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Abstract. Agro-industrial waste management is an important problem of modern society as 
agriculture and food industry are important sources of waste. Wine production generates a 
considerable amount of winemaking waste (grape marc). Grape marc can be a source of 
natural dyes, antioxidants and could have various applications, if it is confirmed that it does 
not contain technogenic contaminants or unwanted microorganisms, for example, producers 
of mycotoxins. The paper developed the Real -Time Polymerase Chain Reaction (Real-Time 
PCR) methodology for testing the presence of potentially mycotoxogenic fungal species 
capable of producing ochratoxin A (OTA), which could be applied before grape marc 
processing. Based on the non-ribosomal peptide sequence of OTA, involved in ochratoxin 
biosynthesis, the primers have been developed for the detection of microorganisms 
potentially capable of producing ochratoxin A. 
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Introduction 
Grape marc is a by-product of the vinification process, which constitutes 

approximately 20-30% of the mass of processed grapes [1]. The rich content of bioactive 
substances in the composition of grape  marc, derived from grape skin, remaining pulp, seeds 
and stems is an opportunity for its use in the pharmaceutical industry, cosmetics and, 
especially, in the food industry [2, 3, 4]. The rich content of dietary fiber, up to 85% and 
polyphenols, up to 70% [5, 6], increased antioxidant activity [7] are important arguments in 
favor of capitalizing on this byproduct [8, 9]. The recovery of by-products of vinification is 
also an important issue for the management of agro-industrial waste [10, 11].  
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Grape marc is usually stored, used as fertilizer or for animal nutrition [12]. The storage 
and spread of  grape mark in the environment can cause damage to the environment, lead to 
water pollution and, finally, create inconvenience to nearby towns, because due to low pH 
and the presence of tannins,  biodegradation  of this byproduct  occurs very slowly [13]. The 
use of grape marc for animal feed is not reasonable, because it is poor in nutrients and the 
tannins are difficult to digest [14, 15]. 

At the same time, the recovery of bioactive components from grape  marc requires its 
rigorous control, because, especially in years with precipitation during the ripening period of 
grapes they can be contaminated with mycotoxins [16]. Mycotoxigenic molds, capable of 
colonizing grapes, especially affect the skin of the berries, so there are risks that after the 
vinification process, they remain in the marc. Thus, there are risks of contamination of  grape 
marc, derived products and grape marc  extracts with mycotoxins, especially when   marc is 
not processed immediately after the vinification process [17]. 

In order to ensure the innocuousness of the products obtained from grape marc, it is 
necessary to check the presence of mycotoxinogenic microorganisms before processing the 
pomace. Previous research has shown that the Real-Time PCR methodology can be 
successfully applied for the analysis and quantification of mycotoxigenic fungi in maize [18], 
as well as for the detection of Brettanomyces/Dekkera in wines [19]. The purpose of this 
research was to develop a rapid method real-time PCR to verify the presence of 
microorganisms capable of producing mycotoxins in grape  marc.  

Materials And Methods 
Grape marc samples were collected from different geographical zones. Table 1 

shows the details of the samples used in this study.  
Table 1 

Grape marc samples used in this study* 
Sample name Sample type Variety of grape/wheat Sample origin 

A2 Grape marc Feteasca Neagra Speia, Anenii-Noi 
A3 Grape marc Cabernet-Sauvignon Popeasca, Stefan-Voda 
A4 Grape marc Cabernet-Sauvignon Cojusna, Straseni 
A6 Grape marc Cabernet-Sauvignon Pleseni, Cantemir 
A8 Grape marc Merlot Salcuta, Causeni 
A9 Grape marc Cabernet-Sauvignon Abaclia, Basarabeasca 

A10 Grape marc Cabernet-Sauvignon Tigheci, Leova 
A11 Grape marc Pinot Noir Taraclia 
B12 Wheat grain Wheat with visual signs 

of fungal infection 
Chisinau, IGPPP* 

*Institute of Genetics, Physiology and Plant Protection

Isolation of the DNA 
Total deoxyribonucleic acid (DNA) was extracted from wine using SDS-based DNA 

extraction methods [20] with some modifications. The procedure was carried at the room 
temperature. Briefly, 0.5 g of grape marc was homogenized to fine powder with 0.5 g of 
aluminium oxide and resuspended in 4 mL of the Extraction buffer (Tris-HCl 0.2 M pH 8.0, 
NaCl 0.25 M, Na2EDTA 0.025 M, SDS 5% w/v) and heated at 65°C for 1 hour. After 10 minute 
centrifugation at 10000 min-1 the supernatant was transferred to a fresh tube, mixed with an 
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equal volume of isopropanol and incubated at -20 °C for 30 minutes. The samples were 
centrifuged, the pellet washed with 70% ethanol, air dried and dissolved in 100 μL of water; 
2 μL of the resulting DNA solution was used per polymerase chain reaction (PCR). The 
qualitative and quantitative verification of the isolated DNA was made by 
spectrophotometric analyses.  

