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PREFACE TO THE

SECOND EDITION

Organization of the large volume of material that needed to be included 
in Wine Microbiology was a diffi cult task as evidenced by the number of 
approaches attempted. The second edition is divided into three parts; 
Grape and Wine Microorganisms (Chapters 1 to 4), Vinifi cation and Winery 
Processing (Chapters 5 to 11), and Laboratory Procedures and Protocols (Chap-
ters 12 to 19). As subject areas frequently cross section or chapter bound-
aries, every effort was made to cross-reference related topics as a means 
to reduce diffi culties in fi nding information.

Section I, Grape and Wine Microorganisms, describes those microorgan-
isms found in grape must, juice, and wines; namely yeasts, lactic and acetic 
acid bacteria, and molds. Here, taxonomy, metabolism, nutritional require-
ments, and potential impacts on wine quality are areas of focus.

Section II, Vinifi cation and Winery Processing, addresses on those micro-
biological issues of practical importance to the winemaker. Included here 
is a general discussion of microbial management followed by in-depth 
examination of microbial ecology. This section also describes general 
principles of sanitation (Chapter 9), implementation of a quality control 
program (Chapter 10), and specifi c wine spoilage issues (Chapter 11).

xv



Section III, Laboratory Procedures and Protocols, begins with an introduc-
tion to the use of the microscope (Chapter 12) and follows with method-
ologies used to enumerate and identify wine microorganisms (Chapters 
13 through 16). Because organic and inorganic precipitates found in wine 
are often confused with microorganisms, methods of identifi cation as well 
as photomicrographs of typical precipitates are included in Chapter 17. 
Chapters 18 and 19 provide insight into designing a wine microbiological 
laboratory and related safety issues. The section ends with a glossary of 
terms commonly used by microbiologists.

xvi Preface to the Second Edition
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INTRODUCTION

The winemaking community worldwide continues to be a study of philo-
sophical contrasts. On the one hand, there are those winemakers and 
wineries that emphasize the “scientifi c” segment of winemaking through 
adoption of new research fi ndings and technologies. On the other hand, 
others prefer to embrace Old World traditions and thereby accentuate the 
“artistic” aspects associated with wine production. In writing this book, 
the objective was not to debate the relative merits and defi ciencies of either 
philosophy but, rather, to create a reference that was useful to enologists 
as well as to researchers and students globally.

Since publication of the fi rst edition of Wine Microbiology in 1997, the 
volume of new information and concepts has dramatically increased. 
Perhaps one of the most intriguing developments in the past decade has 
been application of “real-time” molecular methods. Based on similarities 
at the gene level, these methods have evolved beyond esoteric laboratory 
exercises to the point where real-world problems can be solved through 
rapid identifi cation of microorganisms. Another relatively new application 
has been the use of starter cultures of non-Saccharomyces yeasts, which yield 
wines that differ not only in fl avor and aroma profi les but also in structure. 

xix



Winemakers are also increasingly facing spoilage issues associated with 
Brettanomyces, Lactobacillus, Pediococcus, and Zygosaccharomyces, some of these 
being consequences of changes in viticultural practices (e.g., increased 
so-called hang-time).

Even with the tremendous increase in available information, a compre-
hensive understanding regarding the role of individual microorganisms 
toward wine quality as well as the impact of complicated interactions 
between microorganisms and processing techniques is lacking. A good 
example would be Brettanomyces, probably the most enigmatic and contro-
versial microorganism in the wine industry. Although initially thought of 
as a major threat, some winemakers are beginning to view Brettanomyces as 
a potential ally in the vintages of the new millennium. Hopefully, addi-
tional research and experience will provide winemakers with better micro-
biological control during vinifi cation, which, in turn, will lead to a 
continued increase in wine quality.

We sincerely hope that you fi nd the second edition of Wine Microbiology
informative and useful in your winery, laboratory, or classroom. If you 
have any feedback for the authors (potential errors, ideas for the third 
edition, and the like), please feel free to write or e-mail us. Cheers!

Kenneth C. Fugelsang and Charles G. Edwards
February 14, 2006

xx Introduction



SECTION I

GRAPE AND WINE

MICROORGANISMS



CHAPTER 1

YEASTS

1.1 INTRODUCTION

Yeasts represent the most important group of microorganisms to wine-
makers, because without Saccharomyces, producing quality wine would be 
impossible. Besides Saccharomyces, however there are many other genera 
and species present during vinifi cation that ultimately impact quality, both 
positively and negatively (Fleet and Heard, 1993; Fugelsang et al., 1993; 
Deak and Beuchat, 1996; Loureiro and Malfeito-Ferreira, 2003).

1.2 REPRODUCTION

For yeasts, classifi cation to the genus level requires demonstration of the 
presence or absence of a sexual phase in the life cycle. Sexual spores, 
called ascospores, are produced and upon germination yield the veget -
ative budding yeast. The absence of sexual spores during the life cycle 
results in the yeast being classifi ed as the anamorph or asexual (“imper-
fect”) form, whereas success in demonstrating the presence of sexual 
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4 1. Yeasts

spores indicates the teleomorph or sexual form (“perfect”). Based on 
criteria other than spore formation (e.g., utilization of specifi c nitrogen 
compounds, fermentation of specifi c sugars, etc.), anamorphs and teleo-
morphs are identical.

1.2.1 Sexual Reproduction

Although presumably occurring in nature, the presence of a sexual cycle 
normally requires growing the yeast isolate on a specialized medium 
(Section 15.3.2). Complete identifi cation of a particular isolate requires 
that an effort be made to verify the occurrence of a sexual phase. However, 
classifi cation based on the failure to demonstrate ascopore formation may 
or may not be correct because many factors infl uence sporulation. First, 
conjugation cycles may be cyclical in nature; that is, most activity occurs 
over a relatively short time and laboratory personnel may fail to examine 
cultures at the right time, or sporulation may be ephemeral with asco-
spores rapidly germinating to yield the vegetative yeast. Second, the isolate 
may be heterothallic and haploid and thus require a compatible mating 
type that may not be present in the culture. Finally, expression of the 
sexual cycle may be prevented due to chemical (e.g., high concentrations 
of glucose) or physical (e.g., temperature) conditions.

1.2.2 Asexual Reproduction

Budding represents the most frequently encountered form of reproduc-
tion and, in the case of wet mounts from juice or fermenting wine, the 
only form that will be seen. Budding of the mother cell initially yields a 
bud and, eventually, a daughter cell after separation. Under optimal condi-
tions, a single mother cell may bud many times during the cultivation 
period. However, under the restrictive conditions of fermentation, a single 
yeast will bud only three to four times. Here, the availability of oxygen, 
which is required for the formation of cell membrane precursors, limits 
further replication.

Yeasts exhibit several types of budding, which may be of diagnostic 
value. Among those isolated from fermenting and aging wine, multilateral 
and restricted polar budding are most frequently observed. Occasionally, 
yeasts that reproduce by fi ssion through the formation of cross-walls can 
be isolated.
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1.2.2.1 Multilateral Budding

Multilateral budding occurs on the “shoulder” area of the yeast where each 
bud arises at a location separate from others. As seen in the electron 
micrograph of Saccharomyces (Fig. 1.1), the mother cell is left with bud scars 
upon separation of daughter cells. The budding and separation cycle 
creates an increasing problem for yeasts during their fermentative phase 
of growth in that each cycle depletes the mother cell’s membrane by 
approximately one-half. Because cell membrane synthesis occurs under 
aerobic conditions, this limits asexual replicative cycles. As a result, most 
fermentations are completed by yeasts in the stationary (nonbudding) 
phase.

Budding patterns vary depending on culture age, physiological status, 
and the physical/chemical conditions of culture. For example, Dekkera/
Brettanomyces are described as reproducing asexually through multilateral 
budding. However, older cells may exhibit a cell shape suggestive of 

Figure 1.1. Saccharomyces cerevisiae showing characteristic bud scars left upon separation 
of daughter cells. Photograph provided by A. Dumont with the kind permission of 
Lallemand Inc.



6 1. Yeasts

restricted polar budding. Thus, within a microscopic fi eld, some cells can 
appear “box” or “rectangular” shaped, whereas others may be seen as 
“ogival,” “boat-shaped,” or “gothic arches.” Furthermore, a pseudomyce-
lium may also be produced.

1.2.2.2 Polar Budding

In contrast to multilateral budding, some native species found in the early 
stages of winemaking replicate by repeated budding at the same site(s). 
Known as polar budding, it can occur at one or two poles. In the case of 
Kloeckera and Saccharomycodes, budding occurs at either pole, giving rise to 
an older population of characteristic apiculate “lemon-shaped” yeasts 
(Fig. 1.2).

1.2.2.3 Fission

Fission reproduction is characteristic of the genus Schizosaccharomyces,
where formation of the daughter cell occurs without the constriction seen 
in the above-described types. In this case, formation of a cross-wall micro-
scopically similar to bacteria occurs between mother and daughter, 
followed by separation.

Figure 1.2. Kloeckera apiculata as viewed with phase-contrast microscopy at a 
magnifi cation of 1000×. Photograph provided with the kind permission of WineBugs 
LLC.



1.2.2.4 Pseudomycelium

Every winemaker has had occasion to note formation of a fi lm (or pellicle) 
on the wine’s surface. The fi lm arises as a consequence of repeated budding 
of oxidatively growing yeast and failure of daughters to separate from the 
mother cells. With time, the previously defi ned constriction between 
mother and daughter widens, giving the impression of mold-like multi-
cellular fi lamentation rather than a chain of yeast. The extent of pseudo-
mycelial development varies from several adhering cells with apparent 
constriction between mother and daughter cells to elaborate arrays in 
which elongate stem cells visually appear distinct from ovoidal side buds. 
The latter may themselves elongate, which leads to further branching. 
Proliferation results from not only growth of cells in the main chain but 
also budding and branching of side chains leading to fi lm formation that 
may rapidly cover the surface of wine.

The formation of a pseudomycelium is occasionally of diagnostic value, 
although several species of wine yeast including Saccharomyces are capable 
of this type of growth. Formation may be demonstrated by the use of slide 
cultures described in Section 12.6.

1.3 TAXONOMY

To distinguish yeasts that can produce ascospores from those that do 
not, mycologists use a dual taxonomy for classifi cation. Unfortunately, the 
nomenclature for anamorph/teleomorph combinations is frequently 
different. Examples of sexual/asexual or teleomorph/anamorph yeasts 
include Dekkera/Brettanomyces, Metschnikowia pulcherrima/Candida pulcher-
rima, Hanseniaspora uvarum/Kloeckera apiculata, and Torulaspora delbrueckii/
Candida colliculosa. Some yeasts only exist in the anamorphic form because 
sporulation has yet to be demonstrated (e.g., Candida vini).

Whereas yeasts are differentiated by taxonomists through assignment 
of various genera/species names, many winemakers use an informal system 
to group yeasts based on their morphology or other characteristics. For 
example, Kloeckera apiculata is often referred to as an “apiculate yeast” due 
to its lemon-shaped morphology. This yeast as well as others present in 
grape musts, such as Candida, Cryptococcus, Debaryomyces, Hansenula, Issatch-
enkia, Kluyveromyces, Metschnikowia, Pichia, and Rhodotorula (Section 6.2.1), 
are also called “native,” “natural,” or “wild” yeasts because they originate 
in the vineyard or winery. Some enologists have argued against the use of 
these terms because of the implication that other yeasts not included in 
this group are somehow “non-native” or “unnatural” (e.g., Saccharomyces or 
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Brettanomyces). Rather, the term “non-Saccharomyces yeasts” is now more 
commonly used to describe those yeasts commonly present in grape musts 
that are not of the genus Saccharomyces.

Yeasts found during and after alcoholic fermentation are also assigned 
to informal groups. For instance, yeasts that conduct the primary fermen-
tation (Saccharomyces) are sometimes called “fermentative yeasts” based 
on their metabolism. During the aging of wine, some yeasts (Candida,
Hansenula, and Pichia) can grow on the surface in the presence of 
oxygen. As a fi lm on the wine surface is commonly associated with this 
spoilage, these yeasts are collectively referred to as “fi lm yeasts” (Section 
11.2.3).

The so-called black yeasts (Aureobasidium pullulans) are occasionally 
isolated from grape and wine environments. Pfaff et al. (1978) considered 
Aureobasidium among related “yeast-like” organisms. Microscopically, the 
asexual vegetative cell is ellipsoidal to apiculate in appearance. Budding 
is multilateral, and there is a strong tendency to form a mycelium. On 
agar, early growth is seen as light-cream to tan. With age, colonies turn 
olive-green (suggestive of mold contamination) and eventually become 
black. At all stages, colonies appear mucoidal, with the edges often 
fringe-like.

The following descriptions come from various sources, but the abilities 
to ferment or oxidatively assimilate specifi c sugars were obtained from the 
most current edition of The Yeasts (Kurtzman, 1998a; 1998b; 1998c; Meyer 
et al., 1998; Miller and Phaff, 1998a; 1998b; Smith, 1998a; 1998b; 1998c; 
Vaughan-Martini and Martini, 1998a; 1998b). These descriptions were not 
complete in that the ability of a given yeast to ferment some sugars impor-
tant in grape musts/wines (e.g., arabinose and fructose) were not 
reported.

1.3.1 Candida

The anamophic genus Candida represents a very broad group with a 
number of species found in wines. The perfect or teleomorphic forms of 
Candida species are represented by a number of different genera including 
Issatchenkia, Kluyveromyces, Pichia, Metschnikowia, Saccharomyces, Torulaspora,
and Zygosaccharomyces (Deak and Beuchat, 1996). As such, Candida repre-
sents a group with a wide range of physiological characteristics. For 
instance, cells can appear microscopically as being globose, ellipsoidal, 
cylindrical, or elongate (Meyer et al., 1998).

In general, reproduction in the case of Candida is accomplished through 
multilateral budding. Various sugars may be fermented and nitrate may 
be assimilated depending on species. Of the sugars tested, Candida stellata



ferments and assimilates glucose, sucrose, and raffi nose. Another species 
(C. pulcherrima) ferments glucose but assimilates glucose, galactose, 
l-sorbose, sucrose, maltose, cellobiose, trehalose, melezitose, d-xylose, 
N -acetyl-d-glucosamine, ethanol, glycerol, d-mannitol, d-glucitol, α-
methyl-d-glucoside salicin, d-gluconate, succinate, and hexadecane (Meyer 
et al., 1998).

1.3.2 Dekkera

Many winemakers consider Brettanomyces and its sporulating equivalent 
Dekkera to be a threat to wine quality (Section 11.2.2). Worldwide, eco-
nomic losses due to these yeasts are very high, not only from overtly spoiled 
and unmarketable wines but also from wines of diminished quality that 
do not command their expected market price. Despite the traditionally 
negative conno tations surrounding Dekkera/Brettanomyces, some winemak-
ers question whether some degree of infection can be benefi cial in certain 
styles of wine. In these cases, the yeasts are thought to play a positive role 
in sensorial complexity as well as imparting aged characters in the case of 
some young red wines.

Brettanomyces was fi rst isolated from French, South African, and Italian 
wines in the 1950s (Sponholz, 1993). In early reports, van der Walt and 
van Kerken (1959; 1961) described the occurrence of B. intermedius and 
B. schanderlii in wines from South Africa. Although a number of different 
species of Dekkera/Brettanomyces have been previously described, D. anomala
(anamorph: B. anomalus), D. bruxellensis (anamorph: B. bruxellensis), 
B. custersianus, B. naardenensis, and B. nanus (Smith, 1998b) are currently 
accepted species (Smith, 1998a; 1998b). B. intermedius, B. lambicus, and B.
schanderlii are considered to be synonyms of D. bruxellensis (Smith, 
1998a).

Upon isolation, most laboratories rely on microscopic evaluation of cell 
morphology for identifi cation. Although cell shape certainly plays a role 
in identifi cation, caution must be applied when using this criterion. As 
previously noted, yeasts exhibit variable cell morphology depending on 
age, culture medium, and environmental stress. For example, Brettanomyces
grown on solid agar substrate may appear considerably different from 
Brettanomyces isolated in barrel-aged wine. Classically, Brettanomyces exhibits 
cell shapes described as boat-shaped or ogival (Smith, 1998a). Reminis-
cent of gothic arches, ogival cell morphology is commonly seen in older 
cultures (Fig. 1.3). Furthermore, less than 10% of the cells in a given 
population may exhibit this shape.

When grown on solidifi ed media (Section 13.5), colonies appear white 
to yellowish and may be glistening, moist and smooth, or dull and 
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wrinkled. Grown on malt agar containing 2% w/v calcium carbonate, the 
colonies appear white to cream-colored, ranging from shiny to dull. Edges 
are entire or lobate (D. anomala) or entire and undulating (D. bruxellensis). 
Ascospores appear hat-shaped or somewhat spherical with tangential 
brims. All species ferment glucose, and other carbohydrates such as 
galactose, sucrose, maltose, and trehalose may be fermented depending 
on strain. The species found in wines, B. anomalus and B. bruxellensis,
can be separated on the basis of lactose fermentation (most strains of 
B. anomalus ferment the sugar whereas B. bruxellensis does not) and succi-
nate assimilation (most strains of B. anomalus assimilate the acid whereas 
B. bruxellensis does not). Both species can also assimilate nitrate and some 
Brettanomyces can use ethanol as a sole carbon and energy source (Silva 
et al., 2004).

Species of Dekkera/Brettanomyces produce large amounts of acetic acid 
when grown on glucose (Freer, 2002). In fact, acetic acid production 
can be suffi cient to inhibit and eventually kill cultures maintained on 
unbuffered media. Thus, routine laboratory maintenance media contains 
2% w/v calcium carbonate to buffer against the acids produced (Section 
13.5). However, Brettanomyces tends to a slow growing yeast, often requiring 
several days for colonies to appear on solidifi ed media.

Figure 1.3. Brettanomyces as viewed with phase-contrast microscopy at a magnifi cation of 
1000×. Photograph provided with the kind permission of WineBugs LLC.



Probably the most signifi cant diffi culty in successful routine laboratory 
identifi cation of Dekkera and Brettanomyces lies in the fundamental require-
ment to demonstrate the presence (or absence) of a sexual phase. Dekkera
requires a sporulation medium that includes augmentation with several 
vitamins (Section 15.3.2.4). However, Ilagan (1979) noted that even under 
ideal conditions, relatively poor sporulation (<1%) can be observed. As 
the yeast is not known to form spores in wine, suspect isolates are reported 
as Dekkera/Brettanomyces or, simply, “Brett-like.”

1.3.3 Hanseniaspora

Hanseniaspora forms ovoid or spherical (young cultures) or apiculate or 
lemon-shaped (older cultures) cells as shown in Fig. 1.2. Vegetative repro-
duction is by budding at both poles (Smith, 1998c). Ascospores (one to 
four per ascus) are spherical and can become hat- or saturn-shaped. The 
species most commonly found in grapes, H. uvarum (anamorph: Kloeckera
apiculata) ferments only glucose and assimilates glucose, cellobiose, 2-
keto-d-gluconate, and salicin. The microorganism will also grow in the 
presence of 100 mg/L cycloheximide. Species of Hanseniaspora tend to be 
fructophilic in that most prefer fructose over glucose (Ciani and Fatichenti, 
1999).

1.3.4 Issatchenkia

Species within this genus exhibit multilateral budding as well as pseudo-
mycelia. One to four ascospores that appear roughened are formed. 
Glucose is fermented while nitrate is not assimilated. One species found 
in grape juice or wines, I. orientalis (anamorph: Candida krusei) appears as 
ovoidal to elongated cells. I. orientalis assimilates glucose, N -acetyl-d-
glucosamine, ethanol, glycerol, dl-lactate, and succinate (Kurtzman, 
1998a).

1.3.5 Metschnikowia

Like some other yeasts, Metschnikowia also forms multilateral buds as well 
as pseudohyphae. Asci produce one to two needle-shaped ascospores 
without any terminal appendages. A species found in grape musts or wines, 
M. pulcherrima (anamorph: Candida pulcherrima), ferments glucose and can 
assimilate a number of compounds including glucose, galactose, l-sorbose, 
sucrose, maltose, cellobiose, trehalose, melezitose, d-xylose, N -acetyl-d-
glucosamine, ethanol, glycerol, d-mannitol, d-glucitol, α-methyl-d-glucose, 
salicin, d-gluconate, succinate, and hexadecane but not nitrate (Miller and 
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Phaff, 1998a). The species can assimilate various nitrogen sources includ-
ing cadaverine, l-lysine, ethylamine, and tolerates 10 mg/L cycloheximide 
but is completely inhibited by 100 mg/L. Some species produce pulcherri-
min, a brown/red pigment (Pallmann et al., 2001)

1.3.6 Pichia

A number of different species of Pichia are recognized including two found 
in wines, P. anomala (anamorph: Candida pelliculosa) and P. membranifaciens
(anamorph: Candida valida). Another species, P. guilliermondii (anamorph: 
Candida guilliermondii) has also been recovered from grape musts and 
from winery equipment in contact with grape musts but not wines (Dias 
et al., 2003a). The cells microscopically appear as ovoid, ellipsoidal, or 
cylindrical and reproduce vegetatively by multilateral budding. A pseudo-
mycelium may be poorly developed or absent. Colonies on solid media are 
white or cream, dull, and usually wrinkled. Ascospores (one to four per 
ascus) can appear spherical, hemispherical, hat- or saturn-shaped.

Depending on species, various carbohydrates can be fermented and 
nitrate may be assimilated. P. anomala ferments glucose and sucrose 
and assimilates glucose, sucrose, maltose, cellobiose, trehalose, raffi nose, 
melezitose, soluble starch, ethanol, glycerol, erythritol, d-mannitol, d-
glucitol, α-methyl-d-glucoside, salicin, dl-lactate, succinate, citrate, and 
nitrate (Kurtzman, 1998b). P. membranifaciens weakly ferments glucose and 
assimilates far fewer compounds than P. anomala (glucose, N -acetyl-d-
glucosamine, and ethanol).

P. anomala, formerly Hansenula anomala (Deak and Beuchat, 1996), has 
limited fermentative abilities but can grow oxidatively as a fi lm yeast. When 
growing fermentatively, P. anomala is capable of producing 0.2% to 4.5% 
v/v alcohol along with potentially large amounts of acetic acid, ethyl 
acetate, and isoamyl acetate (Shimazu and Watanabe, 1981). Acid utiliza-
tion by this yeast may also be substantial, resulting in decreased titratable 
acidity and upward pH shifts (Sponholz, 1993).

1.3.7 Saccharomyces

As described by Vaughan-Martini and Martini (1998a), Saccharomyces
appear microscopically as globose or ovoidal cells with multilateral budding 
and possibly pseudohyphae (Fig. 1.4). The yeast forms one to four asco-
spores, which are smooth and ellipsoidal. Colonies appear smooth, usually 
fl at, and occasionally raised and opaque. The two primary species found 
in wines, S. bayanus and S. cerevisiae (anamorph: Candida robusta), ferment 
glucose, sucrose, and raffi nose and assimilate glucose, sucrose, maltose, 
raffi nose, and ethanol but not nitrate. Saccharomyces can not utilize fi ve-
carbon sugars (e.g., pentoses).



Over the years, there have been numerous changes to the taxonomy 
of the genus Saccharomyces (Vaughan-Martini and Martini, 1995). In fact, 
Vaughan-Martini and Martini (1998a) listed a total of 97 synonyms for 
S. cerevisiae. As an example, S. carlsbergensis was initially reclassifi ed as S.
uvarum, a species that later became S. cerevisiae race uvarum, which then 
became S. pastorianus. Currently, S. cerevisiae and S. bayanus are thought to 
be either two separate species (Vaughan-Martini and Martini, 1998a) or 
the same species that differ slightly so as to be different races (Boulton 
et al., 1996).

1.3.8 Saccharomycodes

This genus is represented by a single species, Saccharomycodes ludwigii,
which appears as lemon-shaped cells with blunt tips, sausage-shaped, 
curved, or elongated with a swelling in the middle (Fig. 1.5). At times, 
cells are single or appear in pairs or groups of three (Miller and Phaff, 
1998b). Asexual reproduction is by bipolar budding. Saccharomycodes
produces one to four smooth, spheroid ascospores with a small subequa-
torial ledge. Sugars fermented include glucose, sucrose, and raffi nose 
while compounds assimilated are glucose, sucrose, raffi nose, glycerol, 

Figure 1.4. Saccharomyces as viewed with phase-contrast microscopy at a magnifi cation of 
1000×. Photograph provided with the kind permission of WineBugs LLC.
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cadaverine, and ethylamine but not nitrate. Growth is apparent in the 
presence of 1 mg/L cycloheximide but is inhibited by 10 mg/L.

1.3.9 Schizosaccharomyces

Cells of Schizosaccharomyces may be cylindrical, ovoid, or even spherical 
(Vaughan-Martini and Martini, 1998b). Of the yeasts found in grape juice 
or wine, this genus uniquely reproduces by fi ssion. Mycelia may form and 
asci produce two to eight spherical or ellipsoidal ascospores. The primary 
species found in grape musts or wines, S. pombe, ferments glucose, sucrose, 
and maltose and can assimilate glucose, sucrose, maltose, raffi nose, and 
d-gluconate. This species cannot use ethanol as a sole carbon source or 
nitrate as a nitrogen source.

1.3.10 Zygosaccharomyces

Zygosaccharomyces comprises nine species (Kurtzman, 1998c), of which Z.
bailii, Z. bisporous, Z. rouxii, and Z. fl orentinus have been isolated from grape 
musts or wines. Saccharomyces rouxii and Zygosaccharomyces barkeri are syn-
onyms of Z. rouxii (Deak and Beuchat, 1996).

Figure 1.5. Saccharomycodes ludwigii as viewed with phase-contrast microscopy at a 
magnifi cation of 1000×. Photograph provided with the kind permission of WineBugs 
LLC.



Zygosaccharomyces microscopically appears as spherical, ellipsoidal, or 
elongate cells with multilateral budding and possibly pseudohyphae 
(Kurtzman, 1998c). Ascospores are smooth, spherical, and ellipsoidal with 
one to four per ascus. A number of sugars are fermented depending on 
the species, and nitrate is not assimilated. Z. rouxii ferments glucose and 
maltose and assimilates glucose, trehalose, glycerol, d-mannitol, and 
d-glucitol.

Colony and cell morphologies vary with isolation media but Z. bailii can 
microscopically appear ovoidal to cylindrical in shape. The yeast exhibits 
multilateral budding leading to formation of a simple pseudomycelium. 
Zygosaccharomyces is haploid and heterothallic, meaning that sporulation 
requires the union (conjugation) of two compatible mating types prior 
to sporulation. Asci appear shaped as clubs (Z. bailii) or dumb-bells (Z.
bisporus). Each conjugant produces two smooth, round ascosores.

Unlike many other yeasts, Zygosaccharomyces can grow in high-solute 
environments such as 60% w/w glucose (Thomas, 1993). Furthermore, the 
yeast is extraordinarily resistant to common preservatives used by the 
juice, concentrate, and wine industries (Table 1.1). Resistance to SO2 is 
believed to be due to synthesis of extracellular sulfi te-binding compounds 
such as acetaldehyde as well as other unidentifi ed mechanisms (Deak and 
Beuchat, 1996). Zygosaccharomyces are also known to be extremely tolerant 
to alcohol and can grow in wines containing 18% v/v (Thomas and Dav-
enport, 1985).

1.4 NUTRITIONAL REQUIREMENTS

Like other microorganisms, yeasts require a number of nutrients for 
growth including carbon (sugars), nitrogen (ammonia and/or amino 

Table 1.1. Inhibitory concentrations of various 
compounds against Zygosaccharomyces.

Compound Concentration

Acetic acid >2.5% v/v
Benzoic acid >1000 mg/L
Ethanol >20% v/v
Inhibitory pH <2 and >7
Sorbic acid >800 mg/L
Sugar >70% w/v
Sulfur dioxide >3 mg/L molecular

Adapted from Thomas and Davenport (1985) with the kind permis-
sion of Elsevier Ltd.
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acids), and various growth and survival factors such as vitamins and 
minerals.

1.4.1 Nitrogen

Of all the nutrients important for Saccharomyces to conduct alcoholic fer-
mentation of grape musts, perhaps the most important is nitrogen (Section 
8.2). Yeasts can assimilate nitrogen from organic (amino acids) or inor-
ganic (ammonia or NH4

+) sources. Inorganic nitrogen is “fi xed” into 
organic forms through reaction with α-keto-glutarate to yield glutamate 
by glutamate dehydrogenase (Fig. 1.6). Glutamate can then be used by the 
cell to produce other amino acids important for metabolism.

Arginine is quantitatively the most important amino acid utilizable by 
Saccharomyces in grapes and, subsequently, unfermented juice/must (Spayd 
and Andersen-Bagge, 1996; Stines et al., 2000). This amino acid is rapidly 
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incorporated by yeast at the start of fermentation and subsequently released 
back into the wine during autolytic cycles. Catabolically utilized in produc-
tion of intermediates useful to the cell and energy in the form of ATP, 
one by-product of the pathway is urea, a compound that reacts with ethanol 
to yield ethyl carbamate (Section 11.3.2).

1.4.2 Growth and Survival Factors

On a dry weight basis, Saccharomyces contains 3% to 5% phosphate, 2.5% 
potassium, 0.3% to 0.4% magnesium, 0.5% sulfur, and trace amounts of 
calcium, chlorine, copper, iron, zinc, and manganese (Monk, 1994; Walker, 
1998). Yeast must be supplied with a source of phosphate, which is incor-
porated into nucleic acids, phospholipids, adenosine-5′-triphosphate 
(ATP), and other compounds. Potassium is necessary for uptake of phos-
phate, and a defi ciency may be linked to sluggish alcoholic fermentations 
(Kudo et al., 1988). Other minerals needed by Saccharomyces during fer-
mentation have a variety of functions but are used primarily as enzyme 
activators.

Besides minerals, yeasts require various vitamins such as thiamin, ribo-
fl avin, pantothenic acid, pyridoxine, nicotinamide, biotin, and inositol 
depending on species and specifi c growing conditions (Monk, 1994; Ough 
et al., 1989a). In general, practically all strains of Saccharomyces require 
biotin and pantothenic acid while some also need inositol and/or thiamin 
(Walker, 1998). Biotin is involved in carboxylation of pyruvic acid and the 
synthesis of nucleic acids, proteins, and fatty acids. Pantothenic acid is an 
essential part of coenzyme A, a molecule required for sugar and lipid 
metabolism. A defi ciency of pantothenic acid can also lead to H2S (Section 
8.5.2). Though involved in oxoacid decarboxylations, thiamin may or may 
not be required because some strains of yeast can synthesize the vitamin. 
Sulfur dioxide can cleave thiamin making the vitamin unavailable. Finally, 
nicotinic acid is used in the synthesis of NAD+ and NADP+, and inositol 
is required for cell division. Nutrient requirements for yeasts other than 
Saccharomyces vary widely.

Like nitrogen, strains of commercial wine yeast vary in their demands 
for oxygen ( Julien et al., 2000). Although Saccharomyces exhibits growth 
under anaerobic conditions, viability in the absence of oxygen is fi nite. 
Oxygen is required for the synthesis of certain metabolites, specifi cally 
lanosterol, ergosterol, and unsaturated fatty acyl coenzyme A esters 
(Walker, 1998; Ribéreau-Gayon et al., 2000), collectively termed “survival 
factors” (Lafon-Lafourcade et al., 1979). Addition of ergosterol to clarifi ed 
grape musts can encourage completion of alcoholic fermentation 
(Houtman et al., 1980b). Sterols are necessary for membrane permeability 
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and so will increase the viability of yeasts and prolong their fermentative 
activity (Lafon-Lafourcade et al., 1979). Sterols also affect the synthesis of 
volatile odor and fl avor compounds, depending on the presence of oxygen 
(Mauricio et al., 1997). Addition of yeast hulls (“ghosts”) to fermenting 
musts can be a source of survival factors during fermentation (Munoz and 
Ingledew, 1989a; 1989b).

