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This research aimed to study the composition of epiphytic microflora on grape berries of certain
varieties immediately after harvest and during long-term storage in the refrigerator and deter-
mine the effectiveness of using sulfur dioxide to prevent grape spoilage. Table grape varieties
Agadai, Gara Shaani, Ag Shaani and Sary Gilya were chosen as the objects of microbiological
studies. Microbiological contamination of berries determined by inoculation on a growth me-
dium. Fumigations with sulfur dioxide were applied to suppress harmful microorganisms’ activ-
ity. Found that the microbiology contamination of fresh grape berries differs sharply by grape
variety: fungi of the genus Alternaria found in Agadai, Aspergillus in Gara Shaani, Penicillium
in Ag Shaani, and Fusarium in Sary Gilya. Also, research results have shown the effective-
ness of using sulfur dioxide which allows for a decrease in the fungi quantity by up to 87%.
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INTRODUCTION

The tendency of the increase in world fresh
grape consumption (31.5 mln t in 2022, by 0.9%
more than in 2021, OIV) leads to higher con-
currency between grape producers that makes it
inevitable to adapt to the market demands. Due
to their initial nutritional and medicinal charac-
teristics, grapes have a positive effect on human
health and are an indispensable food product
used in the treatment of nervous exhaustion,
weakness and avitaminosis. Each kg of the
grapes contains 150-200 g and more of sugar
(glucose and fructose), up to 1.4% of organic ac-
ids (tartaric, malic, etc.), vitamins: A (carotin),
B2 (riboflavin), C (ascorbic acid), P (citrin), up
to 1.5% of mineral staffs (P, K, Fe, Ca, etc.),
about 1% of proteins, and about 1% and more of
pectic stuff [Cosme et al., 2018; Salimov, 2019;
Sabraetal., 2021; Zhou et al., 2022; Dave et al.,
2023]. At the same time, as a seasonal fruit, the
consumption period of the grapes is limited to
3-4 months, depending on the variety. From this
point of view, prolongation of the shelf life of
the grapes is quite an important matter. Preven-
tion of the loss of 20-30% of the perishable food
products manufactured also is possible only by

applying cold storage. In living organisms such
as fruits and vegetables, including grapes, even
after harvest, there continue the processes of
respiration (breathing) and persist the transpira-
tion function. The intensity of these processes
depends on the variety of the grape, the growing
location, the agrotechnics applied, the degree of
ripeness, and, if stored, the storage technology.
As the intensity of the biochemical processes
increases, also are accelerated the unprevent-
able changes that point out at the aging of the
berries. The storage ability decreases, and the
appearance of the berries worsens. Gradually
they become softer, lose their flavor and medi-
cine values, and the various microorganisms
start developing on the berries’ surface. Resis-
tance of the grapes to microbial damage heavily
depends on the berry skin properties — thickness
and presence of a vax layer. If the integrity of
the skin is damaged, this paves the way for mi-
crobes to enter the internal layers of the tissue
[Sharma et al., 2018; Gorlov et al., 2020; Kazi-
mova and Nabiyev, 2022; Ahmadi Soleimani et
al., 2023].

Grape rot causes significant damage to pro-
ducers and traders both before and after harvest
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During storage, losses of grapes occur
mainly due to microorganisms representing
epiphytic microflora. According to research,
at different stages, losses of produced grapes
can reach up to 53% [Aghayeva et al., 2010].
The permanent composition of the microflora
of grapes is mainly composed of fungi be-
longing to the Penicillium, Botrytis cinerea,
Aspergillus, Alternaria, Fusarium, Mucor
Fresen, and Cladosporum species [Highet and
Noir, 1995; Guzev et al., 2008; Kassemeyer
and Berkelmann-Loéhnertz, 2009; El-Samawaty
et al., 2013; Kantor et al., 2017; Rajput et al.,
2020; Salman et al., 2021]. Typically, rot begins
with the development of mold fungi since the
acidic environment of tissue sap is favorable
for them. Later, bacteria can also take part in
spoilage. Spoilage occurs extremely quickly at
high temperatures. In an appropriate environ-
ment, the spores grow, forming reproduction
tubules that infect the skin of healthy berries.
If such conditions are absent, fungi create scle-
rotia - long-lasting small black, dense masses
of mushroom mycelium. In high temperatures
and in a humid environment, sclerotia begins to
develop and form conidia. If it rains, especially
at low temperatures, there is a sharp increase in
grape disease. The denser the bunch and thinner
the skin of the berries, and the denser the crown
of the plant, the more dangerous the pathogen is
[Rajabi et al., 2015; Armijo et al., 2016].

