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INTRODUCTION 

 

The low pH and high water activity of fruits together with the carbon and 

nitrogen contents allow for the growth of moulds (Beuchat, 1987; Pitt and 

Hocking, 2009). The presence of microorganisms in different groups and species 
depends on the maturity and the nutrients contents of the grape (Barata et al., 

2012; Martins et al., 2012; Wang et al., 2015). 

There are many internal and external factors affecting microorganism 
reproduction on the surface of grapes, such as temperature, rains, grape variety, 

maturity, physical damage caused by birds or insects, location of the vineyard, 

whether or not pesticides are used. In addition to these, the presence of the cuticle 
layer, which affects the microbial cell adhesion and the colonisation of the 

microbial cells on the outer surface of the grape berry, is also an important factor. 

Despite all these facts, there is no precise information about how the 
microorganisms contaminate the surface of grapes and colonise them (Fleet, 

1999). 

Presence of Alternaria spp., Aspergillus spp., Botrytis cinerea, Cladosporium 
spp., Penicillium spp., and Rhizopus spp. are reported in grapes, and these moulds 

cause spoilage in grapes. Besides, Botrytis cinerea and Rhizopus spp. are post-

harvest primary pathogens for grapes in many countries. In addition to these 
species, some other mould species have also been reported in studies on grapes. 

(Sage et al., 2004; Tournas and Katsoudas, 2005; Battilani et al., 2006; 

Bejaoui et al., 2006; Lasram et al., 2012; Tian et al., 2015). Moulds in grapes 
do cause not only economic losses but also mycotoxigenic moulds are important 

for human health (Battilani et al., 2006).  

Grape as a perishable fruit is highly susceptible to infections known as black 
mould caused by Aspergillus niger during harvest and storage. Some strains of 

Aspergillus niger are capable of producing ochratoxin A, and this toxin is a 

highly dangerous secondary metabolite. Ochratoxin A is classified as possibly 
carcinogenic (group 2B) by the International Agency for Research on Cancer 

(IARC). Therefore, it is very important to use safe and effective methods to 
control this disease in stored grapes (Wang et al., 2015; Tian et al., 2015).  

In this study; it was aimed to determine the microbial loads and mould species in 

the ripening period of Bozcaada’s Çavuş and Karalahna grapes. No literature has 
been found on the determination of the mould microbiota of Bozcaada grapes. 

The island also consists of fungus-borne diseases from time to time in the 

vineyards and affects grape quality. Therefore, in this study, it was tried to 

determine the moulds on the surface of the grapes during the ripening process in 
Bozcaada.  

 

MATERIALS AND METHODS 

 

Study area and sampling 

 
In this study, six vineyards were chosen for grape sampling during 2015 and 

2016 harvest season in Bozcaada. Çavuş ( table ) and Karalahna (wine) grapes 

were used as the material. These grapes are unique to Bozcaada. Bozcaada 
(Tenedos) is located between 390 48' north parallel and 260 02' east meridians in 

the north-east Aegean Sea. It is a district of Çanakkale province, Turkey. 

Bozcaada has the characteristics of the Mediterranean climate due to the 
geographical position, and it takes both northern and southern winds. Since it is 

located at the exact exit of the Bosphorus, and the northern winds are dominant in 

the island, viticulture is high on the island. Table grapes grow on the island as 
well as wine grapes. Bozcaada grapes are processed in six wine factories located 

on the island and some of them marketed to abroad (Dardeniz et al., 2007; 

Anonymous, 2015). 
Firstly, two different regions were chosen in Bozcaada where more common 

vineyards are found. Vineyards are located in the Çayır (north of the island) and 

Sulubahçe (south of the island) district. Then, considering the altitude differences 
in these regions, the vineyards were determined. For Çavuş Grape, four vineyards 

were selected. However, Karalahna vineyards are limited on the island. Thus one 

vineyard was chosen from each district. The sample area information was given 
in Table 1. As a result, a total of 6 samples were collected in each sampling day. 

Sampling day and codes were given in Table 2. 

 
 

 
 

 

 
 

 

Bozcaada which is a province of Çanakkale, Turkey, is located between the 390 48 north parallel and 260 east meridians. The largest 

livelihood of Bozcaada is viticulture. Therefore, in our study, microbial load, and mould diversity of the Çavuş (table) and Karalahna 

(wine) grapes which are endemic to the island were evaluated, and ochratoxin production potentials of Aspergillus isolates were 
investigated by HPLC. A total of 6 vineyards with Çavuş and Karalahna grapes were sampled in 2015 and 2016. Total aerobic 

mesophilic bacteria count of grapes ranged between 0.00 and 4.21 log CFU/g, yeast load between 0.00 and 2.66 log CFU/g and mould 

load between 1.67 and 3.20 log CFU/g. A total of 2264 mould isolates were taken from samples. All isolates were identified at the genus 
level. Aspergillus spp. and Penicillium spp. were the most isolated species in 2015, while Alternaria spp. and Cladosporium spp. were 

the most isolated species in 2016. It was determined that 13.78% (312) of the isolates were Aspergillus spp., 54 of these isolates, have 

been selected and identified at the species level. Twenty-one of the black Aspergillus isolates were identified as A. niger / A. acidus, 
twenty-four of them were A. carbonarius and one of them is A. ibericus. The two white isolates were found to be A. candidus, the 

creamy brownish-spore forming isolate was A. terreus, and three green isolates were identified as A. flavus, A. calidoustus and A. 

sydowii. Six isolates (4 A. niger, 1 A. calidoustus, and 1 A. sydowii) were producing OTA. The amounts of ochratoxins varied from 0.80 
to 74.01 ng/g.  
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Table 1 Altitude, locations and vineyards of grape samples 

