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Heat shock and salicylic acid on postharvest preservation
of organic strawberries

Sdiane Coltrot, Laline Broetto!, Maria Cristina Copelo Rotillit, Alice Jacobus de Moraes!,
Fabiane Karine Barp?, Gilberto Costa Braga®

ABSTRACT

Heat shock and salicylic acid have been studied on shelf-life extension of fruits. The benefits of these techniques
have been related to their effect on inducing physiological defense responses against the oxidative stress and pathogen
development. The objective of this study was to evaluate the effect of heat shock and salicylic acid on the postharvest
preservation and contents of total phenolics, anthocyanins, ascorbic acid, fresh weight loss and microbiological
quality of oganic strawberries cldover Srawberries produced ganically and stored at 5 °C were subjected to heat
shock (45 °C + 3 °C for 3 h), application of salicylic acid (soaking in 2.0 mrhsblution), heat shock in combination
with salicylic acid and controlfter treatment, the fruits were packed and stored in a climatic chamber at 5 °CAt 2 °C.

1, 7 and 14 days, the experimental units were removed from refrigeration and kept at room temperature of approximately
20 °C for two days. There was no effect of treatments on fresh weight loss, incidence of pathogens or chemical
variations in strawberry fruits during the storage period. In natural conditions, organically grown strawberries remained
in good condition for sale up to seven days of storage in all treatments.

Key words: Fragaria x ananassa Duch, antioxidant compounds, microbiological quality

RESUMO

Conservacéao pos-colheita de morangos organicos, tratados com choque térmico
e acido salicilico

O choque térmico e o uso do acido salicilico tém sido estudados como técnicas de extenséo da vida Util de frutos.
A acdo benéfica dessas técnicas tem sido relacionada com seus efeitos na inducao de respostas fisiolégicas de defesa
contra estresses oxidativos e desenvolvimento de patégenos. O objetivo deste trabalho foi avaliar o efeito do choque
térmico e do acido salicilico na conservacéo pos-colheita e nos teores de compostos fenélicos totais, antocianinas,
acido ascorbico, perda de matéria fresca e qualidade microbioldgica de frutos de morangos ‘Dover’, produzidos
organicamente e armazenados a 5 °C. Os morangos foram submetidos aos tratamentos de choque térmico (45 °C + 3 °C,
por 3 h), aplicagdo de acido salicilico (imersdo em solugdo aquosa 2,0 Mnualrhbinacao de choque térmico com
acido salicilico e controldpds tratamento, os frutos foram embalados e armazenados em camara climatizada, a 5°C +
2°C. Emintervalos de 1, 7 e 14 dias, as unidades experimentais foram retiradas da refrigeracéo e mantidas em ambiente
a aproximadamente 20 °C, por dois dias. Nao houve influéncia dos tratamentos sobre a perda de matéria fresca e a
incidéncia de patdgenos ou variagdes quimicas em frutos de morango, durante o periodo de armazenamento. Natural-
mente, 0s morangos produzidos organicamente mantiveram-se em boas condi¢des para a comercializacao até sete dias
de armazenamento, em todos os tratamentos.

Palavras-chavefragaria x ananassa Duch, compostos antioxidantes, qualidade microbioldgica.
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INTRODUCTION The efficiency of heat shock and the application of
salicylic acid in increasing the shelf life of strawberries

Strawberry Fragaria x ananassa Duch.) is a widely _— -
consumed fruit worldwide, both fresh and processed r|1tave been proven. Howeyene application of salicylic
y Uit WOTIawice, P “acid combined with heat shock by heated air has not yet

. X c
has attractive colgflavor and aroma and is a source o . .
o . . . ) een tested in strawberry postharvest preservation. The
vitamin C (ascorbic acid) and bioactive compounds such .” . .
. . objective of this study was to evaluate the effect of heat
as flavonoids and other phenolic compounds (Roleirds

al., 1999). The attractive color is derived from glycosylate hock and salicylic acid, alone or in combination, in the

anthocyanidins (anthocyanins), which are important fc;)rostharvest preservation and microbiological quality of

