Ciéncia Rural, Santa Maria, v.45, n.3, p.386-391, mar, 2015

http://dx.doi.org/10.1590/0103-8478cr20130307

ISSN 0103-8478

CROP PRODUCTION

Relative humidity during cold storage on Postharvest quality of ‘Niagara Rosada’ table
grapes

Umidade relativa durante o armazenamento refrigerado sobre a qualidade pods-colheita de uvas de
mesa ‘Niagara Rosada’

Josuel Alfredo Vilela Pinto' Marcio Renan Weber Schorr" Fabio Rodrigo Thewes™
Deiverson Luiz Ceconi' Vanderlei Both” Auri Brackmann¥ Diniz Fronza"!

ABSTRACT

This study aimed to evaluate the effect of different
levels of relative humidity (RH) on the maintenance of Postharvest
quality of ‘Niagara Rosada’ table grapes after cold storage at
0.5°C for 21 days. A completely randomized design was used, with
five replicates of 18 clusters per treatment. The selected levels of
relative humidity were 85, 90, 95 and 100%, obtained by means
of electronic humidity controllers. The fruits were evaluated in
relation to rot incidence, berry cracking, browning rate, respiratory
rate, titratable acidity, soluble solids, resistance to abscission,
berry drop and weight loss. The evaluations were assessed at 20
days of storage and after two and four days of shelf-life (20°C;
85% RH). The results showed that as higher as relative humidity,
higher is rot incidence and that the variables rachis browning and
weight loss were inversely related to relative humidity. Resistance
to abscission at the end of storage was higher when humidity
ranged between 90 and 95%, but it was not affected after transfer
to shelf-life from cold storage. Relative humidity ranging between
90 and 95% offer the best conditions to maintain the Postharvest
quality of ‘Niagara Rosada’table grapes.

Key words: Vitis labrusca, table grapes, physiological disorders,
weight loss.

RESUMO

Este trabalho teve como objetivo avaliar o efeito de
diferentes niveis de umidade relativa (UR) sobre a manutengdo
da qualidade pés-colheita de uvas de mesa ‘Niagara Rosada’,
apos armazenamento sob refrigeragdo, a 0,5°C durante 21 dias.
Foi utilizado delineamento inteiramente casualizado, com cinco

repeti¢ées de 18 cachos por tratamento. Os niveis de umidade
relativa utilizados foram 85, 90, 95 e 100%, conseguidos com o
auxilio de controladores eletronicos. Os frutos foram avaliados
quanto a incidéncia de podridoes e rachaduras, indice de
escurecimento, taxa respiratoria, acidez titulavel, solidos soluveis,
resisténcia ao degrane, degrane e perda de massa. As avaliagoes
foram realizadas aos 20 dias de armazenamento e apos dois e
quatro dias de exposi¢do dos frutos a condi¢do ambiente (20°C;
85% UR). Os resultados indicaram que quanto maior o teor de
umidade, maior a incidéncia de podridées, e que as varidveis
escurecimento da raquis e perda de massa possuem relagdo
inversa a umidade relativa. A resisténcia ao degrane na saida
da camara foi maior com umidade entre 90 e 95%, mas ndo foi
afetada apos a transferéncia dos cachos a condi¢ao ambiente. O
armazenamento sob refrigeragdo e umidade relativa na faixa de 90
a 95% proporciona melhor manutengdo da qualidade pos-colheita
de uvas ‘Niagara Rosada’.

Palavras-chave: Vitis labrusca, uvas de mesa, desordens
fisiologicas, perda de massa.

INTRODUCTION

Grapes are one of the main fruits grown
in temperate climate in Brazil, and approximately 1.3
million tones are produced annually (FAO, 2009),
with the state of Rio Grande do Sul being the major
producer. However, in the case of table grapes, the
state of Sdo Paulo has gained prominence, where
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‘Niagara Rosada’ grapes, in particular, are grown
(ClAetal., 2011; WUTKE et al., 2011).

‘Niagara Rosada’ is an american table
grape, with seed, being much appreciated for fresh
consumption. It is harvested at some seasons of the
year, where periods of high marketable yields are
followed by periods of low yields. In addition, there
is increased demand from the consumer market for
quality fruit, generating the need to improve the
storage techniques in order to keep such quality and
provide longer periods of market supply between
fruit production peaks.

Cold storage, where only temperature
and relative humidity are controlled in the storage
chamber, is one of the main methods for conservation
of fruit quality (CHITARRA & CHITARRA, 2005;
BRACKMANN et al., 2010). Thus, the reduction
of temperature, up to a certain limit, increases the
quality maintenance and extends the period of
fruit supply to the consumer market. For grapes,
the choice of storage temperature depends on the
cultivar used, but the most commonly used is around
0°C (BRACKMANN et al., 2000). As for relative
humidity, most of studies focus on storage at either
high or low relative humidity and do not consider
intermediate levels.

