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Abstract The aims of the study were to develop and apply
alginate and pectin-based edible coatings on minimally
processed mango (Mangifera indica L.) variety ‘Espada’.
A full experimental design was performed using alginate,
pectin and glycerol concentrations as independent variables
and total soluble solids as response variable. Minimally
processed mango was immersed in each film forming
solution, calcium chloride and glycerol solutions pretreated
with 1% (w/v) solution of ascorbic acid, dried at 25 + 2 °C
for 24 h and then refrigerated at 8 = 1 °C for 14 d. Based
on the results of the experimental design, the following
formulations were evaluated: 2% (w/v) alginate/3% (w/v)
pectin (with and without glycerol) and 3% (w/v) alginate/
0.5% (w/v) pectin (with and without glycerol). Fruits
coated with biopolymers had lower total soluble solids
content and titratable acidity compared to the control
group. The formulation containing 2% (w/v) alginate, 3%
(w/v) pectin and 5.5% (w/v) glycerol showed the best
performance for long-term refrigerated storage of mini-
mally processed mango for a period of 16 d.
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Introduction

Constant changes in the modern world have increased
consumer demand for convenience food, such as minimally
processed agricultural products. For this reason, today’s
companies are working harder to develop innovative
products in order to remain competitive in the long term.
As well as vegetables, minimally processed fruits have
been developed to meet consumer needs for ‘quick’ prod-
ucts (Goyeneche et al. 2014) and this is the major growing
segment in the food market (Robles-Sanchez et al. 2013).

The term ‘minimally processed’ or ‘minimal processing’
refers to raw fruits and vegetables that have only been
lightly processed, and involves a combination of proce-
dures that eliminate non-edible parts. As a consequence of
processing operations such as cutting, slicing, peeling,
trimming, coring, and the like, cells and membranes are
damaged, leading to metabolic alterations such as an
increase in the respiration rate and ethylene production,
changes in flavor and texture, and increased exposure to
microbial agents, which all leads to a reduced shelf life of
these products (Chen et al. 2016). According to Gonzalez-
Aguilar et al. (2008), the increase in the metabolic activity
of fruit caused by minimal processing reduces the useful
life of the fruit from 1 to 2 weeks to only 1-3 d, even at
ideal temperatures.

Mangoes (Mangifera indica L.) are among the most
widely cultivated and consumed fruits in tropical and
subtropical regions, being widely appreciated for their
flavor along with their high nutritional value (Oliveira et al.
2016) and are preferably consumed in a natural state
(Medeiros et al. 2012). According to the USDA-ERS
(2011), per capita mango consumption in the U.S. has
increased from 0.25 to 0.92 kg over the last two decades.
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There have been very few studies conducted on mini-
mally processed mangoes (Sothornvit and Rodsamran
2008; Dea et al. 2010) and the market is still relatively
scarce. Mango is a climacteric fruit and the shelf life of
freshly cut mango cubes is limited by softening and
browning of the flesh, resulting in the loss of product
quality.

In order to extend the shelf life and retain the nutritional
value of minimally processed fruits, several alternatives
have been proposed, such as use of radiation (Huang et al.
2017), storage in a modified atmosphere (Belay et al.
2017), antibrowning agents (Goyeneche et al. 2014),
chemical dipping (Lucera et al. 2012), and edible films and
coatings (Robles-Sanchez et al. 2009; Rojas-Graii et al.
2007; Vargas-Torres et al. 2017).

According to McHugh (2000), an edible film (EF) is a
pre-formed thin layer of edible material which is applied on
or between food components, while an edible coating (EC)
is a thin layer made of edible material formed as a coating
on a food product. EFs and ECs have been used to protect
fresh and/or minimally processed vegetables and fruits
from degradation during storage, by being used to control
permeability to water, oxygen and carbon dioxide (Espinel
Villacres et al. 2014). ECs may also act as carriers for food
additives such as antibrowning and antimicrobial agents,
colorings, flavorings, nutrients and spices (Rojas-Graii
et al. 2009). Moreover, the combined application of dif-
ferent treatments can extend the shelf-life of freshly cut
fruit while maintaining the fruits sensory and organoleptic
properties during shipping and storage.

Alginate and pectin are two of the most commonly used
compounds to form edible coatings (Robles-Sanchez et al.
2013; Tavassoli-Kafrani et al. 2016). These polymers are
reliably able to form gels in the presence of calcium,
making them insoluble in water and able to form a barrier
against water vapor (Falguera et al. 2011). Glycerol or
sorbitol can be also be used as plasticizer agents to improve
the flexibility and firmness of the coatings (Silva et al.
2009).

