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ABSTRACT

Postharvest storage is carried out to control the metabolic rate so the quality of fruits can
be maintained properly until it reaches the costumers. Cold storage can reduce metabolic
reactions, such as respiration and transpiration. However, storing too long in cold
temperatures can cause the quality of the fruit to deteriorate. Each type of dragon fruit has
different chemical contents that will affect the quality of fruits after storage. This study aims
to determine the effect of the type of dragon fruit, cold storage duration, and interaction

Cold storage, between the two treatments. Both type of dragon firuit are packed in PP plastic and then
Dragon fruit, ° . . . .
Post-harvest, stored at 10°C. Observation were made at different storage durations. This study used RAL,
Vitamin c. with the first being super red and white dragon fruits. The second factor was storage
duration of 0, 7, 14, and 21 days. Data were analyzed using ANOVA and continued with
DMRT if it had a significant effect. The result of the study showed that the treatment of fruit
Corresponding Author: type had significant effect on antioxidant activity, vitamin C content, and total sugar level.
P4 yulita.yoko@gmail.com Storage duration treatment had significant effect on antioxidant activity and vitamin C
(Yulita Nurchayati) content.

1. INTRODUCTION

Storage is one of the post-harvest actions to prevent food damage until coming to the consumers. Post-harvest damage
is caused by fruit still undergoing metabolic reactions, such as respiration (Murtiwulandari ez a/., 2020) and transpiration
(Kasso & Bekele, 2018). Respiration is a reaction carried out to maintain living plant tissue using glucose and oxygen
with the final result of carbon dioxide, water, and ATP (Yuniarto ez al., 2021). Transpiration is a process of moving water
in the tissue to the environment. Transpiration in a fruit depends on the surface area and conductance, as well as
environmental condition (Giovannini et al., 2022).

One of the factors accelerating respiration and transpiration during storage is temperature. Increasing temperature
during storage cause an increase in respiration rate so that fruit quickly becomes damaged or rots (Nerd ef al., 1999).
Optimally set storage temperature can prevent physical damage and nutrient content of the fruit (Hussein ef al., 2020).
Super red (Hylocereus costaricensis) and white (Hylocereus undatus) dragon fruits are the most popular and easy to find
in Indonesia. The largest content of dragon fruit is water. Super red dragon fruit contains 82.5 - 83 g of water (Attar et
al., 2022). In contrast, while dragon fruit contains 89.4 g of water (Mallik ef al., 2018). The high water content causes
dragon fruit not to be a fruit that can be stored for a long time at room temperature. Therefore, cold storage of dragon
fruit can extend the storage duration and fruit quality such as flavor, color texture, and nutritional content (Muhammad
et al., 2021). Saputri et al. (2020) stated that cold temperatures can reduce respiration activities, transpiration, aging
processes, and microorganism growth.
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Dragon fruit is rich in bioactive compounds, such as betacyanin, phenolic compounds, and terpenoid (Attar ef al.,
2022). Hossain et al. (2021) stated that compounds have functions as antioxidant in dragon fruit are flavonoids, betalain,
hydroxycinnamate, beta-carotene, linoleic acid, and vitamin C. Stability of antioxidant activities is influenced by
temperature (Khotimah ez al., 2018). A study by Nataliani e a/. (2018) using 2.2-difenil-1-pikrilhidrazil (DPPH) method
reported that storage of natural dye solution of super red dragon fruit on the fifth day at room temperature (25°C)
experienced a very rapid reduction of antioxidant activity compared to storage at refrigerator temperature (10°C). The
antioxidant activity of dragon fruit stored at refrigerator temperature on the fifth day was 71.46%, while antioxidant
activity at room temperature decreased by 54.23%.

The cold temperature that is often to store fruits and vegetables is around £10°C. Some fruits and vegetables, which
are tropical and sub-tropical fruits, are sensitive to temperature that are too low. Storing fruits at £10°C is sufficient to
maintain fruit freshness for several days or even several weeks (Lal Basediya ef al., 2013). Cold storage for too long
can also damage the quality of fruits. This is because fruits experience cold stress, so the production of Reactive Oxygen
Species (ROS) inceases, which can cause oxidative damage (Pizzino et al., 2017). The effect of increasing ROS can
damage DNA and proteins and can accelerate membrane lipid peroxidation, which causes tissue and organ damage
(Raza et al., 2023). Due to difference in chemical and nutritional content and the effect of storage, a study regarding the
storage duration in cold temperature and the type of dragon fruit that can maintain fruit quality is required.

