
A Review of the Role of Microbes in Stuck and Sluggish Fermentations and Wine Spoilage 
&   

Developing a Survey to Address Microbial Issues Facing New York State Wineries    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A Thesis 

Presented to the Faculty of the Graduate School 

Of Cornell University 

In Partial Fulfillment of the Requirements for the Degree of 

Master of Professional Studies in Agriculture and Life Sciences 

Field of Food Science and Technology (Enology emphasis)  

 

 

 

 

 

 

 

 

 

By 

Casey Byrne 

 December 2020 



 2 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© 2020 Casey Byrne 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 3 

ABSTRACT 
 

Microbial issues have been and continue to be a serious issue for the wine industry. Stuck and 

sluggish fermentations, as well as most spoiled wines are caused by microbes. These issues have 

serious financial implications on production. Research on the impact of these issues is limited, 

especially in the northeast. The goal of this project was to conduct a review of microbial issues 

facing winemakers in order to develop a survey. The goal of the survey was to better understand 

the scope of these issues in New York state, as well as highlighting specific regional challenges. 

A greater understanding of the scale and specific nature of microbial issues in New York state 

can help dictate the nature of future projects.  
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Review of Stuck and Sluggish Fermentations 

The stories and legends of how humanity first discovered alcohol are as old as the 

beverages themselves. Whether it was grapes and yogurt in the Mediterranean, apples and honey 

in Northern Europe, wheat and barley in Asia, or corn and cacti in the Americas - ancient people 

all over the world found something to ferment (Alba-Lois and Segal-Kischinevzky 2010).  It is 

likely humans first discovered alcohol by accident and spent the next few thousand years 

attempting to perfect the art through trial and error, with emphasis on the error (Chambers and 

Pretorius 2010). 

One thing these early experimenters and current winemakers share is a multitude of ways 

to make errors. Aside from producing off-flavors and aromas, significant errors resulted in either 

stuck and sluggish fermentations, or a spoiled final product. While scientific understanding of 

fermentation has greatly increased since the first appearances of alcoholic beverages, stuck and 

sluggish fermentations, as well as spoilage, continue to be prevalent issues in the winemaking 

industry, due to their complex natures and inherent logistical complications. Thousands of years 

ago, a bad batch of wine was simply disappointing- today it can be financially devastating. Both 

stuck and sluggish fermentations, and spoilage are either directly caused by, or related to, 

microorganisms in the wine. Before delving deep into problematic fermentations, the role of 

microorganisms in wine must be understood more generally.  

Role of Microbes in Healthy Wine Fermentations  

The early creators of alcoholic beverages had little idea of what was taking place during 

fermentation. In 1755, once yeast had been observed and identified, they were still defined by 
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Samuel Johnson in the Dictionary of the English Language as "the ferment put into drink to 

make it work; and into bread to lighten and swell it" (Alba-Lois and Segal-Kischinevzky 2010). 

This definition highlights that, at the time, yeast were not considered to be alive, but rather an 

organic chemical that caused fermentation to occur. It was not until the eighteenth and nineteenth 

centuries that our modern understanding began to take shape. This was in large part thanks to the 

work of Louis Pasteur, and those who pushed his work further (Alba-Lois and Segal-

Kischinevzky 2010). Pasteur was the first to observe and prove that yeast was responsible for 

fermentation. However, at the time, the theory of vitalism was in vogue, and thus limited the 

usefulness of his discoveries (Bechtel and Richardson 1998). Vitalism is the belief that “living 

organisms are fundamentally different from non-living entities because they contain some non-

physical element or are governed by different principles than are inanimate things” (Bechtel and 

Richardson 1998). Attitudes were changed in part thanks to the German chemist Eduard 

Buchner’s work on fermentation. Buchner ground up yeast cells in order to kill them.  He then 

added these dead, ground-up yeast to a sugar solution. Thanks to the presence of enzymes, some 

of the sugars were converted to ethanol. As a result, Buchner was able to show that fermentation 

still occurred, even without living yeast. This helped to dispel the theory of vitalism and allowed 

for modern biochemistry to take hold (Barnett and Lichtenthaler 2001).    

Saccharomyces 

The yeast involved in wine production can be split into two general categories, yeast that 

are of the genus Saccharomyces, and those that are not. Saccharomyces is the yeast primarily 

responsible for the conversion of sugars to ethanol and CO2, with Saccharomyces cerevisiae 

being the most common in wine production. Traditional cell respiration converts glucose to CO2 

and ATP at a rate of 36 moles of ATP per mole of glucose. The cell utilizes the oxygen available 
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in the environment as an electron acceptor to restore redox balance. Fermentation, on the other 

hand, only produces 2 moles of ATP per mole of glucose (Waterhouse et al. 2016). While it is 

more beneficial from an energy perspective for the cells to respire, the Crabtree effect states that 

when there is a high enough concentration of glucose, such as in juice, the cells will ferment, 

even in the presence of oxygen (De Deken 1966).  

There are currently two main theories as to why this occurs. First, the rate hypothesis is 

based on the idea that biomass does not increase as quickly during respiration compared to 

fermentation, despite a more efficient use of glucose during respiration (de Alteriis et al. 2018). 

The second hypothesis is related to environmental constraints, specifically competition. Many 

microorganisms are not able to survive in high ethanol concentrations. By rapidly increasing the 

concentration of ethanol and decreasing available nutrients, the number of non-Saccharomyces 

will decrease (de Alteriis et al. 2018). While the exact reasons behind why cells convert glucose 

to ethanol and CO2 are still coming to light, the details of the metabolic pathways are more 

thoroughly understood.  

