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Abstract

Grape is nonclimacteric and has low physiological mechanism.
Although, in addition to these positive features, decay induced by gray
mold (Botrytis cinerea) after harvest, drying of the bunch rachis and water

loss from berries are important factors limiting the storage period. Grapes
are often treated with SO; to protect post-harvest spoilage during storage
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and transport. However, the application of SO, can cause damages to the
grapes and the sulphide residues are unacceptable for consumer health.

Especially in recent years, for the storage of grapes in the cold; studies
focus on methods and chemicals that are more effective and harmless to

human health.
Keywords

Grape

Postharvest
Environment Friendly
Human Health

Introduction

Grape varieties have been grown since
ancient times, and various studies are carried out
to develop their quality parameters. Moreover,
with the worldwide expanding table grape
market, these grapes need to be transported,
stored and marketed without spoiling their
appearance and taste (Droby and Lichter, 2007).
Storage at low temperatures and the usage of
sulfur dioxide (SO;) are carried out either in the
form of frequent fumigation to the store or in the
form of storage between sulfur dioxide pads in
polyethylene bags; it is widely used around the
world to both reduce fungal spoilage and
prolong the storage period of table grapes
(Crisosto et al., 1994). Although sulfur dioxide
applications have a significant effect on
controlling fungal spoilage in grapes, this is
known to cause phytotoxicity such as bleaching
of the grape, discoloration, post-harvest
cracking, sulfur taste and browning of the bunch
rachis (Zoffoli et al, 2008). These negative

perceptions and consumer demands can control
the post-harvest decay of grapes instead of using
synthetic preservatives; It has focused the search
for alternative strategies that will not cause
human, environmental and plant toxicity
(Abdolahi et al, 2010). Storing grapes in moist
and warm climates is very hard due to fungal
diseases such as mold, anthracnose and soft
decay, Botrytis cinerea and Fusarium decays
(Barkai-Golan, 2001). Due to the high sugar and
water content in ripe grapes, deterioration is also
rapid (Sonker et al, 2016). Botrytis cinerea is
commonly widespread worlwide for late ripening
grapes because its subject to more rain and
higher humidity (Sholberg et al, 1996). Fungal
decay not only reduces the nutritional value of the
fruit, but also threat to human health due to
mycotoxins. Raisins, bruised berries, also and
wines are often infected from mycotoxins, but due
to the low concentration they do not pose a
danger to consumers. The most important
mycotoxins in table grapes and wines are
“Ochratoxin A" caused by Penicillium verucosum
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and Aspergillus ochraceous, and it is a “aflatoxin”
produced by Aspergillus flavus parasiticus and
Aspergillus flavus (Abrunhosa et al., 2002; Sonker,
2016).

In order to keep safe, the grapes from
postharvest decays, extend shelf life and increase
their marketing value, consider it necessary to
reduce postharvest diseases. Traditionally,
postharvest fungal pathogens have been tried to
be kept under control using synthetic fumigants
(Eckert and Ogawa, 1988; Wurms et al, 1999;
Sonker, 2016). Hot water application, hot
application, chemical fungicides, biological and
herbal products can be used frequently in order
to successfully control these diseases (Kataoka et
al, 1982; Karabulut et al, 2003; Sukatta et al.,
2008; Tripathi et al, 2008). But, different
application methods have some restriction.
Biologically active herbal products have been
studied for their effectiveness in preserving
easily spoilt fruits (Hassani et al., 2012). One of
the herbals, essential oils have recently take
attention due to their antifungal, antibacterial,
antioxidant, and bioregulatory features (Burt and
Rienders, 2003; Pandey et al., 2012; Singh et al,
2012).

Essential Oils

Since there is a restriction in the use of
fungicides applied to prevent decays in grapes,
it is possible to prevent decays by means of
natural compounds like essential oils (Valverde
et al, 2005; Martinez-Romero et al., 2007).
Attention in application of essential oils to food
storage has increased in recent years with the
negative perspective of synthetic protections
(Sonker et al., 2016). These oils are formed multi-
component mixtures of aromatic compounds,
sesquiterpenes, monoterpenes, and their
derivative, and they are substances that provide
antibacterial, antiviral and antifungal effects that
plants generally produced to handle stress
situations (Lovkova et al,, 2001). They are also in
the GRAS (Generally Recognize As Safe) status.
One of the positive aspects of essential oils is
that their biological activity in vapor form is as
high as fumigants (Palou et al., 2010). As in SO>
applications, the applications of essential oils in
the form of vapor is more effective in reducing
gray mold as it comes into contact with the
epidermis of the grape (Palou et al.,, 2002). Palou

et al. (2002) reported that the essential oil vapor
given in the package disappeared quickly when
the package was opened, and without any side
effect on the sensorial characteristics of the grape.
In addition, when essential oils are used in
combination with active MAP (Modified
Atmosphere Package), they can reduce berry
softening, delay color change and preserve
organoleptic properties, as well as control decay
and reduce microbial spoilage (Martinez-Romero
et al, 2003). Studies on use of essential oils in
grape preservation are shown in Table 1.

