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Abstract

Microbiological cultures were isolated from Greek grapes and musts subjected to spontaneous 
alcoholic fermentations on a micro-vinification scale. After the isolation and purification of the 
cultures, was performed phenotyping of 250 isolates by combining culture on Chromogram 
chromogenic medium and using the API ID32C identification system and study of phenotypic 
characteristics. At the molecular level, PCR-Delta and PCR-ITS-RFLP techniques were applied due 
to their ability to distinguish S. Cerevisiae yeasts from Non Saccharomyces as well as differentiation 
of Non Saccharomyces species using two restriction enzymes (HinfI and HaeIII). Among the isolated 
yeasts apart S. Cerevisiae, for the rest of the yeasts there is no statistically significant correlation 
with any of the study regions. There seems to be some association between the Assyrtiko variety 
and Kluyveromyces thermotolerance species, regardless of place and cultivation method. 
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Introduction
Studies on more or less geographically limited areas and with various molecular methods 

attempting to find explanations for the discrepancies found in studies on the issue of terroir 
strains [1]. Indeed, even if a microbial signature could be found, the effect of a species (eg Non-
Saccharomyces) present at concentrations a hundred or thousand times lower than that of 
the main contributor, i.e. S. Cerevisiae, remains to be determined [1]. Such studies should also 
allow tracking the distribution of floras across geography and over time, and possibly attempt 
to understand the evolution that creates their great diversity.

Non-Saccharomyces yeast species on the surface of grapes vary according to the stage 
of grape ripening. From fruit set to ripening, a succession of Non-Saccharomyces yeasts is 
observed. Regarding S. Cerevisiae yeasts, according to some researchers, they are undetectable 
in grapes [2,3] while other studies have shown that the species S. Cerevisiae can be found 
in grapes and in some cases in sufficient proportion to cause the initiation of alcoholic 
fermentation [4].

Different grape microbial communities can be influenced by various factors, such as 
for example the use of phytosanitary products at the stage of ripening of the grapes [5] or 
the organic or biodynamic management of farms based on copper-based fungicides [6-7]. 
According to Patrignani et al. [8] yeast identification analyzes performed on musts from 
biodynamically grown grapes, under spontaneous fermentation after 5, 8, 10 and 11 days 
of fermentation showed a higher resistance of Non-Saccharomyces species in relation to the 
fermentation must from organic grapes. After 10 days of fermentation S. Cerevisiae represented 

https://crimsonpublishers.com/jbb/
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the main species found in the biodynamic wort, while in the organic 
wort, S. Pombe was at the highest level [8].

An important preliminary step in the selection of yeast strains 
for their use as starters in alcoholic fermentations is that they meet 
a number of oenological characteristics, such as low production of 
hydrogen sulfide, ability to ferment at high temperatures, tolerance 
to stressful conditions (concentration of alcohol, sugars, sulfur 
dioxide), enzymatic actions, fermentation capacity. In addition, the 
chemical profile of the produced wines (with a number of parameters 
including total, active and volatile acidity) and the aromatic profile 
are also of decisive importance, as the various strains affect the 
chemical composition and organoleptic characteristics of a wine by 
producing different amounts of secondary products. We must not 
forget that the wines.

Whether varietal-specific microbial communities actually 
regulate the organoleptic properties of wine should be tested 
experimentally. How climate change, which is more pressing than 
ever, affects microbial community responses should be studied. 

Essentially through the above research it is as if an opportunity 
is presented for the development of adapted techniques that will 
contribute to the improvement of the quality of grape varieties and 
wine.

Material and Methods
Sources of yeast isolates: For our study, five Greek grape 

varieties (Malagousia, Assyrtiko, Vidiano, Moscofilero, Agiorgitiko), 
with particular oenological importance, were selected from five 
different wine-growing protected geographical indication regions 
of Greece (Drama, Kavala, Thessaloniki, Halkidiki, Atalanti) with 
conventional or organic farming 25kg of healthy grape bunches was 
collected using sterile scissors, stored in sterile bags in the freezer 
(-18 ˚C). For the production of must, fresh or thawed grapes were 
crushed by hand 20g/hL (NH4)2SO4 was added to the must, left for 
spontaneous fermentation at 25 ˚C. All spontaneous experimental 
fermentations were carried out in temperature-controlled 30L 
stainless steel tanks, faithful replicas of professional winemaking 
tanks (Figure 1).