Grapes supply a portion of the lipids needed by yeast during anaerobic 
growth. Oleanolic acid composes up to two-thirds of the cuticular waxes 
in some grape varieties and can replace the yeast’s requirement for ergos-
terol supplementation under anaerobic conditions (Brechot et al., 1971).

Most non-Saccharomyces yeasts have greater requirements for oxygen 
than do Saccharomyces, with concentrations of a few parts per million 
needed to support growth. Refl ecting their oxidative metabolism, many of 
these microorganisms are usually found growing on the surface of wines 
(Section 11.2.3).

1.5 METABOLISM

1.5.1 Glucose

Yeasts metabolize sugars (e.g., glucose) to produce energy in the form of 
ATP. When ATP is hydrolyzed to yield ADP (adenosine-5′-diphosphate) 
and Pi (inorganic phosphate), the energy released is used by the cell for 
various reactions and transformations.

Glucose is metabolized in a series of steps known as the Emben–
Meyerhof–Parnas pathway, or glycolysis (Fig. 1.7). Through a series of 
biochemical reactions, metabolism of glucose eventually yields two three-
carbon compounds, glyceraldehyde-3-phosphate and dihydroxyacetone-
phosphate. The “trioses” are transformed into two molecules of pyruvate, 
which are subsequently decarboxylated and reduced to yield two carbon 
dioxide and alcohol. In summary, glycolysis produces two molecules each 
of ATP and reduced coenzyme (NADH) per molecule of glucose 
metabolized.

Under some conditions, dihydroxyacetone formed during glycolysis can 
be reduced to glycerol through glycerol-3-phosphate (Fig. 1.8), resulting 
in the oxidation of an additional molecule of NADH to NAD+. This reac-
tion is important under fermentation conditions when NAD+ is in short 
supply within the cell. The formation of glycerol is favored if acetaldehyde 
is not available to be reduced to ethanol as would be the case in formation 
of “bound SO2” by reaction of acetaldehyde and bisulfi te (Section 5.2.1).

Under aerobic conditions, pyruvate produced by glycolysis will enter the 
Krebs, or tricarboxylic acid cycle (Fig. 1.9). Initially, pyruvate is either 
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Figure 1.8. Reduction of dihydroxyacetone to glycerol and the subsequent oxidation of 
NADH to NAD+.

carboxylated to yield oxaloacetate or can be directly used to produce 
acetyl CoA. Both oxaloacetate and acetyl CoA will react to form the fi rst 
product, citric acid. With one “turn” of the cycle, carbon entering will be 
lost as CO2 and additional molecules of reduced coenzyme (NADH and 
FADH2) are produced in addition to energy in the form of guanosine 
triphosphate (GTP).

 Metabolism 19



20 1. Yeasts

NADH and FADH2 produced from glycolysis and the tricarboxylic acid 
cycle are reoxidized to NAD+ and FAD through a complicated series of 
reactions known as oxidative phosphorylation. These reactions involve 
the transfer of electrons through cytochromes with the ultimate electron 
acceptor being oxygen to form H2O. Because of the need of oxygen, these 
reactions are active only under aerobic conditions. ATP will be produced 
from these reactions by a membrane-bound enzyme (ATPase) at a rate of 
three ATP per molecule of NADH oxidized (two ATP per molecule of 
FADH2). Therefore, the cell will have a net gain of 38 ATP per molecule 
of glucose metabolized under aerobic conditions compared with only two 
from glycolysis.

When oxygen is not available, the ability of the cell to reoxidize the 
reduced coenzymes (NADH and FADH2) is greatly diminished. To com-
pensate, the biochemistry of the cell is altered such that pyruvate is reduced 
to acetaldehyde and then to ethanol (fermentation), the latter step requir-
ing NADH (Fig. 1.10). Thus, the formation of ethanol allows the cell to 
reoxidize the NADH that was produced in earlier steps in glycolysis.

Although not completely functional, certain enzymes Krebs cycle are, 
active under anaerobic conditions (Fig. 1.11). These additional path -
ways are very important to Saccharomyces during fermentation because 
NADH can be reoxidized and other precursors important for cellular func-
tions synthesized (e.g., α-keto-glutarate involved in NH4

+ assimilation). 
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Figure 1.10. Utilization of glucose by Saccharomyces under anaerobic (fermentative) 
conditions.
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Depending on the state of the cell, either “reductive” (fermentation) or 
“oxidative” (respiration) pathways are active, yielding different fi nal 
products.

1.5.1.1 Pasteur and Crabtree Effects

Because only two molecules of ATP are produced per glucose metabolized 
under anaerobic conditions, the cell must utilize additional glucose at a 
faster rate in order to maintain the pool of intracellular ATP. This step 
is accomplished through activation of the enzyme phosphofructokinase 
(Fig. 1.10), which, in turn, increases carbon fl ow through glycolysis. The 
increase in rate of glucose breakdown under anaerobic conditions is 
known as the Pasteur effect. This phenomenon is only observable when 
glucose concentrations are low, approximately 0.9 g/L (Walker, 1998).

If the concentration of glucose is high (>9 g/L), the Pasteur effect in 
S. cerevisiae is repressed. However, fermentative metabolism and ethanol 
formation will continue even with oxygen available (Ribéreau-Gayon 
et al., 2000), a phenomenon known as the Crabtree effect. Here, NADH 
generated from glycolysis is reoxidized by producing ethanol (fermenta-
tion) rather than the combined pathways of respiration (glycolysis, tricar-
boxylic acid cycle, and oxidative phosphorylation). From a winemaking 
perspective, this effect is very important because it allows fermentation 
in the presence of some oxygen. Although present in Saccharomyces, the 
Crabtree effect is not observed in some non-Saccharomyces yeasts 
(Walker, 1998).

1.5.1.2 Custers Effect

Dekkera/Brettanomyces are unique with regard to carbohydrate utilization. 
Like other yeasts, Dekkera/Brettanomyces possess the glycolytic pathway and 
so will produce ethanol from acetaldehyde along with NAD+, the latter 
being reused for the conversion of glyceraldehyde-3-phosphate to 1,3-
bisphosphoglycerate (Fig. 1.10). However, carbohydrates can also be 
oxidized to acetate (acetic acid) through acetaldehyde as follows:

C6H12O6 + 2 NAD+ → 2 CH3CHO + 2 CO2 + 2 NADH + 2 H+

2 CH3CHO + 2 NAD(P)+ + 2 H2O → 2 CH3COOH + 2 NAD(P)H + 2 H+

Another source of acetic acid produced by Dekkera/Brettanomyces is the 
oxidation of ethanol, again with acetaldehyde as the intermediate:

CH3CH2OH + 2 NAD(P)+ + H2O → CH3COOH + 2 NAD(P)H + 2 H+



Due to the production of acetic acid, NADH accumulates within the 
cell and must be reoxidized to maintain the NAD+/NADH balance. Under 
aerobic conditions, this is accomplished by oxygen accepting electrons 
from NADH to yield NAD+ and H2O (Walker, 1988). In fact, the avail-
ability of oxygen greatly affects the amount of acetic acid formed by 
Dekkera/Brettanomyces with far more acetic acid produced under aerobic 
conditions (Ciani and Ferraro, 1997; Aguilar Uscanga et al., 2003). Because 
O2 helps to maintain the availability of NAD+, the formation of ethanol 
during oxidation of carbohydrates is stimulated by oxygen, a phenomenon 
known as the Custers effect (Wijsman et al., 1984; Walker, 1998).

According to Ciani and Ferraro (1997), the lack of NAD+ under anero-
bic conditions is not restored by glycerol production from dihydroxyace-
tone phosphate (Fig. 1.8). In fact, glycolytic pathways are temporarily 
inhibited in Dekkera/Brettanomyces when these yeasts are introduced into 
an anaerobic environment (Wijsman et al., 1984). Because of the lack of 
NAD+, Dekkera/Brettanomyces will conduct a limited alcoholic fermentation 
with the production of primarily ethanol, not acetic acid (Ciani and 
Ferraro, 1997). Biochemically, another source of NAD+ during growth of 
these yeasts in red wines may be the formation of volatile phenols (Section 
11.2.2).

1.5.2 Sulfur

Microorganisms require a source of sulfur in order to synthesize sulfur-
containing amino acids and other important metabolites (Fig. 1.12). Yeasts 
can assimilate either sulfur dioxide (SO2) or sulfate (SO4

2−), the latter 
requiring energy for transport into the cell (Breton and Surdin-Kerjan, 
1977). These molecules will be sequentially reduced to sulfi de (S2−)
through a series of reactions known as the sulfate reduction sequence 
(Rauhut, 1993). Sulfi de can either be incorporated into organic molecules 
containing sulfur such as the amino acids methionine or cysteine or be 
exported as the sensorially offensive compound H2S (Section 8.5.2). Most 
of these biochemical reactions can be reversed such that the yeast also 
release sulfi te, the amount depending on conditions as well as yeast strain 
(Larsen et al., 2003).

1.5.3 Odor/Flavor Compounds

Besides ethanol and CO2, minor concentrations of by-products such as 
glycerol, succinic acid, acetic and lactic acids, as well as acetaldehyde and 
a large number of other volatile and nonvolatile substances are formed by 
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Figure 1.12. Sulfur metabolism in Saccharomyces. Adapted from Wang et al. (2003) with 
the kind permission of Blackwell Publishing.

yeast during fermentation. Individually and collectively, these compounds 
play an important role in the sensory characteristics of wine (Rankine, 
1967; Zeeman et al., 1982; Nykänen, 1986; Edwards et al., 1990; Herraiz 
et al., 1990; Lema et al., 1996).

Alcohols that contain more than two carbons are known as higher 
alcohols, or fusel oils. Isobutanol, n-propanol, isoamyl alcohol, and active 
amyl alcohol are produced in various proportions by various yeasts includ-
ing Candida, Hansenula, Pichia, and Saccharomyces (Rankine, 1967; Edwards 
et al., 1990; Holloway and Subden, 1991; Webster et al., 1993; Lambrechts 
and Pretorius, 2000) and, potentially, play an important role in the sensory 
character of wine (Rankine, 1967). Sensory descriptors that are commonly 
used to describe higher alcohols include “fusel” (butanol), “alcoholic” 
(isobutyl alcohol), “marzipan” (active amyl alcohol and isoamyl alcohols), 
and “fl oral” or “rose” (phenethyl alcohol) (Lambrechts and Pretorius, 
2000).

Higher alcohols are by-products of transamination reactions where 
yeasts will transfer amino groups between amino acids and α-keto-acids 
(Fig. 1.13). The α-keto-acids are decarboxylated into aldehydes, which are 
then converted into higher alcohols. Known as the Ehrlich pathway (Castor 



and Guymon, 1952), valine, leucine, isoleucine, and threonine are deami-
nated to produce isobutanol (2-methyl-1-propanol), isoamyl alcohol (3-
methyl-1-butanol), active amyl alcohol (2-methyl-1-butanol), and propyl 
alcohol, respectively (Chen, 1978). Quantitatively, the concentrations of 
fusel alcohols may range from 140 to 420 mg/L, with isoamyl alcohol 
generally accounting for more than 50% (Rankine, 1967; Muller et al., 
1993).

By itself, the available pool of amino acids present in juice is not suffi -
cient to account for concentrations of fusel oils found in wine. Early work 
by Castor and Guymon (1952) showed that the yields of fusel oils tend 
to be higher than the available corresponding amino acid. Chen (1978) 
determined that threonine, valine, isoleucine, and leucine only contrib-
uted 30%, 34%, 75%, and 80% of their corresponding higher alcohol, 
respectively. In fact, higher alcohols can also be synthesized by another 
pathway, specifi cally from pyruvate formed from glucose through glyco-
lytic pathways (Lambrechts and Pretorius, 2000).

Formation of higher alcohols during fermentation is affected by many 
factors including total nitrogen and the amino acid content of grape musts 
(Bell et al., 1979; Ough and Bell, 1980; Webster et al., 1993). In general, 
elevated levels of must nitrogen will decrease the formation of high alco-
hols. Other factors include fermentation temperature (Crowell and 
Guymon, 1963), suspended or insoluble solids (Crowell and Guymon, 
1963; Klingshirn et al., 1987; Edwards et al., 1990), and oxygen concentra-
tion of juice/must (Guymon et al., 1961).
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Figure 1.13. Synthesis of higher alcohols by Saccharomyces.
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As part of their metabolism, all yeasts are known to produce a wide range 
of esters such as ethyl acetate, isoamyl acetate, isobutyl acetate, ethyl butyr-
ate, ethyl hexanoate, ethyl octanoate, ethyl decanoate, and 2-phenylethyl 
acetate (Nykänen and Nykänen, 1977; Soles et al., 1982; Edwards et al., 
1990; Webster et al., 1993; Rojas et al., 2001; 2003; Plata et al., 2003; 
Lee et al., 2004). Esters are synthesized through reaction of alcohols 
(commonly, ethanol) and carboxylic acids by different acyltransferases or 
“ester synthases” (Mason and Dufour, 2000). Factors that affect ester syn-
thesis include grape maturity, sugar content, fermentation temperature, 
and juice clarity (Houtman et al., 1980a; 1980b; Edwards et al., 1990).

As described by Lambrechts and Pretorius (2000) and Verstrepen et al. 
(2003), esters possess a range of odors such as “solvent-like” or “nail 
polish” (ethyl acetate), “fruity,” “pear,” or “banana” (isoamyl acetate), 
“fl oral” or “fruity” (ethyl butanoate), “sour apple” (ethyl caproate and 
ethyl caprylate), and “fl owery,” “roses,” or “honey” (phenyl ethyl acetate). 
Given the number of different esters present in varying concentrations 
produced by yeasts, there is little doubt that wine aroma can be strongly 
infl uenced by these compounds (Schreier, 1979).

1.5.4 Glycosidases

Monoterpenes, important odor and fl avor compounds in grapes (Rapp 
and Mandery, 1986), include geraniol, nerol, linalool, citronellol, and α-
terpineol (Fig. 1.14). These compounds are distributed in various loca-
tions within the grape berry (Wilson et al., 1986). Although potentially 
important in imparting fragrant, “fl oral” aromas, many are naturally 
present in grapes as glycosidically bound forms that are not volatile 
(Fig. 1.15). To release more “grape fl avors” into wine by removing the 
sugar moiety from the terpene, specifi c enzymes known as glycosidases 
can be used (van Rensburg and Pretorius, 2000). In fact, some have 
attempted to use specifi c cultures of yeasts or bacteria with high enzymatic 
activities (Günata et al., 1986; 1990; McMahon et al., 1999; Cabaroglu 
et al., 2003). For instance, Delcroix et al. (1994) investigated the use of 
strains of Saccharomyces with higher β-glucosidase activity but noted few 
differences in the concentrations of terpenes and no differences in sensory 
quality of the resultant wines. More recently, Mendes Ferreira et al. (2001) 
and Rodríguez et al. (2004) noted that selected species of non-Saccharomy-
ces yeasts (Candida, Kloeckera, Pichia, and Metschnikowia) had high glycosi-
dase activities that could potentially contribute different aromas to wines. 
Although Brettanomyces has glycosidase activity, Mansfi eld et al. (2002) 
determined that the enzyme(s) were not active against glycosides isolated 
from grapes.
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Enzymes can also be added to grape musts rather than using viable 
cultures as a means to increase quality. As an example, Yanai and Sato 
(1999) applied a β-glucosidase obtained from Debaryomyces hansenii and 
were able to produce wines with much higher concentration of terpenoids, 
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in particular linalool and nerol. Wines treated with fungal glycosidases 
were described by Cabaroglu et al. (2003) as possessing enhanced “honey,” 
“lime,” and “smoky” sensory attributes.

1.5.5 Mannoproteins

Mannoproteins are complex hydrocolloids released from yeast cell walls 
during autolysis (Goncalves et al., 2002; Charpentier et al., 2004). Accord-
ing to Feuillat (2003), mannoproteins are important to wine quality as 
these contribute to protein and tartrate stability, interact with aroma com-
pounds, decrease the astringency and bitterness of tannins, and increase 
the body of wine. For instance, Dupin et al. (2000) reported that manno-
proteins prevent protein haze formation. Using a model wine, Lubbers 
et al. (1994) noted that yeast cell walls bound volatile aroma compounds, 
especially those more hydrophobic, and could potentially change the 
sensory characteristics of wines through losses of these aromas.

Though primarily composed of only mannose and protein with some 
glucose, mannoproteins are highly branched heterogeneous molecules of 
varying molecular weights (Goncalves et al., 2002; Doco et al., 2003). The 
role of each fraction toward wine quality remains unknown, but certain 
processing practices can infl uence the amount present. For instance, baton-
nage (stirring) during aging of wines on lees results in an increase in these 
compounds, whereas microoxygenation had little effect (Doco et al., 
2003). Because the release of mannoproteins can require long periods of 
time, Feuillat (2003) suggested using yeast strains that produce large 
amounts of the proteins and autolyze rapidly upon completion of fermen-
tation. In addition, the author recommended that enzymes (e.g., β-1,3 
glucanase) could be used to release additional mannoproteins from yeast 
cell walls.



CHAPTER 2

LACTIC ACID BACTERIA

2.1 INTRODUCTION

Lactic acid bacteria comprise an ecologically diverse group of microorgan-
isms united by formation of lactic acid as the primary metabolite of sugar 
metabolism (Davis et al., 1985b; 1988; Lonvaud-Funel, 1999; Carr et al., 
2002; Liu, 2002). These bacteria utilize sugars by either homo- or hetero-
fermentative pathways (Section 2.4.1) as well as l-malic acid, a major acid 
present in grape must (Section 2.4.3). Whereas growth of some bacteria 
in certain wines is desirable (i.e., malolactic fermentation or MLF), growth 
of other species can lead to spoilage.

2.2 TAXONOMY

The lactic acid bacteria isolated from grape musts or wine belongs to two 
families representing three genera. The Lactobacillaceae are represented 
by the genus Lactobacillus, and the Streptococcaceae are represented by 
the genera Oenococcus and Pediococcus.

29
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2.2.1 Lactobacillus

Lactobacillus represents a highly diverse group of Gram-positive, micro-
aerophilic bacteria that microscopically appear as long to short rods or 
even coccobacilli (Fig. 2.1) (Kandler and Weiss, 1986). Species within this 
genus are generally catalase-negative, although a few strains decompose 
peroxide by a non-heme-containing pseudo-catalase (Johnston and 
Delwiche, 1962; Kono and Fridovich, 1983; Beyer and Fridovich, 1985). 
Lactobacillus spp. are either homo- or heterofermentative with regard to 
hexose metabolism (Section 2.4.1). Physiological characteristics used to 
identify some species of Lactobacillus found in grape musts or wines are 
presented in Table 2.1.

Various species of Lactobacillus that have been isolated from grapes 
and wines worldwide including L. brevis, L. buchneri, L. casei, L. cellobiosus,
L. curvatus, L. delbrueckii, L. diolivorans, L. fructivorans, L. heterohiochii, L.
hilgardii, L. jensenii, L. kunkeei, L. leichmanni, L. nagelli, L. paracasei, L.
plantarum, L. trichodes, L. vermiforme, and L. yamanashiensis (Douglas 
and Cruess, 1936; Vaughn, 1955; Fornachon, 1957; Kitahara et al., 1957, 

Figure 2.1. Lactobacillus brevis as viewed with phase-contrast microscopy at a 
magnifi cation of 1000×. Photograph provided with the kind permission of WineBugs 
LLC.



 Taxonomy 31

Du Plessis and van Zyl, 1963a; Pilone et al., 1966; Carr et al., 1977; Chalfan 
et al., 1977; Maret and Sozzi, 1977; 1979; Costello et al., 1983, Lafon-
Lafourcade et al., 1983b; Nonomura, 1983; Davis et al., 1986a; 1986b; 
Dicks and van Vuuren, 1988; Sieiro et al., 1990; Edwards et al. 1993; 1998a; 
2000; Mills, 2001; Gorga et al., 2002; Beneduce et al., 2004; Du Plessis 
et al., 2004).

Recent evidence has resulted in changes in the taxonomy of the lacto-
bacilli. Refl ecting this, L. cellobiosus is currently regarded as a synonym of 
L. fermentum, and L. leichmanni is now referred to as L. delbrueckii subsp. 
lactis (Kandler and Weiss, 1986). L. trichodes and L. heterohiochii (Kitahara 
et al., 1957) are now considered synonyms of L. fructivorans (Weiss et al., 
1983). Edwards et al. (1998a; 2000) isolated two novel Lactobacillus spp. 
from commercial grape wines undergoing sluggish/stuck alcoholic fer-
mentations. Based on phenotypic and phylogenetic evidence, L. kunkeei
and L. nagelii were proposed as new species. Few reports are available 
describing L. vermiforme (Sharpe et al., 1972; Garvie, 1976), and it is not 
clear whether the bacterium represents a separate species or is a synonym 
of a closely related species, L. hilgardii.

Table 2.1. Characteristics of some Lactobacillus found in wines.

Characteristic L. brevis L. hilgardii L. kunkeei L. plantarum

Ammonia from arginine + + − −
Catalase v + w v
Gas from glucose + + + −
Hydrolysis of esculin v − − +
Lactic acid from glucose dl dl l dl
Mannitol from fructose + + + −
Fermentation of:
 Arabinose + − − v
 Fructose + + + +
 Lactose v v − +
 Mannitol − − + +
 Maltose + + − +
 Melezitose − v − +
 Ribose + + − +
 Sucrose v v + +
 Trehalose − − − +
 Xylose v + − v

(+) 90% or more of the strains are positive; (−) 90% or more of the strains are negative; (v) variable 
response of strains; (w) weak reaction.
Data from Kandler and Weiss (1986), Dicks and van Vuuren (1988), Pilone et al. (1991), Hammes et al. 
(1992), and Edwards et al. (1993; 1998).
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2.2.2 Oenococcus

Wine bacteria belonging to the genus Oenococcus have been previously 
classifi ed as Leuconostoc gracile, Leuconostoc citrovorum, and Leuconostoc
oenos (Pilone and Kunkee, 1965; Garvie, 1967a; Kunkee, 1967a). Later 
phylogenetic studies revealed that L. oenos represented a distinct subline 
separate from other Leuconostoc spp. (Martinez-Murcia et al., 1993), a 
fi nding that resulted in reassignment of this bacterium to a new genus, 
Oenococcus (Dicks et al., 1995). Given the diversity in physiological charac-
teristics such as carbohydrate fermentation patterns, Tracey and Britz 
(1987) suggested that it is possible that O. oeni could represent more than 
one species.

Strains of O. oeni are described as Gram-positive, nonmotile, faculta-
tively anaerobic, catalase-negative, ellipsoidal to spherical cells that usually 
occur in pairs or chains (Fig. 2.2) (Garvie, 1967a; 1986a; Holzapfel and 
Schillinger, 1992; Dicks et al., 1995). Cells can be diffi cult to differentiate 
microscopically from short rods of Lactobacillus (Fig. 2.1). The species is 
heterofermentative, converting glucose to equimolar amounts of primarily 
d-lactic acid, CO2, and ethanol or acetate (Krieger et al., 1993; Cogan and 
Jordan, 1994; Cocaign-Bousquet et al., 1996). The bacterium produces 
gas from glucose, hydrolyzes esculin, forms d-lactic acid from glucose and 

Figure 2.2. Oenococcus oeni as viewed with phase-contrast microscopy at a magnifi cation 
of 1000×. Photograph provided with the kind permission of WineBugs LLC.
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mannitol from fructose, and may produce ammonia from arginine (Pilone 
et al., 1991; Holzapfel and Schillinger, 1992; Dicks et al., 1995).

Although only one species is assigned to this genus, O. oeni belongs to 
a heterogeneous group evidenced by wide variability in the fermentation 
of specifi c carbohydrates (Lafon-Lafourcade et al., 1983b; Tracey and 
Britz, 1987; Davis et al., 1988; Kelly et al., 1989; Edwards et al., 1991). Most 
strains of O. oeni utilize l-arabinose, fructose, and ribose but not galactose, 
lactose, maltose, melezitose, raffi nose, or xylose. By comparison, Lafon-
Lafourcade et al. (1983b) noted that only 11% of the strains evaluated in 
their study utilized both fructose and glucose, contrary to the fi ndings of 
others (Pilone and Kunkee, 1972; Beelman et al., 1977; Izugabe et al., 
1985; Edwards et al., 1991). Davis et al. (1988) determined that only 55% 
of the strains studied fermented ribose, 27% fermented d-arabinose, and 
45% fermented sucrose. Strain A-9 described by Chalfan et al. (1977) fer-
mented glucose but not fructose. Although discrepancies in carbohydrate 
fermentations are probably the result of strain characteristics, differences 
in techniques used to determine carbohydrate fermentability (Pardo 
et al., 1988; Jensen and Edwards, 1991) and the nutritional composition 
of media given the fastidious nature of Oenococcus (Garvie, 1967a; 1967b) 
may also cause variable results.

O. oeni has the ability to metabolize malic acid found in grapes to form 
lactic acid through MLF (Sections 2.4.3 and 6.4.2). Though other species 
of lactic acid bacteria have been investigated and used as commercial 
starters for MLF, strains of O. oeni appear to have the physiological proper-
ties to consistently tolerate the environmental challenges of wine while 
producing desirable results within an amount of time acceptable to the 
winemaker.

2.2.3 Pediococcus

Of the approved species of Pediococcus (Garvie, 1986b; Weiss, 1992), only 
four have been isolated from wines; P. damnosus, P. parvulus, P. inopinatus,
and P. pentosaceus (Davis et al., 1986a; 1986b; Edwards and Jensen, 1992). 
Several researchers previously reported isolation of P. cerevisiae from wines 
(Maret and Sozzi, 1977; 1979; Costello et al., 1983; Lafon-Lafourcade 
et al., 1983b; Fleet et al., 1984). The species is now considered invalid 
because it represents at least two species including P. damnosus and P. pen-
tosaceus (Garvie, 1974; Raccach, 1987). P. damnosus and P. parvulus appear 
to be more commonly found in wines than the other species.

Pediococci are characterized as being Gram-positive, nonmotile, 
cata lase-negative, and aerobic to microaerophilic bacteria (Garvie, 
1986b; Pilone et al., 1991; Weiss, 1992). Members of this genus are 
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Figure 2.3. Pediococcus damnosus as viewed with phase-contrast microscopy at a 
magnifi cation of 1000×. Photograph provided with the kind permission of WineBugs 
LLC.

homofermentative (Section 2.4.1), with glucose converted to either l- or 
dl-lactate (Garvie, 1986b). Under glucose limitation, Pasteris and Strasser 
de Saad (2005) noted that a strain of P. pentosaceus degraded glycerol to 
pyruvate, the latter being further metabolized to either acetate or diacetyl 
or 2,3-butanediol through “active-acetaldehyde” (Section 2.4.5). Growing 
cultures commonly possess the ability to form l-lactate from l-malic acid 
(Raccach, 1987; Edwards and Jensen, 1992). Pediococci are chemoorgano-
trophs and require complex growth factor and amino acid requirements. 
In addition, these are the only lactic acid bacteria that divide in two planes, 
which results in the formation of pairs, tetrads or large clumps of spherical 
cells as shown in Fig. 2.3 (Garvie, 1986b; Axelsson, 1998). Characteristics 
for three species of Pediococcus are listed in Table 2.2.

2.3 NUTRITIONAL REQUIREMENTS

Lactic acid bacteria have very limited biosynthetic capabilities and, refl ect-
ing this, are described as nutritionally fastidious. Early work by Du Plessis 
(1963) noted that all strains of wine lactic acid bacteria required nicotinic 
acid, ribofl avin, pantothenic acid, and either thiamine or pyridoxine. 



More recently, Garvie (1986b) reported that all species of Pediococcus
required nicotinic acid, pantothenic acid, and biotin, whereas none 
required thiamine, p -aminobenzoic acid, or cobalamine. Several amino 
acids (glutamic acid, valine, arginine, leucine, and isoleucine) appear to 
be essential for growth. Garvie (1967b) reported similar results but 
included cysteine, tyrosine, and others depending on the strain of 
Oenococcus (Leuconostoc). In addition, purines (guanine, adenine, xanthine, 
and uracil) and folic acid are also required by many species. Finally, it 
should be noted that lactic acid bacteria cannot utilize diammonium 
phosphate as a nitrogen source and so must rely on amino acids.

Another important nutrient is the so-called tomato juice factor (Garvie 
and Mabbitt, 1967). This nutrient was named for the fact that many lactic 
acid bacteria isolated from grape musts or wines seemed to grow better 
on media supplemented with either fruit or vegetable juices or serums 
such as tomato or apple (Section 13.6). This requirement varies with 
growth conditions and strains (Garvie, 1984). In fact, Tracey and Britz 
(1987) were able to grow a number of strains of O. oeni in the absence of 
the tomato juice factor, although growth was much slower. Amachi (1975) 
ascertained its structure to be a derivative of pantothenic acid, 4-O-(α-d-
glucopyranosyl)-d-pantothenic acid.

Table 2.2. Characteristics of Pediococcus.

Characteristic P. damnosus P. parvulus P. pentosaceus

Ammonia from arginine − − +
Catalase − − v
Gas from glucose − − −
Hydrolysis of esculin + + +
Lactic acid from glucose dl dl dl
Mannitol from fructose − − −
Fermentation of:
 Arabinose − − +
 Fructose + + +
 Lactose − − v
 Mannitol − − −
 Maltose v + +
 Melezitose v − −
 Ribose − − +
 Sucrose v − −
 Trehalose + v +
 Xylose − − v

(+) 90% or more of the strains are positive; (−) 90% or more of the strains are negative; (v) variable 
response of strains.
Data from Garvie (1986b), Pilone et al. (1991), and Weiss (1992).
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2.4 METABOLISM

2.4.1 Glucose

After completion of alcoholic fermentation, low concentrations of hexose 
sugars may remain in the wine. These include glucose and fructose with 
lesser amounts of mannose and galactose. Among the fi ve-carbon sugars 
(pentoses), arabinose, ribose, and xylose are the most common. Further, 
there may be suffi cient quantities of sugar to support the growth of lactic 
acid bacteria in “dry” wines.

Lactic acid bacteria utilize sugars (e.g., glucose) to form lactic acid by 
either the homo- or heterofermentative pathway. The homofermentative 
pathway, illustrated in Fig. 2.4, results in the transformation of glucose to 
pyruvate through the Embden–Meyerhof–Parnas pathway (EMP, or gly-
colysis), eventually yielding lactic acid. NADH produced by the oxidation 
of glyceraldehyde-3-phosphate to 1,3-bisphosphoglycerate is reoxidized to 
NAD+ in the formation of lactate from pyruvate through the action of 
lactate dehydrogenases (LDHs). The LDH enzymes vary in their stereo-
specifi city and can yield d- or l-lactic acid or the racemic mixture (dl). 
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Figure 2.4. Homofermentative pathway illustrating the production of lactic acid.



Though 1 mole of glucose should produce 2 moles of lactic acid, the actual 
yield is closer to 1.8 moles of lactic acid (Gottshalk, 1986). Energetically, 
glycolysis yields 2 moles ATP per mole glucose. The diagnostic enzyme 
present in those microorganisms that possess this pathway, aldolase, cata-
lyzes the conversion of 1 mole of fructose-1,6-bisphosphate to 2 moles of 
glyceraldehyde-3-phosphate (Fig. 2.4). As was the case with Saccharomyces,
these bacteria cannot metabolize pentoses. Examples of lactobacilli that 
are obligate homofermenters are L. delbrueckii and L. jensenii.

