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Abstract. Wine spoilage could be caused by a lot of genera and species of yeasts. One of the 
most damaging is Brettanomyces/Dekkera which causes severe quality problems in the wine 
industry. Timely detection of these organisms in wine is of crucial importance for preserving 
wine quality. The conventional methods of diagnostics are often time-consuming and 
laborious. For this, molecular-based methods of rapid testing, particularly real-time PCR are 
gaining increasing importance. In this work, the potential of the real-time PCR method in 
microbiological monitoring of wines was evaluated, and analysis process according to the 
PIKA WeihenstephanTM SO Detection Kit H Brettanomyces/Dekkera protocol was optimized. 
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Introduction 
Wine spoilage  could be caused by a lot of genera and species of yeasts. One of the 

most serious yeast genus in wine spoilage is Brettanomyces/Dekkera which causes severe 
quality problems in the wine industry. This genus exists in two forms: Brettanomyces, the 
asexual, non-sporulating form, and Dekkera, the sexual, sporulating form [1] and was first 
described by Claussen in 1903 in beer production [2]. There are five recognized species of 
Brettanomyces/Dekkera genus: D. anomala, D. bruxellensis, B. custersianus, B. naardenensis and 
B. nanus [1, 3] 

Brettanomyces/Dekkera species are isolated from the grape, during fermentations, 
ageing and after bottling [4]. Brettanomyces/Dekkera yeasts are well adapted to high ethanol 
concentrations and low pH which allows its to develop in difficult environments, such as wine 
[5]. 

Different strains of Brettanomyces/Dekkera species have been found on grape surfaces 
(in the field), in the wine samples, specially various red wine varieties and in the 
contaminated equipment in the winery as well as old oak barrels that have been insufficiently 
cleaned and disinfected after use. Also, insects, specially fruit flies, are important vectors. These 
potential spoilage yeasts have been identified in almost every wine-producing area of the 
world [6].  
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The growth of Brettanomyces/Dekkera in wine has been associated with various forms 
of spoilage including cloudiness and pellicle formation, have harmful effects on flavour.  
Depending on the conditions and precursors available, these yeasts can produce acetic acid, 
contributing to wine's volatile acidity; tetrahydropyridines that are reminiscent of mouse-
urine (mousiness); isovaleric acid, known for a rancid cheesy aroma and volatile phenols, like 
4-ethylphenol and 4-ethylguaiacol. 

 

Table 1 
The chemical compounds produced by Brettanomyces/Dekkera yeasts [7] 

Compound Character 
4-EP (ethyl phenol) Band-aid, elastoplast 

4-EG (ethyl guaiacol) Smoky, spicy, cloves 
4-EC (ethyl catechol) Sweaty, horsey 

Isovaleric acid Rancid, cheesy, vomit 
Combination of all the above Horsey, barnyard, mouldy 

The quality of wine is considered to be mainly affected by the accumulation of 4-
ethylphenol and 4-ethylguaiacol. Actually there are six compounds responsible for the 
phenolic flavour: 4-ethylguaiacol, 4-ethylphenol, 4-ethylcatechol and their precursors 4-
vinylguiacol, 4-vinylphenol and 4-vinylcatechol. This is clearly seen in “Figure 1”. 

 

 
Figure 1. The formation of volatile phenols from their hydroxycinnamic acids precursors 

[8]. 
 

Volatile phenols found in wines are microbial derived product formed from 
hydroxynnamic acids naturally present in grapes [9]. Vinylphenols (4-vinylphenol and 4-
vinylguaiacol) and ethylphenols (4-ethylphenol and 4-ehtylguaiacol) may be produced in 
wine, in a sequential pathway, due to microbial activity, imparting undesirable odours and 
flavours. Mainly, they are formed by metabolism of hydroxycinnamic acid (ferulic, pcoumaric 
or caffeic acid) substrate by Brettanomyces/Dekkera yeast which involves the sequential action 
of two enzymes. Hydroxycinnamate decarboxylase first turns these hydroxycinnamic acids 
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into hydroxystyrenes (vinylphenols), which are then reduced to ethyl derivatives by 
vinylphenol reductase (“Figure 1”). 

