* UNIVERSIDAD
* NACIONAL
 DE COLOMBIA

SEDE MEDELLIN
FACULTAD DE MINAS

DYNA

http://dyna.medellin.unal.edu.co/

Conservation of "Paluma" guavas coated with cassava starch and pectin

Anny Karoline Rocha Quirino  Josenara Daiane de Souza Costa # Acacio Figueiredo Neto ?, Marylia de Sousa Costa b
& Carolina Maria Sanchez-Saenz ©

2Faculty of Agricultural Engineering. Universidade Federal do Vale de S&o Francisco, Petrolina-PE, Brasil. karoline_rochaquirino@hotmail.com,
josenara.costa@gmail.com, acacio.figueiredo@univasf.edu.br
® Instituto Federal de Educago Tecnoldgica, Petrolina-PE, Brasil. marylia.sousacosta@gmail.com
¢ Faculty of Engineering, Universidad Nacional de Colombia, Bogota D.C., Colombia. cmsanchezs@unal.edu.co

Received: March 22", 2017. Received in revised form: October 13%, 2017. Accepted: January 31", 2018.

Abstract

This study was to evaluate the post-harvest conservation of "Paluma" guavas coated with cassava starch and pectin. The selected and
disinfected fruit samples were coated with cassava starch or pectin at concentrations of 0 (control), 2, 4 and 6%. Then, fruits were stored
at room temperature (25 £ 1.0°C) for 12 days. Every three days, evaluations of mass loss, length, diameter, color of peel and pulp, pulp
firmness, total soluble solids, pH and vitamin C content were held. The experiment was completely randomized in a 4 x 5 factorial design
with four concentrations of the solutions and five storage periods with three replications. The results showed that cassava starch and pectin-
based coatings can be an alternative for maintaining the post-harvest quality of "Paluma" guavas. Concentrations of 4 and 6% of both types
of coating provided good results regarding the retention of some attributes. The cassava starch kept the fruits brighter compared to fruits
coated with pectin.
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Conservacion de las guayabas “Paluma” recubiertas con almidén de
yuca y pectina

Resumen

Este estudio evalud la conservacion post-cosecha de guayabas "Paluma” recubiertas con almidon de yuca y pectina. Las muestras de frutos
seleccionadas y desinfectadas, fueron recubiertas con almidén de yuca o pectina a concentraciones de 0 (control), 2, 4 y 6%. Los frutos se
almacenaron a 25 + 1,0 ° C durante 12 dias. Cada tres dias se realizaron evaluaciones de pérdida de masa, longitud, diametro, color de piel
y pulpa, firmeza de pulpa, sélidos solubles totales, pH y contenido de vitamina C. El experimento fue completamente al azar en un disefio
factorial 4 x 5 con cuatro concentraciones de las soluciones y cinco periodos de almacenamiento con tres repeticiones. Los resultados
mostraron que los revestimientos a base de almiddn de yuca y pectina pueden ser una alternativa para mantener la calidad post-cosecha de
las guayabas "Paluma". Las concentraciones de 4 y 6% de ambos tipos de revestimiento proporcionaron buenos resultados con respecto a
la retencion de algunos atributos. EI almiddn de yuca mantuvo las frutas mas brillantes en comparacion con las frutas cubiertas con pectina.

Palabras clave: recubrimientos comestibles; propiedades de las frutas; Psidium guajava L.; madurez; almacenamiento.

1. Introduction in the world, with a yield of 316,363 tonnes in 2012,

surpassed only by India and Pakistan [3]. 70% of guava trees

Guava (Psidium guajava L.) is one of the most popular
tropical fruits grown and consumed in the world [1]. The
guava tree is distributed in tropical and sub-tropical regions
because of its adaptation to different climates and its easy
propagation [2]. Brazil is the third largest producer of guava

grown in Brazil are "Paluma" [4]. Guava is among the
leading fruit tree species commercially exploited in irrigated
areas of the Brazilian Northeastern region. The fruit can be
eaten in natura and used for the production of juices, jams
and conserves.
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Guava is a climacteric fruit with an increased respiration
and ethylene synthesis associated with ripening [5]. It tends
to increase the rate of transpiration and weight loss, reducing
its lifespan after harvest. It is important to use techniques to
reduce this accelerated metabolism in order to extend its shelf
period. Post-harvest techniques have been advancing in
recent years. Such progress has been very important since
there is a 35% loss of fruits in Brazil [6].

