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ABSTRACT

Reliable knowledge on postharvest technology of table grapes could be an invaluable aid in maintenance

of quality of commodities. For reasonably concrete estimates of postharvest preservation of produces, attention

has to be devoted to harvesting and packaging strategies, effectiveness of various chemicals, and consideration

of residuals of applications. A number of studies are currently available for the investigation of certain methods

or applications to supply the grape year-round. Our literature investigations reveal that worldwide studies in

2postharvest preservation of grapes still rely on the methodology based on sulphur dioxide (SO ) releasing pads.

2In spite of its excellent responses to control decay, SO  fumigation is becoming very restrictive in most

2countries since SO  residues are dangerous to people allergic to sulphites and may cause injuries to the rachis

and berries. Thus present interest centers on the use healthy materials with safe, simple, and innovative

technology. Results of recent studies indicate that there are many tools most of which promise better results

2as alternative to SO . Especially, heat treatments, modified atmosphere packaging, ethanol, ozone, and chitosan

(a natural polysaccharide) applications would be considered as healthy approaches when correctly used.

Moreover, researchers usually recommended the use of combined tools to obtain better results. 
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Introduction

Agriculture has reached the limits of available

natural sources worldwide such that future increases

in agricultural production and rural income must

derive from intensification and optimum preservation

of produces, rather than area expansion and

exploration of additional natural sources[59].

Grapevines occupy more land in the world than any

other single fruit and account for almost half of the

total world production of all fruits. According to the

Food and Agriculture Organization (FAO), 7 272 583

ha of the world are dedicated to grapes.

Approximately 71% of world grape production is

used for wine, 27% as fresh fruit (table grape), and

2% as dried fruit (raisin) [4]. However, an important

quantity of table grape is lost at various points

between harvest and consumption. So far,

interdisciplinary studies promoted great advances in

postharvest technology for long term maintenance of

the quality of fresh grapes to prevent postharvest

wastage of grapes. Such investments will likely

continue to be the case in the future to achieve a

better balance between supply and demand in table

grape industry.

Table grapes (Vitis vinifera L.), as non-

climacteric fruits with a relatively low rate of

physiological activity, are exposed to serious water

loss after harvest, which result in stem drying and

browning, berry shatter, and shriveling. The

maintenance of postharvest quality of table grape is

becoming increasingly significant as the supply of

high quality commodities constantly exceed demand.

The consumer expectation in the supply of fresh
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produce is partly matched by long term storage [80].

Grapes are highly perishable commodities and thus

length of storage is limited by certain factors such as

fruit maturity at harvest, pre-cooling, storage

conditions (temperature, relative humidity) and

applications [78]. Therefore studies focus on the

improvement of better methods of handling, packing

and many applications. The scientific basis for the

application of various chemicals and methods to the

storage of table grapes has been the subject of

considerable research throughout the 20  and 21th st

centuries. Numerous chemicals have been examined

to control Gray mould with a varying degree of

success worldwide. Literature investigation reveal that

optimum storage temperatures for most grape

cultivars are between 30 and 32 ºF (-1.0-0.0 ºC). The

relative humidity should be 90-95% RH and an air

velocity of approximately 20-40 feet per minute

(FPM) is suggested during storage to minimize

moisture loss of berries and to maintain stems in

good condition [35]. 

In this review, literatures on postharvest

treatments to preserve table grape quality during

storage were screened to evaluate in terms of their

effectiveness and their possibilities as alternative for

2SO . Postharvest deteriorations of table grapes as

introductory information were also summarized (in

two sections; physiological disorders and pathological

disorders) for better understanding the effects of

various postharvest applications. Our literature

investigations yielded many studies using chemical

and non-chemical treatments on prevention of

postharvest disorders in grapes. Fundamental findings

of such treatments were presented and discussed

briefly about their general advantages and

2disadvantages. SO  treatment was considered as a

conventional method and presented under an

individual subtitle while the others were summarized

as alternative applications.

