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Chitosan effect as edible coating on papaya (Carica papaya
L.) fruits minimally processed
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Resumen

Para reducir los efectos perjudiciales del minimo procesamiento en frutos
de lechosa troceados se evalu6 su recubrimiento con quitosano. Se seleccionaron
frutos uniformes, libres de defectos mecanicos y dafos fitosanitarios. Luego de
desinfectados, pelados y cortados se sumergieron por un periodo de 2 min en
soluciones de quitosano al 0,5; 1y 2% m.v* adicionandole a todas acido citrico al
0,75% m.v!y se almacenaron a 6+1°C. Se utiliz6 un disefio factorial 3x3 con tres
repeticiones. Los parametros de calidad evaluados fueron: viscosidad, pérdida de
peso, sdlidos solubles totales (SST), pH, acidez titulable y acido ascérbico a los 0O,
3, 6 y 9 dias. El quitosano preserva parametros de calidad en frutos de lechosa
troceada tales como la viscosidad, el contenido de &cido ascérbicoy los SST. La
menor pérdida de peso ocurrio con frutos tratados al 0,5y 1% m.v-*quitosano.
Palabras clave: Manejo postcosecha, calidad, parametros fisicoquimicos.

Abstract

The influences of chitosan edible coating in the quality of the final product
were evaluated to reduce the harmful effect of minimally processing of fresh cut
papaya. Uniforms fruits were selected, free from mechanical and insects defects.
After desinfectation, peeled and cut fruits were immersed for 2 min in 0.5; 1 and
2% m.v! chitosan solutions with ascorbic acid 0.75% m.v1, and were stored at
6+1°C. A 3x3 split plot design was used with three replications. Viscosity, total
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soluble solids (TSS), pH, tiritable acidity and ascorbic acid were the quality
parameters evaluated at 0, 3, 6 and 9 days. Chitosan preserves quality parameters
in fresh cut papaya fruits, such as viscosity, ascorbic acid and TSS. Weight loss
was less with 0.5 and 1% m.v!chitosan solutions.

Key words: postharvest handling, quality, physicochemical parameters.

Introduccion

La lechosa es una fruta muy sa-
ludable por el contenido de vitaminas
A, B,, B,, calcio, fibra dietética entre
otros; y apreciada por el color atracti-
vo de la pulpa, sabor, suculencia y el
aroma caracteristico (Desai y Wagh,
1995). Sin embargo, el consumo indi-
vidual de estos frutos demanda tiem-
poy esfuerzo debido al proceso de pela-
do, extraccion de las semillas y el cor-
tado antes de su consumo.

Por otro lado, existen variedades
de lechosa como la ‘Maradol’ que son
demasiado grandes (2,73 a 6,80 kg)
para su consumo individual. Es por
esta razon que la lechosa se considera
un fruto ideal para ser usado como
minimamente procesado o lechosa re-
cién cortada. Este procesamiento mi-
nimo puede resultar en la pérdida de
propiedades fisicas asi como valor
nutricional, aunado a que es un fruto
altamente perecedero, requiriendo un
manejo postcosecha especial parafijar
y acentuar el color, reducir
microorganismos, desarrollar el sabor
caracteristico y favorecer la retencién
de vitaminas.

Los recubrimientos comestibles
constituyen una estrategia potencial
para reducir los efectos adversos que
ocasiona el procesamiento minimo en
los tejidos vegetales, representando un
campo innovador en el area de la con-
servacion de frutas frescas cortadas.
El quitosano es un carbohidrato natu-

657

Introduction

Papaya is a very healthy fruit
due to its vitamin content A, B,, B,,
calciu, dietetic fiber among others; and
is known by the attractive color of the
pulp, taste, succulence and
characteristic smell (Desai and Wagh,
1995). However, the individual
consumption of these fruits demand
time and effort due to the pealing
process, extraction of seeds and cut
before eating it.