In recent years, researchers have tried to develop coatings
and edible film formulations that are applied to the surface of
fruits and vegetables. Such coatings have a great potential to
improve and maintain the quality of food, allowing a safe
food and increasing their post-harvest lifespan [7]. The
application coating in fruits has been growing in the market
as an alternative to plastic packaging, helping to reduce
environmental impacts [8]. In their review [9], noted that the
use of edible coatings slowed the deterioration of fruits and
vegetables due to the reduction of the metabolic activity,
providing a better appearance and brightness, which are
important parameters for the consumer.

According to [2], the compounds most used in the
preparation of edible coatings are polysaccharides (starch,
cellulose and its derivatives, pectin, carrageenan and
alginate), proteins (myofibrillar proteins, gelatin, casein,
gluten wheat, zein and ovalbumin) and lipids (acetylated
monoglycerides, stearic acid, waxes and fatty acid esters).

Several types of coatings have been used in guava to
reduce weight loss and increase fruit shelf life. Among them,
there are cassava starch [10], chitosan [11] and carnauba wax
[12]. Cassava starch presents characteristics which are
satisfactory for its use as a coating. It is biodegradable,
edible, easy to use and low cost. However, there is little
information on coating application in guavas based on pectin
[13]. The objective of this study was to evaluate the post-
harvest conservation of "Paluma" guavas using coating based
on cassava starch and pectin.

2. Material and Methods

The fruits samples were harvested at an experimental
orchard of the Fazenda Special Fruit Importacdo e
Exportacédo Ltda., located in the city of Juazeiro, Bahia State.
The climate of the region is BSwh, according to the Kdppen
classification. The geographical coordinates are 9°24'45.85"
S and 40°30'53.51" W. The altitude is 374 m. The location is
part of the Lower Basin of the Sdo Francisco Valley. The
study evaluated the production phase from July to December
2015.

Data relating to climate variables were collected at the
meteorological station of Embrapa during the experiment.
This results are shown in Table 1.

The fruits samples were taken to the Agricultural
Products Storage Laboratory of the Federal University of
S&o Francisco Valley. They were selected according to
peel color, absence of mechanical and physiological
injuries and size uniformity. Then, they were washed
under running water, sanitized with a sodium hypochlorite
solution at 1% for 10 min and placed for drying at room
temperature at 25 + 3°C.

Table 1.
Average temperature, relative humidity, monthly rainfall (Rf), solar
radiation and sunshine hours from July to December 2015.

Temperature Relative Monthly  Solar  Sunshine
Months (F"’C) Humidity Rainfall Radiation  hours
(%) (mm)  (ly/day) (hours)
July 24.6 64.93 2 461 7
August 24.3 63.98 2 501 8.1
September 26.4 57.11 0 558 9.5
October 21.7 56.36 0 623 9.7
November 28.4 60.57 10 531 6.7
December 28.3 54.59 12 594 7.6
Average 26.6 59.5 - 544.,6 8.1

Source: Authors

Batches with twenty fruits were separated per treatment.
They were immersed in the solutions for one minute and then
placed in trays to dry at room temperature at 25 + 3°C.
Cassava starch solutions were obtained by gelation of starch
in water heated at 70°C under constant stirring for 15 min,
according to [14]. Pectin solutions were homogenized in a
blender for 30 seconds until gelation as was proposed by [15].

Physical and physical-chemical evaluations of the fruits
were performed every three days over a period of twelve days
of storage at 25 + 3°C and 68 + 4% RH (environmental
conditions). The characteristics of weight loss, fruit firmness,
peel color, total soluble solids (TSS), hydrogen potential
(pH) and vitamin content C were analyzed.