Physiological disorders

Physiological disorders refer to the breakdown of

fruit tissue, developing as a result of inappropriate

p o s tharvest environment .  T here  a re  many

physiological disorders that are not primarily

correlated with disease-causing microorganisms. Such

injuries during storage are mainly characterized by

weight loss, stem browning, softening, shattering

(loss of berries from the cap stem) and decay

[45,15]. Most of these drawbacks are presumably

resulting primarily from anaerobic fermentation.

2 2Therefore adjustment of the CO  and O  levels within

storage atmosphere is an important issue as the gas

mixture will constantly change due to metabolic

activity of the respiring berries [80]. The greatest

change that occurs during storage is water loss. Its

effects appear as drying and browning of cluster stem

and subsequently the berry lose its turgidity and

softens. Such drawbacks directly reduce the market

quality level as the condition of stem in terms of

color and turgor is an excellent indicator of

postharvest treatment. Waterberry is another

physiological disorder that commence with small dark

spots on the cap stems (pedicles). The affected

berries become watery, soft, and flabby. Storage

scald (brown skin discoloration, irregular brown

patches) is usually seen in white grapes. Severity of

storage scald is favored by hot, dry weather before

harvest, immature fruit at harvest, high nitrogen and

low calcium concentrations in the fruit, and

inadequate ventilation in storage rooms or in

packages [84].

Pathological disorders

During cold storage, grapes are susceptible to

many microorganisms belonging to specie of fungi

Alternaria spp., Aspergillus niger, Botrytis cinerea,

Cladosporium herbarum, Colletotrichum spp.,

Penicillium expansum, Phomopsis spp. and Rhizopus

spp. and the bacteria Pseudomonas [73,36,23,31].

Among the fungi, B. cinerea (Gray mould) is the

most widely causing severe destruction in stored

grapes worldwide. Control of the disease is

particularly important in storage because it develops

at low temperatures (!0.5 °C) and spreads readily

among grape berries [36]. Berry splitting causing

from Cladosporium herbarum and sour rot as a result

of yeast infection are also significant disorders occur

in cold storage [22]. Many fungi are unable to

penetrate the intact skin of produce. Therefore, the

infection process is greatly aided by mechanical

injuries to the skin of berries. High temperature and

high humidity conditions favor the development of

hazardous pathogens. Postharvest decay commence

after the fungus spores germinate and penetrate the

berry skin. 

2SO  application as a conventional method to control

postharvest disorders of grapes

2Sulfur dioxide (SO ) is a colorless gas or liquid

2with a strong, choking odor.  SO  is produced from

the burning of fossil fuels (coal and oil) and various

industrial processes [49]. 

From the view of postharvest physiology,

Winkler and Jacob [86] first showed that fumigation

2with sulfur dioxide (SO ) retards the activity of

decay-causing organisms and prolongs the storage

period of fresh grapes. Thereafter, Pentzer et

al.[63,64] obtained significant findings on the use of

dioxide generators in the storage and transport of

2 table grapes. In the early studies, SO was used in

high concentrations for short-time exposure (0.5%

w/v at 20–25 ºC for 15–20 min) [28,39]. The
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2employment of constant exposure of grapes to SO

for longer times became widespread after the

improvement of dualphase sulfiting pads [5]. The

2great advantage of SO  over other applications with

regard to grapes might be related with its effect as a

volatile chemical and the grapes does not have to be

wetted. Following this investment, a number of

2studies revealed that SO  prevented the decay of the

grape in varying degrees depending on the cultivar

[77,53,79,61,27,69,22,44,70]. In a long term (120

2days) cold storage study, the effect of SO -generating

pads lasted for over 45 days and effectively reduced

the decay caused by P. expansum (blue mold) and B.