Polymerase Chain Reaction Amplifications 
The Real-Time PCR allows precise quantification of specific nucleic acids in a complex 

solution by fluorescent detection of labeled PCR products. In a Real Time PCR, a positive 
reaction is detected by accumulation of a fluorescent signal. For the experiments, we used 
SYBR Green I nonspecific dye as the fluorescent agent. The quantification cycle (Cq) 
represents the number of cycles required for the fluorescent signal to cross the threshold (i.e., 
to pass the background level). Cq levels are inversely proportional to the amount of target 
nucleic acid in the sample. The lower the Cq level the higher is the concentration of target 
nucleic acid in the sample. We used 40 cycles of amplification [21]. 

Figure 1. Temperature cycling conditions 

In our research Real-Time PCR has been done at Real-Time PCR Detection Systems 
CFX96 TouchTM BIORAD. PCR conditions were as recommended by SybrGreen producer 
(Applied Biosystems) - initial incubation at 50 °C for 2 minutes, initial denaturation at 95 °C 
for 2 minutes, and alternation at 95 °C for 15 seconds and 60 °C for 1 minute for 40 cycles. 
For melting curve construction, samples were heated at 95 °C for 15 seconds, then incubated 
at 60°C for 1 minute (1.6 °C/s ramp rate), then heated at 95°C for 15 seconds (0.15°C/s ramp 
rate). Cycling conditions are shown in Figure 1. The detection was done at SYBR channel. 

Results and discussion 
During this work, two pairs of primers based on Vitis vinifera 26S ribosomal RNA gene 

sequence were developed. Using these primers in PCR reaction can confirm that the extracted 
DNA is of PCR quality and is free of PCR inhibitors. Besides, these primers allow normalizing 
the amount of the input DNA in PCR reaction for estimation of the amount of pathogen DNA 
relative to plant DNA in different samples.  

Though for primer design Vitis vinifera 26S ribosomal RNA gene sequence was used, 
they can recognize a vast number of eukaryotic organisms according to the BLAST analysis. 
Table 2 shows names, sequences and characteristics of the primers used for detection of 
eukaryotic DNA in the sample. 

The gene bank accession used as a template was DQ667962.1 Vitis vinifera 26S 
ribosomal RNA gene, partial sequence. 
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Table 2 
Primers used for detection of eukaryotic DNA in the sample 
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P183 
Forward 
primer 

CGGGTAAACGGCGGGAGTAA 20 62.22 60.00 3 1 
131 

P184 
Reverse 
primer 

TGGCTGTGGTTTCGCTGGAT 20 62.41 55.00 2 2 

P185 
Forward 
primer 

CCGGAAACGGCGAAAGTGAA 20 61.50 55.00 4 0 
150 

P186 
Reverse 
primer 

GCCAAACTCCCCACCTGACA 20 62.35 60.00 3 3 

Primers for detection of the potential producers of OTA were designed based on the 
sequence of OTA non-ribosomal peptide synthetase gene. This is a gene involved in OTA 
biosynthesis. These primers can recognize the following pathogens containing OTA non-
ribosomal peptide synthetase gene in their genome, and thus potentially capable of 
producing OTA: Aspergillus nidulans, Aspergillus tubingensis, Aspergillus tamarii, Aspergillus 
niger, Aspergillus ochraceus, Aspergillus carbonarius, Penicillium viridicatum, Penicillium 
carneum, Penicillium aurantiogriseum, Penicillium melanoconidium, Penicillium nordicum, 
Penicillium verrucosum. Table 3 shows primer names, sequences and characteristics. 

Table 3 
Primers used for detection of potential OTA  producers 
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P71 
Forward 
primer 

GGCTTCGTGTTGTCCCTTCT 20 60.25 55.00 2 0 
97 

P72 
Reverse 
primer 

GTCCATTCTCGACGTGTTCCA 21 60.34 52.38 4 1 

P73 
Forward 
primer 

CATGGTCGTTTGGACGATGTGA 22 61.18 50.00 5 1 
155 

P74 
Reverse 
primer 

CAGCTCGGCTCGATCAACAG 20 61.14 60.00 4 2 

P75 
Forward 
primer 

GCCGCAAGGTCAGTGAATGT 20 61.24 55.00 5 1 
119 

P76 
Reverse 
primer 

TGTGGGACTCCACTCAAAGTAAGA 24 61.18 45.83 5 1 

P77 
Forward 
primer 

CCGCAAGGTCAGTGAATGTACTC 23 61.47 52.17 5 2 
144 

P78 
Reverse 
primer 

TCGACGTGTTCCATTTCAATACCA 24 60.80 41.67 4 0 
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The gene bank accession used as a template was GenBank: JN097804.1 Aspergillus 
ochraceus strain CBS 589.68 OTA non-ribosomal peptide synthetase gene, partial cds. 

