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ABSTRACT 

 

 Brettanomyces/Dekkera bruxellensis has the ability to produce significant amounts of 

4-ethylphenol (4-EP) and cause important organoleptic defects in affected wines. In this work 

we investigated the incidence of B. bruxellensis and of 4-ethylphenol in Turkish red wines 

randomly collected at winery facilities. Among 40 samples, this species was only recovered 

from one sample aged in oak barrels. In 4 samples, culturable population was not found but 

the 4-EP concentration indicated previous Dekkera bruxellensis activity. Thus, following 

potential Brettanomyces-sourced aroma impacts in wine using 4-Ethylphenol and 4-

Ethylguaiacol concentrations as proxies should only be considered reliable at analyte levels 

>100 µg/l (Rayne and Eggers, 2007). Furthermore, we studied the influence of storage 

temperature on the production of 4-EP by wild of D. bruxellensis in 3 different Portuguese red 

wines. Temperatures of 10 ºC and 15ºC were not effective in preventive the increase of 4-EP 

over 600 µg/l during 90 days. At 3 ºC one sample showed similar 4-EP increase while in two 

other samples its concentration was kept unchanged. Production of 4-EP at 3ºC and 10ºC 

was confirmed when the strain TR 26 was incubated in red wine for 49 days. However, the 

total amount of 4-EP produced was below 150 µg/l while at 15ºC and 20ºC the values 

reached 1600 µg/l. Therefore, the effect of low temperatures acts by delaying microbial 

growth which results in lower concentrations of 4-EP but once temperature increases 4-EP 

production is readily stimulated.  

 

 

Key words: Brettanomyces/Dekkera, storage conditions, temperature, horse-sweat taint, 4-

ethylphenol, Turkish wine. 
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RESUMO 

 

A Brettanomyces/Dekkera tem a capacidade para produzir quantidades significativas 

de 4-etilfenol (4-EF) e causar importantes defeitos organolépticos em vinhos contaminados. 

Neste trabalho, investigou-se a incidência de Brettanomyces bruxellensis e a produção de 4-

etilfenol em 40 vinhos tintos de origem Turca, provenientes de diversas adegas. De entre as 

40 amostras estudadas apenas uma se encontrou contaminada, sendo esta proveniente de 

um vinho envelhecido em barricas de carvalho. Em quatro amostras de vinho tinto, a 

população de 4-EF indica que foi encontrada actividade da Dekkera. Assim, o impacto dos 

seguientes potenciais de arome, usaudo o 4-Etilfenol e 4-Etilguaiacol so deveram sei 

conseideradas em concentrações proximas niveis analiticos, neste caso maio que 100 µg/l 

(Rayne and Eggers, 2007). Além disso, estudou-se a influência da temperatura de 

armazenamento na produção de 4-etilfenol pela Dekkera bruxellensis em três vinhos tintos 

diferentes. As Temperaturas de 10oC e de 15oC, não foram eficientes na prevenção do 

aumento de 4-EF acima dos 600 µg/l durante 90 dias. A 3 oC, uma amostra apresentou um 

crescimento semelhante de 4-EF enquanto que em duas outras amostras a concentração 

permaneceu inalterada. A 3 oC e 10oC, a produção de 4-EF foi contirmada pela estırpe TR 

26, quando inoculada em vinho tinto durante 49 dias. No entanto, a quantidade total de 4-EF 

produzida foi inferior 150 µg/l enquanto que a 15 oC e 20 oC, a quantidade produzida atingiu 

as 1600 µg/l. Portanto, baixas temperaturas, atrasam o crescimento microbiano, resultando 

em baixas concentrações de 4-EF. Com o aumento das temperaturas, a produção deste 

composto é estimulada, aumentando a concentração de 4-EF. 

 

 

Palavras-chave: Brettanomyces/Dekkera, condições de armazenamento, temperatura, suor 

de cavalo, 4-etil fenol, vinho Turco. 
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1. Introduction 

 

Wine is appreciated by consumers due to its variety of colors, aromas and flavours. 

This variability in organoleptic qualities is due to many organic and non-organic chemical 

compounds that it contains and there are various ways that they interact with each other. It is 

not possible to define perfectly which compounds have negative or positive effects to quality 

of wine due to complex physicochemical reactions occurring during fermentation, aging, and 

finally the tasting of wine, like beauty, is in the eye of the beholder. 

Some compounds have a negative effect, if at some concentration beyond the 

perception threshold they may be perceived negatively and/or mask desired aromas; in this 

case the wine is considered to have a fault. Wine faults have various causes which can occur 

during production and storage. Besides, poor hygiene practice at the winery, incorrect 

quantities of oenological products used in wine production, preservatives and insufficient 

filtering, may cause to the development of wild yeast and/or bacteria populations which could 

produce compounds in unwanted concentrations, respectively. 

In wine production, yeasts may have either beneficial or damaging activities. 

Saccharomyces cerevisiae is mainly responsible for transforming grape juice into wine but 

this species and several other yeasts may also show undesirable effects in wines. Among all 

effects, winemakers are particularly concerned with the production of off-flavours that may 

occur during all stages of winemaking. Mainly, the spoilage occurs due to production of 

volatile phenols by Dekkera bruxellensis during storage or after bottling (Malfeito-Ferreira, 

2010). Dekkera is quite different from the yeast responsible for fermentation of grape must 

(Barata, 2002). 

Summarily; the classical wine taints (e.g. volatile acidity, hydrogen sulphide and 

oxidation) have been under great concern during the last decade. There are also other taints 

which are related to the phenolic compounds development. Wine character known as “Brett” 

is comprised one of the most arguable issues of recent times. Sensory of these compounds 

are described like “stable” and “horse sweat” (Fugelsang, 1997). For the production of 

volatile phenols is responsible yeast of genus Dekkera, or its anamorph Brettanomyces 

(Chatonnet et al., 1995, 1997; Loureiro and Malfeito- Ferreira, 2006). These yeast genera 

are able to convert efficiently grape cinnamic acids (p-coumaric and ferulic acids) into the 

correspondent volatile phenols such as 4-ethylphenol or 4-ethylguaiacol.  

However, good manufacturing practices must be strengthened to deal with volatile 

phenol production problems in red wines (Malfeito-Ferreira, 2010). 
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1.1. Brettanomyces / Dekkera 

 

1.1.1.  History of Brettanomyces 

 

Claussen first described the yeast of genus Brettanomyces in 1904 while 

investigating the spoilage causes in English stock beers. The flavours produced by this yeast 

became characteristic of the British beers of that time and so the name „Brettanomyces‟ was 

derived from „British brewing fungus‟. Afterwards some of Brettanomyces strains were 

mentioned using different names (Licker et al., 1997). It was not until the 1940s, when M.T.J. 

Custers performed the first systematic study on Brettanomyces yeast, that Brettanomyces 

was associated with wine (Custers, 1940). Although this study included 17 strains, of which 

most were isolated from beer, one strain originated from a French wine (Krumbholz and 

Tauschanoff, 1933). 

1.1.2. Different species in wine 

 

The taxonomy of the genus Brettanomyces has seen numerous reclassifications over 

the years (table 1.1.). Originally, these species included Brettanomyces bruxellensis, 

Brettanomyces lambicus, Brettanomyces clausenii, Brettanomyces anomalus and 

Brettanomyces intermedius, which reproduced asexually by means of budding (Custers, 

1940; Van der Walt and Van Kerken, 1958). The genus Dekkera was introduced to the 

taxonomy in 1964 after the production of ascospores (sporulating-form) was observed (Van 

der Walt, 1984). Currently, the five species jointly belonging to the genera Brettanomyces 

and Dekkera are: Brettanomyces custersianus, Brettanomyces naardenensis, 

Brettanomyces nanus, Brettanomyces anomalus and Brettanomyces bruxellensis (Kurtzman 

and Fell, 2000; Cocolin et al., 2004). Teleomorphs (perfect state) are known for the last two 

species, Dekkera anomala and Dekkera bruxellensis, respectively (Kurtzman and Fell, 

2000). The details regarding the morphological, biochemical and physiological characteristics 

of these species are well described in recent classification manuals (Barnett et al., 2000; 

Boekhout et al., 2002; Kurtzman and Fell, 2000). In brief, budding cells are spheroidal, 

subglobose to ellipsoidal, frequently ogival or cylindroidal to elongate. Pseudomycelium and 

branched, one celled, non- septate, mycelium are sometimes formed (Kurtzman and Fell, 

2000) (Figure 1.1 and Figure 1.2). 

