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Abstract
Kepok bananas are often be processed into several products, while they also
have an ABB genotype. The letter B indicates the possession of stronger
resistance to disease and chilling injury in cold temperatures storage that
extends bananas’ shelf life by decelerating its respiration and enzymatic activity.
Therefore, this study aims to observe storage temperatures’ effect on kepok
banana’s quality and shelf life and to determine the optimum storage
temperature. The method used was storage at room temperature, 15 oC, and
10oC until the banana became damaged. The parameters observed were
respiration patterns, weight loss, hardness, fruit skin color, total acid, vitamin C,
pH, and total soluble solids. The results showed bananas stored at cold
temperatures (10oC and 15oC) lasted up to 20 days while those at room
temperature only lasted for 10 days. Also, the ones stored at 10oC displayed no
symptoms of chilling injury.
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1. Introduction
Indonesia is one of the countries with the largest amount of banana production
globally, where the production in 2018 reached 7.26 million tons (1). Many types of bananas
grow in South Sulawesi, based on fruit flesh color, kepok banana has 2 types, namely white
and yellow, besides it is a climacteric fruit that has a short shelf life after being harvested
because the respiration rate increases. In appropriate treatment of the harvested fruit
causes quicker damage, due to continuous microbial and enzymatic activity (2).
Bananas are made of diploid, triploid, and tetraploid genomes consisting of letters A and
B. Kepok bananas have ABB genotype, where the letter B indicates that this type has
stronger resistance to disease (3) and does not experience browning easily (4).
Generally, fruits and vegetables have a short life because of their high water content
(80%-90%). Therefore to extend the shelf life, they need to be stored at low temperatures
to decelerate the respiration, enzymatic and microbial activity (2). Bananas are often stored
at 10-15oC, but kepok banana’s optimum storage temperature to produce good quality,
promote long shelf life, and avoid chilling injury effects is not yet known.
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2. Materials and Methods
The tools used included aquarium pumps, large jars, knives, thermometer,
refrigerator, camera, chromameter, biuret, digital scale, penetrometer, pH meter, and
refractometer.
Also, the materials used were Kepok banana with a maturity index of 4 (more
dominant yellow skin color than the green) obtained from the traditional market of
Makassar in South Sulawesi, distilled water, phenolphthalein, NaOH, iodine solution, HCl,
buffer with pH 7, and Ca(OH)2.
2.1. Research Procedure
The procedure used was carried out in 3 stages, namely fruit sorting, storage by
temperature treatment, and observation.
2.1.1 Fruit Sorting
To obtain the kepok bananas with uniform conditions, the mature ones were sorted
first. The indicator used in sorting is based on the fruit skin color, where yellow was more
dominant than green (Color Index 4). Banana fruits that have been sorted and were then
cleaned by wiping using a cloth to remove all dirt stains.
2.1.2 Storage with Temperature Treatment
Subsequent to sorting, the bananas were given storage treatment with 3 different
temperatures, namely room temperature (28oC-31oC) with 70% RH, and cold temperatures
of 15oC and 10oC with 85% RH.
2.1.3 Observations
Observations were carried out until the 20th days, with an observation span of 2 days.
The indicators used as parameters were respiration rate, weight loss, fruit skin color,
hardness, pH, total acid, vitamin C, and total soluble solids. All parameters observed were
repeated thrice except respiration rate that was only once.
2.1.3.1 Respiration Rate
The principle of respiration rate measurement was utilizing NaOH solution to bind the CO2
gas produced by bananas. Then, the amount of CO2 bound to the NaOH solution was
titrated with HCl solution. The respiration rate was calculated using the following formula
(5):

N HCl = 0.5 N

BM CO2 = 40
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Figure 1. Measuring Respiration Rate
A = 50 mL Ca(OH)2