Polyamines

Polyamines are positive charged aliphatic
amines, and there are in nearly all living organism,
and are declared to affect diverse biological
activities such as flowering, growth, ripening,
senescence and reaction to stress situations in
fruits under cold storage (Malik and Singh, 2004;
Khan and Ali, 2018). These cationic aliphatic
amines have been used for their possible
antagonistic effects against ethylene release.
Therefore, it is known that the three main
polyamines found in plants (putresin, spermine
and spermidine) have an effect on fruit ripening
(Khan and Ali, 2018). The results of many studies
show that polyamines in their free form reduce
respiration rate, act as anti-aging agents, delay
ethylene production and color transformations;
induce mechanical resistance, increase fruit
firmness, and reduce chilling damages (Valero et
al, 2002). With this, delay ripening, preservation,
and extending shelf life depend on the
concentrations of polyamines applied (Malik and
Singh, 2004).

In addition to extending the storage period
and shelf life of fruits, pre-harvest polyamine
applications affect some quality properties of
different fruits positively or negatively. For
example, pre-harvest spermine application
increased the ascorbic acid content in mango,
while putresin and spermidine applications
decreased it. The effects of pre-harvest use of
polyamines include increasing fruit firmness, delay
color change, and thus extending storage period
and shelf life (Malik and Singh, 2004). Studies on
use of polyamines oils in grape are presented in
Table 2.

Polyamines are naturally found in many
fruits and vegetables, except broccoli, cauliflower,
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and citrus fruits (Eliassen et al, 2002). It is
reported that the predominant polyamine in
grapes is putresin, followed by spermidine and
spermine (Reddy et al., 2008).

Edible Coatings

Edible coatings have been used since the
12t century to delay food spoilage, reduce water
loss, suppress respiration, preserve volatile
aromatic compounds, and reduce
microbiological activity (Debeaufort et al., 1998).
Edible coatings are widely used to preserve post-
harvest fruit quality and extend storage life
(Modesti et al., 2019). The coating materials
used for this purpose do not have any danger in

terms of food safety (Alvarez et al., 2018; Modesti
et al,, 2019). The fact that they are biodegradable,
healthy and environmentally friendly has
encouraged their usage (Chauhan et al., 2014).
Studies on edible coating materials used in
grapes are shown in Table 3. As can be seen from
the table, the most commonly used coating
material in grapes is chitosan. It can be applied
directly to the fruit surface as a single or double
layer, thin and transparent. In this way, it provides
a good barrier to control the atmosphere content,
delays metabolic senescence and slows down
microbial growth (Gutiérrez and Alvarez, 2017).
The fact that the semi-permeable chitosan film is
strrong, durable, flexible and does not tear easily is
evaluated as its important advantages, and these

Table 1. Studies using essential oils in grape preservation

Source of Essential Oil Concentration Cultivar Reference

. Martinez-Romero et al,,
Thymol, mentol 0.5mL Crimson 2004
Eugenol, mentol, thymol 0.5 mL Crimson Seedless  Valverde et al., 2005
Eugenol, thymol 75, 150 pl Autumn Royal Valero et al.,, 2006
Eugenol, thymol, 25 4l Aledo Guillén et al, 2007

carvacrol
Carvacrol vapor 0,0.1,04,1,2mL

Peach leaf, basil leaf,

ginger 100, 200 ppm
Fennel segd, thyme, 0, 200, 400, 600 pil/L
sater, basil

Ginger leaf oil 0.5,25ve5g/L

NaAlg + Grapefruit oil
Chitosan + Mentha
piperita and Mentha

1% ve 2% NaAlg + 1% GFEY
4 ve 8 mg/ml chitosan + 1.25,
2.5 ve 5 pl/ml M.piperita-M.

