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Tomato is a worldwide marketed fruit, 
consumed in natura, in the form of 

salads, sauces or condiments, as pickles. 
Due to their high perishability and water 
activity content, many tomatoes are lost 
during the commercialization process 
(Panozzo et al., 2013).

Significant losses are observed 
during and after harvest, possibly 
caused by mechanical damages, through 
inadequate storage and transport 
conditions, as well as during sale display 

that may favor the fruits contamination 
by fungi and bacteria (Oliveira et al., 
2015).

Films and coatings can be applied 
to fruits and vegetables to reduce the 
loss of moisture, lipids and aromas, the 
exchange between oxygen and carbon 
dioxide, among others, since they act 
as semipermeable barriers (Chiumarelli 
& Ferreira, 2006). Furthermore, it is 
possible to incorporate compounds 
such as antioxidants, antimicrobials and 

aromatics to the films and coatings, at 
the same time as these films confer the 
property of improving the mechanical 
integrity and handling characteristics 
(Evangelista et al., 2014).

Natural biodegradable coatings 
were prepared with polysaccharides, 
proteins, lipids, or even a blend of these 
compounds (Dhall, 2013; Arnon et 
al., 2014). Biodegradable coatings are 
used to extend shelf life and to make 
fruits more attractive (Das et al., 2013). 
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ABSTRACT
Plastic packaging from petroleum derives used in the food 

industry represents serious environmental problems. Alternative 
solutions to these problems consist of the development of 
biodegradable packaging, such as films and edible coatings including 
the polyvinyl alcohol (PVA). In this research we evaluated the effect 
of the PVA application by two different techniques aiming to increase 
shelf life of ripe tomatoes, cultivar Carmen. The methodology of this 
study consisted in covering tomatoes with a PVA solution and also 
with PVA impregnated tracing paper. The different fruit lots were kept 
in polystyrene trays for 19 days on a laboratory bench at a controlled 
temperature of 25±3ºC. The fruit analyzes were compared to the 
control fruits without any treatment, being evaluated firmness, pH, 
titratable total acidity, mass loss, total soluble solids content, water 
activity and color determination of fruit surface. Among the different 
treatments, the PVA coating applied directly to the fruits contributed 
to control the firmness and the mass loss, as well as this treatment 
influenced the total soluble solids content, the luminosity and the red 
color of fruits with statistical difference compared to the control and 
covered with tracing paper (with or without PVA). The PVA coating 
solution applied directly on the fruits contributed to maintain the 
postharvest quality of the ripe tomatoes.

Keywords: Lycopersicon esculentum, biodegradable packaging, 
shelf life, perishability.

RESUMO
Durabilidade pós-colheita de tomates embalados em PVA

As embalagens plásticas de derivados do petróleo utilizadas 
na indústria alimentícia representam sérios problemas ambientais. 
Soluções alternativas para esse tipo de problema consistem no 
desenvolvimento de embalagens biodegradáveis, tais como filmes 
e coberturas comestíveis, como o álcool polivinílico (PVA). Neste 
trabalho avaliou-se o efeito da aplicação de PVA por duas diferentes 
técnicas visando aumentar a vida de prateleira de tomates maduros 
da cultivar Carmen. A metodologia deste trabalho consistiu no 
recobrimento do fruto com solução de PVA e também com papel 
vegetal impregnado com PVA. Os diferentes lotes de frutos 
permaneceram em bandejas de isopor durante 19 dias em bancada 
de laboratório em temperatura controlada de 25±3ºC. As análises 
dos frutos foram comparativas aos frutos controle sem qualquer tipo 
de tratamento, sendo avaliados a firmeza do fruto, pH, acidez total 
titulável, perda de massa, teor de sólidos solúveis, atividade de água 
e a cor da superfície dos frutos. Dentre os diversos tratamentos, o 
revestimento de PVA aplicado diretamente nos frutos contribuiu para 
controlar a firmeza e perda de massa, bem como o teor de sólidos 
solúveis totais, luminosidade e cor vermelha dos frutos, com diferença 
estatística em relação ao controle e frutos cobertos com papel (com ou 
sem PVA). Assim, foi possível observar que a solução de revestimento 
de PVA aplicada diretamente nos frutos contribuiu para a manutenção 
da qualidade pós-colheita dos tomates maduros.

Palavras-chave:  Lycopersicon esculentum ,  embalagem 
biodegradável, vida de prateleira, perecibilidade.
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The PVA is a water-soluble synthetic 
polymer, thermoplastic, tasteless and 
odorless being synthesized by vinyl 
acetate polymerization.