. . . . . .organic strawberries.
assessing fruit ripening. The main anthocyanin in

strawberry is pelargonidin 3-glucoside and in smaller
quantities are cyanidin-3-glucoside and pelargonidin MATERIALS AND METHODS

rutinoside (Cordenunstal., 2005) Vitamin C (L-ascorbate Strawberry c.v Dover was produced in thegamic

orascorbic acid) is one of the most important free _rad_icgyllstem in the municipality of Marechal Candido Rondon,
scavengers present in plants and animals. The annowdgﬁ Brazil. between the coordinates 24° 26' S and 53° 57"

activity comes from its reaction with hydrogen peroxid% at 420 m altitude. Fruits were harvested in Julyi201
(H,0,), superoxide (©) and singlet oxygen@,) (Buettner selected for uniform size, without external blemishes,

& Schafer2004). . . _ healthy with 75% of the surface of predominant red color
Strawberry has a non-climacteric respiratory pattergnd acked in polvstvrene travs. Groups of ten fruits
and a very fragile physical structure. It has high metabolic b POlysty ys. P

postharvest activity and high susceptibility to funga onstituted the experimental units. The treatments applied

) . o . . consisted of: 1) heat shock (45 °C + 3 °C for 3 h in an
diseases, especiaBpotrytis cinerea, Rhizopus stolonifer ven): 2) salicvi id (immersion in lution t
and Penicillium sp. (Baths-Bautistat al. 2003). These oven); 2) salicylic acid ( ersion In agueous solution 1o

N . .
characteristics of strawberry fruits result in highz'0 mmol L for 5 minutes, followed by drying on a bench

perishability and short postharvest life. The main contré?r 1h); 3) Sahcyll(_: acid (immersion in aqueous solution
%.O mmol %, 5 minutes), followed by heat shock (45 °C

measure these diseases is the use of chemical fungici_'_e3 °C for 3 h i - and 4 At h
(Hernandez-Mufioet al., 2006). The increasing consumer—- or in an oven); and 4) cpntr ter_t N
gatments, the trays were covered with PVC film and

demand for healthy products has required special attenti , e S o o .
to post-harvest handling of strawberries. Research j&°red in aclimatic chamber at5°C £ 2 °C. and 90% + 5%

needed on alternative methods of conservation that 43¢+ 1€ control group of untreated strawberries and also

supplementary to refrigerated storage and add safetyAgcked was stored under the same conditisiter 1, 7
the product. and 14 days of storage, the experimental units were

Heat shock treatments have been used to contf&lmoved from refrigeration and moved to room at 20 °C

fungal diseases in postharvest fruit and vegetables (PafR¢l 60-65% RHAfter 48 hiin this condition, the samples
etal., 2009). This can be a promising alternative to replacdéere frozen in liquid nitrogen and stored at -24 °C until
or to reduce chemical treatments in strawberrfes. analysisAll analyzes were performed in triplicate.
moderate heat stress on the fruit mobilizes antioxidant 1he concentration of ascorbic acid (vitamin C) was
defense responses and induces changes in the metabol@&termined by titration with 2,6-dichlorophenol-
The production of antioxidant enzymes involved inndophenol sodium salt (BenassiAli 1988). The total
inactivating oxygen radicals keeps the levels of harmfi@henolic compounds were determined by the colorimetric
free radicals under intracellular controlfeentet al., 2006). Method, using the Folin-Ciocalteu reagent (Singleton
The non-lethal heat shock temperature, around 45 °C f@r, 1999) and read in a spectrophotometer at 760 nm. The
three hours, may reduce fruit decay by pathogens apfdthocyanin content was determined in a
increase the shelf life {centet al., 2002). spectrophotometer at 537 nm (Sims & Gamon, 2002). The
Salicylic acid has been studied in the post-harve¥griation in weight (%) was determined in a semi-analytical
conservation of strawberries applied alone (Srivastavalglance by subtracting the weight of each storage interval
Dwivedi, 2000Vincentet al., 2002Vincentet al., 2006), or  from the initial weight.
combined with thermal shock by immersing in warm water Pathogen incidence (fungi) was determined visually
(Shafieeet al., 2010). Its exogenous application inand expressed as the percentage (%) of attacked fruits
strawberry fruits can increase resistance again@tlernandez-Mufioet al., 2006). Fungal identification was
pathogens (Babalat al., 2007; Zhangt al., 2010). This based on microscopic examination (Franco & Landgraf,
phenolic compound is present in many plants and is 4896).
important component in the signal transduction pathway The experiment was arranged in a completely
inducing defense responses (Zhahgl., 2010). randomized 3x4 faotial design, with three storage periods
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combined with the three treatments and the control, wit al., 1998), which seems to be related to defense
four replicationsAnalysis of variance and comparison ofmechanisms of the fruit via oxidative miatéism enzymes
means (Tikey p <0.05) were performed with the statisticauch as peroxidases (PO) and polyphenoloxidases (PPO).
software SAEG 9.1 (System for Genefinalysis and These enzymes lead to oxidative degradation of phenolic

