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Abstract

The objective of this study was to evaluate the response of biological activity measured by the Biospeckle Laser
technique applied to mangoes (Mangifera indica L.) subjected to mechanical damage at different stages of
maturation. The tests were carried out twice a week for twenty-one days, and 40 mangoes of the variety Tommy
Atkins were used. The procedure was divided into two stages: the first simulated the impact on fruits, and in the
second stage, the laser light was applied to the impacted area. After laser application, the images of all fruits were
submitted to graphic processing, in order to obtain maps of biological activity of the fruits. The Biospeckle laser
technique associated with image analysis allowed the identification of distinct biological activity levels in the
mangoes, certifying its potential application as a non-destructive test tool, in the monitoring of biological activity
in fruit samples.

Keywords: Non-destructive analysis; Bioactivity; Mechanical damage; Optics; Programming; Quality.

Resumo

Objetivou-se avaliar a resposta da atividade biolégica medida pela técnica Biospeckle Laser aplicada a mangas
(Mangifera indica L) submetidas a danos mecanicos, em diferentes estdgios de maturagdo. Os testes foram
realizados duas vezes por semana, durante 21 dias, sendo utilizados 40 frutos de manga da variedade Tommy. O
procedimento foi dividido em duas etapas: na primeira etapa, simulou-se o impacto nos frutos; na segunda etapa,
foi aplicada a luz laser sobre a area que sofreu impacto, seguido do registro das imagens de todos os frutos. Esses
registros foram submetidos a um processamento grafico, com a finalidade de se obterem mapas de atividade
bioloégica dos frutos. A técnica Biospeckle laser associada a andlise de imagem permitiu identificar niveis de

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
BY

and reproduction in any medium, provided the original work is properly cited.

Braz. J. Food Technol., Campinas, v. 24, €2020198, 2021 | https://doi.org/10.1590/1981-6723.19820

1/8


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-4694-1581
https://orcid.org/0000-0003-3263-9194
https://orcid.org/0000-0002-2037-8639
https://orcid.org/0000-0002-1318-2320
https://orcid.org/0000-0002-8432-0401
https://orcid.org/0000-0003-2909-9502
https://orcid.org/0000-0002-3284-9055
https://orcid.org/0000-0003-0718-3527

Biospeckle laser technique for mechanical damage assessment in tommy atkins mango fruits
Santana, T. C. et al.

atividades bioldgicas distintas nas mangas, certificando o seu potencial de aplicagdo como ferramenta de teste ndo
destrutivo, no monitoramento da atividade bioldgica em amostras de frutos.

Palavras-chave: Analise ndo destrutiva; Bioatividade; Danos mecanicos; Otica; Programacéo; Qualidade.

1 Introduction

The Biospeckle Laser (BL) technique is based on the optical interference phenomenon that occurs when a
coherent beam of light strikes a dynamic surface or a biological material (Rabal & Braga Jinior, 2008; Braga
Janior, 2017; Rivera et al., 2019).

This technique has been used to monitor biological activity in fruits and vegetables (Ansari et al., 2012;
Zdunek et al., 2014), to evaluate corn seed quality (Silva et al., 2018), coffee seed quality (Vivas et al., 2017),
tomato ripening (Pieczywek et al., 2018), among others.

The physical and mechanical damage are among the elements of great relevance for fruit analysis (Vélez
Rivera et al., 2014). They can be a result from impact during management, insect attacks, among others,
which usually cause areas with reduced biological activity (Zhang et al., 2018).

Damage analyses by images have shown great potential in the evaluation of biological material
characteristics (Vivas et al., 2017). Computational image analysis methods have gained popularity in recent
years in various areas of science, including fruit biology (Ansari & Nirala, 2014; Samuel et al., 2017;
Salambue et al., 2018).

The identification and mapping of the phenomena resulting from biological activity becomes viable
through the use of frequency analysis techniques such as the Wavelet Transform, which allows the use of
long intervals of time to find low frequency information, and short intervals of time. time to find high
frequency information (Misiti, 2005). High-frequency information is widely used to isolate the frequency at
which certain phenomena act on the material, such as respiration, oxidation, water activity, among other
metabolic processes (Cardoso et al., 2011).

