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Brettanomyces bruxellensis can make some red wines smell like a horse blanket that has been stored in a metal Band-Aids® box. Any, or a combination of all of these flavors and aromas can be found in affected wines harboring this yeast. Dekkera/Brettanomyces has been known to inhabit many specialized environments including tree sap, dairies, breweries, and most notably the winery environment.1
There are currently five accepted species of Dekkera/Brettanomyces: D. (B.) bruxelllensis, B. custersianus, D. anomalus, B. naardenensis, and B. nanus.3 These genera were re-classified from multiple isolates after having been given various synonyms throughout the history of mycology. Conserved gene sequence analysis and traditional biochemical tests were recently used to re-classify this group.4
What is the difference between Brettanomyces and Dekkera? To answer this question, one should know a little about yeast sex.
Dekkera, which makes spores when times get tough, is the “perfect” sexual form of Brettanomyces, mycologically speaking. Thus, the reader will often see the name “Dekkera/Brettanomyces” in the literature to describe this duality.
Let’s just focus on the term Brettanomyces, since only a few fortunate people have been able to get the Dekkera form from a wine.7 Brettanomyces bruxellensis has supposedly been isolated from a 10-year-old wine! Not surprising if you are a microbiologist, but winemakers bristle at the thought.
Amazingly, during the time that they are in barrels or bottles, Brettanomyces can ferment small amounts of sugar if given a small amount of oxygen. Supposedly, Brettanomyces grows actively in wine for a relatively short time, although, to our knowledge no basic research has been made evident to tests this hypothesis directly. “Brett” cannot actively grow forever.
However, there is a hypothesis that Brettanomyces (like many other microorganisms) can remain in a viable but non-culturable (VNC) state for long periods of time. In this state, cells that cannot be observed by standard culture methods continue to metabolize nutrients from their surroundings and are thus still considered alive. This is quite common for specialized microbes that are considered human pathogens and has recently been illustrated in wine bacteria.8
That being said, what about the B. bruxellensis isolated from 10-year old wine? Quite likely, they were either spores or they were VNC cells that were in a sort of environmental “stasis.” Either physiological state will theoretically remain viable for many years under the gentle storage conditions of a fine red wine. They emerge when cultured on rich media as normal colony forming units. That is, when they are signaled by good nutrition and suitable environmental conditions.
What is “Brett” doing in my wine?
Until recently, saying the word “Brett” in the company of winemakers was equivalent to making disparaging remarks about their parentage. Now, it seems winemakers are willing to discuss the issue less defensively. After all, there are some very highly regarded red wines, which are excellent examples of “Brettiness” by virtue of their specific aromas and flavors. Winemakers are learning to recognize these complex aromas and understand how they are formed in wine. With this new understanding of the ecology of Brett and the formation of off-flavors, it is hoped that winemakers will be better able to control formation of these flavors in their wines.
Most wineries have had experience trying to control Brettanomyces in their cellars. Several wineries we have worked with swore us to secrecy about their “contamination problem.” Some said that they had been “working with Brett” to make more complex wines, but now, it was just an overwhelming problem in some of their reds. One project in particular identified two Brettanomyces bruxellensis strains indigenous to the winery that alternated in three vintages.1,10
Recently, the atmosphere surrounding Brettanomyces in the wine industry has undergone a change. Wine writers have been chiding California winemakers for being too “hygienic.” Some have gone so far as to say that Brett odors and flavors in wine are more desirable than not, as evidenced by the exorbitant amounts of money paid for bottles exhibiting the “classic character of a standard Bordeaux.” The debate has begun and winemakers we have worked with are not excited by the potential loss of fruitiness and varietal aromas to an easily amended issue.
What is the history of Brettanomyces?