Several strategies have been applied to prevent the development 
of Brettanomyces/Dekkera during wine production. Among them there are improved hygiene, 
monitoring of nutrients and residual sugars during the fermentation and at the end of it, 
temperature control, use of sulphur dioxide, avoidance of old oak barrels, etc. 

The methods of detection and quantification of Brettanomyces/Dekkera contamination 
are essential to preventing wine spoilage. These methods conventionally can be divided into 
two groups: microbiological and molecular methods. Microbiological methods can take a 
longer time, 1 to 2 weeks and rely on growth on semiselective culture media or selective 
culture media, followed by final identification by biochemical and physiological analysis and 
morphology as determined by microscopic examination [6]. 

In this regard, the molecular biology methods for rapid detection and identification of 
Brettanomyces/Dekkera based on polymerase chain reaction (PCR) analysis of the isolated DNA 
have been developed. 

 

Table 2 
PCR methods used to identify Brettanomyces/Dekkera in wine [4] 

Molecular tools of 
identification by PCR 

DNA region targeted 
by PCR primers 

References Identifying 
information 

Species specific PCR RAD4 gene [10] 
 

Amplicon of certain 
size 

PCR-RFLP 5,8 S rDNA gene and 
the two internal 
transcribed spacers 
(ITS1 and ITS2) 

[11; 12] Enzymatic restriction 
pattern (after 
amplicons digestion) 

PCR-DGGE D1/D2 domains of the 
rRNA 26S gene 

[6;13] Specific front of 
migration 

Multiplex PCR Internal transcribed 
spacer region (ITS) or 
26S rDNA 

[3] Specific front of 
migration 

LAMP-PCR Internal transcribed 
spacer region (ITS) 

[14] Specific front of 
migration; real time 
melt curves analysis 

Quantitative PCR RAD4 gene [15; 16] Real time melt curves 
analysis 

 

Traditional PCR methods require amplification of target DNA in a thermocycler and 
product separation by gel electrophoresis followed by visual detection [17]. This is a time-
consuming, laborious and non-automated process. However, the products of the PCR can also 
be detected by using fluorescent probes in quantitative real-time PCR. The labelled probe 
anneals to the target DNA during the reaction and amid DNA extension emits a fluorescent 
signal that can be registered by a light cycler. The concentration of fluorescence released is 
proportional to the concentration of PCR product generated at each cycle. Real-time PCR 
assay is automated, sensitive and rapid, because it reduces or even eliminates lengthy 
enrichment and isolation processes [18]. It can also quantify PCR products with greater 
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reproducibility while eliminating the need for post-PCR processing, thus preventing carryover 
contamination.  

Real‐time PCR has already been successfully used as a tool to detect foodborne 
organisms in water [19] or in products such as wine [4; 15; 16; 20; 21; 22; 23; 24], fruit juice 
[25], milk [26], cheese [27]. 

The main goal of this research was to evaluate the potential of the real-time PCR 
method in microbiological monitoring of wines and to optimize the analysis process 
according to the PIKA WeihenstephanTM SO Detection Kit H Brettanomyces/Dekkera protocol 
[28]. In order to achieve the proposed goal we have studied: 

1) the dependence of quantification results (Cycle quantification – Cq) of RT-PCR on 
analysed DNA concentration in solutions;  

2) the suitability of Hard Shell PCR Plates Biorad and PCR tubes 
Rnase/Dnase/Endotoxin free for Brettanomyces/Dekkera detection by RT-PCR; 

3) the suitability of two DNA amplification master mix, TaqMan®Universal Master Mix 
II and Platinum®PCR SuperMix for Brettanomyces/Dekkera detection by RT-PCR. 
 

Materials and methods 
The real-time polymerase chain reaction (real-time PCR) was first introduced in 1992 

by Higuchi and coworkers [29] and allows precise quantification of specific nucleic acids in a 
complex mixture by fluorescent detection of labeled PCR products. Fluorophore-coupled 
nucleic acid probes interact with the PCR products in a sequence-specific manner and provide 
information about a specific PCR product as it accumulates. Detecting the PCR product in 
real-time involves the use of specific fluorescent probe (e.g., Taqman) or nonspecific dye (such 
as SYBR Green I) [30]. 

