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Abstract

This study aims to verify the influence of cut,
package and storage temperature on the phy-
sicochemical aspects of minimally processed
‘Formosa’ papaya. Fruits were selected, washed
and sanitized, then stored for 12 h at 10 °C. At
12 °C, they were peeled and cut longitudinally
in half, the seeds and tips were removed, then
the fruit was cut into slices in the transverse
direction (1.5-2-cm thick) or cut into 4 parts.
Cut pieces were rinsed, drained and packed
either into polyethylene terephthalate (PET)
containers or on Styrofoam trays wrapped in
polyvinyl chloride (PVC) film and stored at 4 or
8 °C. During storage, they were evaluated for
soluble solids, titratable acidity, vitamin C, co-
lor (lightness, hue angle and chroma), texture,
weight loss and appearance. Physicochemical
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results showed the products maintained ade-
quate quality for consumption and commercia-
lization for up to nine days. The fruit stored at
4 °C maintained better texture and color, had
lower weight loss and higher levels of vitamin
C than those stored at 8 °C. The PET packa-
ging minimized weight loss and the transverse
direction cut type promoted less damage to
the tissues, maintaining the quality and cha-
racteristics of the fresh fruit.

Keywords: ‘Formosa’ papaya, postharvest,
storage, quality, texture.

Resumen
El objetivo de este trabajo fue verificar la in-
fluencia del corte, envasado y temperatura de
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almacenamiento sobre aspectos fisicoquimicos
en papaya ‘Formosa’ minimamente procesada.
Los frutos fueron seleccionados, lavados, des-
infectados, y luego almacenados durante 12
h a 10 °C. Después de esto, a 12 °C, fueron
pelados y cortados longitudinalmente por la
mitad, se eliminaron las semillas y las puntas,
y luego se cortaron en rodajas, en la direccion
transversal (1,5-2 cm de grosor) o se cortaron
en 4 partes. Las piezas cortadas se enjuaga-
ron, drenaron y embalaron en contenedores
de tereftalato de polietileno (TPE) o en ban-
dejas de espuma de poliestireno envueltas en
pelicula de cloruro de polivinilo (CPV) y alma-
cenadas a 4 u 8 °C. Durante el almacenamien-
to, se evaluaron: soélidos solubles, acidez titu-
lable, vitamina C, color (luminosidad, angulo

Introduction

Originally from America, the papaya (Carica
papaya L.) is grown in more than 40 countries,
with Brazil as the main world producer. The
national papaya production in Brazil focuses on
‘Hawaii’ and ‘Formosa’ types, with ‘Formosa’
mainly aimed at the domestic market (Rocha
et al., 2005). The pleasant taste, good sugar
content, low acidity, balance of nutrients and
presence of vitamin C makes papaya a fruit
that is greatly appreciated by consumers. It is
known for its nutritional and beneficial proper-
ties to human health, and as an attraction for
fresh markets and industry, and has achieved
one of the largest growths in consumption in
recent years (Martins, 2005).

The papaya is one of the most cultivated fruit
trees and shows high consumption in tropi-
cal and subtropical regions of the world, with
annual worldwide production of approximately
12.4 million tons (F.A.O., 2013). Brazil is the
second largest producer of papaya, mainly
in the states of Bahia and Espirito Santo,

Vol. 9, Num. 1 (2018)

hue y chroma), textura, pérdida de peso y
apariencia. De acuerdo con las evaluaciones
fisico-quimicas, los productos mantuvieron la
calidad adecuada para el consumo y la comer-
cializacion, hasta por nueve dias, presentan-
do los productos almacenados a 4 °C, mejor
mantenimiento de la textura, color, menor
pérdida de peso y mayores niveles de vitami-
na C que los almacenados a 8 °C. El envase de
PET minimizé la pérdida de peso y las rodajas
partidas en la direccién transversal presenta-
ron menos dafio en los tejidos, ademas man-
tuvieron la calidad y caracteristicas similares
a las de la fruta fresca.