 
Figure 1: Maps showing grape sampling areas (google.com/maps accessed 04/02/2022)

Isolation, purification and preservation of cultures: Native 
yeast flora was isolated a) from grapes, and b) in 3 phases of 
spontaneous fermentations: 

i) beginning (12-14oBe)

ii) middle (6oBe)

iii) end (<1oBe)

For isolation, 1mL of the grape wash or must, after serial 
dilutions, was added to nutrient medium (YPD, Sigma-Aldrich, 
USA) supplemented with streptomycin sulfate (250mg/L) (Fisher 
Scientific Belgium) followed by incubation for 5 days at 25 ̊ C [9-11]. 
Plates containing 30-300 colonies were examined macroscopically 
followed by re-plating of isolated colonies on YPD agar.

Microbiological identification
Phenotypic identification: The isolated yeast colonies were 

first identified phenotypically [12]. Fermentation of the sugars 
galactose, sucrose, maltose, raffinose, meliviose and starch was also 
carried out in test tubes containing 10mL of synthesis substrate: 
peptone 1%, yeast extract 0,5%, Phenol-red 0.00024% [13] with 
the simultaneous addition of a 2% agar layer 2cm thick on the 
surface, in order to achieve anaerobic conditions [14]. The aqueous 
sugar solution was sterilized by filtration through 0.22µm filters 
(Millipore, France) and an appropriate amount was added to the 
test tubes to achieve a final concentration of 2%v/v. Then the test 
tubes were inoculated with 0.1mL of an aqueous suspension of cells 
of the strain to be examined, incubated at 25 °C for a period of 14 
days and visually examined for any color change of the substrate 



556

J Biotech Biores  Copyright © Aikaterini Karampatea

JBB.MS.ID.000589. 4(3).2023

and/or production of carbon dioxide indicating fermentation of the 
sugar to be examined.

Chromagar: Chromagar (agar 15g/L, peptone 10.2g/L, 
chloramphenicol 0.5g/L, chromogenic mixture 22g/L, pH 6.1±0.2) 
is a chromogenic differential culture medium that facilitates 
the isolation and possible identification of certain of clinically 
important yeast species, especially when in the YPD medium the 
differentiation is not visible [15].

ID 32C detection system: The ID 32 °C detection system (Bio-
Merieux, France) was used for the carbon assimilation assays. 
ID 32 °C is a standardized system for yeast identification, which 
uses 32 microscopic assimilation tests (dehydrated carbohydrate 
substrate) and a database.

Molecular characterization of yeast cultures: Strains were 
sub cultured in 5mL of YPD broth followed by overnight incubation 
under agitation at 30 °C. Then, genomic DNA was isolated using a 
commercial kit (Genomic DNA from tissue, Macherey-Nagel, USA), 
according to the relevant protocol (Support protocol for yeast 
01/2017, Rev.17). Finally was obtained 50μL of mixture containing 
5-30ng/μL genomic DNA. DNA amplification was performed in a 
final volume of 25µL containing 0.2mM dNTP (Invitek, Germany), 
1.25µL of each primer (100 pmol/µL) (Kapa Biosystems, USA), 
PCR reaction buffer (1X) and 0.1µmol/min Taq DNA polymerase 
(KAPA2G Robus) (Kapa Biosystems, USA). PCR conditions were as 
follows: initial cycle of denaturation at 95 ̊ C for 5min followed by 35 
cycles of amplification, denaturation at 95 ˚C for 15sec, recovery at 
55 ˚C for 15 sec and extension at 72 ˚C for 30sec and final extension 
at 72 ̊ C for 10min. The amplification reaction was carried out in PCR 
Mini Opticom (Bio-Rad, France). PCR fragments were separated and 
detected by agarose gel electrophoresis (1.5 %) in TBE buffer (1X) 
at 120 V for 2.5h (Sub-Cell GT Agarose Gel Electrophoresis Systems, 
Bio-Rad, France). The gel was stained with gel red (10mg/L) and 
visualized under UV light (Gel Doc EZ Imager, Bio-Rad France) 
with Image Lab software (Bio-Rad, France). For RFLP analysis, 
PCR products were purified by ethanol precipitation followed by 
incubation with restriction endonucleases HaeIII, HinfI, (Takara, 
Japan) following the manufacturer’s instructions. Restriction 
fragments were separated on an agarose gel (1.5%) under the same 
conditions as the amplified products. Representative samples were 
clustered by PCR-RFLP of the ITS regions.