Fermentation is just one part of the metabolic process carried out by yeast in a high 

glucose environment. Figure 1 highlights some of the critical steps along the pathway (originally 

published in Fraenkel 2011).  The first major step is glycolysis, where glucose is broken down 

into pyruvate. During this process polysaccharides, lipids, and amino acids are made available to 

the cell; these nutrients are critical for cell growth. Glycolysis creates a redox imbalance, an 

excess of NADH, which must be restored further down the metabolic pathway, or else metabolic 

activity will cease. When cells are respiring the electron transport chain uses electrons from 

NADH to produce ATP, restoring the redox imbalance. However, as previously mentioned, S. 

cerevisiae prefers to ferment even in the presence of oxygen. In this case, fermentation is used to 
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resolve the redox imbalance. During fermentation the two pyruvates created by glycolysis are 

broken down by pyruvate decarboxylase into two acetaldehyde, producing two CO2 in the 

process. Alcohol dehydrogenase then converts the two acetaldehyde into two ethanol, and two 

NADH become two NAD+, restoring the redox imbalance created during glycolysis (Waterhouse 

et al. 2016).  

Fermentation is not the only metabolic pathway utilized by yeast during wine production 

(Figure 1). The pentose phosphate pathway and citric acid cycle are both used to produce the 

amino acids, lipids, and glycerol needed for cell growth and adaptation. Nutrient requirements 

will vary based on the fermentation conditions and the specific strain of yeast. The primary role 

Figure 1 The order, inputs, and outputs of common carbon metabolic pathways in yeast cells. 
It is important to note that not all carbon is used directly for ethanol production. Originally 
published in Fraenkel 2011. 
 



 12 

of Saccharomyces is to convert sugar to ethanol, but the secondary compounds produced during 

these metabolic processes have a large impact on aroma and flavor.  In addition to having 

different nutrient requirements, different strains have different levels and activities associated 

with their enzymes which will also cause the aromatic and flavor compounds, as well as their 

precursors, to vary significantly (Fleet 2003). These differences are some of the ways in which 

both fermentation conditions and yeast strain selection have significant impacts on the finished 

wine. 

 Non-Saccharomyces 

The second category of yeast found in wine production is non-Saccharomyces species. 

Saccharomyces cerevisiae is one of the most widely studied organisms on earth. However, even 

with all of this research, there are still areas that are not fully understood. In comparison, non-

Saccharomyces yeast has not been exhaustively studied like Saccharomyces cerevisiae and the 

majority of non-Saccharomyces research has been conducted rather recently. Additionally, there 

are a wide variety of non-Saccharomyces species, making the field of study incredibly broad 

(Jolly et al. 2014). In addition to this broad scope and relatively new research, there are a few 

commonalities and generalizations that can be made about their role in wine production.  

The first thing many of these species have in common is the time at which they are 

present and active during fermentation. Grapes enter the winery with a very small amount of 

Saccharomyces cerevisiae. According to some research, Saccharomyces cerevisiae is found on 

only one in one-thousand berries (Mane et al. 2017). The rest of the yeast are non-

Saccharomyces, and the majority of these tend to be species that favor respiration (Capozzi et al. 

2015). Species that favor respiration struggle once fermentation begins because the high levels of 

CO2 limit the amount of oxygen available (Ciani et al. 2010). This leads to a decrease in non-
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Saccharomyces shortly after fermentation initiates. Additionally, many of these species have 

much lower ethanol and/or temperature tolerances than Saccharomyces cerevisiae. As 

fermentation progresses, the environment becomes less tolerable for many of these organisms. 

For these reasons, non-Saccharomyces impact occurs primarily before and at the start of 

fermentation.  

The effects of non-Saccharomyces are wide-ranging, but can also be categorized into 

several main impacts, ranging from positive, negative, or neutral. The production of different 

enzymes can result in increased extraction of phenolic compounds from the grapes, as well as an 

increase in the release of sugars and other molecules (Jolly et al. 2014). The molecules released 

can have an immediate impact on the aroma, or act as precursors for aromas compounds formed 

later in the winemaking process. Whether or not these impacts are positive or negative depends 

greatly on the yeast strains,  juice composition, fermentation kinetics, and the desired style of the 

finished wines.  

Technological advances have greatly improved the ability to identify and study more 

species and strains of non-Saccharomyces in greater depth. This new knowledge has given rise to 

an increasing number of hybrid commercial yeasts, which aim to maximize the positive attributes 

of both Saccharomyces and non-Saccharomyces yeasts (Ciani et al. 2010).  

Bacteria 

 Bacteria in wine are typically thought of as spoilage organisms. The one exception is 

lactic acid bacteria (LAB), which are responsible for malolactic fermentation (MLF). Bacteria 

have a diverse effect on wine and can, directly and indirectly, affect flavor and aroma. The 

potential negative effects will be discussed further in the section covering bacterial spoilage. 

LAB carries out MLF by converting malic acid into lactic acid. By most definitions this is not 
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considered a true fermentation, however, it has become part of the winemaking vernacular. The 

loss of a carboxylic acid group from malic acid when converted to lactic acid results in a 

reduction in titratable acidity, and as a result perceived sourness decreases as well (Waterhouse 

et al. 2016).  

 The four LAB present in wine are Lactobacillus, Leuconostoc, Pediococcus, and 

Oenococcus (Bartowsky 2009). Oenococcus is primarily responsible for MLF, with Oenococcus 

oeni being the preferred commercial strain. Oenococcus oeni creates a proton gradient through 

MLF to increase ATP production. O. oeni has been selected for its ability to tolerate wine pH 

and ethanol concentration, conditions in which many other strains struggle to thrive (Lonvaud-

Funel 1999). In addition to reducing sourness, MLF can also produce a number of volatile 

compounds and their precursors. The production of these other chemicals depends largely on the 

bacterial strain, the composition of the wine, and the conditions of the fermentation. These 

compounds will be discussed further in the spoilage section.   