2. MATERIALS AND METHODS

This research was conducted from November 2023 to March 2024. The research site was at the Biological Laboratory
of Plant Structure and Function, Faculty Science and Mathematics, Diponegoro University. Material used were red and
white dragon fruit, 96% ethanol, distilled water, DPPH powder, and pure ascorbic acid powder. Tools used were UV-
Vis spectrophotometer, refractometer, analytical balance, measuring cup, beaker glass, test tube, dropping pipet, spatula,
and petri dish.

2.1. Sample Collection and Storage

Red and white dragon fruit were obtained from farmers of a dragon fruit plantation in Ngemplak District, Sleman
Regency. Samples used were ripe dragon fruit with evenly red skin 37 days the flowers appeared and weight of 450 -
500g. Dragon fruits were stored in the refrigerator at 10°C and packaged in PP (polypropylene) plastic with a thickness
of 30 microns for 7, 14, and 21 days. In the control treatment, dragon fruits were not stored at room temperature and
were packaged in plastic.

2.2. Determining Antioxidant Activity

Measuring antioxidant activity was conducted using the DPPH method with modification (Molyneux, 2004).

2.2.1. Dragon Fruit Extract Preparation

50 g of mashed dragon fruit was soaked in 100 ml of 96% ethanol. The maceration process was carried out for 2x24
hours and replaced 96% ethanol every 24 hours. The macerate was then evaporated using a rotary evaporator at 40°C
until a thick extract was obtained. The 50 ppm stock solution was made from 5 ml thick extract with 100 ml of 96%
ethanol.

2.2.2. DPPH Preparation and Measurement

A 0.4 mM DPPH solution was made by dissolving 15.7 mg of DPPH powder in 100 ml of 96% ethanol. The absorbance
of DPPH was measured by mixing 20 ml of 0.04 mM DPPH with 2 ml of 96% ethanol. And then keep the sample for
30 minutes in a dark place. The absorbance of DPPH was measured using a UV-Vis spectrophotometer at a wavelength
of 517 nm, which is the maximum wavelength of DPPH (Wahdaningsih e al., 2011).
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2.2.3. Measuring Antioxidant Activity

2 ml of dragon fruit extract with several concentration of 6, 12, 18, and 24 ppm from a stock solution of 50 ppm was
added to 2 ml of 0.04 mM DPPH, homogenized, and incubated for 30 minutes in the dark place. Antioxidant activity
was measured using a spectrophotometer with a wavelength of 517 nm. Antioxidant activity was measured using the
formula:

% antioxidant = W X 100% (1)

where A-blank is absorbance value for control, and A-extract is absorbance value of sample.
Antioxidant activity stated by Inhibitor Concentration value (IC50). IC50 value is indicates how much the

concentration of compounds can reduce or prevent 50 % of free radicals. Determining IC50 value is by creating a curve
of the relationship between % antioxidant and extract concentration to obtain a linear regression equation:

y=ax+b 2)

where y is the dependent variable, « is the coefficient, x is the IC50 value to be sought, and b is a constant.

2.3. Vitamin C Content
2.3.1. Determining the Wavelength of Ascorbic Acid

Ascorbic acid, as a standard solution, was made at a concentration of 10 ppm. Then, its absorbance value was measured
using a UV-Vis spectrophotometer with a wavelength of 260 - 270 nm (Khafid er a/., 2023). The choice of wavelength
that produces the maximum absorbance value in this research is because the change in absorbance for each unit of
concentration is the greatest (Apriliyani et al., 2018).

2.3.2. Creating Calibration Curve

Ascorbic acid solution was prepared by mixing distilled water as a solvent. In this study, several concentrations of
ascorbic acid solution were made such as 2, 4, 6, 8, and 10 ppm. And then the absorbance value is measured using the
highest wavelength that has been obtained. After that make a graph with the x- axis is the concentration of ascorbic acid
and the y-axis is the absorbance value, then it was obtained the equation of the line with the formula of y = bx + a, where
y is the absorbance value, x is vitamin C concentration, b is a coefficient, and a is constant.

2.3.3. Determining Vitamin C Content

0.25 g of mashed dragon fruit flesh was added with 5 ml of distilled water. Then, it was centrifuged for 15 minutes at
3500 rpm. Samples were then filtered and added with 12 ml of distilled water. The absorbance value was measured
using the highest wavelength that had been obtained previously. The concentration of vitamin was obtained by entering
the absorbance value of samples into the linear equation of y = bx + a.

