Postharvest Biology and Technology 63 (2012) 141–147

Contents lists available at ScienceDirect

Postharvest Biology and Technology
journal homepage: www.elsevier.com/locate/postharvbio

Review

Recent advances on the use of natural and safe alternatives to conventional
methods to control postharvest gray mold of table grapes
Gianfranco Romanazzi a,∗ , Amnon Lichter b , Franka Mlikota Gabler c , Joseph L. Smilanick d
a

Department of Agriculture, Food and Environment, Marche Polytechnic University, Via Brecce Bianche, 60131 Ancona, Italy
The Department of Postharvest Science, ARO, The Volcani Center, POB6, 50250, Israel
c
California Table Grape Commission, 392 W. Fallbrook, Suite 101, Fresno, CA 93711-6150, USA
d
United States Department of Agriculture – Agricultural Research Service (USDA-ARS), San Joaquin Valley Agricultural Sciences Center,
9611 South Riverbend Ave., Parlier, CA 93648, USA
b

a r t i c l e

i n f o

Article history:
Received 21 March 2011
Accepted 16 June 2011
Keywords:
Botrytis cinerea
Blue mold
Postharvest decay
Vitis vinifera

a b s t r a c t
Gray mold, caused by Botrytis cinerea, is the main postharvest decay of table grapes. It can develop in the
vineyard and spread rapidly among berries after harvest, during long distant transport, cold storage and
shelf-life. In conventional agriculture, bunches are sprayed with fungicides after ﬂowering, at pre-bunch
closure, at veraison, and later, depending on the time of harvest. Harvested bunches are usually stored in
the presence of sulfur dioxide. However, the use of synthetic fungicides and of sulfur dioxide is not allowed
on organic grapes and the study of alternative methods to control postharvest decay has developed
over several decades, along with the demand for safer storage methods. This review summarizes the
results published in the ﬁeld within the last 5 years (2006–2010). We can group these approaches as
follows: (i) biocontrol agents; (ii) natural antimicrobials; (iii) GRAS type decontaminating agents; and
(iv) physical means. Two biocontrol agents, Muscodor albus and Hanseniaspora uvarum, have shown equal
or better effectiveness than conventional methods to control gray mold of table grapes in laboratory
scale experiments. Currently, the bottleneck for the commercial use of biocontrol agents is that the
registration process is comparable to that of fungicides, with similar costs but often with a narrower
market. This delays their transition from experimental to practical use. Natural antimicrobials, such
as salts, chitosan, and plant extracts, have demonstrated good results and often have been applied in
various scales. Several GRAS-classiﬁed sanitizers have been tested to extend postharvest storage of table
grapes, including acetic acid, electrolyzed oxidizing water, ozone, and ethanol. Physical technologies
involving variations in temperature, UV-C irradiation, pressure or changing atmospheric composition,
are all postharvest practices which require signiﬁcant adaptation by an industry which is accustomed to
minimal intervention during harvest. Overall, the use of ozone and of calcium chloride are two promising
examples of treatments that are beginning to be adopted on a commercial scale. The requirements for
the optimal treatment of grapes against gray mold before harvest or during storage are summarized.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Gray mold, caused by Botrytis cinerea, is the main postharvest
decay of table grapes (Vitis vinifera) (Pearson and Goheen, 1988).
It can develop in the vineyard and even more after harvest, during long-distance transport, cold storage, and shelf-life. Occasional
infections by Penicillium spp., Aspergillus spp. and Alternaria spp.,
that cause blue mold, Aspergillus rot and Alternaria rot, respectively, can also occur. In conventional agriculture, bunches are
sprayed with fungicides after ﬂowering, at pre-bunch closure, at
veraison, and later, depending on the time of harvest (Luvisi et al.,
1992). These sprays can markedly reduce subsequent posthar-
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vest decay, but they do not eliminate the need for postharvest
treatments (Smilanick et al., 2010a). Under commercial conditions,
grapes may remain on the vines long after they are physiologically mature. Harvested bunches are usually stored in the presence
of sulfur dioxide. This compound is registered as an adjuvant in
most countries, while it has been removed from the GRAS list and
classiﬁed as a pesticide in USA (Anon, 1986). However, the use of
synthetic fungicides and of sulfur dioxide is not allowed on organic
grapes (Mlikota Gabler and Smilanick, 2001), and there are increasing regulatory restrictions on the use of chemical fungicides. The
study of alternative means to control postharvest decay has progressed over the past several decades, along with the expansion of
organic agriculture and the concern of consumers about the possible presence of fungicide residues on fruit. The use of alternative
means to control postharvest decay of table grapes was extensively
reviewed most recently about 5 years ago (Droby and Lichter, 2004;
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Elmer and Reglinski, 2006; Lichter et al., 2006). However, interest
in this subject remains high and signiﬁcant research progress in
this ﬁeld has occurred in the meantime, although practical applications are still relatively few. The objectives of this review are to
summarize the research published in the last 5 years on the use
of alternatives to synthetic fungicides to control postharvest decay
of table grapes and to describe requirements for the integration of
alternative approaches in table grape vineyards and cold storage.
2. Alternative means to control postharvest decay of table
grapes
We searched relevant databases to ﬁnd research papers dealing
with the subject published since 2006 to 2010. The publications
were clustered, according to the content, in four categories: (i)
biocontrol agents; (ii) natural antimicrobials; (iii) GRAS type decontaminating agents; (iv) physical means. The combined treatments
that use two or more applications, and data about investigated
mechanisms of actions, were separately reported.
Few papers are related to the optimization of chemical control,
such as the use of sulfur dioxide pads that release the appropriate
dose of sulfur dioxide (Zoffoli et al., 2008; Zutahy et al., 2008). The
large portion of the research in the control of postharvest decay
of table grapes is devoted to alternative means to the use of synthetic fungicides, although most of them are still far from practical
application.
2.1. Biocontrol agents
Over time, many biocontrol agents have been shown to
approach the effectiveness of conventional means to control gray
mold of table grapes in laboratory scale experiments. Most trials relate to decay control during storage but some biocontrol
agents have proven to be effective when applied before harvest
for postharvest control of gray mold. Database searches resulted in
only a couple of reports dealing with the use of biocontrol agents to
control gray mold of table grapes (Mlikota Gabler et al., 2006; Liu
et al., 2010). Another three biocontrol agents were studied in a combined treatment approach and they will be discussed later (Ligorio
et al., 2008; Meng and Tian, 2009; Mlikota Gabler et al., 2010b). Muscodor albus, a fungus that acts by producing volatile compounds,
proved to be effective in the control of gray mold (Mlikota Gabler
et al., 2006). In artiﬁcially inoculated grape bunches commercially
packaged in ventilated polyethylene cluster bags incubated for 28
d at 0.5 ◦ C, gray mold incidence was 43% among untreated fruit and
5 or 4% when the formulation at 5 or 10 g kg−1 , respectively, had
been added. However, the process of registration of this biocontrol agent is now suspended because of the toxicity of one of the
metabolites (J. Margolis, personal communication). A second report
deals with the use of Hansienaspora uvarum that was reported to
reduce natural decay from 55 to 15% after 50 d storage at 0 ◦ C
(Liu et al., 2010). This yeast is also reported to be associated with
the “grape sour rot complex” (Guerzoni and Marchetti, 1987), so
its use should be tested in ﬁeld experiments to ensure that the
selected isolate does not exacerbate sour rot. Currently, the bottleneck with the use of biocontrol agents is that their registration
process can be as expensive and elaborate as that of fungicides,
with similar costs but often with a narrower market, and this issue
often affects the transition from the experimental to the practical
phase.
2.2. Natural antimicrobials
The research in the ﬁeld of natural antimicrobials, such as salts,
chitosan, and plant extracts, has been very active over the last 5
years (Table 1). Many salts were tested for their effectiveness to

