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Abstract

This study evaluates the effect of a low-cost biodegradable coating formulated with potato starch, rice starch, cassava starch, and gelatin
on the postharvest quality of ‘Tommy Atkins’ mango. The experimental design was completely randomized, arranged in a 7x6 factorial
scheme with four replications per treatment. The data were subjected to analysis of variance using the Tukey test at 5% probability. After
coating, the fruits were stored under ambient conditions (25 = 3 °C and 65 + 5% RH) for 10 days, with analysis every two days. The
variables analyzed were: fruit firmness, weight loss, total soluble solids, total titratable acidity, total soluble solids/titratable acidity ratio,
delta absorbance (DA) index, colorimetric analysis of the peel and pulp, and ascorbic acid content. The application of biodegradable
coatings did not extend the shelf life of “Tommy Atkins’ mango during storage.
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Aplicacion de recubrimientos biodegradables en mango "Tommy
Atkins' para exportacion

Resumen

Este estudio evalud el efecto de los recubrimientos biodegradables de bajo costo, con formulaciones de almidon de papa, almidon de arroz, fécula
de maiz y gelatina en la calidad postcosecha del mango variedad “Tommy Atkins”. El disefio utilizado fue completamente al azar, aleatorio,
dispuesto en esquema factorial 7x6, con cuatro repeticiones por tratamiento. Los datos fueron sometidos a analisis de varianza, aplicandose el
test Tukey al 5% de probabilidad. Los frutos fueron almacenados en condiciones ambientales (25 +3 °Cy 65 + 5% HR), por 10 dias, y analizados
cada dos dias. Las variables analizadas fueron: firmeza, pérdida de peso, sélidos solubles totales, acidez titulable total, relacion sélidos solubles
totales/acidez titulable, indice DA, analisis colorimétrico de piel y pulpa y acido ascorbico. La aplicacion de los recubrimientos biodegradables
no aument? la vida util del mango variedad “Tommy Atkins”, con relacion a los dias de almacenamiento.

Palabras clave: almacenamiento; conservacion; almidon; poscosecha.

producer is Asia, which accounts for about 74.30% of the
global mango production [1].

1. Introduction

Mango (Mangifera indica L.) is an important tropical fruit
in terms of production, consumption (attractive aroma and
flavor), and nutritional value. It is rich in minerals,
carbohydrates, and carotenoids, being in the ranking of the
most commercialized fruits in the world [1,2]. Its main world

Brazil is a major producer of mango due to its
edaphoclimatic conditions. This fruit is one of the most
exported in the country, with a record shipment in 2019:
221,913 thousand tons, meaning an increase of 30% in
relation to the volume of the previous year. Although present
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in several Brazilian states, mango production is more
representative in certain regions, the main one being the Sao
Francisco Valley, Pernambuco/Bahia [3].

Despite this importance, growers face a huge challenge
with postharvest losses of the fruit, which result from the
biochemical processes and physiological deterioration that
occur during ripening. These processes reduce moisture
content and lead to the appearance of wrinkles and wilting,
substantially reducing the commercial value of fruits [4,5].

The wuse of biodegradable coatings based on
polysaccharides, lipids, and proteins arises as an attractive
technological alternative to minimize these losses with a
view to prolong the shelf life of fruits. This alternative
enhances the conservation of fruits and vegetables by
reducing gas exchange and water loss between food and the
environment, preserving texture and nutritional value and
thus improving the commercial aspect [6].

Several studies have used biodegradable coatings to improve
the postharvest quality of mangoes. For example, [7] observed
the maintenance of mango quality after coating with chitosan. In
addition, [4] evaluated the effect of edible coatings based on
cassava starch and chitosan on the postharvest life of “Tommy
Atkins’ mango. The authors observed an increase of 3 days in
shelf life and lower respiratory rates.

In this context, this study evaluates the effect of a low-
cost biodegradable coating formulated with potato starch,
rice starch, cassava starch, and gelatin on the postharvest
quality of ‘Tommy Atkins’ mango for export.