Stuck and Sluggish Fermentations 

 Diagnosing the cause of stuck and sluggish fermentation, by its very nature, a difficult 

thing to do. Traditionally in scientific experiments, there are dependent and independent 

variables that alter the outcome of the experiment. The various outcomes can then be analyzed 

based on the adjusted variables to draw conclusions about their effect. With problematic 

fermentations, this is not possible. There is a single undesirable outcome spurring from a 

plethora of potential variables, all of which can act individually or in combination, and only a 

fraction can be controlled.  
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 A stuck fermentation is defined as having more residual sugar than desired in the wine 

when alcoholic fermentation is completed (Bisson 1999). A stuck fermentation can occur at any 

point of the fermentation and the severity of the problem is often dictated by when this arrest 

occurs. When a fermentation stops shortly after starting it will maintain high levels of residual 

sugar and low ethanol concentrations. These conditions are known to be favorable to yeast and  

the fermentation can be fairly simple to restart. Low sugar content and high ethanol levels 

increase the difficulty in restarting the fermentation. Ensuring the yeast are properly adjusted to a 

high ethanol environment can be challenging and time-consuming.  

Having more sugar than desired at the end of fermentation presents multiple problems to 

the winemaker. First, if the residual sugar is greater than the sensory threshold, the wine will be 

perceived as sweeter and is unlikely to meet stylistic goals. The second problem is residual sugar 

is a yeast nutrient. The conditions inside the fermentation vessel may have halted fermentation, 

but so long as sugar and yeast are present, there is the possibility for spontaneous fermentation. 

Spontaneous fermentation can occur during the aging process, altering the alcohol content of the 

wine, as well as the sensory profile. Undesired fermentation can also occur after bottling with 

much more dramatic results. If the CO2 released by the fermentation is sealed in the bottle, the 

wine will carbonate. Enough carbonation can result in exploding bottles, sticky warehouses, and 

large financial loss.  

A sluggish fermentation is defined as taking longer than average to reach low residual 

sugar, and ultimately presents a multitude of problems (Bisson 1999). One of the main issues 

with a sluggish fermentation is that it is often an indication the fermentation will struggle to 

complete and become stuck. This is problematic for all previously stated issues associated with 

stuck fermentations. Additionally, a sluggish fermentation may not be producing enough CO2 to 
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protect the wine from oxidative spoilage causing the need to employ more extreme antioxidant 

measures (Bisson 1999). It is also commonly discussed that fermentation kinetics have a 

dramatic impact on the sensory profile of wines. Therefore, slow fermentation is likely to have a 

significant impact on the style of wine. Slow fermentation can also be an issue because it allows 

time for other microbes to proliferate and become problematic. Finally, sluggish fermentation 

can present logistical problems in the winery.  A facility that needs to utilize tanks multiple times 

during harvest is going to face challenges if fermentations are not completed in a timely fashion. 

Currently, observing a decrease in the rate of sugar consumption is the only way to identify if a 

fermentation is sluggish or likely to become stuck. While the identification of a problematic 

fermentation remains challenging, the mechanisms behind the problems are fairly well-

understood thanks to research in laboratory settings.  

Role of Saccharomyces in stuck and sluggish fermentations 

The two primary environmental mechanisms that can cause stuck and sluggish 

fermentations are those which can cause a decrease in cell viability or a decrease in cell activity. 

This occurs in a number of ways in the cell but is primarily related to carbon metabolism. 

Saccharomyces cerevisiae uses a number of hexose transporters to facilitate the diffusion of 

sugar into the cell at a rate compatible with the current catabolic rate (Gancedo 1998). These 

transporters have varying levels of affinity for glucose and some other hexose sugars (fructose, 

mannose, galactose). Rather than control the levels of transporters, the cell is able to create or 

degrade an entire class of transporters. This adjustment of transporters by affinity level provides  

a more rapid cell response. There are a number of environmental conditions that can cause the 

metabolic rate to slow or stop completely (Gancedo 1998). These can be broadly categorized as 

nutrient limitations and fermentation conditions.  
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Nutrient limitation 

Nutrient limitation has been studied extensively as a primary cause of stuck and sluggish 

fermentations. There are a variety of both macro and micro nutrients that are needed for  

successful fermentation. These nutrients can be divided into those needed for the stationary 

phase and those needed for growth. However, these lists are not mutually exclusive. The three 

main categories needed are an energy source, amino acids, and compounds that protect the cell 

from the effects of ethanol (Bisson 1999). Fortunately, most of the nutrients needed for 

fermentation are present in ample quantities in grape juice leaving the list of common nutrient 

deficiencies much shorter than the list of required nutrients.  

Vitamins and Minerals 

Similar to humans, yeast cells use vitamins and minerals for numerous biochemical 

reactions. Yeast is able to produce many, but not all, required micronutrients (Perli et al. 2020). 

Yeast nutritional needs are also important for the development of synthetic media so that the 

yeasts can be grown and studied in laboratory settings. The review by Perli and colleagues from 

2019 extensively documents the effects of various vitamin and mineral deficiencies on specific 

biochemical processes. Diagnosis of these deficiencies can be difficult because the required 

levels of micronutrients are low. A sample from a poorly mixed tank will not accurately depict 

the chemistry of the juice, and could easily lead to a misdiagnosis. Additionally, compounds in 

grapes are disproportionately distributed between the skins, seeds, and pulp, (Waterhouse et al. 

2016). This means when fermenting with solids, there is the potential for more compounds to be 

released during the process.  



 18 

Yeast Assimilable Nitrogen 

Nitrogen is the most well-studied nutrient deficiency leading to stuck and sluggish 

fermentations. Ammonium and free amino acids are the main sources of nitrogen in grape must. 

Of these amino acids, proline is the most common in must. However, it is not utilized by yeast in 

fermentation conditions. Yeast assimilable nitrogen (YAN) is the nitrogen that is available to the 

yeast and is critical for protein synthesis and electron transport (Waterhouse et al. 2016).  

