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SUMMARY

The most important postharuest pathogen for tabte grape is Botrytís cinerea (gray motd),
which cause a rapid deterioration of fruit. An effective controt of the disease during storage
is difficutt and remains an unsolved probtem since no pesticìde treatments are allowed by
European legistation. GRAS compounds, emptoyed with no restriction as preservatives in
Europe and North America, are possibte candidates to futfil this gap.
The aim of this work is to study the efficacy of Acetic Acid (AAC), used as postharvest treat-
ment to control Botrytis cinerea on "Regina" and "Tatoppo" tabte grapes, by laboratory and
storage tests.
The activity of this compound was first assessed with laboratory tests, treating at different
concentrations (0, 5, 10,20, 50, 75 and 100 ttt/L) of MC vapors, for 15 minutes, singte ber-
ries inocutated with B. cinerea. After treatments fruit was incubated at 20'C for one week.
The in vivo experiment took ptace by using the most promising MC concentrations (50, 75
and 100 pt/L) fottowed by eight weeks of storage at 5'C and 95% of retative humidity (RH) and
four days at 20'C and 85% RH (simulated shetf-tife conditions). At the end of the in vivo ex-
periment decay, weight loss and visuat assessment were evatuated.
Atmost all treatments, after eight weeks of storage, reduced the incidence of gray moutd.
The best results were achieved by using 50 ppm of AAC, gaining a reduction of decay, com-
pared to untreated "Tatoppo" and "Regina" grapes of 61.0% and 41.4%, respectivety. Fottow-
ing the simutated shelf-tife period differences between treated and untreated (controt) be-
came no significant for "Tatoppo" grape, white the lowest decay percentage was reached
with 50 pt/L of MC for "Regina" grape (52% ol reduction if compared to controt).
Regarding fruit weight loss atl treatments did not affect significantty this parameter that
ranged between 8.2% and 11.5% aftereightweeks of storage and 13.5% and 18.2% aftershetf-
tife.
At the end of storage the highest visual score was attributed to fruit treated with 50 pt/L of
44C evidencing a ctear better keeping quatity. During this period stight treatment damages
were observed on berries fottowing apptication of AAC at 75 and 100 ttt/1.
The reported resutts obtained with these experiments showed that Acetic Acid coutd be a
promising compound to be used as atternative to 502 in keeping graPes quality and controtting
decay during storage.
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INTRODUCTION

The most important postharvest pathogen for tabte grapes (Vitis vinifera L.) is
Botrytis cinerea Pers. (Droby and Lichter, 20041, which cause a rapid deterioration
of fruit. Btue moutd caused by Penicillium spp. is atso considered a probtem for
tabte grapes because of its capabitity to devetop even when fruit is stored at low
temperatures, ctose to 0"C (Snowdon, 1990).
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Currentty, losses caused by these pathogens are controtteO wiin a rapid refrigera-
tion of the fruit, executed together with a fumigation of sutphur dioxide. Further
fumigations with SO2 are needed during storage, executed every 7 or 10 days, to
avoid moutd devetopment (Luvisi et al., 1992\.
Sutphur dioxide is an additive emptoyed in the food manufacturing and its use turns
out to be an effective method in the control of the pathogens and attows storing
the grapes to high humidity vatues concurring to timit rachis browning.
However despite of such advantages, the use of SO2 not atways teads to satisfactory
resutts, because of taste alterations of putp and in some cuttivars, more sensitive,
damages to berries and browning of the skin or the rachis (Marois et al., 1986).
Moreover, the need of repeated fumigations during storage increases the residues
of 5O2 on the berries, and the risk to exceed the maximum levets attowed by cur-
rent [aws. Furthermore the use of this gas is becoming more difficutt to justify,
because of the increasing concern for human heatth. Such motivations, as wetl as
environmental considerations, have induced some European nations to proscribe
the use of sutphur dioxide for tabte grapes.
For these reasons an effective control of storage rots is very difficutt and remains
an unsotved probtem, since treatments with synthetic fungicides are not attowed by
European tegistation. GRAS compounds, emptoyed with no restriction as preserya-
tives in Europe and North America, are possibte candidates to futfit this gap.
ln the search of new environment and consumer friendty technologies, that can
reduce toxic residues, a GRAS compound such as acetic acid (AAC) has been tested
as an atternative control mean.
AAC is a common food additive, ctassified by the U.S. Food and Drug Administration
as generatty recognized as safe (Barkai-Gotan, 2001). This compound meets most of
the environment and safety requirements and its use is attowed with no restriction
in Europe and North America.
The aim of the present work was to evatuate the effectiveness of acetic acid, used
as postharvest treatment, to control storage rots caused by Botrytis cinerea or
other pathogens on "Regina" and "Tatoppo" tabte grapes, by taboratory tests and
storage triat.

