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Food insecurity is a major concern in the world. The Food and Agriculture Organization (FAO)
published the report entitled "The State of Food Insecurity in the World" which stressed the need
for economic growth to reduce hunger, in addition to the core issues of food insecurity such as
food prices, distribution, and availability. Problems related to food preservation and quality were
also addressed. *

Commonly called persimmon or Japanese persimmon, it is a deciduous plant native to China,
Korea, and Japan, which is currently being cultivated in many East Asian and Southern European
countries. Diospyros kaki belongs to the family Ebenaceae and is considered one of the most
important species of the genus Diospyros for exotic fruit production. 2

The fruit is usually consumed in natura. However, in some producing regions of the country
where Japanese colonization is present, persimmon is industrialized, being used for the
preparation of raisins (dehydrated fruit) and the manufacture of vinegar. 3

The persimmon culture has been gaining importance in Brazil, both for the planted area and for
the increase in production, which has driven the increase in the supply of the product for the
domestic market, and consequently, boosting producers so that part of the production is exported.
According to FAO (Food and Agriculture Organization of the United Nations) data, the world
persimmon production in 2007 was 3.3 million tons. China, the largest producer, produced about
2.3 million tons, followed by the Republic of Korea with 345,000 tons, Japan with 240,000 tons,
and Brazil, occupying fourth place in the world ranking, producing about 169,000 tons. 3

The South and Southeast Brazilian regions are the largest producers, led by the Séo Paulo state.
According to data from the IEA (Institute of Agricultural Economics), only the municipality of
Mogi das Cruzes (Sao Paulo), contributed with the production of 49.7 thousand tons of kaki in
2007. 4

Fruits and vegetables are highly perishable and there are several problems related to their
preservation which arise from the moment they are harvested, when a series of processes begins
that influence the quality of the product and its consequent losses before reaching the consumer.
Due to the extended shelf life and preservation of food, irradiation technology is considered a

viable alternative for food processing as it is can provide food safety with nutritional assurance.
3;5

The irradiation process applied in different doses to food is able to improve technological
properties also reduce insect infestations. However, it is necessary to analyze and measure the
characteristics of food exposed to the irradiation process in order to evaluate whether the process
in question was able to maintain the essential characteristics of the food after exposure to
irradiation. 7
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The objective of this work was to evaluate the conservation of fresh and dehydrated persimmon
fruits based on the exposure of the fruits to the effects of different doses of ionizing radiation,
aiming at the maintenance of their characteristics after the process of technological improvement.
The use of the irradiation technique demonstrated its efficacy in the conservation of fresh and
dehydrated persimmon fruits.

The fresh and dehydrated fruits properly packed were irradiated in a 60Co source, in the
Multipurpose Irradiator of the CTR of IPEN/CNEN-SP (dose rate 3 kGy/hour). The doses of 1.0,
3.0, and 5.0 kGy of irradiation were applied to the fresh fruits and 1.0, 3.0, 5.0, and 10 for the
dehydrated fruits.

After irradiation, all fresh samples (control and irradiated) were stored at 3.0 + 5.0 °C in a cold
room and the dehydrated samples were stored at room temperature for the appropriate analyses.
The color of the samples was determined by Minolta-Chromameter CR 400 colorimeter A
Minolta Chroma Colorimeter CR-400 model was used to perform the instrumental color analysis
of the irradiated and control samples. This analysis allowed the evaluation of the color attribute,
identifying inconsistencies and showing the numerical results, where the L*, a* and b* values
were measured, in triplicates for all fresh and dehydrated persimmon samples.

Texture was analyzed using a Stable Micro Systems TA-XT2 texturometer with a 50 kg
compression force mode and running at a test speed of 30 mm/s. The irradiated samples were
evaluated with homogenized portions and weighed at room temperature. The analysis considered
the attributes of firmness, cohesiveness, and chewiness.

In the study of the fresh persimmon samples, it was observed that the coloration of the fruit was
maintained between day 1%t and day 7™ the control sample showed a lower value than the samples
with doses 1 and 3 kGy for the L* and b* parameters. For the a* parameter, the control sample
had a higher value than the irradiated samples. On 14", there was no significant difference
between the 3 and 5 kGy doses for L* and a*. However, these samples showed considerably lower
values compared to day 1 of analysis for the factors L*, a* and b*.

There was a significant difference for the 1 kGy samples throughout the storage period only in
the parameter, where this value decreased on day 14 when compared to day 1. In the 3 kGy
sample, the difference was less pronounced, and in the irradiated sample, the change in the L*,
a*, and b* parameters became visible only after day 28. The fresh persimmon control sample was
discarded on day 21, however, by day 7 the clear degradation in fruit coloration could be seen.

In the study of the dehydrated persimmon samples it was observed that the coloration of the fruits
was maintained among all the treatments, the control sample presented the same coloration in
relation to the samples with doses 1.0, 3.0, 5.0 and 10 kGy for the parameters L* a*, and b*.

There was no significant difference for the 1.0 kGy and 3.0 kGy control samples throughout the
storage period. The irradiated samples changed only slightly in relation to the control sample from
the 60th day on for the parameters L*, a* and b*.

The fresh samples irradiated with the 3 kGy dose showed greater maintenance of the firmness,
cohesiveness, and chewiness properties than the others. In addition, the treatment with 3 kGy
provided a longer shelf life that was able to maintain the original properties of the fruit.

