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Abstract

Several methods for preserving food, particularly fresh fruit, aim to extend shelf life without
compromising nutritional value. Food preservation technology utilizing irradiation
techniques ensures food safety and stability by eliminating microbes and microorganisms
while preserving nutrients. This study investigates the food preservation process using
gamma irradiation, analyzes the physical changes in irradiated food over time, and examines
the effects of varying gamma irradiation doses on the weight loss and shelf life of fresh-cut
watermelon. The research method involves gamma irradiation at doses of 1, 1.5, 2, 2.5, and
3 kGy. Findings indicate that gamma irradiation at these doses affects the weight loss of
fresh-cut watermelon. The highest weight loss, approximately 87.36%, was observed at a
dose of 3 kGy, indicating significant cellular and membrane damage. Furthermore, high-dose
irradiation leads to nutrient degradation and accelerates water loss, resulting in physical
changes in fresh-cut watermelon, such as increased softness, wateriness, and odor.
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1 Introduction

Red watermelon (Citrullus lanatus) is a fruit rich in water content (up to 90%) and
is commonly served as fresh-cut pieces. Fresh-cut watermelon is more susceptible to
damage and spoilage compared to whole watermelon. Naturally, fruits undergo a ripening

process due to ethylene oxide over time, leading to food spoilage. This ripening process
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Is accelerated by bacteria and microorganisms present around the fruit, as well as by
temperature and oxygen[1]. Additionally, damage to the fruit results in quality
degradation due to ongoing metabolic processes and physical and biological
treatments[2]. The cells of the watermelon can be damaged during the cutting process[3].

The spoilage of fresh-cut watermelon can be slowed down by storing it at a cool
temperature around 4°C and using plastic wrapping to suppress microbial growth and
prevent contamination[3]-[5]. Additionally, UV irradiation can also delay the spoilage
process of fresh-cut watermelon[6], [7]. Nevertheless, ensuring food safety and stability
through the elimination of microbes remains crucial, and various methods are
continuously being researched. One such method is food irradiation. This technique aims
to eliminate spoilage-causing microbes and microorganisms by damaging their cell
membranes, enzymes, or DNA, thereby extending the shelf life and maintaining the
nutritional quality of the food[4].

Compared to UV irradiation, gamma irradiation, using sources such as cobalt-60 or
Cs-137, is now emphasized for food preservation. Cobalt-60 is commonly used in food
irradiation[8]. The radiation dose in food irradiation is adjusted based on its effectiveness,
with preservation doses ranging from 1 kGy to 10 kGy[9], [10].

The irradiation process is often referred to as “cold pasteurization” because it can
kill bacteria without using heat[11]. During the irradiation preservation process, no
heating occurs, thus preserving the freshness and physical state of the food. Spoilage
agents such as bacteria and insects are eliminated from the food and its packaging,
preventing recontamination. This method is particularly beneficial in maintaining hygiene
in areas where food is handled or processed, such as in tropical conditions[12], [13].

In the radiation preservation process, most of the radiation passes through the food
without being absorbed. A small fraction of the radiation targets spoilage microorganisms
and bacteria. These organisms are destroyed by electrons breaking the bonds in their
DNA, leading to DNA damage, which disables their ability to grow and reproduce[14].
DNA Bond Disruption is shown in Fig. 1.
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Figure 1. DNA Bond Disruption
(Source: Health Physics Society, The Effect of Radiation on Living Things)

Fruit ripeness can be measured by weight loss. During ripening, physical and
chemical changes occur in the fruit, including alterations in texture, color, and weight
loss. Weight loss in fruit can be influenced by varying doses of gamma radiation[15].
Gamma irradiation slows down the respiration process. As respiration progresses, O:
intake decreases while CO: output increases. Respiration converts sugars into carbon
dioxide and water[16].