MATERIALS AND METHODS

Fruit

The experiment was carried out with tabte grapes (Vitis viníferal.) of the cuttivar
"Regina" and the Sardinian cuttivar "Tatoppo", handpicked at commerciat maturity
from an experimental vineyard, betonging to the "Consotzio Provinciate per [a
Frutticottura" of Sassari, tocated in the northwest part of Sardinia, ltaty, managed
using standard horticutturaI practices.
The same day of harvesting the fruit was immediatety transported to the labora-
tory, where smatl and decaying berries were removed.
The bunches were sorted in three groups uniform in size, for the storage triat,
weighed and ptaced in ptastic boxes, white an additional group was used as controt.
For the taboratory tests individuat berries were cut with the pedicet, disinfected by
immersion for 2 min in a sodium hypochtorite sotution (0.2%1, rinsed twice with
distitted water and air-dried. Afterwards the pedicets were removed and the ber-
ries ptaced in muttiwett ptates for the inocutum.
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Inoculation

The strain o'f B. cìnerea used to infect the berries was isotated from naturatly de-
cayed grapes and cuttured on potato dextrose agar (PDA, Ftuka-BioChemika) for 10
days at 73" C in a thermo regutated cabinet. Spores were harvested from Petri
dishes (9 cm diameter) by adding 10 mt of distitted water, containing 0.05% (w/v)
of Tween 80 (Sigma) and gentty scraping the spores from the surface with a sterite
[oop. The conidial suspension obtained was passed through two layers of cheese-
ctoth and then adjusted to a concentration of 1 x 10'conidia/mL with a haemocy-
tometer.
lnfection of singte berries was performed by injecting, with a micro syringe, 10 pt
of the suspension of Botrytis cinerea, into the pedicet insertion point.

Treatments

Laboratory tests were first carried out to evatuate the effectiveness of MC on the
pathogen. The muttiwetl ptates with the inocutated berries were treated at differ,
ent concentrations (0, 5, 10,20,50, 75 and 100 pt/L) of vapours of the compound.
Fumigations were performed by ptacing the samptes in six chambers equipped with
a circutation fan attached to the top of the tid. Each tid was supptied with a rubber
septum for AAC apptications and once the chambers were ctosed, the tids provided
an airtight system.
Each dose of gtaciat acetic acid (Carto Erba) was injected with a micro syringe
through the rubber septum into a heatproof gtass vessel beneath the septum. The
vessels of each chamber were ptaced on warm etectric resistances connected with
a power suppty.
Once the required amount of AAC was injected, the circutation fans were turned on
to evaporate and circutate the compound within the chambers. Samptes were fu-
migated for 15 min, then incubated at 20"C for one week.
The in wvo experiment took ptace by using the most promising AAC concentrations
used for the laboratory test (50, 75 and 100 trt/L). In this case the bunches were
ptaced inside the chambers and then fumigated as described above.
The grapes were then stored for eight weeks at 5'C and 95% of retative humidity
(RH) fottowed by four days at 20'C and 85% RH to simutate commerciat shel.f-tife
(SSL). At the end of the storage experiment, weight loss and decay percentage
were determined.
Visuat appearance of grapes was also assessed by using a scoring system proposed
by Lurie et ol. (200ó). Bunch freshness and rachis desiccation were scorèd on a
scate from 1 to 5, with 1 being the highest grade as at harvest, and 5 being witted
or desiccated bunches. Damages on berries such as cracking and browning were
atso assessed on a simitar scate from 1 to 5.

Data Analysis

Anatysis of variance (ANOVA) of att data was performed using the MSTAT-C software
(Michigan State University, East Lansing, 1995r, and when appropriate mean sepa-
rations were performed according to the Duncan's muttipte range test at P< 0.05.
Angutar transformation of decay percentage values was performed prior statistical
anatysis.