On the other hand, there are pa-
paya varieties such as “Maradol”, that
are too big (2.73 to 6.80 kg) for their
individual consumption. For this
reason, papaya is considered an ideal
fruit to be used as minimal processed
or just-cut papaya. This minimal
procedure might cause lost of physical
properties, as well as in nutritional
value, additionally, it is highly
perishable, requiring a special host
harvest handle to fix and mark the
color, to reduce microorganisms, to
develop the typical taste, and to favor
the retention of vitamins.

The edible coating constitute a
potential strategy to reduce the adverse
effects that cause the minimal
procedure in the vegetal tissues,
representing an innovating field in the
preservation area of fresh pealed fruits.
Chitosan is a natural modified
carbohydrate coming from the
deacetylation of chitin, harmless,
biodegradable, with capacity to form
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ral modificado proveniente de la
desacetilacion de la quitina, inocuo,
biodegradable, con capacidad para for-
mar peliculas comestibles, encontra-
do en una amplia gama de fuentes
naturales como los exoesqueletos de los
crustéaceos, insectos y algunas algas.
El quitosano comercial que se ofrece
en el mercado tiene un grado de
desacetilacion del 60% (Hernandez et
al., 2009); sin embargo, por ser una
molécula hidrofilica debe tratarse con
algunos aditivos para propiciar cierta
hidrofobicidad y mejorar sus propieda-
des mecanicas, ademas de que a alta
humedad relativa se puede disolver. Su
uso como recubrimiento comestible
representa una alternativa viable para
la conservacién de frutos troceados,
debido a que puede formar barreras
semipermeables que limitan el inter-
cambio de gases y reduce la pérdida de
agua en frutos (Baldwin vy
Hagenmaier, 2011). El presente estu-
dio tuvo como objetivo determinar el
comportamiento del quitosano en fru-
tos de lechosa para reducir los efectos
perjudiciales del minimo procesamien-
to que influyen en detrimento de la
calidad del producto final.

Materiales y métodos

Los frutos de lechosa cv'‘Maradol’
en estado de madurez fisiolégica con
unacoloracién amarilla anaranjada del
20% fueron recolectados en el munici-
pio Torres del estado Lara, y se deja-
ron madurar en el laboratorio (21°Cy
90% de humedad relativa) hasta que
alcanzaron el estado de madurez del
70% (3/4 partes de la piel de color ama-
rillo-anaranjado). Los frutos fueron
seleccionados de acuerdo al tamario,
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edible films, and a wide variety of na-
tural sources such as exoskeletons of
crustaceans, insects and some algae.

The commercial chitosan offered
in the market has a deacetylation of
60% (Hernandez et al., 2009); however,
by being a hydrophilic molecule it
must be treated with some additive to
propitiate some hydrophobicity, and to
improve its mechanical properties;
also, it can dissolve at high relative
humidity. Its use as edible coating
represents a possible alternative for
preserving the cut fruits, since it can
form semi-permeable barriers that
limit the exchange of gases and redu-
ce the water lost in fruits (Baldwin
and Hagenmaier, 2011). The aim of
this research was to determine the
behavior of chitosan in papaya fruits
to reduce the harmful effects of the
minimal processing that influence in
the diminishment of the quality of the
final product.

Materials and methods

Papaya fruits cv “Maradol” in
physiological ripening phase with
orange-yellowish coloring of 20%, were
collected in Torres county, Lara state,
and were ripened at the laboratory
(21°C and 90% of relative humidity)
until reaching a ripening phase of 70%
(3/4 parts of the skin with orange-
yellowish color). The fruits were
selected according to the size, color, and
free of mechanical and phytosanitary
defects.

Preparation of the edible coating

Chitosan solutions were prepared
with 60, 30 and 15 g of the commercial
powder (Crab Shell chitosan,
WintersunChemical®, California,
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color, libres de defectos mecanicos y
fitosanitarios.