2.4. Total Sugar Level

This measurement used a refractometer by dripping dragon fruit extract onto the light plate calibrated with distilled
water. The reading was made on a scale located in the center of the plate through a lens.

2.5. Water Content

Dragon fruit sample was weighed at 2 g, then placed in a petri dish whose empty weight is known. Then, the sample
was dried in the oven at 103°C. Drying was carried out until constant dry weight was obtained. The percentage of water
content was calculated using the formula:

Water content % = g x 100 3)

where A is dry weight of dish (g), B is dry weight of dish and initial sample (g), and C is dry weight of dish and sample
after drying (g)
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2.6. Weight Loss

This measurement was carried out by calculating the weight difference before and after treatment with formula:

Weigth loss % = Bo-bn

x 100 “4)

where BO is initial storage weight (g), and Bn is weight on day n (g).

2.7. Research Design and data Analysis

The research design used a completely randomized design (CRD) with a 2x4 factorial design. The first factor was the
types of super red and white dragon fruit, and the second factor was storage duration of 0, 7, 14, and 21 days at 10°C.
Data obtained were then analyzed using ANOVA at a 95% confidence level, and if there is a significant effect, further
tests will be carried out using the DMRT Test.

3. RESULTS AND DISCUSSION
3.1. Antioxidant Activity

Based on the results of ANOVA, the type of fruit and storage duration showed a significant effect on antioxidant activity.
The type of dragon fruit with storage duration showed no interaction with antioxidant activity. The total antioxidant
activity of white dragon fruit was 39.67 pg/ml, which was significantly different and greater than super red dragon fruit,
which was 43.89 pg/ml (Figure 1). Both types of dragon fruit had an IC50 value of less than 50, so they were included
in a group with very strong antioxidant activity (Badarinath ef a/., 2010). The difference in IC50 value between the two
dragon fruits was caused by the difference in the ability of genes to express enzymes that function as biocatalysts, which
convert substrates into different products (Bulley ef al., 2009). White dragon fruit is presumed to have more enzymes
that have functions to convert substrates into antioxidant products. Bioactive compounds in dragon fruit that act as
antioxidants are flavonoids, betalains, hydroxycinnamates, carotenoids, lycopene, vitamin C, linoleic acid, and linolenic
acid (Hossain ef al., 2021). The results of antioxidant activity in this test were directly proportional to the results of
vitamin C content analysis. Figure 2 shows that white dragon fruit has the highest vitamin C content of 10.130 ppm
compared to super red dragon fruit of 8.338 ppm. These results support that white dragon fruit has higher antioxidant
activity than super red dragon fruit.

60 -
50 A
40 A
30 A
20 1 —A—Superred  —6—White
10 A
0

IC50 value (pg/ml)

0 days 7 days 14 days 21 days
Cold storage (days)

Figure 1. Antioxidant activity of dragon fruit with cold storage.

Storage duration showed results that affect antioxidant activity. Treatment without storage (0 days) had an
antioxidant activity of 37.33 pg/ml. Antioxidant activity had increased on storage day 7 by 34.45 pg/ml. IC50 value in
no storage treatment and day 7 was included in the group of very strong antioxidant activity. An increase in antioxidant
activity on day 7 was caused by an increase in the content of biochemical compounds that have a role in antioxidants.
This study analyzed one of the biochemical compounds that have a role in the antioxidant, namely vitamin C. The results
of the study showed that the highest vitamin C content was on storage day 7 at 10.861 ppm (Figure 2).
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However, after the storage day 7, the antioxidant activity decreased. Antioxidant activity on day 14 was 42.79 pg/ml,
and on day 21 was 52.54 ug/ml (Figure 1). The decrease in antioxidant activity on storage days 14 and 21 was presumed
to be due to the dragon fruit experiencing environmental stress due to storage duration at cold temperatures. The signals
emitted by dragon fruit due to environmental stress cause the amount of Reactive Oxygen Species (ROS) to increase.
Yang & Lian (2020) stated that in normal amounts, ROS has a significant role in homeostasis involving metabolism,
immunity, growth, and differentiation. The large amount of ROS production must be balanced with the large amount of
antioxidant activity of dragon fruit to neutralize ROS. Valenzuela et al. (2017) mentioned that one of the antioxidant
mechanisms to neutralize ROS is through the Foyer-Halliwell-Asada cycle, which uses ascorbate to reduce hydrogen
peroxide by the enzyme ascorbate peroxidase (APX). The use of antioxidants is to neutralize ROS, which is presumed
to decrease IC50 value in dragon fruit on days 14 and 21. The increasing amount of ROS is not comparable to the
biosynthesis of compounds that have a role in antioxidants, called oxidative stress (Guo ef a/., 2022). This can damage
cells that will affect the fruit quality, such as nutrition, color, and taste. The dragon fruit damage due to cold storage
duration is called chilling injury. Chilling injury in the fruit can be indicated by brown spots in the fruit peel.