The reversible transformation 
between polyvinyl alcohol and vinyl 
polyacetate was studied by Staudinger 
in 1961 through esterification and 
saponification reactions (Marten, 1985).

PVA is a polymer obtained by 
polymerizing vinyl acetate, followed 
by the hydrolysis reaction of polyvinyl 
acetate in polyvinyl alcohol. This 
polymer has excellent properties 
such as transparency, nontoxicity 
and biodegradability, as well as soft 
consistency when in membrane form.

Studies and the development of 
biodegradable packaging to increase 
shelf life of tomatoes are expanding 
while there is a shortage of these products 
on the market. Thus, the objective of this 
study was to evaluate the effect of the 
application of two different PVA-based 
packaging techniques in order to extend 
shelf life of ripe tomatoes, cultivar 
Carmen.

MATERIAL AND METHODS

During the 2018 harvest, mature 
t oma toes  were  ob t a ined  f rom 
commercial producers in Ponta Grossa 
(Parana State, Brazil). The mature and 
undamaged fruits were selected to have 
a homogenous raw material; green or 
senescent fruits were discarded. One 
sample of ripe tomatoes was used as 
standard for visual comparison red 
colored and uniform size (approximately 
40 to 50 mm diameter).

The tomatoes were sanitized with 
150 ppm sodium hypochlorite (Synth) 
solution at 4°C (±2°C) temperature 
during 20 minutes, rinsed in tap water 
and dried naturally.

Two batches of unpacked fruits 
(paper and paper + PVA only) and 
two unpackaged fruits (control, PVA 
solution coating) were analyzed, with 45 
samples for each, totaling 180 tomatoes.

The solution of PVA-based edible 
coating (PVA solution) was prepared 
by mixing 8 grams of polyvinyl alcohol 
(Neon), 12 grams of ethylene glycol 
(Synth) and 80 grams of water, under 

mechanical stirring on a heating plate at 
70°C, until complete dissolution.

This PVA solution was applied over 
the length of the tracing paper on both 
sides with the aid of a thin bristle brush. 
This paper (PVA paper) was dried at 
room laboratory temperature for 36 
hours.

To study and characterization, 
tomatoes were prepared according to 
four different assays, after sanitization 
process: a) control (tomatoes without 
any treatment); b) PVA solution coating 
(tomato coated with PVA solution. The 
fruits were immersed in the PVA solution 
for 10 minutes, then removed and kept 
in air until drying); c) PVA paper (each 
fruit was individually wrapped with 
tracing paper impregnated with PVA 
solution); d) without PVA paper (each 
fruit was individually wrapped with 
tracing paper).

The tomatoes were placed on 
polystyrene trays on laboratory benches 
in controlled temperature (25ºC±3oC) 
for 19 days, with no contact between 
fruits.

Physicochemical analyzes were 
performed on fruits after 24 hours 
(in order to guarantee the effect of 
each package) and in triplicate for 
11 consecutive days thereafter were 
evaluated every 72 hours until the 19th 
day. The results are expressed as the 
mean of those values with the standard 
deviation to each parameter.

Due to the fruit senescence process, 
only those with good physicochemical 
condition continued to be evaluated. 
The remainder was discarded due to 
signs of rot such as differentiated odor, 
appearance of injuries, softening of the 
peel, and release of liquids.

The obtained data were statistically 
evaluated through graphs using criteria 
of comparison of results. A completely 
randomized design was used because 
the conditions of the experiment were 
carried out in a completely controlled 
manner. For comparative purposes, 
the chemical results were submitted to 
analysis of variance (ANOVA) and the 
means compared using Tukey’s test at 
a significance level of 5% by SASM-
Agri software Version 8.2 (Canteri et 
al., 2001).

The analyzes performed were 

firmness, pH, titratable total acidity, 
mass loss, total soluble solids content, 
water activity and color of fruit surface.

Fruit firmness analysis was carried 
out using a texturometer (CT3 Texture 
Analyzer) with a tip of 10 grams, 
deformation 2 m/m and a speed of 10 
mh s-1. Directly in the juice extracted 
from the fruit, pH was evaluated in a pH 
meter (Q400MT Quimis), according to 
the standard methodology (IAL, 2008) 
and titratable acidity (total acidity), 
expressed in percent of citric acid 
was determined by titrimetric method 
(IAL, 2008). Mass loss was calculated 
according to equation 1.