Obligate heterofermenters (e.g., O. oeni, L. brevis, L. hilgardii, L.
fructivorans, and L. kunkeei) lack aldolase and must divert the fl ow of 
carbon through a different series of reactions, the pentose phosphate, or 
phosphoketolase, pathway (Fig. 2.5). From 1 mole of glucose, heterofer-
mentative bacteria produce 1 mole each of lactate, CO2, and either acetic 
acid or ethanol. In reality, these bacteria produce 0.8 mole lactate from 
glucose (Gottshalk, 1986). Unlike homofermentative microorganisms, 
these bacteria do not have aldolase but possess phosphoketolase, the 
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Figure 2.5. Heterofermentative pathway showing production of lactic acid, CO2, and 
either ethanol or acetic acid.
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enzyme responsible for the cleavage of xylulose-5-phosphate to form 
glyceraldehyde-3-phosphate and acetyl phosphate. Due to the biosynthesis 
of fi ve-carbon sugars in this pathway (ribulose-5-phosphate and xylulose-
5-phosphate), some strains can utilize the pentoses present in wine such 
as ribose, xylose, and arabinose. An important consequence of only half 
of the carbon from glucose going to glyceraldehyde-3-phosphate is forma-
tion of only 1 mole of ATP per mole glucose. However, heterofermentative 
bacteria can gain additional energy though conversion of acetyl-phosphate 
to acetate (Fig. 2.5).

From the winemaker’s perspective, Fig. 2.5 highlights an important 
facet of successful management of these bacteria. Specifi cally, acetic acid 
production can result from conversion of both hexose and pentoses under 
even slight oxidative conditions. Under reductive conditions, cells experi-
ence a shortage of NAD+ and so acetyl phosphate is converted to ethanol 
rather than acetate. Conversely, acetyl phosphate can be used to produce 
energy (ATP) under oxidative conditions in formation of acetate and 
increased volatile acidity (Section 11.3.1).

Besides obligate homo- and heterofermentative bacteria, Kandler and 
Weiss (1986) also described a third group of bacteria known as the faculta-
tive heterofermenters. Although these bacteria utilize hexoses through the 
homofermentative pathway (Fig. 2.4), they also possess an inducible phos-
phoketolase with pentoses acting as inducers (Fig. 2.5). Examples of wine 
bacteria belonging to this group are L. casei and L. plantarum.

2.4.2 Arginine

Many heterofermentative lactic acid bacteria have the ability to produce 
energy through the utilization of arginine in formation of ornithine, NH3,
CO2, and ATP (Fig. 2.6). The ability of lactic acid bacteria to produce 
ammonia from arginine can be determined using the method outlined in 
Section 15.4.1.

It has been thought that most heterofermentative lactobacilli produce 
NH3 from arginine, whereas homofermentative lactobacilli and O. oeni do 
not (Garvie, 1967a; Kandler and Weiss, 1986; Tonon and Lonvaud-Funel, 
2002). However, Pilone et al. (1991) questioned the sensitivity of Nessler’s 
reagent commonly used to detect the low concentrations of ammonia 
produced. Furthermore, Pilone et al. (1991) suggested that some hetero-
fermentative lactobacilli are capable of carrying out only the fi rst two 
biochemical steps, thus only yielding one molecule of NH3 per molecule 
of arginine (Fig. 2.6). Because of these problems, the authors recom-
mended that the concentration of the amino acid be increased from 0.3% 
to 0.6% w/v. Using an increased concentration of l-arginine, Pilone et al. 



(1991) found that some strains of O. oeni did, in fact, produce ammonia. 
In addition to problems related to concentration of arginine, Liu et al. 
(1995b) noted that fructose is inhibitory to arginine degradation by some 
bacterial strains.

2.4.3 Malate

Although malic acid stimulates the growth of O. oeni (Firme et al., 1994), 
the biochemical benefi t of MLF to the bacterium has been a mystery 
because formation ATP or other direct energy could not be detected 
(Pilone and Kunkee, 1972). This prompted researchers to suggest that the 
reaction must serve a non-energy-yielding function (Kunkee, 1967b; Pilone 
and Kunkee, 1972). However, it became clear that MLF does, in fact, 
produce energy in an indirect means based on the chemiosmotic theory 
(Gottschalk, 1986), which holds that viable microorganisms maintain a 
pH gradient across cell membranes and it is this gradient that allows 
energy (ATP) to be produced. Under normal conditions, a higher concen-
tration of H+ exists outside compared with the interior of the cell. As a 
proton (H+) travels through a membrane-associated enzyme complex 
(ATPase) following the concentration gradient from high to low concen-
tration, this allows the bacterium to generate one molecule of ATP from 
ADP and inorganic phosphate (Pi). The model described requires that the 
membrane be impermeable to protons except at specifi c sites where the 
ATPase complex is located.

Cox and Henick-Kling (1989; 1995) were able to demonstrate that MLF 
yielded ATP and proposed that the ability of a cell to expel lactate and 

NH

C

NH

CH

COOH

NH2

NH2

Arginine Citrulline

Ornithine

O

C

O

NH2 CO2 +

NH3

NH3

Carbamyl phosphate

ADP

ATP

(CH2)3

C

NH

CH

COOH

NH2

NH2

(CH2)3

O

NH2

CH

COOH

NH2

(CH2)3

P

Figure 2.6. Formation of ornithine, ammonia, and carbon dioxide from arginine by 
some heterofermentative lactic acid bacteria.
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protons could theoretically generate a proton motive gradient that, in 
turn, would yield ATP through the ATPase. A variation of this model was 
proposed (Poolman et al., 1991; Salema et al., 1994) in which l-malate is 
taken up in the monoanionic form (the dominant species at low pH) as 
illustrated in Fig. 2.7. This would cause a net negative charge to be 
moved into the cell and thereby create an electrical potential. l-Malate is 
then decarboxylated to l-lactic acid and CO2 in a reaction that requires 
one proton. The consumption of a proton in the cytoplasm generates a 
pH gradient that, together with the change in electrical potential, allows 
ATP generation to occur by a membrane-bound ATPase. Salema 
et al. (1994; 1996) suggested that l-lactic acid and CO2 leave the cell 
as neutral species rather then being actively transported across the 
membrane.

2.4.4 Mannitol and Erythritol

As stated previously, many heterofermentative lactic acid bacteria gain 
additional energy by converting acetyl phosphate to acetate instead of 
ethanol. Although an additional ATP can be produced, the cell requires 
regeneration of NAD+, a process achieved using an alternative electron 
acceptor, fructose (Wisselink et al., 2002). The reduction of fructose to 
mannitol by lactic acid bacteria catalyzed by mannitol dehydrogenase is 
shown in Fig. 2.8.
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Figure 2.7. Proposed model for energy generation (ATP) by Oenococcus oeni through 
conversion of malic acid to lactic acid and carbon dioxide. Modifi ed from Poolman et al. 
(1991) with the kind permission of the Journal of Bacteriology.



Mannitol formation is used as a laboratory diagnostic test for the 
separation of heterofermentative from homofermentative bacteria (Section 
15.4.10). Although primarily a property of heterofermentative lactic acid 
bacteria, a few homofermentative strains can also produce small amounts 
of the sugar alcohol (Wisselink et al., 2002).

Veiga-da-Cunha et al. (1993) observed that O. oeni produced another 
sugar alcohol, erythritol, anaerobically from glucose but not from fructose 
or ribose. In the presence of oxygen, synthesis of this sugar alcohol was 
absent. In agreement, Firme et al. (1994) reported erythritol production 
by this bacterium under N2 or CO2 environments. As with the formation 
of mannitol, synthesis of erythritol is probably related to the cell’s need to 
reoxidize NADPH under anaerobic conditions.

2.4.5 Diacetyl and Other Odor/Flavor Compounds

One of the most important odor active compounds produced by lactic acid 
bacteria is 2,3-butandione, or diacetyl (Fornachon and Lloyd, 1965; 
Collins, 1972; El-Gendy et al., 1983; Rodriguez et al., 1990; Martineau and 

Acetyl-P

NAD+

NADH

NAD+

NADH

Pi

Pi

Glucose-6-P

Glucose

Fructose-6-P

Acetyl-CoA

Acetaldehyde

Ethanol

CoA

CoA

ATP

ADP

Acetate

ATP

ADP

FructoseMannitol

Erythrose-4-P

Erythritol-4-P

Erythritol

NADP

NADPH

NAD(P)H

NAD(P) +

+

ATP

ADP

Heterofermentative
Pathway

Pi
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Henick-Kling, 1995a; 1995b; Nielsen and Richelieu, 1999; Bartowsky and 
Henschke, 2004a; 2004b). Diacetyl has a distinct “buttery” aroma with a 
sensory threshold ranging from 0.2 mg/L in Chardonnay to 2.8 mg/L in 
Cabernet Sauvignon wines (Martineau et al., 1995). Whereas the presence 
of diacetyl at low concentrations (1 to 3 mg/L) is described sensorially as 
being “buttery” or “nutty,” the compound will dominate the aroma profi les 
at concentrations greater than 5 to 7 mg/L, potentially resulting in spoil-
age (Rankine et al., 1969). Perception of the “buttery” aroma cannot 
always be predicted directly from diacetyl concentrations due to differ-
ences in matrix and other factors (Bartowsky et al., 2002).

Diacetyl may be synthesized by either homolactic or heterolactic path-
ways of sugar metabolism as well as by utilization of citric acid (Fig. 2.9). 
Citric acid is fi rst converted to acetic acid and oxaloacetate; the latter 
is then decarboxylated to pyruvate. Although earlier reports indicated 
that diacetyl synthesis by lactic acid bacteria does not proceed via α-
acetolactate (Gottschalk, 1986), more recent evidence suggests that this 
pathway is active in lactic acid bacteria (Ramos et al., 1995). Here, pyruvate 
undergoes a second decarboxylation and condensation with thiamine 
pyrophosphate (TPP) to yield “active acetaldehyde.” This compound then 
reacts with another molecule of pyruvate to yield α-acetolactate, which, in 
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turn, undergoes oxidative decarboxylation to produce diacetyl (Ramos 
et al., 1995; Bartowsky and Henschke, 2004b). Diacetyl can be further 
transformed into acetoin as well as 2,3-butanediol. An alternate pathway 
involving the reaction of “active acetaldehyde” with acetyl CoA has been 
proposed, but the responsible enzyme, diacetyl synthetase, has never been 
isolated (Ribéreau-Gayon et al., 2000).

During growth, malic and citric acid utilization by lactic acid bacteria 
may occur concomitantly, although utilization of citric acid proceeds at a 
much slower rate (Pimentel et al., 1994). Thus, complete conversion of 
citric acid does not necessarily coincide with completion of MLF, and 
levels of citric acid remaining in the wine post-MLF may be suffi cient to 
stimulate bacterial formation of diacetyl and acetic acid.

Microbial formation of diacetyl is a dynamic process, and concentra-
tions in the wine depend on many factors including bacterial strain, wine 
type, and redox potential (Martineau and Henick-Kling, 1995a; 1995b; 
Nielsen and Richelieu, 1999). For instance, MLF during or just after alco-
holic fermentation, when high populations of yeast are present, yields 
lower amounts of diacetyl due to rapid yeast reduction to acetoin and 
butylene glycol. By comparison, MLF occurring in low-density populations 
of viable yeast results in correspondingly higher concentrations of diacetyl. 
In general, diacetyl levels produced by O. oeni are relatively low compared 
with Lactobacillus or Pediococcus, which can synthesize objectionable con-
centrations. Prahl and Nielsen (1995) illustrated that the reversible 
reaction between diacetyl and SO2 can result in rapid decreases in the 
concentration of diacetyl from 30% to 60%. Because the reaction is transi-
tory, however, objectionable levels may return after several weeks of storage. 
Factors that impact the synthesis of diacetyl by lactic acid bacteria are 
summarized in Table 2.3.

Besides diacetyl, O. oeni can also synthesize higher alcohols and other 
compounds as by-products of their metabolism (Tracey and Britz, 1989; 
Edwards and Peterson, 1994; De Revel et al., 1999; Maicas et al., 1999; 
Delaquis et al., 2000). More recent evidence indicates that O. oeni possesses 
β-glucosidase activity (Section 1.5.4), an enzyme responsible for hydrolysis 
of monoglucosides, which can alter the sensory characteristics of a wine 
(Grimaldi et al., 2000; Boido et al., 2002; Mansfi eld et al., 2002; Ugliano 
et al., 2003; D’Incecco et al., 2004).

Osborne et al. (2000) reported that O. oeni can metabolize acetaldehyde 
producing ethanol and acetic acid. In some cases, this may be desirable 
because excess acetaldehyde may result in wine spoilage (Kotseridis and 
Baumes, 2000; Liu and Pilone, 2000). However, acetaldehyde also plays a 
role in the color development and stabilization of red wines (Timberlake 
and Bridle, 1976). More recently, Morneau and Mira de Orduna (2005) 
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demonstrated that acetaldehyde degradation was strain as well as pH and 
SO2 dependent.

Although O. oeni produces a variety of volatile compounds, the debate 
continues regarding the exact contribution of malolactic fermentation to 
the sensory properties of a wine. Early work by Kunkee et al. (1964) and 
Rankine (1972) indicated that except for its role in deacidifi cation, MLF 
did not have a measurable infl uence on sensory properties of wine. On 
the other hand, more recent studies suggested differential changes in wine 
aroma and fl avor (McDaniel et al., 1987; Laurent et al., 1994; Henick-
Kling, 1995; Sauvageot and Vivier, 1997; Nielsen and Richelieu, 1999; 
Delaquis et al., 2000; Gambaro et al., 2001; Boido et al., 2002). For example, 
Sauvageot and Vivier (1997) noted that Chardonnay wines that completed 
MLF were perceived as being higher in “hazelnut,” “fresh bread,” and 
“dried fruit” aromas, whereas Pinot noir lost “strawberry” and “raspberry” 
sensory notes. Aside from infl uencing fl avor and aroma, MLF may increase 
the body and mouthfeel, possibly due to the production of polyols such as 
glycerol and erythritol (Henick-Kling et al., 1994). Pripis-Nicolau et al. 
(2004) determined that lactic acid bacteria could metabolize methionine 
to produce 3-(methylsulphanyl)propionic acid. The authors described this 
compound as “chocolate” and “roasted” and theorized that this acid could 
contribute to the sensory complexity of wines post-MLF.

Table 2.3. Factors that affect diacetyl synthesis by lactic acid bacteria.

Factor Impact

Bacterium • Synthesis varies with genus, species and strain.
Inoculation rate • Lower initial inoculums (104 vs. 106 CFU/mL) of bacteria 
  favors synthesis.
Wine contact with • Confl icting studies where synthesis (Boulton et al., 1996) 
 yeast lees (sur lies)  and degradation (Bartowsky and Henschke, 2004a) have
  been reported.
Wine contact with air • Nonenzymatic reaction of α-acetolactate to diacetyl 
  favored.
Addition of SO2 • Binds diacetyl yielding sensory inactive adduct.
 • Inhibits bacteria
Addition of citric acid • Favors synthesis (increases acetic acid too).
Temperature • More diacetyl retained in wines undergoing MLF at 18ºC 
  than 25ºC.
pH • Lower pH retards growth of bacteria but favors synthesis.

CFU, colony-forming units; MLF, malolactic fermentation.
Adapted from Bartowsky and Henschke (2004a) and Boulton et al. (1996).



CHAPTER 3

ACETIC ACID BACTERIA

3.1 INTRODUCTION

Considered to be spoilage microorganisms in winemaking (Drysdale 
and Fleet, 1988; Du Toit and Pretorius, 2002), growth of acetic acid 
bacteria results in oxidation of ethanol to acetic acid (the process of ace-
tifi cation). In addition, other odor- and fl avor-active metabolites as well 
as polysaccharides including dextrans and levans may be formed (Colvin 
et al., 1977; Tayama et al., 1986). The latter can create problems during 
post-fermentation clarifi cation and stability.

3.2 TAXONOMY

Acetic acid bacteria are Gram-negative, aerobic, catalase-positive rods 
belonging to the family Acetobacteraceae (Holt et al., 1994; Ruiz et al., 
2000; Du Toit and Pretorius, 2002). Acetobacter and Gluconobacter
are described as being rod to ellipsoidal in shape, although there is 
often considerable microscopic variation among species as well as their 
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respective strains (De Ley et al., 1984). Even verifi ed pure cultures may 
exhibit considerable morphological heterogeneity ranging from club-
shaped, curved, to fi lamentous rods that may be observed as occurring 
singly, in pairs, or as short chains (Fig. 3.1).

According to Du Toit and Pretorius (2002), acetic acid bacteria are now 
divided into four genera: Acetobacter, Acidomonas, Gluconobacter, and 
Gluconoacetobacter. This differs from the last edition of Bergey’s Manual
where Acetobacter and Gluconobacter were the only recognized genera (De 
Ley and Swings, 1984; De Ley et al., 1984). Gluconobacter oxydans, Acetobacter
aceti, A. pasteurianus, Gluconacetobacter liquefaciens (formerly A. liquefaciens), 
and Gluconacetobacter hansenii (formerly A. hansenii) have been isolated 
from grapes and wine (Vaughn, 1955; Joyeux et al., 1984a; Drysdale and 
Fleet, 1985; 1988; Du Toit and Lambrechts, 2002). Additional reorganiza-
tion of this group with the inclusion of different species is probable given 
the application of phylogenetic studies (Cleenwerck et al., 2002). A taxo-
nomic history of acetic acid bacteria can be found in Adams (1998).

Gluconobacter oxydans is generally found growing in sugar-rich environ-
ments where alcohol is either absent or present in low concentrations. 
Typical sites of isolation include fl ower parts and deteriorating fruit. By 
comparison, Acetobacter spp. are generally isolated from fermented sub-

Figure 3.1. Acetobacter aceti as viewed with phase-contrast microscopy at a magnifi cation 
of 1000×. Photograph provided with the kind permission of WineBugs LLC.



strates (wine, beer, etc.), although these microorganisms can also be found 
in decaying fruit undergoing fermentation.

3.3 NUTRITIONAL REQUIREMENTS

Nutritional requirements vary depending on the available carbon source 
and other variables. Some strains require p -aminobenzoic acid, niacin, 
thiamin, and/or pantothenic acid (De Ley and Swings, 1984; De Ley 
et al., 1984). Single amino acids cannot be used as sole sources of nitrogen 
and carbon. However, some strains of Acetobacter can grow without amino 
acids using NH4

+ and ethanol as sole sources of nitrogen and carbon, 
respectively. De Ley and Swings (1984) and De Ley et al. (1984) noted that 
no “essential” amino acids are known for Gluconobacter or for Acetobacter.

Acetic acid bacteria normally require oxygen for growth (obligate 
aerobes). Because of this, limiting oxygen contact with a wine has served 
as a means to limit bacterial growth. However, there is evidence that acetic 
acid bacteria do not necessarily die with a lack of oxygen. In fact, Acetobacter
may enter a “viable-but-not-culturable” state under oxygen deprivation 
(Section 6.5.2).

3.4 METABOLISM

3.4.1 Carbohydrates

Gluconobacter can utilize sugar alcohols (mannitol, sorbitol, or glycerol) or 
hexoses (glucose or fructose) as carbon sources. Acids are formed from 
propanol, butanol, glycerol, erythritol, mannitol, arabinose, ribose, 
fructose, galactose, mannose, and maltose by a majority of strains (De Ley 
and Swings, 1984).

Gluconobacter lacks phosphofructokinase, the enzyme responsible 
for catalyzing formation of fructose-1,6-diphosphate from fructose-6-
phosphate in glycolysis (Fig. 1.7). Because this pathway is not operative, 
glucose is metabolized using the oxidative pentose phosphate pathway, 
also known as the hexose monophosphate shunt (Fig. 3.2). The conversion 
of ribulose-5-phosphate to fructose-6-phosphate and glyceraldehyde-3-
phosphate involves a series of reactions catalyzed by transketolases and 
transaldolases that transfer carbonyl groups between molecules. The 
glyceraldehyde-3-phosphate formed is converted to acetate via pyruvate. 
Although the major pathway for sugar utilization, Olijve and Kok (1979) 
pointed out that this shunt is inhibited in Gluconobacter at pH 3.5 to 4.0. 
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While these bacteria can grow within this pH range, their nutritional 
requirements are expanded.

Gluconobacter does not contain a functional tricarboxylic cycle (Fig. 1.9) 
and therefore cannot oxidize acetate or lactate to CO2 and water (De Ley 
and Swings, 1984). However, these bacteria can directly oxidize glucose to 
form gluconate and, to a lesser degree, ketogluconates (Weenk et al., 1984; 
Seiskari et al., 1985). Depending on strain and environmental conditions, 
gluconic acid may accumulate, with concentrations approaching 30 g/L in 
grape musts inoculated with G. oxydans (Drysdale and Fleet, 1989a). 
Weenk et al. (1984) reported that utilization of gluconate may also be 
limited by environmental pH (>3.5) and glucose levels (<10 mM).

Sources of carbon for Acetobacter is species and strain dependent. 
Whereas all strains of A. aceti studied by De Ley et al. (1984) exhibited 
growth on ethanol, mannitol, acetate, and lactate, most, but not all (>50%), 
grew on propanol, fructose, and glucose. De Ley and Schell (1959) noted 
growth of A. aceti on a number of sugars, acids, and alcohols. By compari-
son, A. pasteurianus utilizes fewer carbon sources (ethanol, acetate, and 
lactate), whereas A. liquefaciens metabolizes more (ethanol, proposal, 
erythritol, ribitol, mannitol, sorbitol, galactose, fructose, glucose, 
gluconate, sucrose, maltose, acetate, glycerate, and lactate).

Like Gluconobacter, Acetobacter spp. metabolize sugars by the oxidative 
pentose phosphate pathway, but unlike Gluconobacter, these microorgan-
isms do have an active Krebs cycle (Kitos et al., 1958). While glycolysis is 
either absent or very weak (De Ley et al., 1984), several species are capable 
of oxidizing polyols to corresponding ketoses. Both acetate and lactate can 
be oxidized to CO2 and water and many strains form 2-keto-gluconic acid, 
5-keto-gluconic acid, and/or 2,5-diketo-gluconic acid from glucose. The 
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most preferred carbon sources for growth of Acetobacter are (in descending 
order) ethanol, glycerol, and lactate.

Growth of Botrytis cinerea on grapes, followed by dehydration and 
concentration of infected berries, can represent an important source of 
glycerol for acetic acid bacteria. Sponholz and Dittrich (1985) detected 
gluconic acid and keto-gluconates in Botrytis-infected grapes and believed 
the sources were acetic acid bacteria rather than mold. In the case of 
mold-infected fruit, glycerol concentrations have been reported to be over 
15 g/L (Dittrich et al., 1974; 1975; Nieuwoudt et al., 2002). Glycerol is 
thought to contribute to the perception of sweetness and body (viscosity) 
at concentrations greater than the reported threshold of 4 to 5 g/L (Noble 
and Bursick, 1984), although this sensory impact has more recently been 
questioned (Nieuwoudt et al., 2002).

The conversion of glycerol to dihydroxyacetone is known as “ketogene-
sis.” As ketogenesis requires oxygen and is inhibited at alcohol levels >5%
v/v (Yamada et al., 1979; Aldercreutz, 1986), the presence of substantial 
amounts of dihydroxyacetone in wine likely refl ects “carry-over” from 
infected musts rather than formation during alcoholic fermentation. Du 
Toit and Pretorius (2002) reviewed other research where very high con-
centrations, upwards of 2500 mg/L, were reported. Ketogenesis may have 
an important impact on sensory properties of the wine due to the loss of 
glycerol and the formation of dihydroxyacetone (Yamada et al., 1979; 
Drysdale and Fleet, 1989a; 1989b; Nieuwoudt et al., 2002). Containing a 
carbonyl functional group, dihydroxyacetone can also bind to SO2 so that 
grapes infected with Gluconobacter have a higher requirement for sulfi tes 
(Swings, 1992). Finally, dihydroxyacetone can also react with the amino 
acid proline to yield a sensory-active compound described as being “crust-
like” (Margalith, 1981).

3.4.2 Ethanol

Whereas Acetobacter produces limited amounts of acetic acid through 
carbohydrate metabolism, much more of the acid is synthesized through 
the oxidation of ethanol (Eschenbruch and Dittrich, 1986). Two mem-
brane-bound enzymes, an alcohol dehydrogenase and an aldehyde dehydro-
genase, are involved in this conversion (Saeki et al., 1997). Alcohol 
dehydrogenase oxidizes ethanol to acetaldehyde, which is further oxidized 
to acetic acid by the aldehyde dehydrogenase as follows:

CH3CH2OH + PQQ → CH3CHO + PQQH2 (alcohol dehydrogenase)

CH3CHO + PQQ + H2O → CH3COOH + PQQH2 (aldehyde dehydrogenase)
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Pyrroloquinoline (PQQ) is part of the membrane-bound 
dehydrogenases. Unlike many other microorganisms that use NAD+ as a 
coenzyme, Acetobacter uses PQQ as the preferred hydrogen-acceptor that 
transfers electrons generated from these reactions. Electrons are initially 
transferred to ubiquinone (Fig. 3.3), which will be re-oxidized by a mem-
brane-associated oxidase. Eventually, oxygen is the fi nal electron acceptor, 
resulting in formation of H2O and a proton motive force necessary for 
energy production through a membrane-bound ATPase. As such, acetic 
acid bacteria are thought to have absolute requirements for oxygen and, 
hence, are described as obligate aerobes.

Although most strains of Gluconobacter can oxidize ethanol at low con-
centrations (<5% v/v), the microorganism cannot survive in the alcoholic 
environment of wine even when aerated (Drysdale and Fleet, 1989b). 
Conversely, Acetobacter can grow and spoil wine at much higher alcohol 
concentrations. Drysdale and Fleet (1989b) and others have demonstrated 
growth of Acetobacter in wines containing greater than 10% v/v ethanol.

Acetic acid bacteria can produce large quantities of acetaldehyde, 
approaching 250 mg/L (Du Toit and Pretorius, 2002). Acetaldehyde has 
a sensory threshold of 100 to 120 mg/L (Berg et al., 1955) and therefore 
can be a sensory defect in wines. Acetaldehyde has been described as being 
“nutty,” “sherry-like,” “bruised apple,” “green,” “grassy,” or even “vegeta-
tive” (Zoecklein et al., 1995; Kotseridis and Baumes, 2000; Liu and Pilone, 
2000).

Under conditions of low oxygen as would occur in barreled wine, Aceto-
bacter will produce acetaldehyde rather than acetic acid (Drysdale and 
Fleet, 1989b). As an explanation, the authors speculated that while the 
alcohol dehydrogenase is active under low oxygen, the activity of acetalde-
hyde dehydrogenase could be impeded (Fig. 3.3). Besides the sensory 
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Figure 3.3. Oxidation of ethanol with the formation of acetic acid by acetic acid 
bacteria. Adapted from Adams (1998) with the kind permission of Springer Science 
and Business Media.



impact, acetaldehyde rapidly binds with SO2 to form an addition com-
pound of limited volatility and odor (Section 5.2.1). As such, it may be 
possible to mitigate objectionable properties of acetaldehyde through 
careful additions of sulfi tes.

Besides acetic acid and acetaldehyde, Acetobacter also produces ethyl 
acetate. This pungent ester contributes to the sensory interpretation of 
“volatile acidity” (Section 11.3.1). However, synthesis is affected by avail-
able oxygen resulting in less ethyl acetate being produced under low 
oxygen conditions (Drysdale and Fleet, 1989b).
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CHAPTER 4

MOLDS AND OTHER

MICROORGANISMS

4.1 INTRODUCTION

Molds are fi lamentous fungi that are classifi ed based on the morphology 
of asexual or vegetative mycelial elements and their spore structures. A 
typical vegetative structure of molds consists of individual hyphal ele-
ments, collectively called the mycelium. Hyphae are of three types: (a) 
penetrative hyphae called rhizoids, which serve to enter the substrate to 
glean and transport nutrients; (b) stolons, which have a larger diameter 
than rhizoids and serve to link the mycelial mass, and (c) aerial asexual 
reproductive hyphae, also known as conidiophores or sporangiophores. 
Depending on the mold, asexual spores may be produced within an 
enclosed structure (the sporangium) or appear exposed at the tips of ves-
icles. Spores serve an important role in mold dispersal, being carried by 
air currents and foraging insects. Under appropriate conditions of humid-
ity and temperature, spores germinate to yield the vegetative body (myce-
lium), which can continue to alternatively propagate and sporulate.

As an example, Aspergillus produces asexual spores (conidiospores or 
conidia) on a structure called an aspergillum, which consists of a swollen 

52



vesicle and either one or two layers of specialized cells (phialides with 
or without metulae). A typical structure is illustrated in Fig. 4.1. The 
aspergillum, stipe, and foot cell together are called the conidiophore.

4.2 ECOLOGY HABITATS

Molds are ubiquitous with various genera commonly found on grapes. 
Common examples include Aspergillus, Botrytis, and Penicillium, and, to a 
lesser extent, Phythophthora, Moniliella, Alternaria, and Cladosporium (Rosa 
et al., 2002). Mold growth plays an important role in the physical and 
chemical stability as well as the sensory properties of the future wine. For 
example, uncontrolled proliferation of mold on grapes just prior to harvest 
rapidly leads to growth of secondary contaminants (yeasts and bacteria), 
which, in turn, leads to a deteriorative state called “rot.” Recognizing the 
importance of mold growth to wine quality, grape contracts generally 
include specifi cation for the extent of infections. Depending on the 
extent to which mold and rot is present, the winemaking staff may fi nd it 
necessary to modify their processing protocol (Section 7.5).

Figure 4.1. Basic structure of Aspergillus. Adapted from Chang et al. (2000) with the 
kind permission of Elsevier Ltd.
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Although not tolerant of ethanol, molds are ubiquitous in wineries 
and are present on surfaces as well as in the air (Donnelly, 1977). In a 
comprehensive study of wine storage cellars, Goto et al. (1989) isolated 
108 mold strains from six French and four German wineries in addition 
to an experimental university winery in Japan. The strains belonged to 
six genera, Alternaria, Aspergillus, Cladosporium, Geosmithia, Penicillium, and 
Verticillium.

Molds are capable of growth on the outer and inner surfaces of wooden 
storage containers and on cork in bottled wines where seepage has 
occurred. Aside from esthetic problems of growth on these surfaces, molds 
produce sensorially powerful metabolites that are perceivable at parts-per-
billion or parts-per-trillion concentrations. As such, these compounds can 
play a signifi cant role in wine quality (Section 4.5.3).

4.3 TAXONOMY

4.3.1 Aspergillus (Black Mold)

The asexual genus Aspergillus belongs to the Deuteromycetes (formerly 
Fungi imperfecti). Initial growth of Aspergillus appears as a white mycelium 
similar to Penicillium, but as conidia mature, the colony develops a black 
coloration. One species, A. niger, plays an important role in bunch rot, 
particularly in warm climates, which led to its description as the “hot 
weather mold.” Aspergillus along with a second mold, Rhizopus, and acetic 
acid bacteria are also associated with bunch or sour rot.

4.3.2 Botrytis (Gray Mold)

Gray mold is caused by B. cinerea and can affect a wide range of plants as 
well as stored fruits and vegetables. The disease is encouraged by cool, 
damp conditions and is characterized by a gray, “fl uffy,” surface mold 
overlaying a soft, commonly brown rot (Alur, 2000). Early in the growth 
cycle, colonies appear white, changing to gray as conidia form and mature. 
Botrytis cinerea growing on a grape is illustrated in Fig. 4.2. Although in 
most cases, growth of the mold decreases grape quality, infections are 
encouraged, in some instances, to produce high-quality dessert wines (so-
called noble rot).

Upon germination, hyphal elements of Botrytis penetrate berries through 
microscopic cracks and other lesions (Donèche, 1993). Growth of the 
fungus cracks and loosens the grape skin such that when the berry is 
gently squeezed, the skin separates easily from pulp. This observation 



resulted in Botrytis earning the nickname of “slip-skin” mold. Another 
visual manifestation of an early stage of Botrytis development is browning 
of the berries, a “chocolate” hue known as pourri plein (Donèche, 1993).