Many studies have been conducted on various scales, utilizing different grape varieties 

and yeast strains, to study the effects of YAN levels on fermentation and sensory profiles of 

finished wines. A comprehensive review of the literature was compiled by Bell and Henschke in 

2005 documenting nitrogen from the vineyard to the bottle. The review concluded that both 

shortages and excesses of YAN can be detrimental to fermentations: 

Low must YAN leads to low yeast populations and poor fermentation vigour, 
increased risk of sluggish/stuck/slow fermentations, increased production of undesirable 
thiols (e.g. hydrogen sulfide) and higher alcohols, and low production of esters and long 
chain volatile fatty acids. High must YAN leads to increased biomass and higher 
maximum heat output due to greater fermentation vigour, and increased formation of 
ethyl acetate, acetic acid and volatile acidity. Increased concentrations of haze-causing 
proteins, urea and ethyl carbamate and biogenic amines are also associated with high 
YAN musts. The risk of microbial instability, potential taint from Botrytis-infected fruit 
and possibly atypical ageing character is also increased. (Bell and Henschke 2005) 

 
As with all other nutrients, there will be variation amongst yeast strains for YAN 

requirements. Additionally, the form of YAN used to supplement the juice can play an 

important role in the final wine. Diammonium phosphate (DAP) is a common addition made 

in wineries to adjust YAN. DAP only increases ammonium ions, rather than the amount of 

amino acids (Bell and Henschke 2005). Therefore, it is possible to have the appropriate level 

of YAN, but still deprive the yeast of certain amino acids. This can lead to the production of 

off aromas.     
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Oxygen 

 In the context of winemaking, oxygen is often seen as the enemy. Oxidative wines can be 

considered flawed and have many undesirable characteristics. However, oxygen is critical in the 

growth and management of the yeast cell membrane, which in turn is critical to biomass 

accumulation. The formation of vital growth compounds, such as sterols and unsaturated fatty 

acids, is impossible under anaerobic conditions (Varela et al. 2012). The sterols and fatty acids 

are critical to controlling membrane fluidity, structure, and permeability, which are key factors in 

yeast environmental stress tolerances, including ethanol tolerance (Gómez-Plaza and Cano-

López 2011). Additionally, oxygen plays an important role in the development of cell 

mitochondria (O’Connor‐Cox et al. 1996).  

 Unlike other causes of stuck and sluggish fermentations, oxygen deprivation can be 

easily corrected, so long as it is caught early in the fermentation process. Oftentimes, a series of 

rackings or similar techniques can provide enough oxygen for the fermentation to resume. As 

this is inexpensive and minimally time-consuming, it is often one of the first tools used by 

winemakers to ameliorate a stuck and sluggish fermentation, even when the exact cause is 

unknown. 

Fructose 

The sugars in grape juice are composed of approximately equal parts glucose and 

fructose, with a small amount of sucrose and trace amounts of other minor sugars (Waterhouse et 

al. 2016). It has been observed that there is more fructose than glucose at the end of 

fermentation, leading to speculation that high levels of fructose could contribute to stuck and 

sluggish fermentations (Berthels et al. 2004). Berthels et al. conducted numerous experiments 
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with multiple yeast strains, concluding the unlikeliness of this theory.  Additionally, there are 

known mechanisms that do not support this theory. As previously mentioned, hexose transporters 

are used to bring sugars across the cell membrane. These transporters have a high affinity for six-

carbon rings, which is the form of almost all glucose in grape juice. Fructose, on the other hand, 

is present at about 30% in the five-carbon ring form, which has a lower affinity for transport 

(Wrolstad 2012). The tendency for glucose to be in a form with higher affinity leads to the 

expectation that fructose, with lower affinity, will remain at the end of the fermentation. This is 

strong evidence suggesting the presence of fructose at the end of fermentation is correlated with 

stuck and sluggish fermentations rather than a cause.  

Fermentation Conditions 

 Fermentation conditions refer to all conditions and compounds that are not considered 

nutrients. These are conditions that can be controlled for in the winery, or in the case of pH and 

titratable acidity, adjusted for through chemical means. It is often easy to identify fermentation 

conditions as a potential cause for stuck and sluggish fermentations, as they are controlled for. 

However, that does not mean they are always easy to remedy.  

Temperature 

 Temperature affects the membrane fluidity of yeast cells. At very low temperatures, the 

reduced fluidity restricts transporters and the cells are not able to remain active (Bisson 1999). 

Extreme cold temperatures are usually not an issue in a winery setting unless there is a 

refrigeration malfunction. Extremely high temperatures, however, are a more common concern. 

At these high temperatures, the membrane becomes too fluid to function properly and 

transporters disassociate quickly (Bisson 1999).  
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On a commercial scale, large tanks with rigorous fermentations can generate enough heat 

to raise the temperature to a degree that is not compatible with yeast, and some cells may become 

damaged. Without an appropriate cooling system, these fermenations have a high potential to 

‘cook’, irreversibly damaging the yeast and causing a stuck or sluggish fermentation. The use of 

heating systems presents a second concern in a commercial setting. Many facilities utilize 

heating systems to initiate fermentation after a cold soak. If the heating system is not closely 

monitored and stopped at the appropriate time, the same ‘cooking’ can occur. If a stuck 

fermentation results from overheating, it can be one of the easiest identifiable causes, so long as 

temperatures were recorded. However, identifying the cause of the problem does not change the 

fact the fermentation has stopped and will require additional attention.    

pH 

The impact of pH on stuck and sluggish fermentations is two-fold. Saccharomyces 

cerevisiae is able to readily ferment in juices with a pH range of 2.8 - 4.2 (Boulton et al. 2013). 

At extreme low pH levels, both growth and fermentation are severely limited due to the 

denaturing of proteins, as well as a decrease in ethanol tolerance (Pampulha and Loureiro-Dias 

1989). The typical pH range of juice is 3-4. While a juice pH of 2.8 is indeed low, it is not 

unexpected, especially in cool regions with short ripening seasons. In these conditions, the 

winemaker must closely monitor the fermentation for sluggish conditions. Blending with another 

wine to increase the pH before fermentation can be advantageous. Additionally, the selection of a 

low pH tolerant strain will be critical for success.  

The second impact pH can have on slowing or stopping fermentation occurs at high pH 

conditions.  As the pH increases, the types of bacteria and other microorganisms that can survive  
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increases. These microorganisms can have a number of adverse effects on fermentation and the 

final wine product. This will be discussed further in later sections.  