At the end of these tests, the efficient doses were determined for the determination of ripening
delay, technological improvement, and shelf life of the fresh and dehydrated strong branch
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persimmon fruit, evidencing, through this study, the effectiveness of the food irradiation process
on the persimmon fruit at the presented doses.

The firmness test determined in fruits of Giombo persimmon with the help of a texturometer
showed relevant results of firmness for the doses 0.3 and 0.6 kGy. Evidencing, therefore, a
similarity in the results of fresh persimmons irradiated at 1 kGy, we can see that irradiation at
lower doses can contribute to the maintenance of the firmness of the fruits.®°

The values obtained through the color analysis were in agreement with those found in the
literature, so that we conclude that the exposure of the persimmons to low doses of irradiation
was promising in the maintenance of these characteristics.

The methodology used had the objective of studying the effects of ionizing radiation on fresh and
dehydrated persimmon fruits and, in parallel, to evaluate the influence of irradiation, verifying
the efficiency of the irradiation process on these fruits and the resistance of the final product,
analyzing the dehydrated fruits after processing with ionizing radiation in physical aspects.

We conclude from the results obtained after color and texture analysis that fresh persimmons
irradiated with a dose of 1kGy remained in perfect condition for consumption after 28 days of
technological treatment, while the fruit control sample showed degeneration in its quality after 14
days of storage. The dehydrated persimmons remained in perfect condition for consumption up
to 60 days after exposure to the irradiation treatment process, thus in both fresh and dehydrated
fruit the exposure to technological treatment for conservation by means of gamma rays proved to
be efficient.

Acknowledgements

Nuclear Research Institute (IPEN-CNEN/SP)- Center for Radiation Technology, Sdo Paulo,
Brazil

References

[1] FAO. Food and Agriculture Organization of the United Nations. The State of Food Insecurity
in the World: Economic growth is necessary but not sufficient to accelerate the reduction of
hunger and  malnutrition.  Rome, 2012.  Dissonable at:  http://www.ft.dk/
samling/20121/almdel/uru/bilag/19/1168376/ index.htm. Access date: 26 March 2021.

[2] ZzhuW., Zhu, B., Li, Y., Zhang, Y., Zhang, B., Fan, J., 2016. Electrolyzed acidic water
effectively improves the flavor of persimmon wine (Diospyros kaki L. cv. Mopan). Food Chem.
197. Disonable at:
https://www.sciencedirect.com/science/article/abs/pii/S0308814615301059?via%3Dihub.
Access date: 20 January 2021.

[3] SILVA, Michel carvalho; ATARASSI, Marcia Eiko; FERREIRA, Marcos David; MOSCA,
Marcos Antonio. Postharvest quality of persimmon ‘fuyu’ using different concentrations of edible
cover. 2011. PDF Dowload - Ciénc. agrotec. Lavras, v. 35, n. 1, p. 144-151, jan./feb. Dissonable
at: http://www.scielo.br/scielo.php?pid=S1413-
70542011000100018&script=sci_abstract&ting=pt. Access date: 19 March 2021.



ISBN: OT8-65-504.1256-3
9 TRESSD 412563

2021 International Nuclear Atlantic Conference — INAC 2021

Virtual meeting, Brazil, November 29 — December 2, 2021

[4] IEA International Atomic Energy Agency. Manual of good practice in food irradiation -
sanitary, phytosanitary and other applications - technical report series no. 481. Dissonable at:
https://www.iaea.org/publications/10801/manual-of-good-practice in-food-irradiation,
http://this.is.not.a.site/nothing (2015). Acesses date: 18 August 2021.

[5] EHLERMANN, D.A.E., 2016. The early history of food irradiation. Radiat. Phys. Chem. 129,
10-12. Dissonable at: https://doi.org/10.1016/j.radphyschem.2016.07.024. Access date: 18
August 2021.

[6] TEIXEIRA, B.S., Garcia, R.H.L., Takinami, P.Y.l., del Mastro, N.L., 2018. Comparison of
gamma radiation effects on natural corn and potato starches and modified cassava starch. Radiat.
Phys. Chem. 142, 44-49. https://doi.org/10.1016/j.radphyschem. 2017.09.001. Dissonable at:
Comparison of gamma radiation effects on natural corn and potato starches and modified cassava
starch - ScienceDirect. Access date: 22 August 2021.

[7] IAEA International Atomic Energy Agency, 2015. Manual of good practice in food irradiation
- sanitary, phytosanitary and other applications - technical report series no. Dissonable at:
https://www.iaea.org/publications/10801/manual-of-good-practicein-food-irradiation,  Access
date: 30 April 2021.

[8] VIETES R. L, et al . Gamma radiation in the conservation of 'Giombo' persimmon, without
adstringency stored under refrigeration. Dissonable at: https://doi.org/10.1590/S0100-
29452012000300010Access date: 20 April 2021.

[9] BOLZAN, A. B. and PEREIRA E. A. Elaboration and characterization of kaki creamy jam
with addition of araucaria seeds. Brazilian Journal of Food Technology. 2017, v. 20. Dissonable
at: https://doi.org/10.1590/1981-6723.6116. Acessed: 20 April 2021.