3.2. Vitamin C Content

In testing vitamin C content, ascorbic acid was used as a standard solution that has a function to determine the vitamin
C level of dragon fruit. Line equation obtained from the calibration curve of ascorbic acid was used to obtain the vitamin
C content of dragon fruit according to absorbance value. Based on the result of testing, a calibration curve was obtained
with a line equation of y=0.0735x — 0.0634 (Figure 2). Moreover, the researcher entered the absorbance value of dragon
fruit, where variable y is the absorbance value and variable x is the vitamin C content of dragon fruit.

The treatment between the fruit type and cold storage duration showed an interaction with vitamin C content. The
highest vitamin C content was obtained in white dragon fruit stored for 7 days of 11.629 ppm, while the lowest vitamin
C content was obtained in super red dragon fruit stored for 21 days of 5.584 ppm (Figure 3). If looking at the average
type of dragon fruit in terms of vitamin C content, there were significant differences. This shows that white dragon fruit
has a higher vitamin C content. The large difference in vitamin C content between the two types of dragon fruit was
presumed due to the difference in genes that can express enzyme biosynthesis of vitamin C. This is in accordance with
the opinion by Bulley er al. (2009) that Actinida eriantha has more enzyme GDP-D-mannose 3'.5'-epimerase (GME)
that has a role in the biosynthesis of vitamin C by converting glucose into ascorbic acid compared to other two Actinida
species. This causes vitamin C content in Actinida eriantha to be higher.

Increased vitamin C content of the two types of dragon fruit occurred on day 7 due to an increase in the synthesis of
vitamin C. Fruit, after being harvested, still undergoes metabolic reactions, one of which is the biosynthesis of ascorbic
acid. Hancock et al. (2003) explained that the L-galactose pathway, also called as Smirnoff-Wheeler pathway, is the
main biosynthesis pathway for ascorbic acid. The enzymes in the L-galactose pathway are GDP-D-mannose
pyrophosphorylase (GMP), L-galactose dehydrogenase (GDH), GDP-D-mannose 3'.5'-epimerase (GME), and L-
galactono-1.4-lactone dehydrogenase (GLDH), which are used to convert glucose into ascorbic acid. Tsaniklidis et al.
(2014) stated that storage conditions at 10°C can increase the expression of gene-encoding enzymes of ascorbic acid
biosynthesis, such as L-galactono-1.4-lactone dehydrogenase (GLDH) and GDP-D-mannose 3'.5'-epimerase (GME).

0.8 1

0.7 1 y = 0.0735x - 0.0634
0.6 R? = 0.9932
0.5 1

0.4 1
0.3 1
0.2 -
0.1 1

0

Ascorbic acid absorbance

0 2 4 6 8 10 12
Ascorbic acid concentration (ppm)

Figure 2. Calibration curve of ascorbic acid concentration.
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Figure 3. Vitamin C content of dragon fruit with cold storage.

Vitamin C content decreased on days 14 and 21 in both types of dragon fruit. The vitamin C content of super red
dragon fruit on days 14 and 21 was 8.813 ppm and 5.584 ppm, respectively, while white dragon fruit was 10.101 ppm
and 8.196 ppm, respectively (Figure 3). Decreased vitamin C content in days 14 and 21 was caused by a chilling injury.
Chilling injury is fruit damage during storage at cold temperatures. Tsaniklidis ef a/. (2014) stated that cold storage can
cause stress in dragon fruit, resulting in excessive ROS production. The increasing amount of ROS is not comparable to
the biosynthesis of compounds that have a role in antioxidants, which is called oxidative stress (Raza et a/., 2023). ROS
can damage DNA and proteins and accelerate membrane lipid peroxidation, which causes tissue and organ damage and
inhibits the synthesis of vitamin C (Sharifi-Rad ez al., 2020)

3.3. Total Sugar Level

According to ANOVA, the treatment of fruit type showed a significant effect on total sugar level. The highest total sugar
level in the treatment of fruit type was in super red dragon fruit treatment of 11.61°Brix (Figure 4). Moreover, storage
duration did not show a significant effect on total sugar level.