Code 
Grape 

variety 

Distinct of 

island 
Location Altitude 

ÇÇ1 Çavuş Çayır 
39° 50' 12'' K - 

26° 2' 19'' D 
0 m 

ÇÇ2 Çavuş Çayır 
39° 50' 15'' K - 

26° 2' 38'' D 
20 m 

ÇK Karalahna Çayır 
39° 50' 14'' K - 

26° 2' 39'' D 
30 m 

SÇ1 Çavuş Sulubahçe 
39° 49' 8'' K - 26° 

0' 38'' D 
30 m 

SÇ2 Çavuş Sulubahçe 
39° 49' 7'' K - 26° 

1' 0'' D 
40 m 

SK Karalahna Sulubahçe 
39° 49' 13'' K - 

26° 0' 44'' D 
20 m 

 

 

 
 

 Table 2 Sampling dates and codes 

Code Sampling Date 

S1 04 August 2015 

S2 14 August 2015 

S3 24 August 2015 

S4 04 September 2015 

S5 20 June 2016 

S6 30 June 2016 

S7 10 July 2016 

S8 20 July 2016 

S9 01 August 2016 

S10 11 August 2016 

S11 22 August 2016 

 

The locations of the vineyard grapes were determined GPS. Meteorological data 

such as mean temperature, mean humidity and mean wind speed was recorded 
while grape samples were taken (Melki Ben Fredj et al., 2007; Meyvacı et al., 

2012). Meteorological data were given in Table 3.  

 

Table 3 Meteorological data of vineyards 

Vineyard 

2015 2016 

Tmin-Tmax 

(°C) 

Humidity (%) 

min-max  

Wind speed 

min-max 

Tmin-Tmax 

(°C) 

Humidity (%) 

min-max  

Wind speed 

min-max 

ÇÇ1 23-26 71-84 2-37 24-31 35-75 14-32 

ÇÇ2 24-26 56-74 2-37 23-31 35-74 16-32 

ÇK 22-26 56-77 2-37 23-31 35-75 16-32 

SÇ1 23-27 66-74 10-37 23-32 38-83 18-35 

SÇ2 23-27 66-76 10-37 23-32 36-83 18-32 

SK 23-29 66-75 10-37 23-31 36-83 13-35 

 

A total of 11 samplings were carried out during the two years. 500-750 g (2 

clusters of, firm berries) samples were taken separately for microbiological and 
other analysis from each vineyard at sampling date (Medina et al., 2005; Renouf 

et al., 2005). 

 

Determination of physical and chemical properties of grapes 

 

Grape samples were first placed in stomacher bags and were crushed in Bag 
Mixer (Interscience, Italy) for 1 min. The crushed grapes were then filtered with 

the help of cheesecloths to obtain grape juice. The 100 mL of filtered liquid was 

collected in glass jars and stored at -20°C until analysis. The pH of the grape 
juice was determined using a pH meter (IQ Scientific Instruments Model IQ150, 

USA) at 20°C (Güven, 2008). –The acidity of grape juice is determined by the 

potentiometric method (Güven, 2008). The amount of water-soluble dry matter 
(WSDM) (%) of grape juice was determined by measuring with Atago Pocket 

Pal-1 (Japan) hand refractometer (Güven, 2008). All analyses were performed in 

triplicate. 
 

Determination of air yeast and mould loads 

 
The passive method was used to determine the microbiological load of the air. 

Dichloran Rose Bengal Chloramphenicol Agar (DRBC) (Merck 1.00466) 

medium containing plates were open for 10 minutes at an altitude of about 25 cm, 
while the samples were collected (Meyvacı et al., 2012). 

 

Determination of grape microbiota 

 

The grape samples were collected on the morning of the sampling day. Grape 

clusters were placed in clean fridge pouches and delivered to the laboratory in the 
cold chain. The samples brought to the laboratory were stored at +4°C until the 

analysis, and they were analysed on the same day. 

25 g of the collected samples were taken into stomacher bag containing 225 mL 
of 0.1% peptone water (Oxoid, CM0009) and the bag was shaken at 150 rpm for 

10 min (Heidolph Unimax 2010, Germany). Serial dilutions were then prepared 

with 0.1% peptone water (Oxoid, CM0009). From prepared dilutions, Total 
aerobic mesophilic bacteria (TAMB) count was performed according to the pour 

plate method. Mould and yeast count were made according to the spread plate 

method. Plate Count Agar (PCA) (Merck 1.05463) was used for TAMB, and both 
Dichloran 18% Glycerol Agar (DG18) (Merck 1.00465) and Dichloran Rose 

Bengal Chloramphenicol Agar (DRBC) (Merck 1.00466) were used for mould 

and yeast counting. PCA plates were incubated for 48±2 hours at 37°C, DG18 
plates for 72±2 hours at 25°C and DRBC plates at 25°C for five days. After the 

incubation, the total aerobic mesophilic bacteria, yeast and mould loads in the 

grapes were determined (Battilani et al., 2006, Melki Ben Fredj et al., 2007, 

Samson et al., 2010, Meyvaci et al., 2012, Chunmei et al., 2013). 

 

 
 

Isolation of moulds 

 
Moulds with different colony morphology were selected from Petri dishes. While 

taking mould isolates, the counting result was taken into consideration and 

isolates were taken according to their amount in the sample. The isolates were 
plated according to three-point inoculation method into PDA medium and 

incubated at 25℃ for 3-5 days. At the end of the incubation, the pure cultures 

were harvested and inoculated to PDA slants and incubated at 25°C for 7-14 
days. Then, spore solutions of the isolates were prepared by adding 0.2% agar + 

0.05% Tween 80 into the tubes. Prepared spore solutions were stored at +4°C and 

morphological and cultural identification of moulds were made from these spore 
solutions (Samson et al., 2010; Özcan, 2017). 