Martinez-Romero et al.,

Autumn Royal 2007

- Tripathi et al., 2008

Tabarzeh Abdolahi et al., 2010

Red Globe Melgarejo-Flores et al., 2013
Italia Aloui et al,, 2014

Isabella Guerra et al,, 2016

villosa villosa
Chltos§n * lemon grass 1% +1% V{t{s vinifera x Oh etal, 2017
essential oil Vitis labruscana
NaAlg: Sodium alginate
GFEY: Grapefruit essential oil
Table 2. Studies using polyamines in grape preservation
Polyamine Concentration Cultivar Reference

Putresin - Salicylic Acid
Putresin

Putresin and Spermidine
Putresin and Spermidine
Spermine

Putresin and Spermidine

8 mM and 100 mg/L

1and 2 mM

2 mM and 2 mM

0.5, 1 and 1.5 mmol/L
0.5, 1 and 1.5 mmol/I
1and 2 mM

Thompson Seedless
Shahroudi

Flame Seedles

Flame Seedless
Olhoghi and Rishbaba

Marzouk and Kassem, 2011
Shiri et al., 2012

Mirdehghan et al., 2013
Harinda Champa et al,, 2014
Harinda Champa et al,, 2015
Mirdehghan and Rahimi, 2016
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Table 3. Studies using edible coatings in grape preservation

Coatings Concentration Cultivar Reference
Chitosan + GFSE 1% + 1% Red Globe Xu et al,, 2007
(o) (o)
Propolis + HPMS o% HPMC +051.15% Muscatel Pastor et al,, 2011
Propolis
Chltosan + Bergamot essential 1% + 2% Muscatel Sanchez-Gonzalez et
oil al, 2011
Chitosan 1% Muscat of Hamburg  Gao et al.,, 2013

Pectin + Cinnamon Leaf Qil
NaAlg + GFSE

Aloe vera gel
Chitosan

Aloe vera extract

Maize Starch + Gelatine
Aloe vera gel : Distilled water
Chitosan

Chitosan + Mentha piperita ve
Mentha villosa

Chitosan + Salvia fruticosa
extract

HPMS + Candida sake
Chitosan + Lemon grass
essential oil

Chitosan-g- Salicylic Acid
Gelatin extracted from Cod
fish + Indian rosewood
essential oil + Pine needle
extract

Chitosan

HPMS + k-carrageenan

1% ve 2% NaAlg + 1% GFSE
1%, 5%, 10%

15, 7.5, 3.75, 1.88, 0.94, 0.045
and 0.022 mg/ml

0:1, 1:1, 2:1, 3:1 v/v

0.5% and 1%

4 and 8 mg/ml Chitosna +
1.25,2.5and 5 pl/ml
M.piperita-M. villosa

1% + 500 mg/L

2% w/v + 5x107 m/L
1% + 1%

1% Chitosan + 2mM SA

5% + 1% + 1%

1% and 2%
4% w/v + 0.2%

Red Globe

Italia
Thompson, Sharad
and Seedless

Isabella

Sugar One, Victoria
and Black Magic
Red Crimson
Askari

Crimson

Isabella

Thompson Seedless

Red Globe
Vitis vinifera x Vitis
labruscana
Yongyou 1

Kyoho

Sagrantino

Melgarejo-Flores et
al, 2013
Aloui et al., 2014

Chauhan et al., 2014

de Oliveira et al.,
2014

Alberio et al., 2015

Fakhouri et al.,, 2015
Farahi, 2015
Freitas et al., 2015

Guerra et al,, 2016

Kanetis et al., 2016
Marin et al.,, 2016

Oh et al, 2017

Shen and Yang, 2017

Yang et al.,, 2017

Petriccione et al.,
2018
Silva-Vera et al,, 2018

HPMS: Hydroxypropylmethylcellulose

SA: Salicylic Acid
NaAlg: Sodium Alginate
GFSE: Grapefruit Seed Extract

properties  are
2013).

Conclusion

Grape is a nonclimacteric fruit cultivar

comparable to
commercial polymers (Tastan and Baysal,

most

transportation. On the other hand, SO; treatment
may harm the grapes and cause sulfide residual

effects, which is an inadmissible situation in terms of
consumer health. Recent studies have shown that
essential oil applications such as eugenol, thymol,
menthol or carvacrol, highly reduce the growth of

Botrytis cinerea. They are also reported to delay fruit

and has low physiological activity. In addition
to these positive features, post-harvest decays
caused by gray mold (Botrytis cinerea), rachis
drying and water loss are important factors
limiting the storage. Because of that grapes
are often treated with SO, to prevent post-
harvest decay during storage and

softening and color change and preserve their
sensorial properties. In future studies, it should be
appropriate to apply these essential oils and edible
coatings combine with different packaging and
technologies, individually or in combination, and
thus determine their effects on grapes. Also, due to
the high differences among cultivars, the application
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material, application methods (pre or post-harvest,
spraying, vapor etc.), and conditions should be
investigated and optimized sensitively for each table
grape cultivar.
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