Palabras clave: Almacenamiento, calidad,
papaya “Formosa”, poscosecha, textura.

responsible for about 90% of national produc-
tion, showed an export volume of 37.9 tons in
2016, is among the main exporting countries
and exports its production mainly to the Euro-
pean market (Carvalho et al., 2017).

Although papaya is usually consumed fresh,
its use is limited by the inconvenience of com-
plicated peeling and the need for an adequate
container for the fruit before it is consumed.
The rate of consumption could be increased
if properly packaged pieces were available for
consumers in market, allowing it to be eaten
more frequently and facilitating its use in va-
rious food services (Durigan & Durigan, 2014).

Fresh produce has an increasingly important
place in the human food supply as the nutri-
tional properties they contain promote health
(Cardamone et al., 2015). Minimally proces-
sed foods are a growing market trend that
are practical for the consumer, provide agili-
ty in meal preparation and allow products to
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maintain the nutritional and sensory qualities
of the fresh produce while giving an extended
shelf-life (Nascimento et al, 2014).

There are some issues related to logistics in-
volved in production and preservation of these
products, essentially in the distribution chan-
nel and marketing, in which the maintenance
of the cool chain is essential (Santos & Olivei-
ra, 2012), therefore, the use of unconventional
tools to preserve and extend the quality of mi-
nimally processed fruits and vegetables seem
to be the future trend for improved products
(Corbo et al., 2015).

The operations carried out in the minimally
processed fruit and vegetable products (pee-
ling, seed withdrawal, cutting, etc.) can cause
significant mechanical damage to plant pro-
ducts, causing increase the respiratory activi-
ty and ethylene production with a consequent
increase in biochemical effects, including en-
zymatic discoloration and loss of flavor, firm-
ness and nutritional qualities (Del Caro et
al., 2004). The peeling and cutting process
promotes the release of enzymes, causing
darkening of the fruit surface and negatively
affecting the appearance of the product (Ra-
gaert et al., 2011).

According to Zubiolo et al. (2012) papaya is one
of the best fruits in the world, both for its nu-
tritional value, as for its medicinal power. So,
due to economic importance related of con-
sumption and for increasing research on mini-
mally processed papaya, this study has been
developed. The present study was conducted
in the conditions of the city of Muzambinho in
the southern state of Minas Gerais, Brazil, to
evaluate physicochemical aspects related to
the influence of packaging type, cut type and
storage time in two storage temperatures (4
OC and 8 °C) on the minimally processed pa-
paya cv. ‘Formosa’.
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Material and Methods

The ‘Formosa’ papaya was purchased at a
local market in Muzambinho-MG, Brazil, at
the commercial maturation stage (with up
to 25% of the surface yellow), without de-
tectable physiological defects and infections.
Fruits were matured until they reached level
3 (50% to 75% of yellow skin) as indicated by
Lima et al. (2005). Then, fruits were trans-
ported to the industry sector of the Federal
Institute of the South of Minas Gerais - Mu-
zambinho Campus, where they went through
a process of selection, washing, sanitization
with sodium hypochlorite (200 mg.L!) and
storage for 12 h at 10 °C. After cold storage,
the fruits were moved to a cold room (12°C)
where they were peeled, cut longitudinally in
half, the seeds and tips were removed, and
then either cut into slices in the transverse
direction about 1.5-2-cm thick (cut 1) or cut
into 4 parts (cut 2). They were then rinsed in
sodium hypochlorite (20 mg.L?), drained and
packed either in polyethylene terephthalate
(PET) containers or on Styrofoam trays wrap-
ped in polyvinyl chloride (PVC) film and sto-
red at 4 or 8°C. Sources of contamination du-
ring processing were minimized by sanitizing
utensils with a sodium hypochlorite solution
(200 mL.L?); operators wore gloves, aprons,
caps and masks.