PCR-RFLP (ITS1-ARNr 5.8S-ITS2): Internal transcribed 
spacers (ITS) (ITS1 and ITS2) and 5.8S rDNA gene regions 
were amplified using specific primers ITS1 (5_-TCCGTAGGTGAA 
CCTGCGG-3_) and ITS4 (5_-TCCTCCGCTTATTG ATATGC-3_) [15].

PCR-Delta (Delta 12/Delta 21): The typing of 
Saccharomyces cerevisiae strains was carried out by PCR, 
according to the method developed by Legras and Karst [16] 
with primers: δ 12(5’- TCAACAATGGAATCCAAC-3’) and δ 
21(5’-CATCATTAACACCCGTATATGA-3’). After amplification, Delta 
PCR profiles were obtained by electrophoresis for 40min at 100-
120V.

Oenological criteria: The ability of strains to grow at various 
temperatures was determined by visual observation [17,18]. 
Fermentative capacity was determined in the absence/presence 
of sulfuric anhydride. Fermentation rate was expressed as weight 
loss due to CO2 production (gCO2 per 100mL) after 2 and 7 days 
(Monaco et al., 2014). The flocculation properties of selected 
strains were tested according to Bony et al. (1997) and Suranka et 
al. [19]. β-glucosidase production was tested according to Strauss 
et al. [20] Colonies with glucosidase activity were identified due to 
the clear zone around the colonies [20,21]. Ethanol tolerance was 
studied according to Parish [22]. Somnolence of selected strains 
was tested in 5 mL of YPD medium with 40% (w/v) and 50% 
(w/v) glucose [19]. Malic and acetic acid production by selected 
strains, according to Pretorius [23]. Hydrogen sulfide production 
was studied on Bismuth Sulfide agar (BIGGY agar) [24,25]. The 
API-ZYM system (Bio-Merieux, France) was used for the semi-
quantitative examination of the following 19 enzyme reactions: 
alkaline phosphatase, esterase, esterase/lipase, lipase, leucine, 
valine, cystine, trypsin, chymotrypsin, phosphatase, phosphorylase, 
α-galactosidase, β-galactosidase, β-glucuronidase, α-glucosidase, 
β-glucosidase, glucosaminidase, α-mannosidase, α-fructosidase.

Results and Discussion
In our study, we found that grapes of Malagousia and Assyrtiko 

varieties are a rich source of yeasts, as four different types of 
yeasts (Saccharomyces and Candida, Pichia, Kloeckera) were 
isolated. Overall, significant differences are maintained between 
the different grape varieties in terms of the qualitative and 
quantitative distribution of yeast species, since for the Assyrtiko 
variety cultivated in 3 different viticultural zones, Kluyveromyces 
thermotolerance yeast was isolated at the beginning and in the 
middle of fermentation in grapes from vineyards of conventional 
and organic farming.

Among the 250 isolates isolated from different grape varieties, 
87 yeast isolates belong to the species Saccharomyces cerevisiae 
(34.80%), the remaining isolates represent Non-Saccharomyces 
species and have been identified as belonging to different genera 
including Pichia (28.80%). Candida (12.40%), Metchnikowia 
(9.60%), Cryptococcus curvatus (7.20%), Kloeckera apiculata 
(4.80%) and Kluyveromyces thermotolerance (2.40%).

Many microorganisms are inhibited by M. Pulcherrima, 
including Candida tropicalis, Candida albicans, Brettanomyces/
Dekkera, Hanseniaspora, Pichia, and Botrytis cinerea. The yeast S. 
Cerevisiae appears to be unaffected by this antimicrobial activity. 
Additionally, some strains of M. pulcherrima have the ability to 
arrest the growth of susceptible organisms. M. pulcherrima is also 
described as a bio fungicidal agent that can reduce the population 
of the fungus B. cinerea in fruits, during the feeding process [26].