control gray mold, with both preharvest and postharvest applications. Boron, applied in the form of potassium tetraborate at
0.1–1%, was effective in the control of postharvest gray mold on
table grapes stored 30 d at 0 ◦ C. The best results were obtained with
1%, reducing decay on single berries artiﬁcially inoculated with the
pathogen from 40 to 2–3% (Qin et al., 2010). In large-scale tests,
simulating practical commercial conditions, two salt applications
(30 and 90 d before harvest) of calcium chloride, sodium carbonate, or sodium bicarbonate, signiﬁcantly reduced postharvest gray
mold from 64% among untreated controls to 22, 31, and 29%, respectively, after 30 d storage at 0 ◦ C. Calcium chloride controlled decay
more effectively compared to a fungicide which was a mixture of
cyprodinil and ﬂudioxonil (Nigro et al., 2006). It seems that the best
timing to apply salts is preharvest, because it is easily integrated
into usual plant protection practices. Potassium tetraborate, potassium carbonate, sodium bicarbonate, and sodium carbonate also
have a direct inhibitory effect on the pathogen (Nigro et al., 2006;
Qin et al., 2010), while this was not the case for calcium chloride.
One obvious requirement from application of salts is that residues
should not be visible on the surface of the berries. Chitosan is a natural biopolymer that was used both in preharvest and postharvest
applications. Several acids have been tested to dissolve chitosan;
chitosan was most effective to control postharvest decay when it
was dissolved in acetic acid, both on single berries stored at 15 ◦ C
and on small clusters stored 60 d at 0 ◦ C (Romanazzi et al., 2009).
Table grape bunches cv. Redglobe immersed in chitosan and stored
4 weeks at 0–1 ◦ C had 10 infected berries per kg compared to 19
infected berries in the control (Xu et al., 2007). The same magnitude
of decay reduction was observed on artiﬁcially inoculated grape
bunches held under the same conditions. Bunches sprayed with
chitosan before harvest, then coated after harvest with chitosan,
had a decay index (McKinney index, that expresses the disease incidence as compared to the highest possible score, equal to 100) of
0.05, while the untreated control had a decay index of 0.15 after 42
d storage at 0 ◦ C (Meng et al., 2008). Preharvest chitosan treatment
provided the highest decay reductions (over 80%) when applied 1 d
before harvest, on three different cultivars (Romanazzi et al., 2006).
Several chitosan-based compounds have become available on the
market (Elmer and Reglinski, 2006; Romanazzi, 2010), and recently
Chito Plant (ChiPro GmbH, Bremen, Germany), and Armour-Zen
(Botry-Zen Ltd, Dunedin, New Zealand) proved to effectively control decay of table and wine grapes, respectively (Reglinski et al.,
2010; Romanazzi, 2010). Another approach is the use of Aloe vera
gel coating, with a formulation under patent (Serrano et al., 2006),
which was effective in preharvest and postharvest application
for the control of postharvest gray mold of table grapes. Clusters
sprayed 1 d before harvest with the A. vera gel solution, then stored
35 d at 2 ◦ C had 1% decayed berries compared to 15% of the control, although additional preharvest sprays did not provide better
efﬁcacy (Castillo et al., 2010).
Growth regulators are usually applied to enlarge berry size.
However, they may have an impact on the structural susceptibility of grapes to gray mold, especially when applied many times.
For example, two applications of gibberellic acid on ‘Thompson
Seedless’ grapes resulted in 1% gray mold compared to 12% after
eight applications and increased doses, which was attributed to
higher shatter, hairline cracks and splitting of berries (Zoffoli et al.,
2009).
Grapefruit seed extracts and essential oils have been applied on
harvested grapes with the aim of controlling decay. Table grape
bunches immersed in grapefruit seed extracts and stored 4 weeks
at 0 ◦ C had 6 infected berries per kg compared to 19 of the control
(Xu et al., 2007). When bunches were artiﬁcially challenged with B.
cinerea, infected berries were 18 and 65 per kg when treated with
grapefruit seed extracts or untreated, respectively (Xu et al., 2007).
The time of appearance of initial gray mold symptoms was used

G. Romanazzi et al. / Postharvest Biology and Technology 63 (2012) 141–147

143

Table 1
Natural antimicrobials, decontaminating agents and physical methods used to contain gray mold of table grapes.