Preparaciéon del recubri-
miento

Se prepararon soluciones de
quitosano pesando 60, 30y 15 g de pol-
vo comercial (Crab Shell chitosan,
WintersunChemical®, California,
USA), de alto peso molecular, se dis-
persaron en 2500 mL de agua destila-
daestéril. La dilucion se realiz6 a 60°C
con agitacion continua durante 30 min,
luego se afiadié 150 mL de acido acéti-
co glacial y 18,75 g de acido citrico, se
ajusto el pH de la solucion a 5 con
NaOH 0,1 mol.L.

Preparacion de la muestra

Las frutas fueron desinfectadas
por inmersion en una solucién de
NacClO al 2% v.vlpor 5 miny se seca-
ron al aire libre durante 1 h. Las le-
chosas se pelaron, desemillaron, se eli-
mino la placentay se cortaron en tro-
zos de 1 cm de espesor, y aproximada-
mente de 8 g de masa, se sumergieron
por un periodo de 2 min en las solucio-
nes de quitosano al 0,5; 1, y 2% m.v?
afadiéndole acido citrico al 0,75% m.v-
1, respectivamente. Se utilizé un gru-
po control el cual se sumergié en agua
destilada estéril. Se almacenaron a
6+1°C, durante nueve dias en envases
de polietilentereftalato (PET) de
150x180x40 cm con tapa.

Analisis fisicoquimicos

Se evaluaron los parametros: vis-
cosidad, pérdida de peso, sélidos solu-
bles totales (SST), pH, acidez titulable
y acido ascorbico a los 0, 3, 6 y 9 dias
de almacenamiento.

Pérdida de peso

Se determind gravimétricamente
con una balanza analitica Ohaus®
modelo Adventurer y se expresd como

659

USA), with high molecular weight, and
were diluted into 2500 mL of sterile
distilled water. The dilution was
carried out at 60°C with continuous
agitation for 30 min, later, 150 mL of
glacial acetic acid were added and
18.75 g of citric acid, the pH solution
was adjusted at 5 with NaOH 0.1
mol.L1.

Preparation of the sample

Fruits were disinfected by
immersing in NaClO at 2%v-v!
solution for 5 min, and were air-dried
for 1 h. Papayas were pealed, unseeded,
the placenta was eliminated and fruits
were cut in pieces of 1 cm thickness,
and approximately 8 g of the mass were
immersed for 2 min into chitosan
solutions at 0.5; 1, and 2% m-vtadding
citric acid at 0.75%m.v1, respectively.
A control group was used adding itin
sterile distilled water; these were
stored at 6+1°C, for nine days in
polyethylene tetraphthalate (PET)
glasses of 150x180x40 cm with a lid.

Physical-chemical analysis

The following parameters were
evaluated: viscosity, weight loss, total
soluble solid (TSS), pH, titratable
acidity and ascorbic acid within 0, 3,
6 and 9 days of storing.

Weight loss

It was determined
gravimetrically with an Ohaus®
analytical weight, model Adventurer,
and it was expressed as weight loss
regarding the initial weight in samples
of approximately 30 g of fruits.

Titratable acidity, pH and
total soluble solids

Samples of papaya were
homogenized in a mini food processor
Black and Decker®, and the pH was
measured in the resulting pulp using
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porcentaje de pérdida de peso respecto
al peso inicial en muestras de aproxi-
madamente 30 g de frutos.

Acidez titulable, pH y Sdli-
dos Soluble Totales

Muestras de lechosa fueron
homogenizadas en un mini procesador
de alimentos Black and Decker®, y en
la pulpa resultante se midi6 el pH
usando un pH-meter (Orion-Research®
model 701), la acidez titulable expre-
sada como porcentaje de acido citrico,
fue determinada por titulaciénen 10 g
de la pulpadiluida con 50 mL de agua
destilada por titulacion con NaOH 0,1
mol.L* hasta alcanzar un pH de 8,2.
Los SST se determinaron a 20°C en
un refractometro digital SperCientific®
300035 en el sobrenadante obtenido por
centrifugacion de la pulpa a 7000 rpm
durante 20 min, expresando los resul-
tados en °Brix.