cinerea (gray mold) in Red Globe and Thompson

Seedless table grapes [23]. Worldwide, the use of

2SO  generators and storage at 0 ºC has become an

integral part of table grape preservation intended for

medium or longer-term storage [17]. To obtain more

2effective results from fumigation, different SO

concentrations and packing materials have been

examined. Austin et al. [8] fumigated Tompson

Seedless grapes once a week with 2000 or 5000 µL

2SO  per liter of storage volume at 0°C. Their results 

verified that both doses had satisfactory effects to

expand storage period of the cultivar. According to

their measurement on residue levels, application 

practices left sulfite residues below the official legal 

tolerance in comparison with the United States

Environmental Protection Agency. Lichter et al. [44]

evaluated two methods of packaging in boxes with

2SO -releasing pads with either an internal plastic or

external wrap (low density polyethylene film) for

2table grape storage. SO  level of the externally

wrapped boxes was lower, probably because of

2absorption of SO  by the cardboard, and the grapes

developed more decay and rachis desiccation than in

liners inside the cardboard boxes. In many cases,

combined applications of treatments gave better

results. For instance, Al-Bachir [2] stored Syrian

cultivars (Baladi and Helwani) for 3 months with the

application 1.0 kGy of gamma-rays, sulphur dioxide

2 2 5(3 g of Na S O  per 5 kg cluster) or a combination

of both. He indicated that gamma-irradiation in

combination with sulphur dioxide was the best

method of preserving the table grapes among his

treatments. Pretel et al. [67] achieved the best quality

maintenance by combining the use of generators of

2 2SO  with a slightly CO  enriched atmosphere, using

Aledo table grapes, during 3 months storage at 2 ºC

in cardboard boxes.

2Although SO  has excellent effect to control

postharvest decay of grapes, its utilization is

2becoming restrictive in many countries as SO

residues are harmful to human health and may give

2a sulfurous flavor to the fruit. Besides, SO  is highly

injurious to most of fresh produces and causes

phytotoxicity symptoms such as bleaching of berry

and browning of rachis [52]. Nelson and Tomlinson

2[56] stated that SO  fumigation causes microscopic

injuries on the berry surface that facilitate B. cinerea

infection and therefore grape berries are more

susceptible to subsequent infection. Hairline cracks

(almost invisible, small, fine, longitudinal, cracking

lines) develop when table grapes are treated with

2high dose of gaseous SO  [90]. Furthermore, organic

2growers are prohibited from using SO . Such

problems have prompted a number of researchers to

focus on the alternative means for decay control.

Applications to control postharvest disorders of

2grapes as alternative to SO

Heat treatment

Heat treatment is one of the approaches that

have initially been tested to suppress the development

of harmful pathogens on table grape surface. Reports

on the efficacy of heat treatments to control decay in

produces date back to the 1920s, although

commercial development of heat treatments for fresh

produce was inhibited by the invention of effective

postharvest chemical treatments around the 1950

[48]. There are three methods in use to heat

commodities; hot water, vapor heat and hot air. Hot

water was originally used for fungal control, but has

been extended to disinfestations of insects [46,21].

Kou et al. [40] tested the effects of heat treatments

(hot air and hot water) for efficacy in maintaining

quality of packaged fresh-cut grape berries during 14

d storage at 5 ºC. Results indicated that hot water

treatment maintained a much lower decay rate and

microbial populations than the control and hot air

treatment at the end of storage. Similar conclusion

was made by Kou et al. [39] who used hot water

treatment at 45 ºC for 8 min. Karabulut et al. [36]

demonstrated that the addition of ethanol significantly

improved the efficacy of a hot water treatment

applied to grapes that were inoculated with B.

cinerea. According to Lichter et al. [42] incubating

the clusters at 50 ºC for 15 min had significant effect

on the removal of fungal inoculums from the berry

for decay prevention. They further indicated that the

combined application of ethanol and heat to

ungerminated B. cinerea spores caused retardation of

subsequent mycelia development. Gabler et al. [26]

also tested the combined effect of hot water and

ethanol. They concluded that dipping the clusters into

the heated ethanol (50 ºC) had significant effect to

control gray mold unless the berry pedicel is

removed. They also interpreted that heat facilitated

better ethanol penetration into the berries. According

to Karabulut et al. [36], hot water was able to

control Botrytis cinerea infection in the presence of

ethanol in a small concentration. An important issue

associated with the implementation of heat treatment

is that the temperatures required to restrict pathogens
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are close to those injurious to the grape. Therefore

heat application necessitates special attention to

minimize injuries of products.