The process of grape storage characterizes
by the indicator named “storage ability of the
variety”, which refers to sustainability to dis-
eases and physiological disorders, mechanical
damages, and stress factors of the environment.
In other words, the storage ability of grapes
means maintaining freshness for several months
without significant losses, infection with phy-
topathogenic and physiological diseases, and
maintaining high organoleptic characteristics.
From this point of view, cold storage is the most
used method during the post-harvest period. For
example, microbiological contamination is af-
fected by the chemical composition of the ber-
ries, the presence of pectic, coloring, and other
stuff belonging to the polyphenol group. Stor-

ageability also depends on the structure of the
berries’ tissue and skin, and the availability of
the vax layer. The thicker the skin and tissue of
the berries, the more difficult it is for pathogens
and pests to penetrate the tissue and cause harm.
To prevent losses during the storage period, car-
rying out all necessary agrotechnical opera-
tions, permanent phytosanitary and toxicologi-
cal control of the soil and the yield, creating an
optimal gas environment in the storage capac-
ity, and other measures are needed. Such tech-
niques as formation canopy, correct determi-
nation of buds, and productive shoot load also
significantly affect successful grape storage. All
the mentioned factors could be applied to influ-
ence the grape quality and increase its storage
ability [Asadullayev et al., 2014; Rajabi et al.,
2015; Gorlov et al., 2020; Romero et al., 2020].

During storage, the fruits continue to “live”
at the expense of the plastic and energetic nu-
tritional stuff accumulated in the vegetation
period. In this connection, the main principle
of yield storage is the slowing of spending of
the nutrition stuff for respiration by the object
of storage itself. Being an objective indicator of
the ripening speed of the yield of different kinds
and varieties, aging, and storage ability in gen-
eral, the intensity of respiration could change
significantly. The traditional storage at a tem-
perature of about 0°C is based on the possibility
of minimizing the respiration intensity. In such
conditions, besides overripening of the product,
the activity of the pathogen microflora is also
suppressed [Szegedi, Civerolo, 2011; Ageyeva
et al., 2015; Gorlov et al., 2020; Habib et al.,
2021; Kazimova, Nabiyev, 2022].

Botrytis cinerea is the primary cause of
post-harvest rot of grapes; however, depending
on storage conditions, damage may be caused
by other pathogens. To prevent the risks of the
rottings, an integrated approach is needed. Pre-
harvest control is based on prevention of the in-
fection risks and is not limited only to the use
of fungicides. Careful harvesting and packaging
minimize damages and infections; this is one of
the crucial requirements for preventing rots dur-
ing storage [Szegedi et Civerolo, 2011; Rajabi
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etal., 2015; Wei et al., 2022].

After packaging and during storage, spe-
cial attention should be paid to minimizing the
infection risks and preventing the molds from
spreading. Here, the right choice of storage tem-
perature is a decisive factor. To suppress the ac-
tivity of the pathogens, sulfur dioxide in various
application ways is widely used: pads, layers,
fumigation, etc. SO, pads are very effective for
rot prevention during medium and long-term
storage. In the case of applying fumigations,
weekly treatments at the rate of 0.5-1.5 g per m*
of the storage camera carried out. Before fumi-
gation, it is necessary to check the current state
of the grapes stored. Effectiveness of applica-
tion of the sulfur dioxid for prevention of grape
damages during storage, is frequently noticed
at in the relevant references [Ageyeva et al.,
2015; Rajabi et al. 2015; Sortino et al., 2017,
2018; Ahmed et al., 2018; Roberto et al., 2019;
Habib et al., 2021; Li et al., 2022; de Aguiar et
al., 2023].