During respiration, complex compounds within the cells are broken down into
simpler molecules such as carbohydrates and volatile water (free water). This continuous
respiration process leads to increasing weight loss over time. Weight loss also results from
water loss through evaporation (free water) and carbon loss due to respiration during

storage[17], [18]. Weight loss is calculated using the following equation:
% weight loss = % x100% 1)
0

where Wy = mass of the watermelon sample before irradiation (grams); Wt = mass of the

watermelon sample after irradiation (grams).
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This study investigates the food preservation process using gamma irradiation
facilities, analyzes physical changes in irradiated food over time, and examines the effects

of varying gamma irradiation doses on weight loss and shelf life of fresh-cut watermelon.

2 Material and Methods

This study used local red watermelon samples cut into 2 cm x 2 cm x 2 cm cubes,
categorized into six groups based on the gamma irradiation doses received. The fresh-cut
watermelon was packaged with clip-on plastic bags labeled with mass and sample
identity. Irradiation was performed using a Co-60 source with a dose rate of 2493 Gy/hour
on March 6, 2024, at the Gamma Irradiator Type I, Observognis Yogyakarta. The
irradiation doses applied were 0 kGy (control), 1 kGy, 1.5 kGy, 2 kGy, 2.5 kGy, and 3
kGy. After irradiation, samples were stored at room temperature in sealed plastic bags.
Physical changes and weight loss of the watermelon were monitored and compared with
the control.

3 Results and Discussions

Gamma radiation technology aims to eliminate spoilage microbes and
microorganisms through DNA damage. Preservation of fresh-cut watermelon with
radiation is designed for energy efficiency and ease of control. Gamma rays provide
effective penetration without altering the temperature of the watermelon, thus preserving
its nutrients and vitamins. Radiation technology requires dose optimization to be effective
for its purpose. Incorrect doses can result in undesired cellular damage. In this

preservation study, doses ranging from 1 kGy to 3 kGy were used, as shown in Table 1.
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Table 1. Mass of fresh-cut watermelon and percent weight loss

Radiation Mass of Fresh-cut Watermelon and %Weight Loss (%WL)
Dose %WL %WL %WL %WL %WL
kgy) PO Pl py D4 py PO pg P8 pg P pyg

0 6,80 6,78 041 659 315 6,27 781 6,06 1092 597 1229
1 809 809 000 781 348 75 659 712 1200 6,31 22,00
1,5 764 765 -003 740 315 7,06 760 3,11 5933 258 66,21
2 918 9,18 002 9,08 107 799 13,00 7,29 2054 7,17 2194
2,5 7,78 7,78 -006 766 149 740 485 7,13 8,30 6,97 10,30
3 8,77 8,76 002 863 155 831 518 238 7282 233 73,44
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Figure 2. Depicts the correlation between storage time and mass loss in fresh-cut
watermelon

Fresh-cut watermelon exhibited a trend of decreasing mass over time following
gamma irradiation, as depicted in Fig. 2. Initially, the mass remained relatively stable or
decreased slowly. However, over time, the mass loss became more significant. For
example, at an irradiation dose of 2 kGy, the watermelon mass on day 8 was 2.756 grams,
decreasing to 1.894 grams by day 13. This indicates a significant weight reduction over
that period. This loss is attributed to the continuous respiration process, leading to
increased mass reduction over time. Additionally, mass reduction is due to water loss

from evaporation (free water) and carbon loss from respiration during storage. Monitoring
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watermelon mass changes helps evaluate the quality of the food after gamma irradiation,
aiding in determining food safety and shelf life.