Brettanomyces species have a long anecdotal history that connects them to various foods. Thus, industry reports offer multiple names (and discoverers) for the same organism over the last 110 years.1 There are copious reviews in the literature describing the infection of various beverages, specifically, beer and wine containing a haze of yeast in bottles or finishing vessels and a malodorous quality (for red wines especially).11
One author described the patented use of Brettanomyces for secondary fermentation of specialty beers. The name Brettanomyces was officially given to the “Torula-like” yeast that was characterized by N. Hiltje Clausen, in 1904, as that responsible for production of the “real type of English beers.”2
Clausen’s story goes like this: British applications of a pure Saccharomyces yeast starter culture system completely ruined the flavor of English stock beers. Brewing chemists around the world wondered why the British could not get their act together and produce the same good quality stock ales with the new, improved single-yeast system.
Clausen proved experimentally that Brettanomyces was a secondary fermenter in cask, and thus, responsible for production of the typical English stock ale character. The beer is ironically described as “wine-like.” Interestingly, home brewers can purchase Brettanomyces bruxellensis (a.k.a. B. lambicus) strains from yeast starter companies for that same characteristic “vinous” expression of true English stock ales and Belgian lambics.
There are very few positive descriptors given to the individual compounds derived from Brettanomyces bruxellensis in red wine. Some of the wine-like qualities of specialty beers are most often described in red wines as “medicinal,” “animal,” “sweaty sock,” “barnyard,” “smoky,” “metallic,” “Bandaid®,” and “spicy.”1,12 
However, some descriptors like “clove,” “smoke,” and “spice” are extremely desirable in the right background of intense or forward “floral” and “fruity” aromas typical of Cabernet Sauvignon, Merlot or Cabernet Franc. In wines of lesser intensity (with less body and extraction), the “brettiness” can be overpowering, and indeed ruinous, to the final product’s sale value.12,17
Here is another nebulous issue: Few people are able to smell every aspect of the typical Brett defects in a red wine. Some sense the purely “medicinal” odor of 4-ethylphenol and little of the “green apple” and “wet goat” aromas of valeric and isovaleric acids, each produced to various degrees.1,13,17 Still others sense an odor of “animal” and “barnyard.”1,13
Few people experience the “mousy” or “bread crust” like aromas which are produced by the oxidation of volatile acetyl tetrahydropyridines in the mouth.14,24 It is important to note that the mousiness of a wine is probably less related to Brett than to other bacterial inhabitants but that it is possible.14
Paul Henschke of the Australian Wine Research Institute adds: “In all our years of working with mousy wines, we have only been able to smell the [mousy] off-flavor in one catastrophic case, the red wine was incredibly volatile and off-scale for volatile phenols and other microbiological palate strippers as well.”
None of the above attributes could be considered positive in and of themselves. However, as stated previously, a complex and full wine background can be enhanced by small amounts of any singularly noxious odor if the context is correct.
This leads one to believe stories told by winemakers when they describe their many encounters with Brett. “It just seemed like the strain I had was doing good things to my wines and then maybe I got another strain last year, or something, and the whole lot began to stink.” Are there good or bad strains of B. bruxellensis?
After visiting with several winemakers at a “Mega-Brett” seminar sponsored by Vinquiry in Santa Rosa, CA, in 2001, it appeared that the industry has decided to explore the “good Brett vs. bad Brett” hypothesis.
Our lab and others are currently trying to characterize strains from around the world with several technologies, to see if there might be strains which give a wine desirable Brett aromas (smoky, spicy) aromas or simply bad ones.
How does Brettanomyces do its business?
Like any good survivor, Brettanomyces eats what it finds. As one might expect, the more selective the environment, the easier it is for a tolerant organism to compete successfully with its rivals for limited resources.
With Brettanomyces bruxellensis, small amounts of fermentable sugars (0.1 g/L) and high concentrations of ethanol (up to 14%) can act as fuel.1,4 A little bit of oxygen is also very good for growing Brett in wine.1,4,14 Brett can produce 2.0 g/L of acetic acid before growth is severely affected.16 This is why it is so difficult to predict what will happen to an unfiltered wine in the bottle, which may be complex at bottling, and horrendous one year later!