D = 50 mL of 0.5 N NaOH

B = 50 mL of 0.1 N NaOH

E = 50 mL of 0.5 N NaOH
C = Sample

The air was passed to container A first to bind CO2, then air released was flown again
into container B. The air that came out was considered to be free of CO2 and was then
passed to container C which contained 1 kg of bananas. Furthermore, the air released was
passed to container D to bind the CO2 gas produced by the bananas during respiration. To
bind the remaining CO2, the last released air was then passed to container E.
2.1.3.2 Weight Loss
The weight loss was determined by weighing the sample before and after storage,
hence calculated using the following formula (6):

A = Before Storage

B = After Storage

2.1.3.3 Fruit Skin Color Measurement using Colorimeter Method
The sample color was measured at one point, while a button was pressed to
commence the process. The color standard used was based on the Hunter L scale, a, and b,
where L represents the color brightness (range= 0-100; number increases = brighter). Letter
a represents red/green [range= (-128) -127; (+) the color is red; (-) the color is green], and
the letter b represents the yellow/blue [range= (-128) -127; (+) the color is yellow; (-) the
color is blue] (7).
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2.1.3.4 Fruit Hardness Determination using Penetrometer Method
The material’s hardness was obtained by pressing the sample on the penetrometer
using standard presses such as cones (cone-shaped needles), needles, or rods that are
submerged in the sample. The sample pressures’ measurement results showed a material’s
level of hardness or softness depends on the sample’s conditions such as size, press weight,
geometry, and time. The softer the sample, the deeper the penetrometer suppressor sinks
and shows a greater number (8).
2.1.3.5 Determination of pH
pH level was measured by pH meter, where 5 g banana flesh was collected, then
mashed and homogenized with 5 mL of distilled water. Next, the solution was dropped into
a pH sensor on the pH meter which automatically displayed the pH value. Before use, the
pH meter was calibrated first with a pH buffer of 7, and after it was cleaned with distilled
water (9).
2.1.3.6 Determination of Vitamin C using Iodine Method
The vitamin C content was determined by using the iodine method, where 10 g of
crushed banana material was collected. This was then put into a measuring flask containing
distilled water up to 100 mL and diluted. Afterwards, 25 mL of the solution was put into the
erlenmeyer flask. Then, 3 drops of starch indicator were added with 0.1 N iodine solution
until it appeared blue. The vitamin C levels were calculated by using the formula below (10):

FP = 4
2.1.3.7 Acidity Testing
Acidity testing stages were carried out using the titration method to determine the
level of lactic acid that was formed. Furthermore, 20 mL of the samples were obtained and 3
drops of the indicator 1% phenolphtalein (PP) were added. These were titrated with 0.1 N
NaOH until the color changes to a constant pink, then the acidity was calculated using the
formula below (11):

V1: Volume of NaOH (mL)
V2: Volume of the sample (mL)
N: Normality of NaOH (0.1 N)

B: Malic Acid Molecular Weight (133)
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2.1.3.8 Testing of Total Soluble Solids
Total soluble solids were analyzed by using a refractometer. Five gram of banana
flesh was collected, then mashed and homogenized with 5 mL of distilled water. The
solution was placed on the Refractometer lens to read the results. Before and after the
reading, the refractometer prism was cleaned with aquadest. The number on the
refractometer was the total soluble solid (oBrix) level (2).
2.2. Research Methods
The method used was a completely randomized design (CRD) consisting of one
factor, namely the temperature treatment including room Temperature 150C and 100C.

2.3. Data Analysis
Data from all parameters were analyzed and then processed through analysis of
variance (ANOVA) with three replications. The differences between treatments were further
assessed by the Duncan test. The software used was Microsoft Excel 2010 and SPSS version
23 with a confidence level of 0.05.