Mass loss (%) was determined with a semi-analytic
balance with a precision of 0.01 g. Fruit firmness was
determined with a digital penetrometer (PTR 300) with a tip
diameter of 8 mm, with a penetration of 6 mm. One reading
was performed per fruit in the middle region and the results
were expressed in Newtons (N).

To evaluate the color of the peel, a portable digital
colorimeter Konica Minolta DP-400 was used, and the
changes were quantified according to the three-dimensional
system Cielab using three coordinates: L*, a* and b*, which
indicates brightness (L*) and red (a*), green (-a*), yellow
(b*) and blue hues (-b*) respectively,

Total soluble solids (TSS) were determined with direct
reading by using a digital refractometer (Invert Sugar
Refractometer HI 96804) and the results were expressed in
°Brix. The hydrogenionic potential (pH) was determined
with a benchtop pH meter (Hanna HI 221) according to
techniques recommended by [16]. The vitamin C content was
determined by titration with a Tillmans solution [16] and the
results were expressed in mg of ascorbic acid.100 g-1 present
in its pulp.

The experimental design was completely randomized
arranged in a 4 x 5 factorial design consisting of four starch
solution or pectin concentrations (0, 2, 4 and 6%) and five
storage periods (0, 3, 6, 9 and 12 days), with four replications,
each consisting of one different fruit. The results were
submitted to analysis of variance and the means were
compared by Tukey test at 5% probability, using the
statistical software Assistat version 7.7 beta [17].
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3. Results and Discussion

During the 12 experiment days there was an increasing loss
of mass during storage periods in all treatments, for fruits coated
with both cassava starch and pectin solutions (Fig. 1). These
results also were observed by [18] for guavas stored under an
atmosphere madified by chitosan, gelatin or PVC.

Mass losses were higher in fruits with control treatment
(30%). Fruits coated with pectin showed less weight loss
compared to those coated with cassava starch. Among the
concentrations that were more effective in retarding weight loss
during storage, the best concentrations were 2 and 6% for fruits
coated with starch and 4 and 6% for fruits coated with pectin. The
starch was more efficient in a lower percentage, and there was no
difference for the percentage of 6%. It was observed that the loss
of water presented a similar behavior between the treatments.

According to [19], fruits coated with polysaccharide-based
films tend to retard the loss of mass because the gel applied on
the fruit loses moisture before the coated food is dried. [20] also
observed that increased coating concentration in the case of
chitosan provided an additional benefit in controlling the loss of
mass of 'Paluma’ guava fruits, with the lowest values for 3% of
chitosan, suggesting an advantageous effect of coating as a
barrier to slow the loss of fruit water by perspiration.

Cassava starch coating at 1, 2 and 3% on papayas, did not
observe significant decreases in mass loss [21]. In accordance
with this work, [22] reported that the use of hydrophilic coatings,
such as starch, has limitations due to water vapor barrier
properties.
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Figure 1. Mass loss (%) of "Paluma" guavas coated with cassava starch (A)
and pectin (B) at concentrations of 0 (control), 2, 4 and 6% in function of
storage time at room temperature at 25 + 3°C.

Source: Authors

Table 2.

Influence of the interaction coating (cassava starch and pectin) x
concentration (0, 2, 4 and 6%) on brightness (L*), intensity of red/green (a*)
and intensity of yellow (b*) of peels of “Paluma” guavas stored at room
temperature.

Concentration (%)

Treatments  Parameter

0 2 4 6
Cassava
starch (L) 56,52 aA 5525aA  54,21aAB 52,51 aB
Pectin 57,09aA 52,53bB  52,85aB  54,27aB
C.V.=5,65% SMDcolumns = 1,923 SMDlines = 2,5347
Treatments  Parameter Concentration (%)

0 2 4 6
Cassava

-454aA  -697aB -11,5aC -11,94 bC

starch @®)
Pectin -44aA  -12,01bB  -12,95bB -5,7 aA
C.V.=11,69% SMDcolumns = 1,12 SMDlines =1,47
Treatments  Parameter Concentration (%)

0 2 4 6
Cassava 37,82aA 36,75aA  33,98aB 33,10aB
starch (b*) ' ' ' '
Pectin 37,80aA 33,83bB  32,17bBC  31,70bC
C.V.=581% SMDcolumns = 1,25 SMDlines =1,66

CV: Coefficient of variation; SMD: Significant minimum deviation. Means
followed by the same lowercase letter in columns and upper case letter in
lines do not differ by Tukey test at 5% probability.