A major noxious odorant associated with “Brett” is 4-ethylphenol. There are at least 10 new odorant compounds which can deliver similar “plastic“ aromas including 4-ethylguaiacol, a “smoky,” “spicy” odorant in some wines.1
Production of 4-ethylphenol from p-coumaric acid is completed in a short series of steps. p-coumarate is degraded to 4-vinylphenol, a compound with a high odor threshold. It is not uncommon, even for Saccharomyces cerevisiae, to produce 4-vinylphenol during active fermentation, just not to the same extent as Brett.13,17 The final step, transforming the 4-vinylphenol form to the 4-ethylphenol form is unique (at least thus far in science) to Brettanomyces. This conversion is believed to occur continuously over several months, though nobody really knows the complete physiological picture (for review and reactions see Boulton, R., B. et al., 1996).
Observations in wineries and laboratories have shown that growth conditions, the concentrations of various cofactors, the numbers of yeast, and temperature in the contaminated vessel have a great deal to do with off-odor production.1,9,10,17
There are two major hypotheses to explain why B. bruxellensis decarboxylates the 4-vinylphenol to the 4-ethylphenol form. One theory states that Brettanomyces derives some energy from the transformation in the form of a small electron gradient and thus formation of a small amount of useful ATP. We like this theory since Oenococcus oeni does the same thing with the conversion of malic to lactic acid and can derive the same benefit.18 One might theorize that a H+ ion gradient might develop and any excess may be “dumped” to gain ATP.
The second theory is that Brett is detoxifying the p-coumarate via decarboxylation and reduction to 4-vinylphenol. After all, if S. cerevisiae does it, why not Brettanomyces bruxellensis? There is nothing in the literature yet to support either claim. Thus, this question of “why” is something which needs to be looked into. The bottom line is that more basic physiological work needs to be done on as many strains as we can obtain through the system.
Where is Dekkera/Brettanomyces found?
Brett is ubiquitous. That is to say, anywhere in the world that you look for it, if you look hard enough, you will find it. In the vineyards, in water, in soil, in the grape must, in the cold room, fermentation tanks, on concrete floors, and in barrels.
Brettanomyces bruxellensis gets established in a winery when cellar hygiene is not under control, when SO2 is not used appropriately, when barrels or infected containers are neglected and allowed to absorb oxygen from the air. Brettanomyces are unique in that they utilize the “Custer’s effect,” a means of completing alcoholic fermentation in the presence of a small amount of oxygen.1,4,15
We must not forget the fungistatic effect of SO2 on Brett. Maintaining 80ppm total SO2 (< pH 3.5) will keep Brett from growing. Also, temperature is critical. Growth is much faster above 20ºC and essentially stops below 8ºC. Filtration can physically eliminate Brett. Part of the larger problem of Bretty wine is that some winemakers are following fashion and bottling wines without filtration.
Brett can be monitored, but not controlled. Barrels that are not monitored and topped up frequently are susceptible to blooms of Brettanomyces. As far as what to do about this, winemakers may want to consider what has happened with the European livestock industry.
When you go to Europe now, you may be asked to walk through a disinfectant shoe bath to prevent the spread of viruses and other potentially harmful organisms that you might have dragged in. The same should go for the winery, especially in the cellar. Think of where that visitor’s feet have been and then ask him to bag his/her shoes.
When a hose is used to clean the floor of juice or spilled wine, aerosolized microbes travel through the air and onto the wall, barrel, or transfer hose next to it. They also travel when winemakers visit sites heavily contaminated without disinfecting their shoes and changing clothes before working with wine.
We are not suggesting that wineries should become clean rooms. However, a little advanced thought and precaution may help to lessen the incidence of contamination. One day, work in the winery, the next day, work anywhere you like, but do not enter the cellar after handling other equipment or visiting another winery or grapes without breaking the cycle for possible entry of organisms into the winemaking areas. Brett will come in on grapes and be killed by good vinification and sanitation practices. There is no need to introduce yeast from your friend’s winery to yours.
There are indications that Brett comes into the winery with the grapes. The fact that it is present in low numbers makes it difficult to isolate, but given enough time, a few are enough to grow to numbers large enough to cause problems. Likely more common is entry with wine or barrels from other wineries. 
The most important issue is that Brett seems to bide its time waiting for a good time to emerge. A small population of Brett might be waiting in a barrel or somewhere else in the winery environment, waiting for the right conditions to grow!