Additionally, generally in spontaneous fermentations there 
is a sequential succession of yeasts. First, the species Kloeckera, 
followed by Rhodotorula, Pichia, Candida, Metschnikowia and 
Cryptococcus which are found at low levels in fresh must [2,22,27-
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30]. Of these, the species H. Uvarum is usually present in higher 
population, followed by various Candida spp.[23] (Figure 2). In 
Table 1 are shown the means and standard deviations of the yeasts 
in each region. S. Cerevisiae is found more in the area of Kavala 
(Mean=.346 SD=.154), while in the area of Atalanti is found less 
(Mean=.020 SD=.045). At the same time, Cryptococcus yeast is 
found more in the area of Kavala (Mean=.154 SD=.226), while 
in the areas of Thessaloniki (Mean=.036 SD=.081) and Atalanti 
(Mean=.036 SD=.081) is found less. In addition, S. Kluyveri is 
found more in the area of Drama (Mean=.110 SD=.246), while in 
the areas of Thessaloniki and Atalanti is found less (Mean=.00 
SD=.00). As for C. globosa, is found more in the area of Halkidiki 
(Mean=.166 SD=.235) and less in Atalanti and Thessaloniki 
(Mean=.00 SD=.00). C. Lusitanea, it is found more in the area of 

Kavala (Mean=.246 SD=.369), while in the area of Thessaloniki 
is found less (Mean=.00). At the same time, yeast C. Colliculosa is 
found only in the region of Halkidiki (Mean=.100 SD=.224) and 
not at all in the other regions. Regarding Pichia spp., is found 
more in the area of Kavala (Mean=.166 SD=.163) and less in the 
area of Thessaloniki (Mean=.016 SD=.036). Regarding the yeast 
Kloeckera apiculata, is found more in the regions of Halkidiki and 
Drama (Mean=.100 SD=.148) and less in the region of Thessaloniki 
(Mean=.034 SD=.076). At the same time, Metchnikowia is found 
more in the area of Kavala (Mean=.206 SD=.205), while in the area 
of Thessaloniki and Atalanti is not found at all (Mean=.00). Finally, 
the yeast Kluyveromyces thermotolerance is found more in the area 
of Kavala (Mean=.100 SD=.224), while in the areas of Thessaloniki 
and Atalanti is not found at all (Mean=.00).

Figure 2: Frequencies of yeast genera isolated from the 5 grape varieties in 5 viticultural zones.

From Table 1 and Figure 3 we observe that the yeast S. 
Cerevisiae is found more in Kavala. At the same time, according 
to Table 2 significant correlations are found between the areas of 

Kavala-Thessaloniki (Sig.=.014<.05 Mean Difference=.316), as well 
as between Kavala and Atalanti Sig.=.011 Mean Difference=.326).

Table 1: Means and standard deviations of yeast species for each region.

Region S.cerevisiae Cryptococcus S.kluyveri C.globosa C.lusitanea C.colliculosa Pichia
Kloeckera 
apiculata

Metchnikowia
Kluyveromyces 

thermotolerance

Drama
Mean ,094 ,094 ,110 ,100 ,074 ,000 ,084 ,100 ,152 ,036

σ ,137 ,134 ,246 ,224 ,102 ,000 ,128 ,148 ,216 ,081

Kavala
Mean ,346 ,154 ,054 ,050 ,246 ,000 ,166 ,066 ,206 ,100

σ ,154 ,226 ,121 ,112 ,369 ,000 ,163 ,148 ,205 ,224

Thessaloniki
Mean ,030 ,036 ,000 ,000 ,000 ,000 ,016 ,034 ,000 ,000

σ ,067 ,081 ,000 ,000 ,000 ,000 ,036 ,076 ,000 ,000

Halkidiki
Mean ,092 ,094 ,036 ,166 ,214 ,100 ,140 ,100 ,176 ,066

σ ,206 ,134 ,081 ,235 ,308 ,224 ,193 ,148 ,253 ,148

Atalanti
Mean ,020 ,036 ,000 ,000 ,066 ,000 ,050 ,066 ,000 ,000

σ ,045 ,081 ,000 ,000 ,148 ,000 ,112 ,148 ,000 ,000
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Figure 3: Depiction of the yeast S. cerevisiae in all study areas.

Table 2: Associations of the yeast S .cerevisiae with the study areas.

Dependent Variable: S.cerevisiae

(I) Region (J) Region Mean Difference (I-J) Std. Error Sig.