In our research molecular detection of Brettanomyces/Dekkera  has been done using 
Taqman probe [28] at real-time PCR Detection Systems CFX96 TouchTM BIORAD as described 
in the protocol, supplied by the producer. The qPCR reaction was carried out according to 
manufacturer’s protocol. Unless specified otherwise, TaqMan Universal Master Mix II, no UNG 
was used for the reaction. 

For the serial dilutions experiment, we made 5, 25, 125 and 625 serial dilutions of the 
control DNA of Dekkera (supplied by the manufacturer as a positive control). For the negative 
control sample, the corresponding amount of water was used instead of DNA. The qPCR was 
carried out in the hard shell PCR plates “Biorad” 

 

For the tube suitability testing experiments, the tubes 
(ISOLAB Rnase/Dnase/Endotoxin free) were used instead of 
the plates. We used a negative control sample, a sample 
containing control DNA and a 5-fold dilution of the control 
DNA for this experiment. 

For the reaction mixture suitability test, we used 
Platinum PCR Supermix (Invitrogen). A sample containing 
TaqMan Universal Master Mix II was used as a positive 
control.  

The detection of Brettanomyces/Dekkera was done at  
FAM™ (520 nm emission) channel, of Internal Positive 
Control  at  VIC® (550 nm emission) channel. Cycling 
conditions are shown in “Figure 2”. 

Figure 2. Thermal cycling 
program [PIKA]. 

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1472-765X.2006.02075.x#b4
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Results and discussion 
At the first stage of our research the dependence of PCR quantification results (Cq) on 

analysed DNA concentration in solutions have been revealed. The DNA amplification and 
analysis have been done in hard shell PCR plates “Biorad”. The analyzed DNA was supplied 
as a part of the PIKA Weihenstephan kit for Brettanomyces/Dekkera detection as a positive 
control.  

As “Figure 3a” and “Figure 3b” show, the amplification was successful. 
 

  
Figure 3a. Amplification plot obtained by 
fluorophor FAM for Brettanomyces/Dekkera 

detection. 

Figure 3b. Amplification plot obtained by 
fluorophor VIC for internal control. 

 

Table 1 
RT-PCR data analysis 

Sample DNA content Cycle quantification, Cq 
FAM* VIC** 

A 01 0 μL (NC) N/A 29.98 
B 01 5 μL 26.20 30.55 
C 01 1/5 μL 29.68 29.92 
D 01 1/25 μL 33.14 29.85 
E 01 1/125 μL 38.78 30.09 
F 01 1/625 μL N/A 29.82 

* ‒ 520 nm: ** ‒ 550 nm  
 

In case of Internal Positive control (“Figure 3b”, “Table 1” VIC), the Cq values are similar 
for all samples and lie in the range of 29.8 and 30.55, meaning no inhibition of qPCR. In case 
of Brettanomyces/Dekkera detection (“Figure 3a”, “Table 1” FAM), the results range from no 
amplification in the negative control sample, with no DNA (FAM Cq value N/A) to Cq value 
26.2 in case of undiluted DNA. Each subsequent dilution gave a higher Cq value (29.68 for a 
5-fold dilution, 33.14 for 25-fold dilution and 38.78 for a 125-fold dilution. The 125-fold 
dilution was the last dilution where DNA could be detected, with the next dilution (625-fold) 
giving no Cq value, proobably because the amount of the DNA was below the detection limit.  

“Figure 3c” shows the correlation of the cQ value with the DNA concentration with the 
correlation coefficient (R2) 0,9838. 
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At the second stage of our research the 
suitability of PCR tubes (ISOLAB 
Rnase/Dnase/Endotoxin free) for 
Brettanomyces/Dekkera detection by the 
RT-PCR have been studied. 

So, three samples (no DNA 
negative control, undiluted 
Brettanomyces/Dekkera DNA and a 5-fold 
dilution of this DNA) were tested in the 
ISOLAB tubes.  

As one can see from the “Figure 4”, 
both amplification and fluorescence 
detection be done in these tubes using the instrument. “Figure 4b”, “Table 2” VIC) show the 
results of the detection through VIC channel. Cq values are similar for all samples, ranging 
from 29.41 to 30.16, which mean that no inhibition of the reaction, problems with 
temperature regimen during amplification or fluorescence detection occurred.  

