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In this study, chitosan-based coating was used in tangerines in a 30-day storage period, at controlled
temperature of 10°C. The selected fruits presented green surface (£ 90%); they were sanitized in
chlorinated water (100 mg/L) then immersed in chitosan solutions at chitosan concentrations of 0.5
g/100 ml (T2), 1 g/100 ml (T3), and 2 g/100 ml (T4) and a lot was placed aside as control treatment (T1).
Tangerines were evaluated in terms of loss of mass, skin color, soluble solids, vitamin C, and titratable
acidity in a 30-day storage period and weight loss kinetics was evaluated through mathematical models.
The results showed that chitosan coating was effective in delaying weight loss of tangerines and the
mathematical models used in the evaluation could properly explain the weight loss. The polynomial
model showed better adaptation to experimental data. Tangerines with higher chitosan concentration
showed small color alteration during storage. Chitosan-based coatings were effective in keeping
soluble solids, vitamin C, and titratable acidity during storage. In all physicochemical characteristics
analyzed, chitosan-based coating in tangerines were superior when compared with control fruits.
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INTRODUCTION

Brazil is one of the largest citrus producers in the world, Citrus fruits are consumed all year long, in natura, or in
producing more than 128,000 tons a year (FAO, 2012). the form of processed juice, compote and jelly (Rodrigo
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et al., 2013); however, they are perishable products and
tend to postharvest degradation and reduced quality due
to their physical aspects, such as loss of mass, and their
chemical characteristics, like vitamin C (Mannheim and
Soffer, 1996). The quality of citrus fruits is extremely
important for marketing reasons, either for in natura
consumption or industrial processing. The quality
characteristics refer to citrus aspect, taste, smell, texture,
and nutritive value. Recently, due to people’s increasing
concern about human health and environmental
protection issues, a growing interest has been seen in the
development of biodegradable edible natural coatings to
keep postharvest quality of fruits and vegetables (Arnon
et al., 2014). In general, edible natural coatings
comprised polysaccharides, proteins or lipids, or several
compounds (Valencia-Chamorro et al., 2010; Dhall,
2013).

Amariz et al. (2010) and Silva et al. (2011) observed
that edible coatings are an alternative to extend the shelf
life of fruits and vegetables and they are nontoxic,
preserve product quality, delaying deterioration, as they
regulate metabolic activity, improving the appearance of
stored fruits and ensuring brightness as an attractive
factor for consumers.

Chitosan, a cationic polysaccharide of high molecular
weight, obtained by deacetylation of chitin, extracted from
the exoskeleton of crustaceans, fungi, and insects, and
has innumerous agricultural and horticultural applications,
due to its excellent ability to create an antimicrobial and
antifungal film with biocompatibility, biodegradability and
nontoxicity to human beings (Muzzarelli et al., 2012).

Chitosan creates a semipermeable film that regulates
gas exchange, reducing transpiration, and consequently,
ripening (Baustista-Barfios et al., 2006). This coating has
antimicrobial properties (Dutta et al., 2009) and studies
showed that chitosan can control or delay postharvest
deterioration of fruits and vegetables. Han et al. (2004)
extend the shelf life of strawberries, Romanazzi et al.
(2003) inhibited the deterioration of cherries with chitosan
and Joas et al. (2005) delayed litchi pericarp browning.
Storing products at low temperatures is one of the main
techniques used to extend the shelf life of fresh fruits and
vegetables and reduce the decomposition and respiration
processes (Zahid et al., 2013). Coatings combined with
controlled temperature may extend the shelf life of fresh
products, keeping the nutrition and sensory properties
(Hancock et al., 2008; Cantin et al., 2011, 2012).

Based on the aforementioned considerations, the
purpose of this study was to study the effect of different
concentrations of chitosan on postharvest tangerines,
associated with low storage temperature, to evaluate the
physicochemical characteristics and the kinetic
parameters of weight loss.

MATERIALS AND METHODS

The study was conducted in the Fruit & Vegetable Laboratory from

the Food Engineering Sector of the IFGoiano —Rio Verde Campus.
The study used tangerines (Citrus deliciosa Tenore) of green
surface (£90%) harvested manually in a rural property located in the
region of Rio Verde — GO. The study was realized in May of 2014.
The fruits were rinsed with running water, satinized with a solution
of sodium hypochlorite at 100 mg/L for 15 min and dried with hand
tissue. Then, they were separated in four groups: tangerines
without any coating (control treatment (T1)), tangerines coated with
a chitosan solution at 0.5 g/100 ml (T2), tangerines coated with a
chitosan solution at 1 g/100 ml (T3) and tangerines coated with a
chitosan solution at 2 g/100 ml (T4).