Controlled atmosphere (CA) and modified atmosphere

packaging (MAP) 

In the last decade, some alternative strategies,

using controlled atmosphere (CA) and modified

atmosphere packaging (MAP), have been tried in

place of chemical treatments to control the

development of decay [71]. Favorable controlled

2 2atmosphere (CA) conditions of low O  and high CO

levels have been developed for different fruit species

[34]. The influence of CA conditions with an

emphasis on botrytis decay development has been

evaluated for many grape cultivars such as Emperor

[81], Alphonse Lavallee, and Razaki [20]. Previous

reports demonstrated the benefits of CA on delaying

senescence, decreasing stem and berry respiration,

reducing stem browning, maintaining berry firmness,

and retarding decay development [87,10]. However,

formation of off-flavors and berry browning was also

pronounced as a significant prob lem that

overshadows the potential benefits of CA [57].

Modified atmosphere packaging (MAP), as a

non-toxic method, was recommended to eliminate

2dangerous effects of SO  [34]. MAP, as a semi-

permeable coating with an adjusted ambience of

2 2CO /O  inside small storage environment, has been

proven to prolong the storability of perishable

commodities like grapes [32]. Several studies

demonstrated the effectiveness of MAP on quality

maintenance of table grapes such as Italia [88],

Flame seedless [50], Napoleón [6], Autumn Seedless

[5], and Superior Seedless [7]. Guillén et al. [30]

stated that the use of modified atmosphere packaging

(MAP) alone significantly retarded weight loss, color

changes, softening, and increase in soluble solids

concentration and titratable acidity ratio (SSC/TA).

Although MAP has been proven to maintain

organoleptic quality of grapes during storage [50],

2the concentrations of CO  inside packages were not

high enough to restrict activity of microorganism as

the grape is a nonclimacteric fruit with low

respiration intensity. Besides, this method has several

drawbacks such as berry browning and the difficulty

of maintaining the required gas composition around

the berries throughout the postharvest chain [48].

Therefore, its combination with acetic acid [54],

2chlorine [89], or SO  [6] investigated to reduce decay

occurrence caused by B. cinerea. However, the

residue problem still persisted. 

Natural oils

To fulfill consumer demand by new

noncontaminant strategies, the use of natural essential

oils such as eugenol, thymol, and carvacrol has been

reported to be successful to control bacteria, yeasts,

and fungi [30]. Although the antimicrobial properties

of such oils have been empirically recognized long

time ago, their uses came to scientific attention

recently. Results of some studies demonstrated that

essential oils eugenol, thymol, menthol, or eucalyptol

applied separately inside sealed bags were able to

maintain quality of safety table grapes [83,82].

Serrano et al. [75] supposed that the use of pure

essential oils in combination with MAP would be an

innovative and useful tool as alternative to synthetic

fungicides in produces, especially for those which are

highly perishable and have a reduced shelf-life like

grapes. On the other hand, the main disadvantages

for the use of natural oils are related to persistence

of strong aromas which sometimes would affect the

organoleptic properties of commodities adversely.

Ethanol

Ethanol treatment has recently emerged as a

2 potential alternative to SO in maintaining quality of

fresh produce. Studies show that dipping grapes in

30-50% ethanol prior to packaging significantly

inhibited berry decay [43,36,26] Article | PDF (136

K) | View Record in Scopus | Cited By in Scopus

(19) Karabulut et al., [36,26]. With ethanol vapour-

generating sheets, Chervin et al. [12] determined that

3.75 ml kg  ethanol was sufficient to ensure fruit!1

quality and control rot development over four weeks

of storage at 0 ºC. They also stated that the higher

dose of ethanol (7.5 ml kg ) tended to increase stem!1

browning. Recently, the losses due to gray mold rots

2were reduced by 50% in ethanol (16%) plus CaCl

treated clusters, compared to untreated control, using

Chasselas grapes which are very sensitive to Botrytis

rots [11]. The efficacy of ethanol alone or

combination with various chemicals has also been

demonstrated with emphasis in controlling decay on

grapes [11,31]. To prevent storage decay, Lurie et al.