3. Results and Discussion
Figure 2 shows kepok bananas stored at room temperature only lasted until the 10th
day, while storage at cold temperatures (10oC and 15oC) lasted until the 20th days.
Therefore, testing for all parameters was carried out until the 10th day for room
temperature storage and until the 20th day for storage at 10oC and 15oC storage.
3.1 Respiration rate

Figure 2. Relationship between storage time and kepok bananas’ respiration rate at room
temperature, 15oC, and 10oC.
The respiration rate measurement results showed all treatments had climacteric
respiration patterns. Climacteric fruit has a pattern of respiration rate that increases during
the ripening phase and decreases in the senescence phase (12). During the ripening process,
CO2 gas production tends to increase and reach a certain peak point, then decrease after
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the maturation is completed. Hence, the bananas stored at room temperature reached the
respiration peak on day 4th, while those at 10oC and 15oC reached the respiration peak on
day 6th.
ANOVA test results showed room temperature storage was significantly different when
compared to cold temperatures (15oC and 10oC), because at room temperature the
respiration, enzymatic and microbial activity was faster than at cold temperature. This
process is marked by a drastic change in the banana peel color from green to yellow. The
respiration rate of bananas stored at cold temperatures is relatively stable compared to
those at room temperature. This happens because low temperatures decelerate respiration,
microbial and enzymatic activity (13).
3.2 Weight Loss

Figure 3. Relationship between storage time and weight loss of kepok banana at room
temperature, 15oC, and 10oC.
Figure 3 shows the bananas stored at room temperature had a higher increase in
weight loss compared to those at 15oC and 10oC. ANOVA test results also showed that room
temperature storage was significantly different when compared to cold temperatures (15oC
and 10oC). Decrease in weight loss occurs because, during bananas storage and ripening,
starch is hydrolyzed to simple sugar. The more starch is converted to sugar, the higher the
weight loss (14).
High temperatures cause a faster transpiration process that subsequently reduces
fruit water content to ensure greater weight loss compared to low temperatures. In
addition, high temperatures cause increased respiration. Water loss in large quantities
cause a decrease in fruit’s freshness, hence the greater the water loss the more fruit skin
becomes dry and wrinkled (15). Storage at low temperatures and high humidity reduces the
loss of fruit moisture (16). When water vapor loss is suppressed, it is hoped to reduce
weight loss and the level of fruit hardness or skin resistance.
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3.3 Skin Color

Figure 4. Relationship of storage time with kepok banana L value at room temperature,
15oC, and 10oC.

Figure 5. Relationship of storage time with a * kepok banana value at room temperature,
15oC, and 10oC.

Figure 6. Relationship of storage time with b * value of kepok banana at room
temperature, 15oC, and 10oC.
During the ripening process, the value of a* increased, while the values of brightness and
b* began to decrease, because, at this period, chlorophyll degradation occurred followed by
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pure carotenoids formation (17). Chlorophyll reshuffling occurred immediately after the
climacteric peak was reached (4). Chlorophyll degradation is influenced by ethylene and
temperature increases. At 22oC, chlorophyll degradation (60% per day) is maximal, while at
temperatures below 15oC and above 40oC it is very small (18). ANOVA test results showed
room temperature storage was not significantly different when compared to cold
temperatures (15oC and 10oC) at the confidence level of 0.05 (p <0.05).
3.4 Hardness

Figure 7. Relationship of storage time with kepok bananas’ hardness level at room
temperature, 15oC and 10oC.
According to Figure 7, the samples’ hardness level at room temperature storage
decreased rapidly. ANOVA test results showed that room temperature storage was
significantly different compared to cold temperatures (15oC and 10oC). Bananas’ hardness
occurs due to the presence of pectin contained in the peels. Meanwhile, fruit flesh softening
occurs due to water loss and starch conversion into sugar, and this is quicker at room
temperature than at cold temperatures. Banana flesh softening occurs in three processes,
including starch conversion into sugar, pectin components’ breakdown, and water transfer
from the fruit skin to the flesh during the ripening process (19).
3.5 pH