Viscosidad

La viscosidad se midi6 en la pul-
pa con un viscosimetro UKLTD® mo-
delo ELEV-8 a 3 rpm con un Spindle
N° 4 en centipoise (cP).

Analisis estadistico

Los datos de analizaron median-
te andlisis de varianza (ANOVA) y las
concentraciones del recubrimientoy los
dias de almacenamiento fueron consi-
deradas como causas de variacion. Las
medias por medio de la prueba de Ran-
go Multiple de Duncan (P<0,05) utili-
zando el paquete estadistico SAS®
(Statistical Analysis System) version
9.0 (2008).

Resultados y discusion
Viscosidad

La lechosa troceada tratada con
quitosano al 0,5; 1; 2% no presenté
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a pH-meter (Orion-Research® model
701), the titratable acidity expressed
as citric acid percentage was
determined by titration in 10g of the
pulp diluted with 50 mL of distilled
water by titration with NaOH 0.1
mol-L-tuntil reaching a pH of 8.2. The
TSS were determined at 20°C in a
digital refractometer SperCientific®
300035 in the supernatant obtained by
centrifuging the pulp at 7000 rpm for
20 min, expressing the results in °Brix.

Viscosity

Viscosity was measured in the
pulp using a viscosity-meter UKLTD®
model ELEV-8 at 3 rpm with a Spindle
N° 4 in centipoise (cP).

Statistical analysis

The data was analyzed with the
variance analysis (ANOVA), and the
edible coating concentrations as well
as the storing days were considered as
variation causes. The means were
evaluated using Duncan Multiple
Rank test (P<0.05) using the statistical
software SAS8® (Statistical Analysis
System) version 9.0 (2008).

Results and discussion

Viscosity

The cut papaya treated with
chitosan at 0.5, 1, 2% did not present
significant changes (P<0.05) in the
viscosity when compared to the con-
trol (figure 1), indicating that the
edible coating did not affect this
parameter, however, a slight tendency
was observed in the increment of the
viscosity during the storing time,
excepting in treatment at 2%, which
showed less viscosity at ninth day.
Materano et al. (2004) indicated infe-
rior viscosity levels than the ones



Rev. Fac. Agron. (LUZ). 2014, Supl. 1: 656-665

cambios significantes (P<0,05) en la
viscosidad cuando se compararon con
el control (figura 1), indicando que el
recubrimiento comestible no afect6 este
parametro, sin embargo, se observo
ligera tendencia en el incremento de
la viscosidad durante el tiempo de al-
macenamiento a excepcion del trata-
miento al 2% que mostré menor visco-
sidad al noveno dia. VValores de visco-
sidad inferiores a los encontrados en
este estudio fueron indicados por
Materano et al. (2004) en frutos de le-
chosa escaldada troceada en cubos sin
recubrimiento almacenada a 8°C.

pH y acidez titulable

Se observaron diferencias signi-
ficativas (P<0,05) en el pH (cuadro 1),
correspondiendo los valores superiores
a los tratamientos de 0 y 0,5% de
quitosano y valores inferiores en las
soluciones de 1y 2%; la acidez titulable
descendid significativamente en los

showed on the current research in
scalded cut papaya without coating and
stored at 8°C.

pH and titratable acidity

Significant differences were
observed (P<0.05) in the pH (table 1)
corresponding to the superior values
of treatments of 0 and 0.5% of chitosan,
and inferior values in solutions from 1
to 2%, the titratable acidity lower
significantly in papaya cuts treated
with chitosan at 1 and 2%, with values
of 0.070 and 0.068% respectively,
however, there were no differences the
evaluation time factor in these two
parameters.