Statistics, 2007). compounds, close to the site of cell
decompartmentalization caused by pathogens (Campos
RESULTSAND DISCUSSION et al. 2003). The damage caused by pathogens to cells

The high respiratory intensity and high susceptibilit)?lso cqntnbute to the increased levels of pre—ex'|s.t|ng
to damages induced by pathogen infection are commBREN0lic compounds released from vacuoles, oxidized
features in strawberries and lead to the relatively shdft duinones (Thipyapongt al., 2004), which exhibit
shelf life that normally occurs with this fruit (Pelagtal. ~ 2ntimicrobial activity (Jungtal., 2004) .

2003). This relevant behavior was also observed in this Thereé was no correlation between the levels of
experiment. phenolic compounds and the weight loss and pathogen
Up to seven days of storage, there were Signiﬁcamcidence (@ble 2). Howevethere is evidence of positive
decreases in total phenolic compounds in the fruits caus@dsociations between levels of total phenolics and
by all the treatments. Between 7 and 14 days of Stora@@thogen indices between 7 and 14 days of storage (except
only the treatment with heat shock resulted in decreasiff the treatment with heat shock), suggesting that high
of total phenolic compounds, whereas in the control, thefates of decay by pathogens, at the end of storage, have
was increase in these phenolalfle 1). Opposite results caused increases in the content of phenolic compounds,
were observed in the c8elva treated with heat shock,in agreement with observations that indicate higher content
which showed a significant increase of total phenolics if Phenolic compounds in strawberries associated with

the control until seven days of storagdc@nteet al., higher levels of physical damageiif@entet al., 2003).
2003). Physiological stresses caused by injuries or infections

Exposure of fruits to heat shock induces synthesis 6&n induce the activity of oxidative enzymes (PPO and
a unique set of proteins called “heat shock proteing’OD), decreasing the contents of phenolic compounds,
(Saltveit, 2000). The synthesis of these proteins Bnd can also increase the activity of phenylalanine
accompanied by a general inhibition of protein synthesgnmonia-lyase @) (Thomas-Barberan & Espin, 2001),
in the phenylpropanoid pathway with a reduction in thehich is considered a key enzyme in the biosynthesis of
levels of phenolic compounds. This may explain thehenolic compounds from the phenylpropanoid pathway
decreases in the total phenolic content occurred in &\ndersen & Markham, 2005). The results show evidence
treatments up to seven days of storagb(@ 1). that after 14 days of storage, the heat shock alone

The increase in the content of phenolic compoundsfluenced phenol oxidation processes, whereas the
in strawberries treated with salicylic acid and thé&alicylic acid influenced the increase in activity of the
combination heat shock+salicylic acid after 14 days dfiosynthetic phenylpropanoid pathway
storage may have occurred because of stress damagesThe anthocyanin content in strawberries increased in
related to the incidence of pathogens in the fruigb(@ all treatments up to seven days of storageb(@ 3).

1). Stresses caused by physical damage, such lasreases of total anthocyanins in strawberries were also
pathogen infection, lead to physiological disorders thateported for cultivars Dove€Campineiro (Cordenunsi
through gene expression signals, lead to the inductiah, 2005), Earliglow andllstar (Jinet al., 2011), during
of specific proteins of the phenylpropanoid metabolisnthe same period of refrigerated storage. Between seven
This increased activity causes the accumulation a@ihd 14 days, only the treatment with heat shock alone
phenolic compounds (Lopez-Galvetzal., 1996; Peiser showed reduced anthocyanin camse Civelloet al. (1997)

Table 1.Total phenolic compounds in strawberry Bover stored after treatment with heat shock (HS) and salicylic acid (SA)

Total phenolic compounds (mg @)

Storage (days)

Control HS SA HS+SA
142 3.79%A 3.78% 3.43%8 3.05%¢
7+2 3.08¢® 3.20% 3.08® 2.84<¢
14+2 3.58%8 2.22® 3.76 3.143¢

Means followed by the same small letter in the column and capital letter in the row are not significéetgndily theTukey’s test
(p > 0.05).