Natural antimicrobial

Decontaminating agent

Physical method

a

Treatment

Application

Reference

Calcium chloride, potassium carbonate,
sodium bicarbonate, sodium carbonate
Potassium tetraborate
Carvacrol vapor
Chitosan

Pre/posta

Nigro et al. (2006)

Post
Post
Pre/post

Aloe vera gel
Essential oils

Pre/post
Post

Growth regulators
Grapefruit seed extract

Pre
Post

Qin et al. (2010)
Martínez-Romero et al. (2007)
Romanazzi et al. (2006, 2009), Xu et al. (2007), Camili et al.
(2007), Meng et al. (2008), Romanazzi (2010)
Serrano et al. (2006), Castillo et al. (2010)
Valero et al. (2006), Tripathi et al. (2008), Abdolani et al.
(2010)
Zoffoli et al. (2009)
Xu et al. (2007)

Acetic acid
Electrolyzed oxidizing water
Ethanol

Post
Post
Pre/Post

Ozone

Post

UV-C irradiation
Pressure (hyperbaric treatment)
Gas content (high CO2 )

Post
Post
Post

Venditti et al. (2008), Camili et al. (2010)
Guentzel et al. (2010)
Yu et al. (2006), Romanazzi et al. (2007a), Lurie et al.
(2006), Chervin et al. (2009)
Cayuela et al. (2009), Mlikota Gabler et al. (2010a),
Smilanick et al. (2010a)
Romanazzi et al. (2006)
Romanazzi et al. (2008)
Sanchez-Ballesta et al. (2006)

Preharvest/postharvest.

to evaluate the efﬁcacy of treatments on detached berries which
were artiﬁcially wounded and inoculated with B. cinerea. Using this
method, treatment with essential oils of Ocimum sanctum, Prunus
persica or Zingiber ofﬁcinale resulted in appearance of decay after 8,
9 and 10 d, respectively, while they appeared in the control after 4
d (Tripathi et al., 2008). Treatment of table grape clusters with the
essential oils eugenol or thymol reduced the number of decayed
berries after 56 d storage at 1 ◦ C and 3 days shelf-life from 50% in
the control to 10–22% (Valero et al., 2006). Gray mold from natural
inoculum on clusters sprayed with natural thyme (Thymus vulgaris)
and summer savory (Satureja hortensis) oils were able to reduce
disease severity to 4.1 and 4.2, respectively, compared to 4.9 units
(based on a 0–6 empirical scale) in the control, on table grapes
after 60 d storage at 0 ◦ C (Abdolani et al., 2010). These essential oils
showed a different degree of inhibition of the in vitro growth B.
cinerea. Carvacrol vapor at 0.05, 0.2, 0.5 and 1.0 mL L−1 completely
suppressed B. cinerea growth on PDA and decreased decay of single
table grape berries kept at 25 ◦ C for 4 d from 93% in the control to
6% when exposed to the highest carvacrol concentration (MartínezRomero et al., 2007).
2.3. GRAS type decontaminating agents
Several sanitizers classiﬁed as GRAS have been applied to extend
postharvest storage of table grapes, including acetic acid (Venditti
et al., 2008; Camili et al., 2010), electrolyzed oxidizing water
(Guentzel et al., 2010) and ethanol (Lurie et al., 2006; Yu et al.,
2006; Romanazzi et al., 2007a; Chervin et al., 2009) (Table 1). Acetic
acid vapor concentrations ranging between 0.25 and 4 mL per 100 L
room space reduced radial growth of B. cinerea after 4 d incubation at 22 ◦ C from 8 cm in the control to less than 1 cm, with no
differences among tested rates (Camili et al., 2010). In vivo trials
on artiﬁcially inoculated bunches treated with vapor of 0.25 and
1 mL 100 L−1 of acetic acid, then stored at 22 ◦ C for 2–6 d (Camili
et al., 2010) effectively reduced decay. The treatment of table grape
berries with 5 mL 100 L−1 acetic acid decreased postharvest gray
mold on ‘Regina’ and ‘Taloppo’ table grapes by 61 and 41%, respectively, after 8 weeks storage at 5 ◦ C (Venditti et al., 2008). The
near-neutral (pH 6.3–6.5) electrolyzed oxidizing water completely
killed B. cinerea conidia at 10 g L−1 , and decreased the gray mold
incidence on artiﬁcially inoculated, single table grape berries, compared to a water dip (Guentzel et al., 2010). Ethanol was applied in 3

different ways to table grapes: by dipping in a 50% solution for 10 s,
or placing inside the package a container with a wick and ethanol at
4–8 mL kg−1 grapes or a paper containing the same ethanol amount.
Decay was reduced on grape bunches treated with ethanol, compared to the control; decay was equal or less compared to results
from storage with SO2 dual release generator pads with sodium
metabisulfate (Lurie et al., 2006). A good decay control can also
be obtained with reduced doses of ethanol. Immersion in a 20%
ethanol solution of ‘Autumn Seedless’ grape bunches inoculated
with B. cinerea conidia reduced gray mold from 95% among control
to 7% among treated bunches (Romanazzi et al., 2007a). Preharvest
application of 16% ethanol on ‘Chasselas’ grapes reduced decay at
harvest from 16% in the control to 12%; after 6 weeks of cold storage this treatment increased commercially acceptable grape yield
from 5% in the control to 38% in the treatment (Chervin et al., 2009).
Ethanol is also applied after harvest on a small commercial scale for
‘ready-to-eat’ grapes.
Ozone, classiﬁed as a GRAS substance by the US Food and Drug
Administration since 2001, has been extensively tested for the control of table grape decay (Cayuela et al., 2009; Sharpe et al., 2009;
Mlikota Gabler et al., 2010a; Smilanick et al., 2010b). It is fungistatic,
effective to control decay, although it is dose dependent, and high
concentrations (above 5000 ppm h−1 ) can be phytotoxic. Treatment
with 5000 ppm h−1 ozone in a commercial chamber of organically
grown ‘Autumn Seedless’ and ‘Black Seedless’ table grape bunches
reduced gray mold incidence from natural inoculum by about 50%
after 6 weeks storage at 0 ◦ C and on ‘Redglobe’ grapes decay reduction was 65% (Mlikota Gabler et al., 2010a). Many cold storage
facilities in California have installed equipment that generates a
constant low dose of ozone (100 ppb day and 300 ppb night cycle)
and it reduces the spread of gray mold and prolongs the storage of grapes for several weeks (Smilanick et al., 2010b). Control
and delivery of the optimal dose during cold storage is essential
for its effectiveness; this could be challenging because some commercial packages can impede ozone penetration into the grapes.
The risk of injury to table grapes from ozone has not been completely evaluated. There are no reports indicating that ozone harms
grape berries themselves; when injuries have been reported, the
rachis was harmed. Constant low concentrations of ozone (0.3 ppm)
caused no harm to the rachis of ‘Flame Seedless’ grapes after 4
weeks or ‘Thompson Seedless’ grapes after 7 weeks (Palou et al.,
2002; Smilanick et al., 2010b), while rachis injuries developed in
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Table 2
Physiological changes in host tissues after treatment with alternative methods.
Treatment

