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ABSTRACT

The strawberry is as non-climacteric fruit, but has a high post-harvest respiration rate, which leads to a rapid
deterioration at room temperature. This study aimed to evaluate the application of biodegradable coating on postharvest
conservation of ganic strawberries, cCamarosa, packed in plastic hinged boxes and stored at T €eatments
consisted of: a) control; b) 2% cassava starch; ¢) 1% chitosan; and d) 2% cassava starch + 1% chitosan. Physical and
chemical characteristics of fruits were evaluated at 3, 6 and 9 days of storage, and microbiological and sensory
analyses were carried out at the end of the storage period. The treatments influenced positively the post-harvest
quality of organic strawberries. The coating cassava starch + chitosan provided the best results, with less than 6% of
loss in fruit mass, lower counts of yeast and psychrophilic microorganisms and the best appearance according to the
sensory analysis.
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RESUMO

Conservacao pés-colheita de morangos recobertos com féculant#ndioca e quitosana

O morango € classificado como fruto néo climaterico, mas apresenta taxa respiratéria pods-colheita elevada, o que o
leva a uma rapida deterioracdo em temperatura ambiente. Este trabalho teve por objetivo avaliar a aplicagéo de
revestimentos biodegradaveis na conservacao pés-colheita de moragégososr, cvCamarosa, acondicionados
em embalagens plasticas e armazenados a 10 °C. Os tratamentos foram: a) controle, b) fécula de mandioca 2%; c)
quitosana 1% e; d) fécula de mandioca 2% + quitosana 1 %. Foram avaliadas as caracteristicas fisicas e quimicas dos
frutos, aos trés, seis e nove dias de armazenamento, e realizadas analises microbioldgicas e sensoriais, ao final do
armazenamento. Os tratamentos alteraram positivamente a qualidade pds-colheita dos morangos organicos. O
revestimento que mais se destacou foi fécula de mandioca mais quitosana, apresentando valor inferior a 6% de perda
de massa nos frutos, menor quantidade de leveduras e de micro-organismos psicrotrofilos e melhor aparéncia na
andlise sensorial.

Palavras-chave Fragaria ananass®uch., revestimentos biodegradaveis, qualidade sensorial.
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Post-harvest conservation of organic strawberries coated with cassava starch and chB&%an

INTRODUCTION strawberry fruit rot (grey mould) caused Bytrytis

The u® of low temperatures helps in increasin thcinereadevelops in any part of the fruit, but is mostly
P P 9 e und on the calyx end or on the sides of fruit in contact

-h lif [ i . .
post-harvest storage life and is the basis fov(nth other rotten fruitAnthracnose (black spot), caused

complementary methods of preserving fruit, such .
P Y P 9 5 Colletotrichumspp., develops spots that turn dark

controlling or modifying the atmosphere and use of edi .
g fying P dib rown or black and affects most parts of the plant, causing

films (Santot al, 2007). There are a number of studies . : .
Severe losses in production and quality of strawberry

on the use of biodegradable coatings associated with cﬂ izopussp. fruit rot is associated with the presence of

storage (@&nada-Palmu & Grosso, 2005; Park, 2005). . . o : .
X . wounds in the fruit, but may also occur in intact fruit (Ulli
Coatings or coverings control the loss of flavour,
. . . . Macarthur 2004).
volatiles, besides regulating the gas exchange with tl§‘e ; .
. . . Therefore, this study aimed to evaluate the post-
external environment and water losses (Chitarra & Ch|tarrﬁ1 . . .
. ) arvest quality of @anic strawberries, c\Camarosa,
2005). Coatings produced from biopolymers have : . . .
. . . g oated either with chitosan, cassava starch or with a
numerous advantages, including being blodegradab(ie . : .
. . . . . combination of chitosan and cassava starch during
while having good mechanical and barrier properties, an . C o
. X orage in plastic hinged boxes.
helping to improve the appearance and preserve tﬁe
ustatory and nutritional properties of foodsll@diego
g Y prop adiedo  \JATERIAL AND METHODS
etal, 2005).