 

Identification of fungal isolates according to morphological and cultural 

characteristics 

 

Preliminary identification of mould genus was determined by microscopically by 
using lactophenol blue (Merck 113741) preparations. The preparations were 

examined on a light microscope (Olympus CX31, Japan). Isolates were identified 

as a genus according to conidiophore, sporangiophore, spore heads, spores, 
exudates etc. and colony morphology (Pitt and Hocking, 2009; Samson et al., 

2010).  

When isolate did not produce spore for seven days at 25°C on PDA medium, 
isolates were incubated up to 14 days. At the end of the incubation, isolates 

which did not contain spores were cultured on Malt Extract Agar (MEA) medium 

and incubated for 14 days at 25°C. The isolates that did not contain spores also in 
the MEA medium were defined as sterile hyphae. 

 

Identification of Aspergillus spp. 

 

Isolates of Aspergillus spp. were identified using the keys given according to 

Samson et al., (2007); Samson et al., (2010) and Samson et al., (2014). Firstly, 
these isolates were plated in Czapek Yeast Extract Agar (CYA), MEA and 

Creatine Sucrose Agar (CREA) media as three-point inoculation and incubated at 

25°C for seven days in the dark. Colony diameters and colony appearance and 
morphological features of fruiting bodies and spores were determined after seven 

days of the incubation period. Diameters of conidial heads and, conidia were 

measured by using an ocular micrometre. Also, the MEA medium was incubated 
at 15°C, 36°C, and 40°C for ten days and CYA medium was incubated at 30°C 

and 37°C for seven days. At the end of the incubation period, Colony diameters 

and colony appearance and morphological features of fruiting bodies and spores 
were also determined.  

 

Determination of OTA production by HPLC-FLD 

 

The extraction of OTA was performed as described by Samson et al. (2010) with 

small modifications We used 500 µL methanol:dichloromethane: ethyl acetate 
(1:2:3 in 1% formic acid) solution and applied 30 minutes ultrasound for 

https://www.seslisozluk.net/cheesecloth-nedir-ne-demek/
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mycotoxin extraction. In the OTA analysis, AOAC Official 2000.03 (AOAC, 

2002) method with some modifications was used. It was performed in Canakkale 

Food Control Laboratory which is accredited (AB-0283-T) in mycotoxin 

analysis. Ochraprep immunoaffinity columns (R-biopharm, Darmstadt, Germany) 
were used and the extract obtained from grown mould species were was passed 

through the column at a constant speed of 1-2 drops per second, and the OTA 

was retained by the antibody. After that, the column was washed with ten mL of 
0.01% Tween 20 phosphate buffer solution and ten mL of ultra-pure water at the 

same rate. OTA separated from the column by passing one mL methanol-acetic 

acid (98:2, v/v) (Merck, Germany) at a constant rate of about one drop per second 
and the eluate is collected in a clean vial. Then, 1.5 mL of ultrapure water (Elga, 

UK) was added to the eluate and vortexed. The eluate obtained was stored at 4°C 
until analysis on HPLC. UPLC Shimadzu DGU 20A5R (South America) device 

and fluorescent detector (FLD) were used for the analysis of ochratoxin. Column 

C18 (Spherisorb ODS2 Column 80 Å, 5 µm, 4,6 mm X 250 mm, Serial No: 
25161005, Waters Corporation, USA) was used as the column. The mobile phase 

was acetonitrile (Merck, Germany): acetic acid (0.004%) containing pure water 

(48:52; v/v). The flow rate is one mL/min, and the column temperature is 40°C, 
the injection volume is 100 µL. The fluorescence detector used in the wavelength 

excitation is 333 nm, the emission is 443 nm. 

 

All isolates that were grown on both CYA and Yeast Extract Sucrose Agar (YES) 
medium were used. In the study, HPLC performance parameters such as linearity, 

determination limit (LOD), measurement limit (LOQ), repeatability and 

reproducibility were also determined.  
 

Statistical analysis 

 
Non-parametric Kruskal-Wallis test was applied in the Minitab 17.0 program to 

determine whether there is a statistical difference between the sampling date, the 

grape variety, and vineyard location and the year, on the microbial load of the 
grapes, Non-parametric tests are used for variables with no normal distribution. 

Since the pH, WSDM and titration acidity values of the grapes were normally 
distributed; One-Way ANOVA Tukey test was performed to evaluate the 

difference of these values.  

 

RESULTS AND DISCUSSION 

 

Physical and chemical properties of grapes 

 

The data of pH, water-soluble dry matter (WSDM), and titration acidity (TA) 

values were given in Table 4.  
 

Table 4 Grape samples pH, WSDM, and TA values. 
Sample ÇÇ1 ÇÇ2 SÇ1 SÇ2 ÇK SK 

PH WSDM TA PH WSDM TA PH WSDM TA PH WSDM TA PH WSDM TA PH WSDM TA 

S1 3,55±0,07* 17,60±0,01* 0,45±0,20* 3,00±0,01 12,05±0,07 1,09±0,05 3,15±0,07 15,35±0,07 0,73±0,05 3,35±0,07 14,85±0,07 0,60±0,05 2,80±0,01* 11,70±0,01* 1,84±0,45* 2,90±0,01 10,15±0,07 1,91±0,35 

S2 3,55±0,07 19,25±0,64 0,38±0,20 3,30±0,01 17,90±0,01 0,47±0,01 3,15±0,07 14,55±0,07 0,66±0,02 3,40±0,01 13,05±0,07 0,52±0,03 3,00±0,01 12,10±0,01 1,07±0,20 3,20±0,01 21,25±0,07 0,79±0,12 

S3 3,45±0,07 15,60±0,01 0,46±0,02 - - - 3,25±0,07 17,70±0,01 0,55±0,15 3,30±0,01 18,95±0,07 0,60±0,10 2,80±0,01 12,55±0,07 1,29±0,10 3,20±0,01 14,85±0,07 0,63±0,13 