Parameter

Effecta

Reference

Chitosan

Superoxide dismutase
Respiration
Hydrogen peroxide

−
−
−

Meng et al. (2008)
Romanazzi et al. (2007a, 2009)
Romanazzi et al. (2007b)

High CO2

PALb
Chalcone synthase
Stilbene synthase
trans-Resveratrol
Anthocyanins

+
+
−
−
−

Sanchez-Ballesta et al. (2007)

Aloe vera gel

Phenolics
Ascorbic acid
Antioxidant activity
Anthocyanins

+
+
+
−

Serrano et al. (2006)

Carvacrol vapor and UV-C

Ethylene
Respiration rate
trans-Resveratrol
Catechin

−
−
+
+

Martínez-Romero et al. (2007)

Grapefruit seed extract and chitosan

Weight loss
Color
Ripening
Sensory quality

−
−
−
+

Xu et al. (2007)

Ozone

trans-Resveratrol
Sensory quality

+
+

Cayuela et al. (2009)

a
b

Romanazzi et al. (2006)

+: increase/improve; −: decrease.
PAL: phenylalanine ammonia-lyase.

some tests after treatments of 30 min with very high concentrations
(5000 ppm) of ozone (Mlikota Gabler et al., 2010a). Postharvest
ozone treatment has another beneﬁt in that it enhances synthesis
of resveratrol and other bioactive phenolics in grapes (GonzálezBarrio et al., 2006; Artés-Hernández et al., 2007; Cayuela et al.,
2009), conﬁrming earlier work on this subject (Sarig et al., 1996)
(Table 2).

2.4. Physical means
Physical methods of controlling gray mold include UV-C
irradiation, and various atmospheric pressures or atmosphere compositions (Table 1). UV-C treatment (254 nm) effectively controlled
gray mold, which was reduced from 22 and 52% in the control to
14 and 38% in ‘Autumn Black’ and selection B36–55 grapes, respectively. The same treatment reduced blue mold of table grapes from
13% in the control to 8% in selection B36–55 and induced in the
berries the production of trans-resveratrol and catechin, phytoalexins linked to increased resistance of host tissues to the pathogens
(Romanazzi et al., 2006) (Table 2).
Hyperbaric treatments have been applied to control postharvest gray mold of table grapes. Laboratory scale applications of
1140 mmHg (1.5 atm) for 24 h decreased the percentage of infected
berries and lesion diameter of gray mold on artiﬁcially inoculated
berries (Romanazzi et al., 2008). Although widely applied in the
sterilization of foods, the use of pressures higher than atmospheric
could pose safety issues and these treatments need to be further
studied in large scale tests. Postharvest treatments can reduce
decay of table grapes and affect putative virulence-associated pathways. The pretreatment of ‘Cardinal’ table grapes with 20% O2 + 20%
CO2 + 60% N2 for 3 d reduced decay to 5%, compared to 25.5% in
the control, after 33 d cold storage at 0 ◦ C (Sanchez-Ballesta et al.,
2006). Exposure of grapes to high concentrations of CO2 for 3
days at 0 ◦ C decreased activity of phenylalanine ammonia-lyase,
chalcone synthase, and stilbene synthase, and the contents of transresveratrol and total anthocyanin (Sanchez-Ballesta et al., 2007)
(Table 2).

2.5. Combined treatments
A single alternative approach might not effectively reduce
decay, compared to chemical fungicides, so the integration of two or
more alternative means, in a multifaceted approach, can be worthwhile (Wilson, 1997). This approach can reduce the decay following
the “multiple hurdle concept” that consists of the reduction of
decay by applying to the pathogen several consecutive hurdles,
with each one contributing a portion of the reduction (Ippolito,
2010). The combination of several means, some of which may not
be effective on their own (priming effect, see Conrath et al., 2006),
allow their use at lower concentrations and may result in additive or synergistic effects (Romanazzi et al., 2007a). For example,
the biopolymer chitosan was more effective when combined with
UV-C, ethanol or grapefruit seed extracts (Romanazzi et al., 2006,
2007a; Xu et al., 2007) (Table 2). Preharvest chitosan treatment
and postharvest UV-C irradiation had a synergistic interaction in
reducing gray (from 22% in the control to 3%) and blue (from 13%
in the control to 1%) molds on single berries, while it increased the
amount of trans-resveratrol and catechin compared to each treatment applied alone (Romanazzi et al., 2006) (Table 2). Similarly,
reduced doses of 0.1 and 0.5% chitosan and ethanol at 10 and 20%
provided additive, and at times synergistic effects in the control of
gray mold. In experiments conducted on ‘Autumn Seedless’ single
berries, decay was 92% in the control and 2% in the combination
of 0.5% chitosan and 20% ethanol. Similar experiments carried out
on small bunches showed a reduction of decay from 9% in the control to 0.5% when treated with the combination of chitosan and
ethanol (Romanazzi et al., 2007a) (Table 3). The combination of
1% chitosan and 0.5% grapefruit seed extract decreased B. cinerea
conidia germination and mycelium radial growth on agar plates
from 95% and 85 mm in the control to 5% and 35 mm, respectively.
The same combination decreased the number of decayed berries
kg−1 on grapes stored 4 weeks at 0–1 ◦ C to 10%, compared to 65%
recorded in the control. Chitosan and grapefruit seed extract, alone
and in combination, produced changes in weight loss, color change,
ripening, and improved sensory quality of grapes (Xu et al., 2007)
(Table 2). It should be noted that the inﬂuence of treatments on
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Table 3
Combined treatments to contain gray mold of table grapes.