2. Materials and methods

Tommy Atkins’ mangoes were harvested at maturation
stage 2 and selected according to the uniformity of color,
size, and the absence of mechanical and physiological
injuries. These fruits were grown in an orchard belonging to
the company Special Fruit - Importagdo e Exportagdo LTDA,
in Petrolina city, Pernambuco State, Brazil. Potato and rice
starch were provided by the company Agricola Horizonte
LTDA. Cassava starch (brand Amafil) was purchased
commercially. Type A gelatin and sorbitol were purchased
from the company Ingredientes-online.

To prepare the 5% gelatin coating (5% GEL), 5 g of
gelatin was hydrated in 100 mL of distilled water for 1 hour,
and then heated to 85 °C for 10 minutes. To maximize the
plasticization of coatings, sorbitol was added at 5% the
gelatin mass (0.25 g). The solution was subjected to magnetic
stirring until complete homogenization, and then reserved.

To prepare the suspensions made of potato starch - POT,
rice starch - RIC, and cassava starch - CAS, 3 g of each was
added to 100 mL of distilled water and sorbitol at 10% the
starch mass (0.3 g). The suspensions were then heated to 85
°C in a water bath for different times (5 minutes for CAS, 3
minutes for POT and RIC).

The reserved gelatin solution was added separately to each
starch suspension, forming three different coatings: 5%
GEL/CAS; 5% GEL/POT; and 5% GEL/RIC. Afterwards, the
same methodology was used to obtain coatings containing 10%
gelatin (10% GEL) combined with potato, rice, and cassava
starch. The only difference was the amount of gelatin used (10
g), with a proportional amount of sorbitol. The following

coatings were thus obtained: 10% GEL/CAS; 10% GEL/POT;
and 10% GEL/RIC. This methodology was used by [8].

The experiment was conducted at the Agricultural Products
Storage Laboratory of the Federal University of Vale do Séao
Francisco in Juazeiro city, Bahia State, Brazil. The fruits were
sanitized in a hypochlorite solution (0.01%) for 15 minutes and
placed at room temperature until complete drying. The coatings
were applied by immersion, in which the fruit was immersed for
one minute in the coating solution, staying at room temperature
until complete drying. For the control treatment, the fruit was
immersed in distilled water for 1 minute. Rigid polystyrene trays
were used as packaging materials in which the fruits were stored
under ambient conditions (25 + 3 °C and 65 + 5% RH), in a
laboratory bench, for 10 days. Four fruits per treatment were
randomly sampled every two days [9].

Firmness analysis (N) included the use of a digital
penetrometer (Instrutherm PTR-300). Whole mangoes were
perforated in the median region and on both sides of each
fruit using a uniform force with a 6 mm tip. The result was
obtained and expressed in Newtons (N). Weight loss (%) was
quantified by a semianalytical balance (BEL Engineering)
with a minimum capacity of 0.5 g and a maximum of 5200 g.

Total soluble solids (TSS) was obtained through direct
reading on a digital refractometer (Hanna Instruments, model
HI 96804), with a scale in degrees Brix, according to the
methodology of the Adolfo Lutz Institute [10]. Total
titratable acidity (TTA) was analyzed using the acidimetric
method, also according to the methodology of the Adolfo
Lutz Institute [10]. The TSS/TTA ratio was calculated by the
ratio between TSS and TTA [10].

Delta absorbance (DA) index was obtained using a portable
spectrophotometer (DA-meter®, Turoni, Italy). It was estimated
by the difference between the absorbance values measured at
670 and 720 nm [11], in both sides of each fruit in the sample.
Colorimetry analysis considered color parameters in mango peel
and pulp, determined using the Konica Minolta CR-400®
colorimeter-spectrophotometer with the CIELAB color system,
obtaining L*, a*, and *b values. Ascorbic acid content was
determined by titration with Tillman’s reagent according to the
methodology described in [10].

The experimental design was completely randomized,
arranged in a 7x6 factorial scheme with four replications per
treatment. The first factor corresponds to coatings (control -
without coating; 5% GEL/CAS; 5% GEL/POT; 5%
GEL/RIC; 10% GEL/CAS; 10% GEL/POT; and 10%
GEL/RIC). The second factor corresponds to storage time (0,
2,4, 6, 8, and 10 days), with analysis every two days. The
data were subjected to analysis of variance (ANOVA) using
the Tukey test at 5% probability with the aid of the statistical
program ASSISTAT 7.7 [12]. In case of significant
difference, the data were subjected to regression analysis
through the SigmaPlot 10.0 program.