S4 3,65±0,01 17,65±0,07 0,37±0,02 - - - 3,47±0,01 21,60±0,01 0,37±0,05 3,41±0,01 20,70±0,01 0,42±0,05 3,09±0,01 16,35±0,07 0,69±0,10 3,45±0,01 21,90±0,01 0,47±0,03 

S5 2,52±0,01 2,55±0,07 3,41±1,41 2,52±0,01 1,60±0,01 4,05±0,61 2,46±0,01 2,50±0,07 3,56±0,01 2,53±0,01 2,15±0,07 3,34±0,05 2,50±0,01 2,30±0,01 2,71±0,98 2,50±0,01 2,10±0,01 2,79±0,15 

S6 2,65±0,01 2,30±0,01 2,31±0,39 2,28±0,03 2,30±0,01 3,41±0,20 2,38±0,02 2,40±0,01 3,93±0,10 2,47±0,01 2,40±0,01 2,91±0,01 2,39±0,01 2,30±0,01 3,10±1,51 2,43±0,01 2,30±0,01 3,12±0,93 

S7 2,97±0,01 13,95±0,07 0,83±0,05 2,65±0,01 12,00±0,01 1,74±0,01 2,41±0,01 2,00±0,01 4,32±0,98 2,68±0,01 10,10±0,01 1,98±0,05 2,24±0,01 2,00±0,14 3,78±0,10 2,43±0,01 2,00±0,01 3,92±0,34 

S8 3,27±0,01 17,20±0,01 0,49±0,10 3,83±0,01 21,90±0,01 0,42±0,15 2,68±0,01 12,90±0,01 1,32±0,45 3,15±0,01 14,45±0,07 0,62±0,25 2,40±0,01 2,00±0,01 2,96±0,55 2,34±0,01 2,40±0,01 2,78±0,05 

S9 3,72±0,01 22,20±0,01 0,31±0,05 3,83±0,01 22,60±0,01 0,34±0,10 2,99±0,04 15,95±0,07 0,68±0,20 3,65±0,01 18,40±0,01 0,34±0,01 2,47±0,01 12,00±0,01 1,80±0,01 2,76±0,01 14,20±0,01 0,99±0,35 

S10 - - - 3,95±0,01 23,25±0,07 0,26±0,01 3,28±0,01 20,50±0,01 0,50±0,15 3,27±0,01 16,55±0,07 0,54±0,25 2,82±0,01 12,55±0,07 0,82±0,15 3,05±0,01 15,35±0,07 0,52±0,15 

S11 - - - - - - - - - - - - - - - 3,15±0,01 18,00±0,01 0,39±0,30 

*: Results are given as mean ± standard deviation. 

-: No analysis was performed because grape samples were cut. 
 

Studies on the physical and chemical properties of different varieties of grapes 
were available in the literature. In our study, pH, WSDM and TA of Çavuş and 

Karalahna grapes were determined in two years. The pH, WSDM and TA values 

were different from the studies in the literature (Li et al., 2010; Chunmei et al., 

2013). It was thought that the reasons for the differences in physical and chemical 

properties were caused by factors such as grape variety, location and sampling 

time. Two years data were evaluated together and it was seen that the effect of 
the vineyard location (P=0.000), year (P = 0.000), sampling day (P=0.000), and 

grape varieties (P=0.000) on pH values of samples were statistically significant. 

In WSDM and TA data, it was seen that the effect of year (P=0.000), sampling 
day (P=0.000), and grape varieties (P=0.012 and P=0.043 respectively) were 

statistically significant while vineyard location was not statistically significant 

(P=0.127 and P=0.162 respectively). 

 

Yeast and mould loads of vineyards air in during sampling 

 
The mould-yeast loads of air during sampling were given in Figure 1.  

 

 

 
Figure 1 The yeast-mould loads of vineyards air. (Results are given as mean ± standard deviation.) 

-: No analysis was performed because grape samples were harvested 
 

As it was shown in Figure 1, the mould-yeast load of the air in Çayır district 

ranged from 1.08 ± 0.05 to 3.05 ± 0.01 log CFU/Petri, whereas in Sulubahçe 
district, it was between 2.29±0.01 and 3.13±0.02 log CFU/Petri in 2015. In 2016, 

in Çayır and Sulubahçe areas, it was found to be between 0.15±0.21 and 

2.62±0.02 log CFU/Petri and 1.91±0.01 to 3.30±0.06 log CFU/petri respectively. 
In Çavuş variety, It was determined that the mould load of air in Çayır district is 

variable and there is less difference in the air loads of vineyards in Sulubahçe 

district. It was observed that the mould-yeast load of the air in the Çavuş 
vineyards in Sulubahçe is higher than the vineyards found in Çayır district. 

However, considering the whole vineyards, the air mould-yeast load air in 2016 

is lower than in 2015. In the Karalahna variety, It was determined that the air 

mould-yeast load was higher in Sulubahçe region in both years. In 2015, the 

mould-yeast load of all Karalahna vineyards was higher than in 2016.  
The air mould load of the vineyards in the Sulubahçe was higher than Çayır 

district. As a result of the non-parametric Kruskal Wallis statistical analysis, it 

was determined that the effect of vineyard location (P=0.000) and sampling day 
(P=0.014) on the mould-yeast load of air was significant in 2015. In 2016, it was 

determined that only the vineyard location (P=0.000) have a significant effect on 

the mould-yeast load of air. When the data collected in two years were evaluated 
together, it was determined that the effect of the vineyard location (P=0.000) on 

the mould-yeast load of the air was statistically significant. However, it was 
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found that there was no statistically significant difference between the year 
(P=0.051) and sampling day (P=0.126) on-air mould-yeast load in the vineyards. 

The most important reason for these differences was the wind speed and 

direction. The wind direction, in particular, changes the mould types and the load 
of the air and the speed, in particular, affects the load being transported. 