 

The physiology of B. bruxellensis has been well studied several times due to its 

unusual aromatic bi-products and because it is an example of the Custer effect, which is the 
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Figure 1.1. Observation with an optical 

microscope of Brettanomyces sp. cells 

(100x with immersion oil; Photogaphed 

by author) 

Figure 1.2. Observation with an electronic 

microscope of Brettanomyces sp. cells (Licker et 

al.,1997) 

inhibition of alcoholic fermentation under anaerobic conditions due to high production of 

acetic acid and redox imbalance (Wedral et al.; 2010). 

 

Table1.1. Chronology of Dekkera/Brettanomyces Identification (adapt. Madeira, 

2011).  

 

1904 - First References of Brettanomyces 

 - First References of Brettanomyces in wines 

- Classification of four species of Brettanomyces 

B. bruxellensis B. anomalus B. lambicus B. clausenii  
 

- Reference of turbidity and increasing of Volatile acidity 

- Discovery of ascospores - Dekkera 

- New species description of Brettanomyces 

B. abstinenes B. anomalus B. intermedius B. bruxellensis B. custersii 

B. claussenii B. custersianus B. lambicus B. naardenensis  
 

- Two species description of Dekkera 

D. bruxellensis D. intermedia 
 

- Four species description of Brettanomyces 

B. bruxellensis B. anomalus B. custersianus B. naardenensis  
 

- New species description of Dekkera 

D. anomala D. bruxellensis *D. custeriana *D. naardensis  
  

 - New species description of Brettanomyces 

B. anomalus B. bruxellensis B. naardensis B.custerianus B. nanus 
 

- Two species description of Dekkera 

2011 D. bruxellensis D. anomala 
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Among the five species currently known, the species primarily associated with 

winemaking is B. bruxellensis (D. bruxellensis) (Egli and Henick-Kling, 2001; Stender et al., 

2001; Rodrigues et al., 2001 Cocolin et al., 2004; Loureiro and Malfeito-Ferreira, 2006), 

although B. anomalus (D. anomala) and B. custersianus isolations from must fermentations 

have been reported in two instances (Querol et al., 1990; Esteve-Zarzoso et al., 2001). With 

advances in DNA based methods, recent wine-related investigations often include D. 

anomala along with the predominant species D. bruxellensis as conventional methods had 

showed difficulty in differentiating between these two species (Loureiro and Malfeito-Ferreira, 

2006). Although current taxonomical classifications suggest that Dekkera should be used in 

reference with the species D. bruxellensis and D. anomala (Boekhout et al., 1994), many 

discrepancies exist and some authors frequently prefer using the technically incorrect 

naming of B. bruxellensis and B. anomalus when referring to these yeasts in a winemaking 

context. This is largely attributed to the fact that the sexual or sporulating form of Dekkera, is 

yet to be found in wine (Oelofse et al., 2008). 

Dekkera is an auxotrophic yeast and it can grow very slowly in absence of vitamins 

(Gill, 1996). Biotin and thiamine are very essential for its growth (Silva, 1998). Some authors 

suggested that thiamine is the most important, and by stimulating the consumption of sugars 

allows the higher population growth (Dias et al., 2003).  

Additionally, these yeasts show the Custer effect where under anaerobic conditions 

and lack of any compounds that may act as proton acceptors glucose fermentation to ethanol 

and acetic acid is strongly inhibited (Barrio et al., 2006). Dekkera can use various carbon 

sources and have some resistance against sulfites (Conterno et al., 2006). 

Some authors have made the point that the separation of Brettanomyces and 

Dekkera in the context of wine is meaningless because current molecular DNA techniques 

reveal no distinction between the anamorph and teleomorph forms (Loureiro and Malfeito-

Ferreira, 2006). This might explain why it is not uncommon to see the use of 

„Brettanomyces/Dekkera spp.‟ in wine research (Oelofse et al., 2008). In this study, the same 

context will be used as the original authors were using the naming in their publications. This 

can either be B. bruxellensis or D. bruxellensis. 
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1.1.3. Occurrence and dissemination during winemaking 

Brettanomyces/Dekkera spp. are ubiquitously distributed in nature. Their occurrence 

and spoilage activities have been well summarized by Loureiro and Malfeito-Ferreira (2006). 

The majority of reports associate Brettanomyces/Dekkera spp. with fermented food products 

ranging from cheeses and fermented milk to various alcoholic beverages including wine, 

beer, cider, kombucha (fungus-tea) and tequila (Davenport, 1976; Kumara and Verachtert, 

1991; Lachance, 1995; Kosse et al., 1997; Licker et al., 1998; Gadaga et al., 2002; Teoh et 

al., 2004; Loureiro and Malfeito-Ferreira, 2006). Less frequent reports of their isolations from 

other sources (bees, fruit-flies, olives and carbonated drinks) are also available (Van der 

Walt and Van Kerken, 1958; Phaff et al., 1978; Jong, Lee, and Bengston 1985; Deak and 

Beuchat, 1995; Kotzekidou et al., 1997).  

 

In the 1950s and 1960s the yeast was identified as Brettanomyces ssp. and was 

isolated from wine in France, Italy and South Africa, but it was not until the 1980s and 1990s 

that the yeast was characterized for its ability to impart characteristic aroma to wine 

(Henschke et al., 2007). Brettanomyces/Dekkera spp. has been and still are isolated from 

wines and wineries all around the world, predominantly from red wines. These yeasts are 

less frequently isolated from white wines (Licker et al., 1998; Dias et al., 2003) although their 

loss of viability and the consequent non-existence of ethylphenol levels in white wines is 

largely ascribed to the efficiency of sulfur dioxide (SO2) at lower pH conditions (Loureiro and 

Malfeito-Ferreira, 2006). Hence, the focus of the research on these yeasts has primarily 

fallen on their occurrence in red wine (Oelofse et al., 2008). 

 

The winemaking process hosts multiple sources where Brettanomyces/Dekkera spp. 

can survive and numerous debates about the initial source and dispersion of these yeasts 

have occurred (Licker et al., 1998). The vineyard provides many sources, including the soil, 

rootlets, bark, leaves and grapes. Davenport (1976) investigated all of these but could not 

isolate any Brettanomyces spp. In 1987, Guerzoni and Marchetti reported their isolation from 

grapes damaged by sour rot. This agrees with recent knowledge suggesting a connection 

between Brettanomyces/Dekkera and damaged grapes (Botrytis-affected) (Taillandier, 

2007). Unexpectedly, several scientific reports are published about their isolations present 

from grapes, particularly from sour rot damaged grapes (Lonvaud Funel et al., 2006, 2012; 

Malfeito-Ferreira et al., 2012). Despite the fact that Dekkera was isolated many times from 

fermenting musts during earlier researches (Wright and Parle, 1973; Licker et al., 1998; 

Pretorius, 2000; Jolly et al., 2003; Prakitchaiwattana et al., 2004; Van de Water, 2004). The 

poor detection of Brettanomyces/Dekkera spp. on grapes has been speculated to be the 
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result of their low cell numbers surrounded by a diverse microbial ecosystem where other 

wild yeast and bacterial species dominate. However, this problem has been overcame by 

developing an enrichment medium that enabled them to detect B. bruxellensis on grape 

berries. (Lonvaud-Funel et al., 2006) The same authors were subsequently able to detect 

this yeast from several vineyards and at different stages of grape berry development.  