3. Results and discussion

Analysis of variance showed a significant difference (p <
0.05) between the coatings used and the total storage period,
for all analyzed variables. Firmness decreased for all
treatments, especially for the control Fig. 1. Changes in fruit
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Figure 1. Firmness (N) of 'Tommy Atkins' mangoes with different types of
coatings, stored under ambient conditions (25 + 3 °C and 65 + 5% RH), ina
period of 10 days of storage.

Source: The authors.
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Figure 2. Weight loss (%) of Tommy Atkins' mangoes with different types of
coatings, stored under ambient conditions (25 + 3 °C and 65 + 5% RH), in a period of
10 days of storage.
Source: The authors.

firmness, and consequently in fruit texture, usually correlate with
starch hydrolysis in sugar and the degradation of pectin in the cell
wall during ripening [7]. Fruits coated with 10% GEL/POT
remained with about 76.24% of their firmness at the end of the
10 days of storage, making it the most efficient treatment Fig. 1.

All treatments showed an increasing weight loss Fig. 2,
corroborating with the study by [4]. However, the coatings were
efficient in reducing weight loss. Fruits coated with 5% GEL/CAS
and 5% GEL/POT better maintained their mass Fig. 2.

Total soluble solids (TSS) increased for all treatments
Fig. 3, corroborating with [13]. In that study, ‘Palmer’
mangoes had an increase in TSS during storage in all
treatments, demonstrating that the ripening process was not
totally interrupted by the coatings. The treatment with 10%
GEL/RIC was more efficient in delaying the evolution of
TSS, with average values of 6.60 °Brix at the end of storage.

Total titratable acidity (TTA) decreased for all treatments
Fig. 4A, with uncoated fruits showing the greatest reduction,
around 71.43%. Fruits with 10% GEL/RIC showed greater
acidity, with an average concentration of 0.75 g.100"! at the
end of storage, showing a small increase of 0.06 g.100"!
between the sixth and eighth day of storage, as observed by
[13]. The TSS/TTA ratio was higher for the control treatment
Fig. 4B, also corroborating with the aforementioned author.
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Figure 3. Total soluble solids (°Brix) of 'Tommy Atkins' mangoes with
different types of coatings, stored under ambient conditions (25 + 3 °C and
65 + 5% RH), in a period of 10 days of storage.

Source: The authors.
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Figure 4. (A) Total titratable acidity (TTA) and (B) TSS/TTA ratio of
'Tommy Atkins' mangoes with different types of coatings, stored under
ambient conditions (25 + 3 °C and 65 + 5% RH), in a period of 10 days of
storage.

Source: The authors.

Ascorbic acid content decreased for all treatments.
Notwithstanding, the decrease was smaller for coated fruits,
mainly for those coated with rice starch. For 5% GEL/RIC,
the loss was 3.94%; for 10% GEL/RIC, 2.95%. Thus, the loss
was lower for the composition with higher gelatin content
Fig. 5.
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Figure 5. Ascorbic acid of 'Tommy Atkins' mangoes with different types of
coatings, stored under ambient cnditions (25 + 3 °C and 65 + 5% RH), in a
period of 10 days of storage.
Source: The authors.

The delta absorbance (DA) index tends to decrease with
advancing maturation, possibly due to the reduction in green
color resulting from chlorophyll degradation [11]. The control
treatment had the greatest reduction in DA index during storage,
indicating fruit ripening and change in peel color Fig. 6. Among
the coatings, 10% GEL/RIC promoted a greater change in fruit
color, which may reflect chlorophyll degradation [14].

The color of fruit peel changed during storage. The control
showed a reduction in green color Fig. 7, with an increase in a*
value due to chlorophyll degradation and carotenoid synthesis
during ripening [15]. Coated fruits showed the opposite behavior,
with an increase in green color possibly due to the influence of
coating on the mango metabolism, causing anthocyanin
degradation and maintaining chlorophyll content [16].

