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1. Introduction

Sapodilla is a nutritious exotic fruit commonly consumed in Northeastern Brazil [1,2]. Its post-harvest
life is short due to its highly perishable nature (2 to 10 days), fast ripening, and moisture loss causing microbial
spoilage and vulnerability to cold storage. Therefore, after harvesting it is necessary to maintain and increase
shelf life with proper management to trade in more faraway markets with good quality [3,4]. Fruits such as
sapodilla are a relevant component of human nutrition, being rich sources of sugars, vitamins, minerals,
carotenoids, polyphenols, dietary fiber, and other phytochemicals that play a role in health. Therefore, it is
vital to prevent the contamination of microorganisms to reduce nutrient degradation and maintain sensory and
safety attributes [5].

Lately, the consumption increase of native, tropical fruits in the domestic market is mainly due to the
great potential of exploiting the marketing for fresh consumption in the supermarkets in “Hortifruti stores” to
serve the population that seeks fruits with nutritional properties [6-8]. Fresh fruits, tropical juices, and other
derivatives trading in Brazil lack an effective strategy that allows for the conciliation of high-quality
production with safety and traceability to provide and competitive the domestic and international markets [9].
Already, the degrees of deterioration, loss of quality linked to the effectiveness of the packaging system, and
the environmental conditions of the exposed products during storage and transport affect the spreading of fruit
on trades widely [10].

Food irradiation is one of the few food technologies capable of maintaining food quality and solving
safety and protection problems without significantly affecting its organoleptic or nutritional characteristics.
Beneficial effects include versatility, efficiency against bacteria, insects, and other pests; it is penetrating; the
effectiveness of the process is achieved even with the product packaged (which limits the possibilities of
infestation or recontamination). Furthermore, treatment does not involve chemicals or residues; and food
treated can be immediately distributed in the food supply chain after treatment [11,12].

2. Methodology
2.1 Physical properties

The samples were obtained in the wholesale market of CEAGESP (Companhia de Entrepostos e
Armazéns Gerais de Sdo Paulo). Fruits were selected for color, size, and absence of mechanical and pest
damage, then transported to Laboratory for Analysis and Detection of Irradiated Foods (LADIF) at the
Radiation Technology Center (CTR), Energy and Nuclear Research Institute (IPEN/CNEN-SP). The sapodilla
packs were irradiated (500 and 1000 Gy doses) at Multipurpose Irradiator (IPEN/CNEN-SP). Control and
irradiated samples were analyzed on 1%, 6™, and 12" storage days.

The texture was analyzed using a Stable Micro Systems TA-XT2 texturometer with a compression
capacity of 50 kg, and a test speed of 50 mm/s. The viscosity samples irradiated homogenized portions and
weighed at room temperature were evaluated. Irradiated and control samples' color was analyzed using a CR-
400 colorimeter (Konica Minolta). The results were expressed by the CIELAB space (Commission
Internacionale de L’Eclairage), and twenty random readings of the samples were performed for each dose of
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gamma irradiation. The results were expressed in CIELAB and CIE L*C*h color space which are the most
used systems for the evaluation of color in food. It was obtained the parameters L* (brightness), a* (red /
green) and b * (yellow / blue intensity) [13]. Chroma C* (saturation or color intensity), and Hue angle (amount
of color in which red-purplish = 0 °, yellow = 90 °, green = 180 °, blue = 270 °, and black = 360°).

The water activity was performed using an AquaLab 4TE model equipment, with ten readings for
each dose. The results were analyzed using the program GraphPad Prism (version 8.0), which was also used
for the elaboration of tables and graphs. The comparisons among the data were performed using two-way
ANOVA, with a statistical significance limit of by Tukey test (p <0.05).

3. Results and Discussion

The samples' water activity (Table I) remained stable during twelve days of storage. The critical point
for food is 0.6-0.7 aw as below this range microorganism’ growth is difficult. aw affects the rate of chemical
reactions such as lipid oxidation, protein hydrolysis, vitamin degradation, and biochemical reactions [14].
Note that the value is above 0.900, indicating a high aw, and greater susceptibility to the growth of
microorganisms due to the amount of free water available, showing the microbiological risk and the need to
apply packaging and storage temperature as additional prevention methods. Moreover, the irradiated samples
did not have a difference significant from control, and the higher dose (1000 Gy) still does not change the
values even if there is an interaction of water radiolysis.

Table I: ay results from 12 days after irradiation.

Water activity (aw)
Doses
Storage Non-irradiated 500 1000
1 0,969+0,005* | 0,977+0,013** | 0,970+0,005*
6 0,969+0,004* | 0,978+0,013** | 0,968+0,004%*
12 0,971+0,002* | 0,977+0,015* | 0,970+0,001*

!Means followed by the same letter in the columns do not differ statistically from each other by the Tukey test (p> 0.05).

The luminosity range (L*) of the sapodilla pulp was greater than 45 for all samples, also, no significant
difference among doses (Table II). All the samples showed positive a* (coloring close to red) with values up
t0 8.73+1.56 (1000 Gy). The b* values also showed positive values indicating approximate yellow color. The
color of the samples (h°) is in the range of 68.27 to 74.97 and revealed a brownish color. At last, the intensity
and tone of the color did not show significant changes during storage.

Table II: Color results of sapodilla irradiated.