Chunmei et al. (2013) reported that the air load varied between 31.3±1.3 and 

246.7±13.2 CFU/petri depending on the vineyards in China. In our study, It was 

determined that the air load was between 0.00 and 3.00 log CFU/Petri and it 
varied in a broader range than the previous study. 

 

Total aerobic mesophilic bacteria loads of grape samples 

 

TAMB loads of grape samples were given in Figure 2.  

 

 

 
Figure 2. TAMB load of grape samples (log CFU/g)(n:2) (Results are given as mean ± standard deviation.) 

-: No analysis was performed because grape samples were harvested. 

 

In 2015, TAMB load of grape samples determined to range from 0.00±0.01 to 
1.50±1.02 log CFU/g in Çayır district, while in Sulubahçe district they were 

ranged between 0.25±0.50 and 2.35±0.34 log CFU/g. Also in 2016, TAMB loads 

were determined between 0.65±0.75 and 4.21±0.09 log CFU/g and 0.00±0.01 and 
3.27±2.18 log CFU/g, respectively. 

According to Kruskal Wallis statistical analysis; in 2015, the effect of only 

sampling days (P=0.031) was significant on TAMB load, while the difference of 

the vineyard location (P=0.083) and the effect of grape variety (P=0.287) was 

found to be insignificant. In 2016, although the difference in vineyard location 
(P=0.000) had a significant effect on TAMB load, the effect of sampling days 

(P=0.158) and grape variety (P=0.701) was not significant. When two years data 

were evaluated together, it was determined that the effect of the year (P=0.000), 
vineyard location (P=0.000) and sampling day (P=0.000) has a significant effect 

on TAMB load and the effect of grape variety (P=0.219) was insignificant. 

In 2016, the TAMB load of Çavuş grapes in Çayır district was found to be 
approximately 4 times higher than in 2015, whereas, it is two times higher in 

Sulubahçe district. Moreover, TAMB loads of Çavuş grape in 2016 were higher 

than in both Çayır and Sulubahçe district in 2015. The pH value of Çavuş grapes 
in 2015 was slightly higher than in 2016. The titration acidity values were also 

close to each other in 2015 and 2016. Therefore, the reason for the high TAMB 

loads of Çavuş grape in 2016 was not derived from pH and titration acidity. The 
reason for this may be the decrease in the mould and yeast loads, i.e. the low 

number of competitive microbiota. In the Karalahna grape, higher TAMB data 

were obtained in Çayır district in 2016, whereas in 2015 higher TAMB data was 
obtained in Sulubahçe district. In general, in 2016 higher TAMB loads were 

determined as years, whereas Sulubahçe district had higher TAMB load by area. 

 

 

In general, the total count of aerobic bacteria in grapes is expected to be low. 
This is because the grapes have a low pH value and high sugar content. In 

addition, bacteria develop at neutral pH levels, and yeast and mould 

microorganisms, which are competitive flora in grapes, are the other factors that 
are limiting the bacterial growth (Renouf et al., 2005). In our study, the TAMB 

load could not be determined on some days in some vineyards, while on some 

days the TAMB load was found as over 4 log CFU/g at some vineyards. When 

comparing the count of TAMB in grapes, various factors such as year of study, 

sampling time, type of grape taken, sampling method, the medium used should be 
taken into consideration. There may be differences due to these factors. Renouf 

et al. (2005) determined the count of anaerobic gram-positive bacteria in Merlot 

and Cabernet Sauvignon grapes from three different vineyards as 4.04 log 
CFU/grapes. Martins et al. (2012) were determined that the total count of 

aerobic aerotolerant bacteria in organic grapes was range <1 to 1.71 log CFU/g, 

and <1 to 2.03 log CFU/g in inorganic grapes. In our study, the total aerobic 
mesophilic bacteria count ranged between 0.00 and 4.21 log CFU/g. In some of 

our samples, the TAMB load was below the detectable level like it was reported 

by Martins et al. (2012). Martins et al. (2013) reported the load of culturable 
aerobic and/or aerotolerant bacteria, as 4.52 ± 0.04 – 4.65 ± 0.09 log CFU/g 

which is higher our results. 

 

Yeast loads of grape samples 

 

Two different media were used in determining the yeast load of grape samples. 
Yeast loads of grapes determined in DRBC medium were given in Figure 3a and 

in the DG18 medium were presented in Figure 3b.  

 
 

 
Figure 3a Yeast load of grape samples in DRBC medium (log CFU/g)(n:2) (Results are given as mean ± standard deviation.) 

-: No analysis was performed because grape samples were harvested. 
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Figure 3b Yeast load of grape samples in DG18 medium (log CFU/g)(n:2) (Results are given as mean ± standard deviation.) 

-: No analysis was performed because grape samples were harvested. 
 

The yeast loads in DRBC medium ranged from 0.00 ± 0.01 to 2.97 ± 0.34 log 

CFU/g in 2015, whereas in 2016 ranged from 0.00±0.01 to 2.10±0.02 log CFU/g. 
When the DG18 was used; it was found between 0.00±0.01 and 2.52±0.28 log 

CFU/g, in 2015 and between 0.00±0.01 and 2.24±0.24 log CFU/g in 2016. In 

both grape varieties, it was determined that the yeast load on DRBC medium was 
a bit higher than the DG18 medium. According to Kruskal Wallis statistical 

analysis, in 2 years of sampling, the effect of sampling year (P=0.000), sampling 

day (P=0.000) and vineyard location (P=0.040) on the load of yeasts obtained 
from DRBC medium were statistically significant, whereas the effect of grape 

variety (P=0.691) was not significant. In this respect, it can be said that DRBC 

yeast loads of grapes are affected by meteorological conditions. However, It was 
determined that only the sampling day (P=0.002) had a significant effect on the 

yeast loads in DG18 medium, year (P=0.450), grape variety (P=0.830) and 

vineyard location (P=0.228) was insignificant. When we compared the yeast 
loads obtained with DRBC medium and DG18 medium, it was determined that 

the difference between the media (P=0.006) was significant. 