Figure 8. Relationship of storage time with kepok bananas’ pH value at room
temperature, 15oC, and 10oC.
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Based on the graph, the pH value decreased until the fourth day and then it
increased. This was due to acid compounds’ breakdown, thereby reducing the pH value.
During the ripening process, a fruit’s total acid increases, leading to a pH decrease. This
continues until the maximum point and then decreases slightly in line with the ripe fruit
(20).
ANOVA test results showed room temperature storage was significantly different
when compared to cold temperatures (15oC and 10oC). This occurred because the decrease
in pH of bananas stored at cold temperatures was slower than at room temperature. Fruits
containing a low pH level have longer durability than those containing a higher pH, and it is
influenced by changes in the total amount of acid content (21).
3.6 Vitamin C

Figure 9. Relationship of storage time with vitamin C levels in kepok bananas at room
temperature, 15oC, and 10oC.
Figure 9 shows the vitamin C in kepok bananas during storage at room and cold
temperatures. The bananas stored at room temperature had a faster increase in vitamin C,
then sequentially followed by those stored at 15 and 10oC. Bananas’ vitamin C levels
increase due to the glucose content’s biosynthesis, where sugar levels’ increase is also
followed by an increase in the fruit respiration rate (22). Refined sugar from the starch
content is synthesized into vitamin C to ensure the levels increase continuously during the
maturation process (23). Therefore, bananas’ maturity and vitamin C levels increase
correspondingly.
ANOVA test results showed the room temperature storage was not significant when
compared to cold temperatures (15oC and 10oC). However, vitamin C levels’ decrease at the
room temperature was faster than at the cold temperatures, because higher temperatures
increase the respiration process and cause a decrease in vitamin C levels more quickly.
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3.7 Total Acid

Figure 10. Relationship of storage time with kepok bananas’ total acid at room
temperature, 15oC, and 10oC.
Figure 10 shows storage time’s relationship with total acid of kepok banana at room
temperature 15 oC and 10oC. Total acid levels increased on the second day of storage and
decreased dramatically on the 4th day until the last day. The highest total acid value
occurred only at the beginning of storage because the fresh fruit tissue produced organic
acids in high amounts. The high total acid value at the beginning of storage occurred
because the fruit network was still fresh, hence organic acids were produced in the Kreb
cycle. The total acid value at cold storage was lower than at the room temperature, this
proves that the temperature decelerated enzymes’ work in the fruit to lower its metabolic
activity. The fruit’s organic acid content initially increased and reached the maximum level
and then decreased slowly at maturation (24). ANOVA test results showed room
temperature storage was not significantly different when compared to cold temperatures
(15oC and 10oC). Also, the increase in total acid at room temperature was higher than at
cold temperatures.
3.8 Total Soluble Solid (TSS)

Figure 11. Relationship of storage time with kepok bananas’ total soluble solid at room
temperature, 15oC, and 10oC.
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Figure 11 shows an increased total soluble solids (TSS) in the kepok bananas stored
at room temperature, 15 oC, and 10oC, because, during the ripening process, starch content
was converted into a water-soluble simpler sugar compound. Because of continuous
respiration, starch utilization was replaced by sugar to produce energy. During storage, total
soluble solid increases due to insoluble starch hydrolysis into a water-soluble sugar, while
TSS levels decrease because the sugar is oxidized to conduct respiration (17). ANOVA test
results showed room temperature storage was not significantly different when compared to
cold temperatures (15oC and 10oC).

4. Conclusions
The conclusions drawn from this study are as follow:
1. Storage temperature significantly influences Kepok bananas’ quality in the parameters of
respiration rate, weight loss, hardness level, and pH value. Meanwhile, the vitamin C
levels, total acid, color, and total soluble solids (TSS) are not significantly affected.
2. Kepok bananas’ optimum storage temperature is 15oC, and no chilling injury was shown
at 10oC.
3. The maximum storage time of Kepok bananas at room temperature is 10 days, while at
cold temperatures (15 oC and 10oC), it is 20 days.
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