The following chemical characteristics of the
fruit were evaluated during storage: soluble
solids content - obtained using a digital re-
fractometer (Atago PR 101) with results ex-
pressed in °Brix (A.0.A.C., 2012); titratable
acidity - 10 g samples of homogenized pulp
which were titrated with a standard 0.1 N so-
dium hydroxide solution until the samples re-
ached pH 8.1, with results expressed as g ci-
tric acid.100 g (A.0.A.C., 2012); and vitamin
C content - quantified in 10 g of pulp homo-
genate that was diluted in 50 mL of 5% oxalic
acid and then titrated with Tillman reagent
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(0.1% sodium 2.6-dichlorophenolindophenol),
with results expressed as mg ascorbic acid.100
g of pulp (A.O.A.C., 2012).

The following physical characteristics of the
fruit were evaluated during storage: color -
determined using a chroma meter that ex-
pressed the results according to the system
proposed by Commission Internationale de
L’eclaraige (CIE) in the L*a*b* color space,
reported as the variables lightness (L*), co-
lor (hue angle) and chromaticity (chroma)
(Minolta Corp., 1994); appearance - recorded
and evaluated using a 5-point scale accor-
ding Souza (2005) where: 1 = great (“fresh”
appearance and natural color), 2 = good,
3 = regular (signs of wilting and/or drying
and early softening), 4 = poor and 5 = very
poor (wilting and/or dryness, darkening and
softening), in which the minimally processed
product was considered still suitable for sale
if scoring up to 3 on the scale; texture - ob-
tained using a penetrometer with an 8-mm
tip, with three pieces of fruit in each package
tested and results expressed in Newtons; and
weight loss - measured using an analytical
balance with 1200-g capacity and 0.1-g ac-
curacy, calculated as the difference between
the final weight and the initial weight of the
package and expressed in percentage (%) of
weight loss.

During storage, three replicates of 25 g of sam-
ple were transferred to 225 mL 0.1% peptone
water, and from this, dilutions up to 10-4 were
prepared. Afterwards, microbiological analyses
were performed using the method described by
Silva et al. (2010). The presence of Staphylo-
coccus was evaluated by surface-scattering in
Baird-Parker agar medium and incubated at
35 ©oC for 48 h. The presence of Salmonella sp.
was determined with pre-enrichment in lactose
broth, with incubation at 35 °C for 24 h, followed
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by selective enrichment in tetrathionate broth
and Rappaport’s broth at 35 and 42 °C, res-
pectively, for 24 h. For total and fecal coliforms,
the most probable number (MPN.g-1) technique
was adopted, in which aliquots were inoculated
in Lauryl Sulphate Tryptose broth (LST) with an
inverted Duhran tube (presumptive test). Tubes
were incubated at 35 °C for 24-48 h. Confirma-
tory tests for thermotolerant coliforms in Esche-
richia coli broth (EC) at 45.5°C for 24 h were
performed in the tubes with positive reading
(turbidity and gas formation).

Data were analyzed as a split plot design in
a factorial scheme, the plots corresponding
to package type (PET containers or Styrofoam
trays wrapped in PVC film) X cut type (Cut 1 or
Cut 2) and the sub-plots storage times (3, 6,
8 and 12 days), in completely randomized de-
sign, with three replicates, each experimental
unit was a package containing 300-400 g of
product. Data was evaluated at two storage
temperatures (4 °C and 8 °C) and was sub-
mitted for variance analysis, the means of the
analyzed parameters were submitted to the
Tukey test with a 5% level of error probability.
Statistical analysis was performed using Sis-
var software (Ferreira, 2011).

Results and Discussion

Freshly processed ‘Formosa’ papayas stored
at 4 °C and 8 °C did not show significant va-
riation in the soluble solids contents in relation
to the storage time and package type, all re-
sults were around 11 ©Brix, as can be seen in
Table 1. The only variation was in the storage at
8 0C where there was a slight decrease for cut
type 2, which was similar to that observed by
Argafiosa et al. (2008) for minimally proces-
sed papaya cut into cylinders. In general, the
observed values are in agreement with those
presented by Oliveira Junior et al. (2007) and
Souza et al. (2005).
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Table 1. Means of variables soluble solids (°Brix), titratable acidity (g citric acid.100g)

and vitamin C (mg ascorbic acid.100g*) of minimally processed ‘Formosa’

papaya products stored at 4 °C and 8 °C.