Relative humidity levels near saturation
(100%) can increase the rot incidence (SCHWARZ,
1994) and berry cracking. When it is very low, can
cause excessive weight loss (BRACKMANN et al.,
2000) and emergence of disorders such as rachis
browning (CRISOSTO et al., 2001) and berry drop
(BRACKMANN et al., 2000). Moreover, the water
loss by the fruit during storage can modify the
respiratory rate, the ethylene production, the juiciness
and the accumulation of acids and soluble solids
(BRACKMANN et al., 2007; PINTO et al., 2012).

In this context, this study aimed to evaluate
the effect of different levels of relative humidity
during cold storage on the Postharvest quality of
‘Niagara Rosada’ table grapes.

MATERIAL AND METHODS

This study was conducted at the Postharvest
Research Center (NPP — Nucleo de Pesquisa em Pos-
colheita) from the Federal University of Santa Maria
(UFSM) with ‘Niagara Rosada’ table grapes grown in
an experimental orchard at the Polytechnic School of
UFSM in the 2010/2011 agricultural year.

The grapes were grown under a trellis
system, and the cultivation was performed according
to local technical recommendations. The harvest

was performed when the fruit reached the average
content of soluble solids of 15°Brix. After harvesting,
the material was taken to NPP where were selected
according to size (approximately 200g) and the
absence of mechanical injury and pathogens. The
samples were placed in experimental mini-chambers
(0.233m?3) located inside a cold chamber.

The experiment had a completely
randomized design, with five replicates of 18 clusters
per treatment. Four conditions of relative humidity
(85, 90, 95 and 100%) were tested during the cold
storage at 0.5°C for three weeks. Relative humidity
was kept constant by means of electronic humidity
controllers that brought into action a system whereby
the air in the mini-chambers circulated within a
container filled with silica gel, which absorbed air
humidity; already when humidity was very low, water
was manually injected into the mini-chambers. The
temperature and relative humidity were monitored
with daily readings shown by thermometers and
psychrometers, respectively, installed inside the
mini-chambers.

After the storage, fruits were transferred
from the cold chamber and maintained at
environmental condition (20°C; 85% RH) for
four days, being evaluated every two days. The
following variables were assessed: [1] Rot incidence:
determined by the ratio between the number of
clusters that had some type of fungal infection
and the total number of clusters, with the results
expressed in percentage (%); [2] Incidence of berry
cracking: determined by the ratio between clusters
with cracked berries and the total number of clusters,
with the results expressed in percentage (%); [3]
Rachis browning: determined subjectively by using
the following scale: 0 = no browning, 1 = moderate
browning (<50% rachis browning) and 2 = severe
browning (>50% rachis browning), calculated by
the weighted average of the scale value and number
of clusters at each level, ranging between 0 and 2;
[4] Respiratory rate: quantified according to the
procedure described by PINTO et al. (2012) and the
results were expressed mLCO, kg'h'; [5] Titratable
acidity: measured by titration of 10mL of grape juice,
diluted with 100mL of distilled and deionized water,
with 0.1N NaOH until pH 8.1, with results expressed
in meq 100mL"'; [6] Soluble solids (SS): determined
with a refractometer (Biobrix 103), being the results
expressed in °Brix; [7] Resistance to abscission,
determined by the average force required to detach
20 berries from their respective clusters, measured
with a precision scale (Marconi AL500C), with the
results expressed in gram-force (gf); [8] Abscission,
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determined by the ratio between the mass of berries
detached after three slight manual agitations, and the
total berry mass, expressed in percentage (%); [9]
Weight loss, determined by the ratio between total
fruit mass measured before and after storage, being
the results expressed in percentage (%).

The statistical analysis was processed in
SISVAR software, being the averages submitted to
analysis of variance (ANOVA) at 5% significance
level, and the variables that were significant in the
F-test submitted to regression analysis. The data
expressed as percentage were submitted to arc sine
transformation prior to ANOVA.

RESULTS AND DISCUSSION

Rot incidence, after 21 days of cold
storage, was only observed after two days at shelf-life
(temperature 20°C; RH 85%), and showed second
degree response and point of minimum incidence
with 92.9% of relative humidity (Figure 1A). There

was no rot incidence in clusters removed from the
cold chamber and maintained at 20°C for 4 days.
Infection by fungus Botrytis cinerea, which is the
main cause of bunch rot of table grapes (CELIK
et al., 2009), usually starts in the field and remains
dormant until begin fruit senescence (SANZANI et
al., 2012). The onset of symptoms occurs, because
of the reduced synthesis of phenolic compounds
and epidermal softening (PEZET et al., 2003). This
explain the fact that, in our study, there were no rot
berries at removal from the cold storage chamber,
but the symptoms were observed after two days at
20°C. Furthermore, when the fruits were taken out of
the cold chamber and exposed to room temperature,
water condensation was observed on the surface of
the berries. The reduced incidence with advancing
days of storage at ambient condition was due to the
detachment of rot berries from the clusters.