     Equation 1

Where P is the percentage of mass 
loss (%), M is the mass of the fruit 
(g) and the time is represented by the 
index t.

The total soluble solids content was 
determined in a benchtop refractometer 
laboratory (ABBE Refractometer) with 
a refractive range of 1,300-1,720 nD 
and from 0 to 95% Brix with correction 
for temperature, in accordance with the 
literature-based methodology (AOAC, 
2000).

The water activity was measured in 
an AquaLab-Series-4TE on a sample 
with an area of 1 cm in diameter 
approximately.

The evaluation of the instrumental 
color was carried out directly in the fruit 
surface, with a colorimeter (CR-410 
Chroma Minolta Meter). CIE L* a* b* 
color-space coordinates, as well as C* 
index was evaluated. L* value represents 
luminosity of color stimulation, ranging 
from zero (black) to 100 (white), a* 
ranging from green (-60) to red (+60), b* 
ranging from blue (-60) to yellow (+60) 
and C* representing chroma relating to 
color intensity (Buckley & Giorgianni, 
2015). This equipment was programmed 
in order to calculate the mean of ten 
measurements on each fruit, performed 
in triplicate.

To verify the color variation in 
relation to reference tomatoes, the value 
of DE was determined in equation 2, 
which is the distance between two colors 
using the space L*a*b* to define the 
values of each color. 

Postharvest durability of tomatoes with PVA covering 
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    Equation 2

L,  a  and b  are  the  CIELab 
coordinates, index 1 refers to the values 
of reference tomatoes and index 2 of 
coated tomatoes, whether with PVA, 
paper with PVA or with tracing paper. 
For analysis, the closer the value of 
DE is to 0, the smaller the difference 
in colors will be and the closer to the 
selected pattern.

RESULTS AND DISCUSSION

During the experiments, variation 
in firmness was observed in the fruits 
(Figure 1). There was no statistically 
significant difference between tomato 
firmness during assay time for any of 
the treatments until the eleventh day, 
probably due to the values measured by 
used methodology presented a relatively 
higher standard deviation compared to 
the other measurements. The calculated 
F was 0.43 for the control, 1.92 for the 
paper PVA free, 0.39 for PVA paper and 
1.91 for PVA solution coating, being 
all values greater than critical F of 4.06 
(significance level of 5%). By Tukey´s 
test, the treatment with PVA solution 
coating showed significant differences 
from the other treatments or control, 

with calculated F= 5.47 higher than the 
critical F= 2.81 (significance level of 
5%) according to ANOVA.

This is also confirmed by the higher 
firmness values on day 11 compared to 
other treatments, confirming that PVA 
coverage was effective for maintaining 
fruit firmness for a longer time.

In the senescence period (after 
11th day of assay), all samples lost the 
firmness of the pulp during ripening 
(Figure 1). However, we need emphasize 
that these changes are unique to each 
fruit, even if harvested at the same 
time from the same plant with similar 
appearance.

Changes in pulp firmness are 
associated with the transformation 
during the ripening of the fleshy fruits, 
directly affecting their quality and shelf 
life due to the direct relation to the 
chemical components bound to the cell 
wall (Toivonen & Brummell, 2008).

Tomatoes coated with PVA still did 
not have yet signs of rot after the 13th day 
(Figure 1), whereas the other treatments 
had an evident deterioration, preventing 
the analysis of the control treatment. On 
the 19th day of the experiment (Figure 
1), tomatoes with PVA presented a slight 
deformation degree, while maintaining 
a texture for food consumption.

The mass loss showed a linear 
behavior depending on storage time in 
all treatments (Figure 2). The results 
obtained are consistent with the literature 
(Sammi & Masud, 2009; Mwendwa et 
al., 2016; Munaretto et al., 2018), 
describing that the fruit mass decreases 
over time according to ripening.

There was statistically significant 
difference between the initial and final 
tomato mass during assay time between 
all treatments until the 11th day, with a 
constant decrease. The calculated F was 
23.25 for control, 26.39 for paper PVA 
free, 31.23 for PVA paper and 28.53 for 
PVA solution coating. All values are 
greater than critical F at 5% significance 
(2,81).

Regarding the different treatments, 
PVA coating solution showed a 
significant difference from paper PVA 
free, according to Tukey’s test. The 
PVA paper and the control treatment 
remained in the same group, with a 
calculated F of 3.77 higher than the 
critical F of 2.90 (significance level of 
5%) according to ANOVA.