Where conditions within and surrounding the cluster remain wet and 
the relative humidity high (>90%) after infection, the cycle from germina-
tion to sporulation may take less than 3 days during and after which the 
disease may follow two (often overlapping) courses. Optimal temperature 
and relative humidity for infection lies between 15ºC/59ºF and 20ºC/68ºF 
and >90% RH (Bulit and Lafon, 1970). Under these conditions, growth 
of Botrytis as well as native fungi (Penicillium, Aspergillus, Cladosporium, and 
Rhizopus) and acetic acid bacteria rapidly ensues, yielding “bunch rot” 
( Jackson, 2000). Although originally believed to arise only from early fall 
rains, other factors such as fog, dew, and irrigation practices coupled to 
microclimates that maintain relatively a high humidity during the growing 
season may also promote the infection.

Where warm, sunny, and windy weather follows the primary infection 
by Botrytis, free water in the cluster evaporates, and the fruit begins a 
process of dehydration, yielding the so-called noble rot (Donèche, 1993). 
Although mold and bacterial growth continues to consume a portion of 
the sugars and acids, this is countered by a concentration of fl avors and 

Figure 4.2. Botrytis cinerea as viewed with brightfi eld microscopy at a magnifi cation of 
400×. Photograph provided with the kind permission of WineBugs LLC.
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sugars due to dehydration. Fermentation of musts prepared from these 
infected grapes yields what many regard as high-quality sweet (white) 
wines.

4.3.3 Penicillium (Blue-Green Mold)

Penicillium is a diverse genus, with more than 200 recognized species. 
Colonies normally grow well and sporulate on a number of laboratory 
media, producing gray-green or gray-blue colors (Pitt, 2000). P. expansum
(formerly, P. glaucum) is frequently isolated and is also known as the “apple 
rot fungus” (Pitt, 2000). This species spoils apples, pears, tomatoes, avo-
cados, mangoes, and grapes and is the major source of the mycotoxin 
patulin in fruit juices (Section 4.5.2).

Most Penicillium species grow well over lower temperature ranges, with 
nearly all capable of growth below 5ºC/41ºF. Its growth at low temperature 
has led to Penicillium being referred to as the “cold weather mold.”

4.4 NUTRITIONAL REQUIREMENTS

Like other microorganisms, molds have requirements for various nutrients 
including sulfur, phosphorus, magnesium, and potassium as well as trace 
amounts of iron, copper, calcium, manganese, zinc, and molybdenum 
(Carlile et al., 2001). Most can grow over a wide pH range (2 to 8.5) and 
produce various hydrolytic enzymes such as amylases, pectinases, protein-
ases, and lipases. Because of this, most species can utilize a wide range of 
carbon and nitrogen sources. In fact, A. niger has the ability to grow only 
on glucose as a sole organic source (Carlile et al., 2001). Though many 
can grow under conditions of low water activity, Botrytis need a water activ-
ity (aw) of 0.93 for spore germination (Alur, 2000).

Molds generally require high concentrations of oxygen. Refl ecting their 
oxidative requirements, mold growth in stored juice and concentrate is 
generally restricted to surface contamination. However, P. expansum and 
P. roqueforti are able to grow at oxygen levels as low as 2% (Pitt, 2000).

4.5 METABOLISM

4.5.1 Glucose

Aspergillus and Penicillium utilize glucose through the Embden–
Meyerhof–Parnas pathway (Fig. 1.7), although some species possess a 



limited hexose monophosphate shunt or oxidative pentose phosphate 
pathway (Fig. 3.2). As pointed out by Donèche (1993), young mycelia of 
B. cinerea will also exhibit oxidation of glucose by the Entner–Doudoroff 
pathway (Fig. 4.3). Glyceraldehyde-3-phosphate formed from this reaction 
can be oxidized to pyruvate by enzymes of the Embden–Meyerhof–Parnas 
pathway. As molds are obligate aerobes, the tricarboxylic acid, or Krebs, 
cycle (Fig. 1.9) is active with NADH being reoxidized to NAD+ through 
oxidative phosphorylation. Although several organic acids are synthesized 
through the Krebs cycle, namely citric, itaconic, and malic, Aspergillus also 
produces signifi cant amounts of gluconic acid from the oxidation of 
glucose by glucose oxidase (Chang et al., 2000). In oxygen-poor environ-
ments, glycerol accumulates due to the activity of glycerol dehydrogenase, 
an enzyme that allows for regeneration of NAD+ (Fig. 1.8).

4.5.2 Mycotoxins

A major concern with the growth of certain molds on grapes is the produc-
tion of mycotoxins such as ochratoxin A and patulin (Scott et al., 1977; 
Battilani and Pietri, 2002; Cabañes et al., 2002; Delage et al., 2003). 
Patulin causes gastrointestinal problems and skin rashes, and ochratoxin 
A is a potent nephrotoxin and carcinogen. Molds known to produce 
mycotoxins when grown on grapes include Aspergillus and Penicillium.
Recently, Rosa et al. (2002) isolated 101 strains of A. niger, of which 24 
could produce ochratoxin A. Similarly, Moeller et al. (1997) and 
Abrunhosa et al. (2001) found that Penicillium spp. could produce one or 
more mycotoxins (isofumigaclavine A, isofumigaclavine B, festuclavine, 
patulin, roquefortine C, and PR toxins) when inoculated into grape must. 
Finally, Esteban et al. (2004) noted that strains of Aspergillus could produce 
ochratoxin A over a wide range of temperatures.
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Ochratoxin A has been found in grapes and wines from Argentina and 
Brazil (Rosa et al., 2002), Canada (Ng et al., 2004), France (Sage et al., 
2004), Italy (Battilani et al., 2004), Portugal (Serra et al., 2003), South 
Africa (Stander and Steyn, 2002), Spain (Bellí et al., 2004; Blesa et al., 
2004), and the United States (Siantar et al., 2003). Stander and Steyn 
(2002) noted higher concentrations in a few late harvest wines compared 
with other wines analyzed, probably due to some Aspergillus and/or 
Penicillium growth prior to harvest. Beginning January 1, 2005, the Euro-
pean Union established a maximum concentration of 2.0 µg/L on all 
domestic and imported wines.

4.5.3 Odor/Flavor Compounds

Molds synthesize numerous compounds that impart odors and fl avors to 
wines. Kaminski et al. (1974) reported that Aspergillus and Penicillium pro-
duced 3-methylbutanol, 3-octanone, 3-octanol, 1-octen-3-ol, 1-octanol, 
and 2-octen-1-ol along with a number of higher alcohols (isobutyl alcohol 
and phenethyl alcohol), aldehydes (including benzaldehyde), and ketones. 
Among these odors, the authors determined that 1-octen-3-ol, described 
as being “musty” or “mushroom,” was the most predominant and re -
presented from 36.6% to 93.1% of the total volatiles produced. Other 
compounds possessing “musty” or “moldy” sensory attributes are also 
synthesized (Fig. 4.4).

OCH3
OH

(-) Geosmin

2-Methylisoborneol

Guaiacol

CH3

CH3

CH3

HO

H3C

2-Methoxy-3,5-dimethylpyrazine

OH
H3C

CH3

2,4,6-Trichloroanisole

OCH3

CH3H3C N

N

OCH3
Cl

Cl

Cl

Figure 4.4. Structures of compounds believed to be responsible for “musty” type of 
odors in wines.



B. cinerea metabolizes aromatic terpenes including linalool, geraniol, 
and nerol in the formation less volatile compounds such as β-pinene, α-
terpineol, and other oxides (Nigam, 2000). In addition, the mold pro-
duces esterases that degrade the esters, compounds that give many white 
wines their fruity character, and can also synthesize sotolon (“honey-like”) 
and 1-octeno-3-ol (Nigam, 2000).

Molds also produce large amounts of glycerol, a compound that can be 
utilized as a carbon source for acetic acid bacteria (Section 3.4.1). Ravji 
et al. (1988) examined glycerol production by four common vineyard 
molds involved in rot, Botrytis cinerea (gray rot), Aspergillus niger (black-mold 
rot), Penicillium italicum (blue-mold rot), and Rhizopus nigricans (Rhizopus 
rot) and concluded that glycerol production per unit of mycelial weight 
varied not only with the individual mold but also with grape variety and 
method of juice extraction.

4.6 OTHER MICROORGANISMS

4.6.1 Bacillus

The genus Bacillus is composed of Gram-positive (sometimes Gram-
variable), aerobic, catalase-positive, endospore-producing species. 
Although these bacteria are common soil-borne, the occurrence of Bacillus
sp. growing in alcoholic beverages has been observed infrequently. Early 
research by Gini and Vaughn (1962) reportedly found B. subtilis, B. circu-
lans, and B. coagulans in spoiled wines, and Murrell and Rankine (1979) 
isolated a strain of B. megaterium from brandy. More recent reports of isola-
tion from wines of eastern European origin include that of Bisson and 
Kunkee (1991). In these cases, Kunkee (1996) noted that growth of Bacil-
lus in bottled wine did not affect palate or olfactory properties and, thus, 
the defect was limited to sediment or haze formation. Besides wines, B. 
subtilis has also been found on cork (Álvarez-Rodríguez et al., 2003).

B. thuringiensis, a bacterium used as a biological insecticide on grapes, 
was subsequently isolated from fermenting grape juice in a commercial 
winery (Bae et al., 2004). Although the bacterium could apparently remain 
viable in wine, growth and multiplication was inhibited.

4.6.2 Clostridium

Due to the normally acidic nature of grape wines (pH < 4.0), the presence 
of Clostridium has rarely been reported. According to Sponholz (1993), 
growth is restricted to low-acid, high-pH (>4.0) grape and apple juices and 

 Other Microorganisms 59



60 4. Molds and Other Microorganisms

wines. Growth of these bacteria imparts a “rancidness” in wines due to 
synthesis of n-butyric acid.

4.6.3 Streptomyces

Streptomyces has been implicated in the formation of “musty” compounds 
in corks as well as in the winery (Silva Pereira et al., 2000). One causative 
molecule is 2,4,6-trichloroanisole (Buser et al., 1982). Recently, Mara and 
Bisson (2005) characterized more than 150 isolates of Streptomyces from 
various winery environments. Of these isolates, 12 were able to grow well 
on trichlorophenol, with synthesis of trichloroanisole. The authors con-
cluded that differential occurrence of species or strains may account for 
environmental trichloroanisole in one winery but not another.

Besides trichloroanisole, other metabolites such as guaiacol, geosmin, 
2-methylisoborneol, and 2-methoxy-3,5-dimethylpyrazine (Fig. 4.4) can 
also cause “musty” or “moldy” aromas (Silva Pereira et al., 2000; Simpson 
et al., 2004). Moreover, Silva Pereira et al. (2000) pointed out that cork 
taints can originate from other microorganisms. As an example, a putrid 
odor is produced by Armillaria mellea, a microorganism that infects oak 
trees and causes “yellow spot” on corks.
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Guaiacol is another compound found in wines produced by some molds 
or bacteria when grown on cork. Here, Streptomyces is capable of degrading 
vanillic acid to produce guaiacol as well as other compounds (Fig. 4.5). 
Earlier work by Simpson et al. (1986) suggested that tainted wines con-
tained 0.07 to 2.63 mg/L guaiacol, whereas unspoiled wines from the same 
bottling had much lower concentrations, 0.003 to 0.006 mg/L.

Other sensory-active metabolites produced by Streptomyces and some 
Cyanobacteria and molds are geosmin (trans-1,10-dimethyl-trans-9-decalol) 
and 2-methylisoborneol. Geosmin has an odor reminiscent of “cooked 
beets,” “earthy,” or “freshly tilled soil” and 2-methylisoborneol has been 
similarly described as being “earthy” or “musty.” Darriet et al. (2001) 
detected geosmin present in a “musty” Cabernet Sauvignon wine, specifi -
cally the (−) isomer, which has a much lower sensory threshold than (+)
geosmin. The authors further determined that both Streptomyces and 
Penicillium spp. synthesize (−) geosmin. As geosmin has been found in 
freshly crushed grapes (Darriet et al., 2000), microorganisms that develop 
on grapes could therefore potentially yield “musty” wines.
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CHAPTER 5

MANAGING MICROBIAL GROWTH

5.1 INTRODUCTION

Controlling the growth of microorganisms at critical junctures during the 
winemaking process is vital to success. Important concerns include not 
only maximizing the fermentative performance of Saccharomyces but also 
managing the growth of undesirable yeasts and bacteria. For example, 
whereas some winemakers may value limited activity of Brettanomyces in 
their red wines, massive infections should be prevented. Control of micro-
biological activity involves the use of chemical additives (preservatives and 
sterilants) as well as physical removal by fi ltration or other methods and 
control of cellar/tank temperatures.

5.2 PRESERVATIVES AND STERILANTS

Whereas chemical preservatives may inhibit the growth of microorganisms 
without necessarily killing (e.g., they are bacteriostatic or fungistatic), use 
of sterilants, when properly administered, kills the entire (100%) target 
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population (e.g., they are bacteriocidal or fungicidal). Preservatives such 
as SO2 should not be expected to be a carte blanche remedy for controlling 
problematic microorganisms during vinifi cation. Though preservatives 
are used individually, combinations can often result in an enhanced effect 
in that some pairings can act synergistically (i.e., the combined effect of 
two preservatives greatly surpasses the individual effect of each).

Presented here are general descriptions of preservatives and sterilants 
as well as fi ltration options that can be used at different stages during the 
winemaking process. A variety of additives may be used to control the 
growth of microorganisms. These include sulfur dioxide, lysozyme, 
dimethyl dicarbonate, and sorbic acid. The use of other additives such as 
fumaric acid, nisin, carbon monoxide, and particular plant extracts has 
also been explored. Additional antimicrobial chemicals that are used in a 
winery as sanitizers are discussed in Chapter 9.

5.2.1 Sulfur Dioxide

Sulfur dioxide is widely recognized in both the wine and food industries 
for its antioxidative and antimicrobial properties. The current legal limit 
for SO2 in wines in the United States is 350 mg/L, a concentration well 
above levels normally used by winemakers. Nevertheless, wines that contain 
greater than 10 mg/L must disclose this information on the label. Because 
SO2 is a metabolite of yeasts during fermentation (Section 1.5.2), wines 
will usually contain some sulfi te even though additions were not made 
during processing.

5.2.1.1 Forms of Sulfur Dioxide

Once dissolved in water, sulfur dioxide exists in equilibrium between 
molecular SO2 (SO2•H2O), bisulfi te (HSO3

−), and sulfi te (SO3
2−) species 

as illustrated below:

 SO2 + H2O X SO2•H2O

 SO2•H2O X HSO3
− + H+

 HSO3
− X SO3

2− + H+

This equilibrium is dependent on pH, with the dominant species at wine 
pH (3 to 4) being the bisulfi te anion (Fig. 5.1). Besides being in equilib-
rium with the molecular and sulfi te species, bisulfi te also exists in “free” 
and “bound” forms. Here, the molecule will react with carbonyl com-
pounds (e.g., acetaldehyde), forming addition products or adducts such as 
hydroxysulfonic acids.
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In addition to acetaldehyde, molecules present in grape juice that react 
with bisulfi te are pyruvic acid, α-keto-glutaric acid, dihydroxyacetone, 
diacetyl, anthocyanin pigments, and others (Ough, 1993b).

HSO3
−

3
−+ − −

=

 R C H

O

− −

−
−

R C SO

OH

H

X

5.2.1.2 Microbial Inhibition

It is generally believed that the molecular sulfur species is the antimicro-
bial form of sulfur dioxide. Because SO2•H2O does not have a charge, the 
molecule enters the cell and undergoes rapid pH-driven dissociation at 
cytoplasmic pH (generally near 6.5) to yield bisulfi te and sulfi te. As the 
intracellular concentration of molecular SO2 decreases due the internal 
equilibrium, more molecular SO2 enters the cell, further increasing intra-
cellular concentrations.

The amount of molecular SO2 present in any wine is not normally 
measured directly. Rather, the concentration is calculated knowing the 
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concentration of free SO2 and the pH of the wine based on the following 
formula:

Molecular SO
Free SO

2
2[ ] = [ ]

+⎡⎣ ⎤⎦
−1 10 1 8pH .

Alternatively, Fig. 5.2 can be used as a guide to approximate the amount 
of free SO2 needed at various pH values for yielding either 0.5 or 0.8 mg/L 
molecular SO2.

SO2 inhibits microorganisms by various means including rupture of 
disulfi de bridges in proteins and reaction with cofactors including NAD+

and FAD. It also reacts with ATP, and brings about deamination of 
cytosine to uracil increasing the likelihood of lethal mutations. Concen-
trations of crucial nutrients may also be reduced (Ough, 1993b; Romano 
and Suzzi, 1993). Specifi cally, SO2 can cleave the vitamin thiamin into 
components not metabolically useable (Fig. 5.3). Although not normally 
a problem during vinifi cation, loss of thiamin can be a concern when fer-
menting juice that has been stored for a period of time as muté. In the 
United States, the maximum allowable addition of thiamin hydrochloride 
is 0.6 mg/L.
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Figure 5.2. Amounts of free SO2 at given pH to yield either 0.5 or 0.8 mg/L molecular 
SO2.
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The concentration of molecular SO2 needed to prevent growth of 
microorganisms varies with wine/juice pH, temperature, population 
density and diversity, stage of growth, alcohol level, and other factors. The 
frequently cited addition level of 0.8 mg/L molecular SO2 was suggested 
by Beech et al. (1979) as the amount needed in white table wines to bring 
about a 104 CFU/mL reduction in 24 h in populations of several spoilage 
microorganisms. Differences in sensitivity to SO2 between genera of yeasts 
and bacteria found in wines are known to exist (Warth, 1977; 1985; Du 
Toit et al., 2005). For example, work by Davis et al. (1988) with lactic acid 
bacteria isolated from Australia red wines indicated that strains of L. oenos
(O. oeni) were less tolerant to sulfur dioxide than strains of P. parvulus.
Davis et al. (1988) further suggested that wines with high total SO2 con-
centration may be more likely to support the growth of Pediococcus than L. 
oenos. In contrast, Hood (1983) reported that pediococci were less tolerant 
to bound SO2 than lactobacilli or leuconostocs. In practice, many wine-
makers attempt to maintain 0.4 to 0.6 mg/L molecular SO2 to control 
Brettanomyces and other spoilage microorganisms during wine aging. 
Although Du Toit et al. (2005) suggested that a concentration of 0.8 mg/L 
molecular SO2 was needed to prevent the growth of Acetobacter pasteurianus,
the authors further noted that this concentration did not completely elimi-
nate the bacterium.

Whereas some winemakers encourage non-Saccharomyces yeasts (Section 
8.4), others desire to limit their growth due to synthesis of undesirable 
odors and fl avors. Although SO2 can suppress the non-Saccharomyces popu-
lations prior to alcoholic fermentation (Constantí et al., 1998; Egli et al., 
1998; Henick-Kling et al., 1998; Ciani and Pepe, 2002; Cocolin and Mills, 
2003), its use at the crusher may not inhibit yeast species that have greater 
resistance to the additive. In fact, some species of Pichia, Saccharomycodes,
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Figure 5.3. Breakdown of thiamin by SO2.
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Schizosaccharomyces, and Zygosaccharomyces require at least 2 mg/L molecular 
SO2 for inhibition (Warth, 1985), a diffi cult concentration to obtain given 
that the presence of molecular SO2 depends highly on pH (Fig. 5.1). 
Mechanisms of SO2 resistance differ but are related to variable rates of 
diffusion across cell membranes, biosynthesis of compounds that bind 
SO2, and varying enzyme sensitivity (Romano and Suzzi, 1993).

5.2.1.3 Addition of SO2

Sulfur dioxide can be added to musts or wines in the forms of compressed 
gas, potassium metabisulfi te (K2S2O5), or by burning candles containing 
sulfur in an enclosed container such as a barrel. In the case of compressed 
SO2, the amount required for a 30 mg/L addition using a gas of 90% purity 
can be calculated:

30 1
1000

1
454

3 8
1

1
0 90

10002mg SO
L
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g
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.gallon
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= 0.2279 lb SO gallons2 per 1000

Most commonly, sulfur dioxide is incorporated into grape must or wine 
as potassium metabisulfi te. Theoretically, 2 moles of SO2 can be derived 
from each mole of K2S2O5. Therefore, the theoretical yield of SO2 from 
potassium metabisulfi te would be a ratio of molecular weights for each 
species:
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From the above equation, 57.6% of K2S2O5 is theoretically available to form 
SO2. In practice, this fi gure is high given that K2S2O5 decomposes upon 
prolonged storage.

Knowing the relative proportion of SO2 in K2S2O5, the amount required 
for any addition can be calculated in either g/L or lb/1000 gallons. Thus, 
the weight of K2S2O5 required to yield a 30 mg/L SO2 addition can be 
calculated:
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5.2.2 Dimethyl Dicarbonate

Sold under the trade name VelcorinTM, the sterilant dimethyl dicarbonate 
(DMDC) is approved for use in the United States for table as well as 
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low-alcohol and dealcoholized wines at a maximum concentration of 
200 mg/L over the life of the wine (Ough, 1993a). The United States 
Food and Drug Administration also permits its use in juice drinks and 
certain non-carbonated juice beverages (Anonymous, 1987). The additive 
does not possess any residual activity because DMDC will undergo hydro-
lysis to yield carbon dioxide and methanol.

H CO3 23 3− − − − +

=

 C OCH

O

=
C

O

O 2 CH OH 2 COP

DMDC has been examined for general control of many wine microor-
ganisms (Daudt and Ough, 1980; Porter and Ough, 1982; Ough et al., 
1988a). In a wine containing 10% v/v ethanol, a concentration of 25 mg/L 
was found effective against Saccharomyces, Brettanomyces, and Schizosaccharo-
myces (Ough, 1993a). The additive is also inhibitory against acetic and 
lactic acid bacteria (Table 5.1). Although a synergy between DMDC and 
SO2 against Saccharomyces has been reported (Ough et al., 1988a), this 
effect was not observed by Renee Terrell et al. (1993). Rather, these authors 
noted that DMDC was more effective than combinations of SO2 and/or 
sorbic acid and suppressed fermentation of grape juice more effectively at 
higher temperatures.

The antimicrobial effect of DMDC results from inactivation of micro-
bial enzymes (Ough, 1993a). Porter and Ough (1982) reported the 

Table 5.1. Concentrations of dimethyl dicarbonate 
(VelcorinTM) required for control of various yeasts and 
bacteria inoculated at 500 CFU/mL.

Microorganism Dimethyl dicarbonate (mg/L)

Yeasts
Candida krusei 100–200
Hansenula anomala 25–50
Kloeckera apiculata 25–50
Rhodotorula spp. 30–200
Saccharomyces spp. 40–200
Torulopsis spp. 75–100
Zygosaccharomyces 50–150

Bacteria
Acetobacter pasteurianusa 190–250
Lactobacillus brevis 200
Lactobacillus buchneri 30
Pediococcus 300

aInoculation at 250 CFU/mL.
Adapted from Ough (1993a) and J. Just (personnal communication, 
2005).
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mechanism of action is denaturation of the fermentative pathway enzymes 
glyceraldehyde-3-phosphate dehydrogenase and alcohol dehydrogenase.

Although effective, DMDC suffers from both formulation and dosing 
problems. First, the chemical is only sparingly soluble in water and requires 
thorough mixing to ensure uniform distribution in wines to be bottled. 
Additionally, the compound has a melting point of 15.2ºC/59.4ºF (Ough, 
1993a) and, therefore, must be slightly warmed prior to addition. Given 
these limitations, VelcorinTM is added to wine using special equipment that 
delivers the optimal dose in each application. Although the dosing equip-
ment is expensive, mobile systems are available in some areas.

Another concern regarding the use of VelcorinTM is safety. This chemi-
cal is toxic by ingestion and inhalation, is a skin and eye irritant, and is 
combustible when exposed to an open fl ame. As such, safety precautions 
must be taken when using VelcorinTM in a winery. The dosing equipment 
does reduce safety risks given the toxicity of the chemical.

5.2.3 Lysozyme

Lysozyme is a low molecular weight protein (14,500 Da) derived from egg 
white that brings about lysis of the cell wall of Gram-positive bacteria 
(Oenococcus, Lactobacillus, and Pediococcus). Activity toward Gram-negative 
bacteria (Acetobacter and Gluconobacter) is limited because of the protective 
outer layers in this group (Conner, 1993). The enzyme has no effect on 
yeasts or molds.

Given its specifi city, lysozyme fi nds applications among white, rose, 
and blush wine producers wanting to prevent malolactic fermentation 
as well as wineries wanting to reduce initial populations of lactic acid 
bacteria before fermentation (Nygaard et al., 2002; Delfi ni et al., 2004). 
Gerbaux et al. (1997) reported that pre-fermentation additions of 500 mg/
L inhibited MLF but, when added post–alcoholic fermentation, the con-
centrations required for microbial stability could be reduced to 125–
250 mg/L. Delfi ni et al. (2004) reported differential sensitivity to lysozyme 
among species of Lactobacillus or Pediococcus studied where some strains 
survived up to 500 mg/L, generally higher concentrations than for Oenococ-
cus. Lysozyme is now approved for use in the United States at concentra-
tions up to 500 mg/L.

Because lysozyme is a protein, the presence of phenolics as well as the 
degree of clarifi cation will affect activity. Plant phenolics are well-known 
to react with enzymes, thereby decreasing activity (Rohn et al., 2002). 
Refl ecting this, lysozyme is more active in white wines than reds, most 
likely due to the differences in polyphenolic content (Daeschel et al., 2002; 



 Preservatives and Sterilants 73

Delfi ni et al., 2004). In support, Daeschel et al. (2002) reported that 
activity of lysozyme was greatly reduced in a Cabernet Sauvignon wine 
after 28 days but not in Riesling. Delfi ni et al. (2004) reported that 
lysozyme binds to suspended solids thus decreasing activity after 
clarifi cation.

Lysozyme may also infl uence protein stability in white wines. Thus, 
fi ning trials should be conducted prior to bottling wines treated with the 
enzyme. Although evidence is lacking, utilization of lysozyme may have an 
indirect sensory impact on palate structure similar to that of protein-
aceous fi ning agents used in red wines.

5.2.4 Sorbic Acid

Sorbic acid (2,4-hexandienoic acid) is a short-chain fatty acid that is used 
in grape juices and in sweetened, bottled wines to prevent re-fermentation 
by Saccharomyces (De Rosa et al., 1983; Renee Terrell et al., 1993). The 
maximum concentration allowed in the United States is 300 mg/L, whereas 
the Offi ce International de la Vigne et du Vin (O.I.V.) places the limit at 
200 mg/L. In practice, concentrations of 100 to 200 mg/L are typically 
used. At recommended levels, sorbic acid is generally effective in control-
ling Saccharomyces, but other yeasts exhibit differential resistance (Warth, 
1977; 1985). For example, Kloeckera apiculata and Pichia anomala (formerly 
Hansenula anomala) are inhibited at 156 to 168 mg/L, respectively, whereas 
Schizosacccharomyces pombe and Zygosaccharomyces bailii require at least 
672 mg/L (Warth, 1985). Mechanisms of inhibition are not fully under-
stood but probably due to morphological differences in cell structure, 
changes in genetic material, alteration in cell membranes, as well as inhibi-
tion of enzymes or transport functions (Sofos and Busta, 1993).

Bacteria are not affected by sorbic acid, and, in fact, several species 
can metabolize the acid to eventually yield 2-ethoxyhexa-3,5-diene, a 
compound that imparts a distinctive “geranium” odor/tone to wines 
(Section 11.3.5). Other odor/fl avor–active compounds detected in spoiled 
wines treated with sorbic acid include l-ethoxyhexa-2,4-diene and ethyl 
sorbate (Chisholm and Samuels, 1992), the latter of which has been 
associated with off-fl avors in sparkling wines (De Rosa et al., 1983). 
Whereas Chisholm and Samuels (1992) described ethyl sorbate as possess-
ing a “honey” or “apple” aroma, De Rosa et al. (1983) thought the com-
pound imparted a very unpleasant “pineapple–celery” odor upon 
short-term (6 month) storage. Based on this observation, De Rosa et al. 
(1983) recommended that sorbates should not be used in sparkling wine 
production.
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Because sorbic acid is relatively insoluble in water (1.5 g/L at room 
temperature), the additive is usually sold as the salt, potassium sorbate, 
which is readily soluble (58.2 g/L). When calculating the amount of potas-
sium sorbate to add, it is necessary to consider the differences in molecular 
weights between the salt and acid forms:

Concentration
to add mg/L( ) = ( )150 22

112 13
. /
. /

g mole salt
g mole accid( )

× ( )Desired final concentration mg/L

The required amount of potassium sorbate should be fi rst hydrated in 
wine or water prior to addition to wine.

Sulfur dioxide is thought to work synergistically with sorbic acid, lower-
ing the concentration of the acid needed for the control of fermentative 
yeasts. This property was demonstrated by Ough and Ingraham (1960) 
who reported that SO2 and sorbic acid added to sweetened table wine at 
80 mg/L each had a greater inhibitory action than either SO2 at 130 mg/L 
or sorbic acid alone at 480 mg/L. In contrast, Parish and Carroll (1988) 
reported an antagonistic interaction between SO2 and sorbate against 
S. cerevisiae where the inhibition exerted by each compound individually 
was greater than the combination. This antagonism may be explained by 
sorbate reacting with SO2 to yield an adduct product of the following 
structure (Heintze, 1976):

2CH3

3

− −− −= CH

HSO

CH COOHCH CH

If used to stabilize a sweet wine, sorbic acid should be added just prior 
to bottling. Additions should be carried out in stainless steel or other 
containers that can be cleaned and sanitized. Use of wood tanks for pre-
bottling mixing and storage should be avoided. Here, residual sorbic acid 
trapped in the wood may be utilized by resident lactic acid bacteria in the 
production of “geranium-tone,” which can continually leech into wines 
subsequently processed through that tank.

The amount of ethanol present will also dictate the appropriate amounts 
of sorbic acid to add. Although Ough and Ingraham (1960) recommended 
adding 150 mg/L to a wine with 10% to 11% v/v ethanol, that concentra-
tion decreased at alcohol concentrations of 12% (100 mg/L) or 14% v/v 
(50 mg/L).
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5.2.5 Other Preservatives and Sterilants

A number of other antimicrobials have been examined for control of 
undesirable yeast and bacterial activity in juice and wine. Generally, these 
have met with relatively limited commercial success or have not gone 
beyond laboratory-scale research.

5.2.5.1 Fumaric Acid

Fumaric acid is approved by the United States Alcohol and Tobacco Tax 
and Trade Bureau for both controlling growth of lactic acid bacteria and 
as an acidulant at maximum concentration of 3.0 g/L. Being a relatively 
strong organic acid, fumaric has received attention as an acidulating agent 
in wine, rather than the more expensive tartaric acid (Cofran and Meyer, 
1970). In this regard, fumaric acid additions of 1 g/L are equivalent to 
tartaric acid additions of 1.2 g/L.

The most important function of fumaric acid is its ability to inhibit 
malolactic fermentation (Ough and Kunkee, 1974; Pilone et al., 1974). In 
this regard, Ough and Kunkee (1974) reported that none of the wines in 
their study containing 1.5 g/L fumaric acid underwent MLF, even after 12 
months of storage. However, fumaric acid is degraded during alcoholic 
fermentation by Saccharomyces forming l-malic acid (Pilone et al., 1973). 
Fumaric acid might be useful to reduce initial bacterial populations in 
musts, such as some species of Lactobacillus (Section 6.6.2). Although it is 
not known whether these spoilage bacteria can metabolize fumaric acid, 
Pilone et al. (1973) noted that the acid could be degraded to l-lactic acid 
by wine leuconostocs (Oenococcus), possibly by the same mechanism of 
yeast.