Furthermore, yellow-orange tones and brightness
increased for all treatments, given the increase in b* Fig. 8A
and L* Fig. 8B values, respectively. Gelatin contributed to
the increase in brightness. Therefore, on the second day of
storage, the fruits had greater brightness than the control Fig.
8B, which corroborates with [8]. However, as the L*
brightness also correlates with increased fruit brightness, the
control showed a substantial increase in carotenoid content
between the eighth and tenth day, making fruit peel more
yellow and with lighter tones [17].
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Figure 6. Delta absorbance (DA) index of 'Tommy Atkins' mangoes with
different types of coatings, stored under ambient conditions (25 + 3 °C and
65 £+ 5% RH), in a period of 10 days of storage.
Source: The authors.
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Figure 8. (A) Color peel b*, (B) brightness L* of "Tommy Atkins' mangoes
with different types of coatings, stored under ambient conditions (25 + 3 °C
and 65 + 5% RH), in a period of 10 days of storage.

Source: The authors

Fruit pulp became more orange-red as a result of storage
for all treatments, given the increase in a* value Fig. 9A. This
corroborates with the study by [18]. The b* value also
increased for all treatments Fig. 9B, as observed by the
aforementioned authors. The coatings increased pulp
brightness Fig. 9C, mainly 5% GEL/POT and 5% GEL/RIC.
This effect may be related to the higher water content retained
in the pulp, improving the reflection of the light incident [17].
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Figure 9. (A) Color pulp a*, (B) Color pulp b*, (c) pulp brightness L* of
'Tommy Atkins' mangoes with different types of coatings, stored under
ambient conditions (25 + 3 °C and 65 + 5% RH), in a period of 10 days of
storage.
Source: The authors

4. Conclusion

The application of biodegradable coatings did not extend
the shelf life of ‘“Tommy Atkins’ mango during storage days.
Notwithstanding, the treatment preserved fruit mass and
firmness, delayed ripening by reducing total soluble solids,
delayed the decrease in total titratable acidity, decreased
chlorophyll degradation in the peel, and increased pulp and
peel brightness.

Acknowledgements

The authors would like to thank the Federal University of
Vale do Sao Francisco (UNIVASF), the Postgraduate
Program in Dynamics of Semiarid Development
(PPGDIDES) and The Department of Civil and Agricultural

201

Engineering, Faculty of Engineering, Universidad Nacional
de Colombia.

References

[1] Ntsoane, M.L., Zude-Sasse, M., Mahajan, P. and Sivakumar, D.,
Quality assesment and postharvest technology of mango: a review of
its current status and future perspectives, Scientia Horticulturae, 249,
pp. 77-85,2019. DOI: 10.1016/j.scienta.2019.01.033

[2] Pinto, R.J., Satco, V.G., Mitra, S.K. and Ferreira, F.R.,
Responsabilidade social e sustentabilidade no agronegécio da manga
do submédio do vale do Sao Francisco, Revista em Agronegocio e
Meio Ambiente, 10, pp. 155-176, 2017. DOI: 10.17765/2176-
9168.2017v10nEd.esp.p155-176

[3] Anuario brasileiro de HORTI&FRUTI 2020. Editora Gazeta, Santa
Cruz do Sul, Brasil, [online]. 2020, pp. 81-83. [date of Reference
March 10" of 2021]. Available at: http:/www.editoragazeta.
com.br/produto/anuario-brasileiro-de-horti-fruti-2020/

[4] Camatari, F.O.S., Santana, L.C.L.A., Carnelossi, M.A.G., Alexandre,
A.P.S., Nunes, M.L., Goulart, M.O.F., Narain, N. and Silva, M.A.A.P.,
Impact of edible coatings based on cassava starch and chitosan on the
post-harvest shelf life of mango (Mangifera indica) ‘tommy atkins’
fruits, Food Science and Technology, 38, pp. 86-95, 2018. DOIL:
10.1590/1678-457X.16417

[5] Costa, J.D.S., Neto, A.F., Almeida, F.A.C. and Costa, M.S.,
Conservation of ‘Tommy atkins’ mangoes stored under passive
modified atmosphere, Revista Caatinga, 31(1), pp. 117-125, 2018.
DOI: 10.1590/1983-21252018v31n114rc