Ethanol Toxicity 

 As global temperatures continue to rise, many wine regions are growing grapes with 

higher sugar concentrations. An increase in juice sugar concentrations leads to higher ethanol 

levels in the wine, which can present technical winemaking challenges as well as sensorial ones. 

Even though S. cerevisiae has a relatively high ethanol tolerance, wine conditions can still cause 

ethanol toxicity, especially in less robust strains. Ethanol impacts the cell membrane; in high 

ethanol conditions, the cell membrane contains high levels of unsaturated fatty acids and 

ergosterol (Bisson 1999). A shortage in either fatty acids or ergosterol has been shown to cause 

sluggish fermentations (Bisson 1999). While the mechanisms behind ethanol toxicity are 

complex and not completely understood, it is important for winemakers to select a strain with 

tolerance to predicted ethanol levels.  

Must Clarification 

Must clarification is a process carried out for the production of white wine, especially in 

the case of moldy or damaged fruit (Waterhouse et al. 2016). Over clarification has been 

suggested to cause stuck and sluggish fermentations, though the exact mechanisms are still being 

researched. Nutrient limitation is one potential result that could explain how over clarification 

may cause stuck and sluggish fermentations. Under anaerobic conditions, yeast cannot 

biosynthesize the sterols or unsaturated fatty acids needed for the cell membrane (Waterhouse et 

al. 2016). Soluble solids contain fatty acids and sterols that yeast cells may be able to use and 

their removal by clarification could be a cause for the fermentation issues due to an inability to 
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remodel the cell membrane at higher ethanol levels (Tesnière et al. 2013). Additionally, 

ergosterol has been shown to play a critical role in yeast viability and is found in lower levels 

after clarification (Tesnière et al. 2013). Another possibility is that solids are thought to help 

remove various inhibitory compounds from the juice. Yet another possibility is thought to result 

from the loss of yeast nucleation sites or the locations where CO2 bubbles can form. All of these 

theories need to be studied further before definitive conclusions can be drawn.   

Biological Toxins 

 There are a number of biological toxins that can be present in grape juice. These come 

from molds, fungal response, pesticides, and non-Saccharomyces yeast (see next section). Molds 

present in grapes may produce mycotoxins, which can affect Saccharomyces. However, more 

research is needed to understand their effects in a complex matrix, such as grape juice and wine 

(Bisson 1999).  

The grapevine itself is also capable of producing toxins to deal with fungal infections. 

The plant can secrete compounds that degrade the fungal cell wall as an immune response. As 

yeast cells are fungi, it is highly likely these toxins would also affect yeast (Bisson 1999).  The 

presence of residual pesticides and fungicides used in the vineyard is also thought to be a 

potential cause of stuck and sluggish fermentations. Many of these chemicals are known to be 

toxic, though not at the levels typically found in grape samples. Identifying these toxins presents 

a potential difficulty as they may have a delay and cause issues later in the fermentation (Bisson 

1999). Competent vineyard practices should be enough to ensure this is not an issue. 

Additionally, it is known that many of these harmful elements may settle out of the wine. 

Elemental sulfur added in the vineyard has been shown to have negative effects on wine, 
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however, clarification prior to fermentation is successful at reducing levels by 95% 

(Kwasniewski et al. 2014). 

Role of Non-Saccharomyces and Bacteria in Stuck and Sluggish Fermentations 

Nutrient Depletion 

 Non-Saccharomyces yeast and bacteria play many similar roles in stuck and sluggish 

fermentations. As previously discussed, levels of non-Saccharomyces yeast are at their highest 

before, or at the start of fermentation. Non-Saccharomyces species of yeast have a wide range of 

nutritional requirements and can strip juice of nutrients needed by Saccharomyces species 

(Medina et al. 2012). Interestingly, beyond affecting just stuck and sluggish fermentations, it has 

been shown that the nitrogen source preference of non-Saccharomyces has an impact on the 

volatile chemicals produced during fermentation (Gobert et al. 2017). Bacteria present in the 

juice can also deplete vital nutrients.  

Killer Factors 

A second potential concern is the production of ‘killer factors’ by these other microbes. 

Hansenula and Kluyveromyces are both known to produce killer factors active against 

Saccharomyces. There is also a wide variety of toxins that can be produced by various bacteria. 

Lab work has shown that the effects of these killer factors are highly dependent on the 

media/environment (Bisson 1999). Further work is needed to demonstrate the role and severity 

of these effects at a commercial scale in an actual grape juice or must fermentation.  
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Compatibility 

Finally, there are compatibility issues with Saccharomyces and some strains of malolactic 

(ML) bacteria. These interactions vary greatly from strain to strain and it is imperative the 

winemaker ensures their selected strains are compatible. Further research on this topic continues 

to discover more information about the mechanisms responsible. It is known that certain strains 

are particularly troublesome. Lactobacillus kunkeei, the “ferocious lactobacilli,” has been shown 

to be particularly inclined to cause stuck and sluggish fermentations (Edwards et al. 1998). While 

Lactobacillus kunkeei should be avoided by winemakers, it is interesting to note it is a critical 

probiotic for honey bee and hive health (Bisson et al. 2016). It has been shown that the guts of 

social wasps are most likely a reservoir for S. cerevisiae (Stefanini et al. 2012). If the same holds 

true for honey bees, it would be fascinating to study the relationship between the evolution of S. 

cerevisiae and Lactobacillus kunkeei in such a unique environment.  
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Review of Microbial Spoilage 
 In addition to causing stuck and sluggish fermentations, problematic microbes can also 

cause spoilage. Levels of spoilage can vary. Both thresholds and preferences differ among 

individuals. This makes defining ‘spoiled’ difficult, as what one person or culture considers 

spoiled, another may consider perfection (Loureiro and Malfeito-Ferreira 2003).  Just as with 

stuck and sluggish fermentations, there are a number of different microbes responsible for 

various types of spoilage in wine.    