Chitosan coating has the potential to prolong storage Strawberry Fragaria x ananassaDuch.) fruits, cv
life and control fruit rots because of its ability to modifyCamarosa, produced the organic system in Maringa,
the internal atmosphere in tissues and its fungistatRR, Brazil, and certified by the Biodynamics Institute, with
activity, as well as the ability to induce defense mechanisni§% of the surface red in colevere used in the experiment.
in plants and fruits against infections caused by a variefyhe chitosan used for coating had a degree of
of pathogens (Net al, 2007). Several positive effectsdeacetylation of 98.18%.
were obtained with its application to postharvest The experiment was arranged in a completely
preservation of strawberry (Hathal, 2005; Hernandez- randomized design and consisted of 4 coatings x 4 storage
Mufioz et al, 2006). In addition, chitosan has excellentimes (0, 3, 6 and 9 days), with six replicates. The experi-
biocompatibility/biodegradabilitys non toxic and absorbs mental unit consisted of ten fruits packed per crystal clear
water (Chiandotti, 2005). The coating produced with ca§PET — polyethylene terephthalate) hinged box. The
sava starch has good appearance, is bright apdrameters evaluated were: mass loss, color development
transparent, non-toxic and has low cost. Its application &md damage caused by mold or decay
strawberries resulted in decreased mass losses,A total of 20 fruits packed in each hinged plastic box
preservation of texture and longer shelf-life (Henrique &nd stored were used in the other analyses. For the
Cereda, 1999). chemical analysis, six fruits were disintegrated in a mixer

The high perishability and high susceptibility tofor two minutes, with three replicates per coating. The
fungal diseases of strawberries point towards thanalyses were repeated twice for each storage time.
importance of using bioactive substances, such as After selecting the size, colwhape, degree of maturity
chitosan, to control postharvest diseases, while theind phytosanitary condition, the fruits received the
association with cassava starch is a contribution following coatings: a) 2% cassava starch (CS); b) 1%
maintaining the quality of the organic product. The searcthitosan dissolved in solution of 0.6% ascorbic acid
for clean technologies reflects the concerns facing tf&AC); c) CS +AAC (CS+AAC) and d) control without
global food security and environmental preservation. coating (CTL).

Strawberry fruits must be of a high microbiological The coating produced from cassava starch, at a
quality in order to ensure that the consumer does nooncentration of 2%, was obtained by stirring the
receive spoilt or disease-carrying fruits. The presence sfispension of starch in distilled water under heating, for
microorganisms such as mesophilic (grow best at rooatout 30 minutes at 70 °C (CS).
temperature) and psychrophilic (grow best at low The coating produced from chitosan was obtained by
temperatures) bacteria, yeasts and molds, which besidissolving 20 g in 2 L of solution acidified with 0.6%
reducing the fruig shelf life, can transmit pathogensgascorbic acid, by manual stirring for solubilization (AAC).
posing a risk to consumer health (Cestcal, 2007, Car- Both suspensions CS aA&AC were mixed together
valhoet al,, 2005) Botrytis cinereaColletotrichumspp. to obtain the treatment of combined coatings (CS+AAC).
and Rhizopussp. are the microorganisms that most The three coating solutions were homogenized in a 4
commonly attack strawberries (Hilarino, 2009). The- beaker with a mixer for two minutesior to the immersion
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of 250 fruits per each coating. The fruits remained in these Microbiological analysis

solutions for one minute, giving a slight stir on the surface, cqunts of mesophilic and psychrophilic bacteria and
and were placed on a nylon mesh screen to drain excgeRists and molds were performed using 25 g of
liquid. They were left to dry at room temperature for abourawberries disintegrated for each analysis and inoculated
three hours, then stored in a BOD chamber at 10 °C unfilserial dilutions (10, 102 and 1) with duplicate plate
they remained fit for marketing. Evaluations of mass losgynts for each dilution, following the methodology of
and physical, chemical and sensory analyses were carrgga/aA0AC (1995).

out every three days.

Satistical analysis

. . . Data were analyzed by the analysis of variance
Mass loss -the experimental units (fruits) were )
éANOVA) and means of each variable tested were

individually weighed in a semi-analytical scale an d by the Scott-Knot test at 5% bability level
calculations were performed for each repetition using e mpared by the SCOI-KNOt test at 5v6 probability Ievel,

o P . aFcording to Ramalhet al (2000), using the software
equation: mass loss (g/100g) = (initial mass - final masg . . .

o ISVAR (University of Lavras , M@razil).

initial mass) /100.

Color —using the subjective scores from 1 to 4: gradRESULTS AND DISCUSSION
1 — 75% of fruit surface was red in color; grade 2 — 75 to

95% of fruit surface was red; grade 3 — more than 95% of Fruit mass loss was significant among the treatments
fruit surface was red; and grade 4 — 100% of fruit surfac&ver the periods of three, six and nine days. Throughout
was intense red. The average of each plot was calculatBé storage period, the treatment 2% cassava starch with
by multiplying the number of fruits by their respectivel% chitosan (CS+AAC) resulted in the lowest fruit mass

grade and dividing the sum of this value by the totdPss, reaching 6.13% at nine days, and was significantly
number of fruits of the plot. different from the other treatments and the control, which
. . . ranged between 8.45 and 9.40%HKIE 1).The maximum
Incidence of rot -was obtained by counting (and then bl | f berries is 6%

discarding) the fruits with visible symptoms of rot andaccepta € mass loss for strawberries Is 5%, to prevent
L depreciation in the fruit external appearance (Cantillana,
expressing it as percentage. On the last day of storage% 3)

discarded fruits were separated by symptoms of rot

caused by different pathogens.