As a result; yeast count was higher in DRBC medium than DG18 medium. 
Regardless of the medium, the effect of sampling day on the yeast load of grapes 

was found to be statistically significant. The fact that the sampling day is 

essential regarding the yeast load may indicate that the load is affected by 
meteorological conditions and the maturation of grapes. The change of air 

humidity and wind speed and direction can affect the microbiota on grapes. Also, 

change in pH, WSDM and TA values depending on maturation may affect the 
group of microorganisms to be found on the grape surface. Particularly the 

competitive mould and bacteria groups in the microbiota were determined as 

other factors that may affect the yeast load. 
Generally; in studies conducted on yeast loads of grapes, researchers reported 

different yeast loads. There are many different reasons for this. Among these  

 

 

reasons, grape varieties, sampling time, harvesting region, the physical condition 

of grapes, the maturity of grapes, analysis methods used in determining the yeast 
loads, viticulture methods, and methods used in pest control in vineyards can be 

listed. Therefore, researchers found different results in different studies. Renouf 

et al. (2005) also reported that the yeast load of grapes increased significantly 
during maturation. However, in our study, it was determined that the yeast load 

did not change due to maturation. Raspor et al. (2006) reported that the yeast 

load in different grape varieties was between 3.95 and 6.13 log CFU/mL. They 
determined that the yeast mycobiota at the surface of the grapes differ in regions. 

In our study, it was determined that yeast load vary according to sampling day 

and vineyard locations in both grape varieties. Even the highest yeast load in the 
samples of this study was found to be lower than the level determined by Raspor 

et al. (2006). Li et al. (2010) reported that yeast loads in different grape varieties 

ranged between 2.42-5.05 log CFU/mL. In our study, it was determined that the 
yeast load was lower than the yeast loads obtained in previous studies and even in 

some samples the yeast load was below the detectable level. This situation 

depends on the grape variety and meteorological conditions as well as the 
analysis methods.  

 

Mould load of grape samples 

 

Two different media were used for mould counts for two reasons. The first reason 

was to determine how the microbial count result was affected by the medium. 
The second reason was to determine how the isolates of fungi to be imported 

were affected by the differentiation of the medium. 

Two medium performances are also compared in the determination of mould 
loads as well as yeast loads. The mould loads of the grapes on the DRBC medium 

and the DG18 medium were given in Figure 4a and in Figure 4b respectively.  

 
 

 
Figure 4a Mould load of grape samples in DRBC medium (log CFU/g)(n:2) (Results are given as mean ± standard deviation.) 

-: No analysis was performed because grape samples were harvested. 
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Figure 4b Mould load of grape samples in DG18 medium (log CFU/g)(n:2) (Results are given as mean ± standard deviation.) 

-: No analysis was performed because grape samples were harvested 
 

The mould load of grape samples on DRBC medium was between 1.74±1.05 and 

3.20±0.11 log CFU/g in 2015; while in 2016, it was between 1.67±0.26 and 
3.15±0.12 log CFU/g as shown in Figure 4a and 4b. It is observed that the mould 

load for both grapes is higher in the grapes found both in Sulubahçe in both 

years. In 2015, the mould load of grape samples with DG18 medium was 
between 2.49±0.23 and 4.16±0.14 log CFU/g; in 2016 it was between 1.82±0.47 

and 2.95±0.07 log CFU/g. In 2015, more mould load was determined in the 

DG18 medium than in 2016. 
In general; the mould load in the DG18 medium is higher than or equal to the 

mould load determined on DRBC medium on most sampling days. When we 

consider the mould loads regarding grape varieties; it was determined that the 
mould load of Çavuş grape was higher than Karalahna grapes in both locations 

and sampling years. This difference in mould load may have been due to the 

thinness of the skin of the Çavuş grape and the protective effect of the high 
content of phenolic compounds in Karalahna grapes.  

According to the non-parametric Kruskal Wallis statistical analysis, the effect of 

the year (P=0.000), the vineyard location (P=0.012) and the sampling day 
(P=0.000) were a significant impact on the mould load determined on DRBC 

medium, while the grape variety (P=0.814) was insignificant (P<0.05). When we 

evaluate the DG18 data; it was determined that the effect of the year (P=0.000) 
and sampling day (P=0,000) was significant, while the effect of the vineyard 

(P=0.090) and grape variety (P=0.658) was insignificant. When we compared the 

DRBC medium with DG18 medium, it was determined that the difference 
between the mould loads (P=0.010) was significant. Also, it was seen that the 

mould load is more in DG18, while more mould genus is determined in DRBC 

medium. 
Taniwaki et al. (2001) evaluated the mould and yeast counts in DRBC and 

DG18 agar medium in various food products. They reported that in some food 

products, DRBC and DG18 counts were similar, whereas, in some food groups, 
DRBC counts were higher than DG18 counts. Similarly, in our study, some of the 

counts were at the same level in both media, however, in some samples, the 

counts on the DG18medium were higher than the DRBC medium. 
There are many studies on the determination of the mould load of grapes. The 

researchers obtained different data about the microbiota of the grapes. These data 
were differed due to many other factors such as grape variety, grape maturity, 

physical damage in grapes, meteorological conditions, geographical location of 

the vineyard, time of grape sampling, sampling methods, cultivation practices 
applied in the vineyard, pest control method applied in the vineyard and plating 

techniques (Raspor et al., 2006; Serra et al., 2006). Therefore, it is difficult to 

compare our research with the literature. Nevertheless, despite all these factors, 
when the mould load of the grapes used in this study was compared with other 

researches it was found that similar mould loads were obtained with Medina et 

al. (2005) and Şen et al. (2016). While Meyvacı et al. (2012) and Chunmei et al. 