The data obtained through FAM channel (“Figure 4a”, “Table 2” FAM), corresponding 
to the Brettanomyces/Dekkera DNA also look as expected, with not detected Cq value for the 
negative control (no DNA sample), lowest Cq value 25.43 for the undiluted DNA, and higher 
Cq value 27.15 for the 5-fold diluted sample. Thus, the tested tubes were suitable for 
performing this kind of analysis. 

Table 2 
RT-PCR data analysis 

 

* ‒ 520 nm: ** ‒ 550 nm  
 

 
Figure 3c. Correlation curve of the Cq value 

with the DNA concentration. 

  
Figure 4a. Amplification plot obtained by 
fluorophor FAM for Brettanomyces/Dekkera 

detection. 

Figure 4b. Amplification plot obtained by 
fluorophor VIC for internal control. 

Sample DNA content Cycle quantification, Cq 
FAM* VIC** 

C04 0 μL (NC) N/A 30.16 
D04 1/5 μL 27.14 29.19 
E 04 5 μL 25.43 29.41 

y = 5.8951x + 25.77
R² = 0.9838

20

25

30

35

40

45

-0.5 0.5 1.5 2.5

C
q

-lnC



 The methodological aspects of using real-time polymerase chain reaction (RT-PCR)... 123 

Journal of Engineering Science  June, 2019, Vol. XXVI (2) 

At the third stage of our research the suitability of two DNA amplification master mixes 
for Brettanomyces/Dekkera detection by the RT-PCR have been studied. One was TaqMan 
Universal Master Mix II, no UNG recommended by manufacturer, the other one was Platinum 
PCR supermix (Invitrogen).  As it can be seen from “Figure 5”, we used a no DNA negative 
control, a five-fold dilution of the Brettanomyces/Dekkera DNA and undiluted 
Brettanomyces/Dekkera DNA with Platinum PCR supermix, as well as undiluted 
Brettanomyces/Dekkera DNA with TaqMan Universal Master Mix II, no UNG as a positive 
control.  

  
Figure 5a. Amplification plot obtained by 
fluorophor FAM for Brettanomyces/Dekkera 

detection. 

Figure 5b. Amplification plot obtained by 
fluorophor VIC for internal control. 

 
As shown in “Figure 5a”, “Figure 5b” and the “Table 3”, the only sample in which 

fluorescent signal was detected was the sample containing TaqMan Universal Master Mix II, 
nTaqMan Universal Master Mix II, nTaqMan Universal Master Mix II, with Cq value 28.7 on 
FAM and 30.19 on VIC channel.  

Table 3 
RT-PCR data analysis 

Sample DNA content Cycle quantification, Cq 
FAM* VIC** 

B04 0 μL (NC) N/A N/A 
C04 (1/5 μL) N/A N/A 
D04 (5 μL) N/A N/A 
E04 (5 μL) 28.70 30.19 

* ‒ 520 nm: ** ‒ 550 nm  
 
This means it was the only sample in which DNA amplification took place. No value 

on either FAM or VIC channel was detected for any of the samples containing Platinum PCR 
supermix, which means this PCR mix is not suitable for this kind of analysis.  
 

Conclusions 
 The qPCR using  PIKA Weihenstephan detection kit can be used for detection of 

Brettanomyces/Dekkera using TaqMan Universal Master Mix II. The Cq values have a good 
correlation with the amount of Brettanomyces/Dekkera DNA present in the analyzed sample. 
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The PCR tubes (ISOLAB Rnase/Dnase/Endotoxin free) are suitable for this kind of 
analysis with the real-time PCR Detection Systems CFX96 TouchTM BIORAD, and can be used 
as a substitution for hard-shell BIORAD 96-well plates. 

Platinum PCR supermix (Invitrogen) is not suitable for qPCR amplification, and cannot 
be used as a substitution for TaqMan Universal Master Mix II.   

 

Acknowledgments 
We would like to express our sincere gratitude to the partners of the Project WINE 

SECTOR RESTRUCTURING PROGRAM and for their invaluable contribution to re-equipment 
of Oenology Department laboratories.  