[6] Menezes, K.R.P., Santos, G.C.S., Oliveira, O.M., Sanches, A.G.,
Cordeiro, C.A.M. and Oliveira, A.R.F., Influéncia dos revestimentos
comestiveis na preservagdo da qualidade pos-colheita de tomate de
mesa, Colloquium Agrariae, 13(3), pp. 14-28, 2017. DOL:
10.5747/ca.2017.v13.n3.a170

[71 Khalig, G., Nisa, M., Ramzan, M. and Koondhar, N., Textural
Properties and enzyme activity of Mango (Mangifera indica L) fruit
coated with chitosan during storage. Journal of Agricultural Studies,
5(2), pp. 32-50, 2017. DOI: 10.5296/jas.v5i2.10946

[8] Fakhouri, F.M., Fontes, L.C.B., Gongalves, P.V.M., Milanez, C.R.,
Steel, C.J. and Collares-Queiroz, F.P., Filmes ¢ coberturas comestiveis
compostas a base de amidos nativos e gelatina na conservagdo e
aceitacdo sensorial de uvas Crimson, Ciéncia e Tecnologia de
Alimentos, 27(2), pp. 369-375, 2007. DOI: 10.1590/S0101-
20612007000200027

[91 Serpa, M.F.P., Castricini, A., Mitsobuzi, G.P., Martins, R.N., Batista,

M.F. and Almeida, T.H., Conservac¢do de manga com uso de fécula de

mandioca preparada com extrato de cravo e canela, Revista Ceres,

61(6), pp. 975-982, 2014. DOL: 10.1590/0034-737X201461060013

Instituto Adolfo Lutz. Normas analiticas do Instituto Adolfo Lutz:

métodos quimicos e fisicos para analise de alimentos. 4* ed. IAL, Sao

Paulo, Brasil, [online]. 2008, 1020 P. [date of Reference March 10™ of

2021]. Available at: https://wp.ufpel.edu.br/nutricaobromatologia/

files/2013/07/NormasADOLFOLUTZ.pdf

Costa, J.D.S., Neto, A.F., Costa, M.S., Gomes, J.P., Silva, J.C. and

Silva, E.P.,, Maturagdo de mangas ‘Palmer’ e¢ ‘Tommy Atkins’

avaliadas por espectroscopia baseada no indice DA., Revista

Iberoamericana de Tecnologia Postcosecha, [Online]. 20(1), 2019.

[date of Reference March 10" of 2021]. Available at:

http://www.redalyc.org/articulo.oa?id=81359562003

Silva, F. de A.S. and Azevedo, C.A.V., The assistat Software Version

7.7 and its use in the analysis of experimental data, Afr. J. Agric. Res

[Online]. 11(39), pp.3733-3740, 2016. [date of Reference March 10%

of 2021]. Available at: https://www.researchgate.net/

publication/308842090 The Assistat Software Version_77_and_its

_use_in_the analysis_of experimental data

Sousa, S.S., Pinsetta Junior, J.S., Oliveira, K.T.E.F., Rodrigues,

E.C.N., Andrade, J.P. and Mattiuz, B., Conservation of ‘Palmer’

mango with an edible coating of hydroxypropyl. methylcellulose and

beeswax. Food Chemistry, 346, art. 128925, 2021. DOL
10.1016/j.foodchem.2020.128925

Betemps, D.L., Fachinello, J.C. and Galarga, S.P., Espectroscopia do

visivel e infravermelho proximo (vis/nir) na avaliagdo da qualidade de

[12

—

[13]

[14

=



Coelho et al / Revista DYNA, 88(219), pp. 197-202, October - December, 2021.

mangas Tommy Atkins, Revista Brasileira de Fruticultura, No.
Especial,  pp.  306-313, 2011. DOLI 10.1590/S0100-
29452011000500038

Lopes, A.R., Dragunski, D.C., Caetano, J., Francisco, C.B. and Junior,
L.F.B., Conservagdo de goiabas com revestimentos comestiveis de
amido e caseina com extrato de barbatimdo, Engenharia na
Agricultura, 26(4), pp. 295-305, 2018. DOL:
10.13083/reveng.v26i4.928