a

Treatment

Applicationa

Reference

Chitosan + UV-C
Chitosan + ethanol
Chitosan + grapefruit seed extract
Chitosan + Cryptococcus laurentii
MAP + essential oils
Ethanol + calcium chloride
Ethanol + MAP
Muscodor albus + ozone
Pichia anomala + Cryptococcus humicolus + bentonite + potassium
caseinate + calcium chloride

Pre/post
Post
Post
Pre/post
Post
Pre
Post
Post
Post

Romanazzi et al. (2006)
Romanazzi et al. (2007a)
Xu et al. (2007)
Meng and Tian (2009) and Meng et al. (2010)
Guillén et al. (2007)
Chervin et al. (2009)
Lurie et al. (2006)
Mlikota Gabler et al. (2010b)
Ligorio et al. (2008)

Preharvest/postharvest.

ﬂavor is often ignored because laboratory-scale experiments tend
to focus on the effectiveness of a treatment to control decay and
do not sufﬁciently take into consideration the ﬁnal quality of the
produce, which is essential for a potential commercial application.
Table grape bunches sprayed 10 d before harvest with the combination of 0.1% chitosan and Cryptococcus laurentii stored 17 and 42 d at
0 ◦ C, then exposed to 3 d shelf-life had a decay index of gray mold of
0.15 (based on a 0–1 empirical scale) compared to 0.30 recorded in
the control (Meng and Tian, 2009). Bunches treated with the same
antagonist preharvest and dipped in 1% chitosan solution after harvest, then stored in the same conditions as above, had a decay
index of 0.35 in the control to 0.15 in treated bunches (Meng et al.,
2010). Modiﬁed atmosphere packaging (MAP), obtained by wrapping table grape bunches in ﬁlms with different permeabilities,
combined with the use of eugenol–thymol–carvacrol essential oils,
reduced decay incidence from 37% in the control to 7% in treated
bunches after 56 d cold storage at 1 ◦ C, independent of the ﬁlm used
(Guillén et al., 2007) (Table 3). The combination of 16% ethanol and
1% calcium chloride applied on bunches 4 times prior to harvest
reduced gray mold at harvest from 16% in the control to 5% (Chervin
et al., 2009). The same treatment on bunches stored 6 weeks at
0–1 ◦ C and 24 h at ambient temperature produced an amount of
commercial grapes of 53%, compared to 6% in the untreated control.
The initial fumigation with high concentrations of ozone (5000 ppm
for 1 h), followed by biofumigation with M. albus reduced gray mold
incidence among inoculated ‘Autumn Seedless’ grapes stored 30 d
at 0.5 ◦ C from 92% in the control to 10% among treated grapes. The
same combined treatment applied to organically grown ‘Thompson
Seedless’ grapes reduced gray mold incidence from natural inoculum from 31% in the control to 3.4% among treated grapes. However,
the combined treatment was less effective than the standard sulfur
dioxide treatments (Mlikota Gabler et al., 2010b). Among grapes
stored at 2 ◦ C for 15 d, the decayed berries were reduced from 22%
in the control to 10% by using a treatment that combined two yeasts
(Pichia anomala and Cryptococcus humicolus), bentonite, potassium
caseinate and calcium chloride (Ligorio et al., 2008). The ‘multiple
hurdle’ or the combined treatments approaches are more difﬁcult
to integrate into commercial practice compared to a single alternative treatment, and this complexity comprises another barrier to
their implementation.
3. Commercial aspects, examples of success and future
outlooks
Most of table grapes (around 90% in Italy and in California) are
packed directly in the ﬁeld. This practice is common due to the
fragility of the produce and due to other logistic aspects including
the higher cost of indoor or shed packing. For this reason, preharvest applications are the desired method of treating grapes against
gray mold because they are easier to integrate into current conventional practices. Moreover, postharvest applications are not always
more effective than preharvest applications of alternative methods

(Ippolito, 2010). Table grapes are not usually washed postharvest,
because wetting requires drying that can cause mechanical injuries
to the cluster and in some cases can alter the bloom on the berry
surface, which is an important part of the appearance of the berries
for marketing purposes. Wetting the berries may also cause them
to crack.
One practice, to increase the value of clusters with inferior quality, is to clean and dissect them into small clusters and to pack the
better part of the clusters in containers of 0.5 or 1 kg. In order to
reduce the logistic costs, some packinghouses in Italy are setting up
an intermediate system to pack the grapes in small boxes directly
in the ﬁeld.
The extensive research efforts of the last 20 years to ﬁnd alternatives to conventional chemical fungicides for table grapes have
resulted in treatments that provide signiﬁcant levels of postharvest decay control. In spite of these accomplishments, however,
most are not regarded in the conventional table grape industry as
effective enough to be acceptable. The accepted maximum decay
level on commercial stored table grapes is 0.5% at the point of shipping for US no. 1 grade California grapes (Anon, 1999). The two
notable exceptions of alternative treatments that meet this standard are calcium chloride for preharvest storage on the vine and
ozone for postharvest storage. Calcium chloride is now applied in
Italy, both in conventional and in organic vineyards to assist in preharvest storage on the vine and it is reported to effectively reduce
decay, to leave no residues on berry surface, and to delay ripening. This is beneﬁcial for growers that cover the grapes with plastic
late in the season for rain protection, in the trellising system called
“tendone”, to prolong the harvest until the price increases. These
grapes are left on the vine sometimes until the end of December,
utilizing natural plant defense systems. After harvest, ozone can
successfully control the spread of gray mold during storage and
extend the storage life of the grapes by several weeks. It leaves no
residues and it is allowed on certiﬁed organic grapes in the USA
by the USDA National Organic Program (Anon, 2010). This technology is becoming popular in cold storage facilities in California
and it is estimated that ozone is used on about 75% of organic table
grapes after harvest. In Italy the technology is currently under evaluation in several packinghouses, while in Israel it is not used on
table grapes but in other commodities, e.g. tomatoes. Research is in
progress now to deﬁne the optimal material and ventilation needed
to optimize table grapes packaging for use with ozone gas. The use
of ozone can be beneﬁcial for conventional grapes because it can
reduce residues of certain pesticides on grape berries, thus allowing
them to comply with the requirements of some commercial chains
of buyers that often require levels of fungicide residues considerably lower than legislative thresholds. Residues of fenhexamid,
cyprodinil, pyrimethanil, and pyraclostrobin were reduced by 68,
75, 84, and 100%, respectively, after a single fumigation of table
grapes with 10,000 ppm ozone for 1 h, while, residues of iprodione
and boscalid were not signiﬁcantly reduced (Mlikota Gabler et al.,
2010a). Currently, it seems that ozone is unlikely to replace sulfur
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dioxide technologies in conventional grape production unless its
efﬁcacy is further improved and its cost of production becomes
economically viable in global terms. This situation can change if
the use of SO2 becomes restricted or prohibited, as in the case of
organic grapes. Hence, ozone is likely to become a leading technology for grapes marketed under the organic classiﬁcation (Mlikota
Gabler et al., 2010a).
Finally, if we try to portray a picture of the ideal alternative
means of controlling gray mold of table grapes, they should meet
the following criteria:
1.
2.
3.
4.
5.

