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Abstract

It is common to combine methods to increase the shelf life of a raw material or product. In this study, we sought to
understand the relationship between ultraviolet (UV) radiation and sodium hypochlorite (NaOCI) in attenuating the
proliferation of fungus and its deteriorating effect on strawberries. The UV light intensities of 125, 250 and 400 Watts
(W) and sodium hypochlorite were tested in concentrations 0.5, 1.0 and 1.5 ppm. The strawberries were sprayed with
sodium hypochlorite solutions and then kept for 1 minute in UV light chambers, to then be stored in transparent sealed
plastic containers. The strawberry samples with the longest life were those that were sprayed with 0.5 and 1.0 ppm
sodium hypochlorite solution combined with exposure to 125 W UV light. These samples had a shelf-life extension of
about five days compared to strawberries without any kind of treatment. Thus, it is possible to state that this
combination is efficient in cleaning the fruit without causing damage.

Keywords: Fungal contamination; Sanitization; Shelf life.

Resumo

E comum combinarmos métodos para aumentar a vida de prateleira de uma matéria-prima ou produto. Nessa
pesquisa, procurou-se entender a relacdo da radiacdo ultravioleta (UV) com o hipoclorito de sédio (NaOCIl) na
atenuacdo da proliferacdo do fungo e seu efeito deteriorante em morangos. Foram testadas as concentracdes de luz
UV de 125, 250 e 400 Watts (W) e de hipoclorito de sédio nas concentra¢des 0,5, 1.0 e 1,5 ppm. Os morangos foram
borrifados com solugdes de hipoclorito de sédio e, em seguida, mantidos por cerca de um minuto dentro de cadmaras
de luz UV, para entdo, serem armazenados em recipientes plasticos transparentes com tampa. As amostras de
morango com maior longevidade foram as que foram borrifadas com solucéo 0,5 e 1,0 ppm de hipoclorito de sodio
combinadas com a exposicao a luz UV de 125 W. Essas amostras tiveram um prolongamento de vida de prateleira de
cerca de cinco dias a mais em comparagdo com 0s morangos sem qualquer tipo de tratamento. Dessa forma € possivel
afirmar que essa combinacéo é eficiente na higienizacéo do fruto sem ocasionar danos devido ao calor.
Palavras-chave: Contaminacdo fungica; Sanitizagdo; Vida de prateleira.

Resumen

Es comun combinar métodos para aumentar la vida Gtil de una materia prima o producto. En esta investigacion,
buscamos comprender la relacidn entre la radiacion ultravioleta (UV) y el hipoclorito de sodio (NaOCI) en la
atenuacion de la proliferacion del hongo y su efecto de deterioro en las fresas. Las concentraciones de luz ultravioleta
de 125, 250 y 400 vatios (W) e hipoclorito de sodio se probaron en concentraciones de 0,5, 1,0 y 1,5 ppm. Las fresas
se rociaron con soluciones de hipoclorito de sodio y luego se mantuvieron durante aproximadamente un minuto en
camaras de luz ultravioleta, para luego ser almacenadas en recipientes de plastico transparente con tapa. Las muestras
de fresa con mayor vida Util fueron aquellas que fueron rociadas con solucidn de hipoclorito de sodio de 0.5y 1.0 ppm
combinada con exposicion a luz UV de 125 W. Estas muestras tuvieron una extension de vida 0atil de
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aproximadamente cinco dias 0 mas en comparacion con las fresas sin ningln tipo de tratamiento. Asi se puede afirmar
que esta combinacion es eficaz para limpiar la fruta sin provocar dafios por calor.
Palabras clave: Contaminacién por hongos; Higienizacién; Duracion.

1. Introduction

Fruits are a fundamental part of the human diet, as they provide vitamins, minerals, carbohydrates and fibers, in
addition to containing minimal amounts of fat and protein. According to the WHO (World Health Organization), the low
consumption of fruits and vegetables is among the main risk factors for the development of chronic non-communicable
diseases (Who, 2003), such as: cardiovascular diseases and certain types of digestive system neoplasms. One of the challenges
in introducing a greater amount of fruit into eating habits is to increase the shelf life. This is true as fruits decay rapidly due to
their low resistance to mechanical shock, non-ideal temperatures, high water activity and sensitivity to traditional sterilization
treatments.

Unfortunatelly, during the pandemic time of Covid-19, a consumption decay of fresh fruits and vegetables was
noticed due to the decrease of daily shopping: the need of quarantine made many individuals prefer to buy foods with longer
shelf-lives, according to Berno et al. (2020). This situation could’ve been better if minimally processed foods were more
explored in the food industry.