Drama 

Kavala -,252 ,085 ,080

Thessaloniki ,064 ,085 1,000

Halkidiki ,002 ,085 1,000

Atalanti ,074 ,085 1,000

Kavala

Drama ,252 ,085 ,080

Thessaloniki ,316* ,085 ,014

Halkidiki ,254 ,085 ,075

Atalanti ,326* ,085 ,011

Thessaloniki

Drama -,064 ,085 1,000

Kavala -,316* ,085 ,014

Halkidiki -,062 ,085 1,000

Atalanti ,010 ,085 1,000

Halkidiki

Drama -,002 ,085 1,000

Kavala -,254 ,085 ,075

Thessaloniki ,062 ,085 1,000

Atalanti ,072 ,085 1,000

Atalanti

Drama -,074 ,085 1,000

Kavala -,326* ,085 ,011

Thessaloniki -,010 ,085 1,000

Halkidiki -,072 ,085 1,000

Based on estimated marginal means

*.The mean difference is significant at the ,05 level.

For the rest of the yeasts, there is no statistically significant 
correlation with any of the study areas, as the results of the 
correlation of each type of yeast with the study areas give us the 
following results:

Cryptococcus (Sig.=.663>.05).

S. Kluyveri (Sig.=.642>.05).

C. Globosa (Sig.=.399>.05).

C. Lusitanea (Sig.= .408>.05).

C. Colliculosa (Sig.=.431>.05).

Pichia (Sig.=.419>.05).

Kloeckera apiculata (Sig.=.932>.05).
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Metchnikowia (Sig.=.209>.05).

Kluyveromyces thermotolerance (Sig.= .668>.05).

For Malagousia and Assyrtiko varieties, where the largest 

volume of sampling was carried out, we had a larger number of vine 
plots cultivated either conventionally or organically, and in most 
cases a three-year study (Table 3).

Table 3: Percentage distribution of S. cerevisiae and Non-Saccharomyces yeasts, by variety in general and by variety and 
cultivation method.

Malagousia Assyrtiko Vidiano Mosxhofilero Agiorgitiko

General

S. cerevisiae 30% 28,3% 50% 37,5% 50%

Non-Saccharomyces 70% 71,7% 50% 62,5% 50%

Conventional farming

S. cerevisiae 33,35% 28,4%    

Non-Saccharomyces 66,65% 71,6%    

Organic farming

S. cerevisiae 25,5% 35,25% 50% 37,5% 50%

Non-Saccharomyces 74,5% 67,75% 50% 62,5% 50%

Malagousia
For the Malagousia variety, in 4 out of 6 vineyard plots of 

conventional cultivation, regardless of region, S. Cerevisiae was 
isolated from the grapes, as well as Candida colliculosa and Pichia, 
regardless of region and cultivation. Kloeckera apiculata was 
isolated in only one vineyard plot of conventional cultivation in the 
region of Atalanti. Regions of Drama and Halkidiki have the greatest 
biodiversity. The 2 study vineyard plots in Afitos Halkidiki were 
organically farmed. Results that are in agreement with studies that 
conclude that organic farming increases both the abundance and 
richness of biodiversity species (https://read. organicseurope.bio/
publication/organic-farming-and-biodiversity/pdf/).

Assyrtiko
In 3 of the 4 observation vineyard plots, Pichia yeasts were 

isolated from the grapes (conventional and organic vines), in 2 of 
the 4 Candida globosa (conventional and organic vines) and only 
in one of them Kloeckera apiculata. However, the most important 
finding is that the yeast Kluyveromyces thermotolerans was 

identified in all 3 study viticultural zones. Something observed only 
for the Assyrtiko variety.

In relation to Kluyveromyces thermotolerans yeasts have been 
detected by many researchers [31-33] in grapes and musts in 
many wine-growing regions around the world, including Greece. 
Kluyveromyces thermotolerans have been observed to be able to 
show further tolerance to ethanol and survive to the end of the 
fermentation course [31,33]. Data that are in agreement with what 
we observed in the Assyrtiko variety.

It is also interesting that using grapes harvested in aseptic 
conditions and immediately fermented under sterile conditions, 
in 68% of the samples fermentation started, of which 42% were 
complete and 28% were dominated by the yeast S. Cerevisiae [34]. In 
another study based on aseptic handling of grapes, the main species 
observed during fermentation are T. Delbrueckii and S. Cerevisiae 
(Clemente et al., 2004). Very important details since in our study 
the same protocol regarding aseptic conditions was applied to the 
sampling/harvesting of the grapes and the vinification’s (Table 4).