efﬁcacy equivalent or better than the current practice.
will not injure or cause phytotoxic effects.
will not compromise the organoleptic quality of the grapes.
will not be a threat to human health and the environment.
compatible with standard practices, affordable and easy to
implement.
6. compatible with the principles of organic agriculture.
7. offer substantial beneﬁts to the technology manufacturer which
often play a pivotal role in commercialization of novel treatments.
To date it looks as though those requirements are met in large
part by the application of ozone. Relatively basic ozone systems are
capable of ozonating a large storage room with 1 or 2 ppm of ozone.
However, systems with sophisticated remote operation of similar
ozone generation capacity are available. The more expensive systems may include controlled ducting to several rooms at the same
time. Other alternative treatments to the use of synthetic fungicides
can potentially meet those requirements and can be easily moved
toward a practical application in coming years.
There are several prerequisites that may inﬂuence the outcome
of faster implementation of safe alternatives over conventional
methods to control postharvest gray mold of table grapes: (i)
researchers should take more consideration into a possible practical application when they design experiments, (ii) there is a
tendency for consumer and retail chain companies to demand even
more pesticide residue free food; (iii) the willingness of companies
to invest in innovative means; (iv) the willingness of producers to
take the risk to introduce new changes that can be beneﬁcial for
the industry, consumers, and the environment.

References
Abdolani, A., Hassani, A., Ghosta, Y., Bernousi, I., Meshkatalsadat, M.H., 2010. Study
on the potential use of essential oils for decay control and quality preservation
of Tabarzeh table grape. J. Plant Prot. Res. 50, 45–52.
Anon, 1986. GRAS status of sulfating agents for use on fresh and frozen foods
revoked. Fed. Regist. 51, 25021.
Anon, 1999. United States standards for grades of table grapes (European or Vinifera
type). USDA, Agricultural Marketing Service, USA, 14 pp.
Anon, 2010. Nonagricultural (nonorganic) substances allowed as ingredients in or
on processed products labeled as “organic” or “made with organic (speciﬁed
ingredients or food group(s))”. Code Fed. Reg. 7, 205.605.
Artés-Hernández, F., Aguayo, E., Artés, F., Tomás-Barberán, F.A., 2007. Enriched
ozone atmosphere enhances bioactive phenolics in seedless table grapes after
prolonged shelf life. J. Sci. Food Agric. 87, 824–831.
Camili, E.C., Benato, E.A., Pascholati, S.F., Cia, P., 2007. Evaluation of chitosan on
postharvest protection of ‘Itália’ grapes against Botrytis cinerea. Summa Phytopathol. 33, 215–221.
Camili, E.C., Benato, E.A., Pascholati, S.F., Cia, P., 2010. Vaporização de ácido acético
para o controle pós-colheita de Botrytis cinerea em uva ‘Itália’. Rev. Bras. Frutic.
32, 436–443.
Castillo, S., Navarro, D., Zapata, P.J., Guillén, F., Valero, D., Serrano, M., MartínezRomero, D., 2010. Antifungal efﬁcacy of Aloe vera in vitro and its use as a
preharvest treatment to maintain postharvest table grape quality. Postharvest
Biol. Technol. 57, 183–188.
Cayuela, J.A., Vazquez, A., Perez, A.G., Garcia, J.M., 2009. Control of table grapes
postharvest decay by ozone treatment and resveratrol induction. Food Sci. Tech.
Inst. 15, 495–502.