The total sugar level of the super red dragon fruit was 11.61°Brix, which was higher than white dragon fruit, which
was 10.57°Brix (Figure 4). The difference in total sugar level is presumed to be related to vitamin C content between
the two types of dragon fruit. According to Perla ef al. (2016), glucose and galactose are the basic materials used in the
biosynthesis of ascorbic acid. According to Table 2, the highest vitamin C content was in white dragon fruit. High
vitamin C requires more glucose, so the glucose level of white dragon fruit is lower. Glucose will be used in the Smirnoff-
Wheeler pathway, with the final synthesis result of ascorbic acid.

There was no significant difference in total sugar level because the sugar content in dragon fruit is only used a little
in respiration. Respiration involves glucose and oxygen, producing carbon dioxide, water, and energy. Dragon fruit
includes non-climacteric fruit, which is a fruit that does not experience many changes in respiration after harvesting

12.5 1
@
= 115 A A A A
(3]
3 110 -
S 105 | e © e o
7]
= 100 - )
= 05 —A—Superred  —6—White
= . T

0 days 7 days 14 days 21 days
Cold storage (days)

Figure 4. Total sugar level of dragon fruit with cold storage
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(Sutrisno & Purwanto, 2011). Moreover, low temperature during storage also suppresses respiration rate, causing
differences in sugar content to not be significantly different. Imamah et a/. (2016) mentioned that food commodities
stored at low temperatures can suppress respiration activity so they can have a longer storage period.

3.4. Water content

According to the results of ANOVA, the treatments of fruit type and storage duration showed no significant difference
and did not show interaction with water content. In the treatment of dragon fruit types, super red dragon fruit had a water
content of 94.17% and white dragon fruit of 92.5% (Figure 5). Dragon fruit is known for its high water content (Hazarika
et al.,2019). In the storage treatment until day 21, dragon fruit still had a water content of 90% (Figure 5).

The two treatments did not show a significant effect. This was presumed because dragon fruit did not experience
much respiration and transpiration. Dragon fruit includes non-climacteric fruit (Widodo et al., 2020). Respiration in
non-climacteric dragon fruit is very slow, so water from respiration is low. Cold storage and packaging also inhibit the
metabolic reactions of dragon fruit, such as respiration and transpiration, so that water loss is relatively not significantly
different. Packaging fruit with plastic can reduce respiration and transpiration because fruit does not interact directly
with the environment. Setyaputri & Kurnia (2019), mentioned that packaging causes atmospheric modification, so it can
regulate the levels of O,, CO,, and water vapor.

100 -
S o5 4
I
1]
S 90 -
o
g :
g 85 4 —A—Superred  —6—white

80 r r r r

0 days 7 days 14 days 21 days
Cold storage (days)
Figure 5. Water content of dragon fruit with cold storage.
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Figure 6. Weight loss of dragon fruit with cold storage.

3.5. Weight Loss

Based on ANOVA, the treatments of the dragon fruit types and storage duration did not show a significant effect after
storage. The two treatments also showed no interaction with weight loss. This is presumed due to low carbohydrate
catabolism during storage. Dragon fruit includes non-climacteric fruit, which does not experience much respiration after
harvesting. The results of the study showed that the average weight loss of the type of dragon fruit based on treatment
conditions was not much different. Super red dragon fruit experienced weight loss of 0.446%, while white dragon fruit
was 0.449% (Figure 6).
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The low weight loss in this study was also due to low fruit transpiration. In this study, dragon fruits were stored in a
refrigerator at 10°C and packed in plastic. Fruit storage at low temperatures can reduce transpiration (Wucher et al.,
2021). Packaging causes fruit to not be directly connected with the environment, so water in the fruit does not
immediately move to an environment with low humidity.

4. CONCLUSION

The conclusion of this study is that the type of fruit shows an effect on antioxidant activity, vitamin C, and total sugar
level. White dragon fruit has the highest antioxidant activity and vitamin C, while super red dragon fruit has the highest
sugar level. In addition, cold storage has an effect on antioxidant activity and vitamin C. Antioxidant activity and vitamin
C increases on day 7 in both types of dragon fruit. The antioxidant activity in super red and white dragon fruits on day
7 is 36.53 pg/ml and 32.37 pg/ml. Moreover, the vitamin C content in super red and white dragon fruit on day 7 10.092
ppm dan 11.629 ppm, respectively.