If you are dealing with Brettanomyces infections in one or two barrels, isolate them and use different dedicated equipment (if possible) to work with them. If you can, filter the wine in the barrels and clean the barrels prior to dosing with sulfur. You may want to store the filtered wine in something else for a while and perhaps consider using it (after it is verified stable) for blending.
The work of Mark Sefton et al. has shown that oak barrels, which are infected with B. bruxellensis can not be effectively sterilized.23 Neither careful washing and rinsing with sulfited water, nor shaving and firing, or ozone treatment can sterilize a barrel. Due to the large internal volume and porous nature of the oak, not all Brett can be removed or killed.7,23
NASA shares a problem similar to that of winemakers: when there is an incident in the middle of a mission (or vintage), it can be disastrous and unrecoverable. For this reason, engineers at NASA got together and developed the Hazard Analysis and Critical Control Points (HACCP) program. This is really a philosophy of checking and re-checking valuable points in a system to make sure that there is a recoverable solution, should something fail. Thus, once an infected barrel is discovered, it must be considered contaminated throughout its useful life in the winery. Wine inside the barrel should be filtered, sulfited, and tested for the absence of Brett prior to blending away or bottling. Taking a chance to blend away bad aromas is not the solution.
As winemakers struggle with weird contamination patterns, even in the presence of good cellar hygiene, locating the sources of contamination will be too late to be of use in most cases. Use of sterile plastic pipettes in lieu of a single thief would help to greatly reduce the chance for Brettanomyces inoculation.
Sampling equipment can be sterilized by boiling for 15 minutes. It can also be sterilized with 70% ethanol. Paul Henschke adds: “…non-‘sporing’ bugs like Brettanomyces can be killed by hot water exposure for 10 minutes or 70% ethanol for 5 minutes (Fitting a condom to the thief is extremely effective for controlling Dekk [sic] infection!!)” 
Brett-free wine (filtered, pasteurized, or treated with Velcorin®) for topping barrels will help in the same regard. Keeping barrels topped-up with no splashing will delay the growth of indigenous “Brett” populations by restricting that extra oxygen they like. The best way to exclude O2 is to bung tightly and leave the barrel alone!!
That brings up another point: to micro-oxygenate or not? Well, Dr. Ralph Kunkee (UC Davis) and a few other microbiologists who know Brettanomyces would advise strongly against it unless you had a very good monitoring program for things such as 4-ethylphenol, 4-ethylguiacol, and plating on specialized media. Wine testing laboratories usually provide this for a moderate fee.
Unfortunately not all Bretty aromas and off-flavors can be detected or monitored in the same way as 4-ethylphenol and plating is often too slow. Therefore, new methods need to be developed to prevent Brettanomyces growth or to detect them in a viable state early in the wine’s storage.23 
In our experience, we could not correlate the concentration of 4-ethylphenol directly to numbers of viable B. bruxellensis. Nor could we rely solely upon the inability to detect 4-ethylphenol to verify the absence of Brett in a survey of local wines. We do however favor this method as a proactive measure to monitor the alterations an active population of Brett can incur on a barrel over time. 
Effect of Brettanomyces on wine aromas and flavors
Primary effects observed in wines infected by Brett include a loss of fruitiness and an increase in the overall complexity of the wine in the short term. In the long run, increases in noxious aromas such as Band-Aid®, creosote, burnt rubber, and a general loss of fruity and floral aromas is apparent. 
In a study at a prominent California winery, three vintages were followed for development of brettiness and the alterations of other components in wine. Most significantly, the aroma and flavor compounds associated with varietal impact suffered the greatest conversion to noxious compounds.