Chervin, C., Lavigne, D., Westercamp, P., 2009. Reduction of gray mold development in table grapes by preharvest sprays with ethanol and calcium chloride.
Postharvest Biol. Technol. 54, 115–117.
Conrath, U., Beckers, G.J.M., Flors, V., Garcia-Agustin, P., Jakab, G., Mauch, F., Newman, M.A., Pieterse, C.M., Poinssot, B., Pozo, M.J., Pugin, A., Schaffrath, U., Ton, J.,
Wendehenne, D., Zimmerli, L., Mauch-Mani, B., 2006. Priming: getting ready for
battle. Mol. Plant Microbe Interact. 19, 1062–1071.
Droby, S., Lichter, A., 2004. Post-harvest Botrytis infection: etiology, development
and management. In: Elad, Y., Williamson, B., Tudzynski, P., Delen, N. (Eds.),
Botrytis: Biology, Pathology and Control. Kluwer Academic Publishers, Dordrecht, The Netherlands, pp. 349–367.
Elmer, P.A.G., Reglinski, T., 2006. Biosuppression of Botrytis cinerea in grapes. Plant
Pathol. 55, 155–177.
González-Barrio, R., Beltrán, D., Cantos, E., Gil, M.I., Espín, J.C., Tomás-Barberán, F.A.,
2006. Comparison of ozone and UV-C treatments on the postharvest stilbenoid
monomer, dimer, and trimer induction in var. ‘Superior’ white table grapes. J.
Agric. Food Chem. 54, 4222–4228.
Guentzel, J.L., Lam, K.L., Callan, M.A., Emmons, S.A., Dunham, V.L., 2010. Postharvest
management of gray mold and brown rot on surfaces of peaches and grapes
using electrolyzed oxidizing water. Int. J. Food Microbiol. 143, 54–60.
Guerzoni, E., Marchetti, R., 1987. Analysis of yeast ﬂora associated with grape
sour rot and of the chemical disease markers. Appl. Environ. Microbiol. 53,
571–576.
Guillén, F., Zapata, P.J., Martínez-Romero, D., Castillo, S., Serrano, M., Valero, D., 2007.
Improvement of the overall quality of table grapes stored under modiﬁed atmosphere packaging in combination with natural antimicrobial compounds. J. Food
Sci. 72, S185–S190.
Ippolito, A., 2010. Control of postharvest decay by the integration of pre- and
postharvest application of alternative means. In: Proceedings of International
Workshop “Biological Control of Postharvest Diseases: Challenges and Opportunities”, 25–28 October, Leesburg, Virginia, USA, p. 22.
Lichter, A., Mlikota Gabler, F., Smilanick, J.L., 2006. Control of spoilage in table grapes.
Stewart Postharvest Rev. 6, 1–10.
Ligorio, A., Platania, G., Schena, L., Castiglione, V., Pentimone, I., Nigro, F., Di Silvestro,
I., Ippolito, A., 2008. Control of table grape storage rots by combined applications
of antagonistic yeasts, salts and natural substances. In: Proceedings of COST
924 “Novel Approaches for the Control of Postharvest Diseases and Disorders”,
Bologna, Italy, pp. 124–128.
Liu, H.M., Guo, J.H., Cheng, Y.J., Luo, L., Liu, P., Wang, B.Q., Deng, B.X., Long, C.A.,
2010. Control of gray mold of grape by Hanseniaspora uvarum and its effects on
postharvest quality parameters. Ann. Microbiol. 60, 31–35.
Lurie, S., Pesis, E., Gadiyeva, O., Feygenberg, O., Ben-Arie, R., Kaplunov, T., Zutahy, Y.,
Lichter, A., 2006. Modiﬁed ethanol atmosphere to control decay of table grapes
during storage. Postharvest Biol. Technol. 42, 222–227.
Luvisi, D., Shorey, H., Smilanick, J. L., Thompson, J., Gump, B. H., Knutson, J., 1992.
Sulfur dioxide fumigation of table grapes. Bulletin 1932, University of California,
Division of Agriculture and Natural Resources, Oakland, CA, USA, 21 pp.
Martínez-Romero, D., Guillén, F., Valverde, J.M., Bailén, G., Zapata, P.J., Serrano, M.,
Castillo, S., Valero, D., 2007. Inﬂuence of carvacrol on survival of Botrytis cinerea
inoculated in table grapes. Int. J. Food Microbiol. 115, 144–148.
Meng, X., Li, B., Liu, J., Tian, S., 2008. Physiological responses and quality attributes
of table grape fruit to chitosan preharvest spray and postharvest coating during
storage. Food Chem. 106, 501–508.
Meng, X., Tian, S., 2009. Effects of preharvest application of antagonistic yeast combined with chitosan on decay and quality of harvested table grape fruit. J. Sci.
Food Agric. 89, 1838–1842.
Meng, X.-H., Qin, G.-Z., Tian, S.-P., 2010. Inﬂuences of preharvest spraying Cryptococcus laurentii combined with postharvest chitosan coating on postharvest
diseases and quality of table grapes in storage. LWT – Food Sci. Technol. 43,
596–601.
Mlikota Gabler, F., Smilanick, J.L., 2001. Postharvest control of table grape gray mold
on detached berries with carbonate and bicarbonate salts and disinfectants. Am.
J. Enol. Vitic. 52, 12–20.
Mlikota Gabler, F., Fassel, R., Mercier, J., Smilanick, J.L., 2006. Inﬂuence of temperature, inoculation interval, and dose on biofumigation with Muscodor
albus to control postharvest gray mold on grapes. Plant Dis. 90, 1019–
1025.
Mlikota Gabler, F., Smilanick, J.L., Mansour, M.F., Karaca, H., 2010a. Inﬂuence of fumigation with high concentrations of ozone gas on postharvest gray mold and
fungicide residues on table grapes. Postharvest Biol. Technol. 55, 85–90.
Mlikota Gabler, F., Mercier, J., Jiménez, J.I., Smilanick, J.L., 2010b. Integration of continuous biofumigation with Muscodor albus with pre-cooling fumigation with
ozone or sulfur dioxide to control postharvest gray mold of table grapes. Postharvest Biol. Technol. 55, 78–84.
Nigro, F., Schena, L., Ligorio, A., Pentimone, I., Ippolito, A., Salerno, M.G., 2006. Control
of table grape storage rots by pre-harvest applications of salts. Postharvest Biol.
Technol. 42, 142–149.
Palou, L., Crisosto, C.H., Smilanick, J.L., Adaskaveg, J.E., Zoffoli, J.P., 2002. Effects of
continuous 0.3 ppm ozone exposure on decay development and physiological
responses of peaches and table grapes in cold storage. Postharvest Biol. Technol.
24, 39–48.
Pearson, R.C., Goheen, A.C., 1988. Compendium of Grape Diseases. APS Press, MN,
USA, 96 pp.
Qin, G., Zong, Y., Chen, Q., Hua, D., Tian, S., 2010. Inhibitory effect of boron against
Botrytis cinerea on table grapes and its possible mechanisms of action. Int. J. Food
Microbiol. 138, 145–150.