The aim of this work was to develop an edible coating
based on alginate and pectin for application on minimally
processed ‘Espada’ mangoes (Mangifera indica L.) and to
evaluate the coating effect on the shelf life after long-term
refrigeration.

Materials and methods
Materials
Sodium alginate of medium viscosity (Grindsted®), pectin

(Genu® pectin type B- rapid LM), calcium chloride
(QuimicaModerna®) and food grade glycerol (Nuclear®)
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were used to obtain the film-forming dispersions. Ascorbic
acid was obtained from Impex®. Polystyrene food trays
(150 mm x 150 mm) and polyvinyl chloride films
(Wyda®) were used to pack the product.

Mangoes (Mangifera indica L.) cv. Espada were pur-
chased from a local market, in Bezerros, Pernambuco,
Brazil. Individual fruits were selected based on quality,
uniformity in size, shape, and without any apparent
ripeness.

Preparation of film-forming solutions and minimally
processed mangoes

The film-forming solutions were prepared by dissolving
alginate and pectin in sterile water under constant stirring
at 70 °C until a visible gel was observed, according to the
concentrations defined in the experimental design.
Mangoes were sanitized with chlorinated water at 25 °C
(200 mg 1™") for 15 min and rinsed under tap water,
drained, hand-peeled and the pulp was then cut into slices
(2 cm thick). The slices were randomly distributed and
treated for 4 min by immersing them in an aqueous solu-
tion of 1% (w/v) ascorbic acid. The fruit was then drained
for 2 min before immersing in the film-forming solution.

Experimental design and coating application

In order to optimize the final composition of edible coat-
ings to be added to the minimally processed mangoes, three
independent variables (concentrations of alginate, pectin
and glycerol) and the response variable (total soluble
solids—TSS) were evaluated using a full 2° factorial
design, with three central points (level 0) and six axial
points (levels &= o, where o = 1.68), totaling seventeen
experiments (Rotational Central Composite Design —
RCCD). The tests were performed randomly, and the data
were subjected to analysis of variance (ANOVA) for
analysis of regression coefficient, prediction equations and
case statistics. Design-Expert® Software (version 10.0,
Stat-Ease, Inc) was used for regression and graphical
analysis of the data obtained using a 95% confidence level.
Experimental error was obtained from the mean and stan-
dard deviation of the central points. Table 1 shows the
experimental conditions investigated. Alginate, pectin and
glycerol concentrations were selected based on information
from a previous study (data not shown). In previous
experiments, filmogenic solutions were prepared contain-
ing alginate and pectin in concentrations higher than 3%,
where the formation of thick and nonhomogeneous films
was observed. Thus, the 3% concentration was selected as
the point + o of the experimental planning.
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sctuat valugs of the varables | EXPETITENS Variabls
studied in the optimization of Alginate (% w/v) Pectin (% w/v) Glycerol (% wiv)
the edible coatings
1 0.68 (— 1) 0.68 (— 1) 283 (— 1)
2 242 (+ 1) 0.68 (— 1) 2.83 (= 1)
3 0.68 (— 1) 242 (+ 1) 283 (- 1)
4 242 (+ 1) 242 (+ 1) 2.83(—1)
5 0.68 (— 1) 0.68 (— 1) 817 (+ 1)
6 242 (+ 1) 0.68 (— 1) 817 (+ 1)
7 0.68 (— 1) 242 (+ 1) 817 (+ 1)
8 242 (+) 242 (+ 1) 817 (+ 1)
9 1.55 (0) 1.55 (0) 5.5 (0)
10 1.55 (0) 1.55 (0) 5.5 (0)
11 1.55 (0) 1.55 (0) 5.5 (0)
12 0.1 (— o) 1.55 (0) 5.5 (0)
13 3(+ o) 1.55 (0) 5.5 (0)
14 1.55 (0) 0.1 (— o 5.5 (0)
15 1.55 (0) 3(+ o 5.5(0)
16 1.55 (0) 1.55 (0) 1(— o
17 1.55 (0) 1.55 (0) 10 (+ o)
o = 1.68

The mango slices were immersed in the film-forming
solutions for 3 min, followed by immersion in a solution of
0.12 M CaCl, and glycerol for 3 min.

Thereafter, samples were drained, placed in trays for
drying at 25 £ 2 °C for 24 h, wrapped in PVC film and
refrigerated at 8 = 1 °C. Samples were analyzed after 14 d
of storage.