Soluble Solids Titratable Acidity Vitamin C
40 C 8°C 40 C 8°C 40 C 8°C
Package
PET 10.80 @ 11.13° 0,06 @ 0,08 @ 57.99 @ 50.19 ¢
Styrofoam 10.98 2 11.33° 0.06 * 0.08° 57922 51.38 7
Cut
Cut1l 10.87 ¢ 11.56 @ 0.06 @ 0.08 @ 58.41 @ 52.47 2
Cut 2 10.91 2 10.90 ® 0.06 a 0.08 @ 57.50° 49.10°
Time (Days)
3 11.06 ¢ 11.23 ¢ 0.06 @ 0.07° 61.27 ¢ 53.04 ¢
10.67 @ 11.14° 0.06 @ 0.07 % 53.85¢ 51.34 ¢
9 10.73 @ 11.20° 0.07 @ 0.07°% 59.46 48.73 2
12 11.10° 11.35¢ 0.06 @ 0.09 @ 57.24 bc 50.04 ¢
F Test
Package X Cut 0.01 s 0.12 M 0.51 Ns 0.43 Ns 1.86 s 0.39 s
Package X Time 1.95Ns 0.99 s 0.13 " 0.77 s 0.95 s 1.23 s
Cut X Time 0.26 Vs 0.14 s 1.34 s 0.09 s 0.70 Vs 0.09 Vs
Pack. X Cut X Time 0.48 s 0.94 s 1.24 s 1,181 0.95 s 0.00 s

Means followed by the same lowercase letter in the column, for each variable and temperature,
do not differ significantly (*P<0.05).

No significant differences were observed in
titratable acidity contents, for package or
cut type (Table 1). In the 8 °C storage the-
re was an increase in titratable acidity during
the storage period, caused by the maturation
process. During storage time, there is loss of
firmness which increases organic acids as a
product of the pectinamethylesterase activity
(Costa & Balbino, 2002).

Regarding ascorbic acid values (Vitamin C), no
significant differences were observed for pac-
kage type, however, there was a decrease in
content for cut type 2 stored at 8 °C (Table 1).
In general, the ascorbic acid contents in fruit
stored at 4 °C (53.85 to 61.27 mg of ascor-
bic acid.100g™ of pulp) were higher than those

stored at 8 °C (48.73 to 53.04 mg of ascorbic
acid.100g of pulp), but are still lower than the
76.7 mg of ascorbic acid.100g™ of pulp found
by Souza et al. (2005).

The color variables (lightness, hue angle
and chroma) were not influenced by the
storage period (Table 2), however package
and cut type did influence color. Cut type
2 showed a decrease in lightness, probably
due to the greater processing leading to
the decompartmentalisation of the enzy-
mes and substrates, causing browning re-
actions. Such behavior is similar to that
observed by Argafiosa et al. (2008) where
the cylinder type cut showed greater de-
creases in luminosity.
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Table 2. Means of variables Lightness (L*), color (Hue angle), chromaticity (Chroma)

of minimally processed ‘Formosa’ papaya products stored at 4° C and 8° C.

Lightness Color Chromaticity
40 C 8°C 4° C 8°C 4° C 8°C
Package
PET 51.31° 51.16 @ 56.36 © 55,132 42.21 ¢ 42.65 ¢
Styrofoam 54.79 51.16 2 57.56 ° 52.80° 43.07 @ 43.95 ¢
Cut

Cut1l 53.734 53.09° 57.45 ¢ 54,55 ¢ 42.80 @ 44.13 ¢
Cut 2 52.37° 50.70° 56.46 ° 53.38°¢ 42.48 @ 42.47
Time (Days)