Source: Authors

According to the mean comparison test (Table 2), the use
of cassava starch coating at concentrations of 2, 4 and 6%
was not able to increase brightness values (L*) compared to
the control (0%). For fruits coated with pectin, the control
(0%) also maintained the highest L* value and fruits
coated at concentrations of 2, 4 and 6% of pectin were
not statistically different from each other. Comparing the
types of coating, cassava starch kept the fruits brighter
compared to fruits coated with pectin.

For the a* factor (intensity of green), it was observed
that fruits coated with cassava starch at higher
concentrations (4 and 6%) kept the color of peels greener
than the control (0%) and starch at 2%. Fruits coated with
pectin at concentrations of 2 and 4% had greener peels
than the control (0%) and pectin at 6%. A similar result
was found by [15], who noted that tomatoes coated with
2% pectin kept the a* values lower for longer. Among
the coatings, pectin proved to be better than starch to
conserve the intensity of the green color of "Paluma"
guava peels.

For the factor b* (+b*, intensity of yellow), it could
be observed that there was a decrease in b* values with
the increase in the concentration of starch coating,
indicating that fruits coated at 4 and 6% had less
yellowing. However, as fruits did not differ statistically
among themselves, the concentration of 4% of starch
would be most appropriate. On the other hand, for fruits
coated with pectin at higher concentrations also
promoted a delay of peel yellowing compared to the
control (0%), 4% was the best concentration among
pectin concentrations.

Between coatings, pectin proved to be better than
starch to conserve the intensity of the green color of
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"Paluma" guava peels regarding the b* factor. It can be
said that, in coated fruits, the variation of color was less
marked. A similar result was observed by [23], who
stated that the change of color of guavas was less marked

Table 4.

Influence of the interaction concentration of coatings (0, 2, 4 and 6%) x
storage time on brightness (L*), intensity of red/green (a*) and intensity of
yellow (b*) of peels of "Paluma™ guavas stored at room temperature.

Storage time (days)

compared to the control, when fruits were coated with  Treatments 5 3 5 5 o
cassava starch. S350
According to the interaction between coating and 0% 4838aD 58,39aB  63,18aA 6051aAB "
storage period (Table 3), it was observed that coatings oo J8.38C 56.020A8  5L70bEC  5espan 5740