 
References 
1. Sturza, R., Găină, B., Ionete, R., Costinel, D.  Authentication and harmlessness of uvological products. Methods 

of analysis and contamination prevention.   Chișinău: MS Logo, 2017, pp. 264. (in Romanian). 
2. Gilliland, R. Brettanomyces. I. Occurrence, characteristics, and effects on beer flavor. Journal of the Institute 

Brewing, 1961, 67, pp. 257 – 261. 
3. Satoshi Shimotsu, Shizuka Asano, Kazumaru Iijima, Koji Suzuki, Hiromi Yamagishi and Masayuki Aizawa. 

Investigation of beer-spoilage ability of Dekkera/Brettanomyces yeasts and development of multiplex PCR 
method for beer-spoilage yeasts. Journal of the Institute of Brewing, 2015, 12 (2), pp. 177 – 180. 

4. Renouf, V., Lonvaud-Funel, A., Coulon, J. The origin of brettanomyces bruxellensis in wines: a review. Journal 
International des Sciences de la Vigne et du Vin, 2007, 41(3), pp. 161 ‒ 173. 

5. Longin, C., Julliat, F., Serpaggi, V., Maupeu, J., Bourbon, J., Rousseaux, S., Guilloux-Benatier, M., Alexandre, H.  
Evaluation of three Brettanomyces qPCR commercial kits: results from an interlaboratory study, 2016, 50 (4): 
OENO One. 

6. Cocolin, L., Rantsiou, K., Iacumin, L., Zironi, R., Comi, G. Molecular detection and identification of 
Brettanomyces / Dekkera bruxellensis and Brettanomyces / Dekkera anomalus in spoiled wines. Applied and 
Environmental Microbiology, 2004, 70 (3), pp. 1347–1355. 

7. Dekkera bruxellensis [online]. [accesat 5.01.2019]. Disponibil: https://wineserver.ucdavis.edu/industry-
info/enology/wine-microbiology/yeast-mold/dekkera-bruxellensis 

8. Šućur, S., Čadež, N., Košmerl, T. Volatile phenols in wine: Control measures of Brettanomyces/Dekkera yeasts. 
Acta agriculturae Slovenica, 2016, 107 (2), pp. 453 ‒ 472. 

9. Boulton R., Singleton, V., Bisson L., Kunkee R. Yeast and biochemistry of ethanol fermentation. In: Boulton, R., 
ed   Principles and Practices of Winemaking. New York: Chapman and Hall, 1996, pp. 139 – 172. 

10. Ibeas, J., Lozano, I., Perdigones, F., Jimenez, J. 1996. Detection of Dekkera-Brettanomyces strains in sherry by 
a nested PCR method. Applied Environmental Microbiology, 1996, 62, pp. 998 – 1003. 

11. Esteve-Zarzoso B., Belloch C., Uruburu F., Querol, A., 1999. Identification of yeasts by RFLP analysis of the 
5.8S rRNA gene and the two ribosomal internal transcribed spacers. International Journal of Systematic and 
Evolutionary Microbiology, 49, 329 ‒ 337. 

12. Stender, H., Kurtzman, C., Hyldig-Nielsen, J., Sørensen, D., Broomer, A., Oliveira, K., Perry-O'Keefe, H., Sage, 
A., Young, B., Coull, J. Identification of Dekkera bruxellensis (Brettanomyces) from wine by fluorescence in 
situ hybridization using peptide nucleic acid probes. Applied Environmental Microbiology, 2001,  67 (2), pp. 
938 ‒ 941. 

13. Cocolin, L., Bisson, L., Mills, D.  Direct profiling of the yeast dynamics in wine fermentations. FEMS 
Microbiology Letters, 2000, 189, pp. 81 – 87. 

14. Hayashi, N., Arai, R., Tada, S., Taguchi, H., Ogawa, Y. Detection and identification of Brettanomyces / Dekkera 
sp. yeasts with a loop-mediated isothermal amplification method. Food Microbiology, 2007, 24, pp. 778 ‒ 
785. 

15. Phister, T., Mills, D. Real-Time PCR Assay for Detection and Enumeration of Dekkera bruxellensis in Wine.  
Applied Environmental Microbiology,  2003, 69 (12), pp. 7430 ‒ 7743.  