In cases of watermelon slices irradiated at different doses, higher irradiation doses
resulted in higher weight loss percentages, as shown in Fig. 3. This is due to radiolysis
effects caused by radiation exposure, which can alter the molecular structure of the food,
including cellular and nutritional damage, affecting weight loss. High doses not only
damage microbial DNA but also the structure of the watermelon itself. Additionally, the

cutting process damages the cell walls of the watermelon, leading to accelerated ripening.
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Figure 3. Depicts the correlation between storage time and percentage weight loss
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Figure 4. Illustrates the relationship between radiation dose and average weight loss

Fig. 4 illustrates the impact of irradiation dose on watermelon mass changes over
time. Higher irradiation doses tend to cause faster mass loss compared to lower doses.
Lower doses result in slower mass loss, suggesting they may be sufficient to inhibit
microorganism growth without causing significant structural damage to the watermelon.
At 0 kGy, the average weight loss was the lowest (66.45%), indicating that without
radiation, the watermelon structure remained relatively intact but was more susceptible
to microorganism growth. Conversely, at 3 kGy, the highest weight loss percentage
(87.36%) was observed, indicating significant cellular damage and water loss. The
average weight loss increased with higher radiation doses, consistent with the theory that
higher doses cause more damage to cell walls and membranes, leading to greater water
and nutrient loss.

Changes in watermelon mass depicted in the graphs provide insight into the
effectiveness of specific irradiation doses in slowing food degradation. In addition to
irradiation dose, storage time also influences the mass change of food post-irradiation.
Longer storage time increases the likelihood of weight loss in the food. The data show
that the percentage of weight loss in watermelon tends to increase over time after

irradiation.
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Figure 5. Fresh-cut watermelon on day 1 (left) and fresh-cut watermelon on day 13 (right)

Increased irradiation doses result in worsening physical and chemical changes in
fresh-cut watermelon. The watermelon becomes soft, watery, and odorous due to damage
to cell walls and nutrient degradation, as seen in Fig. 5. These changes lead to increased
mass loss, reflected in high weight loss percentages after irradiation. Gamma irradiation
induces radiolysis, where gamma rays interact with the water molecules in the fresh-cut
watermelon at excessively high doses. Radiolysis generates free radicals that damage cell
structures and organic molecules. This damage includes nutrient degradation, cell wall
and membrane damage, and accelerated water loss. These negative effects arise from
excessively high doses, necessitating optimal doses to target only microbes and
microorganisms. Based on this study, the optimal dose for preserving fresh-cut

watermelon is at lower doses around 1 kGy or lower.

4 Conclusions

Based on the data presented in this study on the preservation of fresh-cut
watermelon using gamma irradiation, the following conclusions can be drawn:
1. Gamma irradiation can be utilized as a food preservation method to extend shelf life

and maintain food quality when applied at optimal doses.
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2. The dose of gamma radiation significantly affects the weight loss of food products.
Higher doses result in an increased percentage of weight loss in watermelon.
Prolonged storage time after irradiation leads to greater mass loss. The graph
depicting the relationship between storage time and mass of watermelon illustrates a
consistent trend of mass reduction over time, which can be utilized as a monitoring tool

for product quality.

Acknowledgements

The author expresses profound gratitude to the Polytechnic Institute of Nuclear
Technology Indonesia also The National Research and Innovation Agency (BRIN) for

their invaluable support in providing facilities and raw materials.

References

[1] S. Koswara, “Teknologi Pengawetan Bahan Segar,” Eb. Pangan, no. c, pp. 1-31,
2009.

[2] F. G. Winarno and A. Moehammad, Fisiologis Lepas Panen. Jakarta: Sasta
Hudaya, 1981.

[3] D. A. Kirana, W. H. Delin Fitrianisa, M. I. Susanto, A. Otter Sorbo, and P. M.
Adhi, “Pengaruh Variasi Wadah dan Suhu Terhadap Pembusukan Buah Semangka
Potong (Citrullus Lanatus.),” J. Teknol. Pangan dan Has. Pertan., vol. 17, no. 1,
pp. 23-28, 2022.

[4] B. H. Lado and A. E. Yousef, “Alternative food-preservation technologies:
Efficacy and mechanisms,” Microbes Infect., vol. 4, no. 4, pp. 433-440, 2002, doi:
10.1016/S1286-4579(02)01557-5.

