including color,
texture, and aroma.

On the sixth day, a descriptive organoleptic test was carried out with 40 panelists, consisting of X, XI, and XII-
grade students of Laboratory High School of Universitas Pattimura. The parameter of each variable evaluated was
aroma (fragrant, rancid, odorless, and other aromas) (Warella, 2023). Texture (hard, chewy, mushy) and color
(yellow, brown, black). The organoleptic test was conducted by distributing questionnaires to the panelists to
evaluate the cured bananas (Rachma et al., 2022). Each variable was expressed by an index to distinguish the
changes that occurred. The banana color index is indicated by 1: full green; 2: green with some yellow; 3: green
more than yellow; 4: comparable green and yellow; 5: yellow more than green; 6: full yellow; 7: yellow with some
brown or black spots; 8: yellow with widespread black spots; 9: blackish/brownish yellow; 10: black. The banana
texture index was indicated by 1: very hard, 2: hard, 3: slightly soft, 4: soft and 5: very soft. The banana aroma
index is indicated by 1: fragrant, 2: rancid, 3: odorless, and 4: other aromas.

Analysis Data
Data analysis was performed descriptively and qualitatively using Microsoft Excel 2019 software and presented
using graphs and tables.

RESULTS AND DISCUSSION

This study was conducted by comparing three concentrations of calcium carbide marinating based on the length
of marinating and comparing it with rice marinating. Observations were made daily to determine the effect of using
calcium carbide at three concentrations, and an organoleptic test was conducted on the sixth day.

Based on this research, the measured parameters differ based on the concentration used. Observation of the
first day of color parameters at all concentrations is fully green, texture parameters at three concentrations are
hard textured, and aroma parameters at three concentrations are fragrant. Day two observations of the color
parameters of all concentrations were full green, hard textured at all concentrations, and fragrant at all
concentrations. Day three observations of the color parameter of the 3% concentration showed the same green
and yellow color, while the 6% and 12% concentrations showed a more dominant yellow color. The texture
parameter showed that the 3% and 6% concentrations showed a hard texture, while the 12% concentration had a
slightly soft texture. On the fourth day of observation, there was a color change that was more yellow than green
at the 3% concentration and full yellow at the 6% and 12% concentrations. For the texture parameter, the 3% and
6% concentrations had a slightly soft texture, and the 12% concentration had a soft texture. The aroma produced
by the 3% and 12% concentrations was fragrant, while the 6% concentration had a rancid aroma. On day five, all
concentrations had a yellow color with a few brown or black spots and a soft texture at the 3% and 6%
concentrations, while the 12% concentration had a very soft texture. The aroma produced by the 3% and 6%
concentrations were rancid, whereas the 12% concentration had a fragrant aroma. On the sixth day, the color
parameter showed a blackish-yellow/brownish color at concentrations of 6% and 12%, while the 3% concentration
was yellow, with black spots becoming more widespread. The texture parameter of the 3% concentration was soft,
and those of the 6% and 12% concentrations were very soft. The aroma parameters were rancid at all
concentrations.

Based on these results, it can be seen that the higher the concentration, the higher the rate of fruit ripening on
the sixth day, that is, at a concentration of 12%. This resulted in changes in the color, texture, and aroma of the
Ambon banana. Table 1 shows the results of using calcium carbide at three concentrations.

The ripening process of the Ambon banana is shown in Figure 1. The ripening process took six days.

Table 1. The results of using calcium carbide at three concentration

Day Calcium Carbide 3% Calcmrgo/?arblde Calcm:n2 (f/iarblde Rice
Color Texture Aroma Color Texture Aroma Color Texture Aroma Color Texture Aroma
1 1 1 1 1 1 1 1 1 1 1 1 1
2 1 2 1 1 2 1 1 2 1 2 2 1
3 4 2 1 5 2 1 5 3 1 3 2 1
4 5 3 1 6 3 2 6 4 1 4 3 2
5 7 4 2 7 4 2 7 5 1 7 4 2
6 8 4 2 9 5 2 9 5 2 9 5 2

The six-day ripening process of the Ambon bananas is shown in Figure 1. The six-day ripening process of
Ambon bananas.
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Figure 1. The ripening of bananas (Musa ParadISIaca var. Sapientum): a. Day one; b. Day two; c. Day three; d. Day four; e.
Day five; f. Day six.