Preparation of chitosan-based solutions

For preparation of the filmogenic solution, the following proportions
of chitosan were used (formulation 1 L): 5 g (T2); 10 g (T3) and 20
g (T4). First, the chitosan was solubilized in glacial acetic acid and
water, with pH adjusted to 4 with sodium 0.1 mol/L hydroxide, and
800 ml of distilled water and 50 ml of acetic acid. The formulations
were homogenized in a blender for 30 s until chitosan gelation.
After the preparation, the tangerines were immersed in different
solutions (£ 1 min) and placed on hollow metallic grilles until they
dried naturally, creating chitosan biofilms.

Then, the fruits were placed on Styrofoam trays to be stored in
BOD TECNAL TE — 371, at controlled temperature of 10 + 0.1°C for
30 days, with analyses conducted every 10 days during the 30-day
storage period.

Physical analysis

For the evaluation of physical characteristics of tangerines, the fruit
dirt was eliminated with a hand tissue. Length (mm) and equatorial
diameter (mm) were measured with a Digimess digital caliper. The
(L/D) ratio (length/diameter) was calculated. Volume was
determined with fruit immersion in a grade polypropylene jar with
distilled water, by recording the amount of fluid displaced (ml). Fruit
weight was determined using an analytical scale of three decimal
places and the results were expressed in grams (g). A lot of 100
fruits were used to produce the physical analyses.

To determine the weight loss of tangerines, three repetitions
were performed for every treatment and every repetition contained
five fruits. Fruit weight was conducted with one CELTC FA 2104
Manalytical scale, with results expressed in grams. The same fruits
were evaluated for weight loss during the 30-day storage period.

The experimental data of weight loss were adjusted to frequently
used mathematical models to represent the water loss of tangerines
(Table 1).

The colorimetric evaluation was conducted in a Hunter Lab
colorimeter, Color Quest Il model, in the Fruit & Vegetable
Laboratory from the Food Engineering Sector of the IF Goiano —Rio
Verde Campus (Hunterlab, 1998), and the values of luminosity L*
index and chroma a* and b* indexes were recorded. The results
were expressed in values L*, a* and b*, where L* (luminosity or
brightness) values range from black (0) to white (100), a* values
range from green (-60) to red (+60) and b* values range from blue
(-60) to yellow (+60).

Chemical analysis

During storage, the tangerines were evaluated for the following
chemical characteristics: total acidity was determined according to
methodology n° 942.15 described by AOAC (1997), through titration
with NaOH 0.1 M, and the results were expressed in g of total
acid/100 ml; soluble solids were determined through direct reading
in one Atago N-2 E refractometer, according to the methodology n°
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Table 1. Mathematical models used to represent the weight loss (WL) of agricultural

products.
Model Model description
Newton PM=exp(-k-t)
Linear PM=k-t
Midilli PM=a-exp(-k-t)y+b-t
Logarithm PM=a-exp(-k-t)+c
Handerson and Pabis PM=a-exp(-k-t)
Two terms PM=a-exp (kO-t)+b-exp (k1-t)
Polynomial PM=KkO +kl-t+k2-t2 + k3 :t3

t: Storage time (days); k, ko, ki, ko, ks: constants of models, days™; and a, b, ¢, n :

coefficients of models.

Table 2. Mean values of equatorial diameter, length, length/equatorial diameter ratio, (L/D), weight and volume of tangerines

(Citrus deliciosa Tenore) during May of 2014.

Physical parameter

Statistical parameter

Equatorial diameter (cm) Length (cm) L/D ratio Weight (g) Volume (cm?)
Maximums 8.63 8.69 1.20 260.00 336.54
Minimums 6.04 5.33 0.80 113.86 115.37
Mean 7.33 6.74 1.09 180.41 211.32
Variation coefficient (%) 8.52 11.38 6.33 16.73 25.56
Standard deviation 0.62 0.77 0.07 30.19 54.01

983.17 described by AOAC (1999), and the results were expressed
in brix; the vitamin C content was determined according to
methodology n° 939.13 and 966.18 described by AOAC (1999),
through titration with potassium iodide, and the results were
expressed in mg of vitamin C/100 ml of juice.

Statistical analysis

The study used a completely randomized design, in a factorial
scheme of 4 x 3 x 4, using four treatments (control — no chitosan
coating; tangerines coated with chitosan at 0.5 g/100 ml; 1.0 g/100
ml and 2.0 g/100 ml), three temperatures (10, 20 and 30°C) and
four storage times (0, 10, 20 and 30 days). The models were
selected according to the coefficient of determination and its
significance using the F test.