MATERIALS AND METHODS

As the objects of study there were chosen
three local (Ag shaani, Gara shaani, and Sary
gilya) and one introduced (Agadai) table grape
varieties grown in the Ampelographic Collec-
tion of the Scientific Research Institute of Vi-
ticulture and Wine-making. Descriptions of
the above-mentioned varieties can be found in
the database of the Vitis International Variety
Catalogue (VIVC). The Ampelographic Col-
lection is located on the Absheron peninsula, in
the eastern part of the country, on the coast of
the Caspian Sea. The climate type of the pen-

insula is dry and subtropical. The mean annual
air temperature is 13.5-14.4°C, the sum of ac-
tive temperatures is 4192-4461°, mean annual
precipitation is 202-311 mm. This is a tradi-
tional region of table viticulture. The yield of
the above-mentioned varieties was put in a cold
store for four months. For suppressing the ac-
tivity of the pathogenic microflora during the
storage period, weekly fumigations with sulfur
anhydride (2 g per each m® of the refrigeration
camera) were used. The type of microflora on
the berry’s surface was determined by planta-
tion on the growth media. The number and
change dynamics of the microflora and the ef-
fect of the fumigations applied were assessed
before and during the storage period.

RESULTS AND DISCUSSIONS

We found that the microbiological contami-
nation differs sharply between the varieties
studied. So, in the Ag shaani variety, the fungi
were represented by the Penicillium species, in
Gara shaani — by Aspergillus, in Sary gilya —
by Fusarium, and in Agadai — by Alternaria.
Also, there were heavy variations concerning
the quantity of the microorganisms found on the
surfaces of different grape varieties (Table). Fu-
migation realized immediately after putting on
store significantly decreased the contamination
by the fungal pathogenes by 37-87%, depend-
ing on grape variety. Application of SO, led to
furthed decrease in pathogenic microflora, and
by the end of storage, the amount of fungi made
1,6-41,9% of the initial quantity.

We can see that the scale of microbiologi-
cal contamination of different varieties strictly

Table. Quantity of microorganisms on grape berries” surface during storage period

(thousands per 1 g of berries)

Non-fumigated,

Fumigated
£ Losses after

Variety Fungi before storage  Onputtingon  After o000 o
storage storage
Ag shaani Penicillium 1.2 0.8 0.6 27.3
Gara shaani Aspergillus 2.4 0.5 0.05 0.7
Sary gilya Fusarium 2.9 1.5 1.2 21.12
Agadai Alternaria 1.7 0.2 0.06 1.7
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corresponds to the size of losses after the stor-
age period. The Ag shaani variety demonstrated
considerable stem browning; in the Gara shaani
and Sary gilya varieties, this process was going
less intensively. Also, while most of the losses
in the Gara shaani and Agadai varieties consist-
ed mainly of detached berries, in the Ag shaani
and Sary gilya varieties, the microbiological rot
made the general part of the losses. Moreover,
the slight browning of the berries observed in
the white-coloured Ag shaani and Sary gilya va-
rieties, which corresponds with literature data
available [El-Samawati et al., 2013, Rajput et
al., 2020, Salman et al., 2021]. Weekly fumi-
gations during storage period led to further de-
crease in fungal load, and by the end of storage
period, the quantity of the fungi was 1.1-6.2%
from their initial number.

Thus, we can draw a conclusion that the stor-
age ability of the grapes is affected both by the
variety and the kind of fungi developing during
the storage period; the Agadai and Gara shaani
demonstrated high resistance to the fungal dis-
eases, while there were considerable losses in
the Ag shaani and Sary gilya varieties caused by
Penicillium and Fusarium, respectively. So, the
Agadai and Gara shaani varieties recommended
for prolonged cold storage in the conditions of
the Absheron peninsula. The studies also con-
firmed the effectiveness of applying sulfur di-
oxide for suppressing the activity of epiphytic
microflora during grape storage.
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Tadgiqatin maqsadi ayri-ayri iiziim sortlarin
gilolorinin mohsul yigimindan deorhal sonra