Following the initial stages of winemaking, Brettanomyces/Dekkera spp. have been 

more consistently associated with wine and cellar equipment (Fugelsang and Edwards, 

1998). As their populations are usually minor in the presence of numerous other rapidly 

fermenting yeasts, their increase in numbers only occurs during more nutritionally favorable 

conditions that suit their slow growing characteristics (Fugelsang et al., 1993). These 

conditions are created once alcoholic fermentation is completed and traces of residual 

sugars allow them to proliferate more easily. Malolactic fermentation (MLF) and ageing in 

used barrels recognized as the most critical stages of wine production for 

Brettanomyces/Dekkera contamination (Chatonnet et al., 1992, 1995; Fugelsang et al., 1993; 

Licker et al., 1998; Renouf et al., 2006b; Suarez et al., 2007). During MLF, 

Brettanomyces/Dekkera spp. is presented with conditions of low free sulfur dioxide, low 

residual sugar concentrations and yeast autolysis with the release of nutrients occurring 

along with modest microbial competition (Oelofse et al., 2008). The main characteristics of 

oak barrels (new and old) that are beneficial to Brettanomyces/Dekkera growth are the 

porous microstructure, which allows the influx of small amounts of oxygen (Swaffield and 

Scott, 1995; Loureiro and Malfeito-Ferreira, 2006) due to not properly clean and sterilized 

after usage of winemaking (Suarez et al., 2007). Moreover, the presence of cellobiose can 

serve as sugar resource (Boulton et al., 1996). In addition, difficulty of old barrels sanitation 

is favorable to established Brettanomyces/Dekkera populations and promotes contamination 

of wine (Pollnitz et al., 2000; Yap et al., 2007). When MLF is performed in barrels these 

characteristics can aid the growth of Brettanomyces/Dekkera. These yeasts have also been 

recovered from wines in concrete or stainless steel tanks is more likely due to other reasons 

of survival than those pertaining in barrels (Chatonnet et al., 1992; Rodrigues et al., 2001). 

Furthermore, numerous finished and bottled wines have also been known to host 

Brettanomyces/Dekkera populations. These wines linked to prior conditions of long periods 

of barrel ageing, lower SO2 concentrations and less filtration prior to bottling (Herezstyn, 

1986a; Arvik et al., 2002). Wineries and equipment that have been investigated revealed the 

presence of Brettanomyces/Dekkera yeasts in winery air samples and on cellar walls, drains, 

pumps, transfer lines and other pieces of equipment that are difficult to sterilize (Van der 

Walt, 1984; Alguacil et al., 1998; Fugelsang, 1998; Connel et al., 2002). It is therefore not 

surprising that wineries are often considered as the primary source of 
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Brettanomyces/Dekkera contamination, as opposed to grapes. However, as its occurrence is 

often inconsistent, each winery can present a unique situation that requires the determination 

of the specific origin and route of contamination. 

 

1.2. Volatile phenols 

Volatile phenols greatly influence the aroma of wine. The most important molecules 

are 4-vinylphenol, 4-vinylguaiacol, 4-ethylphenol and 4-ethylguaiacol in this class (Chatonnet 

et al., 1992). Elevated concentrations of 4-ethylphenol in red wine are associated with 

disagreeable aromas often described as „„phenolic‟‟, „„leather‟‟, „„horse sweat‟‟, „„stable‟‟ or 

„„varnish‟‟, etc. (Chatonnet et al., 1992, 1993; Rodrigues et al., 2001).  

 

The origin of volatile phenols involves the sequential action of two enzymes (Figure 

1.3.) on a hydroxycinnamic acid (ferulic, p-coumaric or caffeic acid) substrate. 

Hydroxycinnamate decarboxylase first turns these hydroxycinnamic acids into 

hydroxystyrenes (vinylphenols) (Edlin et al., 1998), which are then reduced to ethyl 

derivatives by vinylphenol reductase (Dias et al., 2003). The enzyme that facilitates 

decarboxylation is present in large number of bacteria, fungi, and yeasts, but the reduction 

step is only performed by the species Dekkera bruxellensis and Dekkera anomala 

(Chatonnet et al, 1995, 1997; Dias et al., 2003; Edlin et al.,1995). 

 

Initially, the presence of ethylphenols in wine was attributed to lactic acid bacteria. 

Indeed, these are capable of producing significant quantities of vinyl phenols, but under 

oenological conditions they only produce small amounts (Suarez et al., 2007). Other yeasts 

present in wines, such as Saccharomyces cerevisiae, Pichia spp., Torulaspora spp. and 

Zygosaccharomyces spp. can produce 4-vinylphenol but do not reduce it to 4-ethylphenol 

(Dias et al., 2003). 
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Figure 1.3. Formation of ethylphenols from their hydroxycinnamic precursors (Suarez et 

al.,2007). 

The relationship between high concentrations of 4-ethylphenol in wines and the 

activity of Brettanomyces/Dekkera was thoroughly studied during the 1990s (Chatonnet et 

al., 1995, 1997; Cullere, Escudero, Cacho, and Ferreira, 2004; Fugelsang and Zoecklein, 

2003; Kelly, 2003; Parish et al., 2003; Suarez-Lepe, 2001). D. bruxellensis shows 

hydroxycinnamate decarboxylase and vinyl reductase activity under oenological conditions to 

the extent that the species are considered an undesirable yeast capable of producing high 

concentrations of 4-ethylphenol. Perceptible threshold was explained for 4-vinylphenol is 770 

µg/l; 4-viniguaiacol 440 µg/l, 4-ethylphenol 620 µg/l and for 4-ethylguaiacol 140 µg/l 

(Chatonnet et al.1997). Over the threshold gives "animal" phenolic odors, "barnyard" and 

"stable" sensory to wine (Etievant et al.,1989; Chatonnet et al.,1990, 1997; Ribéreau-Gayon 

et al., 2006). 

 

Different strains of Brettanomyces can show great differences in their production of 

volatile phenols (Joseph and Bisson, 2004). The variety of grape used also affects the 

sensorial perception of ethylphenols. Physter and Mills (2004) indicate detection thresholds 

to be high in mono varietal Cabernet Sauvignon wines, and lower in Tempranillo wines 

(Suarez et al., 2007). 
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1.2.1. Thresholds 

Thresholds were explained by Chatonnet et al.,1992. 

Table 1.2. Thresholds of 4-Ethylphenol and 4-Ethylguaiacol 

Molecule Perception 
Threshold (PT) µg/l 

Recovery Threshold 

(RT) µg/l 

Preference Threshold 

(PrT) µg/l 

White wine Red Wine White wine Red Wine 

4-Ethylphenol 400 600 605 - 620 

4-Ethylphenol 
+ 

4-Ethylguaiacol 
(10:1) 

- - 369 - 426 

 

 

PT:  Detection in alcoholic solution 

RT:  Detection in wine 

PrT: 50% of panellists said „wine spoiled‟. 

Moreover, researches showed that more than 100 µg/l of 4-Ethylphenol indicatives of 

Brettanomyces activity (Rayne and Eggers, 2007).  

 

In international Wine Challenge contest, more than 10.000 wines tasted in order to 

make research in taint incidence. This research has done for three years. Results shown that 

panellists were not approved taints in wines (Goode and Harrop, 2008). Especially, Horse 

sweat taints were increased year by year. 

Table 1.3. Evaluation of Taints in three years 

Taint 2006 2007 2008 

Cork 27,83 29,68 31,11 

Horse sweat 10,59 12,82 15,79 

Oxidation 24,29 22,88 19,11 

Reduction 29,18 26,53 28,89 

Tainted wines 7,1 - 5,88 

 

1.2.2. Volatile acidity and tetrahydropyridines 

 

Brettanomyces/Dekkera are acetic acid producers (Freer et al., 2000; 2003; Suarez et 

al., 2004). As well as stimulating the growth of Brettanomyces, oxygen also appears to 

stimulate its production of acetic acid. However under anaerobic conditions acetic acid 

production was suggested very low (Aguilar-Uscanga, 1998) or even null (Blondin et al., 
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1982; Larue et al., 1991). Derivatives of amino acids such as 2-acetyl-1,4,5,6-

tetrahydropyridine are recorded the cause of the „„mousy‟‟ flavour (Heresztyn, 1986) of some 

wines. The prevention of this aroma requires the control of undesirable yeast populations by 

avoiding unnecessary aerobiosis. 

 

1.2.3. Anthocyanin degradation 

 

As well as producing volatile compounds with disagreeable aromas, under favourable 

situations Brettanomyces can hydrolyze anthocyanins, releasing glucose and destabilizing 

the aglycone (Mansfield et al., 2002). This may be the reason why wines contaminated by 

Brettanomyces have an undesirable colour. 

 

1.3. Factors affecting Dekkera growth and volatile phenol production 

 

The factors affecting the production of 4-ethylphenol, especially as regards the 

production of wine, are not well understood (Dias, 2003). Mainly; they are affected by (i)O2 

(ii)Temperature (iii)pH (iv)sugar content (v)precursors and (vi) preservatives. 