One concern regarding the use of fumaric acid is its limited solubility 
in wine. In fact, fumaric acid is sparingly soluble in water (6.3 g/L at 
25ºC/77ºF) compared with tartaric acid, which is soluble at 1,390 g/L 
at 20ºC/68ºF (Anonymous, 1983). However, the acid is more soluble at 
higher temperatures (10.7 g/L at 40ºC/104ºF) or in 95% ethanol (57.6 g/L 
at 30ºC/86ºF). Margalit (2004) suggested solubilizing 50 to 80 g/L in hot 
water and addition to must or wine while the solution is hot.

Like other antimicrobial acids, the effi cacy of fumaric acid depends on 
pH where less activity is noted with increasing pH (Doores, 1993). Further, 
fumaric acid can impart a “harsh” taste (Margalit, 2004). Because of 
this and solubility concerns, caution should be exercised when used in 
wine.
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5.2.5.2 Nisin

Nisin is an antimicrobial bacteriocin (Section 6.6.3) produced by some 
strains of Lactococcus lactis subsp. lactis (Hurst and Hoover, 1993). The site 
of primary action is the bacterial membrane where the antibiotic disrupts 
cytoplasmic membranes (Hurst and Hoover, 1993).

Like lysozyme, nisin is an effective inhibitor of Gram-positive bacteria. 
Radler (1990a; 1990b) determined that most lactic acid bacteria are inhib-
ited by nisin, even in low concentrations, while alcoholic fermentation was 
not affected. However, the author reported that species varied in their 
response, with L. casei being the least sensitive. Daeschel et al. (1991) suc-
cessfully used nisin-resistant strains of O. oeni to conduct MLF in a wine 
previously treated with nisin to control other spoilage bacteria. Others 
have reported that nisin killed 100% of O. oeni present as a biofi lm on 
stainless steel (Nel et al., 2002). Despite its potential, nisin is not currently 
approved for use in wine in the United States.

5.2.5.3 Carbon Monoxide

For several years, research conducted at California State University (Fresno) 
has focused on the utilization of carbon monoxide as an alternative to 
sulfur dioxide and other preservatives and sterilants (Muller et al., 1996). 
In laboratory studies using model systems for juice and wine, control of 
several spoilage yeasts has been examined. At inocula levels of 1 × 105 to 
2 × 105 CFU/mL, Brettanomyces and Hansenula were controlled by exposure 
to 90 mg/L CO compared with Kloeckera, which required 240 mg/L. Zygo-
saccharomyces bailii in the juice system was controlled at treatment levels 
of 480 mg/L, whereas in wine at 7.5% and 10% v/v ethanol, activity was 
delayed for 14 days. By comparison with the spoilage yeast, Saccharomyces
was not affected at CO levels of 1000 mg/L.

Despite these results, there has been reluctance to consider carbon 
monoxide for microbiological control. This may result from fears regard-
ing its inherent toxicity as well as from the public perception of the use of 
toxic compounds to treat wine. Indeed, carbon monoxide is a toxic, color-
less, and odorless gas whose detection requires specialized equipment. 
However, in terms of potential risks to human health, SO2 is considerably 
more toxic than carbon monoxide.

5.2.5.4 Plant Extracts

One plant extract that has been proposed as an antimicrobial agent in 
wine is paprika seed. The active ingredient(s) remains unknown but was 
named “paprika seed antimicrobial substance,” or PSAS, by Yokotsuka 
et al. (2003). These authors were able to demonstrate that extracts of 



paprika seeds exhibited strong antimicrobial activity against S. cerevisiae,
even when added at only 16 mg/L. PSAS appears to be very effective (100% 
kill) when added during the course of alcoholic fermentation.

5.3 FILTRATION

In the cellar, removal of particles can be achieved using either macro- or 
microfi ltration. Macrofi ltration has traditionally been accomplished using 
diatomaceous earth fi lters or by pad fi ltration, whereas sterile fi ltration 
can be achieved only by the use of a integrity-tested membrane (0.45 µm). 
Other types of fi ltration, namely ultrafi ltration and reverse osmosis, are 
also occasionally used but for different purposes.

With development of cross-fl ow technology during the past 20 
years, the ability to remove not only particulates but a range of soluble 
compounds ranging from colloidal macromolecules to ionic species 
has become common practice. Microfi ltration is the separation of 
submicrometer-sized particles (>0.2 µm) and is the most common system 
used. Ultrafi ltration (UF) allows the removal of smaller particles and col-
loids (0.001 to 0.2 µm), and reverse osmosis (RO) separates low molecular 
weight components (i.e., ethanol and acetic acid) as well as ions.

Classically, fi ltration has been achieved using perpendicular-fl ow 
(“dead-end”) systems to achieve wine clarity during cellaring or sterility 
at bottling. In these cases, juice/wine impacts the fi lter perpendicular to 
the matrix (“head-on”) and particulates are either retained or pass through 
depending on the size of the pores (Fig. 5.4). Depending on the stage in 
processing (cellaring vs. bottling), the two types of fi lters used with per-
pendicular-fl ow systems are depth (“nominal”) and membrane (“absolute”
or “sterile”).

In contrast with perpendicular-fl ow, micropore, UF, and RO systems 
use cross-fl ow (tangential) designs. Here, juice/wine is circulated such 
that the membrane surface is continuously swept of particulates while 
liquid migrates through the pores (Fig. 5.4).

5.3.1 Perpendicular-Flow Filtration (“Nominal” or “Depth”)

Depth fi ltration systems use either paper pads, diatomaceous earth (“DE”
or “powder”), or a combination of the two media to remove particulates. 
In the case of pad fi ltration, particles accumulate at the fi lter surface and 
are entrapped within a matrix of narrowing channels and/or retained by 
charge interactions with the pad. Diatomaceous earth fi ltration utilizes 
the same fi ltration principles as pads (i.e., particle exclusion and 
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entrapment), but the medium is precoated onto supports known as septa. 
Both pads and DE cannot be reused and are discarded after use.

As these media have a range of pore diameters and other slight imper-
fections, it is not possible to guarantee either their porosity or integrity. 
Even the so-called sterile pads may contain perforations/channels larger 
than those required to remove wine bacteria. Pads are therefore assigned 
nominal ratings that refer to the average particle retention based on batch 
laboratory testing at defi ned pressure differentials (∆P) across the pad. 
Again, it must be noted that fi ltration through a nominal pad or system 
will not remove the microorganisms to yield a sterile wine. If sterility is 
desired, then fi ltration through a membrane with a maximum pore size 
of 0.45 µm is required.

5.3.2 Perpendicular-Flow Filtration (“Absolute” 
or “Sterile”)

Sterile fi ltration requires the use of membranes of suffi cient porosity that 
microorganisms are physically excluded. To remove bacteria, membranes 
with maximum pore sizes of 0.45 µm are recommended. Although attempts 
have been made to use membranes with pore sizes of <0.45 µm (e.g., 
0.2 µm), fl ow rates are commonly too slow to be economically feasible. 
Where spoilage yeasts are believed to represent a threat, some winemakers 
have relied on membranes with larger pores (0.65–1.0 µm). However, 

CONVENTIONAL CROSS-FLOW
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(permeate)
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Figure 5.4. Comparison between conventional (“dead-end”) and cross-fl ow fi ltration 
systems.



caution should be exerted when using membranes with pore sizes >0.45 µm
because of variation in sizes of microorganisms to be removed. For instance, 
older and larger yeast cells may be removed by a 1 µm fi lter whereas 
younger and smaller cells may not be, thereby maintaining the risk of re-
fermentation in the bottled wine. Furthermore, use of >0.45 µm mem-
branes will not remove bacteria. Confounding the decision of pore 
size selection, Millet and Lonvaud-Funel (2000) noted that the size of 
Acetobacter cells decrease during lengthy residency in wine, allowing the 
bacterium to pass through 0.45 µm membranes.

Membrane fi ltration utilizes cartridges that when properly cleaned and 
stored can be reused at a later date. For those cartridges that can be stored, 
it is common to thoroughly back-fl ush the membranes twice, fi rst with cold 
water and then with warm water because the latter can “bake-on” macro-
molecules such as proteins. Membranes can be stored wet, most commonly 
in food-grade 95% v/v ethanol or a solution of citric (1200 mg/L) and SO2

(600 mg/L). In all cases, the membrane manufacturer should be con-
sulted for specifi c storage and back-fl ushing recommendations.

5.3.2.1 Bubble Point

Although the pore sizes for absolute membranes are guaranteed, mem-
brane integrity should be verifi ed before use. This is accomplished by 
membrane integrity testing, a process referred to as “bubble pointing.”
The bubble point is based on the fact that the pressure needed to force a 
gas bubble through a pore is inversely proportional to the diameter or size 
of the pore. In other words, a higher pressure is required to force gas 
through a small pore than through a large pore.

To perform a bubble test, the membrane must be kept constantly wet. 
Gas, normally N2, is then connected to the inlet side of the fi lter and the 
outlet is connected to tubing that is placed into a vessel containing water. 
As gas is allowed to fl ow into the fi lter housing, the pressure is slowly 
increased using the gas tank regulator. The bubble point is that pressure 
where a stream of bubbles fi rst appears on the outlet or fi ltrate side of the 
membrane. If the measured bubble point pressure is less than the manu-
facturer’s specifi ed value, the membrane has been compromised and 
should not be used. The bubble point should be recorded prior to start-up 
and at the end of bottling as well as after any interruptions (i.e., upon 
return from worker break periods).

5.3.2.2 Diffusion Test

Like bubble pointing, the diffusion test allows evaluation of the integrity 
of fi lter membranes. The membrane is fi rst wetted and gas pressure on 
the upstream side of the fi lter is increased to that recommended by the 
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manufacturer, commonly 80% of the bubble point pressure. Using an 
inverted graduated cylinder, gas is collected on the downstream side of 
the fi lter for 1 min. The amount of gas collected is then compared with 
the maximum diffusional fl ow specifi cation assigned to the membrane.

5.3.2.3 Potential Limitations

Membranes have very limited capacity in terms of particle removal (“dirt-
handling” capacity). Wines of low clarity or that have obvious suspended 
solids will quickly clog or plug membranes, greatly lowering fl ow rates. As 
a consequence, application of 0.45 µm membranes should be restricted to 
fi nal pre-bottling fi ltration of brilliantly clear wine. For smaller lots of 
wine, membrane cartridges can be placed in tandem so that the wine fi rst 
passes through a 1 µm fi lter prefi lter prior to the fi nal fi ltration through 
an 0.45 µm sterile membrane.

As with any sterile bottling, it is essential that the fi ltrate not be con-
taminated enroute to the bottle after fi ltration. Thus, the bottling line 
must be designed and constructed to be readily sterilized. Sterilization 
may be achieved by exposure to either steam or hot water (>82ºC/180ºF). 
In either case, contact time, as measured at the furthest point from the 
hot water/steam source, should be 20 min minimally. Because of costs 
associated with generation of large amounts of hot water and increasing 
problems with Zygosaccharomyces, some bottling facilities are utilizing 
chemical sterilants followed by sterile water rinses (Chapter 9).

5.3.3 Cross-Flow/Tangential Filtration

Cross-fl ow or tangential fi ltration is fi nding increased interest and 
application in winemaking and juice/concentrate production. Unlike 
perpendicular-fl ow fi ltration where the juice/wine impacts the membrane 
perpendicularly, cross-fl ow fi ltration relies on the product fl owing across 
the surface of the membrane tangentially, producing the fi ltrate (perme-
ate), which passes through the membrane, and the retentate (concen-
trate), which is retained in the system. Given their small pore size, ultrafi lter 
membranes are rated for a molecular weight cutoff (i.e., an approximate 
molecular weight of colloidal compounds that will be retained and not 
pass through the membrane).

By design, cross-fl ow systems are partially self-cleaning arising from the 
turbulent fl ow along the membrane surface, which continuously dislodges 
particles. Because permeate is being continuously removed and new juice/
wine is being added, the retentate will eventually become so laden with 
particulates that the system must be completely cleaned before continuing 
operation. To lengthen the time between cleanings, cross-fl ow systems 



commonly utilize a series of back-fl ush cycles, which force permeate 
backwards through the membrane to remove strongly entrapped 
particulates.

Although small particulates can be removed, tangential fi ltration should 
not be considered a substitute for sterile fi ltration. Currently, it is not pos-
sible to determine when pores or tears large enough to allow microorgan-
isms to pass through occur because an equivalent verifi cation method as 
the bubble point is not available. In fact, a population of >104 CFU/mL of 
Zygosaccharomyces was found in a permeate obtained from a commercial 
cross-fl ow fi ltration system, indicating the importance of using sterile 
perpendicular-fl ow membranes at bottling (K.C. Fugelsang, personal 
observation).
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CHAPTER 6

MICROBIAL ECOLOGY

DURING VINIFICATION

6.1 INTRODUCTION

As outlined in Chapters 1 to 4, several genera and species of microorgan-
isms can be found in grape musts and wines at various times during the 
winemaking process. For instance, Saccharomyces, Brettanomyces, and Pedio-
coccus can be found together in wine (Fig. 6.1). Even with this wide diversity 
of microorganisms, vinifi cation commonly involves a sequential develop-
ment of microorganisms (Fig. 6.2). In general, non-Saccharomyces yeasts 
will be the fi rst group to dominate during vinifi cation (Fig. 6.2A), followed 
by Saccharomyces that normally completes alcoholic fermentation (Fig. 
6.2B). After the primary fermentation is fi nished, malolactic fermentation 
may be induced by Oenococcus or other lactic acid bacteria (Fig. 6.2C). 
During the aging of wines, several different yeasts and bacteria may grow, 
many of which bring about spoilage (Fig. 6.2D).

Dominance by a specifi c species or by a group of microorganisms at any 
given stage during vinifi cation depends on many factors including the 
microorganisms present and grape conditions prior to harvest (humidity, 
physical damage due to birds or harvesters, use of fungicides, and degree 
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Figure 6.1. Mixture of (A) Saccharomcyes, (B) Brettanomyces, and (C) Pediococcus in a wine 
as viewed with phase-contrast microscopy at a magnifi cation of 1000×. Photograph 
provided through the courtesy of R. Thornton and E. Akaboshi.

of maturity). Moreover, the chemical and physical environments of juice/
must/wine (Chapters 7 and 8), winery cleaning and sanitation programs 
(Chapter 9), as well as metabolic interactions between microorganisms 
(Section 6.6) also play key roles.

Understanding microbial ecology during vinifi cation is further compli-
cated by mounting evidence that microorganisms can also exist in a state 
known as “viable-but-non-culturable” (VBNC). Although no growth in an 
appropriate medium can indicate microbial death, this is not necessarily 
the case. By defi nition, microorganisms in the VBNC state fail to grow on 
microbiological media yet display low levels of metabolic activity (Oliver, 
2005). Typically, the VBNC state is induced in response to stress such as 
osmotic pressure, temperature, oxygen concentration, and others. Cells 
may be resuscitated under favorable environmental conditions. One con-
sequence of VBNC is the potential failure to detect microorganisms during 
vinifi cation, leading to false conclusions regarding population dynamics. 
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Microorganisms found in wine and believed to be able to enter a VBNC 
state are Acetobacter aceti, Brettanomyces bruxellensis, Candida stellata, Lactoba-
cillus plantarum, Saccharomyces cerevisiae, and Zygosaccharomyces bailii (Millet 
and Lonvaud-Funel, 2000; Divol and Lonvaud-Funel, 2005; Du Toit et al., 
2005; Oliver, 2005).

6.2 NON-SACCHAROMYCES AND SACCHAROMYCES YEASTS

6.2.1 Grapes and Musts

It is generally accepted that in the case of sound, undamaged grapes, the 
viable population of yeasts ranges from 103 to 105 CFU/mL (Parish and 
Carroll, 1985; Fleet and Heard, 1993). The most frequently isolated native 
species is Kloeckera apiculata, which may account for more than 50% of the 
total yeast fl ora recovered from fruit. Lesser numbers of other yeasts, such 
as species of Candida, Cryptococcus, Debaryomyces, Hansenula, Issatchenkia,
Kluyveromyces, Metschnikowia, Pichia, and Rhodotorula, have also been 
reported (Heard and Fleet, 1986; Holloway et al., 1990; Longo et al., 1991; 
Fleet and Heard, 1993; Sabate et al., 2002). If grape juice or concentrate 
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Figure 6.2. Generalized growth of (A) non-Saccharomyces yeasts, (B) Saccharomyces, (C) 
Oenococcus oeni, and (D) spoilage yeasts and/or bacteria during vinifi cation of a wine.



is added to a grape must to increase alcohol yield or as a sweetening agent 
in wine, other yeasts may be present (e.g., Zygosaccharomyces).

Saccharomyces can be found in grape musts, but the populations are 
often less than 50 CFU/mL (Fleet and Heard, 1993). This is true even in 
vineyards where fermented pomace is returned as a soil amendment. 
Failure to routinely isolate Saccharomyces from the vineyard could refl ect 
the preference of this yeast for the high-sugar environments of grape juice 
and fermentation.

To date, only a few studies are available describing the growth of Issatch-
enkia or Metschnikowia spp. in grapes or wines. Whereas Guerzoni and 
Marchetti (1987) and Clemente-Jimenez et al. (2004) found I. orientalis in 
grape musts, other studies did not report isolating this species or its ana-
morph, Candida krusei (Romano et al., 1997; Constantí et al., 1998; Mills 
et al., 2002; Sabate et al., 2002; van Keulen et al., 2003). Mora and Mulet 
(1991) and Clemente-Jimenez et al. (2004) found another species of Issatch-
enkia, I. terricola, formerly known as Pichia terricola (Deak and Beuchat, 
1996). Along with C. krusei, Guerzoni and Marchetti (1987) isolated K. 
apiculata, I. occidentalis, and M. pulcherrima from rotting grapes.

6.2.2 Alcoholic Fermentation

Once grapes are crushed, non-Saccharomyces yeasts multiply and reach peak 
populations sometime during the early stages of alcoholic fermentation 
(Fig. 6.2A). Heard and Fleet (1988) noted that K. apiculata and C. stellata
tend to dominate early to mid-stages of fermentation but other genera of 
non-Saccharomyces may also be found. Peak populations can be as high as 
106 to 108 CFU/mL depending on conditions (Fleet et al., 1984; Heard and 
Fleet, 1988).

Although Hanseniaspora/Kloeckera normally represent the dominant 
native genera present on grapes at harvest, their activity was thought to 
be restricted to pre-fermentation and early stages of alcoholic fermenta-
tion. In fact, many non-Saccharomyces yeasts are believed to possess lower 
ethanol tolerances compared with Saccharomyces (Deak and Beuchat, 1996). 
This factor probably contributes to the frequently observed die-off of these 
yeasts shortly after the start of alcoholic fermentation when the ethanol 
concentration reaches 5% to 6% v/v. In agreement, Heard and Fleet 
(1988) and Clemente-Jimenez et al. (2004) reported that inoculation of 
various species of Kloeckera, Candida, Issatchenkia, Metschnikowia, and Pichia
in grape juice yielded maximum ethanol concentrations of less than 6%. 
In contrast, Heard and Fleet (1988) reported that in mixed culture fer-
mentation at 10ºC/50ºF, K. apiculata or C. stellata were able to achieve 
populations of 107 CFU/mL and completed fermentation. Similarly, Erten 
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(2002) observed that K. apiculata survived longer during fermentations at 
10ºC/50ºF and 15ºC/59ºF than at vinifi cations conducted above 20ºC/68ºF, 
in agreement with the fi ndings of Mora and Rossello (1992). It therefore 
appears that low fermentation temperatures (10ºC/50ºF to 15ºC/59ºF) 
could extend the alcohol tolerance of these yeasts thereby extending their 
growth cycle (Gao and Fleet, 1988). In fact, Heard and Fleet (1988) sug-
gested that the contributions of non-Saccharomyces yeasts to wine quality 
could increase with a decrease in fermentation temperature. Egli et al. 
(1998) reported that wines fermented at cooler temperatures and not 
inoculated with Saccharomyces were “more aroma intense” than those inoc-
ulated with Saccharomyces.

Although ethanol tolerance is one factor affecting the growth of non-
Saccharomyces yeasts, there are clearly others as well. In studying the ecology 
of Torulaspora delbrueckii during alcoholic fermentations, Mauricio et al. 
(1991) concluded that a lack of oxygen and subsequent lack of sterol and 
phospholipid biosynthesis resulted in the die-off of this species. In agree-
ment, Hansen et al. (2001) concluded that the death of T. delbrueckii and 
Kluyveromyces thermotolerans inoculated in mixed culture with Saccharomyces
was not due to the formation of toxic by-products but rather the lack of 
oxygen. More recently, Nissen and Arneborg (2003) noted that early 
deaths of Kluyveromyces and Torulaspora could not be explained by nutrient 
depletion or the presence of toxic compounds and appeared to be affected 
by cell-to-cell contact mechanism with high cell populations of Saccharo-
myces. In a comprehensive study, Pina et al. (2004) suggested many factors 
affect the ethanol tolerance of non-Saccharomyces yeasts including species, 
presence of oxygen, and the addition of survival factors.

As populations of non-Saccharomyces yeasts decline, Saccharomyces will 
dominate and complete alcoholic fermentation (Fig. 6.2B). Recognizing 
this, many winemakers will inoculate musts with commercial cultures of 
Saccharomyces in order to control the fermentation (Section 8.3). When 
added to must/juice at recommended levels, the population of actively 
growing Saccharomyces should exceed 1 × 106 to 3 × 106 CFU/mL. During 
the height of alcoholic fermentation, populations normally reach at least 
107 CFU/mL, if not higher. Normally, by the time peak populations are 
reached and the culture is in stationary phase, at least half the fermentable 
sugar has been utilized. Saccharomyces will continue to utilize the remain-
ing sugar, most notably glucose and fructose, until dryness is reached 
(≤0.2% residual fermentable sugar).

It should be noted that Saccharomyces is glucophilic; that is, the yeast 
prefers glucose over fructose. As such, glucose present in a grape must will 
be exhausted before complete utilization of fructose. In that fructose is 
sensorially sweeter than glucose, this may be of importance in the case of 
stuck fermentations (Section 8.5.1).



6.2.3 Post-fermentation

The distribution of yeast species in cellar-aging wine includes Dekkera/
Brettanomyces (Section 11.2.2), fi lm yeasts (Section 11.2.3), Saccharomycodes
(Section 11.2.4), and Zygosaccharomyces (Section 11.2.5), all of which can 
result in serious wine spoilage.

6.3 DEKKERA/BRETTANOMYCES

Brettanomyces spp. have been identifi ed in spoilage from all wine-producing 
areas of the world (van der Walt and van Kerken, 1959; 1961; Heresztyn, 
1986; Ibeas et al., 1996; Mitrakul et al., 1999). Brettanomyces is generally 
observed in barrel-aging red wines, although infections have also been 
noted in Chardonnay and Sauvignon Blanc. Ciani and Ferraro (1997) 
report isolation of Brettanomyces from sparkling wines.

6.3.1 Grapes and Musts

Some researchers have reported isolating these yeasts from grapes, but 
confi rmed reports are rare. Parish and Carroll (1985) found Brettanomyces
in grapes undergoing fermentation but could not confi rm their origin 
because the grapes were hand-harvested and the fermentations were not 
performed aseptically. While Romano and Suzzi (1993) indicated that 
Brettanomyces could be isolated from grapes and during fermentation with 
or without SO2, Guerzoni and Marchetti (1987) reported low populations 
of Brettanomyces on healthy and sour-rot infected grapes. As Romano and 
Suzzi (1993) and Guerzoni and Marchetti (1987) did not identify these 
yeasts to species level, it is not known if these isolates were capable of 
growing in wine. It is possible though that Brettanomyces could be brought 
into a winery on deteriorated fruit because Dias et al. (2003b) noted that 
the yeast can survive alcoholic fermentation. With newer detection tech-
nologies such as genetic probes, it is possible that researchers will eventu-
ally confi rm the presence of Brettanomyces in grape samples.

6.3.2 Alcoholic and Post-fermentation

As Brettanomyces is not thought to be found on grapes, the microorganism 
is believed to spread through a winery by importation of infected wine, 
poor sanitation of hoses, tanks, or other equipment, or even by the common 
fruit fl y (Fugelsang et al., 1993; Licker et al., 1999). Because these yeasts 
are unable to survive passage through the gastrointestinal tract of the 
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adult fruit fl y (Shihata and Mrak, 1951), another mechanism of dispersal 
is passive adherence to the body surfaces of adult fruit fl ies. Although 
previous surveys of air samples taken from wineries failed to detect Brett-
anomyces (Donnelly, 1977), Beech (1993) pointed out that some spoilage 
problems in ciders tentatively attributed to Brettanomyces were enhanced 
through exposure to air. The observations of Beech (1993) were later 
confi rmed by Connell et al. (2002) who found Brettanomyces in air samples 
drawn from different areas within a commercial winery.

The most frequently cited locale for Brettanomyces within the winery is 
wood cooperage. Brettanomyces is capable of utilizing the disaccharide 
cellobiose (Blondin et al., 1982), a carbohydrate resulting from the 
toasting process required to bend staves in the production of barrels. 
Because new barrels have higher concentrations of cellobiose, these 
appear to be “better” sites for growth than previously used cooperage. 
Substantial populations can also build up in diffi cult to clean sites such 
as processing equipment and transfer lines and valves where organic 
deposits may accumulate over the course of a season. Other important 
reservoirs for the microorganisms include drains and isolated pockets of 
juice and wine.

In contrast to other yeasts found in wines, Brettanomyces tends to grow 
very slowly. Growth of Brettanomyces in barrel-aging wines follows a bell-
shaped pattern that typically reaches maximum population density 5 to 7 
months after vinifi cation (Fugelsang and Zoecklein, 2003). The lengthy 
time for development of maximum cell number depends on many factors 
but includes available nutrients and fermentable sugars. Chatonnet et al. 
(1995) suggested that very low concentrations of residual sugar in a wine 
(0.275 g/L as glucose, fructose, galactose, and trehalose) was enough to 
support growth of this spoilage yeast and adversely affect wine aroma. 
Thus, wine considered to be dry by generally accepted standards may, in 
fact, support growth of Brettanomyces, even in the bottle after months of 
storage.

6.4 LACTIC ACID BACTERIA

6.4.1 Grapes and Musts

Like yeasts, lactic acid bacteria are also present in vineyards. However, 
given their nutritional requirements, species diversity and population 
density is limited. Sound, undamaged fruit contains <103 CFU/g and so 
populations in grape musts during the early stages of processing tend to 
be low (Lafon-Lafourcade et al., 1983b). Species that have been isolated 



from grape musts include Lactobacillus hilgardii, L plantarum, L. casei, O. 
oeni, Leuconostoc mesenteroides, and P. damnosus (Lonvaud-Funel et al., 1991). 
Where fruit deterioration has occurred, substantial populations may 
develop. It is not known whether increases in native bacterial populations 
are in response to increased availability of nutrients (resulting from fruit 
degradation) or some other factor(s) coincidental to the infection. Besides 
grapes, indigenous (native) populations are frequently isolated from 
cooperage, poorly sanitized pumps, valves, and transfer lines as well as 
from fi llers and drains in bottling rooms (Donnelly, 1977).

6.4.2 Alcoholic and Malolactic Fermentations

Once the fruit is crushed, the ecology of lactobacilli and other lactic acid 
bacteria is complex with different species dominating at different times 
during vinifi cation. In a comprehensive study by Costello et al. (1983), 
these authors isolated L. jensenii, L. buchneri, L. hilgardii, L. brevis, L. cello-
biosis, L. plantarum, Leuconostoc oenos (O. oeni), and Pediococcus spp. from 
musts and wines at different times during vinifi cation, in agreement with 
others (Lafon-Lafourcade et al., 1983b; Fleet et al., 1984; Davis et al. 1986a; 
1986b; Sierro et al., 1990). Similarly, several species of Lactobacillus were 
isolated from commercial Washington State wines from which strains 
of O. oeni and P. parvulus were also isolated (Edwards et al., 1991; 1993; 
Edwards and Jensen, 1992). In those studies, each wine lot was sampled 
once during vinifi cation so sampling the same lots at different times prob-
ably would have yielded different species.

Growth and decline of any particular species is infl uenced by a variety 
of conditions, including nutritional status, pH, and alcohol, as well as 
cellar temperature and the interactive impact of yeast and other bacteria. 
For instance, wines from warmer regions typically have pH values in excess 
of 3.5, conditions favorable to the growth of lactobacilli and other bacteria 
(Davis et al., 1986a). Winemaking decisions, such as yeast selection, 
fermentation and storage temperature, timing of SO2 additions, racking, 
fi ning, and fi ltration play important roles in this regard.

Although species diversity in a must can increase shortly after crush, 
viable cell number normally remains relatively low (<103 to 104 CFU/mL) 
for some period of time (Lonvaud-Funel et al., 1991). Even if inoculated 
prior to alcoholic fermentation, most lactic acid bacteria experience a 
rapid die-off during alcoholic fermentation, commonly to populations 
below 100 CFU/mL. As an example, Edwards et al. (1990) observed the 
population of O. oeni decrease from 106 CFU/mL to less than 30 CFU/mL, 
resulting in a delayed malolactic fermentation. Sometime after completion 
of alcoholic fermentation, the population of Oenococcus oeni may increase 
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to conduct malolactic fermentation (Section 8.6). An exception to this 
observation has been seen with infections of certain Lactobacillus spp. 
(Section 6.6.2) where rapid growth during alcoholic fermentation has 
been noted.

In general, growth of Pediococcus in wines is undesirable due to forma-
tion of excessive amounts of diacetyl and other adverse odors or fl avors 
(Du Plessis and van Zyl, 1963b; Radler and Gerwarth, 1971) as well as 
biogenic amines (Section 11.3.6). Some species of Pediococcus are also 
capable of degrading glycerol to acrolein (Section 11.3.7), a compound 
that reacts with anthocyanins producing a bitter taint in wine (Davis 
et al., 1988; Sponholz, 1993; Du Toit and Pretorius, 2000).

Although growth of some species of Pediococcus in wines is undesirable, 
Edwards and Jensen (1992) reported that several wines from which pedio-
cocci had been isolated were not spoiled. In agreement, Edwards et al. 
(1994) reported that P. parvulus altered the bouquet of a Cabernet 
Sauvignon wine that had not undergone MLF but that the wine was not 
considered to be fl awed. Furthermore, Silver and Leighton (1981) reported 
that strain B44-40, thought initially to be Leuconostoc oenos (Oenococcus oeni)
but now believed to be a species of Pediococcus (Kelly et al., 1989), brought 
about malolactic fermentation without formation of off-odors or fl avors. 
It is therefore possible that the growth of pediococci in wine may not 
adversely affect quality and may actually add desirable fl avors and aromas 
under certain circumstances. Further research elucidating the impact of 
these microorganisms on the chemical composition, bouquet, and fl avor 
of wines is warranted as Pediococcus spp. have been isolated from wines 
worldwide (Costello et al., 1983; Fleet et al., 1984; Edwards and Jensen, 
1992; Manca de Nadra and Strasser de Saad, 1995).

The occurrence and survival of Lactobacillus in wine depends, in large 
part, on pH and ethanol (Davis et al., 1986a) In high-pH wines (>3.5), 
Lactobacillus spp. often dominates, whereas O. oeni will be present in higher 
relative populations at lower pH (Davis et al., 1986b; Henick-Kling, 1993). 
Regarding ethanol, growth of L. plantarum ceases at concentrations of 5% 
to 6% v/v, while the more ethanol tolerant L. casei and L. brevis have been 
successfully used to induce MLF (Wibowo et al., 1985; Kosseva et al., 1998). 
However, it is clear that differences between strains exist. In support, G-
Alegría et al. (2004) noted that other strains of L. plantarum tolerated 
much higher concentrations of ethanol, up to 13%.