3 53.38°¢ 52.33 2 56.95 @ 54.93 4 42.91 ¢ 44.05 @
6 52.72 4 52.16 55.99 4 53.89 ¢ 43.42 ¢ 43.83 2
9 53.47 2 51.33¢ 57.93 2 54.28 @ 42.39 ¢ 42.14 ¢
12 52.63 ¢4 51.77 ¢ 56.96 ° 52.75 2 41.83 @ 43.17°

F Test

Package X Cut 0.23 M5 0.59 Vs 0.02 s 15.18" 0.44 s 0.43 Ns
Package X Time 0.11 M 0.76 s 0.70 "s 1.16 s 1.52 1 1.21 "
Cut X Time 0.36 Ns 2.33 " 0.54 ~s 291" 0.95 s 1.55 "
Pack. X Cut X Time 1.69 "5 1.98 s 2.38 " 12.16 * 0.50 s 0.37 s

Means followed by the same uppercase letter in the column, for each variable
and temperature, do not differ significantly (*P<0.05).

The package types influenced the color at both
temperatures, and the cut type influenced it
at storage at 4 °C, but chromaticity was in-
fluenced only by the cut type in products at
8 OoC (Table 2). In general, those stored at 4
oC showed higher averages, which were larger
on Styrofoam trays wrapped in polyvinyl chloride
(PVC), while in those stored at 8 °C the hig-
hest averages were observed in PET packa-
ging. This could be due to greater weight loss
observed in the 8 °C temperature that accen-
tuated the red coloration in the pulp, while at 4
OC there was better maintenance of the bright
orange color of the product and less weight
loss. At the 8 OC there was decrease in the
chromaticity for cut type 2. In general, such

behavior was also observed by Argafiosa et al.
(2008), in which minimally processed papaya
cut into cubes or rectangular blocks retained
their natural yellow/red color for 10 days of
storage, whereas it decreased in the cylinder
cut fruit during the storage period.

Texture softening was observed in fruit stored
at 4 °C (Table 3), which was similar to that
found by Cortez-Vega et al. (2013), whereas
the packaging and cut type did not influence
this variable. In storage at 8 °C there were
no changes as a function of the storage time
or cut type, but there was for the packaging
type, where there was better texture maintai-
ned in the PET packaging.
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Table 3. Means of variables appearance, texture (Newtons) and weight loss (%)

of minimally processed ‘Formosa’ papaya products stored at 4 °C and 8 °C.

Appearance Texture Weight Loss
4 °C 8 °C 4 oC 8 °C 4 °C 8 °C
Package
PET 2.50° 2.62 4 9.31°¢ 7232 0.12° 0.24°
Styrofoam 2.2532 2.54 2 10.35 72 551° 0.62° 0.59 ¢
Cut
Cut 1 2.37° 2.46° 9.66 6.78 @ 0.39 ¢ 0.43 2
Cut 2 2.37¢ 2.70 @ 10.00 @ 5.96 @ 0.354 0.40 @
Time (Days)
3 1.50 ¢ 2.08 ¢ 10.82 @ 6.04 ¢ 0.16 ¢ 0.21°¢
6 2.08°% 2.58°% 9.88 @ 6.94 @ 0.32 ¢ 0.42°
9 2.50° 2.83° 10.69 @ 5.96 @ 0.44° 0.44°
12 2.83¢° 3.42 4 7.92°b 6.53° 0.57 ¢ 0.59 ¢
F Test
Package X Cut 1.33 1 0.00 ™5 6.91 " 0.02 s 0.01 s 2.07 Vs
Package X Time 0.56 Vs 0.17 s 1.32 s 0.58 s 18.49 * 15.03 "
Cut X Time 0.22 Vs 1.50 "5 0.75"s 0.08 Vs 520" 2.54 s
Pack. X Cut X Time 0.22 Vs 0.33 s 2.80 " 0.38 Ms 2.27 Vs 4.61 "

Means followed by the same lowercase letter in the column, for each variable and temperature, do not differ signifi-
cantly (*P<0.05). Notes for appearance: 1= great; 2=good; 3=regular; 4=poor and 5=very poor.