RESULTS

The laboratory triat was conducted to evatuate, pretiminarity, the most effective
dose of AAC in controtting Botrytis cinerea on artificiatty inocutated berries of the
Sardinian cuttivar "Tatoppo". After I week of incubation at 20'C, the effect of
fumigations on the pathogen was commensurate to the increase of the dose of MC
(data not shown). A comptete inhibitory effect was achieved at concentrations of
50, 75 and 100 pl./L, whereas lower doses did not totatty control the pathogen.
Regarding visuat assessment a stight browning was observed on the berries fumi-
gated with 75 and 100 pt/1.

Storage trial

The storage experiment was conducted on the basis of the most promising AAC
concentrations of the previous triat. Fumigations of tabte grapes were performed at
50,75 and 100 pt/L and almost atl treatments reduced the incidence of gray moutd
on bunches of both varieties, after a storage period of eight weeks. Among the
three concentrations tested the best resutt was achieved by using 50 pt/L of AAC,
that significantty (P 5 0.05) reduced the percentage of decay, as compared to un-
treated controt, with reduction ranging from ó1.0% and 41.4%, respectivety for
"Tatoppo" and "Regina" cuttivars. Data reporting percentage of rots, weight loss
and visual assessment for the two cuttivars are shown in tabtes 1 and 2.
A significant reduction of rot incidence was also gained for "Tatoppo" grapes, at
the highest concentration (100 trt/L), whereas for "Regina" grape, fumigations with
the doses of 75 and 100 pt/L did not improve the controt of the pathogen.
During the fottowing simutated shetf-tife period of four days, at the retativety warm
temperature of 20" C and 85% RH, differences between treated and untreated
bunches of "Tatoppo" grapes became no significant. "Regina" grapes showed a
different behaviour, reaching the lowest decay percentage, when fumigated with
50 pt/L of AAC, with a reduction of 52% if compared to the controt.
Regarding fruit weight [oss, after eight weeks of cotd storage, in "Regina" grapes
atl treatments did not affect significantty this parameter that ranged between 6.1
and ó.8%. ln "Tatoppo" grapes an increased weight loss was observed for bunches
fumigated with the two highest concentrations of AAC (75 and 100 pt/L), white
fumigation with 50 pt/L did not inftuence this parameter that was simitar to the
controt. After the simutated shetf-tife period, significant differences were not ob-
served, for both cuttivars, for any of the treatments performed.
Rachis drying was also evatuated at the end of storage and the same scores were
attributed to the control and fruit treated with 50 pt/L, white increasing the MC
concentration, the rachis comptetely desiccated.
During this period treatment damages were atso assessed for berries and the two
varieties showed simitar results. Stight browning was obserued on berries fottowing
apptication of MC at 75 pt/L, which became more evident for berries treated at
100 pt/1. The fruit fumigated with 50 pt/L of MC gained the highest score, even
better than the controt.
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Table 1. Rot incidence, weight toss, rachis drytng and berry browning among "Regina" tabte
grapes bunches fumigated with three AAC concentrations, after 8 weeks of storage and 4 days
of 551.

8 weeks ssL
AAC
(rrl/L) Rots

t%l
Weight
loss (%)

Rachis Berry
drying browning

Rots 
Weight

(%) 'fi; Rachis
drying

Berry brown-
ing

u
50
75
100

35.9 A 10.1 A
17.28 9.3  A
44.4 A 10.6 A
39.8 A 12.3 A

^ Vatues with the same letter are not significantly different

Table 2. Rot incidence, weight toss, rachis drying and berry browning among "Taloppo" tabte
grape bunches fumigated with three AAC concentrations, after 8 weeks of storage and 4 days
of SSL.