based on starch and pectin showed an increase in the ° oeak o ' ’
factor L* of peels with small fluctuations during storage. 1% (L) 4g38aC 5571aAB  5174bBC  5352bB Z&SZa
According to [24], coating causes a higher gloss on the e a1
surface of fruit peels. The results in this experiment are 6% 48,38aB 57,33aA  47,47cB  56,44bA e
in accordance W|tr_1 researched by [25], who studied -—=v— 5.65% SMDcolumns = 401 SMDlines
cucumber coated with cassava starch, and contrary [26],  _, 56
who studied okra poated \_Nlth gelatin and chloride, and Storage fime (days)
tomatoes coated with pectin. Treatments 0 3 6 9 2
H H _a% n n
;I'heh valuctias for %ret_an mtens;ty (-a*) of Palﬁmad guava % 485D 070:C 44808 31lA 3650
peels showed a steady increase for cassava starch and pectin 2% 1485aC  -104aC  -10.36cB  -BAZB  -343bA
coatings up to 12 days of storage. Fruits coated with pectin .
had a small oscillatior) fr_om the 6th day Of _storage. 4% 14,85aC -13,22bBC  -11,07cAB  -11,65cAB  10,35¢
There was a variation of chromaticity of a* from - (@) A
14.85 to -2.95 for fruits coated with starch, and from - -
14.85 to -7.64 for fruits coated with pectin. The same was 6% -1485C  -1450C  7.19aA  -1081cB 11g5°
reported by [27] upon analyzing guava cv. Cortibel. The -
. - . C.V.= 11,69% SMDcolumns = 4,01 SMDlines =
increase in the values of this parameter shows a loss of " ° ° ! :
the color green of peels over the ripening of fruits. ’ -
Treatments Storage time (days)
0 3 6 9 12
0% 31,22aC  40,06aA  40,66aA  36,69abB 40:7""
Table 3. 38,43ab
Influence of the interaction coating (cassava starch and pectin) x storage time 2% 31,22aC  36,11bAB  33,71bBC  37,00aA ’ A
on brightness (L*), intensity of red/green (a*) and intensity of yellow (b*) (b*) 35.18¢
of peels of "Paluma" guavas stored at room temperature. 4% 31,22aB  33,6bAB  31,22bB 34,17bA 'A
Storage time (days) 36,17bc
Treat t: 0 )
reatments 5 3 5 5 - 6% 312248 3577bA  2332cC 3553DA T
Cassava C.V.=581% SMDcolumns = 2,624 SMDlines
4838aC  5588aA  5355aB 57,91aA  57,39%A
starch ) =2,788
Pectin 48.38C 57.85aB  5353aB 55,26bA  55,90aA CV: Coefficient of variation; SMD: Slg_nlflcant minimum deviation. Mear}s
B followed by the same lowercase letter in columns and upper case letter in
C.V.=5,65% SMDcolumns = 2,15 SMDlines = 3,01 lines do not differ by Tukey test at 5% probability.
Treatments Storage time (days) Source: Authors
0 3 6 9 12
Cassava
starch @ ~LAB%E 186D 870DC 5338 -2.9%A The values for intensity of yellow (+b*) of guava peels
Pectin -1485D  -12,14aC  -0,65aA -855bB  -7,64bB  Showed an increase in the yellow coloration during storage.
CV.=11,69  SMDcolumns = 1,25 SMDlines = 1,75 As the fruit ripens, it is normal for the color to change.
Treatments Storage time (days)
0 3 6 9 12
Cassava
31,22aC 36,80aA 34,60aB  36,62aA  37,89aA
starch
Pectin 31,22aC 35,95aAB  29,85bC  35,08bB  37,29aA
C.V.=5,81% SMDcolumns = 4,01 SMDlines = 4,26

CV: Coefficient of variation; SMD: Significant minimum deviation. Means
followed by the same lowercase letter in columns and upper case letter in
lines do not differ by Tukey test at 5% probability.

Source: Authors
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It is an indication of ripeness. [14] also observed an
increase of +b* values in tomatoes coated with pectin during
storage. According to [28], this increase in yellow coloration
may associated to changes in L* and -a* values.

The mean comparison test (Table 4) indicates that there
was an increase in L*, a* and b* factors for all concentrations
(0, 2, 4 and 6%), over 12 days of storage of "Paluma" guavas
at room temperature. However, until the 9th day the control
kept the highest L* values. The concentrations 4 and 6% kept
the green color (-a*) of guava peels for longer.

For the factor b*, the concentration which slowed the
yellowing of peels was 4%. [29] also noted in his experiment with
guavas a color change of peels from green to yellow. He
attributed this fact to the breakdown of the chlorophyll molecule
structure by the activity of the enzyme chlorophyllase,
confirming what [30] describes the process of fruiting caused by
the activity of the enzyme chlorophyllase in the breakdown of the
chlorophyll molecule. His results were in agreement with our
results for the parameters a* and b*. [31] stored "Pedro Sato"
guavas at 25 + 1°C and 85 + 5% RH and reported that the peel
color changed from green to yellow. [28] also observed this same
behavior during storage period for peppers coated with cassava
starch.

60 0 =002 4004 x0,06
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Figure 2. Firmness (N) of "Paluma" guavas coated with cassava starch (A)
and pectin (B) at concentrations of 0 (control), 2, 4 and 6% in function of
storage time at room temperature.