[47] examined the efficacy of three methods of

applying ethanol (dipping in 50% ethanol for 10 s,

placing a container with a wick and 4 or 8 ml

ethanol/kg grapes inside the package, and applying 4

or 8 ml ethanol/kg grapes to paper and placing this

paper above the grapes in the package). Treatment of

8 ml ethanol/kg grapes on impregnated paper

controlled 98% of the decay, although the ethanol

applications caused visible stem and pedicel

browning. Del Nobile et al. [16] examined the

influence of postharvest treatments of ethanol,

chlorinated water and hot water on the quality loss

kinetics of freshly processed grapes packaged in

biodegradable films. They suggested that ethanol was

the best solution to preserve the microbial stability of

the fresh produce without affecting its respiration rate

to any great extent. Considering overall influences of
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ethanol, literature investigations show that ethanol

2promise as alternatives to SO  to prevent decay of

grapes. But the adjustment of the dose is essential

because the excessive concentration of ethanol may

induce phytotoxicity such as stem browning. 

Irradiation

Induced resistance to plant pathogens has been

demonstrated in grapes and this resistance has been

related to stilbene phytoalexins, such as resveratrol,

pterostilbene, a-viniferin and g-viniferin [14].

Production of such chemicals has been shown to be

elicited by infective fungi and additionally by ultra-

violet irradiation. As one of the alternative methods

for controlling postharvest diseases, ultraviolet-C light

(UV-C, 190–280 nm wavelength) offers interesting

possibilities, affecting several physiological processes

in plant tissues [41]. UV radiation can cause

inducible resistance, especially with radiation at 254

nm. This mechanism is supposed to be related to the

production o f substances (mainly phenolic

compounds) toxic to the pathogens, induced by an

increase in activity of key synthetic enzymes [24].

Previous studies verified that UV-C irradiation has

been shown to induce resistance especially against

grey mould of grape berries [66.58,3]. Al-Bachir [2]

indicated that 1.0 kGy gamma-radiation alone or the

2combined treatment with SO  significantly decreased

the weight loss of Syrian grapes Baladi and Helwani

(V. vinifera L.) during later stages of the storage

periods (26 weeks). In a similar study, Gonzalez-

Barrio et al. [29] compared the effects of ozone

(3.88 and 1.67 g ) and UV-C (1 min, 510 W, 40h -1

cm) treatments on the postharvest stilbenoid

monomer, dimer, and trimer induction in Superior

grapes. They concluded that the ozone treatments

were more efficient in inducing viniferins

accumulation in grape berries and two alpha-viniferin

isomers were detected in the ozone-treated grapes.

Ozone

Gaseous ozone treatment has been reported to

have strong antimicrobial effects against harmful

microorganisms, by reacting with intracellular

enzymes, nucleic acids, and components of cell

envelopes [37,62]. Previous studies also demonstrated

that continuous exposure to ozone did not cause

significant phytotoxic reaction [72,5], although Gabler

and Smilanick [25] determined minor rachis injury 

after ozone treatment (1.5 µg/ml of ozone in water).

In an experiment conducted by Sharpe et al. [76], the

effects of ozone treatments applied in different

concentrations on growth of B. cinerea and S.

sclerotiorum were investigated. In the inoculated

grapes, decay incidence was significantly reduced by

450 ppb ozone treatment for 48 h.  However,

gaseous ozone is unable to penetrate the fruit tissue

to kill the fungi [76]. Therefore, ozone could be

considered as a promising antimicrobial agent for the

sanitation of grape surfaces to extent the storage

period and shelf life. 