Table 4: Percentage distribution of S. cerevisiae and Non-Saccharomyces yeasts, by sampling area.

 Drama Kavala Halkidiki Thessaloniki Atalanti

S. cerevisiae 32,65% 32% 13,6% 50% 37%

Non-Saccharomyces 67,35% 68% 86,4% 50% 63%

Organic farming

S. cerevisiae 32,65% 26%    

Non-Saccharomyces 67,35% 74%    

Organic farming

S. cerevisiae  37% 13,6% 50% 37%

Non-Saccharomyces  63% 86,4% 50% 63%

Despite their important role in alcoholic fermentation, 
Saccharomyces cerevisiae was, in most cases, not detected on 
grape surfaces, being isolated only from must. These data are in 

agreement with previous work, which reports that S. Cerevisiae 
is not a dominant species on grape surfaces and at the beginning 
of fermentation, but that it dominates from the middle to the end 
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of fermentation [35]. Its incidence may also vary as a function of 
geographic region and grape variety [36].

Changes of yeast species diversity and their population were 
observed during all spontaneous alcoholic fermentations. Alcoholic 
fermentation of grape must mainly involves the development and 
activity of various species and strains of yeast, contributing to the 
complex chemical composition and organoleptic properties of wine. 
Understanding changes in the diversity and population of yeast 
flora is important for winemakers to control alcoholic fermentation 
and thus wine quality [37].

Table 5 presents the characteristics of the environmental 
conditions of the sampling areas indicatively for the same year. We 
notice that the regions of drama and Kavala have almost the same 
average high and low temperatures, common characteristics of 
rainfall (frequency, amount) as well as winds. Their only difference 
is the distance from the sea and the fact that the sampling plot 
in Koinonia of Drama is surrounded by three mountain ranges 
(Falakro, Menoikio, Pangaio). These data combined with the data 
in Table 4 may explain the similar rate of occurrence of S. Cerevisiae 
and Non-Saccharomyces yeasts in these 2 sampling areas.

Table 5: Characteristics of the environmental conditions of the viticultural sampling areas (www.meteoblue.com, www.
apostaseis.gr accessed 04/02/2022).

Drama Kavala Thessaloniki Halkidiki Atalanti

Kokinogia Ag. 
Athanasios Mirtofito Sidirochori Akropotamos Kokinochoma Adam Afitos Megaplatanos

Average 
High 

Temperature
36ºC 37ºC 40ºC 38ºC 40ºC

Average Low 
Temperature -6ºC -6ºC -6ºC -4ºC -1ºC

Pure rainfall

277,7 dry days 277,7 dry days 291,8 dry 
days

266,5 dry 
days 290,5 dry days

4,1 snow days 4,1 snow days 2,5 snow days 2,8 snow 
days 3,2 snow days

83,2 rainy days 83,2 rainy days 70,7 rainy 
days

95,7 rainy 
days 71,3 rainy days

70,1 days >10mm 69 days >10mm 60,9 days 
>10mm 

79,7 days 
>10mm 

60,6 days 
>10mm 

12,2 days 10-50mm 13,2 days 10-50mm 9,8 days 10-
50mm 

15,7 days 
10-50mm 

10,4 days 10-
50mm 

0,9 days 50-100mm 1 days 50-100mm 0 days 50-
100mm 

0,3 days 50-
100mm 

0,3 days 50-
100mm 

Note Jul-Aug 8.3 rainy 
days and 53.7 dry days Note Jul-Aug 8.3 rainy days and 53.7 dry days