Physical analysis

The barrier to water loss imparted by the plastic bo-
xes, without ventilation holes, in association with the lower
Chemical analysis post-harvest handling of fruits of the control treatment

Total soluble solids (TSS)were determined by using Provided mass loss similar to that found in the treatments
a refractometethen expressed in °Brix and corrected wheWith cassava starch (CS) and chitosan (AAC). Hernandez-

the room temperature was above 20 °C and acidity contéd¢iozet al (2006) found that 1.5% chitosan dissolved in
of the fruit was above 1% (Carvalbebal., 1990). 0.5% acetic acid used as coating for strawberries cv

] o ) Camarosa, at 20 °C for four days, resulted in lower fruit
Total titrable acidity (TTA) - was determined by 554 1055, But in this studyhe use of 1% chitosan did
titration with standardized NaOH 100 mmol,lusing 109 provide good results &ble 1), possibly because of

of sample diluted in 100 mL of distilled water and expressqﬂe lower concentration used and the type of acid used
in g citric acid.100 gof pulp (Carvalh@t al., 1990). for dissolving it

Ascorbic acid -was determined by titration, by the = The average grade for the initial fruit colafter setting
reduction of 2,6-dichlorophenol-indophenol-sodiumpp the experiment, was close to 3, which shows the rapid
standardized with ascorbic acid and expressed in nagvancement of red color development of grade-1 fruits

ascorbic acid.100of pulp (Carvalhet al, 1990). (75% fruit surface red) @ble 1) At three days of storage,
) the mean ratings for color of fruits showed no significant
Sensory analysis differences among the coating treatmeftshe end of

After eight days of storage, healthy fruits werenine days, the fruits from the control showed a mean rating
chopped and used for the analysis of aroma, texture aofidfruit color of 3.60, which was significantly higher than
flavor. For evaluation of the overall appearance, eight fruithose of the treatments CSAC and CS+AAC, with
per coating treatment were kept intact. The 9-pointatings between 3.36 and 3.21. Color preservation by
hedonic scale ranged from like extremely (score 9) to dislikshitosan was also reported by Hernandez-Muétoal
extremely (score 1), carried out by a group of 38 untrain€d006) in strawberries c\Camarosa and by Scanavaca
tasters to indicate a preference among the fruits, agnior (2007) in mango c8urpresa coated with cassava
described by Miller (2005). starch. HoweveRibeiroet al (2007) found no significant
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Table 1 Means of mass loss and color of fruit surface fganic strawberries, cv Camarosa

Mass loss (%) Color (ratings 1-4)
Treatment
3days 6 days 9 days 0 day 3days 6 days 9 days
CTL 2.10 aA* 4.36 aB 8.45 aC 3.00 aD 3.18 aC 3.35aB 3.60 aA
CS 2.81 aA 5.27 aB 9.14 aC 2.88 aC 3.10aB 3.23 aA 3.36 bA
AAC 2.72 aA 4.86 aB 9.40 aC 2.88 aB 3.10 aA 3.28 aA 3.25 bA
CS+AAC 1.53 bA 3.99 bB 6.13 bC 2.93 aB 3.18 aA 3.24 aA 3.21 bA

* Means followed by the same letter are not significantly different (p05); small letters in the column of treatments; and capital letters
in the line of days of storage. (n = 6).

Treatments: Control (CTL); coating with 2% cassava starch (CS); 1% chitosan (AAC); 2% cassava starch + 1% chitogahQ)CS +
stored at 10 = 1 °C and 60 * 5% RH