Like the pediococci, most species of Lactobacillus are considered to be 
spoilage microorganisms (Lafon-Lafourcade et al., 1983b; Wibowo et al., 
1985). Growth of these bacteria in bottled wines can result in haze forma-
tion, sediment, gassiness, off-odors, and/or excessive volatile acidity and/
or lactic acid (Splittstoesser and Stoyla, 1987). L. fructivorans has been 
implicated in spoilage of fortifi ed wines in California, spoilage that is 



characterized by mycelial/fi ber-like growth in wines (Section 11.3.4). 
Other Lactobacillus spp. have been implicated in causing stuck or sluggish 
alcoholic fermentations (Section 6.6.2).

6.4.3 Post-fermentation

Once alcoholic and malolactic fermentations are completed, lactic acid 
bacteria may still grow in the wine resulting in spoilage. Wines commonly 
contain small amounts of arabinose, glucose, fructose, and trehalose (Liu 
and Davis, 1994), sugars that can be metabolized by microorganisms 
including lactic acid bacteria. Even in post-MLF wines, lactobacilli and/or 
pediococci may grow (Fig. 6.2D), leading to problems of haziness, gassi-
ness, excessive acetic acid and volatile acidity (Section 11.3.1), acrolein 
(Section 11.3.7), biogenic amines (Section 11.3.6), excessive diacetyl 
(Section 2.4.5), ethyl carbamate (Section 11.3.2), “geranium” odor/tone 
due to metabolism of sorbic acid (Section 11.3.5), formation of mannitol 
(Section 11.3.8), mousiness (Section 11.3.3), ropiness (Section 11.3.9), 
and utilization of tartaric acid (Section 11.3.10).

6.5 ACETIC ACID BACTERIA

6.5.1 Grapes and Musts

Acetic acid bacteria are commonly associated with grapes and are nor-
mally present in musts. Sound, unspoiled grapes are reported to have 
102 to 103 cells/g, whereas deteriorated fruit can yield up to 106 cells/g 
(Sponholz, 1993). Splittstoesser and Churney (1992) report recovery of G. 
oxydans from New York State grapes at levels ranging upward to 104 CFU/g 
fruit. In a later study, Du Toit and Lambrechts (2002) noted a wide range 
in populations in South African Cabernet Sauvignon musts, 104 to 107 CFU/
mL, over two vintages. Where mold growth, particularly Botrytis cinerea,
and fruit deterioration develop, populations of acetic acid bacteria increase 
and diversify to include not only G. oxydans but A. aceti or A. pasteurianus
as well. In agreement, González et al. (2005) reported a major presence 
of both G. oxydans and A. acetic in spoiled grapes. Acetic acid bacteria can 
also proliferate during cold soaking prior to fermentation (Section 
7.4.2).

6.5.2 Alcoholic and Post-fermentation

Where fruit deterioration has not occurred and alcoholic fermentation 
begins quickly, populations of acetic acid bacteria decline to <100 CFU/mL 
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(Joyeux et al., 1984b). In agreement, González et al. (2005) reported a 
reduction in strain diversity and viable populations of Acetobacter during 
alcoholic fermentation. Gluconobacter cannot survive the alcoholic environ-
ment of wine even when aerated (Drysdale and Fleet, 1989b).

There is no doubt that the presence (or absence) of oxygen greatly 
impacts growth of acetic acid bacteria. Drysdale and Fleet (1989b) noted 
that increases in the oxygen content of a wine resulted in stronger growth 
of Acetobacter. A. pasteurianus exhibited some growth in wine held at 50% 
dissolved oxygen whereas A. aceti did not. However, Joyeux et al. (1984b) 
were able to isolate acetic acid bacteria from wine at the bottom of barrels 
suggesting that these bacteria can, in fact, survive in a more anaerobic 
environment than previously thought. In support, Drysdale and Fleet 
(1989b) reported that both A. aceti and A. pasteurianus remained viable at 
low concentrations of oxygen. Furthermore, Ribéreau-Gayon (1985) noted 
viable populations (>102/mL) of A. aceti in properly topped-off and stored 
barrel-aging wines. More recently, Du Toit et al. (2005) found that Aceto-
bacter pasteurianus could survive for a prolonged period of time in a wine 
maintained relatively anaerobic.

Millet and Lonvaud-Funel (2000) have suggested that Acetobacter might 
exist in wines in a VBNC state. Although Acetobacter in the VBNC state were 
diffi cult to culture (grow) using standard media, the authors noted that 
even a brief exposure to air can be enough to encourage their growth. 
Transitory exposure to oxygen may occur during pumping, transferring, 
and/or fi ning. Even when wines are subsequently stored properly, such 
exposure may have been suffi cient to stimulate rapid and continued 
growth ( Joyeux et al., 1984b). In low oxygen environments, acetic acid 
bacteria are likely to utilize electron acceptors other than oxygen, quite 
possibly quinones as discussed by Du Toit and Lambrechts (2002) and as 
illustrated in Fig. 6.3. Du Toit et al. (2005) noted that addition of activated 
charcoal used to remove phenolic compounds from a wine also affected 
growth of A. pasteurianus.
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Figure 6.3. Utilization of simple phenolics as electron acceptors under low oxygen 
conditions (C.J. Muller, personal communication, 1995.)



In slowly fermenting or stuck alcoholic fermentations where CO2 evolu-
tion is not suffi cient to prevent oxygen incursion, growth of acetic acid 
bacteria may be stimulated. Under these conditions, growth may result in 
the formation of gluconate by direct oxidation of glucose, as well as acetic 
acid and acetaldehyde from oxidation of ethanol (Section 3.4.2). Fructose 
is either not directly utilized or only to a limited extent by some of these 
bacteria (De Ley et al., 1984; Joyeux et al., 1984b). As a result of the dis-
proportionate utilization of glucose relative to fructose by yeast and acetic 
acid bacteria, and the higher relative sweetness of fructose, the resultant 
wine may exhibit a “sweet-sour” character (Sections 6.2.2, 7.3.1, and 
8.5).

6.6 MICROBIAL INTERACTIONS

Another factor that infl uences microbial ecology during vinifi cation is the 
various interactions that occur between microorganisms. As recently 
reviewed by Alexandre et al. (2004). Many of these interactions result in 
the suppression and potential death of one or more species of the 
population.

6.6.1 Saccharomyces and Oenococcus

The interactions between Saccharomyces and O. oeni during vinifi cation may 
be either stimulatory (Lüthi and Vetsch, 1959; Beelman et al., 1982; Feullat 
et al., 1985; Guilloux-Benatier et al., 1985) or inhibitory (Beelman et al., 
1982; King and Beelman, 1986; Cannon and Pilone, 1993; Henick-Kling 
and Park, 1994; Larsen et al., 2003) to the bacterium. Inhibitory interac-
tions have been reported where the viability of O. oeni declined from 105

to 107 CFU/mL to undetectable populations soon after inoculation into 
wine (Fornachon, 1968; Beelman et al., 1982; Liu and Gallander, 1983; 
Ribéreau-Gayon, 1985; King and Beelman, 1986; Lemaresquier, 1987; 
Wibowo et al., 1988; Semon et al., 2001). This rapid decline in bacterial 
viability has been frequently reported, even when Saccharomyces and O. oeni
are co-inoculated at similar population densities (Fig. 6.4).

Two theories have been proposed to explain yeast antagonism of malo-
lactic bacteria. First, the faster growing Saccharomyces may remove nutrients 
from a grape must (Amerine and Kunkee, 1968; Fornachon, 1968; Beelman 
et al., 1982) that are important to the nutritionally fastidious malolactic 
bacteria (Du Plessis, 1963; Garvie, 1967b). In support, Beelman et al. 
(1982) demonstrated that during growth in synthetic media, yeast depleted 

 Microbial Interactions 93



94 6. Microbial Ecology During Vinifi cation

certain amino acids to concentrations that may not be suffi cient to support 
bacterial growth. These authors suggested that as yeast enter stationary/
death phases and lyse, nutrients released into the wine facilitate the recov-
ery of O. oeni. It has been demonstrated that the autolytic activity of wine 
yeasts during aging on lees can affect the concentrations of amino acids, 
peptides, and proteins in wine (Charpentier and Feuillat, 1993; Alexandre 
et al., 2001; Martinez-Rodriguez et al., 2001).

More recent studies have demonstrated that the removal of nutrients 
by yeast does not always explain the observed inhibition of O. oeni. For 
instance, Larsen et al. (2003) reported that the addition of supplemental 
nutrients to a wine fermented by S. cerevisiae strain V1116 did not relieve 
the observed bacterial inhibition. Studying the impact of yeast autolysis 
on MLF, Patynowski et al. (2002) also concluded that nutrient depletion 
by S. cerevisiae was not responsible for the observed bacterial inhibition. 
Furthermore, this research showed that the yeast produced an unidenti-
fi ed inhibitory factor(s) that was progressively lost during aging. These 
results suggested that the second proposed theory, the production of toxic 
metabolites by yeast, may be responsible for the inhibition of O. oeni.

Wine yeasts are known to produce compounds during alcoholic fermen-
tation that are inhibitory to malolactic bacteria including ethanol (Costello 
et al., 1983; Davis et al., 1986a; Britz and Tracey, 1990), SO2 (Eschenbruch, 
1974; Dott et al., 1976; Eschenbruch and Bonish, 1976; Suzzi et al., 1985; 
Romano and Suzzi, 1993; Henick-Kling and Park, 1994; Larsen et al., 
2003), medium-chain fatty acids (Edwards and Beelman, 1987; Lonvaud-
Funel et al., 1988; Edwards et al., 1990; Capucho and San Ramao, 1994), 
and antibacterial proteins/peptides (Dick et al., 1992). Of these 
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Figure 6.4. Viability of S. cerevisiae (open circles) and O. oeni (closed squares) with 
bacteria inoculated on the same day as the yeast. Adapted from Semon et al. (2001) with 
the kind permission of the Australian Journal of Grape and Wine Research.



compounds, SO2 is most commonly implicated in causing bacterial inhibi-
tion (Fornachon, 1963; Henick-Kling and Park, 1994; Larsen et al., 2003). 
SO2 is an effective antimicrobial against wine lactic acid bacteria (Carr 
et al., 1976; Liu and Gallander, 1983; Ough and Crowell, 1987; Britz and 
Tracey, 1990). Of the various forms of sulfur dioxide, molecular SO2

(SO2•H2O) is thought to be the most antibacterial (Macris and Markakis, 
1974; King et al., 1981; Edinger, 1986). Larsen et al. (2003) concluded that 
in some cases high SO2-producing strains cause inhibition of MLF, but 
other yeast strains inhibit MLF by means other than production of SO2.
In agreement, additional studies have also cast doubt on whether SO2

produced by yeast is the sole mechanism for bacterial inhibition (King and 
Beelman, 1986; Lemaresquier, 1987; Wibowo et al., 1988; Eglinton and 
Henschke, 1996; Caridi and Corte, 1997). For instance, Wibowo et al. 
(1988) found that S. cerevisiae inhibited the growth of O. oeni in wine, but 
that inhibition was not due to the production of SO2. Additionally, Eglin-
ton and Henschke (1996) reported that production of SO2 by S. cerevisiae
strain AWRI 838 and related strains also did not account for wines that 
resisted malolactic fermentation.

Larsen et al. (2003) and others have demonstrated that the majority of 
SO2 formed by yeast is bound rather than free and molecular forms. This 
fi nding suggests that bound SO2 may be more inhibitory to lactic acid 
bacteria than previously thought. However, there is confl icting informa-
tion as to whether some forms of bound SO2, in particular acetaldehyde-
bound SO2, are inhibitory to wine bacteria. Early work by Fornachon 
(1963) reported that both L. hilgardii and L. mesenteroides were inhibited 
in a medium in which sulfurous acid and an excess of acetaldehyde had 
been added. The author determined that these bacteria could metabolize 
acetaldehyde-bound SO2, an observation later confi rmed for O. oeni
(Osborne et al., 2000). Fornachon (1963) further noted that MLF could 
be prevented by the presence of bound SO2 even when the amounts of 
free SO2 are negligible, possibly due to any SO2 liberated from metaboliz-
ing the acetaldehyde-bound SO2 adduct. Hood (1983) suggested an alter-
native mechanism whereby the effect of bound SO2 may be due to small 
amounts of free (and therefore molecular) SO2 in equilibrium with the 
bound form. However, these results were contrary to those of Carr et al. 
(1976) who reported that acetaldehyde-bound SO2 had no infl uence on 
the bacterium studied (L. plantarum).

Another theory for inhibition of malolactic bacteria was suggested by 
Wibowo et al. (1988) who proposed that S. cerevisiae may inhibit O. oeni
through the yeast production of antibacterial proteins/peptides. In 
support, Dick et al. (1992) isolated two proteins produced by S. cerevisiae
that showed activity against O. oeni. Osborne (2005) was able to isolate a 
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low-molecular-weight protein (3 to 6 kDa) that was inhibitory to O. oeni.
Similar fi ndings were reported by Comitini et al. (2005) using a different 
strain of Saccharomyces.

Medium-chain fatty acids produced by yeast during alcoholic fermenta-
tion have also been implicated in the inhibition of malolactic bacteria 
(Lonvaud-Funel et al., 1985; Edwards and Beelman, 1987; Carrete et al., 
2002). Inhibition of Saccharomyces species and some lactic acid bacteria by 
medium-chain fatty acids has been reported in grape juice and silage 
(Pederson et al., 1961; Woolford, 1975). Although this hypothesis has not 
been conclusively shown, Lonvaud-Funel et al. (1985) and Edwards and 
Beelman (1987) reported decanoic acid to be inhibitory to the growth of 
malolactic bacteria. As an example, Edwards and Beelman (1987) noted 
that decanoic acid suppressed the growth of O. oeni PSU-1 at a concentra-
tion of 10 mg/L, a concentration reported to be present in some wines 
(Houtman et al., 1980b). In addition, Carrete et al. (2002) reported that 
decanoic acid acted synergistically with either low pH or ethanol to inhibit 
O. oeni. However, Edwards et al. (1990) found that MLF occurred more 
rapidly in wines containing 5 mg/L decanoic acid and other medium-
chain fatty acids than in wines with lower levels.

6.6.2 Saccharomyces and Lactobacillus

Some winemakers have observed sluggish fermentations characterized by 
rapid growth of microorganisms dubbed the “ferocious” lactobacilli 
(Boulton et al., 1996). This spoilage has been characterized as being very 
swift with abundant bacterial growth during the early stages of vinifi cation 
resulting in premature arrest of alcoholic fermentation. In these cases, 
acetic acid levels were extraordinarily high; generally ranging from 0.8 to 
1.5 g/L and, on occasion, 2 to 3 g/L. However, a “cause and effect” rela-
tionship between growth of these bacteria and cessation of alcoholic fer-
mentation was not previously known. Clearly, not all species were involved 
in this problem as illustrated by Edwards et al. (1993) who could not 
induce a sluggish alcoholic fermentation even with inoculation of different 
species of lactobacilli.

Inhibition of yeast by Lactobacillus had been previously observed in 
other foods (Barbour and Priest, 1988; Essia Ngang et al., 1990; Leroi and 
Pidoux, 1993), but the fi rst confi rmed report that Lactobacillus can inhibit 
Saccharomyces was that of Huang et al. (1996). In their study, early inocula-
tion of strains YH-15, YH-24, and YH-37 resulted in slowed laboratory-scale 
Chardonnay fermentations conducted by Saccharomyces cerevisiae Epernay 
2. As shown in Fig. 6.5, strain YH-15 was capable of reaching populations 
in excess of 109 CFU/mL within 48 h. Furthermore, wine composition was 



Table 6.1. Composition of Chardonnay wines fermented by either Prise de Mousse or 
Epernay in the absence or presence of O. oeni strains YH-24 and YH-37 or L. kunkeei
strain YH-15.*

Yeast strain/composition Control YH-24 YH-37 YH-15

Prise de Mousse
 pH 3.75c 3.98a 3.95b 3.30d

 Titratable acidity (g/100 mL) 0.51b 0.35d 0.36c 1.52a

 Volatile acidity (g/100 mL) 0.025c 0.037b 0.038b 0.31a

 Ethanol (% v/v) 13.2b 13.6a 13.5a 10.4c

Epernay
 pH 3.81c 4.07a 4.04b 3.38d

 Titratable acidity (g/100 mL) 0.48b 0.37c 0.37c 1.39a

 Volatile acidity (g/100 mL) 0.037c 0.054b 0.055b 0.29a

 Ethanol (% v/v) 13.4a 13.2a 13.3a 10.7b

*Bacteria were inoculated two days before yeast inoculation.
Means in rows with different letters for a given yeast strain are signifi cantly different (p < 0.05).
Adapted from Huang et al. (1996) and with the kind permission of the American Journal of Enology and 
Viticulture.

greatly affected (Table 6.1). Growth of YH-15 in these Chardonnay musts 
resulted in wines of much lower pH (3.30 and 3.75) and higher titratable 
acidity (1.52 and 0.51 g/100 mL) and volatile acidity (0.31 and 0.025 g/
100 mL) compared with wines without bacteria. Ethanol yields were also 
signifi cantly lower with YH-15.

Bacterial strains, YH-24, YH-37, and YH-15, were originally isolated 
from commercial wines. The fi rst two have since been identifi ed as wild 
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Figure 6.5. Growth of Saccharomyces cerevisiae Epernay (open circles) and Lactobacillus 
kunkeei strain YH-15 (closed squares) in a Chardonnay juice. Adapted from Huang et al. 
(1996) with the kind permission of the American Journal of Enology and Viticulture.
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strains of Oenococcus oeni (Edwards et al., 1998b), and YH-15 is a novel 
species, later named Lactobacillus kunkeei (Edwards et al., 1998a). More 
recently, another novel species of Lactobacillus was found to inhibit yeast 
based on results from an agar well assay and was named L. nagelii (Edwards 
et al., 2000). Other species of Lactobacillus found to inhibit yeast include 
two strains of L. vermiforme (L. hilgardii), a species frequently found in 
wines (Mills, 2001).

A number of mechanisms for yeast inhibition by Lactobacillus have been 
proposed including production of acetic acid. Boulton et al. (1996) indi-
cated that enough acetic acid could be produced by “ferocious” lactobacilli 
in 2 or 3 days to inhibit yeast metabolism. Acetic acid is well-known to be 
inhibitory to yeasts (Doores, 1993), infl uencing both growth and fermen-
tative abilities (Pampulha and Loureiro, 1989; Ramos and Madeira-Lopes, 
1990; Kalathenos et al., 1995). In agreement, Rasmussen et al. (1995) 
reported that addition of 4 g/L midway through grape juice fermentations 
slowed the fermentations. Later research by Edwards et al. (1999a) noted 
that the acetic acid concentration in musts inoculated with L. kunkeei or 
with both S. cerevisiae and L. kunkeei approached 5 g/L, an amount that 
can slow fermentations. The mechanism of yeast inhibition may partially 
be due to production of acetic acid (Edwards et al., 1999a) but other 
mechanisms are probable (Mills, 2001).

Processing strategies to control infections of lactobacilli may include 
the use of SO2, low-temperature storage, and adjustment of must pH. Of 
these, L. kunkeei was determined to be highly sensitive to SO2 (Edwards 
et al., 1999b). In addition, Gram-positive bacteria like Lactobacillus are 
sensitive to lysozyme (Section 5.2.3).

6.6.3 Oenococcus, Pediococcus, and Lactobacillus

Because of the increase in pH, MLF can be favorable to the growth of 
other lactic acid bacteria like Pediococcus (Davis et al., 1986a). However, 
Edwards et al. (1994) observed a defi nite antagonism by O. oeni against 
Pediococcus in Cabernet Sauvignon and Merlot wines that had undergone 
malolactic fermentation (Fig. 6.6). Here, the viability of all strains declined 
from an initial population of 105 to between <300 and 104 CFU/mL shortly 
after inoculation. In addition, the extent of this decline depended on the 
strain of pediococci. For example, the viability of WS-29A only decreased 
ca. 1 log in both wines, whereas growth of C5 in the MLF (+) Cabernet 
Sauvignon wine was not observed (<300 CFU/mL). The fact that viability 
of P. parvulus decreased in MLF (+) wines after inoculation supports the 
contention that MLF can impart microbiological stability to wines. 
However, this “stability” was not necessarily permanent in that most 



strains overcame the initial inhibition and eventually grew to populations 
approaching or exceeding 106 CFU/mL. More recently, Walling et al. 
(2005) noted that wines that had undergone MLF were more resistant to 
ropiness caused by pediococci.

Other reports detailing the complicated interactions between wine 
lactic acid bacteria have been published. Although O. oeni can inhibit 
Pediococcus (Edwards et al., 1994), Davis et al. (1986a) noted that growth 
of P. parvulus was antagonistic to the survival of O. oeni after MLF in some 
red wines from Australia. In addition, Lonvaud-Funel and Joyeux (1993) 
observed strong inhibition of O. oeni by L. plantarum and P. pentosaceus.
The authors theorized that the effect was due to accumulation of small 
(less than 1 kDa) compounds, quite possibly peptides or proteins. In other 
studies, synthesis of H2O2 by a strain of L. hilgardii was enough to inhibit 
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MLF (open squares) and wines that completed the secondary fermentation (closed 
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O. oeni and P. pentosaceus in mixed culture (Rodriguez and Manca de 
Nadra, 1995a; 1995b).

Many species of lactic acid bacteria are known to produce antibacterial 
proteinaceous substances called bacteriocins (De Vuyst and Vandamme, 
1994; Jack et al., 1994; Nes et al., 1996), and a number of researchers have 
reported the production of bacteriocins by bacterial species present in 
wine. As examples, Navarro et al. (2000) isolated nine strains of L. plan-
tarum from Rioja red wine that showed antibacterial activity. In addition, 
Yurdugul and Bozoglu (2002) identifi ed an isolate of Leuconostoc mesenteroi-
des subsp. cremoris from wine that produced a bacteriocin-like inhibitory 
substance. Furthermore, Strasser de Saad and Manca de Nadra (1993) 
isolated two strains of P. pentosaceus that produced an inhibitory substance 
against strains of Lactobacillus, Oenococcus, and Pediococcus.

The use of bacteriocins as preservatives has generated interest among 
researchers as a means to reduce the use of SO2 due to potential health 
concerns (Yang and Purchase, 1985). For instance, Schoeman et al. (1999) 
developed bactericidal yeast strains by expressing the gene for pedA pedio-
cin from P. acidilactici in S. cerevisiae. The authors have suggested that 
development of such bactericidal yeast strains could be used to inhibit the 
growth of spoilage bacteria. More recently, Nel et al. (2002) and Bauer 
et al. (2003) applied different bacteriocins as means to control malolactic 
fermentation and biofi lm formation by O. oeni.

6.6.4 Other Interactions

Yeasts are well-known to produce and secrete so-called killer factors that 
are inhibitory to other yeasts (Jacobs and van Vuuren, 1991; van Vuuren 
and Jacobs, 1992; Shimizu, 1993). These factors are either proteins or gly-
coproteins and are lethal to sensitive yeasts. The ability to produce killer 
factors is widespread among yeasts including Saccharomyces, Hansenula,
Pichia, Kluyveromyces, Candida, Kloeckera, Hanseniaspora, Rhodotorula, Tricho-
sporon, Debaryomyces, and Cryptococcus (Shimizu, 1993). Radler et al. (1985) 
identifi ed strains of H. uvarum that produced killer toxins that had activity 
toward sensitive strains of S. cerevisiae. More recently, Comitini et al. (2004) 
found two non-Saccharomyces yeasts capable of inhibiting a number of other 
yeasts including Brettamomyces/Dekkera. Here, Pichia anomala and Kluyvero-
myces wickerhamii were able to produce different molecular weight killer 
toxins that were stable in wines for 10 days. Given their stability in wine, 
these toxins have the potential to be used as fungicidal agents during the 
aging. Finally, Gerbaux et al. (2002) suggested that malolactic fermenta-
tion may also be inhibitory to the growth of Brettanomyces but data were 
not provided and additional research is required.



In an early report, Gilliland and Lacey (1964) noted that Acetobacter is 
capable of not only inhibiting Saccharomyces but also Pichia, Schizosaccharo-
myces, Zygosaccharomyces, Candida, and even Brettanomyces. Although the 
mechanism of inhibition was not specifi cally studied, these authors did 
not observe any rise in acidity and therefore proposed that Acetobacter
produces some type of antibiotic under aerobic conditions. Although 
Drysdale and Fleet (1989a) noted that yeast growth was only slightly 
impaired by the presence of acetic acid bacteria, activity of Acetobacter
resulted in stuck alcoholic fermentations depending on the juice and 
species present.
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CHAPTER 7

HARVEST AND

PRE-FERMENTATION PROCESSING

7.1 INTRODUCTION

The infl uence of microorganisms on winemaking begins in the vineyard 
and develops through fermentation and storage or aging of the wine. 
Grapes arriving at the winery refl ect not only the condition of fruit at 
harvest but also the method of harvest and transport time. As visually 
defect-free fruit harbors yeasts (Section 6.2.1), molds (Section 4.2), and 
bacteria (Sections 6.4.1 and 6.5.1), it is important to use processing pro-
tocols that minimize the potential for further growth of undesirable native 
microfl ora.

7.2 HARVEST AND TRANSPORT

In that broken berries and juice will encourage uncontrolled enzymatic 
activity and microbial proliferation, mature fruit should be harvested in 
a manner that produces the least mechanical damage. As both factors 
are infl uenced by temperature, harvesting during the evening and early 
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morning may improve quality by taking advantage of lower ambient 
temperatures. Ough and Amerine (1966) noted that the temperature of 
harvested fruit held in metal gondolas can rise appreciably, resulting in 
excessive enzymatic browning and microbial growth.

Transport time to the winery should be minimized to the extent possi-
ble. In this regard, widespread use of mechanical harvesters, although 
logistically and economically advantageous to growers, may create a wine-
making challenge if there are signifi cant delays between harvest and pro-
cessing. In particular, infrequent sanitation of harvesting equipment may 
promote problems, especially as travel time to the winery increases. Further 
deterioration of mechanically harvested fruit during transit can be 
minimized by the addition of SO2 (Section 5.2.1).

7.3 FRUIT QUALITY ASSESSMENT

Grower and winery contracts establish the maturity standards that are 
used to determine the optimal quality of incoming fruit during harvest. 
Such contracts may specify acceptable levels of sugar (soluble solids), pH, 
titratable acidity, and microbial spoilage. Other parameters can also be 
incorporated including levels of materials-other-than-grape (MOG) and 
the extent to which fruit exhibits physiological stress such as shriveling or 
ambering. Above all, the criteria and methodology used to establish adher-
ence to standards should be agreed upon between the grower and winery 
prior to harvest.

7.3.1 Soluble Solids

Unlike most fruit where sucrose represents the major sugar, grapes consist 
primarily of glucose and fructose, with much smaller amounts of sucrose. 
Although sucrose is present in grapes at only 0.2% to 1% w/w (Hawker 
et al., 1976), this sugar is fermentable because Saccharomyces produces an 
extracellular invertase, an enzyme that catalyzes the hydrolysis of sucrose 
to yield glucose and fructose (Goldstein and Lampen, 1975).

Margalit (2004) proposed that optimal harvest sugar concentrations be 
19ºBrix to 23ºBrix (white cultivars) and 21ºBrix to 24ºBrix (red cultivars). 
However, winemakers in the United States will frequently require more 
mature fruit optimal to maximize fl avor development associated with 
physiological maturity (i.e., desired tannin structure). In the case of late 
harvest or Botrytis-infected fruit, the concentration of fermentable sugars 
can be much higher, ranging upward to 40% w/w.
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Even though the concentrations of glucose and fructose vary with grape 
maturity, the ratio of the two sugars is generally close to 1 : 1 (Amerine 
et al., 1972). However, the rate of glucose uptake is approximately fi ve 
times that of fructose during alcoholic fermentation by Saccharomyces (Dit-
trich, 1977). This results in a change in the glucose/fructose ratio from 
near 0.95 at the start of fermentation to 0.25 toward completion (Peynaud, 
1984). Berthels et al. (2004) reported a similar pattern of sugar utilization 
among 17 strains of Saccharomyces cerevisiae. These reports show that 
Saccharomyces is glucophilic, preferentially utilizing glucose over fructose, 
possibly due to the inability of the cell to transport fructose later in 
fermentation (Schütz and Gafner, 1995). Concerns about glucose/
fructose utilization may be of little practical importance to the winemaker 
except that fructose is sensorially sweeter than glucose (Godshall, 1997). 
While this can be used to the winemaker’s advantage in production of 
light sweet wines, stuck fermentations result in a disproportionately sweet 
wine.

In addition to six-carbon monosaccharides (glucose and fructose) and 
12-carbon disaccharides (sucrose), fi ve-carbon pentoses are also present 
in grape musts. Among these, arabinose is the most abundant although 
rhamnose, xylose, and ribose have also been detected (Esau, 1967; Franta 
et al., 1986). According to Amerine et al. (1972), concentrations range 
from 0.8 to 2 g/L in grape musts. Although Saccharomyces cannot ferment 
pentoses, other yeasts (e.g., Brettanomyces), molds, and bacteria (e.g., some 
lactic acid bacteria) can metabolize some of these sugars. Thus, pentoses 
can serve as a source of carbon after alcoholic fermentation for some spoil-
age microorganisms.

7.3.2 pH and Titratable Acidity

Juice and wine pH play a major role in the development of yeast and 
bacterial populations. Species respond differently in terms of growth rate 
as well as production of sensorially important metabolites. In the case of 
Saccharomyces, growth and fermentation rates slow as pH decreases to near 
3.0, concomitantly increasing the risk of sluggish or stuck fermentations. 
Kudo et al. (1998) found that the relative concentration of K+ and H+ in 
a grape must plays an important role in successful completion of alcoholic 
fermentation, with a minimum K+/H+ of 25 : 1 being necessary. Whereas 
molds can grow at very low pH (2.0), many lactic acid bacteria do not grow 
well at pH less than 3.5 (Section 6.4.2).

Determining optimal pH and titratable acidity for harvest is imprecise 
and diffi cult. If acidulation of a must is required, tartaric acid is normally 
the acid of choice. The amount of acid needed to correct acidity depends 
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on existing titratable acidity, pH, and the buffer capacity of the must. 
When using tartaric acid within a pH range of 3.6 ± 0.3, an addition 
of 1 g/L will lower the pH by about 0.1 ± 0.03 units depending on buffer-
ing capacity (Margalit, 2004). Malic or citric acids can also be used, 
but addition of 1 g/L will decrease pH by a slightly lesser amount, 0.08 ±
0.02. Care should be taken when adding citric due to potential bacterial 
degradation forming diacetyl once alcoholic fermentation is complete 
(Section 2.4.5). Must/wine pH also plays a major role in the activity of 
various antimicrobial agents used in winemaking such as SO2 (Section 
5.2.1) as well as sorbic (Section 5.2.4) and fumaric (Section 5.2.5.1) 
acids.

7.3.3 Microbial Spoilage

Because mold spores are ubiquitous, controlling germination and growth 
in the vineyard by use of fungicides may only be part of the solution. For 
instance, inherent properties of the fruit as well as cultural practices play 
a signifi cant role toward encouraging or discouraging mold infections. 
With tight-clustered varieties, the mechanical pressure of adjacent berries 
may disrupt cuticular waxes (Rosenquist and Morrison, 1989), thus pre-
disposing these sites to greater incidences of infection. Thinner-skinned 
varieties are likewise more prone to Botrytis infection than other thicker-
skinned cultivars. Finally, dense canopies, which minimize air circulation 
and light incursion, favor a relatively humid environment, which increases 
the potential for mold growth. Open canopies not only favor air circula-
tion but spray penetration as well (English et al., 1990). Infections due to 
different species of molds can be found in Sections 4.1 to 4.5.

One of the most common methods to determine the extent of microbial 
damage on fruit arriving at the winery involves visual separation of sound 
and defective grapes followed by weighing each component and expressing 
the results on a weight percentage basis. Microbially compromised fruit 
can also be detected by “off-character” odors, sometimes even when rot is 
not easily seen. Alternative methods have been developed that provide for 
a more objective evaluation of microbial deterioration of fruit. Such 
methods revolve around quantifi cation of key indicator metabolites of 
mold (glycerol and/or laccase), bacteria (acetic acid), and yeast (ethanol) 
activity using high-performance liquid chromatography (Kupina, 1984) or 
by other means.