There was a lower average mass 
loss in the PVA coverage treatment 
compared to the other treatments, 
confirming that PVA coverage decreased 
gas exchange associated with fruit 
respiration. The tomatoes with PVA 
solution coating had a similar mass loss 
up to the 17th day of the experiment, 
but with better linearity (Figure 2). 
However, the PVA on the surface has not 
influenced the tomato respiration and 
perspiration (Chiumarelli & Ferreira, 
2006). Tomatoes covered with paper 
(PVA and PVA free) maintained linearity 
only until the 13th day.

Respiration is considered the 
major cause of mass decrease of fruits 
and vegetables. This water loss is 
related to the difference in water vapor 
pressure between the surrounding 
atmosphere and the surface of the fruit 
(Gharezi et al., 2012) as well as also to 
perspiration, when CO2 is eliminated 
into the atmosphere. When water loss 
is high, there are possible changes in 
the appearance and acceptability of the 
product as food (Chitarra & Chitarra, 
2005).

The amount of total soluble solids 
did not show variation according to 

Figure 1. Firmness of control and different tomato treatments, determined through 
texturometer during the period of 19 days. Ponta Grossa, UTFPR, 2018.
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the time intervals, despite the intrinsic 
differences between fruits of the same 
cultivar (Figure 3). Total soluble solids 
play an important role in the quality of the 
fruit, since they influence the physical, 
chemical and biological properties of 
fruits. The different metabolic processes 
are associated to the progress of ripening 
(Sammi & Masud, 2009). Nevertheless, 
one of the explanations may be due 
to the dissociation of some molecules 
and structural enzymes into soluble 
compounds that directly influence the 
solubility because very mature fruits 
show higher values of soluble solids 
(Sammi & Masud, 2009).

Due to the fact that the tomatoes were 
ripe at the beginning of the experiment, 
there were oscillations in the results 
of degrees Brix, with statistically 
different results as a function of time, 
but with diversity of behavior, without 
linearity in the increase or reduction 
(Figure 3). There was a statistically 
significant difference between soluble 
solids content and different treatments, 
with a calculated F of 5.76 higher than 
the critical F of 2.81, up to the 11th day. 
PVA solution coating tomatoes (group 
a) were statistically different from paper 
PVA free tomatoes (group b). Tomatoes 
with PVA paper (group ab) and control 
treatment (group ab) were in the same 

group according to Tukey’s test.
The organic acids and sugars found 

in fruits are a quality indicator and can 
serve as a reference for the ripening 
stage (Chitarra & Chitarra, 2005). 
The volatility of some acids may 
contribute to the characteristic aroma 
of fruits (Munaretto et al., 2018). The 
concentration of organic acids generally 
decreases in relation to the substrate in 
respiration or during the conversion 
process to sugars (Chiumarelli & 
Ferreira, 2006). The changes occur 
according to the storage, being important 
in the organoleptic characteristics 
(Chitarra & Chitarra, 2005). 

There was a statistically significant 
difference between titratable total 
acidity versus time. For control and 
paper PVA free, Fcalc= 7.14 higher than 
the Fcritical (4.06), and at the end of the test 
time the acidity was lower. However, 
there was no statistically significant 
difference during the test for PVA paper 
(Fcalc= 1.24) and PVA coating solution 
(Fcalc= 0.87). Regarding treatments, only 
paper PVA free was statistically different 
from the others (Fcalc= 18.68 higher than 
Fcritical= 2.81).

During the essays period, there was a 
small variation in the pH range, justified 
because all tomatoes were ripe since 
the beginning of the experiment. These 

measured values were similar to other 
authors (Cliff et al., 2009), close to the 
range of 4.00 and 4.50.

There was no statistically significant 
difference between pH during essay time 
nor between treatments. Regarding the 
time, for control treatment the Fcalc was 
0.30, for paper PVA free Fcalc= 0,11, 
for PVA paper Fcalc= 0,52 and for PVA 
solution coating Fcalc= 1,58. When the 
different treatments were compared, 
Fcalc= 0,50 was lower than Fcritical= 2,06.

Water activity (Aw) was not 
statistically influenced by the treatments 
or ripening time. For all essays, the 
water activity (Aw) remained constant, 
with total average of 0.9726.