Additional formulation tests

From the results obtained in the experimental design,
additional formulations of film-forming solutions were
created. The identification codes and composition of the
samples are shown in Table 2. The sample control was
used with no coating application (only immersed in
ascorbic acid). Samples were analyzed after 1, 8 and 16 d
of storage at 8 £ 1 °C for pH, total soluble solids and
titratable acidity analyses in triplicate.

pH, titratable acidity (TA) and total soluble solids
(TSS)

Mango juice using 5 g of fruit in 50 ml of distilled water
was prepared and the pH of the juice was recorded. The
titratable acidity (TA) was determined by titration with
0.1 M NaOH (Instituto Adolfo Lutz 1985).

Total soluble solids (TSS) was determined from mango
juice using 10 g of fruit in 10 ml of distilled water using a
digital refractometer (Hanna®) at 25 °C previously cali-
brated with distilled water. The results were expressed as
the mean =+ standard deviation of °Brix. For all experi-
ments three replicates were used for each treatment.

Differences among samples were tested by analysis of
variance (ANOVA) with storage time and treatment as
factors. Tukey’s significant difference test with a 0.05 level
of significance was applied to find significant differences.
Analysis was conducted using the statistical software
Assistat® (Assistat 7.7 Beta Version 16.0, Brazil).

Table 2 Sample codes and

composition for additional Sample code Alginate (% w/v) Pectin (% wiv) Clycerol (% whv)
formulations of film-forming Control 0 0 0
solutions

2A3P1 2 3 >

2A3P2 2 3 0

3A0.5P1 3 0.5 5.5

3A0.5P2 3 0.5 0

A alginate, P pectin
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TSS (%)

5,50

C: GLYCEROL (%) *'®

®)

TSS (%)

8,18
0,69
1,38

NPT
B: PECTIN (%) ' 2,41 2,82

241

1,72
1,38
1,03 A: ALGINATE (%)

2,82 0,69

Fig. 1 Three dimensional response surface curves for total soluble solids (TSS) in coated minimally processed mangoes: a effect of pectin and

alginate; b effect of pectin and glycerol; ¢ effect of alginate and glycerol

Results

A rotational central composite design (2*) was employed to
optimize the composition of edible coatings on minimally
processed mangoes in relation to concentrations of alginate,
pectin and glycerol. The adequacy of the model was checked
using ANOVA, which was tested through Fisher’s statistical
analysis and the results are shown in Online Resource 1.
The response surface three dimensional curves were
employed in order to study the interactive effects of factors
on the response variable (total soluble solids—TSS). Fig-
ure la shows the response surface curve of the relationship
between alginate and pectin while the glycerol concentra-
tion was kept at 5.5% (w/v). Figure 1b shows the response
surface curve of the relationship between pectin and
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glycerol while the alginate concentration was kept at
1.55% (w/v) and Fig. 1c shows the response surface curve
of the relationship between alginate and glycerol while the
pectin concentration was kept at 1.55% (w/v).

Figure 2 shows the effect of edible coatings on minimally
processed mangoes during storage at 8 £ 1 °C with regards
to pH, titratable acidity and total soluble solids. Despite the
small variation in pH values between the treatments and
during storage, it was observed that the fruits presented a
significant decrease in pH (p < 0.05) (Fig. 2a) for all treat-
ments and results were more sharp for the control group.
After 16 d of storage, there were no significant differences
among fruits coated with 3% alginate and 0.5% pectin (with
and without glycerol—3A0.5P1 and 3A0.5P2, respectively)
and 2% alginate, 3% pectin and 5.5% glycerol (2A3P1).
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Fig. 2 Results of pH (a), titratable acidity—TA (b) and total soluble
solids—TSS (c) in coated minimally processed mangoes during storage
at 8 = 1 °C. Control = no coating application (only immersed in
ascorbic acid); 3A0.5P1 = 3% (w/v) alginate, 0.5% (w/v) pectin, 5.5%
(w/v) glycerol; 3A0.5P2 =3% (w/v) alginate, 0.5% (w/v) pectin;

The control group, and mangoes coated with 2% (w/v)
alginate, 3% (w/v) pectin and 5.5% (w/v) glycerol after 16
d storage are shown in Fig. 3. It is clearly visible that the
coated mangoes displayed a better appearance after storage
at 8 £ 1 °C.

Discussion
The model F-value of 6.99 implies the model is significant

and there is only a 0.89% chance that the F-value could
occur due to noise. In this study, the independent variables

2A3P1 = 2% (w/v) alginate, 3% (w/v) pectin, 5.5% (w/v) glycerol;
2A3P2 = 2% (w/v) alginate, 3% (w/v) pectin. Bars are the mean &+ SD
(n = 3). Different lower-case letters (a—c) indicate significant differences
(p < 0.05) in the same day; Different capital-case letters (A—C) indicate
significant differences (p < 0.05) between the days

were coded as alginate (A), pectin (B) and glycerol (C),
and p-values less than 0.05 indicate model terms are sig-
nificant. In this case A, A%, B and C? are significant model
terms.