Note Jul-Aug 
3.6 days of 

precipitation 
and 55.9 dry 

days 

Note Jul-Aug 
11.3 days of 

precipitation 
and 50.7 dry 

days

Note Jul-Aug 
3.3 days of 

rain and 58.6 
dry days

Average 
Wind Speed

General trend throughout 
the year no speeds 

>50km/h are observed

General trend throughout the year no speeds >50km/h are 
observed

General trend 
throughout 

the year 
no speeds 

>50km/h are 
observed

General 
trend 

throughout 
the year 

no speeds 
>50km/h 

are observed

General trend 
throughout the 
year no speeds 
>50km/h are 

observed

Dec-Jan-Feb-Mar 1 day 
>38km/h Dec-Jan-Feb-Mar 1 day >38km/h

All months 
except May-
July-Aug for 

1-2 days 
>28km/h

From Oct to 
Mar 1-2 days 

>38km/h

Jan-Feb-Mar 
1-2 days 

>38km/h

all months up to 5 days 
>19km/h all months up to 5 days >19km/h

all months 
up to 5 days 

>19km/h

all months 
up to 5 days 

>19km/h

all months 
up to 5 days 

>19km/h

almost half the days 
>12km/h and the other 

half >5km/h
almost half the days >12km/h and the other half >5km/h

almost half 
the days 

>12km/h and 
the other half 

>5km/h

almost half 
the days 

>12km/h 
and the 

other half 
>5km/h

almost half the 
days >12km/h 
and the other 
half >5km/h
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Longitude 23,932 24,244 24,195 24,143 24,035 24,306 23,300 23,436 22,300

Latitude 41,189 41,072 40,823 40,840 40,787 40,922 40,552 40,097 38,680

Altitude 20m 104m 31m 10m 222m 99m 244m 59m 98m

Distance 
from the sea 45km 20km 5km 8km 7km 4km 27km 1,5km 5km

There are studies that found no differences in the composition 
and dynamics of yeast species during fermentation [38] or in the 
main yeast species of grapes from different Vitis vinifera cultivars 
[39]. In contrast, Raspor et al. [3] described some variability 
among yeast species (mainly Non-Saccharomyces) from different 
grape varieties and locations, but found no effect of grape variety 
on yeast engraftment [40] González-Alonso I et al. (2021) report 
for the first time the isolation and identification of four Non-
Saccharomyces yeasts (Metschnikowia pulcherrima, Kluyveromyces 
thermotolerance, Hanseniaspora uvarum and Torulaspora 
delbrueckii) from grapes and must of the Negro Saurí variety. A result 
similar to previous reports on the microflora associated with Prieto 
Picudo, Carinyena and Garnacha varieties from the Priorate wine 
region of Tarragona in Spain. Also according to Banilas G. et al. [32] 
it is not yet clear if the concept of microbial terroir can also apply 
to Non-Saccharomyces wine yeast species. Their research resulted 
in a defined biogeography for Kluyveromyces thermotolerance in 
Greece. Despite the intra-regional genetic variation of the isolates, 
the genetic structure between the populations of the Nemea and Pea 
viticultural zones coincides with distinct oenological phenotypes, 
a necessary condition for the microbial contribution of terroir to 
wines [32].

Karyotype analyzes were also performed on Saccharomyces 
cerevisiae strains isolated at different stages of fermentation. A 
small number of Saccharomyces cerevisiae strains were found to be 
able to dominate alcoholic fermentation, regardless of grape variety 
and region. Similarly, stability was observed among dominant yeast 
karyotypes. As well as that at the end of the fermentations, in almost 
all cases, Saccharomyces cerevisiae was detected in the majority.

However, understanding the underlying causes of phenotypic 
variation and linking it to molecular determinants, especially for 
often complex quantitative traits, is not always easy. Microbial 
diversity has been suggested as an important indicator of soil 
quality and ecosystem stability [41,42]. Reports of the effects 
of fertilization, crop rotation, and pesticide application on soil 
microbial diversity as measured by parameters such as richness, 
relative abundance, and distribution vary among different studies 
[43,44], and the sensitivities of these parameters in response 
to environmental influences are largely unknown and most 
studies have focused on bacterial diversity. Changes in microbial 
community structures may not necessarily lead to altered diversity 
because changes in some taxa may be offset by changes in others. 
It has been suggested that, for example, species richness may show 
less variability in response to environmental factors than species 
composition [45].

The five viticultural zones selected for the study are 
characterized by different topography, variability of soil types, 

climates, microclimates (five different zones of protected indication) 
but also present a great variety in cultivated varieties. In relation 
to the applied viticultural practices, these were all the same, apart 
from the conscious choice to cultivate some plots of land under the 
rules of integrated management and others according to the rules 
of organic farming.