Itisinferred that the reduction of
the titratable acidity can be attributed
to the reduction of the metabolic activity
in the tissue. Significantly descends in
the titratable acidity were observed in
papaya fruits with different cut types
without coating during 10 days of

.
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Figura 1. Viscosidad en frutos de lechosa troceados recubiertos de
quitosano, almacenados a 6+1°C durante 9 dias. (Las barras
verticales representan la desviacion estandar de la media de

3 replicas).

Figure 1. Viscosity in cut papaya fruits covered with chitosan, stored
at 6+1°C for 9 days (vertical bars represent the mean standard
deviation of three replications).
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Cuadro 1. pH, acidez titulable, sélidos solubles totales y contenido de
acido ascorbico de frutos de lechosa troceados recubiertos
con solucion de quitosano, almacenados a 6°C durante nueve

dias.

Table 1. pH, titratable acidity, total soluble solids and content of
ascorbic acid of cut papaya fruits covered with a chitosan
solution and stored at 6+1°C for nine days.

Factor experimental pH Acidez SST Acido
titulable% (°Brix) ascorbico
(mg.g?)
Quitosano (A) (%)
0 5,65a 0,092 a 9,28 94,04
0,5 5,66 a 0,092 a 8,75 90,15
1,0 5,44 ¢ 0,070b 9,23 105,57
2,0 5,42b 0,068b 8,95 101,72
Tiempo (B) almacenamiento (dias)
0 5,72° 0,083 10,46- 134,53
3 5,622 0,0822 9,16 98,84
6 5,552 0,0822 9,00 95,52
9 5,552 0,0762 9,00 91,75
Interaccion
AxB ns ns * *

Medias de cada grupo de datos acompafadas de diferentes letras, difieren significativamente
(Prueba de medias de Rango Mdltiple de Duncan a P<0,05). ns no significativo, *significativo

(P<0,05)

“Valores iniciales de referencia, no formaron parte del analisis estadistico.

trozos de lechosa tratados con
quitosano al 1y 2%, mostrando valo-
res de 0,070y 0,068%, respectivamen-
te; sin embargo, no hubo diferencias
en cuanto al factor tiempo de evalua-
cion en estos dos parametros. Se infie-
re que la disminucion de la acidez
titulable puede atribuirse a la reduc-
cion de la actividad metabdlica en el
tejido. Descensos significativos en la
acidez titulable fueron observados en
frutos de papaya con diferentes tipos
de cortes sin recubrimiento durante 10
dias de almacenamiento a 4°C
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storing at 4°C (Argafosa et al., 2008).
Likewise, Henrique and Evangelista
(2006) observed a reduction of the
acidity in the first storing days in
minimally processed carrots, covered
with biodegradable films.

Total soluble solids

The influence of both involved
factors was observed in the research on
this variable (table 1), for this reason
the mean separation test was not
performed, it is evident that the TSS
decreased in the cut pieces treated with
chitosan at 0.5 and 2%, on the opposite,
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(Argafiosa et al., 2008). Asimismo,
Henrique y Evangelista (2006) obser-
varon disminucion de la acidez en los
primeros dias de almacenamiento en
zanahorias minimamente procesadas
cubiertas con peliculas biodegradables.

Sélidos solubles totales

Se observé influencia de ambos
factores involucrados en el experimento
sobre esta variable (cuadro 1), debido
a esto no se realiz6 la correspondiente
prueba de separacion de medias, exis-
te clara evidencia de que el contenido
en SST declind en los trozos tratados
con quitosano al 0,5% y 2%, por el con-
trario se mantuvo en las muestras con
el tratamiento al 1%. En cuanto al fac-
tor tiempo los valores descienden de
9,16 °Brix a los 3 dias, a 9,00 °Brix a
los 6y 9 dias. Los valores obtenidos en
este estudio son inferiores a los encon-
trados en estudios previos por otros
investigadores (Santamaria-Basulto et
al., 2009; Materano et al., 2004; Sa-
fudo-Barajas et al., 2008).