Next, the grape marc DNA samples were analyzed by real-time PCR using the designed 
primers. In this study, we analyzed 8 grape marc samples of different grape varieties from 
different zones (Table 1, Materials and Methods). As a positive control for the primers, we 
used wheat with visible signs of fungal infection, previously shown to contain OTA non-
ribosomal peptide synthetase gene. First, the amplificability of DNA from grape marc was 
tested, using primer pairs p. 183 - 184 and p. 185 - 186. Table 4 shows the results of real-
time PCR analysis with primer pair p. 183 - 184.  

Table 4 
Real-Time PCR data analysis for primer pair P183-P184 

Sample 
name 

Cq 
value 

A2 15.87 
A3 17.89 
A4 13.09 
A6 17.40 
A8 10.45 
A9 18.61 
A10 18.63 
A11 15.65 
B12 14.97 

These data show that every sample had the DNA template that could be amplified by 
this primer pair. The Cq values vary from 10.45 in A8 sample to 18.63 in A10 sample. The 
melting curve shows a single well pronounced peak with similar melt temperature for all 
samples. This indicates that the amplified fragment is uniform. Table 5 shows the results of 
real-time PCR analysis with primer pair p. 185 - 186. In this case, the template DNA could as 
well be amplified by this primer pair. The Cq values vary from 12.97 in A8 sample to 33.46 in 
B12 sample, table 5. High Cq value for the wheat DNA sample means that the threshold 
fluorescence level is reached later in this sample. This can be explained by either low DNA 
content or lower primer affinity to this template.  

Table 5 
Real-Time PCR data analysis for primer pair P185-P186 

Sample 
name 

Cq 
value 

A2 17.14 
A3 18.58 
A4 13.18 
A6 16.84 
A8 12.97 
A9 18.60 

A10 18.00 
A11 17.31 
B12 33.46 
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Since the other primer pair p185-186, did not produce such a low Cq value for B12 
sample, and since the primers were designed using Vitis vinifera gene as a template, one can 
assume that the higher Cq value is caused by lower affinity of the primer pair p. 185 - 186 to 
the wheat DNA. Another evidence favoring this explanation is a slightly different melting 
temperature for the melting peak of B12 (wheat) sample. Anyways, both primer pairs showed 
amplification in all analyzed samples, confirming that the analyzed DNA is of PCR quality.  

Next, we analyzed the same samples using primers to ochratoxin A non-ribosomal 
peptide synthetase gene to detect potential OTA producer in the grape marc. Table 6 shows 
the results of  Real-Time PCR analysis with primer pair p71-p72. 

Table 6 
Real-Time PCR data analysis for primer pair P71-P72 

Sample 
name 

Cq 
value 

A2 N/A 
A3 N/A 
A4 N/A 
A6 N/A 
A8 N/A 
A9 N/A 

A10 N/A 
A11 N/A 
B12 30.43 

As one can see from the Table 6, no signal was obtained for either grape marc sample. 
The only positive signal obtained in this experiment was for B12 (wheat) control, with the Cq 
value 30.43. The melt curve shows a single well pronounced peak indicating that a single 
fragment is amplified in the PCR reaction.  

Similar results were obtained for the other 3 primer pairs (p. 73 - 74, p. 75 - 76 and 
p. 77 - 78). Table 7 shows the Cq values obtained by different primer pairs designed to OTA
non-ribosomal peptide synthetase gene.

Table 7 
The Cq values for different primer pairs designed to OTA non-ribosomal peptide synthetase 

gene 
Sample 
name 

Cq value for primer pairs 
P71-72 P73-74 P75-76 P77-78 

A2 N/A N/A N/A N/A 
A3 N/A N/A N/A N/A 
A4 N/A N/A N/A N/A 
A6 N/A N/A N/A N/A 
A8 N/A N/A N/A N/A 
A9 N/A N/A N/A N/A 
A10 N/A N/A N/A N/A 
A11 N/A N/A N/A N/A 
B12 30.43 30.53 31.09 30.70 
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As one can see, no grape marc sample was positive for the OTA non-ribosomal peptide 
synthetase gene, involved in OTA synthesis, though every primer pair recognized this gene in 
the positive control wheat sample. Thus, though the grape marc DNA was of a sufficient 
quality for PCR reaction, no DNA belonging to potential OTA producers from genera 
Aspergillus and Penicillium was detected. This can speak in favor of grape marc biological 
safety for further use.  

Conclusions 
1. Based on the sequence of OTA non-ribosomal peptide synthetase, involved in

ochratoxin biosynthesis, four pairs of primers for detection of the microorganisms 
potentially capable of producing OTA were developed. 

2. For internal control of DNA quality, two pairs of primers capable of recognizing 
eukaryotic DNA, using the sequence of Vitis vinifera 26S ribosomal RNA gene as a template 
were developed.  

3. SDS-based method of DNA extraction was adapted for purifying the DNA from grape
marc. 

4. No microorganisms potentially capable of producing OTA were detected in the
analyzed grape marc samples, which makes them suitable for further use. 

5. The proposed   Real-Time PCR method for verifying the presence of mycotoxigenic 
microorganisms in grape  marc would avoid further contamination of grape marc, derived 
products and grape marc extracts, obtained from this by-product of vinification. 
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