Geography is one of the first factors that can explain microbial 
population structures, as seen for plants [46] and we tried to see 
if this factor had an effect in our study as well, as the distances 
of vineyard plots could be adjacent or 40km apart for the same 
zone or even 540km between different viticultural areas. The 
differentiation does not seem to be related to the distance between 
the sites, but perhaps to natural barriers (mountain ranges) as in 
the case of the Malagousia plot in the area of drama in Koinonia.

With the exception of the yeast S. Cerevisiae, for the rest of the 
yeasts there is no statistically significant correlation with any of 
the study areas. The yeast S. Cerevisiae was found more in Kavala 
than in the rest of the regions. It was also observed that within each 
viticultural zone, there are differences in the S. Cerevisiae yeast 
populations depending on the subzone. Along with these natural 
environmental parameters, man with his action can influence the 
diversity of yeasts. The choice of vineyard management method, 
which mainly depends on the plant protection protocol applied, can 
potentially affect the microbial community [47,48] and in particular 
the diversity of the yeast S. Cerevisiae.

However, the results obtained during three years of study 
show a higher diversity of S. Cerevisiae strains for the plots of 
conventional agriculture than those of organic agriculture. Perhaps 
the types of fungicides used, their modes of application and/or 
actions (contact, surface or systemic, by translocation) firstly affect 
the structure of yeast communities of grape berry surfaces and 
secondly their properties. In our research results there is evidence 
that microbial biogeography is related to the grape at the varietal 
level and is also non-randomly related to local, varietal and climatic 
factors in viticultural zones.

Also, a rotation of dominant strains was observed from one year 
to the next, suggesting that these strains are not necessarily better 
adapted than others to establish and carry out fermentations over 
several years, but that their appearance or dominance depends 
from the conditions that prevail in each season. In studies it has 
been observed that indigenous S. Cerevisiae strains occurring in 
higher percentages in spontaneous alcoholic fermentations are 
more competitive, possibly due to their higher adaptability to 
the natural environment as well as to the progressive changes of 
environmental conditions during fermentation, especially the 
content in ethanol and temperature [49,50]. Also, it has been 
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observed that for the same winery some dominant strains of S. 
Cerevisiae persisted in different fermentations from one year to 
another and appear to be representative of a single winery rather 
than an oenological geographic region [51-55].

Whether varietal-specific microbial communities actually 
regulate the organoleptic properties of wine should be tested 
experimentally. How climate change, which is more pressing than 
ever, affects microbial community responses should be studied. 
Essentially through the above research it is as if an opportunity 
is presented for the development of adapted techniques that will 
contribute to the improvement of the quality of grape varieties and 
wine [55,56].

Conclusion
An important preliminary step in the selection of yeast strains 

for their use as starters in alcoholic fermentations is that they meet 
a number of oenological characteristics, such as low production 
of hydrogen sulfide, ability to ferment at high temperatures, 
tolerance to stressful conditions (concentration of alcohol, 
sugars, sulfur dioxide), enzymatic actions, fermentation capacity. 
In addition, the chemical profile of the produced wines (with a 
number of parameters including total, active and volatile acidity) 
and the aromatic profile are also of decisive importance, as the 
various strains affect the chemical composition and organoleptic 
characteristics of a wine by producing different amounts of 
secondary products. We must not forget that the wines produced 
are intended for human consumption and must have desirable 
characteristics for consumers.

As a consequence of all the above, we consider that it would also 
be appropriate to carry out tests on various Greek grape varieties, 
in order to study the possible contribution of the “Greek” strains 
to the typicality of the wines produced in Greece. Also, it would 
be interesting to verify their importance by applying different 
vinification protocols, but also their adaptation to the vinification 
of different varieties by applying the same and/or different 
vinification protocols, as well as the results of their comparative 
application with commercial yeast strains that are already on the 
market.

We also encourage further studies on more or less 
geographically limited areas and with various molecular methods 
that we speculate will help to find explanations for the discrepancies 
found in studies on the issue of terroir strains [1]. Indeed, even if a 
microbial signature could be found, the effect of a species (e.g., Non-
Saccharomyces) present at concentrations a hundred or thousand 
times lower than that of the main contributor, i.e. S. Cerevisiae, 
remains to be determined [1]. Such studies should also allow 
tracking the distribution of floras across geography and over time, 
and possibly attempt to understand the evolution that creates their 
great diversity.
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