 

 Brettanomyces/Dekkera yeasts exhibit a particular metabolism. The inhibition of 

alcoholic fermentation under anaerobic conditions (Custer effect), in fact, has been 

considered as biochemical characteristic of Brettanomyces/Dekkera (Scheffers 1966). This 

particular behaviour may affect the growth in the fermentation products. Carrascosa et al. 

(1981) suggested that the Custer effect was a consequence of a redox unbalance caused by 

the reduction of NAD+ during the oxidation of acetaldehyde to acetic acid. That is why Ciani 

and Ferraro (1997) suggested that oxygen concentration exerted a strong influence on both 

growth and acetic acid production by Brettanomyces yeasts in winemaking. According to 

their study; full aerobiosis lead to large production of acetic acid causing a block of metabolic 

activity. Semi-aerobiosis resulted in the best condition for alcoholic fermentation (Custer 

effect) combined with acetic acid production. In anaerobic condition Brettanomyces yeasts 

did not result in high acetic acid production and a pure alcoholic fermentation, even if slow, 

occurred. The absence of an increase in acetic acid in wines, does not exclude the active 

presence of Brettanomyces yeast since the characteristic high acetic producer in 

Brettanomyces yeast is linked to the presence of oxygen (Ciani and Ferraro, 1997). Malfeito- 

Ferrera et al. (2001) suggested that oxygen stimulated yeast growth and production of 4- 

ethyl phenol and moreover if oxygen levels get higher than 7mg/l (82% saturation 

concentration) by stimulating of growth was responsible for faster production. The same 

authors suggested that total amount of 4-ethylphenol production was decreased 80% with no 
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measurable levels of oxygen (< 2% saturation) in red wines. They also suggested that 

presence of oxygen stimulated the production of acetic acid increasing wine volatile acidity.  

 

Several studies have been done with intent to establish the values of temperature 

(Charoenchai et al., 1998; Barata et al., 2008a). Besides, Correia (2004) suggests that the 

temperature does not increase the concentration of 4-ethylphenol itself, so that it does 

promote to increase the reaction kinetics. As known, accelerates the conversion of cinnamic 

acid into 4-vinylphenol and subsequently the 4-ethylphenol. 

 

Dias et al. (2003) made a study and inoculated D. bruxellensis in samples subjected 

to various temperatures and observed that the optical density (OD) of samples at 30°C was 

greater than 16°C. They obtained growth rate was 0.07 h -1 at the 30°C temperature and 

growth rate was 0.02 h -1 at the 16°C temperature. It was found that the production of 4-

ethylphenol reaches the maximum value of 620 g/l during the first hours at 30°C. However, 

growth of these strains was unfavorable at increased temperature. Barata et al. (2008a) 

found that at temperatures 30°C to at 35°C, the cells lose viability in less than 12 hours and 

at temperatures 36°C to at 40°C cell death occurs in the first 24 hours. Same authors also 

observed that at 25°C there was no cell death and increased production of ethylphenol was 

about 400 g/l. Blomqvist et al. (2010) explained that the lowest temperature such as at 25°C 

which the solubility of oxygen point is higher and this affect increase of 4-ethylphenol 

production and accordingly affects increase of 4-ethylphenol production. 

 

Jensen et al. (2009) observed that at 10ºC the yeast D. bruxellensis does not grow, in 

no matter what the alcohol content is. Couto et al. (2005) defined thermal inactivation 

temperature degrees for Brettanomyces / Dekkera. Their studies suggested that when 

heating was performed in wine, a slight effect on cell and survival was observed until at 

32,5oC, significant inactivation has begun at 35oC but measurable thermal inactivation has 

begun at 50oC. Moreover, temperature is not the only affect factor that stimulates growth of 

organisms but also it is influenced by other factors such as pH (Charoenchai et al., 1998). 

According to same authors the maximum cell biomass of yeasts was highest at pH 3.5. Dias 

et al. (2003) also suggested adjustment of pH as 3.5 ±0.01. 

 

 In winemaking process, the main reaction is transformation of the grape sugars into 

ethanol (Licker et al., 1998). According to Dias et al. (2003) the alcohol content directly 



12 
 

influences the production of 4-ethylphenol. There are several studies the problem of 

tolerance to ethanol by yeasts Dekkera / Brettanomyces (Froudiere and Larue, 1989, Delia et 

al. 1997). Barata et al. (2008b) found that in 14% (v/v) ethanol conditions there was no cell 

growth, even at pH 3.5. However, under the same conditions of pH and 12% (v/v) ethanol 

was observed the recovery of viability after an initial phase of death. Content of more than 

13% (v/v) ethanol results in a very low growth rate; production of 4-ethylphenol consequently 

is limited (Dias et al., 2003). Barata et al. (2008b) suggested that cell growth only when the 

ethanol content was 8% (v/v) and wine at pH 3.0. 

 

Yeasts of the genus Dekkera can also develop in the presence of sugar (Barata, 

2002) hence growth rate will be increased by glucose concentration (Barata et al., 2008a). 

However, the technical limit of the residual sugar content of wine is 2 g/l; it does not mean 

that this quantity is limited for the production of volatile phenols in significant concentrations. 

In fact, Barata et al., (2008a) found that residual sugar concentration is sufficient to permit 

the production of considerable amounts of volatile phenols when combined with other factors 

which it is suitable to growth of Brettanomyces/Dekkera. Similarly, Chatonnet et al. (1995) 

reported that in the case of Dekkera, consumption of 300 mg/l of fermentable sugars 

(glucose, fructose and galactose) was sufficient to produce significant changes in aromatic 

wines. However, Massini et al. (2010) concluded that if wine contains residual sugar this is 

not the most important factor that interferes with cell growth and even 6 g/l of residual sugar 

contained wine at the temperature of 6°C, cell growth and production of volatile phenols were 

not observed due to the temperature. In other words, temperature is the factor which it is 

most prevalent rather than sugar content. Barata et al. (2008a) described the growth and 

production of 4-ethylphenol by D. bruxellensis as affected by sugar concentration and 

temperature under conditions mimicking wine production. 

 

The precursors of the reaction production of volatile phenols are (i)cinnamic acid (ii)p-

coumaric acid (iii)ferulic and (iv)less quantity of caffeic acid. These acids are present on 

grape cell walls (Lynd et al., 2002) and all mechanisms are potential sources of winemaking 

process (Esti and Tamborra, 2006). Crushing, prolonged macerations and other treatments 

intensively contribute to the increase of cinnamic acids in wine (Baumes et al., 1986; cit in 

Correia 2004). Increasing the temperature of maceration verified that at the end of 

fermentation extraction of phenolic compounds can also increase, especially cinnamic acids. 

It was suggested that cinnamic acids exist in grapes at different concentrations. This 

existence depends on variety and winemaking process (Reguant et al., 2000). Dias et al. 

(2003) also reported that 4-vinylphenol can be considered as precursor and formation of this 
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phenol can be in the absence of volatile and cinnamic acid. Same authors also studied the 

population of growth in media with addition of 4-vinylphenol. They found that the production 

of 4-ethylphenol increases during the first hours as reaching sugar concentration of 50 mg /l. 

 

Among the possible preservative is (i) sulfur dioxide (SO2) to help inhibit growth of the 

organism. Sulfur dioxide considered as an anti-bacterial, anti-oxidants, anti-oxidase and 

improving the clarity of aroma due to help in the process of maceration. Therefore; sulfur 

dioxide considered the most common and effective inhibitors for growth of 

Dekkera/Brettanomyces. However, sulphur dioxide cannot be added continuously because it 

is subject to maximum legal limits. In the EU, these limits are a function of wine type 

(Loureiro and Malfeito-Ferreira 2003), while in the US the maximum level of total sulphite is 

350 mg/l (Fugelsang and Edwards 2007). After addition, a fraction of the sulphite is 

combined and loses its antimicrobial activity the use of high doses of sulphur dioxide before 

fermentation can increase the production of acetaldehyde by fermenting yeasts. Therefore 

additions should be controlled by sulphite measurement after treatment (Malfeito- Ferreira, 

2010). To prevent microbial growth, common advised usage levels are 0.5–0.8 mg/l 

molecular sulphur dioxide (Fugelsang and Edwards 2007) but D. bruxellensis has resistance 

up to 75 mg/l total SO2 (Malfeito- Ferreira, 2010). In addition, growing populations are more 

resistant, 1 mg/l molecular sulphite being required to prevent the proliferation of D. 

bruxellensis (Barata et al. 2008a). 