The second-order polynomial model for the total soluble
solids (7'SS) was expressed by Eq. 1.

TSS = —0.12+1.71 x A — 0.59 x A2 — 1.47 x B> — 0.06 x C*
(1)

The lack-of-fit F-value of 9.58 implies that the lack-of-fit
is not significant and there is only a 9.72% chance that this
significant occurrence is due to noise. The predicted R*
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Fig. 3 Minimally processed mangoes at the beginning of the
experiments (a—uncoated mangoes; b—mangoes coated with 2%
(w/v) alginate, 3% (w/v) pectin and 5.5% (w/v) glycerol) and after 16

value (0.7149) was close to the adjusted R? (0.7712).
Adequate precision measures the signal to noise ratio, and
a ratio greater than four is desirable. A ratio of 7.941 was
recorded and this indicates an adequate signal. Coefficient
of variation (CV) (standard deviation/error) of 11.88% for
each dependent variable showed that the statistical quality
of the experimental results was acceptable prior to evalu-
ation of the model.

The regression coefficient equation obtained showed
that the value of coefficient determination (R%) was 0.8999,
indicating that 89.99% of the variability in the response
could be explained by the model.

Considering TSS content indicates the ripening of fruits,
lower values are desirable to slow this process down. Thus,
Fig. 1a demonstrated that TSS declined with the increase in
polymers concentrations. A decrease in TSS was also
observed with a decrease in the pectin concentration and an
increase in the alginate concentration. Therefore, different
concentrations of polymers change the TSS, and based on
these results, additional formulations of film-forming
solutions were prepared. In the first case, alginate con-
centration was set at 2% and pectin concentration was
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d of storage at 8§ = 1 °C (c—uncoated mangoes; d—mangoes coated
with 2% (w/v) alginate, 3% (w/v) pectin and 5.5% (w/v) glycerol)

established at 3% (point + o of the experimental plan-
ning), and in the second case pectin concentration was set
at 0.5% and the concentration of alginate was established at
3% (point + o of the experimental planning), with and
without glycerol. In both cases, the glycerol concentration
was 5.5% (w/v), concentration at the central point of the
experimental planning.

According to the second-order polynomial model, the
significant term for variable glycerol (C) has a negative
value, which means that higher levels of glycerol induce
lower TSS values. However, the coefficient assumes a
value close to zero (— 0.06). For this reason, the variable
glycerol was fixed at the central point of the experimental
planning. It was also observed that for values of glycerol
concentration at levels + 1 (8.17%) and + o (10%), the
films formed are not homogeneous.

The addition of organic acids, such as ascorbic acid
(AA), to food increases the proton concentration, thereby
lowering the pH. Similar behavior was observed when
malic acid was applied to mango slices using combined
treatments of pulsed light and edible coating, resulting in a
reduction of the natural pH of mango (Salinas-Roca et al.
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2016). According to Ramos-Villarroel et al. (2011), the
production of CO, and its dissolution in the water of the
cellular tissues can cause acidification of the cytoplasm and
consequently decrease the pH.

A previous study demonstrated that when minimally
processed mangoes were treated with calcium chloride,
ascorbic acid and citric acid, and then immersed in film
forming solutions of alginate and pectin, the best results
were obtained with coatings using ascorbic acid, which
showed improved color retention after 14 d of storage at
8 °C (data not shown). According to Robles-Sanchez et al.
(2013), tissue browning is one of the main problems in
freshly cut mango during storage, which limits the shelf-
life of freshly cut cubes.

Ascorbic acid is a substance generally recognized as
safe (GRAS) and is approved by the U.S. Food and Drug
Administration (FDA) for use as a food additive in human
diets because of its antioxidant potential. AA has long been
used as an antibrowning agent in the processing of fruits
and vegetables because of its ability to control polyphenol
oxidase (PPO) enzyme activity by reduction of o-quinones,
produced by PPO-catalysed oxidation of polyphenols, back
to dihydroxy polyphenols (Jang and Moon 2011).