[5] Y. Hu et al., “Systematic Study of the Sensory Quality, Metabolomics, and
Microbial Community of Fresh-Cut Watermelon Provides New Clues for Its
Quality Control and Preservation,” Foods, vol. 11, no. 21, 2022, doi:
10.3390/fo0ds11213423.

[6] F. Artés-Hernandez, P. A. Robles, P. A. Gomez, A. Tomas-Callejas, F. Artés, and
G. B. Martinez-Hernandez, “Quality Changes of Fresh-Cut Watermelon During

375




[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Adeska etal., IJASST, Volume 06, Issue 02, 2024
Storage as Affected by Cut Intensity and UV-C Pre-treatment,” Food Bioprocess
Technol., vol. 14, no. 3, pp. 505-517, 2021, doi: 10.1007/s11947-021-02587-1.
F. Artés-Hernandez, P. A. Robles, P. A. Gomez, A. Tomas-Callejas, and F. Artés,
“Low UV-C illumination for keeping overall quality of fresh-cut watermelon,”
Postharvest Biol. Technol., vol. 55, no. 2, pp. 114-120, 2010, doi:
10.1016/j.postharvbio.2009.09.002.
R. D. zaria Mshelia, N. I. Dibal, and S. M. Chiroma, “Food irradiation: an effective
but under-utilized technique for food preservations,” J. Food Sci. Technol., vol.
60, no. 10, pp. 2517-2525, 2023, doi: 10.1007/s13197-022-05564-4.
Sukaryono, “Kajian Jenis-Jenis Dosimeter Pada Fasilitas Iradiator,” vol. 17, no.
November, pp. 101-105, 2015.
B. Smith, A. Ortega, S. Shayanfar, and S. D. Pillai, “Preserving quality of fresh cut
watermelon cubes for vending distribution by low-dose electron beam processing,”
Food Control, vol. 72, pp. 367-371, 2017, doi: 10.1016/j.foodcont.2016.02.017.
0. J. Ajibola, “An overview of irradiation as a food preservation technique,” Nov.
Res. Microbiol. J.,, wvol. 4, no. 3, pp. 779-789, 2020, doi:
10.21608/nrmj.2020.95321.
H. M. Gottschalk, “Food preservation by irradiation.,” Food Nutr. (Roma)., vol. 4,
no. 3-4, pp. 30-32, 1978, doi: 10.1002/9781119237860.ch32.
S. Ganguly, K. Mukhopadhayay, and S. Biswas, “Preservation of food items by
irradiation process,” Int. J. Chem. Biochem. Sci., vol. 1, no. January, pp. 11-13,
2012, [Online]. Available: www.iscientific.org/Journal.html
M. K. Akinloye, G. A. Isola, S. K. Olasunkanmi, and D. A. Okunade, “Irradiation
as a Food Preservation Method in Nigeria: Prospects and Problems,” Int. J. Res.
Appl. Sci. Eng. Technol., vol. 3, no. 11, pp. 85-96, 2015.
M. Akrom and E. Hidayanto, “Kajian Pengaruh Radiasi Sinar Gamma Terhadap
Study Effect of Gamma Radiation on Weight,” J. Pendidik. Fis. Indones.
(Indonesian J. Phys. Educ., vol. 10, no. 1, pp. 86-91, 2014, doi:
10.15294/jpfi.v10i1.3055.
K. A, “Basis for effect of controlled and modified atmosphere on fruit and

vegetables,” J. Food Technol., vol. 90, no. 5, pp. 99-104, 1989.

376



Adeska etal., IJASST, Volume 06, Issue 02, 2024

[17] E. Syaefullah, “Optimasi Keadaan Penyimpanan Buah Pepaya Sebelum
Pemeraman dengan Algoritma Genetika,” 2008.

[18] W.RBH, L. TH, G. D, G. WBM, and H. EG, An Introduction to the Physiology
and Handling of Fruit and Vegetables, 3rd ed. New York, 1989.

377




Adeska et.al., IJASST, Volume 06, Issue 02, 2024

This page intentionally left blank

378