Kinetic data of weight loss were adjusted to mathematical models
through a non-linear regression analysis using the Gauss-Newton
method, with the help of statistical software. The models were
selected considering the magnitude of the coefficient of
determination (R?), chi-square test (x?) and standard error of the
estimate (SE), according to Equations 5 and 6:

Ty _ 2

=20
(v -9

(6)SE= |— 2
N GLR

Where Y is the value observed in the experiment; Y is the value
estimated using the model; GLR is the degrees of freedom in the
model (number of experimental observations minus the number of
coefficients in the model).

RESULTS AND DISCUSSION
Physical parameters

Table 2 shows the results of equatorial diameter, length,
length/equatorial diameter ratio, weight and volume of
tangerines.

The mean values of equatorial diameter and length of
tangerines and the relation between these parameters
showed the fruits presented a round shape. Tangerines
(Citrus deliciosa Tenore) morphologically present a less
pronounced peduncle, a characteristic of this type of fruit.
Studies evaluating these physical parameters in
tangerines have not been conducted. The mean weights
of tangerines in this study were higher than the average
weight of 212.86 g of Ponkan tangerine cultivated in
Western Paran& (Detoni et al., 2009).

Kinetic parameters

Table 3 shows the values of R? SE, and yx°. When
analyzing coefficient determination R? the polynomial
model obtained the highest values for all treatments and
the Newton model presented the Ilowest values.
According to Doymaz (2012), calculating the coefficient of
determination is one of the main criteria to select the
model that better adjusts to the drying process; however,
besides R?, parameters SE and y? are used to determine
the adjustment quality. Togrul and Aslan (2004), working
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Table 3. Mean values of the coefficient of determination (R2), an estimate of standard deviation
(SE) and 2 for mathematical models of mass loss coated tangerines.

Model R (%) SE (decimal) %2
T1 (0.0%)

Newton 92.61 0.98 1.42
Linear 98.74 0.53 0.43
Midilli 98.74 2.01 4.03
Logaritmo 99.60 0.42 0.19
Handerson and Pabis 98.23 0.52 0.45
Dois Termos 99.98 0.09 0.01
Polinomial 99.99 1.91x10™ 3.83x107%®
T2 (0.5%)

Newton 88.76 1.12 1.69
Linear 99.76 0.24 0.08
Midilli 99.93 1.85 3.47
Logaritmo 99.85 1.82 3.33
Handerson and Pabis 97.17 1.63 3.33
Dois Termos 99.99 1.85 3.51
Polinomial 92.56 1.57 4.15
T3 (1.0%)

Newton 91.75 211 7.32
Linear 99.29 1.96 3.86
Midilli 99.30 1.98 3.94
Logaritmo 99.91 2.04 4.33
Handerson and Pabis 98.05 1.86 4.46
Dois Termos 99.90 2.04 4.32
Polinomial 99.99 2.07 4.49
T4 (2.0%)

Newton 87.50 1.54 3.71
Linear 99.96 1.51 2.27
Midilli 99.99 1.51 2.27
Logaritmo 99.97 1.50 2.24
Handerson and Pabis 96.27 1.31 2.13
Dois Termos 99.97 1.50 2.24
Polinomial 99.99 1.51 2.28

Table 4. Polynomial model adjusted to experimental data of weight loss of
tangerines during storage.

Treatment Polynomial model

T1 PM = 0.000 + 1.247t — 0.055t2 + 0.001t3

T2 PM = 0.000 +1.065t — 0.031t2 + 0.001t3

T3 PM = 0.000 + 0.954t — 0.023t2 + 0.001t3

T4 PM = 0.000 + 0.810t — 0.013t2 + 0.001t3
with carboxymethylcellulose-coated tangerines, reported Table 4 shows the polynomial equations with constants
the polynomial model as the most suitable option to obtained for the weight loss process of tangerines.

represent the weight loss of these fruits. Constant “k” is related to the water loss rate during
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Figure 1. Weight loss variation in relation to different coatings adjusted with the polynomial model.

storage processes, and the coatings, as a barrier against
water loss, influenced “k” values. Data shows constant “k”
is reduced in absolute values as chitosan concentrations
increase in fruits, which is expected, as larger
concentrations of coatings lead to lower water transfer to
the environment.

Weight loss parameters

Figure 1 shows the behavior of weight loss along the
storage time of tangerines coated with different chitosan
concentrations, adjusted through the polynomial model.
The weight loss analysis shows the coating was effective
in delaying weight loss of tangerines. The positive effects
of coatings on fruits include improved aspect and lower
weight loss. Machado et al. (2012) report a highly
significant interaction between coatings and storage time
of fruits, reducing the weight loss of fruits. Shi et al.
(2013), when evaluating the effect of coatings on
postharvest longan fruits, confirm that coatings
significantly reduce the weight loss of fruits.