vo soyuducuda uzun miiddat saxlandiqda epi-
fitkk mikroflorasinin torkibinin dyronilmosi
va liziimdoe itkilorin qarsisinin alimmasi {igiin
kiikiird dioksidindon istifadenin effektivlik
doracasini miiloyyon etmokdon ibarat olmus-
dur. Tadgigat obyekti kimi siifra lizlim sortlart
Agaday, Qara Sani, Ag San1 vo Sar1 Gilo segil-
misdir. Gilalorin mikrobioloji yoluxmasi, gida
miihitindo asilama yolu ilo toyin edilmisdir.
Miiayyan olunmusdur ki, tozs tiziim gilalarinin
mikrobioloji ¢irklonmasi, {iziim sortundan asilt
olaraq kaskin sokilda dayisir: Agaday1 sortunda
Alternaria, Qara Sanida Aspergillus, Ag Sani-
da Penicillium, Sangilado Fusarium cinsina
aid goboaloklor agkar edilmisdir. Homginin,
tadqiqatin naticalari gobaloklarin saymi 87% -a
godor azalmaga imkan veran kiikiird dioksidin
istifadosinin effektivliyini gostordi.

Acar sozlor: fumiqasiya, gobaloklar, {iziimiin
mikroflorasi, saxlama texnologiyasi, sortlar

PazpuTne Mukpodiopsl BUHOTpajia BO Bpe-
Msl XpaHeHHsI
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?Hayuno-lccnenoBarenbckuii MucTuTyT BuHorpa-
napctBa U Bunonenus MunucrepctBa CenbCKOTo
XozsiiictBa AsepOaiipkanckoit PecryOnmuku, moc.
Mexauaban, AZ0118, Abmeponckuii paiioH, Asep-
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Lenbto nccienoBanuii ObLTO M3y4YE€HHE COCTa-
Ba SMU(PHUTHOW MHUKPOQIIOPHI SITOA BUHOTPA-
Ja OTIEIbHBIX COPTOB Cpa3y mocie cOopa u
MpU JUTUTEIILHOM XPaHEHWH B XOJIOJMIIBHHKE
W olpeleNieHne cTereHn dPQPEKTUBHOCTH HC-
MOJIb30BaHHS CEPHUCTOTO aHTUAPHIIA IS Tpe-
JOTBpAIIEHsI TIOpYH BHHOTpaja. B kauectBe
00BEKTOB MHUKPOOHOJIOTHUECKUX HCCIIEI0Ba-
HUI ObLIH BEIOPAHBI CTOJIOBBIE COPTA BUHOTPA-
na Aragam, ['apa [laanu, Ar [laanu u Capsr
I'mns.  MukpoOuonoruueckyro  obceMeHeH-
HOCTB SITOJ ONPEJeNIsUId MyTeM MoceBa Ha TH-
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TaTesbHYI0 cpeay. [ nonasineHus 1esTenbHo-
CTH BPEIHBIX MUKPOOPTraHU3MOB TIPUMEHSIIACH
(dymHTranms CepHUCTHIM Ta30M. YCTaHOBJICHO,
9T0 MHUKpOOMOJIOTHYecKas O0CEeMEHEHHOCTh
CBEXKHUX SATOJl BUHOTpa/Ja PE3KO pazindyaercs: B
3aBUCHUMOCTH OT COpTa BHHOTpaja: B Araman
oOHapykeHbl TpuObI pona Alternaria, B I'apa
[Haanu - Aspergillus, 8 Ar llanu - Penicillium,
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B Capser-I'mns - Fusarium. Taxxe, pe3yabTaTsl
HCCIeoBaHui TNokazanu 3()(HEeKTHBHOCTh WC-
MOJIb30BaHHS CEPHUCTOTO aHTHJPHUJIA, YTO IO0-
3BOJIUJIO CHU3HUTH KOJIMYECTBO TPUOOB 110 87%.

KioueBble cioBa: Qymwuranus, rpudbl, Mu-
Kpoiopa BHHOTpaJa, TEXHOJOTHSI XPaHEHHS,
copra