Cinnamic acids (such as p-coumaric) can add to the floral and “honey-like” aromas of wine. Since Brett converts these compounds to stay viable in the bottle for a long time, it makes sense that those delicate aromas would go away with prolonged Brett activity. Gas chromatography-olfactometry (GCO) showed just this effect at the winery mentioned previously. Medicinal and metallic aromas and percepts replaced the floral ones.1
There are different degrees or types of brettiness in wines. Not all Brett-defects are noticeable to all people. Some people have an anosmia (inability to smell) to the “animal” and “barnyard” attributes that are common to affected wines, some are more sensitive to the “plastic” aromas (such as 4-ethylphenol). Both groups of chemical compounds have very different odor thresholds and most people do not have the receptors to detect them all.1,21
It is also important to remember that several compounds determined to be in Brett-affected wines were shown to have similar “plastic” aromas yet very different detection thresholds in taste panels.1 The odor threshold of 4-ethylphenol in water is approximately 50 ng/L. That of 4-ethylguaiacol is 500 ng/L. In concert with other odorants with similar thresholds, there is an additive effect for the taster in a wine. Brett can be a very complex phenomenon in rich wines.
 “Mousiness” is another attribute blamed on Brettanomyces bruxellensis and on some Lactobacillus bacteria. A “mousy” wine is detected as an aftertaste, not as an odor. “Mousiness” is created by isomers of 2-acetyl-tetrahydropyridine and 2-acetyl-1-pyrroline, which are oxidized in the taster’s mouth and experienced retro-nasally.14,24 These compounds are commonly associated with bread crust, stale popcorn, and mouse urine. 
The odor threshold for the 2-acetyl-tetrahydropyridines is approximately 1.6 ng/L! Moreover, Dr. Paul Henschke and coworkers have shown that all Brettanomyces and Dekkera species tested can produce mousy off-flavor as well as acetyltetrahydropyridines.24
What does the future hold for Brett?
Within the next five years, a molecular detection method will be developed that will yield enumeration results in one day. Our laboratory has continued to develop methods for this purpose. Currently, work is being done on probes that are specific to Brettanomyces bruxellensis gene sequences having a claimed specificity of 100%.22
There are problems with detection of any organism when using DNA methodologies. One problem is that DNA is relatively stable (and so are some types of RNA). If these molecules are detected and no viable cells of B. bruxellensis are actively changing your wine, then you have a false positive result. Meaning, Brett looks to be there, happily altering the fruitiness factor and it really isn’t.
DNA technologies are so sensitive that false positives are a real issue facing developers of molecular detection methods. However, traditional plating methods can yield false negatives just as easily (e.g. non-growing Brett don’t make colonies on a plate but they do metabolize cinnamic acids?).
Another big issue is who will pay for it? When one considers that a barrel of wine may be worth $4,000 or more, a $50 bi-monthly test to detect and enumerate Brettanomyces prior to any perceivable off-odor and flavor problems might be worth just as much. The cost of the equipment to do such work would be great at first, but detection of Brett in barrels prior to sensory threshold via chemical and molecular methods might pay off in just a few years! Look for such services at commercial wine labs soon.
The wine industry has been slow to adopt molecular typing and detection methods. Wine producers haven’t had to because microbes, which survive in wine are not pathogenic. The food industry has borne the brunt of the expense in development of standard protocols and equipment. Now we have a golden opportunity to use these methods if we can overcome the cultural inhibition and cost limitation in wine that prevent their everyday use.
Finally, we think someone needs to look at the ability of the enzymes responsible for conversion of precursors into unpleasant odors in a test tube. What really does happen when Brettanomyces bruxellensis yeast cells rupture and release all of their contents into the wine? Can the enzymes that were once contained within the cell now continue to alter the wine in the same negative way? For how long does this happen? That idea sends chills up your spine if you are a winemaker.
Conclusion: Perception is everything
Several winemakers have proposed theories for why reactions might occur in a wine contaminated by Brett. Others have proposed solutions that would take a lot of time to put into effect, if only for the stigma attached to them, for the management of Brett in the winery. Among these controversial topics are the proposed use of commercial beverage sterilants and flash pasteurization.
Topics discussed here are meant to further the general knowledge of Brettanomyces and as a review of current literature regarding general problems associated with Brettanomyces infections in wineries. Brettanomyces is still a red-hot issue compared to other problems in viticulture and the economics of running a winery. So where is the funding for research?
Some in the industry have stepped away from the issue entirely and proclaimed a natural symbiotic relationship between good wine and Brett that winemakers should embrace.