Results from BL image processing are generally presented in graphical form (Minz & Nirala, 2014;
Stoykova et al., 2015; Braga Junior et al., 2016). Analyzes are performed using a long offline approach,
which is initiated only after image acquisition is completed (Rivera et al., 2019).

Among the many image processing methods, the generalized differences method (GD) has good
qualitative results (Kumari & Nirala, 2016). The GD algorithm calculates the absolute sum of the intensity
differences between an image and its subsequent one, identifying the luminous intensity of each component
pixel, thus resulting in a new image, which the pixels with different intensities highlighted (Minz & Nirala,
2013).

The insertion of these techniques in the processing of images from BL enables the identification and the
generation of maps, which allows the identification of areas with distinct activities in fruits, granting the
localization of phenomena that may compromise their quality.

In this context, this study aimed to evaluate the response of biological activity measured by the Biospeckle
Laser technique applied to mangoes (Mangifera indica L.) subjected to mechanical damage at different
maturation stages.

2 Material and methods

Fruit analyzes were performed at the Federal University of Sergipe - UFS, in the municipality of Sdo
Cristovao, located in Sergipe State (Figure 1). Forty mango fruits of the cultivar Tommy Atkins (Mangifera
indica L.) were harvested at the early stage of ripening from a farm located in Nedpolis city, Sergipe State,
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at latitude 10°19°16”’S, longitude 36°35°34”W and altitude of 63m. The climate of the region is characterized
as As — a tropical climate with dry season, according to the Koppen-Geiger classification (Peel et al., 2007).
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Figure 1. Location of fruit collection and performance of the experimental tests. Randomly selected Tommy Atkins
mango fruits (I); paved surface covered with chalk dust (IT); delimitation of the area marked by impact chalk dust (III).

The HeNe laser, with 632nm wavelength and 10 mW, was positioned at a height of 15 cm above the
sample. The fruit images were recorded by a SONY DCR-SX21 digital camera with 640x480 pixels
resolution focal length f = 1.8mm to 102.6mm and aperture F1.8-F5.7, equipped with expansion lens and
coupled to a computer equipped with Matlab and ImageJ software, for data analysis. Initially, the twenty
selected random fruits went through the damage process (Figure 1-I), and the other twenty served as control
and were not damaged.

The fruit damage process consisted of a free fall of 1m in height, over a paved (concrete) surface covered
with chalk dust, which marked the contact area between the fruit and the paved surface (Figure 1-1I). The
area marked on the fruit by chalk powder was then delimited (Figure 1-I1I), and subsequently submitted to
the Biospeckle Laser technique. The graphic processing of the results was done by Matlab software,
according to the generalized difference methodology (GD), which allowed the obtention of visual maps from
the damaged area (Minz & Nirala, 2013), which uses Equation 1.

DGy, :ZZ’IK (i,j) -+ I(i:j)| (1)
K 1

where,

K - number of images;
I - pixel intensity;

ij - subsequent pixels.

The tests were performed twice a week, for three weeks, with a total of five tests in the same fruits. In each
evaluation, a video of each fruit was recorded and converted into frame-by-frame images of the impacted
area,which was used to perform the graphic processing of the images (Figure 2A). The experimental setup
scheme is shown in Figure 2B.
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Figure 2. Biospeckle observation (A); experimental setup scheme (B).

Both damaged and control fruits underwent laser illumination in order to monitor the levels of biological
activity in the impacted region (Figure 2A). When an object is illuminated by the laser, an interference figure
is formed due to the scattering caused by the physical constitution of the object’s matter.

For each fruit, 128 images regarding the Biospeckle standards were used. They had 640480 pixels, were
acquired at a rate of 0.067s and were in the frequency range of 0 to 7.5 Hz in 8-bit format. The results were
obtained in 25 frequency bands. The number of frequency bands is related to the number of images, and for
a set of 128 and 64 images, there is a total of 25 and 21 frequency bands, respectively.

The 25 bands generated refer to the distinct frequencies that were decomposed by the Wavelets transform,
which has the ability to open the signal in various frequencies that compose it in relation to the time domain,
thus allowing its reconstruction entirely, or without the frequency bands to be filtered, therefore facilitating
the understanding, transmission and analysis of many images. This technique is the basis of a powerful new
approach to signal processing and analysis (Gonzalez & Woods, 2010).