The control tomatoes and paper 
wrapped tomatoes resisted without 
apparent injuries until the 13th day of the 
experiment, while the tomatoes covered 
with PVA paper resisted only until the 
10th day of the experiment. However, 
PVA coated tomatoes remained constant 
until the 19th day of the experiment. This 
may correspond to a great advantage for 
the consumer market, as the appearance 
is responsible for choosing tomatoes in 
supermarket gondolas.

There  was no in tense  color 
oscillation during the whole storage 
period, either between tomatoes, or 
between different treatments. There was 
no statistically significant difference 
between luminosity (L*) versus time. 
For all treatments Fcalc was lower than 
Fcritical (4.06). The values were Fcalc=1.89 
for control treatment, 1.27 for paper PVA 
free, 1.01 for PVA paper and 0.05 for 
PVA coating solution. However, there 
was statistically significant difference 
comparing the different treatments, 
with Fcalc= 4.15 higher that Fcritical=2.83. 
PVA solution coating tomatoes (group 
b) were statistically different from 
control (group b). Tomatoes with PVA 
paper (group ab) and PVA free paper 
(group ab) remained in the same group 
according to Tukey’s test. According 
these results, tomatoes covered with 
PVA coating solution were darker than 
other treatments, which may be a plus 
point in consumer choice specifically 
for tomatoes.

Also, there was no statistically 
significant difference between parameter 
a* ranging from green (-60) to red (+60), 

Figure 2. Mass of control and different tomato treatments obtained during the period of 17 
days. Ponta Grossa, UTFPR, 2018.

Postharvest durability of tomatoes with PVA covering 



164 Horticultura Brasileira 38 (2) April - June, 2020

and the color variation (DE) during the 
time of the assays, where Fcalc was lower 
than Fcritical (4.06). Nevertheless, the 
comparison between treatments showed 
statistically significant difference for a* 
(Fcalc= 4.61 > Fcritical= 2.83). According 
to Tukey’s test, PVA solution coating 
tomatoes and PVA paper (group a) 
were statistically different from control 
(group b); paper PVA free remained in 
the group ab. According these results, 
tomatoes covered with PVA coating 
solution and PVA paper showed a 
more intense red color than the other 
treatments (without PVA application). 
This can also be considered a positive 
factor in consumer choice of product.

Considering the parameter b* for 
color, ranging from blue (-60) to yellow 
(+60), there was statistically significant 
difference versus time only for treatment 
PVA coating, resulting Fcalc= 48.92 > 
Fcritical= 4.06). In this case, around the 
11th day of assay, tomatoes with PVA 
coating showed color less yellow than 
other treatments. For the b* color and 
the color variation (DE), there was 
no statistically significant difference 
between treatments.

When coated tomatoes were 
compared to control tomatoes, color 

variations (DE) were found to be 6.3 
for PVA-coated tomatoes, and 4.2 both 
for tomatoes wrapped with tracing 
paper (PVA or PVA free). The results 
show that the tomatoes did not undergo 
color changes due to the coatings. 
The difference was 3.6% for PVA-
coated tomatoes and 2.4% for tomatoes 
wrapped with different papers.

However, the color difference 
between the coated tomatoes did not 
show any significant variation (5%) 
during the essay time, probably because 
the tomatoes selected had red color since 
the beginning.

The tests with PVA as a coating for 
tomato fruits of the cultivar Carmen at 
room temperature evidenced that this 
edible and biodegradable substance can 
contribute to the quality maintenance 
of red and ripe tomatoes regarding the 
characteristics of fresh mass, firmness, 
titratable total acidity, total soluble 
solids, pH, color and water activity 
up to the period of 19 days. This time 
exceeded the maintenance period of 
control tomatoes, which was only 13 
days.

On the other hand, the use of tracing 
paper, with PVA or PVA free, accelerated 
the degradation of the tomatoes to the 

interval of 11 days. This factor could 
favor more efficiency in the juices and 
extracts tomato processing.

The determination of the color 
through the CIELab coordinates showed 
that the color variation of the tomatoes 
was very low, during test time or 
compared with the reference tomatoes.

Among three different treatments 
to increase the shelf life of Carmen 
tomatoes, fruit surface coating with a 
PVA coating solution was most effective 
in delaying the changes inherent to 
modifications in ripe and ready-to-eat 
fruits.

Fruit firmness, weight loss, lightness 
and red color were positively influenced, 
with statistical differences compared 
to paper-coated tomatoes (PVA-
impregnated or PVA-free) and tomatoes 
without postharvest treatment.

The PVA coating solution treatment 
can be easily applied by producers, 
increasing the exposure time of the 
product for sale to the consumer.
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