Despite the obstacles, the trade in fruits and vegetables is very active. According to the Brazilian Association of
Exporting Producers of Fruits and Derivatives (Abrafrutas, 2019), the strawberry crop resulted in the commercialization of
R$35 million of this fruit in 2019 in Brazil, with a production of around 6000 tons. Also, the United Nations (UN) General
Assembly designated the year of 2021 as the International Year of Fruits and Vegetables, wich means that UN is dedicating
2021 to encourage healthy life styles, to promote the consumption of fruits and vegetables and waste reduction (Brazil UN,
2020).

Strawberries are pseudo-fruits, rich in vitamins and widely used by the food industry, but they are perishable and have
low post-harvest longevity due to their thin epidermis, large percentage of water, high metabolism (Cantillano, 2012) and their
sensitivity to non-ideal temperatures. In addition, there is a likelihood of contamination by fungi.

Considering this, minimally processed fruits (MPF) are defined as fruits that have been physically modified (for
example, by cutting), but that keeps their fresh state (Ifpa, 2001). MPF have gained greater space in the market for being closer
to the fresh fruit, being nutritious, presenting high quality, greater convenience and microbiological safety. Thus, MPF better
meet consumer expectations and avoid economic losses due to food disposal. In other words, it is important to improve the
means of increasing the shelf life of fresh strawberries (a more effective sterilization, for example) instead of by ultra-
processing means.

Sodium hypochlorite (NaOCI) is considered the most used sanitizing agent in Brazil for having oxidizing, bleaching
and disinfectant properties, drinking water disinfection, industrial effluent treatment, swimming pool treatment, hospital
disinfection, sanitary water production, fruit washing and vegetables, in addition to acting as an intermediary in the production
of various chemical products (Silva, 2007). It reacts with water to produce hypochlorous acid (HOCI) and hypochlorite ions
(OCI"), which are the oxidizing species that exert effects on microorganisms (Resende et al., 2009). Despite the efficiency of
NaClO, it can effect the health of the consumer, due to the presence of chlorinated derivatives (Nascimento et al., 2003),
residues of the substance on the surface of the fruit (Beuchat et al., 1998) and the creation of toxic compounds such as
trihalomethanes (Allende et al., 2009). In addition, chlorine species are considered to be highly toxic to aquatic organisms; due
to their basic character and can cause environmental alterations (Fispg, 2018). In addition, the use of sanitizers is harmful to
the environment owing to the high consumption of water (Casani et al., 2004). Despite the fact that chlorine species present

antimicrobial potential, it is interesting to reduce their use in favor of sustainability and consumer requirements for products
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with characteristics closer to the natural.

The second method under study is radiation from ultraviolet lamps, considered an emerging technology for
sterilization, but already approved to be used as a disinfectant for food surfaces (Fda, 2011). Although this effect was
discovered in 1801 by the scientist Johan Ritter and its germicidal effect was evidenced in 1878, the first processing units were
only built in 1955 in Switzerland and Austria (Aguiar et al., 2002). In addition, UV radiation does not produce chemical
residues, has no legal restrictions and extensive worker protection equipment is not required ('Yousef & Marth, 1998; Wong et
al., 1998), it can penetrate transparent surfaces (e.g. water, air and polyethylene) depending on its wavelength, does not affect
the sensory or nutritional characteristics of the food, the UV process can also provide food products with better and fresher
characteristics (Salcedo et al., 2007).

For example, a study by Manzocco et al. (2011) in which UV light was applied to apple slices and these showed
reduced microbial growth, darkening and flavor change compared to the control samples, as the radiation inactivated
microorganisms and enzymes, in addition to creating a kind of “protective film”, which also had the function of preventing
dehydration. There are also studies with satisfactory results with apples (Wilson et al., 1997) in the packaging line to reduce
post-harvest losses; decontamination of drinking water (Bolton, 2010; Hijnen; Beerendonk; Medema, 2006; Sonntag &
Schuchmann, 1992; Templeton; Hofmann; Andrews, 2006); minimally processed papaya and lettuce (Bachelli, 2016),
minimally processed melon (Amaral, 2010), among others. Despite all the benefits, low doses of UV light, which can be
supported by strawberries, may be insufficient to inactivate microorganisms.

The present study aims to study the combined techniques of chlorine species and UV irradiation to extend the shelf
life of minimally processed strawberries. Based on these arguments, the main advantages of this mixed sterilization technique
are understood: first, the reduction of risks to the consumer’s health; second, avoid the disposal of chlorinated compounds in
the environment and waste of water; finally, make the most of the antimicrobial capacity of UV irradiation without damaging
food.