 

Massini et al. (2010) studied the influence of the concentration of SO2 in interaction 

with temperature and the cell growth of Dekkera yeasts and they observed that under low 

temperatures SO2 keep its presence in order to act against to Dekkera. Du Toit et al. (2005) 

kept wine with low pH values with this purposes they aimed enhancing the properties of SO2, 

due to under these conditions they conserved existence of free form of SO2.  

 

Potassium metabisulphite (K2S2O5) can also use as white crystals, typically using a 

pinch of it or it may apply with sulfur solutions (5% to 6%) in water or in gaseous form with 

pure sulfur dioxide. This preservative is also known as very effective application against to 

Dekkera. This compound is extremely toxic that is why it should be use very carefully. 

Although in recent times there is legislation limiting the amount of application of this 

compound. For wine with a sugar content of less than 5 g /l total SO2 it is allowed to 160 mg 

/l for red wines and 210 mg/l to white wines (Ribéreau-Gayon et al., 2006 
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Other preservatives used in the wine in order to decrease of Dekkera populations. 

Such as sorbic acid is weak acid, the free form of which is present in higher proportions at 

lower pH values (Malfeito-Ferreira, 2010). The maximum legal limits are 200 mg/l in the EU 

and 300 mg/l in the US (Fugelsang and Edwards 2007). Due to its higher solubility, 

potassium sorbate is used as the vehicle of sorbic acid. Its usage is advised, together with 

sulphur dioxide, at bottling of sweet wines to inhibit fermenting yeasts. It is metabolized by 

lactic acid bacteria, originating the “geranium taint”. More than 950 mg/l doses it is not 

effective against D. bruxellensis (Malfeito-Ferreira, 2010). This agent has a selective effect 

on microorganisms of the wine to against the yeast growth without interfering with bacterial 

gowth (Ribereau-Gayon, et al., 2006).  

Finally, dimethyl dicarbonate (DMDC) is another preservative very effective at low 

concentrations against to wide variety of some fungi and yeast (Delfini et al., 2002; Costa et 

al., 2008). DMDC has been recently approved in the EU for use at the maximum amount of 

200 mg/l at bottling of wines with more than 5 g/l residual sugar. In the US it may be used 

during the storage of wine in regular amounts up to the maximum level of 200 mg/l 

(Fugelsang and Edwards 2007). Its efficiency depends on the initial microbial contamination, 

with a maximum of 500 viable cells/ml wine advised (Malfeito-Ferreira, 2010). Bacteria are 

more resistant than yeasts and this preservative should not be regarded as a sterilant when 

used alone (Costa et al. 2008). Therefore, in wineries, if legally authorized, DMDC should be 

used routinely together with sulphite during wine storage or at bottling (Malfeito-Ferreira, 

2010). Its activity depends on adequate homogenization, which is achieved by a costly 

dosing apparatus. Another factor requiring precautions is its human toxicity (Fugelsang and 

Edwards 2007). Renouf et al., (2008) suggested that when DMDC applied at the maximum 

dose, may cause an increase in the concentration of methanol in wine which it extremely 

contains high concentrations for human health.  
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1.4. Controlling Brettanomyces/Dekkera sp. in wines 

Various techniques have been proposed to avoid or reduce the wine faults associated 

with volatile phenols (Table 1.2.); these can be broken down in two groups.  

Table 1.2.. Various methods for controlling ethylphenols in wines. 

Treatment Result Drawback 

Protein clarification 
Reduces 
Brettanomyces/Dekkera 
populations by flocculation. 

Loss of colour and aroma. 

Filtration 

Reduces 
Brettanomyces/Dekkera 
populations by physical 
separation. 

Loss of colour and aroma. 

Physicochemical variables 

Establishes physicochemical 
conditions that reduce the 
viability of 
Brettanomyces/Dekkera. 

These variables can be 
difficult to modify and may 
be incompatible with 
aging. 

Reduction of precursor 
concentration 

Prevents the solubilization of 
hydroxycinamic acids (the 
precursors of volatile 
phenols). 

May cause a loss of 
colour and aroma. 

Additives 

Inhibit the growth of 
Brettanomyces/Dekkera and 
prevent the conditions that 
favour the formation of 
ethylphenols. 

Some of the products are 
not authorised for use in 
the wine sector or are still 
experimental. 

High pressure processing 

Destroys microorganisms in 
wine without seriously 
affecting its organoleptic 
properties. 

High equipment costs. 

Biological techniques 
Inhibit the growth of 
Brettanomyces/Dekkera. 

Use of these techiniques 
in wine is usually 
experimental. 

Genetic engineering 
Genetically engineered yeasts 
that prevent the growth of 
Brettanomyces/Dekkera. 

Not currently allowed in 
winemaking. 

Reverse osmosis a 
Reduces ethylphenol contents 
in wine. 

High equipment costs, 
this kind of use is not 
currently allowed. 

Fining agents b 
Reduces ethylphenol contents 
in wine. 

Loss of colour and aroma. 

β-Glucanasesc Reduces wine spoilage yeasts 
Possible negative effect 
on wine quality 

Cold Pasteurisation d 
Reduces ethylphenol contents 
in wine. 

Loss total anthocyanins 
content 

Table adapted from Suárez R. et al., 2007, with additions from: a Ugarte P. et al., 2005, b Lisant  
M. T. et al., 2008 and c: Enrique M., 2009 d: Morata A.  et al., 2012 
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1.5. Aim of research 

 

 Taking in consideration the absence of data from Turkish wines and the requirement 

for validating previous results suggesting the influence of storage temperature on the 

prevention of phenolic taint in wines, we established the following objective for the present 

work: 

 To investigate the incidence of Dekkera bruxellensis and the levels of 4-ethylphenol in 

randomly selected Turkish red wines. 

 To investigate influence of storage temperature on the production of 4-ethylphenol by 

wild of D. bruxellensis in 3 different Portuguese red wines. 

 To investigate the effect of different storage temperatures on Dekkera growth and 

volatile phenol production. 
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2. MATERIAL AND METHODS 

2.1.1 Wine samples 

In these work wine samples were obtained from Turkish and Portuguese wineries. 

Samples were randomly chosen and supplied by Turkish companies. Turkish red wines were 

collected from different regions of Turkey (figure 2.1).For this aim, wines are collected from 

all wine regions and to try to make the regions more homogenous in order to provide 

objective results. The Portuguese red wine samples are listed in table 2.1. Wine region and 

wine characterization for Turkish red wines were given in table 2.2.  

Table 2.1 Portuguese red wine samples  

Sample Lab. Code Type of vessel Vintage 

Tank 5 1 5000 lt Inox 
 

2010 

Tank 6 2 5000 lt Inox 2010 

Tank 9 4 2500 lt Inox 2010 
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Figure 2.1. Turkey‟s wine grape production. (www.winesofturkey.org) 
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Table 2.2. Wine region and wine characterization for Turkish red wine samples 

Wine Samples Origin Year 
Characterization 

Barrel Usage Organic Bulk Bottled 

       

TR 1 CAPPADOCIA 2010 +  +  

TR 2 CAPPADOCIA 2006 +   + 

TR 3 KAYSERİ 2010 + +  + 

TR 4,5,6 DENİZLİ-CAL 2008   + + 

TR 7,8,9 CAPPADOCIA 2011 +  +  

TR10,11,13,14,15 DENİZLİ   2011    +     +    

TR 12 DİYARBAKIR 2011 +  +  

TR 16,32 ELAZIĞ 2011 +  +  

TR 17,22 TEKİRDAĞ 2011 +  +  

TR 18 DENİZLİ 2011 +  +  

TR 19,20 ANKARA 2011 +  +  

TR 21,23,24 DENİZLİ 2011 +  +  

TR 25 MARMARA 2011 +  +  

TR 26 DENİZLİ 2010 +  +  

TR 27,29 DENİZLİ 2011   +  

TR 28 ELAZIĞ 2010   +  

TR 30 DİYARBAKIR 2011   +  

TR 31 ELAZIĞ 2011   +  

TR 33,34,35 EGE 2010   +  

TR 36 ANKARA 2011   +  

TR 37,38 ANKARA 2009   +  

TR 39 CAPPADOCIA 2011   + + 

TR 40 CAPPADOCIA 2008   + + 
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2.2. Microbiological Analyses 

 

2.2.1. DBDM Differential Media  

DBDM (Dekkera / Brettanomyces Differential Medium) have been used as a 

differential selective nutrient media for detection of Dekkara yeast strains which it was 

developed by Rodrigues et al. (2001). Analyses have taken in place in microbiology 

laboratory of Instituto Superior de Agonomia. DBDM has two different differential media 

phase which are solid and liquid. 