Some people that we have spoken to regarding the “good Brett” idea, believe it to be an excuse for producing a faulty wine. After all, if a wine was made under conditions that promoted a specific good Brettanomyces bruxellensis strain, any of the other “bad” strains may compete, so where would any sense of control over production be implemented? Perhaps in strain selection and in selective filtering.
One wine buyer told us that he was disappointed in the winemakers and wine writers that promote “Brettiness” in wine. He had believed until now, that the era of making what he called “dirty wine” was over. We have a few more years of very basic research ahead of us before one can completely claim a manageable impact from Brett. It seems that the wine industry has selected Brett and a few other specific organisms based on their abilities to compete in tiny niches.
But we are scientists, so we would say that. If it were possible to have that sort of microbiological control in a dynamic biological system, I think winemakers would welcome discussion of it. Until then, we think Brettanomyces will continue to consume time in debates over research funding. That is why wineries are doing their own basic work in the discoveries of Brettanomcyes bruxellensis behavior.
By the way, if anyone has a strain or two that they want to send us, please do so! We are building a database of characteristics and molecular markers so that when someone discovers a specific subtype of B. bruxellensis that produces only positive attributes in a red wine, we can have some information about it. The most important thing we have learned in working with Brett is to keep consumer perception in mind.
Several years ago, one bottle of red wine was purchased in California specifically to take back to the lab and plate for Brettanomyces bruxellensis. The “stink” was strong with this one. One could barely bring it to one’s mouth! We had seen similar wines from France that were over five-years-old that produced odors which were much worse, but this was the most “French character” we had ever seen in a wine from California or New York.
I could only afford to buy one bottle ($25) and I could not justify the expense for a case of such a faulty wine to bring back for a wines course, but now I wish I had. The lesson that it teaches is important. The winemaker’s tasting notes stated that this was their finest representation of a Bordeaux blend. They heralded its arrival just in time for the Millennium. Recently the winery sold its last bottle for a lot more than $25. Just something to consider when you are staring at the ceiling late at night wondering what Brett is doing to your wine.
On the other hand, wines have been received for analyses in our laboratory which exhibited “some” Bretty aromas which were certainly in line with specific regional characteristics and which had been rejected by wine buyers apparently for their Bretty character. The cost of rejection for a wine due to over sensitivity to Brett is not only damaging to profit margins for a winery, but its reputation as well.	

Acknowledgement
The authors wish to thank Drs. Ralph Kunkee and Dr. Paul A. Henschke for their insightful and thoughtful reviews of this work. We also thank Dr. Jonathan Licker for in depth research into the historical aspects of the issues. Finally, we thank Dr. Carl Shively for his comments to this important topic.
References
1. Licker, J. L., “The sensory analysis and Gas Chromatography-Olfactometry (GCO) of wines with ‘Brett’ flavor.” Master’s Thesis. Cornell University Department of Food Science and Technology. May, 1998.
2. Clausen, N. H., “On a method for the application of Hansen’s pure yeast system in the manufacturing of well-conditioned English stock beers.” Journal of the Institute of Brewing. 1904, 10, 308-331.
3. Herderich, M.; Costello, P.J.; Grbin, P.R.; Henschke, P.A. “Occurrence of 2-acetyl-1-pyrroline in mousy wines.” Nat. Prod. Let. 7: 129–132; 1995.
4. Kurtzman, C. P. and J. W. Fell (Eds.), “The Yeasts: a taxanomic study” 4th Edition. 1998. Elsevier Press, Amsterdam, The Netherlands. 
5. Dickinson-J-Richard. “‘Fusel’ alcohols induce hyphal-like extensions and pseudohyphal formation in yeast.” Microbiology (Reading) 142 (6). 1996. 1391-1397.
6. Boekhout, T., C. P. Kurtzman, K. O’Donnell and M. T. Smith, “Phylogeny of the Yeast Genera Hanseniaspora (Anamorph Kloeckera), Dekkera (Anamorph Brettanomyces, and Eeniella as Inferred from Partial 26S Ribosomal DNA Nucleotide Sequences.” International Journal of Systematic Bacteriology. 1994, 44 (4) p. 781-786
7. Kunkee, R., Personal communication in review of this manuscript. 2001
8. Millet-V. Lonvaud-Funel-A., “The viable but non-culturable state of wine micro-organisms during storage.” Letters in Applied Microbiology. 30 (2). Feb. 2000. 136-141.