16. Delaherche, A., Claisse, O., Lonvaud-Funel, A. Detection and quantification of Brettanomyces bruxellensis 
and ‘ropy’ Pediococcus damnosus strains in wine by real-time polymerase chain reaction. Journal of Applied 
Microbiology,  2004, 97, pp. 910 ‒ 915.  

17. Jothikumar, N., Griffiths,  M. Rapid detection of Escherichia coli O157:H7 with multiplex real-time PCR assays. 
Applied Environmental Microbiology, 2002, 68, pp. 3169 – 3171. 



 The methodological aspects of using real-time polymerase chain reaction (RT-PCR)... 125 

Journal of Engineering Science  June, 2019, Vol. XXVI (2) 

18. Gammon, K.,  Livens, S.,  Pawlowsky, K., Rawling, S.,  Chandra, S. Development of real‐time PCR methods for 
the rapid detection of low concentrations of Gluconobacter and Gluconacetobacter species in an electrolyte 
replacement drink. Letters in Applied Microbiology, 2007, 44 (3), pp. 262 – 267. 

19. Brinkman, N., Haugland, R.,  Wymer, L.,  Byappanahalli, M., Whitman, R., Vesper, S. Evaluation of a rapid 
quantitative realtime PCR method for enumeration of pathogenic Candida cells in water. Applied 
Environmental Microbiology, 2003, 69, pp. 1775 ‒ 1782. 

20. Martorell, P., Querol, A., Fernández-Espinar, M. Rapid identification and enumeration of Saccharomyces 
Cerevisiae cells in wine by Real-Time PCR. Applied Environmental Microbiology, 2005, 71(11), pp. 6823 – 
6830 

21. Hierro, N., Esteve-Zarzoso, B., González, A., Mas, A., Guillamón, J. Real-time quantitative PCR (QPCR) and 
reverse transcription-QPCR for detection and enumeration of total yeasts in wine. Applied Environmental 
Microbiology, 2006, 72 (11), pp. 7148 – 7155. 

22. Salinas, F., Garrido, D., Ganga, A., Veliz, G., Martínez, C. Taqman real-time PCR for the detection and 
enumeration of Saccharomyces cerevisiae in wine. Food Microbiology, 2009, 26 (3), pp. 328 – 332. 

23. Tofalo, R., Schirone, M., Corsetti, A., Suzzi, G. Detection of Brettanomyces spp. in Red Wines Using Real‐Time 
PCR. Journal of Food Science, 2012, 77 (9), pp. 545 ‒ 549.   

24. Portugal, C., Ruiz-Larrea, F. Comparison of Specific Real-Time PCR and Conventional Culture for Detection 
and Enumeration of Brettanomyces in Red Wines. American Journal of Enology and Viticulture, 2013, 64, pp. 
139 ‒ 145.    

25. Casey, G.,  Dobson, A. (2004) Potential of using real-time PCR-based detection of spoilage yeast in fruit juice 
– a preliminary study. International Journal of Food Microbiology, 2004, 91, pp. 327 – 335. 

26. Sails, A., Fox, A., Bolton, F., Wareing, D., Greenway, D. A real-time PCR assay for the detection of 
Campylobacter jejuni in foods after enrichment culture. Applied Environmental Microbiology, 2003,  69, pp. 
1383 ‒ 1390. 

27. Hein, I., Lehner, A., Rieck, P., Klein, K., Brandl, E., Wagner, M.  Comparison of different approaches to quantify 
Staphylococcus aureus cells by real-time quantitative PCR and application of this technique for examination 
of cheese. Applied Environmental Microbiology, 2001, 67, pp. 3122 – 3126. 

28. PIKA Weihenstephan™ SO Detection Kit H Dekkera (Brettanomyces). [online]. [accesat 5.01.2019]. Disponibil: 
https://assets.thermofisher.com/TFS-Assets/LSG/manuals/MAN0009368.pdf 

29. Higuchi, R., Dollinger, G., Walsh, P., Griffith, R. Simultaneous amplification and detection of specific DNA 
sequences. Biotechnology, 1992, 10, pp. 413 ‒ 417. 

30. Fraga, D.,  Meulia,T.,  Fenster, S. Real-Time PCR. 8:10.3.1‐10.3.40. In: Current Protocols. Essential Laboratory 
Techniques, Volume 8, Issue 1, John Wiley & Sons, Inc., 2014, pp. 