Composition of selective nutrient media was:  

YNB (Yeast Nitrogen Base)   6.7 g/L 

Ethanol (96%)     60 ml 

p – Coumaric Acid    0.1 g/L 

Cycloheximide (0.25g/25 ml)   1 ml 

Clorofenicol (2.5g/25 ml)   1 ml 

Bromocresol Green    0.022 g/L 

Agar – Agar     20 g 

Distillated Water    940 ml 

Solution 1: 0.022 g of Bromocresol Green (Sigma) has been dissolved in 800 

ml of distillated water with the aid of Ultrasonic bath (15 minutes) and pH: 5.4 (±0.1) was 

verified with NaOH 1M and DBDM base media was put in autoclave(120oC, 20 minutes) after 

addition of 20 g of Agar-Agar. Agar-Agar was added only usage of DBDM in solid phase 

media. 

Solution 2: A) 6. 7 g of YNB (Difco) dissolved in 140 ml distillated water with 

the aid of ultrasonic bath. B) 0.1 g of p– Coumaric Acid was dissolved in 60 ml of ethanol 

with the aid of ultrasonic bath. Those two solution (A and B) were jointed and pH was 

adjusted on 5.4 (±0.1). Afterwards 1 ml of Cycloheximide (0.25g/25 ml) and 1 ml of 

Clorofenicol (2.5g/25 ml) were added to prepared solution latterly solution was filtered via 

membrane filtration 0.22 µm, 47mm diameter (Millipore). 
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Prepared two solution were joined after cooling solution 1 in a water bath at about 

55oC. Afterwards solution distributed to Petri dishes. 

Liquid phase of DBDM media was used in order to obtain effect of sensory analyses 

of Dekkera sp. as mentioned by (Rodrigues et al.,2001). In order to prepare DBDM liquid 

phase all preparation pathway fallows as explained above but for this occasion Agar-Agar 

were not added for preparation of liquid phase. 

Incubation time of DBDM was Dekkera sp. was 12 days at 25 oC (Rodrigues et al. 

2001). DBDM has along with yeast nitrogen base (YNB) comprise two antimicrobial agents 

(ethanol and cycloheximide), a pH indicator (Bromocresol green) to indicate media 

actification and a substrate (p– coumaric acid). In case of present of Dekkera sp. in the 

nutrient media was transformed blue colour to light yellow colour (figure 2.2.) due to addition 

of acetic acid and it showed typical phenolic smell which they are barnyard, horse sweat, 

medicinal and mousy due to in the case of addition of p – coumaric acid to nutrient media. 

This typical smell was already explained by many authors (Chatonnet et al., 1995; 1997; 

Fugelsang, 1997; Rodrigues et al., 2001; Malfeito-Ferreira, 2003; Loureiro and Malfeito-

Ferreira, 2006). Besides, it also showed that other characteristic structure of Dekkera sp. 

was colourable changes in colonies. According to researchers, the inclusion of p-coumaric 

acid substrates for the production of 4-ethylphenol, enabled the differentiation by smell of 

Dekkera/Brettanomyces sp. (Rodrigues et al., 2001). 

Figure 2.2 Colour change of DBDM 

 

 

 

 

 

 

 

 

Figure 2.2. Colour change of DBDM 
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2.2.2. Ringer Solution (Biokar) 

 

Ringer's Solution 1/4 strength is a diluent used to prepare diluted solutions for the 

microbiological control of wine samples. Accordingly; usage description of Ringer‟s solution, 

two instant Ringer‟s tablets has been dispersed in 1 liter distillated water with the aid of 

ultrasonic water bath and used for to dilute the wines which were in different temperature. 

For preparation of wine dilutions; 9 ml of ringer solution was mixed with 1 ml of wine in 

experimental test tubes and this process repeated 3 times. 1 ml of diluted wine samples has 

been inoculated to Petri dishes and incubated as referred by Rodrigues et al.( 2001). 

 

2.2.3. YNB Media (Yeast Nitrogen Base) (Difco) 

Concentrated suspension was prepared from the cell culture media into fresh YNB 

(Difco) at a concentration of 0.67% (w / v) with 10% ethanol (v / v), and 2% glucose, pH 3.5 

and filtered with membrane (0.20 µM, 47 mm diameter, Millipore). Afterwards ethanol content 

of suspension was measured 11%. The suspension was placed in Erlenmeyer flasks 

homogenized and kept on orbital agitation of 120 rpm at 25 ° C. The optical density was 

determined with the inoculum absorbance reading at 640 nm (S20 Boeco 

Spectrophotometer) at the initial moment. This process followed accompanying increase of 

cell until reaches values between 0.3 and 0.5. Counting observation of this increase took in a 

place under the microscopic conditions and it was made by hemocytometer counts of viable 

cells in order to calculate the exact volume of suspension to be inoculated. 

 

2.2.4. GYP (Glucose Yeast Peptone) Media (Wickerham) 

GYP medium was used (5g / L of yeast extract (Oxoid), 5 g / L peptone (Oxoid), 20 

g/L glucose (Merck) and 20 g / L agar, pH 6.0) in order to evaluate of present of D. 

bruxellensis from red wines samples. 

Besides, obtained Turkish strain TR 26 has been inoculated to GYP in order to 

evaluate presence of Dekkera bruxellensis in different storage temperature condition. 
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2.2.5. Sterilized wine 

 Parameter correction and sterilized wine was done in order to stabilize all laboratory 

results. That is the reason why, alcohol content has adjusted 11% (v/v) through dilution. For 

this purpose, 5g / L tartaric acid (Merck) solution was used in order to change the total acidity 

of wine. Therefore; wine supplied from in microbiology laboratory of Institute Superior de 

Agonomia, reducing alcohol content 4.8% with distilled water and a water solution of tartaric 

acid concentration 5 g / L. The pH was adjusted to 3.50 (± 0.2), using a pH meter 

(Radiometer). For this purposes, NaOH (Merck) and HCl (Merck) of several dilutions of 

solutions were used. Free sulfur was removed by addition of acetaldehyde (Ribéreau-Gayon 

et al., 2006) at concentrations necessary to remove the whole of this compound. 

 

2.3. Evaluation of Dekkera bruxellensis growth 

2.3.1. Microbiological Analyses 

2.3.1.1. Preparation of Inoculation 

All inoculation process has been done under Biohazard safety cabinet conditions. 

Required equipments for preparation were: 

DBDM solid and liquid phase (3 Petri or experiment tube for each wine samples) 

Millipore membrane filters      (0.22 µm pore sized, 47mm diameter ) 

Funnel    (Millipore) 

Büchner Flask   (Vacuum Filter Flask) 

Compressed Air Pump (Millipore) 

Glass Straws 

Provided wine samples have been filtered with the aid of funnel and compressed air 

pump. Liquid and solid phases of DBDM had been prepared for analysis. Obtained filtered 

membranes inoculated solid DBDM media or liquid DBDM media. 

Accordingly, 10 ml of liquid phase of DBDM has been put in experiment tubes in order 

to provide growing conditions in the DBDM for Dekkera sp. for evaluate odor of the sample. 

For this purposes, filtered membranes were inoculated with liquid DBDM. Only 1 ml of wine 

sample was poured directly to liquid media. 
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Additionally, solid DBDM was used in order to obtain Dekkera bruxellensis colonies. 

For this occasion, three different amount of wine have been filtered via funnel and membrane 

filtration such as 1ml, 10ml and 50ml and 0.22 µm, ( 47mm diameter, Millipore) pore sized 

membrane filter was used. Obtained membranes were put on Petri dishes and incubated in 

12 days as refereed by Rodrigues et al., 2001. 