(2013) have determined higher mould loads than our results. According to these 

data, it can be said that mould load was mainly affected by meteorological 

conditions and maturation of grapes. Meteorological conditions, especially 
humidity and wind speed affect the number of moulds and mould variety. Also, it 

can be seen that the maturation of grapes (nutritional change of the grape) may 

affect both the number of mould mycobiota and the mould diversity found on the 
grape surface. 

 

Distribution of mould species in grapes samples 

 

In 2015 and 2016, a total of 2264 isolates were collected. The most isolated 

species were Cladosporium spp. (29%), Alternaria spp. (18%) and Penicillium 
spp. (18%). Aspergillus spp. isolates were found to be 14%. The rate of 

unspecified sterile hyphae was 17%, and Rhizopus spp. and other species were 

2%. The data on the distribution of these isolates were given in Figure 5. 
In 2015, a total of 884 isolates was collected from DRBC. When we evaluate the 

isolates obtained at the genus level, Penicillium (40.38%) was a most isolated 

genus in grape samples in 2015. The other genera found in the grapes were 
Aspergillus (21.38%), Cladosporium (16.9%) and Alternaria (15.72%). The least  

 

found mould genera were Chaetomium (0.11%), Epicoccum (0.11%), Fusarium 

(0.23%), Rhizopus (0.68%), Trichoderma (0.23%) and Ulocladium (0.23%). 
However, 35 of the isolates (3.96%) were identified as sterile hyphae. When we 

evaluate the isolates taken in 2015 by region, it was determined that Aspergillus 

and Penicillium species were found more in the vineyards of Çayır district. In the 
Sulubahçe district, it was determined that the most isolated genus varies 

according to the sampling day and grape variety  

In 2016, 907 isolates were collected from DRBC medium. Cladosporium was the 
most isolated genus with a ratio of 34.40% in these isolates. In the mould 

microbiota of grapes, the second intense genus appears to be Alternaria. 

However, Aspergillus spp. and Penicillium spp. were found to be 9.92% and 
3.75%, respectively. Rhizopus spp. was found to be 5.07%. Chaetomium spp. 

(0.11%), Epicoccum spp. (1.55%), Fusarium spp. (0.88%), Trichoderma spp. 

(0.55%) and Ulocladium spp. (0.66%) were found to be less than 2%. In addition, 
the number of sterile hyphae was determined to be 219 (24.15%). When we 

examine the isolates of 2016 in terms of location; Alternaria and Cladosporium 

species were the most intense genera in both Çayır and Sulubahçe districts. The 
same situation was determined for Karalahna grape too. It was determined that 

the mould variety changed within two years,. It was thought that this was due to 

the meteorological conditions of 2016. It explained the increase in the proportion 
of moulds that were resistant to low water content because the year 2016 was 

defined as severely dry.  

In 2016, the number of isolates from the DG18 medium was 473. In addition to 
the low number of isolates taken from the DG18 medium, it was determined that 

the diversity of moulds was also limited. In 2016, the most intense species was 

Cladosporium spp. (43.34%) in both regions and grapes. Alternaria spp. 
(18.60%) was the second one. The ratio of Aspergillus isolates was 6.98%, and 

the ratio of Penicillium isolates was only 4.87%. 

In previous studies, the prevalence of mould variety found in grapes, dominant 
species and isolated genera are different in each study due to many factors such 

as grape varieties, the period and year of collection of grapes, the maturity degree 

of grape, the location of the vineyards, meteorological conditions. However, our 
results are in parallel with the studies in general (Sage et al., 2004; Garcia-Cela 

et al., 2015; Garmendia and Vero 2016; Oliveri et al., 2017; Lorenzini et al., 

2018). In our study, Alternaria, Aspergillus, Cladosporium and Penicillium 

species were the most frequently isolated species like in many other studies. In 

addition, it was determined that the dominant mould type not change with the 
maturation of the grapes, whereas it could be changed according to the sampling 

year, vineyard location and grape variety. It was also determined that the species 

that were isolated less frequently showed variability in previous studies and in 
our study they were found to be Chaetomium spp., Epicoccum spp., Fusarium 

spp., Rhizopus spp., Trichoderma spp., and Ulocladium spp in this study. 

Whereas, Bell et al., (2006) reported Arthrinium, Botrytis, Dreschlera, 
Epicoccum, Fusarium, Humicola, Phoma and Staphylocotrichum spp as the less 

frequently isolated moulds. 

 

Aspergillus spp. isolates 

 

The number of Aspergillus isolates obtained from DRBC medium was different 
in 2015 and 2016; 189 isolates were taken in 2015, and only 90 isolates were 

taken in 2016. In DG18 medium, only 33 isolates were collected in 2016. In all 

isolates, It was determined that 281 Aspergillus isolates were found (90.06%) as 
black Aspergillus and 31 isolates were found as the other Aspergillus species. 

The number of isolates taken in Çayır district was higher in both years. It can be 

said that Aspergillus contamination was higher in Çavuş grapes than in Karalahna 
grapes. The Çavuş grapes of Çayır district seem to have the highest number of 

isolates in both sampling years.  