Thakur, R., Pristijono, P., Golding, J.B., Stathopoulos, C.E., Scarlett,
C.J., Bowyer, M., Singh, S.P. and Vuong, Q.V., Development and
application of rice starch based edible coating to improve the
postharvest storage potential and quality of plum fruit (Prunus
salicina), Scientia Horticulturae, (237), pp. 59-66, 2018. DOI:
10.1016/j.scienta.2018.04.005

Costa, M.S., Costa, J.D.S., Neto, A.F., Quirino, K.R., Aratjo, A.J.B.
and Almeida, F.A.C., Physical quality of 'Palmer' mango coated with
cassava starch. Cientifica, 44(4), pp. 513-519, 2016. DOIL:
10.15361/1984-5529.2016v44n4p513-519

Ebrahimi, F. and Rastegar, S., Preservation of mango fruit with guar-
based edible coatings enriched with Spirulina platensis and Aloe vera
extract during storage at ambient temperature. Scientia Horticulturae,
265, art 109258, 2020. DOI: 10.1016/j.scienta.2020.109258

[15]

(16]

[17]

(18]

P.B. Coelho, is a BSc. in Chemistry in 2017, from the Federal Institute of
Education, Science and Technology of Sertdo Pernambucano, Brazil.
Currently a MSc. in the Dynamics of Development of the Semiarid Region
in the Federal University of the Sdo Francisco Valley — UNIVASF, Brazil.
Has experience in the Post-Harvest Technology area.

ORCID 0000-0001-8020-1686

A.F. Neto, is a BSc. Eng in Agricultural Engineeringin 2000, from the
Federal University of Paraiba, MSc. in Agricultural Engineering in 2003,
from the Federal University of Campina Grande and a PhD in Agricultural
Engineering in 2012 from the UFV / UFCG, Brazil. He is currently associate
professor at the Federal University of the Sao Francisco Valley — UNIVASEF,
Brazil. Has experience in the field of agricultural engineering, with emphasis
on good agricultural practices (BPA) and logistics for storage of agricultural
products.

ORCID 0000-0002-0326-9123

202

M. de S. Costa, is a BSc. in Food Technology, with Sp. in Processing of
Fruit and Vegetable Derivatives area. Currently holds a doctorate in the
Agricultural Engineering Department of the UFCG. Has experience in food
science and technology area.

ORCID: 0000-0001-9593-4233

A.P. Filho, is BSc. in Biological Sciences in 1996, from the Federal
University of Piaui — UFPI, Brazil. MSc. in Agricultural Sciences, area of
environment and technology in 2004, from the Kyoto University, Japan.
PhD. in Agricultural Engineering in 2017, from the State University of
Campinas — UNICAMP, Brazil, area of water and soil, with Sandwich
Doctorate at the Carbon Management and Sequestration Center (C-MASC)
at Ohio State University, USA. Currently, adjunct professor at Federal
University of Sao Francisco Valley (UNIVASF). Has experiences in
environmental impact with emphasis in reservoirs water quality and soil
sustainability with no-till agriculture in semiarid regions.

ORCID 0000-0002-9871-3214

T.D. Silva, is a graduate student of the agricultural engineering and research
course with a scholarship from the (PIBIC/CNPq) in post-harvest
technology, Federal University of the Sdo Francisco Valley — UNIVASF,
Brazil.

ORCID: 0000-0003-4165-4118

C.M. Sanchez-Sdenz, is a BSc. Eng in Agricultural Engineering in 2004,
from the Universidad Nacional de Colombia, MSc. in Agricultural
Engineering in 2008, and the PhD. in Agricultural Engineering in 2014, from
the Universidade Estadual de Campinas, Brazil, and the MSc. in Problem
Based Learning in Engineering and Science in 2018, from the Aalborg
University, Aalborg, Dinamarca. Currently, she is associate professor in the
Civil and Agricultural Engineering Department, Engineering Faculty,
Universidad Nacional de Colombia, Bogota, D.C. Has experience in the
Post-Harvest technology area, with emphasis on drying, Near-infrared
spectroscopy (NIRS), physical properties of biological materials and
experimental design and process optimization.

ORCID: 0000-0002-2746-7714