REFERENCES

Apriliyani, S.A., Martono, Y., Riyanto, C.A., Mutmainah, M., & Kusmita, K. (2018). Validation of UV-VIS spectrophotometric
methods for determination of insulin levels from lesser yam (Dioscorea esculenta L.). Jurnal Kimia Sains dan Aplikasi, 21(4),
161-165. https://doi.org/10.14710/jksa.21.4.161-165

Attar, S.H., Giindesli, M.A., Uriin, 1., Kafkas, S., Kafkas, N.E., Ercisli, S., Ge, C., Mlcek, J., & Adamkova, A. (2022). Nutritional
analysis of red-purple and white-fleshed pitaya (Hylocereus) Species. Molecules, 27(3).
https://doi.org/10.3390/molecules27030808

Badarinath, A.V., Rao, K.M., Madhu, C., Chetty, S., Ramkanth, S., Rajan, T.V.S., & Gnanaprakash, K. (n.d.). A Review on in-vitro
antioxidant methods: Comparisions, correlations and considerations. International Journal of PharmTech Research CODEN,
2(2), 1276-1285.

Bulley, S.M., Rassam, M., Hoser, D., Otto, W., Schiinemann, N., Wright, M., MacRae, E., Gleave, A., & Laing, W. (2009). Gene
expression studies in kiwifruit and gene over-expression in Arabidopsis indicates that GDP-L-galactose guanyltransferase is a
major control point of vitamin C Dbiosynthesis. Journal of Experimental Botany, 60(3), 765-778.
https://doi.org/10.1093/jxb/ern327

Giovannini, A., Venturi, M., Gutiérrez-gordillo, S., Manfrini, L., Corelli-grappadelli, L., & Morandi, B. (2022). Vascular and
transpiration  flows  affecting  apricot  (Prunus  armeniaca  L.)  fruit  growth.  Agronomy,  12(5).
https://doi.org/10.3390/agronomy 12050989

Guo, Z., Cai, L., Liu, C., Chen, Z., Guan, S., Ma, W., & Pan, G. (2022). Low-temperature stress affects reactive oxygen species,
osmotic adjustment substances, and antioxidants in rice (Oryza sativa L.) at the reproductive stage. Scientific Reports, 12(1).
https://doi.org/10.1038/s41598-022-10420-8

Hancock, R.D., Mcrae, D., Haupt, S., & Viola, R. (2003). Synthesis of L-ascorbic acid in the phloem. BMC Plant Biology, 3(7).
http://www.biomedcentral.com/1471-2229/3/7

Hazarika, B., Angami, T., Thokchom, A., Hazarika, B.N., & Angami, T. (2019). Dragon fruit-An advanced potential crop for
Northeast India. Agriculture & Food: e-Newsletter, 1(4). https://www.researchgate.net/publication/332180519

Hossain, M., Numan, S.M., & Akhtar, S. (2021). Cultivation, nutritional value and health benefits of dragon fruit (Hylocereus spp.):
A review. [International Journal of Horticultural Science and Technology Journal, 8(3), 259-269.
http://dx.doi.org/10.22059/ijhst.2021.311550.400

Hussein, Z., Fawole, O.A., & Opara, U.L. (2020). Harvest and postharvest factors affecting bruise damage of fresh fruits.
Horticultural Plant Journal, 6(1), 1-13. https://doi.org/https://doi.org/10.1016/1.hpj.2019.07.006

Imamah, N., Hasbullah, R., & Nugroho, L. (2016). Arrhenius model to predict respiration rate of minimally processed broccoli.
Jurnal Keteknikan Pertanian, 04(1), 25-30.

Kasso, M., & Bekele, A. (2018). Post-harvest loss and quality deterioration of horticultural crops in Dire Dawa Region, Ethiopia.
Journal of the Saudi Society of Agricultural Sciences, 17(1), 88-96. https://doi.org/10.1016/j.jssas.2016.01.005

46


https://doi.org/10.14710/jksa.21.4.161-165
https://doi.org/10.3390/molecules27030808
https://doi.org/10.1093/jxb/ern327
https://doi.org/10.3390/agronomy12050989
https://doi.org/10.1038/s41598-022-10420-8
http://www.biomedcentral.com/1471-2229/3/7
https://www.researchgate.net/publication/332180519
http://dx.doi.org/10.22059/ijhst.2021.311550.400
https://doi.org/https:/doi.org/10.1016/j.hpj.2019.07.006
https://doi.org/10.1016/j.jssas.2016.01.005

Latif et al.: Effect of Cold Storage Duration on the Quality of Dragon Fruit

Khafid, A., Nurchayati, Y., Hastuti, E.D., & Setiari, N. (2023). Vitamin C and total soluble solid content of crystal guava at different
storage duration and ripeness. Kultivasi, 22(2). https://doi.org/10.24198/kultivasi.v22i2.44124

Khotimah, H., Agustina, R., & Ardana, M. (2018). Pengaruh lama penyimpanan terhadap aktivitas antioksidan ekstrak daun miana
(Coleus atropurpureus L. Benth). Proceeding of Mulawarman Pharmaceuticals Conferences, 8, 1-7.