The mathematical models describe weight loss in
relation to storage time. The experimental data from this
study are closely related to data estimated with the
polynomial model, which indicates the model adequacy
for the weight loss description of coated and non-coated
fruits.

Mathematical models have not been widely used to
explain the weight loss of fruits during storage, however,
these models can efficiently explain the process and they
may be used more frequently, as they present reliable
results.

Color parameters

Color is one of the most influent attributes for consumers.
Chlorophyll pigments are responsible for the green color
of many fruits, including tangerines. When analyzing
Figure 2, coatings caused small alteration to fruit color.
On the first 10 days, the variations were small in all color
parameters, increasing only after day 10.

Delay in color change may be attributed to low
respiration and reduced ethylene, leading to a modified
fruit atmosphere (Ali et al., 2011). Chitosan coating
creates a semipermeable film, delaying ripening and
senescence, and then, inhibiting color alteration (Han et
al., 2014).

In the beginning of the storage period, the skin color of
fruits was greener, and at the end of the storage period,
the skin color was yellowish for the fruits with lower
chitosan concentrations and control fruits, with increased
parameter L for these fruits; therefore, increased
luminosity is associated with yellow skin (Vale et al.,
2006). The progress observed in b* values indicates the
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Figure 2. Luminosity (L*), green intensity (-a*), yellow intensity (+b*) and chroma of fruit skin for tangerines coated with chitosan-

based biofilm, stored in BOD at 10°C.

fruits indicated the coating can preserve fruit color for
more time, inhibiting chlorophyll degradation. Likewise,
the chitosan effect as a coating delayed color alterations
in guavas (Hong et al., 2012).

Soluble solids parameters

Figure 3 shows the alterations to the content of soluble
solids, vitamin C and titratable acidity. In non-climacteric
fruits, like tangerines, chemical variations are not very
significant, as after the harvest, these fruits do not
present considerable alterations, either in the content of
soluble solids, vitamin C or acidity.

The content of soluble solids is an important internal
quality parameter for fruits, and, according to data from
this study, variations were not considerable in such

parameter in all treatments, with a small increase along
the storage period, indicating that coatings did not
present significant influence. Holland (1998), when
studying citrus tolerance to low temperatures, mentioned
that a sugar buildup occurs in both juice and flavedo of
the fruit, but sugar progress is distinct in both fruit parts;
in juice, sucrose buildup is greater, while the contents of
fructose and glucose are smaller.

According to Chitarra and Chitarra (2005), ascorbic
acid is an antioxidant compound synthesized by fruits
and vegetables in different quantities, according to the
species, cultivar, environmental and nutritional factors
and degree of maturation. Then, the level of vitamin C
tends to fall as the fruit ripens, due to a direct action of
ascorbic acid oxidase enzyme (ascorbinase), oxidation
and consequent change of ascorbic acid into 2,3-
dicetogulonicacid. In this study, the coatings led to
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Figure 3. Soluble solids, vitamin C and total titratable acidity
for tangerines coated with chitosan-based biofilm, stored in
BOD at 10°C.

increased content of vitamin C, possibly because the
coating reduces the gas exchange rate with the
environment, inhibiting the ascorbic acid exposure to O,
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and concentrating it in the fruit. Han et al. (2014) reported
delayed degradation of vitamin C in chitosan-coated luffa
fruits (Luffa cylindrica).

Total titratable acidity parameters

Regarding total titratable acidity in fruits with chitosan
concentrations of 1 g/100 ml and 2 g/100 ml, a reduction
was observed in this parameter and in fruits with 0.5
g/100 ml and control fruits, an increase in acidity was
seen. Scalon et al. (2012) explained the compounds
responsible for acidity (organic acids) in fruits release
hydrogen ions, contributing to increased acidity, and
showing the senescence stage progress. However, in
fruits with greater chitosan concentrations, peaks of
acidity were observed between days 10 and 20, and
reducing again to the initial level. This variation may be
explained by the fruit variability; however, this tendency
suggests delayed senescence of tangerines due to
chitosan coatings.

Conclusion

Coatings are a simple and inexpensive way to significantly
extend the shelf life of fruits. The mathematical models
are effective in explaining the weight loss of fruits, with
the coatings presenting a positive effect on delayed
weight loss of fruits. Chitosan-based coating at the
concentrations of 1 and 2 g/100 ml were efficient in
delaying the yellow color of tangerines, which is the main
indication of fruit ripening. Regarding the chemical
parameters, coatings also ensured better maintenance in
relation to soluble solids, vitamin C, and total titratable
acidity, showing the positive effect of coatings.
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