differences for color development between coated amhizopus rot during storage. But, the advance of the
uncoated strawberry fruits using different compositionanthracnose fungus growth was delayed by the use of
of starch, carrageenan and chitosan, as well as &lid-V coatings, as the number of spots with spores decreased
et al (2005) using cactus mucilage. in relation to the control (Figure 1B). The marked reduction
The incidence of fruit rostarted on day 3 of cold in decay of strawberries coated with chitosan reported by
storage, in the treatme®4.C and CS+AAC (Figure 1A). Reddyet al (2000) and Hernandez-Mufietzal. (2006),
The diseases that appeared on the fruits were anthracnasd at pre-harvest by Mazagbal (2008), was not found
(black spot) Colletotrichumsp.) and Rhizopus fruit rot in this studyHoweverthe grey mouldRotrytis cineea),
(Rhizopussp.), which are among the major fruit rot ofwhich was the main rot controlled by the chitosan coating,
strawberries (Costet al, 2003). as verified by these authors, did not occur in this
The incidence of fruit rot on day 9 of cold storage wasxperiment.
significantly higher in fruits coated with cassava starch, There was no significant difference for the content of
approximately 65%, while the other coatings were arouridtal soluble solids (TSS) throughout the refrigerated
50% (Figure 1B). The lower incidence of post-harvestorage of strawberry fruits, ranging from 6.85 °Brix (CTL)
diseases on CTL fruits is probably because they have 107.80 °Brix (CS+AAC), with initial content of 7.46 °Brix
been washed, while the increased moisture in the coai@&igure 2A). Accordingly Malgarimet al. (2006a) reported
fruits may have favored the spread of anthracnose amkan initial content of 7.35 °Brix in fruits of.d@amarosa,

(A) 09 days (B) E Rhyzopus rot of sepals
06 days O Rhyzopus rot with hyphae
801 03d O Anthracnose — Spots with spore masses
b ays .
a O Anthracnose — Spots without spore masses

70_ a a 70_ b

60 60+ a a
B a
E 501 50
°© e
S =
: p— 40' =] 40‘
< 88
e g E
= 304 S 301

[3)
=
20_ 20_
104 104
0 T T T 1 0 T T T 1
CTL CS AAC CS+AAC CTL CS AAC CS+AAC
Treatments Treatments

Figure 1.Incidence of rot in @anic strawberries c€amarosa. Control (CTL); coating with 2% cassava starch (CS); 1% chitosan
(AAC); 2% cassava starch + 1% chitosan (GSA€); during storage at 10 + 1 °C and 60 + 5% RH. (A) Incidence at days 3, 6 and
9. (B) Incidence at day 9 separated by type of rot.
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with variations in content values having no relation witlyalacturonic acids, which accelerate fruit ripening by the
the treatments or storage periods. action of the enzymes pectinmethylesterase and
The total titratable acidity (TA) of fresh fruit was polygalacturonase (Arriolat al, 1980). Malgarirret al
1.03 g citric acid.100-gof pulp, which was significantly (2006a) reporte@TA of 0.6 g citric acid.100-gof pulp on
different from the measurements at day 9 of storage: 1.82sh strawberries c\Camarosa; as discussed by the
for CS+AAC and CTL and 1.24 g citric acid.100 gf authors, this lower acidity may be due to different
pulp forAAC, which were significantly dferent from conditions of cultivation as well as soil and climate
CS, with 1.27 g citric acid.100'pf pulp (Figure 2B). characteristics.
These results are in agreement with those previously The initial mean content of vitamin C in the fruits was
reported by Campast al. (2009), with increased acidity 44.05 mg of ascorbic acid.10¢ of pulp. But, over the
in organic strawberries ‘Camarosa’ coated with cassayariod of cold storage, vitamin C reduced significantly in
starch. CTL fruits; remained the same in CS fruits and increased
In general, the content of organic acids decreases wilgnificantly in fruits coated witthAC and CS+AAC,
fruit ripening, as they are used as respiratory substratereaching 49.49 and 57.35 mg 100 ascorbic acid.,
are converted into sugars (Chitarra & Chitarra, 2005)espectively (Figure 2C). The increase in vitamin C in the
Moreover phenolic compounds also have acidic charactéreatments coated with chitosan resulted from the addition
and may somehow contribute to the acidity in the pulpf 0.6% ascorbic acid used for its solubilization. Reduction
Increased acidity can also be related to the releaseinfthe ascorbic acid content was also reported during
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Q'é” 1 1 acs
EZ 081 BAAC
< =
g 061 BCS+AAC
c2 04
£ &
; .a 0’2 -
\?/n 0 T L] L]
0 3 6 9
Storage period (days)
(©) 60 1 N a
=2 01 NS bb L 2 b a ¢ ACTL
= 2
& 2 40 - acs
2 -
= g 30 - BAAC
& v
S 20 - BCS+AAC
ZE
10 A
0 T r r
0 3 6 9

Storage period (days)