Tapia et al. (2008) studied a formulation of alginate and
gellan-based edible coatings for freshly cut papaya pieces
and observed that the addition of ascorbic acid as an
antioxidant in the coatings improved the water vapor
resistance of the polysaccharide coatings when combined
with 1% w/v glycerol. The authors reported that AA can be
used to control the penetration of oxygen into the edible
coatings, which contributes to protection against oxidative
reactions. However, AA alone is not effective in control-
ling browning since it is oxidized to dehydroascorbic acid
producing o-quinones which lead to brown pigment for-
mation (Rojas-Graii et al. 2006). Thus, the use of AA
combined with other treatments such as ultrasound (Jang
and Moon 2011), edible coatings (Robles-Sanchez et al.
2013), ethanol (Yan et al. 2017) and a low-oxygen atmo-
sphere (Teixeira et al. 2008) are recommended.

Fruits from the control group presented an increase in
the titratable acidity (TA) content, reaching higher values
when compared to fruits coated with edible coatings during
storage (Fig. 2b). For edible coatings of 3A0.5P1, 3A0.5P2
and 2A3P1, TA content increased until the eighth day of
storage, and no significant differences (p < 0.05) were
found in TA for all treatments on the same day. TA values
remained stable after 16 d of storage for coated samples,
except for the coating containing 2% alginate and 3%
pectin (2A3P2), where the TA value increased significantly
from 16.3 to 19.6%.

The observed increase in titratable acidity—TA content
does not corroborate previous studies about the TA decline
with mangoes ripening (Medeiros et al. 2012; Islam et al.

2013). According to Sadler and Murphy (1998), acids in
fruit tend to decrease with fruit maturity as sugar content
increases. The decline in acidity could be due to the sus-
ceptibility of citric acid (a major acid in mango) to
oxidative destruction by the ripening process (Aina 1990),
by starch hydrolysis leading to an increase in total sugars
(Fuchs et al. 1980), or due to utilization of organic acids as
respiratory substrates or converted to sugars (Appiah and
Patrick 2011). However, according to the results presented
here, the incorporation of AA contributed to the increase in
TA during storage, being observed (as expected) an inverse
relationship between titratable acidity and pH. The incor-
poration of AA into the coating matrix reduced browning
compared to the use of the antioxidant alone.

The total soluble solids (TSS) content of minimally
processed mangoes during storage is shown in Fig. 2c.
Control samples demonstrated a significant (p < 0.05)
increase in TSS throughout the experiment and for samples
3A0.5P1 and 3A0.5P2 a gradual increase in TSS values
was detected during storage. In sample 2A3P2, there was a
slight increase in the TSS content at the beginning of the
storage period and a steady state was reached by the six-
teenth day of storage. On the other hand, the content of
TSS remained stable throughout the entire storage period.

In general, the total soluble solid content represents the
ripening process and tends to increase due to the degra-
dation of polysaccharides and/or water loss, concentrating
the solutes in the fruit tissue (Medeiros et al. 2012). The
TSS content during the storage period under refrigeration
(8 £ 1 °C) increased significantly in the uncoated man-
goes, while the TSS of coated mangoes remained relatively
stable during the total experimental period. These results
suggest that the edible coatings promote a reduction in fruit
metabolism, consequently extending the ripening period.

Similar results have been reported by Medeiros et al.
(2012) in development of a nanomultilayer coating of
pectin and chitosan in ‘Tommy Atkins’ mango. Authors
observed that the TSS of coated mangoes remained rela-
tively stable over forty-five days of storage. Salinas Roca
et al. (2016) evaluated the combination of pulsed light
(PL), alginate coating and malic acid on the reduction of
Listeria innocua population and physicochemical parame-
ters of mango slices over refrigerated storage, and reported
significantly lower values of TSS for treated mango slices
compared to untreated samples.

Considering the results in terms of the evaluated
parameters, the coating formulation 2A3P1 (2% (w/v)
alginate, 3% (w/v) pectin, 5.5% (w/v) glycerol) was
selected as most capable of slowing the senescence of
minimally processed mangoes stored at 8 °C for sixteen
days. Moreover, this formulation was easy-to-handle and
showed perfect adhesion to the mangoes slices, while
higher alginate concentrations caused a very thick coating.
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The presence of glycerol as a plasticizer agent modified the
structure of polymer chains, decreasing the intermolecular
bonding forces and thus increasing the flexibility and
extensibility of the polymer matrix (Espitia et al. 2014).

Conclusion

When minimally processed ‘Espada’ mangoes were treated
with ascorbic acid as an antioxidant and coated with algi-
nate and pectin-based edible coatings with the addition of
glycerol as a plasticizer, the formulation of 2% (w/v)
alginate, 3% (w/v) pectin and 5.5% (w/v) glycerol) was
selected as the most suitable for extending shelf-life and
maintaining the quality of freshly cut fruit when stored at
8 £+ 1 °C for sixteen days.
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