Dose (Gy) Storage L - Cgior C* ho
1 50,8442,37%4 | 4,16+1,22%* | 15,18+3,14* | 23,02+0,55* | 69,73+4,77%
Non-irradiated 6 47,89+1,45* | 4,31+1,09%* | 15,14+2,73* | 19,24+3,70* | 70,45+4,03*
12 47,291,713 | 5,41+1,02%4 | 21,28+3,37%" | 18,44+2,55"* | 69,39+3,81%
1 46,81+1,56* | 8,59+2,03** | 15,74+4,10* | 24,63+1,54* | 68,96+4,51*
500 6 49,72+7,77% | 6,74+1,44%8 | 15,75+3,54*% | 20,43+4,65* | 72,02+1,89%
12 51,14+1,62% | 6,41+0,08%8 | 19,22+4,45% | 22,77+3,34* | 68,27+2,96*
1 50,39+2,84% | 8,54+2,31%® | 21,50+1,85% | 23,20+3,14% | 74,97+1,66*
1000 6 47,88+2,22%4 | 8,01+1,86* | 19,94+1,59% | 20,96+1,83%* | 74,2442,34%
12 50,79+1,96** | 8,73+1,56% | 22,76+1,20** | 24,41+2,05* | 73,72+1,60*

A, B: Different capital letters in the columns indicate statistical difference by Tukey's test (P<0.05); a, b: Different lowercase letters in
the lines indicate statistical difference by the Tukey test (P<0.05); Equal letters do not differ significantly from each other.
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Texture tests were intended to evaluate the sapodilla pulp viscosity from an extrusion analysis. The
average irradiated sample was 0.985, it was observed that there was no significant difference between the
irradiated samples to control, and viscosity remained stable during 12 days.

4. Conclusions

Doses up to 1000 Gy do not significantly alter the physical properties of the sapodilla fruit, such as
color, water activity, and pulp viscosity during storage. Consequently, the application of ionizing radiation in
sapodilla shows promising results in the studied parameters. Even more, when to consider that the visual
appearance and texture decisively interfere in consumer choice.

Acknowledgements

The authors would like to thank CNEN for scholarship and CNPq, IPEN-CNEN/SP for the structure and
financial support.

References

[1] R. Braga Sobrinho, A. L. M. Mesquita, C. T. Bandeira, “Levantamento e identificacao das principais
pragas do sapotizeiro”, Fortaleza: Embrapa Agroindustria Tropical, pp. 3 (2000).

[2] P. L. D. de Morais, L.C.de O.Lima, R. E. Alves, H. A. C. Filgueiras, A. da S. Almeida, “Altera¢des
fisicas, fisiologicas e quimicas durante o armazenamento de duas cultivares de sapoti”, Pesquisa
Agropecudria Brasileira, Brasilia, vol. 41, n. 4, pp. 549-554, (2006).

[3] M. R. A. Miranda, F. S. da Silva, S. R. Elesbdo, A. H. A. C. Filgueiras, N. C. C. Aratijo. “Armazenamento
de dois tipos de sapoti sob condi¢do de ambiente”, Revista Brasileira de Fruticultura, vol. 24, n. 3, pp.
644-646 (2002).

[4] M.W. Siddiqui, M. Longkumer, M. S. Ahmad, K. Barman, P. K. Thakur, J. Kabir, ”Postharvest biology
and technology of sapota: a concise review”, Acta Physiologiae Plantarum, vol. 36, pp. 3115-3122
(2014). doi.org/10.1007/s11738-014-1696-4

[5] S. R. Cruz, S. Arvizu-Medrano, “Quality Loss of Fruits and Vegetables Induced by Microbial Growth”,
In Fruit and Vegetable Phytochemicals (2009) doi:10.1002/9780813809397.ch12

[6] M. do D. S. M. Rufino, R. E. Alves, E. S. de Brito, S. M. de Morais, C. de G. Sampaio, J. Pérez-Jiménez,
F. D. Saura-Calixto. Metodologia Cientifica: Determinacdo da Atividade Antioxidante Total em Frutas
pela Captura do Radical Livre. Comunicado Técnico on line, vol. 127, pp. 0-3 (2007).

[7] R. M. T. Lima, “Estabilidade quimica, fisico-quimica e microbioldgica de polpas de acerola pasteurizadas

e ndo-pasteurizadas de cultivo organico”, Ciéncia Rural, Santa Maria, vol. 42, n.2, pp. 367-373 (2012)
doi.org/10.1590/S0103-84782012005000005

[8] M. SATIM, R. A. M. SANTOS, “Estudo das caracteristicas nutricionais das polpas de mangas
(Mangifera indica L.) variedade Tommy Atkkins”, Encontro internacional de produgéo cientifica,
CESUMAR (2009).


https://link.springer.com/journal/11738

Negréo et al.

[9] Ministério da Agricultura, Pecuéria e Abastecimento. Plano Nacional de Desenvolvimento da
Fruticultura (PNDF) 2017/2018. 2017. http://www.agricultura.gov.br/noticias/mapa-lanca-plano-de
fruticultura-em-parceria-com-o-setor-privado/PlanoNacionaldeDesenvolvimentodaF
ruticulturaMapa.pdf

[10] H. M. C. de Azeredo. “Fundamentos de estabilidade de Alimentos”, 2* edi¢do revista e ampliada.
Empresa Brasileira de Pesquisa Agropecuaria. Brasilia, DF (2012).

[11] P.B. Roberts, “Food irradiation is safe: Half a century of studies”, Radiation Physics and Chemistry,
vol. 105. pp. 78-82 (2014) doi.org/10.1016/ j.radphyschem.2014.05.016.

[12] International Atomic Energy Agency, Manual of Good Practice in Food Irradiation, Technical
Reports Series No. 481, IAEA, Vienna (2015).

[13] “Commission Internationale de L'Eclairage”. http://www.cie.co.at/ (2019).

[14] Pittia P, Antonello P. “Safety by Control of Water Activity: Drying, Smoking, and Salt or Sugar
Addition”. Regulating Safety of Traditional and Ethnic Foods.; (2016). doi:10.1016/B978-0-12-800605-
4/00002-5