Figure 2 Total soluble solids (A), tritable acidity (B) and ascorbic acid (C) gawic strawberries c€amarosa. Control (CTL);
coating with 2% cassava starch (CS); 1% chitosan (AAC); 2% cassava starch + 1% chitosaAQ};Stored at 10 + 1 °C and 60
+ 5% RH. (NS = not significantly (g 0.05)).
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storage of strawberry c@sogrande (Calegaetal, 2002), g pulp). Howeveryeast counts were reduced by the
and in strawberries cCamarosa packed in polyethylenereatments CS and CS+AAC, which also reduced counts
film (Malgarimet al, 2006b). of psychrophiles (Figure 4). Similar reduction in

In the sensory analysis, no differences were found fpsychrophilic microorganisms and yeasts and molds were
the attributes aroma, texture and flavor among the coatinfjtained by Mali & Grossmann (2003) in strawberries cv
treatments, as indicated by the ratings close to 6 (lik@over coated with yam starch-based films, and Campos
slightly) and 7 (like moderately) in the hedonic scale, aftet al (2009) in strawberries cCamarosa coated with cas-
eight days of storage at 10 °C (Figure 3). The invariabilitypava starch associated with Copaiba oil.
of sensory attributes in post-harvest strawberry was also Coating with 1% chitosan reduced the growth rate of
reported by Santcst al. (2007). microorganisms in strawberries (Ribeieb al, 2007).

The appearance of the CTL fruits was graded withikewise, chitosan associated with potassium sorbate also
ratings below 5 (neither like nor dislike), whereas theontrolled the growth dRhizopussp. andCladosporium
treatments with coatings enhanced fruit appearancsp., as well as coliforms and aerobic microorganisms during
CS+AAC was statistically different from the othercold storage (Parét al, 2005). Chitosan films were also
treatments, resulting in mean ratings between 6 (likeported to inhibit the growth of fungi and yeasts in the
slightly) and 7 (like moderately). These results are iarea of contact, forming a halo of inhibition on the plates
agreement with those reported by Hzgtral. (2005), in inoculated (Casariego, 2004). These findings differ from
which the appearance of fresh strawberries coated withe result obtained in this study with the use of chitosan
chitosan-based edible coatings was rated at 6.36. alone, possibly because the concentration and type of

Fresh fruit had low initial microorganism counts, withacid used, and point toward the need for further
marked growth during storage, especially of yeasts, whighivestigation into the use of these coatings on the post-
reached the highest counts in the CTL treatmefGEQ/ harvest quality of organic strawberries.

9. B CTL

8- &Ccs
5 7 NS ) b O AAC
T 6 o O CS+AAC
@« o
w7
£ 4
e
=3
SN

1_

0- T . :

Aroma Texture Flavor ~ Appearance

Attributes

Figure 3.Sensory analysis of ganic strawberry c\Camarosa. Control (CTL); coating with 2% cassava starch (CS); 1% chitosan
(AAC); 2% cassava starch + 1% chitosan (CSAE) at day 8 of storage at 10 + 1 °C and 60 + 5% RH. (n = 38). (NS = not
significantly (p d” 0.05)).

12000004 OFF
1000000 mCTL

_ % 800000 0CS
S & 600000 9 AAC
© 2 400000 CS +
= 200000] e

0 : . - ' . .
Mesophiles Psychrophiles Molds Yeasts
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Figure 4 Microorganism counts in ganic strawberrycv. Camarosa. Fresh Fruit (FF); control (CTL); coating with 2% cassava
starch (CS); 1% chitosan (AAC); 2% cassava starch + 1% chitosanAB6)+at day 9 of storage at 10 + 1 °C and 60 + 5% RH.
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CONCLUSIONS Henrique CM & Cereda MP (1999) Utilizacéo de biofilmes na
conservagao pds-colheita de morangeadaria ananassaDuch)
Coating with cassava starch in association with cv IAC Campinas. Ciéncia gecnologia deAlimentos, 19:231-
chitosan enhanced the postharvest conservation of cold?3® _
stored strawberpyprovided reductions in mass loss andternandez-Mufioz FAlmenar E, Ocio MJ & Gavara R (2006)
- . . Effect of calcium dips and chitosan coatings on postharvest life
counts of psychrophilic microorganisms and yeasts andof strawberries Kragaria x ananassq Postharvest Biology

molds, and improved the appearance of fruits at the encind ®echnology Amsterdam, 39:247-253.

of nine days of cold storage. Hilarino MPA (2009)Avaliac&oin vitro e in vivo do uso potencial
de fungos endofiticos como agentes de controle biolégico de
ACKNOWLEDGEMENTS doencas do morangueiro causadas por fungos fitopatogénicos.
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condi¢bes de colheita e armazenamento na qualidade de moran-
go ‘Camarosa’. Revista Brasileira de Fruticultura, 28:185-189.
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