2. Methodology
2.1 Sampling

The strawberries were purchased at a market in the city of Uberaba for testing. All strawberries were chosen and
placed in individual transparent plastic pots with lids, weighed individually and stored at room temperature and without
exposure to sunlight.

Seven samples were considered: the strawberry that did not undergo any type of treatment (control), the strawberries
only sprayed with sodium hypochlorite in concentrations 0.5; 1.0 and 1.5 and o strawberries subjected to uv light of 125, 250
and 400 W.

2.2 Sodium Hypochlorite x Intensity of UV light
The sodium hypochlorite concentration was set at 0.5 (A); 1.0 (B) and 1.5 (C) ppm and uv light in 125 (D), 250 (E)
and 400 (F) W. The entire experiment standardized the time in 1 min (Table 1).

Table 1. Identification of the experiment established by sodium hypochlorite concentration by UV light radiation.

-1 0 1
AD BD CD
AE BE CE
AF BF CF

The total number of sodium hypochlorite and UV combinations was nine. However, we must rememrre that
each value was also tested alone. Source: Authors (2020).
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From these values, combinations between the two sterilization methods were made and these were applied to different
strawberries. First the sodium hypochlorite was sprayed on the strawberry, then it was placed in a chamber with the UV light

on for 1 minute.

2.3 Microscopy technique
A digital USB microscope (Innovation Beyond Imagination) was used to observe the strawberries and capture images.

The strawberries were monitored daily from 0 to 10 days after treatment.

2.4 UV lamps
Three separate high pressure Hg (OSRAM) UV sources were used:125, 250 and 400 W.

3. Results and Discussion

The control sample without any type of treatment and the samples treated only with sodium hypochlorite were all
discarded by the 5" day of observation. This indicates that, NaClO used in isolation, even in different concentrations, proved to
be ineffective for the preservation.of strawberries. These results are similar to the control samples submitted to only to UV
irradiation as all were discarded by the 5" day. It is understood that the isolated use of the UV or sodium hypochlorite is
insufficient to extend the shelf life of the strawberry, even when a higher light intensity is applied, which probably damages the
fruit's surface due to heat, or a higher concentration of NaCIO (Table 2).

On the other hand, the low concentration of NaCIO (0.5 ppm) together with the least potent UV sourcet (125 W)
extended the shelf life of the strawberry by about five days. The same observation applies to the sample sprayed with 1.0 ppm
NaOCI and exposed to 125 W UV light. The combination of 1.5 ppm and 125 W also managed to maintain the strawberry until
the 5th day, but the results were better with lower concentrations of NaClIO.

The samples submitted to 250 or 400 W UV sources, regardless of whether they were combined with the NaCIO or
not, had better for maintaining the quality of the strawberries compared to the control samples, but the strawberries were all
discarded before the 8™ day of observation. It is likely that the heat generated by the more intense lamps combined with the
sodium hypochlorite affects the tissue of the strawberry, making this combination less efficient compared to using the 125 W
source (Table 2).

For comparison, a study by Amaral (2010) demonstrates that different methods for conserving minimally processed
yellow melons were tested. It was demonstrated that the separate application of UV-C and NaClO were not efficient in
reducing contamination of molds and yeasts. Another study, by Franco (2019), showed that the combination of UV-C and
NaCIlO can be successfully used to extend the shelf-life of minimally processed bananas (microbiological and sensorial
analysis). Those results are similar to the analysis strawberries in the present article.

Bachelli's (2016) confirms that radiation is more effective in reducing the microbial population in minimally
processed papaya than NaClO. In addition, other researchers have shown that lower doses of UV-C can be effective in
controlling pathogens, for example, in minimally processed lettuce (Pandrangi & Laborde, 2004; Bachelli, 2016). Finally, Zu
et al. (2009) also demonstrated that UV-C radiation in minimally processed pineapples helps to reduce molds and yeasts, in
addition to total coliforms. It is worth mentioning that the all the studies covered may have suffered from disparities due to the

type of UV lamp source employed.
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Table 2. Analysis of strawberry samples during the 10 days of observation.

Samples

Control 1 (without sodium
hypochlorite and without UV)

Control 2
(0.5 ppm sodium hypochlorite)

Control 3 (sodium hypochlorite at 1
ppm)

Control 4 (sodium hypochlorite at
1.5 ppm)

5° day 8° day 10° day Comments
Sample in good initial condition, showed
Discarded Discarded the first sign of deterioration around the
Strawberry Strawberry third day. Contaminated and discarded on
the fifth day.
Sample in good initial condition, showed
Discarded Discarded the first sign of deterioration around the
Strawberry Strawberry second day. Contaminated and discarded
on the fifth day.
Sample in good initial condition, showed
Discarded Discarded the first sign of deterioration around the
Strawberry Strawberry third day. Contaminated and discarded on
the fifth day.
Sample in good initial condition, showed
Discarded Discarded the first sign of deterioration around the
Strawberry Strawberry third day. Contaminated and discarded on

the fifth day.
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A sample in good initial condition, despite
Discarded Discarded Discarded having a slight mark of physical damage,

showed the first sign of deterioration
Strawberry Strawberry Strawberry around the third day. Contaminated and

discarded on the third day.