Banana Ambon at different concentrations affects the physiological changes of the fruit. In this study, it was
found that at a concentration of 12 %, the fruit ripened quickly, whereas at a 3% concentration, the rate of fruit
ripening was slower. This can be seen in the brown color and soft texture at 12% concentration. In contrast, at 3%
concentration, the banana on day six was yellow-brown and had a soft texture. This is because the higher the
concentration of calcium carbide, the more the color changes, which means that the fruit ripening process is faster.
In contrast, the provision of low concentrations causes the production of ethylene hormones to be low (Firmansyah
et al., 2022). Fruit ripening occurs because of the rate of respiration, which increases the hormone
ethylene. Respiration breaks down complex materials into simple molecules and is a good indicator of cellular
metabolism (Maduwanthi and Marapana, 2019). The ethylene hormone works by reducing the chlorophyll in the
fruit and increasing the production of carotenoids and anthocyanins, causing the color of the fruit to change from
green to yellow or brown (Igbal et al., 2017). Changes in banana texture are caused by ethylene hormones
adhering to parenchyma cells and changing their mechanism of action to create gaps between parenchyma cells.
The gaps formed can change the structure of the cell wall, resulting in fruit softening. In addition, polygalacturonase,
pectin methylesterase, pectate lyase, -galactosidase, cellulase, and hydrolytic proteins play a role in the fruit
softening process (Paniagua et al., 2014). Changes in flavor are caused by the hydrolysis process, which produces
volatile compounds that give the fruit its characteristic aroma (Suryanti et al., 2017). The volatiles produced are
ester compounds and short-chain fatty acids from ripe fruit.

Changes in color, texture, and flavor are also influenced by the transpiration process, which is the loss of water
content from the fruit, affecting the appearance of color, texture, flavor, loss of fruit weight, and fruit moisture (Khafid
et al., 2023; Sidabalok et al., 2023). In general, the fruit loses 5% to 10% of its initial water content during ripening,
resulting in a decrease in fruit quality, causing the fruit to wilt and shrivel (Lufu et al., 2020). The process of
transpiration in fruit is observable, but the mechanism of water content reduction is influenced by various
physiological and biochemical factors, as well as post-harvest treatments and handling (Khafid et al., 2023; Lufu
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et al., 2020). Additionally, the rate of fruit maturity is influenced significantly by temperature and storage duration.
Bananas stored at room temperature exhibit increased respiration rates, causing faster ripening. The duration of
the ripening process ultimately determines the quality of the bananas produced.

The following results were obtained in the organoleptic test using the variables of color, texture and aroma for
the 40 panelists:
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Figure 2. Organoleptic test of banana ripening with parameters of color, texture, and aroma.
Organoleptic tests were performed on the sixth day after the end of the observation period. Based on the above

data, the results obtained were divided into three diagrams: color, texture, and aroma diagrams. The color
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parameter showed that the panelists liked the full yellow color at 12%, whereas at a concentration of 6%, the
banana was yellow with a few black spots. At a concentration of 3%, the banana was yellow with increasingly
widespread black spots. The texture parameter showed that most panelists chose a soft texture at concentrations
of 12%, 6%, and 3%, with 29, 19, and 17 panelists, respectively. In contrast, a small number of panelists chose a
slightly soft texture at all three concentrations. The aroma parameters showed that panelists liked bananas with a
fragrant aroma. This is shown in the graph with the average number of panelists who chose a fragrant aroma: 40
panelists for the 12% concentration, 39 panelists for the 6% concentration, and 37 panelists for the 3%
concentration. In the control rice ripening, the color parameter showed a difference in the level of panelist
preference. The texture parameter showed the banana was soft, whereas the flavor parameter did not differ
significantly among the three calcium carbide concentrations. The table above shows that, at a concentration of
12%, the panelists liked the yellow color because of its attractive appearance. Color is an important parameter
influencing consumers' decision to choose banana fruits (Damayanti et al, 2023). The color of banana skin provides
information on the degree of ripening and freshness of bananas (Indarto et al., 2017).

CONCLUSION

Based on these results, it can be concluded that using calcium carbide increased the rate of fruit ripening. The
fruit ripening process can be observed using variables of color, texture, and aroma. The faster the ripening process
of bananas, the greater the satisfaction of consumer needs in the market. This results in the amount of banana
production in Indonesia being in line with the amount of banana consumption.
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