Role of Yeast in Spoilage 

Saccharomyces and non-Saccharomyces 
There is a multitude of ways yeast can spoil wine. One of the most common is the 

production of undesirable flavors and aromas. This can occur by both Saccharomyces and non-

Saccharomyces yeast. Many of the factors which cause stuck and sluggish fermentations also 

cause an increase in the production of undesirable aromas and flavors. This can happen for a 

number of biochemical reasons. Often nutrient limitations alter the metabolic pathway in the 

yeast and increase the production of undesirable compounds (Waterhouse et al. 2016).  

Hydrogen sulfide (H2S) is a prime example of a spoilage compound that has been 

extensively studied in wine. H2S is produced by yeast at various points during fermentation, has 

a very low sensory threshold, and an undesirable rotten egg aroma. This combination makes 

wines with elevated H2S levels likely to be considered spoiled or at least low quality. Through 

their work at the University of California, Davis, Dr. Bisson and her team were able to alter the 

expression of the MET17 gene in yeast, which adjusted enzyme production resulting in the 

production of negligible H2S during fermentation (Spiropoulos and Bisson 2000). This work 
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highlights the importance of both strain selection and juice composition on yeast’s likelihood to 

spoil a wine.  

 Brettanomyces  

 The most notable spoilage yeast is Brettanomyces bruxellensis, the anamorph of Dekkera 

bruxellensis, commonly referred to in the wine industry as Brettanomyces or simply Brett. 

Brettanomyces is able to survive in the winery outside of wine and can easily take hold in a 

facility. Brettanomyces does not need glucose as a carbon source, and as a result, is often found 

in wood, such as barrels. Additionally, it is very difficult to clean the porous interior surface of a 

barrel, oftentimes leading to Brettanomyces surviving even the most thorough attempts of 

cleaning. Brettanomyces’ affinity for wood lends itself to primarily being a problem in premium 

red wine production. The majority of premium red wines are barrel-aged. Additionally, 

Brettanomyces has a high SO2 tolerance, thus, it is resistant to the most common antimicrobial 

used in winemaking (Alston et al. 2020). 

Brettanomyces produces four primary aromatic compounds: 4-ethylphenol or 4-EP 

(described as having the aromas of Band-aids®, antiseptic, barnyard, and horse stable); 4-

ethylguaiacol or 4-EG (described as having aromas of smoked bacon, spice, or cloves); 4-

ethylcatechol or 4-EC (described as having a horsey aroma); and isovaleric acid (described as 

having an unpleasant smell of sweaty animals, cheese, and rancidity) (Alston et al. 2020). 

Depending on the concentration, some of these compounds can be beneficial. However, at high 

levels they are considered flaws.  

In addition to these four compounds, which are commonly associated with 

Brettanomyces, Brettanomyces also produces significant amounts of acetic acid in the presence 

of oxygen. It is hypothesized that this is a strategy to limit the growth of other competing 
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microbes (Alston et al. 2020). Acetic acid has the sensory characteristics of vinegar and is one of 

the primary components of volatile acidity (VA), another common wine flaw.  

The effects of Brettanomyces and the mechanisms behind them are complex and 

scientific knowledge continues to grow. In addition, modern genomic technology has shown 

there is a high level of diversity among the strains of Brettanomyces. Taking these two factors in 

combination illustrates why Brettanomyces remains an issue to this day. As Brettanomyces has a 

significant financial impact on wineries, it is an area of study that continues to gain more 

Figure 2 Summary of bacterial pathways leading to spoilage aroma and flavor compounds of 
wine. Originally published in Bartowsky 2009.  
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attention. Unfortunately, but understandably, many winemakers do not want the public to be 

aware of when they have spoilage issues. This, in turn, makes it difficult to fully gauge the scope 

of the problem.    

 

Role of Bacteria in Spoilage 

 There are two families of bacteria commonly found in wine. There are four genera of 

Lactic Acid Bacteria (LAB), as mentioned previously, and two genera of Acetic Acid Bacteria 

(AAB)  Acetobacter and Gluconobacter, all of which can produce spoilage characteristics 

(Bartowsky 2009). Careful attention must be paid to the presence of these bacteria to avoid 

spoilage. Many of the secondary metabolites produced by both LAB and AAB can cause 

spoilage. Figure 2 illustrates many of those pathways, the responsible bacteria, and the sensory 

impact (originally published in Bartowsky 2009).   

Lactic Acid Bacteria 

 The LAB responsible for MLF have previously been discussed. However, this is not the 

only metabolic pathway used by LAB. Citric acid is metabolised by LAB once malic acid has 

been depleted. The consumption of citric acid leads to the production of diacetyl, which has a 

buttery aroma (Fugelsang and Edwards 2006). While this is a desired characteristic in some 

styles, for others it is considered a flaw.     

 Another significant flaw that can be produced by LAB is mousy taint, known for the 

distinct aftertaste of rodent bedding, or soggy corn chips. The unpleasant flavor lingers on the 

back pallet and into the top of the throat. The cause of this problem appears to be the 
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heterofermentative production of nitrogen-heterocyclic compounds exclusively by LAB 

(Bartowsky 2009). Interestingly, some of the chemical and sensory wine flaws associated with 

LAB and Brettanomyces are shared, making it difficult to diagnose the culprit based on only 

chemical or sensory methods (Joseph et al. 2017). 

Acetic Acid Bacteria 
 As the name “acetic acid bacteria”  describes,  AAB produces high amounts of acetic 

acid. Additionally, AAB produces acetaldehyde and ethyl acetate. These compounds are pungent 

and solvent-like, with the most common descriptor being nail polish remover (Bartowsky 2009). 

In addition to causing off-aromas, acetaldehyde can also bind SO2, decreasing the concentration 

available for microbial stabilization of juice/wine. All of these compounds are produced by the 

oxidative metabolism of ethanol, meaning that wines are particularly vulnerable to AAB during 

maturation. Careful monitoring of barrels, including topping, can help mitigate risk. 
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Practical Implications 

 Stuck and sluggish fermentations, and spoilage are both complex challenges in the 

winemaking industry. There are numerous causes and mechanisms which all lead to the same 

final outcome. Understanding the nature of the problems, as well as the mechanisms behind 

them, is critical to advancing scientific knowledge, and helping develop solutions to the 

problems facing the wine industry. Dr. Bisson’s work towards developing strains that do not 

produce H2S demonstrates how a fundamental understanding, down to the genetic level, can help 

develop practical improvements that can be applied at the commercial scale. However, due to the 

complexity of the problem, a more holistic approach to the problem still has merit.  