G. Romanazzi et al. / Postharvest Biology and Technology 63 (2012) 141–147
Reglinski, T., Elmer, P.A.G., Taylor, J.T., Wood, P.N., Hoyte, S.M., 2010. Inhibition of
Botrytis cinerea growth and suppression of botrytis bunch rot in grapes using
chitosan. Plant Pathol. 59, 882–890.
Romanazzi, G., Mlikota Gabler, F., Smilanick, J.L., 2006. Preharvest chitosan and
postharvest UV-C irradiation treatments suppress gray mold of table grapes.
Plant Dis. 90, 445–450.
Romanazzi, G., Karabulut, O.A., Smilanick, J.L., 2007a. Combination of chitosan and
ethanol to control gray mold of table grapes. Postharvest Biol. Technol. 45,
134–140.
Romanazzi, G., Mlikota Gabler, F., Santini, M., Landi, L., Karabulut, O.A., Smilanick,
J.L., 2007b. Advances in the use of chitosan to control postharvest decay of
table grapes. In: Proceedings of COST 924 “Novel Approaches for the Control
of Postharvest Diseases and Disorders”, pp. 327–334.
Romanazzi, G., Nigro, F., Ippolito, A., 2008. Effectiveness of short hyperbaric
treatment to control postharvest decay of sweet cherries and table grapes.
Postharvest Biol. Technol. 49, 440–442.
Romanazzi, G., Mlikota Gabler, F., Margosan, D.A., Mackey, B.E., Smilanick, J.L., 2009.
Effect of chitosan dissolved in different acids on its ability to control postharvest
gray mold of table grape. Phytopathology 99, 1028–1036.
Romanazzi, G., 2010. Chitosan treatment for the control of postharvest decay of table
grapes, strawberries and sweet cherries. In: Sivakumar, D. (Ed.), Fresh Produce
– Special Issues: New Trends in Postharvest Management of Fresh Produce, vol.
4 (1). Global Science Books, Ltd, UK, pp. 111–115.
Sanchez-Ballesta, M.T., Jiménez, J.B., Romero, I., Orea, J.M., Maldonado, R., GonzálezUreña, A., Escribano, M.I., Merodio, C., 2006. Effect of high CO2 pretreatment on
quality, fungal decay and molecular regulation of stilbene phytoalexin biosynthesis in stored table grape. Postharvest Biol. Technol. 42, 209–216.
Sanchez-Ballesta, M.T., Romero, I., Jiménez, J.B., Orea, J.M., González-Ureña, A.,
Escribano, M.I., Merodio, C., 2007. Involvement of the phenylpropanoid pathway in the response of table grapes to low temperature and high CO2 levels.
Postharvest Biol. Technol. 46, 29–35.
Sarig, P., Zahavi, T., Zutkhi, Y., Yannai, S., Lisker, N., Ben-Arie, R., 1996. Ozone for control of post-harvest decay of table grapes caused by Rhizopus stolonifer. Physiol.
Mol. Plant Pathol. 48, 403–415.
Serrano, M., Valverde, J.M., Guillén, F., Castillo, S., Martínez-Romero, D., Valero, D.,
2006. Use of Aloe vera gel coating preserves the functional properties of table
grapes. J. Agric. Food Chem. 54, 3882–3886.

147

Sharpe, D., Fan, L., McRae, K., Walker, B., Mackay, R., Doucette, C., 2009. Effects of
ozone treatment on Botrytis cinerea and Sclerotinia sclerotiorum in relation to
horticultural product quality. J. Food Sci. 74, 250–257.
Smilanick, J.L., Mansour, M., Mlikota Gabler, F., Margosan, D.A., Hashim-Buckey, J.,
2010a. Control of postharvest gray mold of table grapes in the San Joaquin Valley
of California by fungicides applied during the growing season. Plant Dis. 94,
250–257.
Smilanick, J.L., Mlikota Gabler, F., Margosan, D., 2010b. Inﬂuence of continuous, low
concentration ozone during cold storage on postharvest decay and quality of
table grapes. In: Proceedings “6th International Table grape Symposium”, Davis,
CA, USA, pp. 85–86.
Tripathi, P., Dubey, N.K., Shukla, A.K., 2008. Use of some essential oils as post-harvest
botanical fungicides in the management of grey mould of grapes caused by
Botrytis cinerea. World J. Microbiol. Biotechnol. 24, 39–46.
Valero, D., Valverde, J.M., Martínez-Romero, D., Guillén, F., Castillo, S., Serrano, M.,
2006. The combination of modiﬁed atmosphere packaging with eugenol or
thymol to maintain quality, safety and functional properties of table grapes.
Postharvest Biol. Technol. 41, 317–327.
Venditti, T., D’Hallewin, G., Dore, A., Molinu, M.G., Fiori, P., Angiolino, C., Agabbio,
M., 2008. Acetic acid treatments to keep postharvest quality of “Regina” and
“Taloppo” table grapes. Commun. Agric. Appl. Biol. Sci 73, 265–271.
Wilson, C.L., 1997. Biological control and plant diseases – a new paradigm. J. Ind.
Microbiol. Biotechnol. 19, 158–159.
Xu, W.T., Huang, K.L., Guo, F., Qu, W., Yang, J.J., Liang, Z.H., Luo, Y.B., 2007. Postharvest
grapefruit seed extract and chitosan treatment of table grapes to control Botrytis
cinerea. Postharvest Biol. Technol. 46, 86–94.
Yu, J.-N., Zhang, L.-L., Shi, T.-T., Zhu, X.-M., 2006. Effect of ethanol on quality of
‘Munage’ table grapes (Vitis vinifera L.) during postharvest storage. Plant Physiol.
Commun. 42, 1096–1098.
Zoffoli, J.P., Latorre, B.A., Naranjo, P., 2008. Hairline, a postharvest cracking disorder
in table grapes induced by sulfur dioxide. Postharvest Biol. Technol. 47, 90–97.
Zoffoli, J.P., Latorre, B.A., Naranjo, P., 2009. Preharvest applications of growth regulators and their effect on postharvest quality of table grapes during cold storage.
Postharvest Biol. Technol. 51, 183–192.
Zutahy, Y., Lichter, A., Kaplunov, T., Lurie, S., 2008. Extended storage of ‘Red
Globe’ grapes in modiﬁed SO2 generating pads. Postharvest Biol. Technol. 50,
12–17.