Source: Authors

Fruit firmness decreased over storage for all the
treatments (Fig. 2). [32] also observed a decrease in the
firmness of "Kumagai" guavas, when were stored at room
temperature. This decrease is associated with enzyme activity
in the metabolism of carbohydrates of the cell wall and loss
of water during the maturation process [33] regardless of the
treatment used.

Fruits coated with pectin kept a firmness higher than
fruits coated with starch. Similar results were found by [34]
for "Dominador" tomatoes coated with pectin, which kept the
firmness better until the 11th day of storage. According to
[22], this may be because pectinate-based films have a good
barrier to oxygen and carbon dioxide in fresh products.

The concentrations 4 and 6% kept fruit firmness in both
coatings for longer.

The total soluble solids (TSS) of fruits increased during
storage regardless of the type of coating (Fig. 3). This can be
attributed to the natural process of fruit ripening [14]. As
guava does not have enough concentration of reserve
carbohydrates, there is the degradation of cell wall
carbohydrates that cause an increase in soluble solids [35,
36].
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Figure 3. Total soluble solids (TSS) of "Paluma" guavas coated with cassava
starch (A) and pectin (B) at concentrations of 0 (control), 2, 4 and 6% in
function of storage time at room temperature.

Source: Authors
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Guavas coated with starch at concentrations 4 and 6%
were able to slow the accumulation of soluble solids
compared to fruits coated at 0 and 2%, which presents a
greater evolution of this attribute. The same result was
described by [10] for "Pedro Sato" guavas coated with
cassava starch (0, 2, 3 and 4%), in which fruits coated with
cassava starch at concentrations of 3 and 4% had a lower
evolution of soluble solids. [12], in their experiment with
"Paluma" guavas stored at room temperature with and
without carnauba wax coating, also observed a higher
concentration in sugar contents at lower concentrations.

There were no statistical differences between the
concentrations 2, 4 and 6% of pectin regarding TSS.
However, there was an increase in the control (0% of pectin).
This increase may have occurred because of the degradation
or the polysaccharide biosynthetic process that causes an
increase in °Brix [22]. As soluble solids are water-soluble
compounds important in determining the taste quality of
fruits, it is important to use a technology that assist in this
control [37].

The vitamin C content of fruits coated with cassava starch and
pectin decreased throughout the study period (Fig. 5).
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Figure 4. Hydrogenionic potential (pH) of "Paluma" guavas coated with
cassava starch (A) and pectin (B) at concentrations of 0 (control), 2, 4 and
6% in function of storage time at room temperature.
Source: Authors
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Figure 5. Vitamin C content of "Paluma” guavas coated with cassava starch
(A) and pectin (B) at concentrations of 0 (control), 2, 4 and 6% in function

of storage time at room temperature.
Source: Authors

Over the storage time, there was a slight increase in the pH in
all treatments (Fig. 4). This can be related to the decrease in
organic acids during maturation and ripening of fruits, verified by
[38] in studies with "Paluma" guavas. According to [39],
satisfactorily pH indexes should be between 3.6 and 4.10.
However, this work contradicts these indexes because, from the
first day of analysis, the values were around 4.20.

This was considered a natural process by [40] after fruits are
harvested. This decrease is attributed to oxidative processes and
enzymatic activities, such as L-ascorbate oxidase, which occur in
fruits during the ripening process [41].

However, fruits coated with 4 and 6% of cassava starch and
pectin kept the highest ascorbic acid rate over storage time.
Considering that the use of the coatings can maintain a lower
concentration of oxygen around the fruits, reducing the
susceptibility of ascorbic acid to oxygen and reducing losses of
antioxidant properties during storage [42]. A similar result was
observed by [10] for "Pedro Sato™ guavas. The authors observed
that the concentrations 3 and 4% of cassava starch minimized the
loss of vitamin C satisfactorily.

4. Conclusion

The coatings based on cassava starch and pectin were
characterized as potential alternatives to increase the lifespan
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of "Paluma" guavas. The concentrations 4 and 6% of both
coatings analyzed stood out in the preservation of some fruit
quality attributes such as weight loss, color, firmness, soluble
solids and vitamin C content.
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