9. Egli C.M., Henick-Kling, T. “Identification of Brettanomyces/Dekkera species based on polymorphism in the RNA internal transcribed spacer region.” Am. J. Enol. & Vitic. (accepted 5/2001)
10. Mitrakul C.M., Henick-Kling, T, Egli C.M. “Discrimination of Brettanomyces/Dekkera yeast isolates from wine by using various DNA fingerprinting methods.” Food Microbiol. 16:3-14; 1999.
11. Wright, J. M., and Parle, J. N. “Brettanomyces in the New Zealand wine industry.” New Zealand Journal of Agricultural Research 1974, 17, 273-278.
12. Arvik, T. “Brett 101: Overview of Brettanomyces, ist Occurence, Growth and Effect on Wine Flavors.” Presentation: Vinquiry’s MegaBrett Symposium. Santa Rosa, CA. June 6, 2001.
13. Heresztyn, T. “Metabolism of volatile phenolic compounds from hydroxycinnamic acids by Brettanomyces yeast.” Archives of Microbiolgy 1986, 146, p.96-98.
14. Heresztyn, T. “Formation of substituted tetrahydropyridines by species of Brettanomyces and Lactobacillus isolated from mousy wines.” Am. J. of Enol. & Vitic. 1986, 37, p. 127-132.
15. Custers, M. T. J. “Onderzeokingen over het Gistseglacht Brettanomyces.” Thesis, Delft University, 1940.
16. Freer-S-N., Dien-B-S., Matsuda-S., and Bothast-R-J. “Acetic acid production by Brettanomyces yeast.” Abstracts of the General Meeting of the American Society for Microbiology. 100. 2000. Abstract number 503.
17. Chatonnet, P., D. Dubourdieu and J. N. Boidron “The influence of Brettanomyces/Dekkera sp. Yeasts and lactic acid bacteria on the ethylphenol content of red wines.” Am. J. of Enol. &Vitic. 1995, 46, p. 463-468.
18. Cox, D. J. “Studies on the energetics and growth benefit of malolactic fermentation in lactic acid bacteria.” Ph.D. Dissertation, Cornell University, 1991.
19. Cavin, J. F., V. Andioc, P. X. Etiévant, and C. Divies “Ability of wine lactic acid bacteria to metabolize phenol carboxylic acids.” Am. J. of Enol. & Vitic. 1993, 44, p. 76-80.
20. Cox, Donald J., and Henick-Kling, Thomas. “Proton-motive force and ATP generation during malolactic fermentation.” Am. J. of Enol. & Vitic. 46 (3). 1995, p.319-323
21. Lawless, H. T. and Heymann, H. “Sensory Evaluation of Food;” Chapman & Hall: New York, 1998.
22. Stender, Henrik, Kurtzman, Cletus. Hyldig-Nielsen-Jens-J. Sorensen-Ditte. Broomer-Adam. Oliveira-Kenneth. Perry-O’Keefe-Heather. Sage-Andrew. Young-Barbara. Coull-James. “Identification of Dekkera bruxellensis (Brettanomyces) from wine by fluorescence in situ hybridization using peptide nucleic acid probes.” Applied and Environmental Microbiology. 67 (2). February, 2001 p. 938-941
23. Pollnitz, A.P.; Pardon, K.H.; Sefton, M.A. “4-Ethylphenol, 4-ethylguaiacol and oak lactones in Australian red wines.” Aust. Grapegrower & Winemaker (438): 45–52; 2000
24. Grbin, P.R.; and Henschke, P.A. “Mousy off-flavor production in grape juice and wine by Dekkera and Brettanomyces yeasts.” Aust. J. Grape Wine Res. 6: 255–262; 2000.
25. Boulton, R. B., V. Singleton, L.F. Bisson and R. Kunkee. Principles and Practices of Winemaking. 1996. Chapman & Hall Publishers New York, NY.