Days at 5 °C + 2 days at 20 ° C.
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also found reduction in the anthocyanin content istal., 2003). Howevetthere was no significant correlation
thermally treated fruits of c\Belva, after seven days ofbetween the variables anthocyanins and pathogen
storage. HoweveYincentet al. (2002) found increases of incidence (&ble 2).
anthocyanins in cvDover, both thermally treated and  Strawberries treated with heat shock and heat
untreated, up to 14 days of storage, suggesting a possibt®ck+salicylic acid showed increased ascorbic acid
influence of the cultivar in the response of fruits undectontent, up to 7 days of storage, with higher contents
high stress by long-term storage. than the control @ble 4).The use of salicylic acid alone
After the application of heat shock and/or salicylicgesulted in reduced ascorbic acid. Howetlggre was an
acid, the anthocyanin content in fruits was higher thancrease in the content at 14 days of storage, which was
that of the control at 7 and 14 days of storagbl@ 3), higher than the other treatments. The application of heat
suggesting that the treatments were effective in inducirsipock and/or salicylic acid resulted in higher ascorbic
accumulation of anthocyanins, except for the treatmeatid contents than the control at 14 days of storage. The
heat shock alone at 14 days, which showed results simitaaintenance of levels of ascorbic acid involves a recycling
to the control. HoweveYincentet al. (2002) found lower mechanism rigidly controlled within the plant cell. Because
total anthocyanin content at seven and 14 days of storaggits antioxidant function, this recycling route in the fruit
which were similar to the control in heat-treatedSmiva. is especially important during the response to oxidative
Similarly, Civelloet al. (1997) found that heat-treated Sel-stress, when the reduced ascorbic acid is oxidized to the
va strawberries had lower contents of anthocyanins thanstable form of dehydroascorbate, which is easily
the control, during three days of storage and related thdsegraded. The reduced form of ascorbic acid may be
result to the inhibition of the biosynthetic pathway byexhausted if the oxidized forms are not recovered by the
the decrease in thé\P activity. reductase enzymes (monodehydroascorbate and
There were no differences in the anthocyanin contedehydroascorbateredutase) genetically expressed in
among the treatments with heat shock and salicylic acidsponse to oxidative stress (Smifr@WWheeler 2000).
applied alone or combined at 7 days of storagél@3). This recycling route and synthesis processes can explain
However at 14 days, heat shock-treated strawberries h#tte maintenance and increase in the content of ascorbic
lower content than the other treatments. Exogenouasid, especially in response to heat shock and salicylic
application of salicylic acid can activate the metaboliacid treatments.
pathway for the synthesis of phenylpropanoids Vincentetal. (2006) reported no dérences in ascorbic
(flavonoid compounds) involved in mechanisms o&cid content between heat shock-treated Selva
resistance to plant pathogens (Camgi@s., 2003). The strawberries and the control during storage at 0 °C + 2
defense responses induced by salicylic acid are probaldlgys at 20 °C for 7 and 14 days. Cordenenai. (2005)
involved in the expression of a number of defense gendsund that the content of ascorbic acid was maintained
especially those encoding pathogenesis related protearsund 60 mg 100'gluring storage of strawberries Dover
such as chitinasé;1,3-glucanase and peroxidase (Qirat 6 °C for six daysThis is related, most likelyto the

Table 2.Pearson coé€ients of correlation for combinations between chemical and physical variables of strawbBoyenstored
after treatment with heat shock and salicylic acid

Variables Anthocyanins Ascorbic acid Loss of weight Incidence of pathogens
Total phenolic -0.18ns -0.03ns -0.20m -0.16m
Anthocyanins 0.57 ** 0.29* 0.18"s
Ascorbic acid 0.45 ** 0.33*

Loss of weight 0.86 **

* and ** Significant at p < 0.05 and p < 0.01, respectivél\Non-significant at p> 0.05.