 

2.3.1.2. Usage of GYP 

 After growing of Turkish strain TR 26 in YNB: It inoculated to sterilized and parameter 

corrected wine to see evolution of growing factor of D. bruxellensis in strain TR 26, 25µl of 

samples has been inoculated to GYP Petri dishes in the three different concentrations. For 

this purposes, dilution was done by Ringer solution. Firstly 900 µl of ringer solution was put in 

three different eppendorf tubes for each wine sample, they were diluted with 100 µl wine 

sample which it is contaminated by TR 26. Dilution was done from 10-1 until 10-3. After 

calculations take in a place with formula; 

 

2.3.1.3. Incubation period of Dekkera bruxellensis 

Filtered membranes were kept in incubator 12 days at 25 oC as refereed by 

(Rodrigues et al., 2001). At the end of incubation period, colonies and described odor 

observed. Secondly, already affected wild Dekkera bruxellensis three different Portuguese 

wine were kept in three different storage conditions (3 oC, 10 oC, 15 oC) in order to see 

evaluation of different temperature low storage conditions. This stage of experiment took in a 

place for 90 days. Afterwards, Turkish strain (TR 26) have been kept in different storage 

conditions (3 oC, 10 oC, 15 oC and 20 oC), without agitation to see evolution of Dekkera 

bruxellensis. This part of work has taken a place for 3-4 days in incubator because in this 

point GYP media was used. End of the 3-4 days was observed, counted growing colonies. 
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2.3.1.5. Colony Investigations and Microscopy 

Colony types were obtained on DBDM nutrient agar and GYP media were 

investigated under microscopy conditions (Leitz, Dialux 20, Germany, 40X). Microscopic 

sample preparation comprised taking a minor portion of individual colony from the agar plate 

and re-suspending it in distilled water directly on a microscopic slide prior to viewing. 

After 12 days incubation period with DBDM nutrient media, Petri dishes were taken 

off from incubator and were counted colonies which are on the membranes that used with 

the help of colony counter (Figure 2.3.). 

 

Figure 2.3. Dekkera bruxellensis colonies on DBDM  

 

2.3.2. Chemical Analyses 

 Chemical analyzes of samples were the alcoholic strength by volume (EtOH %), total 

acidity (g/L), fixed acidity (g/L), volatile acidity (g/L), pH, sugar (g/L) and verification of 

malolactic fermentation. The analyses were all made according to standards OIV 

(Anonymous, 2005). Those analyses had taken place in Laboratory of Enology, Institute 

Superior de Agronomia, Lisbon, Portugal. 

2.4. Extraction of 4- Ethylphenol by Gas Chromatography  

The extraction of 4-ethylphenol is the separation of the organic phase. Analysis by 

gas chromatography was performed according to the protocol described by Roberts et al. 

(2001). For this reason; wine samples in different temperatures had been extracted. This 

procedure is performed in a 50 ml sample of wine adjusted pH 8 with NaOH (Merck) and was 

added 0.5 mL of a solution of 3.4-dimethyl-phenol (internal standard, 100ppm diluted in 75% 
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of ethanol) and 0.05 ml of 4-ethylphenol solution in 50 ml of volumetric flask immediately. 

This 50 ml of sample has been transferred to 100 ml of volumetric flasks. Those volumetric 

flasks had 4 ml of mixture of ether-hexane (1:1). The extraction of three replications were 

done. First time 100 ml volumetric was treated 4 ml of ether and hexane once and after 2 ml 

of ether and hexane twice. After each addition the samples were stirred by magnetic stirrer 

for five minutes. Separating funnels had been used in order to collect the organic phases of 

samples, after each shaking flasks. Small flasks where the organic phases stay were 

identified accurately. Organic phase of sample was carefully transformed with the aid of 

Pasteur pipettes. The extract was analyzed immediately whenever possible. However, in 

case of late analyze, the tubes were reserved in the freezer (-4 ° C) before being analyzed by 

gas chromatography least maximum 1 day. For the analysis in a gas chromatograph was 

used (Varian CP-3800 Gas Chromatograph) comprises a Restek Stabilwax ® column (30 m, 

0.25 mID, 0.25 umdf and column flow was 2.0mL/min J & W Scientific) and an injector split 

that injects a volume of 2 µL. Oven final temperature was 250 ° C. The carrier gas was 

hydrogen at 25 kPa and the separation of the compounds is achieved by an FID detector. Is 

coupled to the chromatograph equipped with a computer software called Galaxie GC 

Worldstation WS for Windows (Varian) that allows data collection.  

Alcohol degree corrected wine which it is contaminated with TR 26 by has been 

analyzed once per week in order to see evolution of 4-ethylphenols in Gas Chromatograph. 

 

2.5. HPLC (High-performance liquid chromatography) 

 Analysis by HPLC (High performance liquid chromatography) was performed on 40 

different Turkish red wines. HPLC analyzes the compounds considered important to evaluate 

the evolution of the samples over time during the cell growth process. The constituents were 

analyzed, gluconic acid, galactronic acid, succinic acid, glycerol, acetic acid, tartaric acid, 

fructose lactic acid and ethanol. For this purposes, wine samples were filtered with syringes 

and nylon filters of 0.2 ,13 mm (Frilabo) and 1 ml (±0.1) sample of wine has been transferred 

to HPLC vials accurately identified. The filtrate was injected into a column (Schodex 1011) 

maintained at 65 °C. The mobile phase used consisted of 5.2 mM sulfuric acid at a flow rate 

of 0.6 ml / min. The separation of the constituents was achieved by detecting a refractive 

index (486 Waters Corporation, Milford, MA) and results were processed using the software 

HPLC (Empower). The HPLC was calibrated with standard solutions of known 

concentrations and the samples were injected in duplicate (Appendix 1). 
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3. Results and Discussion 

 

3.1. Chemical and HPLC analyses of Turkish wines 

Conventional chemical analyses of Turkish red wines have taken place in laboratory 

of enology of Instituto Superior do Agonomia. Those Turkish wine samples were also 

analyzed by HPLC. Results of Chemical analyses and HPLC analyses were given in 

Appendix 2. The aim of those analyses was to obtain correlation between chemical analyses 

and HPLC analyses and compare with Dekkera countings. Unfortunately, we could not 

obtain big amount of Dekkera colonies from Turkish wine samples so that is the reason why, 

we cannot achieve to make correlation. However according to results of HPLC and of 

chemical analysis, it was possible to obtain correlations between volatile acidity and acetic 

acid and between ethanol content obtained by both methods. The results of the correlations 

are shown in Appendix 3. Correlation between volatile acidity and acetic acid showed a R2 

value of 0.88, while a poor correlation was obtained for ethanol. In this way results from 

ethanol were only obtained from conventional analysis.  

 

3.2. Microbiological and 4-Ethylphenol Analyses 

3.2.1. Turkish red wine samples 

The results of microbiological analyses of Turkish red wines are given in table 3.1. 

Only one strain (TR 26) was isolated out of randomly chosen 40 Turkish red wine samples. 

This strain was purified and used for further studies of this thesis. 4 ethylphenol results and 

Dekkera bruxellensis cell countings were shown in table 3.1 for Turkish red wine samples. 

Other samples showed levels of volatile phenols higher than the detection threshold but did 

not show contamination by viable cells of Brettanomyces. 
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Table 3.1. Results of 4-Ethyl phenol contains and microbiological analyses of Turkish Red 

Wines 

Wine Samples 4-EP GC* 

ppb 

Dekkera Countings 

(CFU/ml) 

   

TR 1, 18 4 0 

TR 2 223 0 

TR 3 94 0 

TR 4 631 0 

TR 5 556 0 

TR 6 547 0 

TR 7, 12, 28 6 0 

TR 8,11, 13, 14, 15, 16, 17,22 
0 0 

27, 29, 33, 34, 35, 36, 37, 38, 39, 40 

TR 9 10 0 

TR 10, 32 3 0 

TR 19, 25, 30 5 0 

TR 20 1 0 

TR 21, 23, 31 2 0 

TR 24 7 0 

TR 26 0 6 

 

* Gas Chromatography 
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3.2.2 Portuguese Red Wine Samples 

In this work the evolution of Brettanomyces contamination and volatile phenol 

concentrations were monitored in real winery samples taken from a Portuguese winery. In 

this way it was possible to check the effect of winery operations on the levels of both 

determinations. The results are shown in table 3.2. 