The lower storage temperature (4 °C) minimi-
zed the softening of the fruit pieces, which is
consistent with the results from Souza et al.
(2005) that in minimally processed products
of ‘Formosa’ papaya kept at 9 °C, there was
greater softening of the pulp, while the lower
temperatures (3 °C and 6 °C) minimized this
softening. These changes can be attributed
to changes in the structures and composition
of the cell wall by the action of enzymes. The
pectinamethylesterase plays a key role in the
papaya ripening process, because it converts
pectins with high methoxylation content into
pectins with low content, which in turn can
be hydrolyzed to pectates, softening their tis-
sues during this process (Jiang et al., 2003).

Fresh weight loss seen during the storage
period of fruit products is due to the increa-
sed exposure of tissues to the environment
and structure disruption, facilitating water
loss by the tissues, and reducing the qua-
lity and shelf life (Tatsumi et al., 1991). Ta-
ble 3 shows that the losses in the products
kept on Styrofoam trays wrapped in polyvin-
yl chloride (PVC) were always higher, which
was attributed to the greater permeability of
the packaging used. There were no signifi-
cant differences for the cut type. This stu-
dy showed there was a gradual increase in
weight loss for both storage temperatures
and storage time increased.
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The appearance of the minimally processed
products of ‘Formosa’ papaya stored at 4 °C
and 8 °C showed variations during storage.
The products maintained an adequate appea-
rance for commercialization, indicated by a re-
sult below 3, until the 12th day for storage at
4 0C, and up to the ninth day for storage at 8
OC (Table 3; Figure 1). No significant effect of
the packaging type and cut type was obser-
ved from storage at 4 °C, but at 8 °C cut type
1 showed better appearance after storage. In

general, in both storage temperatures, the
products showed adequate quality for con-
sumption and marketing higher than the 7
days for products stored at 3 °C, 6 °C and 9
OC detected by Teixeira et al. (2001), as well as
the 8 days obtained for papaya cv. ‘Golden’ cut
into cubes and stored at 5 °C (QOliveira Junior
et al., 2007). For storage at 4 °C, the shelf life
of the products was higher than the 10 days
found by Souza et al. (2005) for ‘Formosa’ pa-
paya stored at 3 °C, 6 °C and 9 °C.

Figure 1. Appearance of the minimally processed products of papaya cv. ‘Formosa’. A- Cut type 1 packed

either in PET containers and Styrofoam trays wrapped in PVC film and stored at 4 °C for twelve days; B- Cut

type 2 packed either in PET containers and Styrofoam trays wrapped in PVC film and stored at 4 °C for twelve

days; C- Cut type 1 packed either in PET containers and Styrofoam trays wrapped

in PVC film and stored at 8 °C for nine days; D- Cut type 2 packed either in PET containers

and Styrofoam trays wrapped in PVC film and stored at 8 °C for nine days.

The control of the hygienic conditions du-
ring the products handling appeared to be
sufficient, as the presence of Salmonella sp.
and Staphylococcus was not detected during
storage. The presence of thermotolerant co-
liforms (45 °C) did not reach <0.3 MPN.g?
during storage, which is lower than the 102
MPN.g! allowed by the Brazilian legislation

Vol. 9, Num. 1 (2018)

(RDC no. 12 of 01/02/2001) (Brasil, 2001).

Conclusions

Physicochemical results in this study showed
that preparation processes used kept papa-
ya at adequate quality for consumption and
marketing r up to 12 days at 4 °C and 9 days
at 8 °C. Products stored at 4 °C showed
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better maintenance of texture and coloring,
lower weight loss and higher vitamin C con-
tent than those stored at 8 °C. PET packa-
ging was more suitable for the minimization
of weight loss, and cut type 1 (1.5-2-cm
slices cut in the transverse direction) was
more suitable as it caused less damage to
the fruit tissues.
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