Control 5 (UV light at 125 W)

Sample in good initial condition, showed

. Discarded Discarded the first sign of deterioration around the
Control 6 (uv light at 205 W) Strawberry Strawberry third day. Contaminated and discarded on
the fifth day.
Discarded Discarded
Strawberry Strawberry

Sample in good initial condition, showed
the first sign of deterioration around the
third day. Contaminated and discarded on
the fifth day.

Control 7 (uv light at 400 W)

A sample in good initial condition, despite
having a slight mark of physical damage,
showed the first sign of deterioration
around the eighth day. Fully edible until
the fifth day Apparent contamination on
the eighth day and discarded on the tenth.

Sodium Hypochlorite at 0.5 ppm +
UV 125 W
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Sample in good initial condition, showed
the first sign of deterioration (even if little)
around the eighth day. Fully edible until
the fifth day. Contamination on the eighth
day and discarded on the tenth with little
concentration of fungi on its surface.

Sodium Hypochlorite at 1.0 ppm +
Uv 125 W

Sample in good initial condition, showed
Discarded Discarded the first sign of deterioration around the

Strawberry Strawberry fifth day. Contaminated and discarded the
next day.

Sodium Hypochlorite at 1.5 ppm +
UVv 125 W

Sodium Hypochlorite at 0.5 ppm + Sample in good initial condition, showed
ium Hy| i .

UV 205 W Discarded Discarded the first sign of deterioration around the
Strawberry Strawberry third day. Contaminated and discarded on
the fifth day.

Sample in good initial condition, but with
Discarded Discarded Discarded physical damage, showed the first sign of
Strawberry Strawberry Strawberry deterioration around the third day.
Discarded until the fifth day.

Sodium Hypochlorite at 1.0 ppm +
UV 250 W
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Sodium Hypochlorite at 1.5 ppm + Sample in good initial condition, showed

uv 250 W ;:th;g:j S? :Zijt::ff SDt :Z&%S:ﬂ the first sign of deterioration around the
y y y third day. Contaminated and discarded
until the fifth day.
Sodium Hypochlorite at 0.5 ppm + Discarded Discarded Discarded Sample m_good mma! con.d ition, showed
UV 400 W Strawberr Strawberr Strawberr the first sign of deterioration around the
y Y y third day. Contaminated and discarded
until the fifth day.
Sodium Hypochlorite at 1.0 ppm + Discarded Discarded Discarded Samp_le m_good mma! con_dltlon, showed
UV 400 W the first sign of deterioration around the
Strawberry Strawberry Strawberry

third day. Contaminated and discarded
until the fifth day.

: }(

~

Sodium H hlori 15 + ' \; Sample in good initial condition, showed
odim ypS{:/ 4%%“\9,\7{ > PP T Discarded Discarded the first sign of deterioration around the
' Strawberry Strawberry third day. Contaminated and discarded

until the fifth day.

Note. It is notable that the strawberries wich were sprayed with the 0.5 or 1.0 ppm solution combined with the smallest UV watts had a better increase of their shelf-life. The others had almost the same
duration as the non treated strawberry. Source: Authors (2020).
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4. Conclusion

An increase in the shelf life of strawberries was obtained, which were submitted to the combined treatment of sodium
hypochlorite (concentration of 0.5 ppm or 1.0 ppm) with the UV irradiation of lesser intensity of five days in relation to the
control sample. These strawberries were well preserved until the eighth day of observation. The control samples, both those in
which no treatment was applied and those which were subjected to non-mixed treatments, were all discarded due to
deterioration by the fifth day of analysis, at the latest. It can also be observed that the samples exposed to UV irradiation of
greater intensity were possibly damaged due to the thermosensitivity of the fruit. The results of this study can be compared to
others in terms of proving UV light as a promising sterilizer in the food industry, despite small disparities due to the
individuality of each study.

For future researches, it is recommended to combine the sterilization methods with different storage ways, once both
temperature and humidity can be important factors to increase the minimally processed products shelf life, according to J. Silva
(2019). It would be important as well to study the development of other microorganisms (for example, Salmonella sp.), and the
correct implementation of the Good Manufacturing Process (GMP) to avoid them (Souza, 2020), or at least to keep them in

acceptable concentration levels.
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