Acido ascérbico

Igual que en la variable anterior,
se detectd interaccion positiva de am-
bos factores sobre el contenido de aci-
do ascorbico. Los resultados mostra-
dos en el cuadro 1 indican que el
quitosano al 1 y 2% influy6 sobre el
contenido de acido ascorbico, al man-
tener su valoren 105,57y 101,72 mg.g
1con respecto a las condiciones inicia-
les del fruto; los menores valores de
acido ascorbico se registraron en el
control y el tratamiento con quitosano
al 0,5%. Almeida-Castro et al. (2011)
observaron en frutos de papaya
recubiertos con almiddn de yuca al 2%
una disminucién del contenido de aci-
do ascérbico durante los 3 primeros
dias de almacenamiento, aumentando
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and it kept in the samples with the
treatment at 1%. Regarding the time,
the values decrease from 9.16°Brix
within 3 days t0 9.00 °Brix within 6 to 9
days. The values obtained in the current
research are inferior to those found in
previous researches (Santamaria-
Basulto et al., 2009; Materano et al.,
2004; Saniudo-Barajaset al., 2008).

Ascorbic acid

A positive interaction of both
factors on the content of ascorbic acid
was detected. The results shown on
table 1 indicate that chitosan at 1 and
2% influence the content of ascorbic
acid, keeping its value in 105.57 and
101.72 mg.g? in relation to the initial
conditions of the fruit; the low values
of ascorbic acid were registered in the
control and in the treatment with
chitosan at 0.5%. Almeida-Castro et al.
(2011) observed in papaya fruits
covered with cassava yeast at 2% a
reduction on the content of ascorbic
acid during the first 3 storing days,
and increasing on the sixth day. Man-
go fruits cut in sliced and covered with
chitosan and stored at 6°C showed an
increment on the content of ascorbic
acid (Po-Junget al., 2007).

Weight loss

An increment in weight loss was
observed during the storing (figure 2),
being higher in the controlled
treatment and the coating at 2%, and
lower in the treatments at 0.5 and 1%,
indicating that there was higher va-
por retention and lower transpiration
rate in the papaya cut pieces of these
treatments. A similar weight loss
tendency was observed by Argafosa et
al. (2008) in minimally processed pa-
paya stored at 4°C for 10 days.
According to Han and Gennadios
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luego hasta el sexto dia. Frutos de
mango en rodajas recubiertos con
quitosano almacenados a 6°C mostra-
ron incremento del contenido de &cido
ascorbico (Po-Jung et al., 2007).

Pérdida de peso

Se observ6 un incremento en la
pérdida de peso durante el almacena-
miento (figura 2) siendo mayor en el
tratamiento control y el recubrimiento
al 2%, y menor en los tratamientos al
0,5y 1%, indicando que hubo mayor
retencién de vapor y menor tasa de
transpiracion en los trozos de lechosa
de estos tratamientos. Similar tenden-
ciaen pérdida de peso fue observada por
Argafosa et al. (2008) en papaya
minimamente procesada almacenada a
4°C durante 10 dias. De acuerdo a Han
y Gennadios (2005) los recubrimientos
comestibles logran proteger los frutos
de la deshidratacién debido a que ac-
tdan como barreras protectoras contra
la pérdida de humedad.

(2005), the edible coatings protect the
fruits from dehydration, since the
coatings acts as protecting barriers
against the humidity lost.

Conclusion

An acceptable minimally
processed product was obtained storing
it at 6°C for nine days. The data show
that the application of chitosan preser-
ves effectively the quality attributes of
cut papaya.
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Figura 2. Pérdida de peso en frutos de lechosa troceados recubiertos de
quitosano, almacenados a 6+1°C durante 9 dias.

Figure 2. Weight loss in cut papaya fruits covered with chitosan and
stored at 6+1°C for 9 days.
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Conclusion

Se logré6 un producto
minimamente procesado aceptable
mediante el almacenamiento a 6°C
hasta por nueve dias. Los datos reve-
lan que la aplicacion de quitosano pre-
serva efectivamente los atributos de
calidad de los frutos de lechosa
troceados.
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