Complexity of the Problem 

 While it is easy to suggest taking a holistic approach, implementing such an approach can 

be much more challenging. As previously mentioned, there is no way to know if a fermentation 

is going to become stuck or sluggish until it becomes sluggish. If there was a way to identify 

potentially problematic fermentations, they would likely be remedied and not become 

problematic. This makes both lab and commercial-scale research challenging. If a group of wines 

has a high potential for becoming stuck and sluggish, there is an introduction of inherent bias 

when categorizing the juice. If samples are selected randomly, there is no guarantee that enough 

of the fermentations will become stuck or sluggish to yield statistically significant results. 

Ideally, the problem would be studied by multiple commercial wineries. Collecting 

samples from each lot of juice and freezing them before fermentation would create a catalog of 
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data. If fermentations became stuck and sluggish, extensive research could be done on the frozen 

samples and samples from the stuck fermentation. To date, no such study has been conducted.   

Scale of the Problem 

 The primary reason to conduct a survey of the microbiological challenges facing wineries 

is that the scale of the problem is simply unknown, especially in New York state. Published 

statistics on the incidence and prevalence of stuck and sluggish fermentations are non-existent. 

There is some limited information on spoilage, particularly with Brettanomyces. A recent paper 

published by Alston et al. performed a case study on the economic impact of Brettanomyces on 

three wineries in California (Alston et al. 2020). The study highlights how detrimental the 

problem can be, especially for high-end producers. The three wineries all suffered significant 

financial losses due to Brettanomyces. These losses were reported in millions of dollars. Beyond 

financial losses, it was estimated that wineries spend .5-5% of their operating costs seeking to 

prevent, detect, and mitigate Brettanomyces (Alston et al. 2020). Notably, this survey was only 

of three wineries, in a single state, and focused on a single spoilage organism. The scope of these 

issues is therefore likely much larger. It is clear that Brettanomyces has a significant financial 

impact in the wine industry, and more research into the extent of the problem is warranted.    

Prevention and Resolution 

 There are a number of common strategies used to remediate stuck and sluggish 

fermentations. Some are more involved than others. A critical aim of the survey was to 

understand which remedial techniques were being used by winemakers in the specific region and 
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their successes with these techniques. The most common remediation measures are explained 

briefly below.  

 One of the first, and usually easiest, adjustments most wineries are equipped to make is 

temperature. Temperature is usually measured at least daily, and many wineries are equipped 

with heating and cooling systems to adjust the temperature automatically. In situations where this 

is not possible, it is common to perform a pump-over or delastage (racking to mix the fermenting 

juice/wine with the grape material in the cap) to utilize the decrease in thermal mass and ambient 

temperature to cool the wine.   

 A second common remedy is the addition of oxygen. Oxygen is a critical nutrient and is 

also relatively easy for most wineries to add to their fermentations. Pumpovers, when 

implemented with a Venturi system or splashed through a screen, supply additional oxygen to 

fermentations. Large commercial facilities will often have the capacity to bubble oxygen directly 

into the tank at a predetermined rate to help control the yeast biomass.  

 If neither of these two methods is successful, things become a bit more challenging. 

There are a variety of products on the market that claim to be able to supplement the various 

nutrients which cause stuck and sluggish fermentations (“Scott Labs Recommended Method to 

Restart Stuck Fermentations | Scott Laboratories”). These products often contain fatty acids and 

other compounds needed for the cell membrane. The success of these products seems to vary 

greatly, most likely because these products only address a very limited number of the causes of 

stuck and sluggish fermentations. Additionally, if the yeast cells are no longer viable, simply 

supplying needed nutrients will not resurrect them and restart the fermentation.  

When all else fails, it is time for an inoculation. Different inoculation protocols are 

required depending on the amount of residual sugar. If there is still an acceptable level of sugar 
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in the juice/wine for the selected yeast strain, a winery will often simply re-inoculate directly. 

When the ethanol levels become too high, the process is more complicated. The yeast must be 

slowly acclimated to the high ethanol of the stuck fermentation. This takes time, and usually a 

good amount of water. This can be costly and affect the final sensory profile of the wine. In a 

worst-case scenario, the juice may contain toxins and would need to be treated/remediated before 

reinoculation, which would incur further expense.
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Development of a Survey 
 In order to better understand the problems facing wineries in New York State, a survey 

was developed to gain information on stuck and sluggish fermentations, as well as spoilage. A 

deeper understanding of the microbiological issues challenging wineries would allow for more 

targeted research intended to have a direct positive impact on local producers. In order for the 

survey to be successful, there were a few main considerations. 

First and foremost was the length of the survey. Winemakers and their associates are 

busy, and having respect for their time is critical to getting honest and complete feedback. The 

survey was designed to be completed in less than fifteen minutes. If a party was particularly 

interested, there is a secondary survey addressing specific instances of problematic fermentations 

and spoilage events. With this short design, however, the survey was intended to provide 

meaningful information. Anonymity for winemakers regarding problematic wines is of the 

utmost importance. No winemaker wants to develop a reputation for having had troublesome 

fermentations or spoiled wines. At the same time, if winemakers do not share the problems they 

are facing, there is no way to develop a solution to help.  

 The process of creating the survey began with a map. The map started with the target 

information of the survey and tracked back to create the most basic path of questions to follow. 

Sometimes paths intersected or branched, which helped to develop the line of questioning. Once 

the line of questioning was developed, it was whittled down to the most concise form possible.  