Because chromatographic techniques are diffi cult to apply for routine 
analysis of musts, other methods have been explored in an attempt to 
better quantify mold damage in grapes. More recently, Marois et al. (1993) 
and Dewey et al. (2000; 2005) developed immunoassays for quantitation 
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of Botrytis. Using their immunoassay, Marois et al. (1993) estimated that 
two samples per each gondola for hand-harvested fruit and one per each 
gondola for machine-harvested would be needed. Because many fungi 
produce laccases (Mayer and Harel, 1979), some have attempted to use 
activity of these enzymes to quantify mold or rot damage in grapes 
(Dubourdieu et al., 1984). The colorimetric method of Dubourdieu et al. 
(1984) relies on laccase-catalyzed oxidation of syringaldazine to its corre-
sponding colored quinone and is now available as a fi eld assay.

7.4 MUST PROCESSING

Management of the fruit upon arrival at the winery represents a critical 
quality control point in the production of wine. Decisions made at this 
stage may select for growth of some microbial species at the expense of 
others and, thereby, creating or diminishing the potential for problem 
fermentations. As noted previously (Chapter 6), incoming fruit will have 
a diverse microfl ora present but these can sometimes be controlled by 
changing intrinsic (e.g., suspended solids and use of SO2) and extrinsic 
(e.g., temperature and limiting oxygen) conditions during must 
processing.

7.4.1 Enzymes

Pre-fermentation processing enzymes have been used for a long time by 
the wine and juice industries (van Rensburg and Pretorius, 2000). The 
fi rst commercial enzyme preparations used were pectinases, enzymes 
responsible for the breakdown of pectin. Conventional application of 
pectinases pre-fermentation can enhance juice yield by degrading 
polysaccharides (e.g., pectin) that interfere with juice extraction. These 
preparations also improve the extraction of color (red wines) and fl avor 
molecules trapped in grape skins as well as reduce the potential for 
post-fermentation instabilities. Newer commercial preparations may also 
contain secondary activities such as the ability to degrade cellulose to 
further enhance cell wall breakdown.

Besides pre-fermentation clarifi cation, post-fermentation applications 
have been increasingly identifi ed and include enhanced aromatic profi les, 
prevention of protein instability (especially white wines), and degradation 
of β-glucans. Aroma and fl avor enhancing enzymes, most commonly β-
glucosidases, can enhance the varietal character of Riesling and Gewürtz-
traminer wines (Section 1.5.4). Proteolytic enzymes, responsible for 
hydrolysis of peptide linkages within amino acids of proteins, could poten-



tially reduce hazes in fi nished wines, but enzymes not inhibited under 
wine conditions have yet to be found (van Rensburg and Pretorius, 2000). 
Polysaccharide (β-glucan) instability can be associated with mold growth 
on grapes and, on occasion, impact wine clarifi cation and stability. 
To reduce this problem, β-glucanases are available either directly or 
as part of macerating enzyme preparations added either pre- or 
post-fermentation.

7.4.2 Suspended Solids

Modern white wine production techniques generally reduce the levels of 
suspended (insoluble) solids prior to fermentation. Conventional thought 
in this regard equates development and retention of fruit and varietal 
character while minimizing formation of those volatiles that reduce wine 
quality. For instance, Crowell and Guymon (1963) determined that wines 
produced from turbid grape musts contained higher concentrations of 
fusel alcohols, especially isobutyl and isoamyl alcohols, than those made 
from clarifi ed juice. The authors further noted that addition of other inert 
solids such as cellulose and starch to fermenting musts leads to an increase 
in the production of higher alcohols. Houtman et al. (1980a) reported 
that addition of 1% to 2% juice lees increased the production of esters 
during fermentation but that larger additions (>5%) decreased ester con-
centrations. Delfi ni and Costa (1993) noted that various insoluble materi-
als affected Saccharomyces in different ways with regard to production of 
acetic acid and acetaldehyde. Finally, lower amounts of isoamyl alcohol 
were present in wines where the musts were clarifi ed by vacuum fi ltration, 
in comparison with those clarifi ed by centrifugation or settling (Ferrando 
et al., 1998).

Conversely, overclarifi cation of a must prior to alcoholic fermentation 
is also a concern. In general, yeasts do not grow well in highly clarifi ed 
musts, leading to increased likelihood of slow or stuck fermentations 
(Williams et al., 1978; Edwards et al., 1990; Varela et al., 1999). In agree-
ment, Groat and Ough (1978) found that different types of insoluble solids 
(e.g., grape solids, bentonite, talc, and diatomaceous earth) added to clari-
fi ed juice resulted in faster and more complete alcoholic fermentations. 
According to these authors, the critical level of grape insoluble solids is 
between 0.1% and 0.5% v/v, below which fermentations were slower.

Clarifi cation may also alter the nutritional status of the must. For 
instance, Ayestarán et al. (1995) observed that total nitrogen levels in 
unclarifi ed musts were higher than those clarifi ed by either gravity or 
vacuum fi ltration. By comparison, amino nitrogen levels were higher in 
clarifi ed musts. Ferrando et al. (1998) found no effect of clarifi cation by 
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different methods (vacuum fi ltration, centrifugation, and settling) on 
ammonium nitrogen and total free amino acids in musts. Guitart et al. 
(1998) evaluated several commonly used pre-fermentation fi ning agents 
with regard to amino acid reduction and reported that silica gel additions 
removed the highest concentration of amino acids followed by enzyme 
treatment, cold-clarifi cation, bentonite, and centrifugation. Pectic enzymes 
added after crush have also been reported to have an effect on the amino 
acid composition (Hernandez-Orte et al., 1998).

Besides potential changes in available nitrogen, clarifi cation may also 
reduce other nutrients such as sterols (Delfi ni et al., 1993) essential for 
yeast cell membrane integrity. Changes in the fatty acid composition of 
musts have also been reported (Varela et al., 1999). However, it is thought 
that a major infl uence of clarifi cation is the removal of trace amounts of 
oxygen trapped within the suspended solids. Crowell and Guymon (1963) 
reported that fusel oil production was reduced in fermentations where the 
suspended solids were deaerated before alcoholic fermentation, indicating 
trot insoluble solids can adsorb O2.

Clarifi cation can be used to reduce populations of non-Saccharomyces
yeasts (Mora and Mulet, 1991). Although populations are initially reduced, 
growth of these yeasts may continue during cold-clarifi cation and actually 
lead to denser populations than expected. Many of these yeasts may also 
be active during the course of fermentations conducted at lower tempera-
tures (Section 6.2.2). The presence of insoluble solids in musts also infl u-
ences subsequent malolactic fermentations (Liu and Gallander, 1982). 
Here, the authors reported that MLF was most rapid in wines fermented 
with the highest amount of solids.

Pre-fermentation clarifi cation may be accomplished by cold-settling 
with or without fi ning agents, centrifugation, and/or fi ltration. In terms 
of removing unwanted native yeast and bacteria, Fleet and Heard (1993) 
noted that centrifugation was generally more effective than cold-
clarifi cation. At least one report noted differences in volatile acidity 
depending on clarifi cation procedure (Aragon et al., 1998). The combina-
tion of cold-clarifi cation and fi ning agents such as bentonite and proprie-
tary formulations continues to be the method of choice among many 
producers.

7.4.3 Pre-fermentation Maceration (Cold-Soak)

Cold-soaking of musts prior to fermentation is a technique in red wine 
processing that encourages extraction of desirable grape fl avor compounds 
and pigments from skins. Normally, crushed grape musts are held at cool 
temperatures (15ºC/59ºF to 20ºC/68ºF) for 12 to 24 h but also up to 1 to 



2 weeks. During this time, non-Saccharomyces yeasts can proliferate, due to 
their ability to grow better than Saccharomyces at lower temperatures, result-
ing in considerable changes to quality (Section 6.2.2).

Effective cold-soak requires that the must temperature be lowered 
rapidly. In this regard, the use of must chillers, dry ice, or liquid CO2 can 
prove useful. Once the target temperature is achieved, it must be main-
tained and not allowed to slowly increase. Not infrequently, cold-soak 
temperatures can be warmer than expected, therefore encouraging pro-
liferation of spoilage microorganisms such as Lactobacillus. Fortunately for 
the winemaker, the causative bacteria are relatively sensitive to the effects 
of both SO2 and pH (Edwards et al., 1999b). This observation has led to 
the recommendation either to acidulate (pH <3.5) or, when this is not 
feasible, addition of 50 to 75 mg/L total SO2. Lysozyme added prior to 
alcoholic fermentation (250 mg/L) has also been used as a means 
to reduce initial populations of Gram-positive bacteria (Section 5.2.3).

Even if the musts are maintained at cool temperatures, other undesir-
able microganisms such as acetic acid bacteria or some non-Saccharomyces
yeasts like Kloeckera apiculata can still grow. As an example, Du Toit and 
Lambrechts (2002) observed acetic acid bacteria to increase from 103 up 
to 105 CFU/mL in one Cabernet Sauvignon must held at 15ºC/59ºF to 
18ºC/64ºF for 3 days with 40 to 50 mg/kg SO2. As the other must already 
contained a high population of bacteria (105 CFU/mL), the population 
did not increase further. However, the bacteria quickly died off as 
alcoholic fermentation began (Du Toit and Lambrechts, 2002).

7.4.4 Thermovinifi cation

Another technique to extract color from red grape cultivars is 
thermovinifi cation. Here, a portion of the must is heated to 50ºC/122ºF 
to 60ºC/140ºF and mixed with the skins for a short period of time (Boulton 
et al., 1996). The must is then pressed prior to inducing alcoholic fermen-
tation. In an interesting study by Malletroit et al. (1991), the effect of pas-
teurization on the microbiological and sensory quality of white grape juice 
and wines was investigated. The authors concluded that a pasteurization 
treatment equivalent to that used in the brewing industry is suffi cient to 
reduce non-Saccharomyces populations prior to alcoholic fermentation 
without detrimental effects on wine quality.

7.4.5 Inert Gassing

Depending on cultivar and issues of winemaking style and philosophy, the 
practice of routine prefermentation purging of lines and tanks with nitro-
gen or carbon dioxide gas may not be necessary. In this regard, purging 
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with inert gases lowers the concentration of physiologically useful oxygen 
available to Saccharomyces for cell membrane synthesis (Section 1.4.2). In 
the case of aromatic grape varieties (e.g., Muscat and Riesling), intentional 
exposure to oxygen may lead to irreversible oxidation and undesirable loss 
of aroma and fl avor-active compounds (Section 1.5.4).

Grape processing and starter preparation can infl uence survival of 
yeasts during long-term (>2 weeks) fermentations. Starter aeration using 
sterile compressed air has been found to be benefi cial (Wahlstrom and 
Fugelsang, 1988). Similarly, Valero et al. (2002) noted that incorporation 
of oxygen in grape musts affected synthesis of both higher alcohols and 
esters during fermentation. The winemaker can encourage a longer period 
of aerobic development by pouring rehydrated yeast starters over the top 
juice/must and not mixing into the tank.

7.5 PROCESSING MICROBIALLY DETERIORATED FRUIT

Microbially deteriorated fruit represents a challenge not only in terms of 
extraction of mold-produced odors and fl avors into the juice and wine but 
also to the success of fermentation and clarifi cation. Botrytis activity in 
grape musts results in (a) browning due to laccase, (b) problematic fer-
mentations, and (c) post-fermentation clarity and stability problems. In 
the case of red grape cultivars, Botrytis also brings about signifi cant dete-
rioration/reduction in total anthocyanins (Ewart et al., 1989).

7.5.1 Enzymatic Browning

Enzymatic browning is especially a problem in white grape musts. Once 
berry integrity has been compromised at the crusher, oxidative enzymes 
(oxidases) and their respective substrates (phenols) are exposed to air, 
resulting in rapid formation of brown pigments (Traverso-Rueda and 
Singleton, 1973). Oxidases such as polyphenol oxidases (tyrosinases) orig-
inate from plant tissue (Mayer and Harel, 1979), whereas laccasses come 
from molds.

Laccases are enzymes involved in the reduction of oxygen to produce 
water using phenolics as hydrogen donors (Fig. 7.1). One consequence of 
this activity is that juice will brown due to the reactivity of the oxidized 
phenolics (quinones) in formation of brown pigments, melanins. Although 
Botrytis-derived laccase is active against o -diphenols (Dubernet et al., 1977), 
Mayer and Staples (2002) pointed out that some fungal laccases can also 
oxidize monophenols. Unlike grape oxidases, which are inhibited by SO2

even at low concentrations, laccases tend to be resistant. These enzymes 



also tolerate ethanol as illustrated by Somers (1984) who reported detect-
ing activity in wines after 12 months of storage. Although one strategy to 
limit the effects of laccasses would be to minimize oxygen exposure during 
the processing of infected musts, application of heat is also used. However, 
the use of chelators, molecules that bind and therefore remove metals, has 
not been studied as a means to limit laccase activity. Like other oxidases, 
laccases require copper for activity, and chelators can be used to slow 
enzymatic browning in other foods (McEvily et al., 1992). Bentonite fi ning 
of juice can help reduce laccase activity, although this procedure may not 
completely remove the enzyme.

7.5.2 Fermentation Diffi culties

Alcoholic fermentations are affected by Botrytis by several mechanisms. 
First, Botrytis-infected fruit tends to be higher in sugar due to the loss of 
water during the post-infection dehydration phase, resulting in greater 
osmotic stress upon Saccharomyces during fermentation. Second, Botrytis
synthesizes a group of heteropolysaccharides, collectively referred to as 
“botryticine” (Donèche, 1993). Fermentation in the presence of botryti-
cine leads to yeast inhibition coupled with higher than expected concen-
trations of acetic acid and glycerol, the relative amount depending on the 
stage of fermentation.

The nutritional status of Botrytis-infected fruit is another concern. For 
instance, musts from mold-damaged fruit are generally low in assimilable 
nitrogen (Dittrich, 1977). Sponholz (1991) reported decreases of 7% to 
61% in the amino acid content of Botrytis-infected musts, and Henick-Kling 
(1994) noted that the losses of amino acids in botrytized grapes may be 
1000 to 3500 mg/L. Nutrient defi ciencies can be further increased by 
continued growth of non-Saccharomyces yeasts. In these cases, Peynaud 
(1984) recommends the addition of nitrogen supplements at 100 to 
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Figure 7.1. Reactions catalyzed by laccase.
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200 mg/L, although these concentrations may not be suffi cient to achieve 
the desired degree of fermentation (Lafon-Lafourcade et al., 1979). Per-
missible addition levels of nitrogen in the United States are considerably 
higher (Section 8.2).

7.5.3 Clarifi cation Concerns

Botrytis can convert grape sugars into polymers of glucose, known as 
glucans. One of these polymers is composed of a β-d-1,3-linked glucose 
backbone with short side chains. Given the large molecular weight of 
approximately 80 kD (Dubourdieu et al., 1981), these glucans greatly 
impede clarifi cation and fi ltration even at concentrations as low as 10 mg/
L (Villettaz et al., 1984). Although fi ning is generally ineffective in remov-
ing these molecules, some commercial glucanases have proved successful 
(Villettaz et al., 1984). Adding glucanases either to the juice at clarifi cation 
or post-fermentation brings about hydrolysis of polymers (Dubourdieu 
et al., 1981). Because pre-fermentation additions to chilled juice require 
longer contact times and higher dosage rates, it is generally recommended 
that the enzyme preparation be added to the wine at fi rst racking. Glucans 
can be measured using the method outlined in Section 17.5.3.

7.5.4 Management Strategies

Where rot cannot be avoided on incoming fruit, signifi cant modifi cation 
to traditional must and juice processing protocol is advised. Physical 
removal (grading) of fruit may be feasible in the case of wineries working 
with premium varietals. Processing of mold-damaged fruit for both red 
and white wines requires that both the extent of tissue maceration and 
time of juice and skin contact be minimized.

For white grape varieties, whole-cluster pressing is preferable to crush-
ing. In this case, it may be necessary to separate the fi rst 10+ gallons (per 
ton of grapes) collected from the press because this fraction is relatively 
rich in metabolites from mold growth. Subsequent press fractions should 
be individually evaluated for browning, phenolic extraction, and other 
markers of quality impairment. Once the must is prepared, some winemak-
ers choose to sulfi te at high concentrations (0.8 mg/L molecular SO2) and 
immediately cold-clarify with bentonite in the hope of minimizing both 
microbiological and enzymatic deterioration. Polyvinyl polypyrolidone 
(PVPP) is sometimes added at a rate of 2 to 4 lb/1000 gal as well as 
gelatin–silica gel to reduce the concentrations of browning compounds 
and/or their precursors. Other winemakers prefer to allow any oxidized 
phenols to polymerize or precipitate at low temperatures for 24 h prior to 



the addition of SO2 and PVPP. In any case, acidulation to pH <3.5 will aid 
in controlling spoilage bacteria.

Processing red musts infected with Botrytis is not as easily handled as 
white musts. Aside from SO2 additions and minimizing pomace contact 
(“short-vating”), decreasing the pH through acidulation can minimize 
browning as well as limit the growth of spoilage bacteria. Heat processing 
of must and juice has also been used to prevent further growth of spoilage 
microorganisms as well as to denature browning enzymes including 
laccase. However, this treatment requires a heat exchanger(s) and may 
result in diffi culties in post-fermentation clarifi cation as well as lower wine 
quality.

7.6 JUICE STORAGE (MUTÉ)

Storage of unfermented juice (muté) for later blending or other purposes 
presents important and potentially challenging problems in terms of the 
growth of psychrotolerant (“cold-tolerant”) and psychrophilic (“cold-
loving”) microorganisms. Although molds are capable of growth at the 
surface of refrigerated juice, yeasts represent a more serious problem. 
In an early report, Pederson et al. (1959) reported Saccharomyces,
Hanseniaspora, Torulopsis, and Candida in juice stored at 0ºC/32ºF. Further-
more, Lawrence et al. (1959) recovered a number of different yeasts from 
commercial grape juice stored at −5ºC/23ºF to −2ºC/28ºF. Subsequently, 
Splittstoesser (1978) determined that psychrophilic species of Candida
often comprise 95% of yeast contaminants in stored juice.

Filtration, in combination with SO2 additions of 30 to 50 mg/L and 
subsequent cold storage, represent the most frequently used techniques 
for minimizing oxidation and microbiological activity during storage. 
However, SO2 alone is not enough to completely halt yeast growth because 
many non-Saccharomyces are tolerant to high concentrations (Section 5.2.1). 
Since yeasts are inhibited at high pressures (Table 7.1), some winemakers 

Table 7.1. Effect of CO2 pressure on yeast viability.

CO2 pressure (lb/in2) Yeast population (cells/L)

 0 104
29.4 15
44.1 11
58.8 6
73.5 3
88.2 0

Adapted from Schmitthenner (1950).
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have combined low temperature (<2ºC/36ºF) and carbon dioxide 
(51.3 lb/in.2 or 352 kPa) to store juice. Others have reported successful 
storage of juice in Charmat tanks maintained at pressures of 70 to 
90 lb/in.2 (480 to 620 kPa). Delfi ni et al. (1995) studied the use of very 
high pressures to kill yeasts and bacteria in both grape musts and in 
wines. Where sorbic acid is used to stabilize stored juice against yeast 
activity, SO2 should also be considered to prevent growth of lactic acid 
bacteria because these microorganisms can metabolize the acid, forming 
precursors that react with ethanol to impart a “geranium” odor to wine 
(Section 11.3.5).



CHAPTER 8

FERMENTATION AND

POST-FERMENTATION PROCESSING

8.1 INTRODUCTION

During alcoholic fermentation, Saccharomyces converts grape sugars to 
alcohol and carbon dioxide as per the Gay–Lussac equation where 1 mole 
sugar yields 2 moles each of ethanol and carbon dioxide (Fig. 8.1). The 
rate of ethanol production by Saccharomyces varies with many factors but 
can reach 8 × 107 to 9 × 107 molecules of ethanol per yeast cell per second 
(Foy, 1994b).

The winemaker’s challenge is to optimize those conditions that favor 
growth of fermentative yeasts (Saccharomyces) resulting in complete alco-
holic fermentation (fi nal reducing sugar concentrations of <0.2% w/v) 
while avoiding formation of undesirable odors or fl avors. Ideally, comple-
tion of alcoholic and malolactic fermentations should result in a wine that 
is nutritionally insuffi cient to support further microbiological activity (i.e., 
the wine has become a “nutrient desert”).

8.2 MUST SUPPLEMENTATION

The concentration and composition of nitrogen-containing compounds in 
grape must plays a crucial role in the nutrition of microorganisms involved 
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in fermentation as well as the potential for spoilage after fermentation.
Saccharomyces will utilize most amino acids in must, with the exception of 
proline, which is not metabolized under anaerobic conditions (Bisson, 
1991).

The nitrogenous components of grapes and must that are metabolically 
available to yeast are present as ammonium salts (NH4

+) and amino acids 
primary, collectively known as “yeast assimilable nitrogen” (YAN). There-
fore, a complete evaluation of the nutritional status of juice or must 
requires measurement of both fractions. The total nitrogen content of 
juice not only contains YAN but peptides and proteins as well. However, 
the latter two fractions are not thought to play a signifi cant role in the 
nutritional needs of Saccharomyces during fermentation.

The concentration of yeast assimilable nitrogen present in must is 
vineyard-specifi c, varying with climate and soil type, grape variety, root-
stock, fertilization and irrigation practices, harvest maturity (degree of 
ripening), as well as the extent of microbiological deterioration that may 
have occurred prior to harvest (Ough and Bell, 1980; Huang and Ough, 
1989; 1991; Spayd et al., 1994). In general, many grape musts are con-
sidered to be defi cient in nitrogen based on the estimated minimal 
requirement of 140 to 150 mg N/L. In a survey of grape musts from 
California, Oregon, and Washington, YAN ranged from 40 to 559 mg N/L 
(Table 8.1). Of the 1523 samples examined, Butzke (1998) noted that 
13.5% were below 140 mg N/L. Spayd and Andersen-Bagge (1996) found 
that 25% of samples from central Washington State were below this 
concentration.

2 CO2+

Glucose or Fructose Ethanol

C6H12 O6 2 CH3CH2OH

Carbon Dioxide

Figure 8.1. Utilization of sugars to yield ethanol and carbon dioxide as per the 
Gay–Lussac equation.

Table 8.1. Yeast assimilable nitrogen (YAN) in 1523 grape musts obtained from 
Callifornia, Oregon, and Washington.

 Ammonium Primary amino acids YAN
 (mg N/L) (mg N/L) (mg N/L)

Average ±SD 79 ± 35 135 ± 51 213 ± 70
Range 5–325 29–370 40–559

Adapted from Butzke (1998) with the kind permission of the American Journal of Enology and 
Viticulture.
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Whereas urea has historically been used as a nitrogen supplement 
during fermentation, this nitrogen source is no longer approved in many 
countries owing to its demonstrated involvement in the formation of ethyl 
carbamate (Section 11.3.2). Rather, nitrogen defi ciencies are commonly 
corrected by the addition of diammonium phosphate (27% NH4

+ and 73% 
PO4

3−). In the United States, the maximum level of (NH4)2HPO4 legally 
permitted to correct nutritional defi ciencies is 960 mg/L (8 lb/1000 gal), 
a concentration that provides 203 mg N/L assimilable nitrogen. In Europe, 
the Offi ce International de la Vigne et du Vin (O.I.V.) only allows a 
maximum addition of 300 mg/L (NH4)2HPO4, and in Australia, additions 
are limited by maximum phosphate levels in the wine. There, a maximum 
concentration of 400 mg/L inorganic phosphate/L is permitted 
(Henschke and Jiranek, 1993).

In addition to (NH4)2HPO4, some winemakers advocate the use of bal-
anced nutritional formulations that also contain amino acids, minerals, 
vitamins, and/or other ingredients important for yeast growth. Because 
some of the ingredients in these formulations may not be currently 
approved for use in the United States, winemakers must petition the U.S. 
Alcohol and Tobacco Tax and Trade Bureau under Section 27 CFR 24.250 
to use material not specifi cally authorized (R. Gahagan, personal 
communication, 2005).

Although adding inorganic nitrogen at yeast inoculation is convenient, 
this practice can encourage the growth of non-Saccharomyces yeasts 
also present. An alternative strategy is to delay nitrogen addition for 48 h 
(red fermentations) and 72 h (white fermentations) post-inoculation. 
Sablayrolles et al. (1996) reported that a single addition midway through 
fermentation was as effective as a single addition at the start. Addition 
of ammonium late in fermentation should be avoided because this 
compound is not consumed by Saccharomyces at this stage (Beltran et al., 
2005). Furthermore, excessive ammonium in a wine may be enough to 
support the growth of spoilage microorganisms after fermentation has 
completed.

Some winemakers add yeast hulls (ghosts) to fermentations. Produced 
as by-products of commercial laboratory media manufacture and of 
brewing industries, hulls represent the remnants of yeast cell walls. 
These products provide some assimilable nitrogen and other nutrients 
and are able to absorb medium-chain fatty acid (C8 and C10), molecules 
potentially toxic to wine microorganisms (Munoz and Ingledew, 1989a; 
1989b; Edwards et al., 1990). Because yeast hull preparations contain 
lipids (fats) that oxidize upon exposure to oxygen, they may degrade and 
develop a “rancid” character upon extended storage. At this point, the 
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hulls should be discarded due to the potential for imparting these off-
odors to the wine.

Besides nitrogen, winemakers may wish to adjust must acidity (Section 
7.3.2), add antimicrobials like SO2 (Section 5.2.1) and/or lysozyme (Section 
5.2.3) to reduce populations of spoilage microorganisms, or incorporate 
fi ning agents (Puig-Deu et al., 1999).

8.3 ALCOHOLIC FERMENTATION

Although musts contain low populations of Saccharomyces, all will carry out 
fermentation under appropriate conditions. However, initiation of these 
fermentations may require more time than most winemakers are willing 
to accept, and the outcome is not always what was anticipated. For this 
reason, yeast starter cultures of Saccharomyces are used. Overall, the goal 
of using a starter culture is to initiate fermentation as quickly as possible 
while limiting the potential for spoilage by establishment of numerical 
dominancy over native species. Although commercial cultures of Saccharo-
myces can outgrow and inhibit indigenous populations of non-Saccharomyces
(Henick-Kling et al., 1998), this is not always the case (Heard and Fleet, 
1985; 1988). As evidence, Heard and Fleet (1985) observed growth of both 
Kloeckera apiculata and Candida in musts inoculated with Saccharomyces.

8.3.1 Historical Perspective of Starter Cultures

Before the development of commercial active dry yeast, winemakers 
wanting to use starter inocula were forced to propagate these from stock 
cultures maintained in the winery. This process involves transferring the 
pure culture to sterile juice and, over a period of several weeks, expanding 
the volume to a level of 1% to 5% (v/v) of the expected fermentation 
volume through a series of aseptic transfers. When the appropriate volume 
of starter was ready and was not microbiologically contaminated, it was 
then used to inoculate grape musts. Maintenance of pure cultures during 
multiple transfers was problematic due to the risk of contamination in 
addition to requiring a signifi cant amount of time and resources.

Given the diffi culty of preparation from stock cultures, enologists wel-
comed development of commercial wine yeasts starters in the 1950s. Early 
research indicated the potential for using compressed yeasts, a product 
similar to that used in the baking industry (Foy, 1994a). Because these 
products contained a high amount of moisture (70%), perishability at the 
winery before use was a problem. Unlike the baking industry, which 



requires yeast year-round, wineries required large amounts during a rela-
tively short period of time at crush. This problem was solved in 1963 when 
compressed yeasts were successfully dried. Two years later, Red Star Yeast 
(Universal Foods Corporation) released the fi rst commercial wine active 
dry yeast (WADY) in the United States. It has been estimated that active 
dry yeasts are used in all of the world’s wine regions and by 85% or more 
of the producers in some areas (Foy, 1994a).

Even with the advantages of commercial cultures, the winemaking com-
munity remains divided with regard to the philosophy and practice of 
using starters. At one extreme are those winemakers that rely solely on 
yeasts and bacteria native to the winery in the hopes of creating unique 
products (Section 8.4). Others prefer to encourage the growth of some 
non-Saccharomyces yeasts early in alcoholic fermentation but eventually 
inoculate with Saccharomyces. Still others use Saccharomyces starters but 
at lower than recommended inoculum levels. The vast majority of wine-
makers employ active yeast starters prepared using manufacturers’ 
recommendations.

8.3.2 Preparation of Starter Cultures

Viabilities of active dry yeasts vary but most formulations contain 1.1 × 1010

to 3.9 × 1010 CFU/g (Foy, 1994b). Given the low moisture content of active 
dry yeasts, these can be stored for longer periods of time but not 
indefi nitely. For products still packaged under vacuum, Foy (1994b) esti-
mated the monthly loss of fermentation activity at 0.5% to 1% when stored 
at 5ºC/40ºF and 1.5% to 2% when stored at 21ºC/70ºF. If stored at a high 
temperature (37ºC/98ºF), WADY can loose 75% to 80% of activity after 
only 16 months (Foy, 1994b).

The methodology of starter preparation and propagation is crucial 
to successful fermentation. Although tempting, the practice of simply 
spreading pellets into or over the surface of the must should be avoided. 
This generally results in the formation of clumps that are diffi cult to 
disperse. In addition, those cells trapped within the aggregate matrix are 
incompletely rehydrated, resulting in viable cell numbers that may be well 
below those expected. Rather, WADY should be rehydrated according to 
the supplier directions. In general, most recommend use of water or 1 : 1 
diluted grape juice at 37ºC/99ºF to 40ºC/104ºF and rehydrate for 15 to 
20 min before inoculation. Monk (1986) noted that these rehydration 
conditions will result in near 100% viability compared with only 40% to 
50% viability if the rehydration was at 15ºC/60ºF.

Actively growing yeasts, either recently rehydrated or from starter 
tanks, should not be transferred directly to chilled musts. As a general 
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recommendation, yeasts should be acclimated to within 10ºC/18ºF of 
the must temperature before inoculation. Llauradó et al. (2005) found 
that rehydration of yeast cultures using normal techniques followed 
by subculturing at lower temperatures could avoid cold-shock and 
improve yeast performance during cold-temperature fermentations 
(13ºC/55ºF). In addition, caution should be exercised if agitation is used 
because this practice may result in decreased vitality and vigor of starter 
cultures.

Rather than rehydrate yeasts on a tank-by-tank basis, economics and 
time may dictate preparation of “starter” tanks in which larger volumes of 
yeast are propagated and used over a short period. In these cases, it is 
necessary to prepare relatively large volumes of sterile juice and, during 
the propagation phase, maintain yeast growth without contamination. 
Preparation of larger volumes of juice for expansion of starters may be 
accomplished by heating, cold-clarifi cation, and/or fi ltration, with the 
latter two methods most commonly used by wineries. Clarifi ed juice for 
starters may also be sterilized by the use of dimethyl dicarbonate (Section 
5.2.2).

After the addition of yeast inoculum to the starter tank, 24 to 72 h may 
be required before the expanded starter reaches a suffi cient cell number 
to add to the must at an initial inoculum of 1 × 106 to 3 × 106 CFU/mL. 
Growth should be followed microscopically, noting viability, percentage of 
budding cells, and any microbial contaminants. Ongoing starter tanks 
must also be closely monitored to ensure secondary contamination does 
not occur. In actively growing starters, budding cells should comprise 60% 
to 80% of the total cell number upon addition to must. By comparison, 
the budding cell number of recently rehydrated yeasts is generally only 
2% to 5% of the total. Procedures for monitoring cell populations are 
presented in Chapter 14.