The incidence of berry cracking, after the
transference of fruits from the cold chamber (0 days
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Figure 1 - Rot incidence (1.1), berry cracking (1.2), rachis browning* (1.3) and respiratory rate (1.4) of ‘Niagara Rosada’ table
grapes after 21 days of cold storage. Analyses performed at 0, 2 and 4 days of shelf-life (20°C; 85%). Santa Maria, RS,
2013.* Rachis browning levels: 0= no browning; 1= moderate browning (<50% rachis) and 2= severe browning (>50%
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at 20°C), was directly related to relative humidity
during storage and was only noticed when it was equal
to or above 95%, which corroborates the findings by
SCHWARZ (1994) (Figure 1B). However, the rachis
browning had the opposite response, i.e., increased
with the reduction of the relative humidity during
storage, in all days assessed (Figure 1C). Moreover,
by removing the berries from the cold chamber, the
browning of fruits stored at 85 and 90% relative
humidity ranged between moderate and severe,
which reduces the consumer acceptance of the fruits.
This is in line with the findings by CRISOSTO et al.
(2001), who studied the effect of water loss of berries
in the occurrence of rachis browning, and those by
BRACKMANN et al. (2000) in ‘Dona Zila’ and
‘Tardia de Caxias’ table grapes. The use of higher
relative humidity is allowed for longer shelf-life,
without excessive rachis browning.

The respiratory rate was affected by relative
humidity only at 0 and 4 days of shelf-life, with the

point of lowest respiration in relative humidity levels
of 87.8 and 92.7%, respectively (Figure 1D). After 2
days of shelf-life, the relative humidity did not change
the respiratory rate significantly, and the average of
the treatments was 13.67mLCO, kg'h"'. As well as
the respiratory rate, a difference was observed for the
contents of soluble solids (SS) only at 0 and 4 days of
shelf-life (Figure 2B). At 0 day, the curve that explains
the effect of relative humidity was a parabola, with
the maximum tenors at 94.9% RH, which indicates
a slighter loss of SS during the storage, as a result of
respiration. The titratable acidity was not significantly
affected by the levels of relative humidity studied
(Figure 2A).

The effect of relative humidity on
resistance to abscission, which is a way to estimate
the force with which the berries are attached to
the rachis, was only affected at 0 days of shelf life
(Figure 2C), whose response was represented by
a parabola with maximum force at 92% relative
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Figure 2- Titratable acidity (2.1), soluble solids (2.2), resistance to abscission (2.3) and weight loss (2.4) of ‘Niagara Rosada’ table grapes
after 21 days of cold storage. Analyses performed at 0, 2 and 4 days of shelf-life (20°C; 85%). Santa Maria, RS, 2013.
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humidity. The easiness to berries drop from the
cluster is associated with the development of the
abscission layer (DENG et al., 2007b) between
the peduncle and the berry, a process mediated by
the abscisic acid, which stimulates the activity of
enzymes which degrade the cell wall (ZHANG &
ZHANG, 2009).

Indirectly correlated with resistance
to abscission, berry drop was not significantly
affected by relative humidity during storage; which
was on average of 33.5% after 4 days at 20°C
(data not shown). As the resistance to abscission,
this variable was also directly associated with the
development of the abscission layer (DENG et
al., 2007b) and represents one of the main ways
whereby Postharvest quality of table grapes is
lost (DENG et al., 2007a; BRACKMANN et al.,
2000). In its turn, the weight loss of berries during
the storage was inversely related to the relative
humidity, i.e., as lower levels of relative humidity,
greater the weight loss, which corroborates the
findings by BRACKMANN et al. (2012) (Figure
2D). For each reduced percentage point in relative
humidity, there was an average increase of 0.12
percentage points in weight loss.

CONCLUSION

‘Niagara Rosada’ table grapes should
be kept under cold storage with relative humidity
ranging between 90 and 95%, because it results in
lower rot incidence, lower respiration, and greater
resistance to abscission, during shelf-life. Relative
humidity levels equal or higher than 95% causes
berry cracking.

The weight loss and rachis browning are
the two major reasons for loss of Postharvest table
grapes quality and are intensified with the reduction
in the relative humidity, especially if it is equal or
lower than 90%.

The resistance to abscission and berry drop
are not influenced by relative humidity during the
cold storage but is severely reduced during exposition
to 20°C. In contrast, rachis browning is increased
with the reduction of relative humidity.
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