According to these results it was shown that, although wines were contaminated by 

wild Dekkera, 4-ethylphenol levels were maintained below the detection threshold. The main 

operations done in winery were addition of sulphur dioxide up to levels of 30-35 mg/l free 

sulphite and a filtration by K100 filter sheets. This filtration reduced the levels of 

contamination but was not fully efficient. On the contrary, the adjustment of sulphite levels 

was essential to prevent the increase in volatile phenol concentration. 

 210th day of samples selected as a base of Day zero (D-0) and separated for three 

different storage temperatures in order to link with further studies of this work. 
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Table 3.2. 4-Ethylphenol and microbiological analyses from Portuguese red wines in winery conditions. 

Samples 
Dates 22.08.2011

3
 29.09.2011

2
 20.10.2011 28.10.2011 15.11.2011 20.12.2011

3
 19.03.2012 30.05.2012 06.07.2012 

Days 0 38 59 67 85 120 210 282 319 

Tank 5 

4-EP 

(ppb) 
138 165 

 

204 339 123 54 

Dekkera 

counts 

>100 UFC/ 

100ml 
<1UFC / ml 

 

>300 UFC / ml <1 UFC / 100 ml <1 UFC / 100 ml 
<1 UFC / 100 

ml nd
1
 

Tank 6 

4-EP 

(ppb) 
130 242 246 146 178 245 305 118 50 

Dekkera 

counts  

>100 UFC/ 

100ml 
140 UFC / ml 

 

36 UFC / ml 70 UFC / ml >300 UFC / ml 19 UFC / 100 ml <1 UFC / 100 ml 
<1 UFC / 100 

ml nd
1
 

Tank 9 

4-EP 

(ppb) 
121 151 250 150 251 140 295 112 59 

Dekkera 

counts  
Nd 50 UFC /ml 

 

281 UFC /ml 
>100 UFC/ 

100ml 
>300 UFC / ml <1 UFC / 100 ml <1 UFC / 100 ml 

<1 UFC / 100 

ml nd
1
 

           

 1 : non - detected         

 2 : Filtration         

 

3 : SO 2 Addition 
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3.3. Volatile phenol production and growth of Dekkera bruxellensis under different 

storage temperatures 

 

3.3.1. Evolution of volatile phenol naturally contaminated by Dekkera bruxellensis 

 

Several samples obtained from real wineries contaminated by Dekkera were stored at 

different temperatures to evaluate its effect on volatile phenol production. For this reason, 

210th day of results assumed day zero (D-0) from table 3.2.4. Results are showed (figure 3.1) 

that, broadly, only at 3ºC it was possible to prevent an excessive increase in 4-ethlphenol. 

However in one sample (tank 9) 4-ethylphenol increased perhaps because of sample 

manipulation. 

 

On the contrary of previous study refereed by Jensen et al. (2009), results showed 

that wild Dekkera bruxellensis strain was not able to produce 4-ethylphenol at 10oC with 11% 

of ethanol content. Although Jensen et al. (2009) referred 40 days incubation, in our study 

wines took in place 90 days incubation under different storage temperature conditions. In 

figure 3.1.b showed that 10oC with 11% of ethanol content is a favorable conditions for 

Dekkera bruxellensis growth in long term. At 15oC (figure 3.1. c) 4-ethylphenol was increased 

after 58th days as foreseen several authors (Charoenchai et al., 1998; Malfeito-Ferreira et al., 

2001; Dias et al., 2003; Barata et al.,2008; Jensen et al., 2009). 
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a) 

b) 

c) 

Figure 3.1. Effect of different storage 

conditions in growth and 4-EP 

production of wild Dekkera 

bruxellensis population in laboratory 

conditions  
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3.3.2. Growth and volatile phenol production by strain TR 26  

 

The previous results showed that decreasing storage temperature may be an efficient 

measure to control volatile phenol production without using sulphur dioxide. However, the 

observation high 4-EP levels in one sample maintained at 3 ºC led us to study more deeply 

the influence of temperature on 4-EP production. In this case we used sterile filtered wine 

inoculated with a pure culture of the strain TR 26 previously isolated from a Turkish wine 

sample.  

In figure 3.2 viability of cells (log CFU/ml) (A) and 4-ethylphenol contents (B) are 

shown for temperatures of 3 oC, 10oC, 15 oC and 20 oC, respectively. At 3oC all results were 

shown either viable cell countings or 4-EP production were also decreased as foreseen by 

Jensen et al. (2009) and Malfeito-Ferreira (2010). At 10 oC the viable yeast cell countings 

increased as well as production of 4-EP. After 37th day of experiment production of 4-EP 

were decreased although viable cells increased.  

The effect of temperature on the growth and 4-ethylphenol production of Dekkera 

bruxellensis is similar when glucose is used as single energy and carbon source (Dias et al., 

2003). Under warm conditions yeasts can consume more glucose until dryness is reached 

(Fugelsang, 1997). Barata et al. (2008) explained that at 15oC and 20oC are very favorable 

temperatures for both viable yeast cell growth and production of 4-EP. Our experiment took a 

place at 15oC and 20oC (A), (B). At the result either viable cell countings or production of 4-

EP increased as foreseen. At 20oC, formation of 4-EP occurred quicker due to consumption 

of glucose was quicker.  

  Figure 3.2. Viability of cell gowth (A) and volatile production of TR 26 (B) gown in red wine at 3
o
C, 

10
o
C, 15

 o
C and 20

 o
C. 

Symbols:  3
o
C;  10

o
C;  15

 o
C,  20

 o
C. 
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4. Conclusions 

Over the last two decades many researchers attempted to improve wine quality, 

strengthen risk management and decrease the processing cost of winemaking. In addition, 

the more knowledgeable consumers and the increasing consumer expectation for higher 

quality products have initiated stricter regulations concerning modern winemaking. This 

approach brought about trends such as producing lower alcoholic wines and using less sulfur 

dioxide (SO2) during the winemaking process. In latter case, the consequent risk lies in the 

lower levels of free SO2 that are available to act as antimicrobial agent, especially under high 

pH conditions. These conditions generate a favorable environment for opportunistic spoilage 

microbes. The main spoilage microbes that cause great economical losses in the wine 

industry belong to the non-Saccharomyces yeasts and lactic acid bacteria. This dissertation 

focused on one particular spoilage yeast species that is classified in the non-Saccharomyces 

or wild yeast group. Yeast of the genus of Brettanomyces or its telemorph form Dekkera 

have been identified as one of the most controversial spoilage microorganisms in the wine, 

largely due to their volatile phenol production. 

In this study, we studied the incidence of these species in Turkish wines and the 

effect of temperature on their growth and volatile phenol production.  

The results showed a low incidence of Dekkera bruxellensis and, therefore, an 

expected low percentage of wines with high levels of 4-EP. The explanation may be related 

with the type of wineries that sent samples to analysis because most of them did not use oak 

barrels during wine aging. In fact, the single sample contaminated had been obtained from a 

oak barrel. We believe that a wider screening should be done to determine the real incidence 

of these problems in Turkish wines. 

Regarding the influence of storage temperature on yeast growth and 4-EP production 

we observed that the delay of cell growth in wine induced by low temperature may be used 

as a tool to prevent the horse sweat taint. In fact, lower 4-EP production rates give more time 

for the winemaker to use other preventing measures like filtration, pasteurization or sulphur 

dioxide addition. However, it should be kept in mind that our results showed that relatively 

low temperatures, like 10ºC, may not be enough to efficiently delay the increase in 4-EP 

production. In future research, other preventive measures should be studied together with 

temperature to establish which effective technological alternatives may be advised to 

winemakers. 
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Appendix 1 . Calibration curves for the HPLC determination of concentrations of compounds, 

acetic acid, tartaric acid, gluconic acid, galacturonic acid, fructose, succinic acid, lactic acid, 

glycerol, and ethanol. 
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Appendix 3. Fit Linear Comparing HPLC and Chemical Analysis of Turkish red wines 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

A) Correlation of acetic acid (HPLC results - Volatile Acidity 

(chemical analysis results).  

B) Correlation of ethanol (HPLC results) and ethanol (chemical 

analysis results) 
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