I weeks SSL
AAC (ttl/L)

12.9 AB' 6.1 A
7.5 B 6,2 A

10.0 AB 6.7 A
14.9 A 6,8 A

2
1.5
2.5
3

3 2
3 1.5
5 2.5
5 3

4
4
5
5

Rots Weight Rachis Berry
l"lrl loss {%} drying browning

Rots Weight Rachis
lf/"1 loss (%) drying

Berry
browning

3
3
5
5

0
50
75
100

17.8 A' 8.2 C
6.9 B 8.7 C

11.3 AB 10.0 B
9.6 B 11.5 A

2
1.5
2.5
3

44.6 A 13.5 A
46.6 A 14.0 A
53,2 A 15.5 A
52.0 A 18.2 A

4 2
4 1 .5
5 2.5
5 3

^ Vatues with the same tetter are not significantly different

DISCUSSION

The aim of the present work was to evatuate if acetic acid, performed as a fumi-
gant, can be used as a postharvest treatment to reduce storage decay on tabte
grapes.
Currentty, tosses are controtted with an initiat sutfur dioxide treatment, fottowed
by subsequent fumigations during storage, executed every 7 or 10 ddÍs. However
sutfite residues on the fruit and phytotoxicity are the main probtems associated
with this type of treatment.
In the last years new strategies have been exptoited to overcome these difficulties.
Hydrogen peroxide performed as vapour phase was evatuated by Forney et al.
(1991), but H2O2 apptications even if reduced germination o'f Botryfis conidia,
caused drying of pedicets and rachis.
Acetaldehyde vapours have also been considered as a possible atternative to 5O2,
but this compound negatively affected grapes composition and sensory quatity.
Pesis and Franket (1989) found that treatment with acetatdehyde vapours damaged
berries of "Thompson seedless" grapes and teft some off-ftavour.
Most recently Crisosto et al. (2002) evatuated a range of CO2 and 02 concentrations
for controtting decay devetopment during storage of tabte grapes. They found that
concentrations of CO2 above 10 kPa timited Botrytis decay even if accelerated stem
browning and off-ftavor.
Lurie et al. (2006) tested new methods of apptying ethanot to prevent storage
decay of tabte grapes. The ethanol vapor was successfut in controtting rots as wetl
as or better than 5Oz, but in some cases caused high tevets of berry browning, per-
haps because of etevated concentrations of acetatdehyde inside the packages.
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Pre-harvest applications of satts were atso assessed by Nigro et al. (2006), for the
control of storage rots. Some satts showed an activity higher or simitar to that of
conventionaI chemicaI treatments.
In the search for new products and new methodotogies as atternative control means
to 5O2, we tested fumigation with acetic acid on two cuttivars of table grapes.
The effectiveness of the treatments with AAC vapors in preventing postharvest
decay, caused by various pathogens such as Botrytis cinerea and Penicillium expan-
sum, is reported in previous triats conducted on many fresh produces (Shotberg and
Gaunce, 1996; Shotberg et a\.,2001; Liu et a\.,2ffi2; Shotberg et at.,2004il.
Fumigation with MC was atso tested on tabte grapes by Shol,berg et ol. in 1996.
They concluded that fumigation of tabte grapes with MC is a reatistic atternative
to SO2, even if the method needs to be devetoped to avoid fruit injury.
In this triat we tested a different technique of apptication of the MC, with respect
to those utitized in previous studies, since we used higher concentrations of the
GRAS compound, but shorter time of fumigation.
Laboratory tests were conducted as a pretiminary screening, to evatuate if AAC
fumigation performed with a different technique coutd resutt in an inhibitory activ-
ity against Botrytis cinerea, without damages to the berries. This GRAS comptetety
prevented the pathogen devetopment starting from a concentration of 50 pt/L and
berry browning was observed at the two highest vatues used.
The storage triat confirmed that 50 pt/L was the most effective fumigation. Vapor
of MC performed at this concentration significantty reduced decay, with respect to
the untreated grapes of both varieties, after eight weeks of cotd storage at 5'C.
This was atso the concentration that reached the highest visual score, evidencing a
better keeping quatity.
Regarding the simutated shetf-tife period it is tikety that witt be necessary to repeat
the treatments during storage to improve the controt of decay, as we[[ as it hap-
pens for fumÍgations with sutfur dioxide.
In our experiment we did not contemptate a sensory evatuation, but informat tast-
ing of the fruit did not indicate any difference between treated grapes and the
controt. These, pretiminary resutts indicate that AAC fumigations do not affect the
internaI quatity of the berries.
In conctusion fumigations with MC are promising and represent a realistic alterna-
tive to SO2 that coutd maintain tabte grapes quatity in cotd storage.
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