Chitosan

Chitosan, a natural polysaccharide with a

polycationic nature, is regarded as a promising

material for edible coating of fruits. Chitosan forms

a semi-permeable film and modifies the internal

atmosphere, decreases transpiration losses and

regulates the quality of the fruits [60]. Previous

studies revealed that chitosan has broad-spectrum

antimicrobial activity and it could control or delay

postharvest decay of crops [1,9,52]. In a more recent

study, Romanazzi et al. [68] immersed the berries of

several table grapes for 10 s in chitosan solutions

(dissolved in 1% concentrations of 15 different acids,

pH 5.6) to investigate solution effectiveness on gray

mold control. They observed that decay among

clusters of two cultivars (Thompson Seedless and

Crimson Seedless) inoculated before treatment was

reduced about 60% after immersion in chitosan

lactate or chitosan acetate followed by storage for 60

days at 0.5 ºC. Choi [13] tested different molecular

weights of chitosan in order to investigate their

influences on disease incidence and quality of grapes

during storage. Among the materials, higher

molecular weights of chitosan enhanced storability of

grape by efficiently delaying reduction of fresh

weight, drying and browning of rachis, berry

abscission, and also by reducing respiration and

decrease in titratable acidity. In respect to disease,

however, smaller molecular weight of soluble oligo-

chitosan was found more effective to reduce disease.

The researcher recommended to use mixed treatment

of smaller and high molecular weight of chitosan to

bring simultaneous effect of enhanced storability and

reduced disease incidence during storage of grape.

Biological agents

Potentially, there are many biological control

agents including fungi, yeast and bacteria [84].

Control of fungal disease B. cinerea, the cause of

Gray mold, has been achieved with the employment

of Aureobasidium pullulans at high concentrations

(10  and 10  cells/ml) [33,74]. Furthermore, Droby et8 7

al. [18] obtained successful results to restrict the

hazardous  effects  of  fungi  belonging  to species

Botrytis, Rhizopus, Aspergillus by application of

yeasts and yeast-like fungi. Another biological agent,

Cryptococcus laurentii was also reported as a

promising strategy to inhibit growth of many

phytopathogens, includ ing Botrytis  c inerea,

Penicillium   expansum ,  Alternaria  alternate  and
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Rhizopus stolonifer, when applied pre- or postharvest

[45,51]. Based on the results of the mentioned

studies, such biological agents promise an alternative

technology in especially ecological farming.

Other applications

A number of materials were tested for their

effectiveness on decay control and some of them

reduced postharvest decays with a varying degrees,

such as acetaldehyde, acetic acid, carbonate and

bicarbonate salts, chlorine compounds, dibromo-

tetrachloro-ethane, formaldehyde, hydrogen peroxide,

iodine, isomaltol, O-phenylphenyl acetate, O-

phenylphenyl butyrate, O-phenylphenate, [86,19,76].

Most of such chemicals which have so far been

found to have fungicidal activity were found less

effective and had additional disadvantages when

2compared with SO  or other promising materials.

Conclusion 

Considering overall findings with regard to

control of postharvest pathological disorders,

2fumigation with SO  could be proven as a powerful

method for table grape storage at present. However,

2SO  application usually causes injury to table grape

fruit and it is also harmful to human health.

Recently, there has been increasing consumer

pressure to eliminate or reduce the use of synthetic

fungicides on fresh produces. Therefore, future

studies are anticipated to focus on the comparative

evaluation of healthy materials with safe, simple, and

innovative technology. Findings of recent studies

imply that there are many agents most of which

2could be employed as alternative to SO . Especially,

means such as heat treatments, modified atmosphere

packaging, ethanol, ozone, and chitosan (a natural

polysaccharide) applications would be considered as

healthy approaches when correctly used. But

judgment of any material for usage depends solely on

array of criteria such as storage conditions, package

types, variety requirements, handling type, and

required period of storage. Furthermore, researchers

usually recommended the use of combination of

appropriate tools to obtain better results. In this

sense, interdisciplinary approaches would aid to

highlight the potential of beneficial applications for

achieving maintenance of quality in healthy

conditions.
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