 The next step was to share the survey for feedback. It was shared with numerous 

members of the department as well as two world-class winemakers. All feedback was positive, 

requiring only some minor adjustments. Once in its final form, the goal was to conduct the 
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survey in person with as many winemakers as possible. Unfortunately, the Covid-19 Pandemic 

occurred and the completion of the survey has been delayed indefinitely. Hopefully, the work 

will be able to be continued shortly. The survey is included as appendix A.  
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APPENDIX A 

Goal 
The goal of this survey is to figure out what microbial issues winemakers are having in NY State.  
It could be executed state-wide, or by winemaking region (Finger Lakes, Eerie, Hudson River 
Valley, Long Island, etc.).  Once we understand the problems and economic impacts, we will be 
able to justify funding requests for research projects to address these issues.  Additionally, we 
will hopefully be able to help solve some of the issues simply through awareness of the problem 
and discussion of possible solutions. 
 
Additionally, the results of the survey will be collected and reported minimally at BEV-NY and 
on the extension webpage so that winemakers can get a sense of what sorts of issues people are 
having in their area.  This report will also include information regarding how to deal with these 
issues. 
 
Survey Code 
The survey code should contain the date that the survey was performed, in addition to a unique 
number associated with that winery; for example, if the 3rd winery you visit to survey is 
Skywalker Ranch Winery on May 4, 2019, here is the appropriate survey code: 190504-3 . 
 
This code will allow for ease in organizing the data, keeping track of survey dates, and matching 
individual stuck/sluggish or spoilage surveys with general winery information. 
 
Introductory remarks 

o Introduce yourself and the program you are representing 
o Describe the goal of this survey 
o Ask if a winemaker or somebody familiar with the process has time to go over some of 

the questions (and if not, is there a more conveient time for an in-person visit or phone 
call) 

o Make sure to let them know that their personal information will be anonymous in any 
report - we will not connect the name of a winery or winemaker to any specific instances 
of microbial issues in any public presentation of the data.  However, we will aggregate 
the data together to make summaries for different regions and the entire state. 

o Make sure to let them know that if they want to discuss any specific issues further, we 
can make sure they get an email/call from the extension program or a specific professor. 
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BASIC INFORMATION: 
              
Winery Name     Winery Address 
              
Annual Production (cases)   Red/White/Sparkling/Other (appx. percent) 
              
Contact Person     Contact Email/Phone 
  
GENERAL QUESTIONS: 
● Do you keep a record of troublesome/spoiled fermentations?     Yes No 
● If Yes, are you using it to assist in completing this survey?     Yes  No  
 
● What are your criteria for classifying a fermentation as Sluggish or Stuck? 

(e.g. number of consecutive brix readings/days with no change)  
 
 
● Last year how many stuck or sluggish ferments did you have out of how many total?   

o Is this typical, and if not what is typical (stuck/sluggish vs. total)?  Yes No 
 
● What fraction of your time is spent dealing with stuck or sluggish fermentations? 

o Is this typical, and if not what is typical?     Yes No 
 

● Have you noticed any trends or consistent issues associated with stuck/sluggish ferments? 
(e.g. vineyard, variety, pH, brix, low YAN/nutrients)    

 
● What are your criteria for classifying a wine as spoiled?   
 (e.g. based on the smell, or the results of a microbial analysis of the wine) 
 
 
● In the last year how much wine had microbial spoilage issues out of how much wine total?  

o Is this typical, and if not, what is typical (spoiled vs. total)?    Yes No 
  
● What fraction of your time is spent dealing with spoilage issues?   

o Is this typical, and if not, what is typical?     Yes  No 
 
 
● In general, what are the biggest microbiological issues you are facing?  

 
 

● Is there a specific issue or area you feel further conversation/investigation with Cornell 
researchers/extension would be beneficial?   
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DETAILED QUESTIONS RELATED TO STUCK/SLUGGISH FERMENTATIONS: 
to better understand what specific issues might have caused the stuck/sluggish fermentation 
 
● What was/were the grape variety(ies): 
 
● Have there been any recent changes to the vineyard or farming practices that correlate with 

stuck/sluggish fermentations?  
 
● Is the fermentation temperature controlled?     Yes      No 
 
● Wild or Commercial Yeast?  

o If Wild: 
Was this the only problematic wild ferment?    Yes  No 
Was commercial yeast used elsewhere in the facility?   Yes  No 

o If Commercial: 
What strain? 
What is your inoculation protocol? 
Was the yeast within date?     Yes  No  Unsure 

 
● Do you have information on the original grape must chemistry?  

(e.g. brix, pH, TA, YAN, etc.) 
 
 
 
● Was clarification/filtration performed before the problem occured?  Yes No 

o If yes, what and when? 
 
● What treatment/remediation was attempted?  

 
o If yes, what effect, if any, did this have on the final product? 

 
o If no, how did you determine it was unsuccessful, and what did you do next? 

  (e.g. after three days of mixing/oxygenating, still no change in sugars) 
 
 
● Are there any other details you think are relevant to this issue? 
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DETAILED QUESTIONS RELATED TO WINE SPOILAGE 
to better understand what specific issues might have caused the spoilage 
 
● Describe the spoilage issue? 

(e.g. mousy taint; strong acetic acid; Brettanomyces characteristics, etc.)  
 

 
 

● How and when did you discover there was a spoilage problem?  
(e.g. smelled the wine during barrel aging or got lab results back before bottling) 

 
 

● How much of the lot did the problem affect? (volume and percent of lot, if possible)  
 
 

● What was/were the grape variety(ies)? 
 
 

● What was the wine pH and was it ever adjusted (if so, when)?  
 
● Do you have information on the wine chemistry?  

(e.g. sugar, ethanol, VA, YAN, etc.) 
 
 
 
● How much and when was SO2 added?  

o What protocol is used for calculating and performing KMBS additions?   
o After addition, was SO2 directly measured (and if so, how)?    

 
 

● Was the spoiled wine stored in barrels? 
o If so, what is your SO2 and topping protocol for barrel aging? 

 
 
● What steps were taken to remediate this spoilage issue, and were they successful?  
 
 
 
 
● Are there any other details you think are relevant to this issue?  
 