Table 3.Anthocyanins in strawberry cidover stored after treatment with heat shock (HS) and salicylic acid (SA)

Anthocyanins (mg 100 d)

Sorage (days)

Control HS SA HS+SA
1+2 75.06°¢ 86.27" 77.52¢ 90.49%
742 83.28%8 97.48%A 94.982A 96.242A
14+2 83.052¢ 83.56¢ 97.562A 94.773A

Means followed by the same small letter in the column and capital letter in the row are not significéatbnidfy theTukey’s test
(p > 0.05).

Days at 5 °C + 2 days at 20 ° C.
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Table 4.Ascorbic acid in strawberry clDover stored after treatment with heat shock (HS) and salicylic acid (SA)

Ascorbic acid (mg 100 g)

Sorage (days)

Control HS SA HS+SA
1+2 48.67"8 50.69¢8 54.300 48.16"
7+2 53.2828 60.45%A 50.72¢® 60.25
14+2 50.202P 54.30°¢ 68.143A 58.4028

Means followed by the same small letter in the column and capital letter in the row are not significéatbnidfy theTukey’s test
(p > 0.05).

Days at 5 °C + 2 days at 20 ° C.

18 7 --0-- Control A 60 - B
16 4 0O HS
—~ y 3 50 A
S 144 ——sA o S
= 12 4 --X--HS+SA ' I 40 A
20 &
o 10 = G
z S 1
= 30 A
= 6 = 20
w 42\ s ,E
L B I 10 -
2 1 1
0 T T 1 0 1
1+2 T7+2 14+2 1+2 7+2 14+2
Storage (Days at 5 °C + 2 days at 20 ° C) Storage (Days at 5 °C + 2 days at 20 ° C)

Figure 1.Loss of fresh weight (a) and incidence of pathogens (b) in strawbeDpeer stored after treatment with heat shock
(HS) and salicylic acid (SA)ertical bars mean standard deviation.

positive influence of the low storage temperature dbund reduction in both the incidence and lesion
strawberries (Lee & Kadeg2000; Pelayet al., 2003). The diameter oRhizopusin Camarosa strawberries treated
same was observed in Camarosa strawberries afteith salicylic acid and stored at 2 °C. Babaéhral.
treatment with heat shock and salicylic acid and storg@007) also found a reduction of fungal decay in Selva
for seven days at 2 °C (Shafigel ., 2010). strawberries treated with salicylic acid and stored at 2
The effect of the storage time on the loss of fruitC and related this result to the activation of the defense
weight was around 6% at 7 days and 14-16% at 14 dagy,stem of the bodycaused by the application of
which is not influenced by the treatments (Figure lajyalicylic acid.
disagreeing with the findings byincentet al. (2003), The major changes in strawberries during refrigerated
who found reduction in weight loss in strawberriestorage were physical and microbiological, which were
treated with heat shock. Shafieeal. (2010) also influenced by the senescent metabolism of the organ. Erkan
observed decrease in weight loss in Camaroshal. (2008) found no visible infection in strawberry fruits
strawberries treated with salicylic acid, with or withouturing the first five days of storage at 10 °C, while at 20
heat shock, after seven days of storage at 2 °C. Losslays, it reached approximately 90%eiteset al. (2006)
higher than 10% of weight lead to wrinkled and opaquebserved incidence, mainly ddotrytis cinerea, in
skin, compromise the fruit appearance and can lead stvawberry cvOso Grande, from day 8 of storage at 0 °C.
rejection by consumers (Flores-Cantillano, 2003The increased infestation of rot diseases in strawberry is
Hernandez-Mufioet al., 2006). The increased incidenceassociated with temperature and storage time (Retddy
of fungi (Figure 1b) and its correlation with weight lossal., 2000).
(Table 2) may have accelerated metabolic processes
related to senescence, with consequent increase of waB@NCLUSIONS
content and higher rate of weight loss by evaporation
(Cordenunset al., 2002; Chitarra & Chitarra, 2005).
There was an increased incidenceRifyzopus
nigricans andPenicillium sp during the storage period,
with the highest rates occurring at 14 days (Figure 1bAKNOWLEDGEMENTS
which was not influenced by the treatments. This result
disagrees with the reports by Shafétal. (2010), who The authors thank CAPES for the scholarship granted.

The heat shock and/or salicylic acid applied post-
harvest did not influence the loss of fresh weight, incidence
of pathogens or chemical variations in stored strawberry
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