Lal Basediya, A., Samuel, D.V.K., & Beera, V. (2013). Evaporative cooling system for storage of fruits and vegetables - A review.
Journal of Food Science and Technology, 50(3), 429-442. https://doi.org/10.1007/s13197-011-0311-6

Mallik, B., Hossain, M., & Rahim, A. (2018). Influences of variety and flowering time on some physio-morphological and chemical
traits of dragon fruit (Hylocereus spp.). Journal of Horticulture and Postharvest Research, 1(2), 115-130.
https://doi.org/10.22077/jhpr.2018.1492.1018

Molyneux, P. (2004). The use of the stable free radical diphenylpicryl-hydrazyl (DPPH) for estimating antioxidant activity.
Songklanakarin J. Sci. Technol, 26(2),212-219.

Muhammad, R.Z., Prihastanti, E., & Budihastuti, R. (2021). Pengaruh wadah dan suhu penyimpanan yang berbeda terhadap
kematangan  buah  sawo  (Manilkara  zapota L.). Buletin  Anatomi  dan  Fisiologi, 6(1), 42-48.
https://doi.org/10.14710/baf.6.1.2021.42-48

Murtiwulandari, M., Archery, D.T.M., Haloho, M., Kinasih, R., Tanggara, L.H.S., Hulu, Y.H., Agaperesa, K., Khristanti, N.W.,
Kristiyanto, Y., Pamungkas, S.S., Handoko, Y.A., & Anarki, G.D.Y. (2020). Pengaruh suhu penyimpanan terhadap kualitas hasil
panen komoditas Brassicaceae. Teknologi Pangan : Media Informasi dan Komunikasi Ilmiah Teknologi Pertanian, 11(2), 136—
143. https://doi.org/10.35891/tp.v11i2.2168

Nataliani, M.M., Kosala, K., Fikriah, 1., Isnuwardana, R., & Paramita, S. (2018). Pengaruh penyimpanan dan pemanasan terhadap
stabilitas fisik dan aktivitas antioksidan larutan pewarna alami daging buah naga (Hylocereus costaricensis). Jurnal Tumbuhan
Obat Indonesia, 11(1), 1-10.

Nerd, A., Gutman, F., & Mizrahi, Y. (1999). Ripening and postharvest behaviour of fruits of two Hylocereus species (Cactaceae).
Postharvest Biology and Technology, 17(1), 39-45. https://doi.org/10.1016/S0925-5214(99)00035-6

Perla, V., Nimmakayala, P., Nadimi, M., Alaparthi, S., Hankins, G.R., Ebert, A.W., & Reddy, U.K. (2016). Vitamin C and reducing
sugars in the world collection of Capsicum baccatum L. genotypes. Food Chem, 202, 189-198.
https://doi.org/10.1016/j.foodchem.2016.01.135

Pizzino, G., Irrera, N., Cucinotta, M., Pallio, G., Mannino, F., Arcoraci, V., Squadrito, F., Altavilla, D., & Bitto, A. (2017). Oxidative
stress: Harms and benefits for human health. Oxidative Medicine and Cellular Longevity, 2017, 8416763, 13 pages.
https://doi.org/10.1155/2017/8416763

Raza, A., Charagh, S., Najafi-Kakavand, S., Abbas, S., Shoaib, Y., Anwar, S., Sharifi, S., Lu, G., & Siddique, K.H.M. (2023). Role
of phytohormones in regulating cold stress tolerance: Physiological and molecular approaches for developing cold-smart crop
plants. Plant Stress, 8, 100152. https://doi.org/10.1016/].stress.2023.100152

Saputri, C.W.E., Pudja, .LA.R.P., & Kencana, P.K.D. (2020). Effect of cold storage time and temperature treatment on quality of
cauliflower (Brassica oleracea L. var. botrytis). Jurnal BETA, 8(1), 138—144.