Image reconstruction was performed by removing one band at a time for the signal provided by each pixel
of the images.

Then, by means of the generalized differences method (GD), the reference images were generated. These
images are also called bioactivity maps, and are shown in gray scale with the representation of different
biological activities in the fruits, in order to allow better visualization of the different activity levels contrast;
after that, a RGB filter was applied using the Image J software.

The bioactivity maps generated by the GD technique were subjected to further analysis, in order to isolate
the higher intensity pixels from the reflection generated by the laser interaction with the material exhibiting
activity. The images were classified from all the pixels that compose them (black, blue, green and yellow),
through a color scale in pixels that relates the color to a bioactivity band, in which the green pixels are
considered as the of greater biological activity and the blue ones as those with less activity in the fruits.

3 Results and discussion

Figure 3 shows the processed images for the control and the impacted mangoes, from the first to the fifth
test.
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Figure 3. Bioactivity for the control mangoes (A1, A2, A3, A4 and A5), first test (B1, B2, B3, B4 and B5), second
test (C1, C2, C3, C4 and C5), third test (D1, D2, D3, D4 and DY), fourth test (E1, E2, E3, E4 and ES5) and fifth test
(F1, F2, F3, F4 and F5).
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The maps analysis was performed by the intensity of the pixels that compose them, where the regions with
darker color (blue) represent a lower intensity of biological activity, and the regions with lighter color
(yellow) represent greater intensity of biological activity (Figure 3).

The maps of fruits subjected to impact (Figure 3B1-3F5) and the control ones (Figure 3A1-3A5) showed
changes in the activity pattern from the first to the fifth test. The Wavelets transform showed the presence of
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low and high frequency pixels in the Biospeckle signal, both for the impacted and for the control mangoes,
which characterizes different levels of biological activity (Rivera & Braga Junior, 2017).

Alves et al. (2013) used the Biospeckle laser technique to identify physiological changes in minimally
processed carrots, and they concluded that it is possible to identify different activity levels, and to evaluate,
in a non-destructive way, the expression of water activity and respiratory rate separately. These
measurements of biological activity during fruit development are the result of physicochemical variations
that occur inside the cells, and such behavior of biological activity reduction may be caused by metabolic,
enzymatic and respiratory activity that occur during the ripening process.

Kumari & Nirala (2016) used the Biospeckle laser to differentiate fresh from damaged areas in apples.
They found that the level of biological activity in both areas decreased as the maturation process evolved,
which corroborates the results found in our paper.

Braga et al. (2009) evaluated the ability of the Biospeckle laser technique and generalized differences to
detect changes in the biological activity of the root tissues of Coffea arabica and Eucalyptus grandis plants.
The results were satisfactory and point to the Biospeckle technique as a potential indicator of biological
activity measurement in root tissues.

In corroboration with our study, several studies using the Biospeckle laser technique as an indicator of
biological activity associated with plant quality and senescence can be found in the literature, with
satisfactory results. Studies such as Rabelo et al. (2005) satisfactorily quantified the biological activity by
Biospeckle to indicate the orange quality during post-harvest fruit senescence. Santana et al. (2018) the
identified mechanical damage generated on corn grains during harvesting, highlighting the site of damage
development and the consequent loss of activity, which allowed us to infer that the Biospeckle laser technique
is effective in identifying mechanical damage.

The absorption of laser light by the plant tissue during illumination caused by the Biospeckle technique
has a direct relationship with the chemical components of the fruit, such as pigments, water and sugar
(Williams & Norris, 2001). Mechanical damages in fresh fruits cause the rupture of the pressed tissues at a
microscopic level, a factor that favors their darkening due to the oxidation of phenolic compounds, resulting
in loss of product quality (Enes et al., 2012; Pandiselvam et al., 2020). Thus, the reduction in biological
activity measured by the Biosepckle laser is based on the deterioration of fruits in an advanced state of
maturity and the consequent alteration of their chemical components, as well as their metabolic activity, in
which the damaged tissues have reduced biological activity (Samuel et al., 2016).

4 Conclusions

The Biospeckle laser technique associated with image analysis allowed the identification of distinct
biological activity levels, both in the impacted and control mangoes, thus demonstrating its application
potential as a non-destructive testing tool to monitor fruit’s activity.
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