Fifty four of the isolates were selected based on colony morphology and 
characteristics in Coconut Cream Agar (CCA), Aspergillus flavus/ parasiticus 

agar (AFPA), CYA, MEA, and CREA media (Dryer and McCammon, 1994; 

Samson et al., 2007; Samson et al., 2010; Samson et al., 2014). They were 
phenotypically identified at the species level. Out of 54 isolates, 85.19% were 
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black Aspergillus, and 14.81% were other Aspergillus species. 39% of 54 isolates 
were A. niger / A. acids (21), 44% of them were A. carbonarius (24), 5% of A. 

flavus (3) and 4% of A. candidus (2), 2% of A. terreus (1), 2% of A. calidoustus 

(1), 2% of A. sydowii (1) and 2% of A. ibericus (1).  
Aspergillus genus was found in many grapes varieties. However, frequency and 

species diversity vary according to regions and grape varieties. In our study, 

especially black Aspergillus species were isolated from grapes. The other 
researchers also isolated A. carbonarius and A. niger species frequently as in our 

study (Battilani et al., 2006; Serra et al., 2006; Lasram et al., 2012; García -

Cela et al., 2015; Garmendia and Vero, 2016; Oliveri et al., 2017; Pantelides 

et al., 2017). One isolate was identified as A. ibericus which was also reported in 

Serra et al. (2006). Some researchers reported that they isolated uniseriate 
Aspergillus spp such as; A. parasiticus, A. tubingensis, A. welwitshiae, A. 

paradoxus, A. westerdijkiae, A. versicolor, A. niveus, A. wentii, A. aculeatus and 

A. japonicus. (Battilani et al., 2006; Serra et al., 2006; Lasram et al., 2012; 

García-Cela et al., 2015; Garmendia and Vero, 2016; Pantelides et al., 2017). 

Aspergillus species in grapes are not only important because of being an 

important part of mycobiota, but also because of mycotoxins they produce. 
 

 

 

 

Figure 5 A) Distribution of DRBC isolates at the genus level in 2015. B) 

Distribution of DRBC isolates at genus level in 2016. C) Distribution of DG18 

isolates at the genus level in 2016. D) Distribution of mould isolates obtained in 

2015 and 2016 

OTA production  

 

54 isolates were evaluated by TLC (Özcan, 2017) and 6 isolates were selected 

from the possible OTA producer. OTA production of 6 isolates was determined 
by HPLC-FLD. One A. calidoustus isolate produced 0.80 ng/g and one A. sydowii 

isolate produced 0.89 ng/g of ochratoxin A. The selected four A. niger / acidus 

(K1657, K1641, K1658, and K284) isolates were determined to produce 1.28 
ng/g, 1.32 ng/g, 2.30 ng/g and 74.01 ng/g ochratoxin A respectively. 

Pantelides et al. (2017) reported 3 of A. niger isolates, and one of A. welwitschia 

isolate produced an average of 9.1 to 23.9 ng/g OTA. In our study, it was 
determined that A .niger isolates produced OTA in amounts ranging from 1.28 to 

74.01 ng/g, and an A.niger isolate produced a very high amount of OTA 

compared to the other study. Şen et al. (2016) determined that 59.4% of the A.  
niger isolates produced OTA between 0.5 and 809.70 ng/g. They found that three 

(4.34%) A. niger isolates had the highest OTA production capacity and produced 

OTAs of 809.70±9.09, 87.58±16.89 and 45.44±18.78 ng/g. In our study, the 

highest OTA production was determined to be in one A. niger isolate as 74.01 

ng/g 

A. niger, A. carbonarious, A. tubingensis and A. ochraceus isolates obtained from 
grapes were determined as main ochratoxin A producing strains. However, we 

could not perform ochratoxin analysis for A. carbonarious isolates by HPLC but 

we can only evaluate them as a probable producer in TLC (Özcan, 2017). 
However, unlike the previous studies, isolates that identified as A. sydowii and A. 

calidoustus were also determined ochratoxin A producers by using HPLC. There 

is no report about the ochratoxin production of these species. Varga et al. (2015) 
reported that Aspergillus sydowii produces griseofulvin and A.calidoustus 

produced ophiobolin. The researchers also stated that griseofulvin is a chlorine-

containing pentaketide and ochratoxin is a cyclic pentaketide (Varga et al., 2015; 

Wang et al., 2016) More studies on metabolite production of these species 

should be done because they were produced in a similar metabolic pathway 

(Zhang et al., 2008). So it was concluded that A. sydowii had the possibility of 
producing ochratoxin. However, since molecular identification cannot be 

performed, type verification did not complete. With the identification of this 

species on the basis of molecular methods, perhaps A. sydowii will be reported as 
ochratoxin producers. In addition, no information was found in the literature 

regarding the production of ochratoxin A of the A. calidoustus. If the 

identification of this isolate is confirmed by molecular techniques, it will be 
introduced to the literature the first time that A. calidoustus produced OTA. 

 

CONCLUSION 

 

Microbial loads of Bozcaada Çavuş and Karalahna grapes were determined for 

the first time. It was determined that the mould loads of Bozcaada Çavuş and 
Karalahna grapes were affected by meteorological conditions. Microbial loads of 

grapes were determined to be affected from sampling year, vineyard location and 
sampling days. (P<0.05). It was determined that higher mould counts and higher 

mould species diversity were obtained in DRBC medium. A total of 2264 isolates 

belonging to 10 genera and sterile mycelia were obtained from mycobiota in 
2015 and 2016. The most common genera were found to be Alternaria, 

Aspergillus, Cladosporium and Penicillium. It had been determined that the rates 

of these species vary by year and sampling day. Three hundred twelve 
Aspergillus isolates were taken from grapes. Black Aspergillus species were 

dominant in Aspergillus species isolated. Among the selected isolates, the 

ochratoxigenic species such as A. niger, and A. carbonarius were also isolated. In 
addition, the OTA production in 4 black Aspergillus and 2 green Aspergillus 

isolates were determined by HPLC. These results show that there may be a risk 

of human exposure to mycotoxins through the consumption of grape and grape 
products. A future analysis of the three leading compounds among Aspergillus 

toxins (Ochratoxin, Aflatoxin, and Fumonisin) in grapes as well as during the 
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different process (raisin, grape juice, wine and molasses) will contribute 
understanding the real exposure of consumers to Aspergillus mycotoxins.  
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