Setyaputri, N.A., & Kurnia, T.D. (2019). Pengaruh pelapisan kitosan dan perlakuan pengemasan terhadap masa simpan brokoli
(Brassica oleracea var. ltalica). AGROSAINSTEK: Jurnal Ilmu dan Teknologi Pertanian, 3(2), 65-72.
https://doi.org/10.33019/agrosainstek.v3i2.76

Sharifi-Rad, M., Kumar, N.V.A., Zucca, P., Varoni, E.M., Dini, L., Panzarini, E., Rajkovic, J., Tsouh Fokou, P.V., Azzini, E., Peluso,
I., Mishra, A.P., Nigam, M., El Rayess, Y., El Beyrouthy, M., Polito, L., Iriti, M., Martins, N., Martorell, M., Docea, A.O.,
Setzer, W.N., Calina, D., Cho, W.C., & Sharifi-Rad, J. (2020). Lifestyle, oxidative stress, and antioxidants: Back and forth in
the pathophysiology of chronic diseases. Frontiers in Physiology, 11, 694. https://doi.org/10.3389/fphys.2020.00694

Sutrisno, & Purwanto, E.G.M. (2011). Kajian penyimpanan buah naga (Hylocereus costaricensis) dalam kemasan atmosfer
termodifikasi. Jurnal Keteknikan Pertanian, 25(2), 127-132.

Tsaniklidis, G., Delis, C., Nikoloudakis, N., Katinakis, P., & Aivalakis, G. (2014). Low temperature storage affects the ascorbic acid
metabolism of  cherry tomato fruits. Plant Physiology and Biochemistry, 84, 149-157.
https://doi.org/10.1016/j.plaphy.2014.09.009

47


https://doi.org/10.24198/kultivasi.v22i2.44124
https://doi.org/10.1007/s13197-011-0311-6
https://doi.org/10.22077/jhpr.2018.1492.1018
https://doi.org/10.14710/baf.6.1.2021.42-48
https://doi.org/10.35891/tp.v11i2.2168
https://doi.org/10.1016/S0925-5214(99)00035-6
https://doi.org/10.1016/j.foodchem.2016.01.135
https://doi.org/10.1155/2017/8416763
https://doi.org/10.1016/j.stress.2023.100152
https://doi.org/10.33019/agrosainstek.v3i2.76
https://doi.org/10.3389/fphys.2020.00694
https://doi.org/10.1016/j.plaphy.2014.09.009

Jurnal Teknik Pertanian Lampung Vol. 14, No. 1 (2025): 39 - 48

Valenzuela, J.L., Manzano, S., Palma, F., Carvajal, F., Garrido, D., & Jamilena, M. (2017). Oxidative stress associated with chilling
injury in immature fruit: Postharvest technological and biotechnological solutions. International Journal of Molecular Sciences,
18(7), 1467. https://doi.org/10.3390/ijms 18071467

Wahdaningsih, S., Prawita Setyowati, E., Wahyuono, S. (2011). Free radical scavenging activity of (4/sophila Glauca J. Sm). Majalah
Obat Tradisional, 16(3).

Widodo, W.D., Suketi, K., & Maulida, F. (2020). Studi degreening, kesegaran, dan daya simpan buah naga merah (Hylocereus
polyrhizus (Weber) Britton & Rose) untuk menentukan kriteria panen optimum. Jurnal Agronomi Indonesia (Indonesian
Journal of Agronomy), 48(3), 314-322. https://doi.org/10.24831/jai.v48i3.33065

Wucher, H., Klingshirn, A., Brugger, L., Stamminger, R., Ko6lzer, B., Engstler, A., & Gindele, T. (2021). Evaluation of humidity
retention in refrigerator storage systems by application of a food simulant. International Journal of Refrigeration, 130, 161—
169. https://doi.org/10.1016/].ijrefrig.2021.05.017

Yang, S., & Lian, G. (2020). ROS and diseases: Role in metabolism and energy supply. Mol Cell Biochem, 467, 1-12.
https://doi.org/10.1007/s11010-019-03667-9

Yuniarto, K., Lastriyanto, A., Muvianto, C.M.O., & Nurtiti. (2021). Studi respirasi belimbing wuluh menggunakan modifikasi udara
pasif. Jurnal Keteknikan Pertanian, 9(2), 57-64. http://dx.doi.org/10.19028/jtep.09.2.57-64

48


https://doi.org/10.3390/ijms18071467
https://doi.org/10.24831/jai.v48i3.33065
https://doi.org/10.1016/j.ijrefrig.2021.05.017
https://doi.org/10.1007/s11010-019-03667-9
http://dx.doi.org/10.19028/jtep.09.2.57-64