Some wineries have attempted to use other sources for a yeast inoculum 
including pomace, fermenting wine, or lees from another fermentation 
that is almost complete. Although seemingly economical, these practices 
dramatically increase the potential for contamination from spoilage 
microorganisms (Acetobacter, Lactobacillus, and others). In addition, the 
yeast lacks long-term vigor and vitality at this stage in its life cycle.

As is the case with reusing fermentation lees and pomace as starter 
inocula, the practice of reserving 5% to 10% of a starter for fresh sterile 
juice will lead to decreased yeast vigor and/or microbial contamination. 
Further, continual growth under semi-anaerobic conditions results in 
stressed cells that may neither initiate nor complete fermentation in a 
timely manner. Because nutrient exhaustion signifi cantly reduces cell 



viability, starter tanks should be regularly monitored (ºBrix and micro-
scopically) and transferred before sugar is depleted.

One diffi culty with using WADY is that these cultures are rarely, if ever, 
pure isolates. In fact, WADY may contain bacterial populations including 
lactic acid bacteria, contaminants that should not exceed 103 to 104 CFU/g 
(Foy, 1994b).

8.3.3 Strain Selection

Yeast strains isolated from wineries or research institutes that possess good 
qualities for winemaking have been commercialized. Hundreds of strains 
have now been isolated, and are marketed to winemakers by several inter-
national companies. Unfortunately, the origins of some strains are no 
longer known. According to Foy (1994a), W.V. Cruess (University of 
California, Davis) originally brought the strain Montrachet (UCD 522) to 
the United States in the 1930s, presumably from the Montrachet region 
in France. However, information regarding the winemaker or scientist who 
initially isolated and cultured this strain has been lost.

Although winemakers often have strain preferences for particular 
applications, the issue continues to be one of debate. A generalized list of 
desirable traits of wine yeasts can be found in Table 8.2. Each strain 
possesses different characteristics including varying fermentation rate and 
production of H2S (Ough and Groat, 1978; Jiranek et al., 1995c).

Table 8.2. Desirable characteristics and traits of 
wine yeasts.

• Initiate fermentation quickly
• Tolerant to low pH, SO2

• Ferment at low temperatures
• Tolerate high temperatures
• Ferment to dryness
• Produce desirable bouquet
• Low nitrogen requirement
• Low H2S production
• Low urea excretion
• Low foaming
• Good fl occulation ability (aids clarifi cation)
• Malolactic compatibility (if needed)
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8.3.4 Temperature

During fermentation, Saccharomyces metabolize available sugar as a source 
of energy. However, some of the energy generated is lost as heat during 
fermentation. One consequence is that the temperature of the must 
increases during the active phase. According to Margalit (2004), fermenta-
tion of a 23ºBrix must being conducted in a thermally isolated vessel could 
theoretically result in a temperature increase of as much as 26.5ºC/47.7ºF. 
Thus, temperature control during fermentation is vital to success.

White wines are generally fermented at lower temperatures (10ºC/50ºF 
to 18ºC/65ºF) for better aroma retention, whereas red wines are fer-
mented at higher temperatures (18ºC/65ºF to 29ºC/85ºF) for increased 
color and tannin extraction (Ough and Amerine, 1966). Peynaud (1984) 
recommended slightly different fermentation temperatures, 18ºC/65ºF to 
20ºC/68ºF for making white and rosé wines and 26ºC/79ºF to 30ºC/86ºF 
for red wines. Margalit (2004) suggested that white as well as rosé and 
blush wines be fermented at even cooler temperatures, 8ºC/46ºF to 
14ºC/57ºF, whereas red fermentation should be conducted at 22ºC/72ºF 
to 30ºC/86ºF.

As expected, fermentation rates by Saccharomyces vary with temperature. 
Ough (1964) reported that fermentations are relatively slow at 10ºC/50ºF 
compared with those conducted at 15ºC/60ºF or 27ºC/80ºF. Temperature 
also affects the population balance between Saccharomyces and non-
Saccharomyces yeasts. In red wine fermentations (20ºC/68ºF to 30ºC/86ºF), 
Saccharomyces cerevisiae represents the dominant species (Sharf and 
Margalith, 1983), partially due to the warmer temperature of fermenta-
tion. At lower fermentation temperatures such as those used in white wine 
production, non-Saccharomyces yeasts can proliferate to yield much higher 
populations (Section 6.2.2).

8.3.5 Immobilized Yeast

Because the presence of yeasts can represent a logistical “bottleneck” in 
postfermentation clarifi cation, an alternative that has been studied is the 
use of immobilized microorganisms. Here, yeasts are “trapped” in calcium 
alginate beads or strands that are collectively packed into a synthetic mesh 
sleeve that is immersed into the juice/must. Relatively few yeasts (<103/
mL) escape the encapsulation matrix (Yokotsuka et al., 1993) but yet 
conduct an active alcoholic fermentation. Yajima and Yokotsuka (2001) 
reported that concentrations of some undesirable volatile compounds 
(methanol, ethyl acetate, and acetaldehyde) were lower in wines made 
using Saccharomyces immobilized in double-layer beads. Immobilized yeasts 



have also been proposed to be used in the production of sparkling wines 
(Fumi et al., 1988; Yokotsuka et al., 1997).

8.4 “NATURAL” FERMENTATIONS

There has been renewed interest among some winemakers with regard to 
the use of native microfl ora present on the fruit and in the winery to carry 
out alcoholic and malolactic fermentations. Stylistic distinction is the 
driving force that tempts winemakers to accept the risks involved in these 
“natural” fermentations. Perceived benefi ts include added complexity and 
intensity as well as a fuller, rounder palate structure. The latter may refl ect 
the presence of small amounts of unfermented sugar, lower alcohol, and 
increased production of important sensory impact metabolites.

Non-Saccharomyces yeasts are known to produce various odor and fl avor 
molecules that alter wine quality (Holloway and Subden, 1991; Gil et al., 
1996; Lema et al., 1996). Besides delaying (or eliminating) inoculation of 
commercial cultures of Saccharomyces, winemakers can ferment at cooler 
temperatures (10ºC/50ºF to 15ºC/59ºF) to encourage non-Saccharomyces
yeasts (Section 6.2.2).

Selected non-Saccharomyces yeasts, most commonly Candida, Pichia,
Kloeckera, Kluyveromyces, and Torulaspora, have been investigated for their 
potential as commercial cultures that modify or enhance wine quality 
(Ciani and Maccarelli, 1998; Henschke et al., 2002; Toro and Vazquez, 
2002; Jolly et al., 2003; Mamede et al., 2005; Sommer et al., 2005). In one 
study, Jolly et al. (2003) inoculated C. pulcherrima with Saccharomyces cere-
visiae in Chenin blanc musts. Although standard chemical analyses revealed 
little difference between wines, the authors noted that sensorially, wines 
produced from co-cultures were deemed superior in quality over those 
fermented by Saccharomyces alone. Similarly, Henschke et al. (2002) and 
Toro and Vazquez (2002) used two species of Candida (C. stellata and C. 
cantarellii) in culture with Saccharomyces to produce Chardonnay and Syrah 
wines, respectively. Henschke et al. (2002) reported that growth of a fruc-
tophillic strain of C. stellata resulted in wines with very low residual sugar, 
in agreement with the fi ndings of Toro and Vazquez (2002). Rather than 
using a direct inoculation, Ciani and Ferraro (1998) studied immobilizing 
C. stellata into calcium alginate beads. However, Ciani et al. (2000) reported 
low growth and fermentation rates of C. stellata under fermentative condi-
tions making commercialization of this yeast potentially diffi cult. Another 
non-Saccharomyces yeast, K. apiculata, is capable of producing considerable 
amounts of various volatile compounds including ethyl acetate, which can 
negatively impact wine quality (Ciani and Maccarelli, 1998; Plata et al., 
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2003), although its presence may also enhance the quality of some wines 
(Mamede et al., 2005). Finally, Sommer et al. (2005) described the use of 
mixed active dry culture that included Saccharomyces, Kluyveromyces, and
Torulaspora.

Some non-Saccharomyces yeasts can spoil wine through synthesis of 
various volatile odor and fl avor compounds. Yet, another concern regard-
ing these yeasts involves nutrient depletion. Like Saccharomyces, non-
Saccharomyces yeasts require various nutrients such as nitrogen, vitamins, 
and minerals which may be depleted before Saccharomyces initiates fermen-
tation. This could potentially adversely affect alcoholic fermentation.

8.5 FERMENTATION PROBLEMS

8.5.1 Sluggish/Stuck Fermentations

A vinifi cation problem of tremendous economic importance encountered 
by winemakers is slow alcoholic fermentation rates, especially in the case 
of fermentation of high-sugar musts (Alexandre and Charpentier, 1998; 
Bisson, 1999; Bisson and Butzke, 2000). Premature cessation of yeast 
growth and fermentation results in a wine with unfermented sugars and 
an ethanol concentration lower than expected (Fleet and Heard, 1993). 
The problem may manifest itself as sluggish activity during middle and 
later phases of alcoholic fermentation, whereas in other cases, cessation 
of fermentative activity may be abrupt. From a commercial standpoint, 
sluggish or stuck wines are a problem due to their sweet taste, inferior 
sensory quality, and the potential for microbial spoilage.

Causes of sluggish (slow) and stuck (stopped) fermentations include 
nutritional defi ciency, inhibitory substances, processing diffi culties, as well 
as bacterial antagonism (Section 6.6.2). Although various factors can 
contribute to a sluggish or stuck fermentation, the exact cause(s) of a 
particular occurrence cannot always be identifi ed.

8.5.1.1 Nutritional Defi ciency

Nitrogen defi ciency is well-known to limit yeast growth and slows fermenta-
tion rates (Agenbach, 1977; Ingledew and Kunkee, 1985; Monteiro and 
Bisson, 1992; Henschke and Jiranek, 1993; Jiranek et al., 1995b; Spayd 
et al., 1995). Henick-Kling (1994) reported yeast may utilize 1,000 mg/L 
of amino acids in agreement with Dittrich (1987). It has been estimated 
that a minimal assimilable nitrogen concentration of 140 to 150 mg N/L 
is necessary to complete fermentation (Agenbach 1977; Spayd et al., 1995). 
However, it is clear that these values do not represent absolute minimal 



required concentrations. For instance, Bisson and Butzke (2000) sug-
gested that the 140 mg N/L value does not take into account the high 
sugar concentrations in many musts and made recommendations based 
on must composition (Table 8.3). Furthermore, some winemakers have 
not observed a relationship between nitrogen requirements and the sugar 
concentrations in musts. For example, Wang et al. (2003) reported that 
fermentations of a synthetic grape juice medium containing only 60 mg N/
L yeast assimilable nitrogen and 24% sugar achieved dryness. In addition, 
it is known that nitrogen requirements vary with yeast strain (Ough et al., 
1991; Manginot et al., 1998; Julien et al., 2000).

Unlike bacteria, Saccharomyces can accumulate large intracellular con-
centrations of amino acids. Depending upon the particular amino acid, 
stage of growth, and activity of necessary transport enzymes, these amino 
acids may be (a) directly incorporated into proteins, (b) degraded for 
either their nitrogen or carbon components, or (c) stored in vacuoles or 
cytoplasm for later use (Bisson, 1991).

Another “nutrient” important for yeast is the presence of oxygen. 
Without some initial oxygen, fermentation can slow because O2 is needed 
for sterol synthesis (Section 1.4.2). Owing to the activity of grape oxidases 
(Section 7.5.1), the oxygen content of unsulfi ted musts can rapidly 
decrease. Aeration or pumping-over musts are methods employed by wine-
makers to supply additional oxygen to a defi cient must, and addition of 
SO2 at crush can help limit the activity of oxidases.

8.5.1.2 Inhibitory Substances

It is well established that high sugar concentrations in grape musts are 
inhibitory to yeast growth and therefore slow fermentation (Ough, 1966; 
Lafon-Lafourcade, 1983; Casey et al., 1984). More recently, Erasmus et al. 
(2004) noted lower maximum cell densities of Saccharomyces grown in 
40% w/v sugar musts compared with populations grown in musts with only 

Table 8.3. Estimated amounts of nitrogen required 
by Saccharomyces in musts with different sugar 
concentrations as recommended by Bisson and 
Butzke (2000).

 Yeast-assimilable nitrogen
Must ripeness (ºBrix) (mg N/L)

21 200
23 250
25 300
27 350
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20% sugar. Nishino et al. (1985) attributed the slower fermentation rates 
of high-sugar musts to increases in osmotic pressure on yeasts.

Besides ethanol, the presence of fungicides on grapes may also slow 
fermentations. In support, Conner (1983) noted that of the 25 vineyard 
agrochemicals examined, fi ve inhibited yeast. However, Pilone (1986) 
observed that triadimenol (SummitTM), a fungicide with activity against 
powdery mildew and black rot, did not affect alcoholic fermentation by 
Montrachet UCD 522 or Pasteur Champagne UCD 595. Fungicides affect 
Saccharomyces in various ways including altered sterol content (Doignon 
and Rozès, 1992).

8.5.1.3 Other Factors

At temperatures of approximately 29ºC/85ºF, fermentation becomes 
sluggish, and complete cessation is possible at higher temperatures 
(37ºC/100ºF) (Ough and Amerine, 1966). The lethal effects of high 
temperature transients do not result from temperature alone; rather, 
the inhibition is coupled to lower ethanol tolerance. Temperature and 
ethanol tolerance of yeast varies with species/strain but also refl ects 
intrinsic and extrinsic properties of the growth medium. Ough and 
Amerine (1966) also warn that infections by Lactobacillus can also be of 
concern at high temperatures. Finally, overclarifi cation of musts prior to 
fermentation can cause problems, potentially due to decrease of nutrients 
and removal of oxygen physically trapped by the insoluble solids (Section 
7.4.2).

8.5.1.4 Restarting Fermentations

If faced with a sluggish or stuck fermentation, winemakers have several 
potential solutions. Because populations of spoilage yeasts and bacteria 
may fl ourish in pomace and lees, wines should be racked-off prior to 
attempting the restart. For the same reason, free-run wine is favored over 
press wine to prepare the restart medium. Although it is tempting to use 
already fermenting juice/must for re-inoculation, Peynaud (1984) 
cautioned against this procedure, pointing out that the potential alcohol 
differences between fermenting wine and a fermentation that is stuck late 
in the cycle may be suffi cient to “shock” the fermenting yeasts, thereby 
creating an even sweeter stuck fermentation. Cavazza et al. (2004) con-
cluded that the major obstacles to regaining yeast activity were the con-
centrations of SO2 and ethanol in the stuck wine. However, these authors 
reported successful restart of fermentations by direct inoculation of WADY 
at a concentration of 1 g/L.



Although other techniques exist, the following recommendation is 
generally useful in restarting stuck fermentations (M. Bannister, personal 
communication, 1995). The restart medium is prepared by removing 2.5% 
of the total volume of stuck wine and mixing this volume with an equal 
volume of water. Because the stuck wine may be microbiologically contam-
inated (Section 6.6.2), it is recommended that the wine be sterile-fi ltered 
(0.45 µm). Yeast nutritional supplements containing diammonium phos-
phate are then added at recommended levels. The winemaker may elect 
to use one of several commercial yeast formulations that contain vitamins 
and yeast hulls (ghosts), the latter known to be stimulatory to fermentation 
(Section 8.2). Sugar levels are then adjusted to approximately 5% w/v and 
the medium is warmed to 30ºC/86ºF prior to re-inoculation of yeast at a 
rate of 2 to 4 lb/1000 gal. Yeast must be rehydrated according to the man-
ufacturer’s instructions (Section 8.3.2). Once inoculated, the medium is 
slowly cooled to 20ºC/68ºF to 22ºC/72ºF over several hours. When the 
sugar (ºBalling) of the restart medium decreases by approximately half, 
additional sterile-fi ltered stuck wine is added in increments of 20% v/v. 
Subsequent incremental additions of 20% are made each time the sugar 
concentration decreases by half or until all the stuck wine has been added. 
This process may take several weeks during which it is important to prevent 
MLF.

A similar technique to restart fermentations was outlined by Bisson and 
Butzke (2000). Here, the authors recommended racking and/or rough 
fi ltering the stuck wine, adding 30 mg/L total SO2, and adjusting the 
temperature to 20ºC/68ºF to 22ºC/72ºF. The re-initiation medium for 
1000 L of stuck wine is prepared by mixing 15 L of water at 20ºC/68ºF to 
22ºC/72ºF with about 3000 g grape juice concentrate (65ºBrix) and 30 g 
diammonium phosphate. Yeast (1 kg of Saccharomyces bayanus) is then rehy-
drated in 5 L of water at 38ºC/100ºF to 41ºC/106ºF for 15 to 20 min. The 
re-initiation medium is then gradually added to the yeast inoculum over 
a period of 30 min and allowed to ferment until about half of the sugar 
has been metabolized (only a few hours). At this time, the volume of the 
re-initiation medium is doubled by adding an equal volume of the stuck 
wine. The mixture should be aerated by either pumping-over or sparging 
with sterile compressed air at a rate of 10% of the tank volume per minute. 
Fermentation should be allowed to continue until one-half the sugar is 
metabolized, at which time, the volume is again doubled by addition of 
more stuck wine. Repeat the addition of stuck wine one more time to reach 
a total volume of about 160 L (this procedure may require between 12 h 
and 3 days to reach this stage). Add the fermenting medium (160 L) to 
the remaining stuck wine (860 L) along with 20 g diammonium phosphate. 
Bisson and Butzke (2000) warn not to allow the fermentation to reach 
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dryness or a ºBalling lower than the stuck wine. For stuck wines greater 
than 14.5% v/v ethanol, it may be necessary to reduce the ethanol content 
before attempting to restart fermentation.

During harvest and crush, it may not be feasible to deal with stuck fer-
mentations immediately. In these cases, the wine should be stabilized 
against further biological deterioration by racking and sulfi ting (30 to 
40 mg/L) the free-run wine followed by storage at a low temperature until 
time is available to attempt the restart. Higher inoculum levels of yeast 
(8 to 10 lb/1000 gal) may be necessary using strains recommended by a 
supplier.

8.5.2 Hydrogen Sulfi de

During and toward the end of alcoholic fermentation, H2S may be released 
(Eschenbruch et al., 1978; Hallinan et al., 1999; Spiropoulos et al., 2000). 
Having an odor reminiscent of “rotten-eggs,” H2S has a very low sensory 
threshold of only a few parts per billion (Henschke and Jiranek, 1991). 
Hydrogen sulfi de can also act as a precursor for other reduced sulfur 
compounds (mercaptans) that impart additional off-odors to wine 
(Lambrechts and Pretorius, 2000). Yeast strains differ in their ability to 
produce H2S as exemplifi ed by Montrachet, a strain known to produce 
higher amounts of H2S (Guidici and Kunkee, 1994; Wang et al., 2003). As 
noted by Sea et al. (1998), consistently low-sulfi de-producing strains of 
yeast are not commercially available, even with hundreds of strains 
examined.

Because nitrogen defi ciency is a well-known contributor to hydrogen 
sulfi de production, one strategy that can reduce the risk of formation is 
the addition of nutritional supplements to grape musts prior to and/or 
during fermentation (Vos and Gray, 1979; Guidici and Kunkee, 1994; 
Jiranek et al., 1995a; 1995b; Hallinan et al., 1999; Tamayo et al., 1999; Park 
et al., 2000; Spiropoulos et al., 2000). Jiranek et al. (1995a; 1996) con-
cluded that excessive H2S produced under nitrogen defi ciency was due to 
ongoing reduction of sulfi te by sulfi te reductase even though the nitrogen-
containing precursors that react with sulfi de, O -acetylserine (OAS) or O -
acetylhomoserine (OAH), were exhausted (Fig. 1.12).

However, nitrogen is not the only nutritional factor that infl uences H2S
evolution in grape musts as evidenced by Sea et al. (1998) who reported 
poor correlations between H2S and must nitrogen concentrations. Meta-
bolic depletion of OAS and OAH could be the result of a lack of panto-
thenic acid, a vitamin required for the synthesis of coenzyme A (CoA), 
which is necessary for formation of these precursors (Fig. 1.12). 
In agreement, pantothenic acid defi ciency is known to increase H2S pro-



duction by Saccharomyces in synthetic media (Eschenbruch et al., 1978; 
Slaughter and McKernan, 1988). Wainwright (1970) and others have noted 
reduced H2S formation in synthetic media containing amounts less than 
150 µg/L.

Wang et al. (2003) reported that a complicated relationship exists 
between nitrogen and pantothenic acid that affects H2S production (Fig. 
8.2). Here, H2S production decreased with an increase of nitrogen but 
only in the presence of 250 µg/L pantothenic acid. If pantothenic acid was 
present at 50 µg/L or less, the amount of H2S evolved actually increased 
with an increase in available nitrogen. This observation had not been 
reported previously and casts doubt on the belief that addition of nitrogen 
to grape musts will always reduce H2S problems (Tamayo et al., 1999).

Other factors are also known to impact H2S in wine. For instance, 
Karagiannis and Lanaridis (1999) studied addition of sulfi te, must turbid-
ity, yeast strain, fermentation temperature, and lees contact on H2S forma-
tion. Among other fi ndings, the authors noted that more H2S was present 
if the wine was left on lees for 2 months. Although elemental sulfur used 
in the vineyard can also be a source of H2S (Acree et al., 1972; Eschen-
bruch, 1974), very high concentrations on the treated grapes may be 
required (Thomas et al., 1993).
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Figure 8.2. Cumulative evolution of H2S by EC1118 (�) or UCD 522 ( ) during 
fermentation of a synthetic grape juice containing variable concentrations of YAN and 
pantothenic acid. Within a given yeast, means with different letters are signifi cantly 
different at p < 0.05 for EC1118 (letters a to e) and UCD 522 (letters u to z). Adapted 
from Wang et al. (2003) with the kind permission of Blackwell Publishing.
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8.6 MALOLACTIC FERMENTATION

Numerous review articles have documented the enological importance 
of malolactic fermentation, or MLF (Kunkee, 1967b; Davis et al., 1985b; 
Wibowo et al., 1985; Edwards and Beelman, 1989; Henick-Kling, 1993; van 
Vuuren and Dicks, 1993; Lonvaud-Funel, 1999). During this process, l-
malic acid is converted to l-lactic acid and CO2. Although lactic acid bac-
teria can produce d-, l-, or dl-lactic acid from glucose (Section 2.4.1), only 
the l-isomer is produced during MLF (Fig. 8.3). One consequence of MLF 
is a reduction in wine acidity with an increase in pH of about 0.2 units 
(Bousbouras and Kunkee, 1971).

Malolactic fermentation can be carried out by a number of lactic acid 
bacteria but commercial strains of O. oeni such as ML-34, PSU-1, MCW, 
EQ-54, Vinifl ora, to name a few, have been used. In addition, there 
were some early attempts to use other heterofermentative strains of 
Lactobacillus, L. brevis strain Equilait and L. hilgardii, for induction of 
malolactic fermentation (Hayman and Monk, 1982; Caillet and Vayssier, 
1984). A homofermentative species of Lactobacillus, L. plantarum, has also 
been used as a means to deacidify grape musts (Pilatte and Prahl, 1997; 
G-Alegría et al., 2004). Pilatte and Prahl (1997) noted that MLF can be 
initiated and carried out in advance of alcoholic fermentation by the addi-
tion of a high-titer inoculum. Being homofermentative, any utilization of 
glucose at this stage would yield lactic acid and not acetic acid. The strain 
studied by Pilone and Prahl (1990) was relatively susceptible to alcohol, 
and activity decreased with the onset of alcoholic fermentation. However, 
G-Alegría et al. (2004) reported much higher ethanol tolerance among 
other strains of L. plantarum, suggesting that these could be used to induce 
MLF postalcoholic fermentation as well.

8.6.1 Preparation of Starter Cultures

Before the availability of commercial cultures, wineries relied on native 
microfl ora to induce MLF. With the widespread use of wooden storage 
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Figure 8.3. Conversion of malic acid to lactic acid by malolactic fermentation.



tanks and barrels, a ready source of “in-house” inoculum was commonly 
available. Under these conditions, promotion of MLF is accomplished by 
maintaining a temperature of 21ºC/70ºF, avoid adding sulfi tes, and main-
taining a pH greater than 3.2 (Olsen, 1994). Given that MLF can occur 
immediately after or several months after completion of alcoholic fermen-
tation (Wibowo et al., 1985), there is a risk of spoilage because the wine 
is unprotected. Moreover, spontaneous MLF by unidentifi ed lactic acid 
bacteria can produce unpredictable and/or undesirable fl avor character-
istics in wines (Zeeman et al., 1982; Bartowsky and Henschke, 1995). 
Because of this, Olsen (1994) advised regularly monitor the wine micro-
scopically, check for off-aromas, and perform routine analysis such as 
quantifying malic and acetic acids.

Although some wineries continue the tradition of using native micro-
fl ora, winemakers increasingly inoculate grape must or wine with lactic 
acid bacteria starter cultures to improve the success of MLF (Davis et al., 
1985b; Fugelsang and Zoecklein, 1993; Henick-Kling, 1995). Many strains 
of O. oeni are available in lyophilized, cultures frozen concentrates, and 
liquid forms, although winemakers may elect to prepare their own starters 
by growing up the strains in diluted grape juice or wine (Beelman et al., 
1980; Fugelsang and Zoecklein, 1993; Pompilio, 1993; Henick-Kling, 1995; 
Nielsen et al., 1996; Semon et al., 2001). Lyophilized starter cultures 
usually contain high populations of viable bacteria (>108 CFU/g) and are 
easy to ship and store. These cultures sometimes require rehydration and 
adaptation in diluted grape juice or wine prior to inoculation (Lafon-
Lafourcade et al., 1983a; Krieger et al., 1990; Pompilio, 1993; Henick-
Kling, 1995). Adaptation steps aid in restoring a loss of viability due to 
cell damage that can occur during freezing and lyophilization processes 
(Liu and Gallander, 1983; Henick-Kling, 1993). By comparison, direct 
inoculation formulations that do not require acclimation or rehydration 
are also available. Frozen concentrates and liquid cultures that have low 
cell densities may require additional expansion in the winery prior to 
inoculation. 

Media for preparing malolactic starter cultures frequently contain 
grape or apple juice supplemented with other nutrients like yeast extract, 
peptone, and Tween 80 (Pilone and Kunkee, 1972; Kunkee, 1974; Costello, 
1988; Champagne et al., 1989; Krieger et al., 1990, 1993; Henick-Kling, 
1993). One preculture method is to inoculate pH adjusted (4.5) grape 
juice that has been diluted 1 : 1 with water and contains 0.5% w/v yeast 
extract. Once the culture reaches a cell density of 107 to 109 CFU/mL, it 
can be inoculated directly into wine at rates of 1% to 5% v/v. Other enolo-
gists prepare starter cultures using diluted wine because of reduced risk 
of contamination from spoilage microorganisms and increased ethanol 
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tolerance of the malolactic bacteria (Hayman and Monk, 1982; Nault 
et al., 1995).

8.6.2 Strain Selection

Many strains of O. oeni are now commercially available to winemakers for 
inducing MLF in wine (Pompilio, 1993; Henick-Kling, 1995). Some are 
considered more desirable for inducing MLF than others due to their dif-
ferent and possibly unique malolactic activity and growth characteristics 
(Lafon-Lafourcade et al., 1983b; Fleet et al., 1984; Davis et al., 1985b; 1988; 
Izuagbe et al., 1985; Britz and Tracey, 1990; Rodriguez et al., 1990; Henick-
Kling, 1993). Sought-after attributes among strains include growth at low 
pH, resistance to SO2 and ethanol, production of low amounts of biogenic 
amines (Section 11.3.6), and compatibility with Saccharomyces (Liu and 
Gallander, 1983; Wibowo et al., 1988; Fugelsang and Zoecklein, 1993; 
Henick-Kling, 1993).

8.6.3 Timing of Inoculation

When MLF starter cultures are used in the winery, the winemaker will be 
faced with the decision as to the timing of bacterial inoculation. Although 
cultures can be inoculated simultaneously with yeast or early in the alco-
holic fermentation, some winemakers inoculate after completion of the 
alcoholic fermentation (Webb and Ingraham, 1960; Kunkee, 1967b; 1974; 
Henick-Kling, 1993; Pompilio, 1993). In the survey of Fugelsang and 
Zoecklein (1993), 41% of red wine producers added starters during the 
course of alcoholic fermentation, 17% at the end, and 17% after pressing 
at the end of extended maceration. With the advent of direct-inoculation 
cultures, many winemakers now add cultures after completion of primary 
fermentation.

Some researchers suggest that early inoculation of malolactic bacteria 
is best for inducing MLF because rapid fermentation would allow wine-
makers to complete fi nishing operations sooner (Kunkee, 1967b; 1984; 
Davis et al., 1985b; Henick-Kling, 1993). This notion suggests that yeast 
may not yet have depleted nutrients also essential for malolactic bacteria. 
Furthermore, ethanol and SO2, compounds known to be inhibitory to O. 
oeni (Britz and Tracey, 1990), would be present in lower concentrations. 
Early inoculation of malolactic bacteria has resulted in successful comple-
tion of both the alcoholic and malolactic fermentations (Beelman, 1982; 
Beelman et al., 1982; Beelman and Kunkee, 1985; Cannon and Pilone, 
1993; Henick-Kling and Park, 1994; Huang et al., 1996; Nygaard et al., 



1998). In fact, a few researchers have reported successfully inducing simul-
taneous alcoholic and malolactic fermentations (Beelman, 1982; Beelman 
and Kunkee, 1985; Henick-Kling and Park, 1994).

One potential problem associated with early inoculation of malolactic 
bacteria involves antagonistic interactions between yeast and bacteria 
(Section 6.6.1). Antagonistic interactions can result in inhibition of malo-
lactic bacteria by yeast resulting in delays or failed MLF (Beelman et al., 
1982; Lafon-Lafourcade, 1983; King and Beelman, 1986; Cannon and 
Pilone, 1993). In support, a number of researchers have reported bacterial 
viability to decline from upwards of 107 CFU/mL to undetectable levels 
within a short period of time of bacterial inoculation (Beelman et al., 
1982; Liu and Gallander, 1983; Wibowo et al., 1985; King and Beelman, 
1986; Rodriguez et al., 1990; Cannon and Pilone, 1993; Henick-Kling and 
Park, 1994; Nygaard et al., 1998).

Additionally, early inoculation may result in production of acetic acid 
due to the presence of fermentable carbohydrates (Lafon-Lafourcade and 
Ribéreau-Gayon, 1984; Ribéreau-Gayon, 1985). However, Semon et al. 
(2001) did not observe excessive volatile acidities in wines inoculated 
early or during alcoholic fermentation with O. oeni, in agreement with 
other studies (Giannakopoulos et al., 1984; Beelman and Kunkee, 1985; 
Rodriguez et al., 1990; Edwards et al., 1991). Semon et al. (2001) noted 
that volatile acidities of Chardonnay wines inoculated with different strains 
of O. oeni prior to alcoholic fermentation were higher than those inocu-
lated after completion of the fermentation, but not to undesirable concen-
trations (Table 8.4).

Table 8.4. Chemical analysis of Chardonnay wines inoculated with O. oeni
strains EQ-54 or WS-8 before (day 0) or after (day 22) completion of 
alcoholic fermentations.

 Day of  Titratable Volatile Malic Lactic
Strain of bacterial  acidity acidity acid acid
O. oeni inoculation pH (g/100 mL) (g/100 mL) (g/L) (g/L)

None None 3.55d 0.72a 0.014c 4.49a 0.73d

EQ-54*  0 3.82a 0.49b 0.040a 1.70bc 4.31bc

 22 3.73bc 0.48b 0.026b 1.48d 4.64a

WS-8*  0 3.79ab 0.48b 0.040a 1.65bcd 4.17c

 22 3.70c 0.50b 0.030b 1.58cd 4.56a

WS-8†  0 3.72c 0.49b 0.034ab 1.81b 4.62a

 22 3.73bc 0.49b 0.028b 1.66bc 4.44ab

Means within a column with different superscript letters are signifi cantly different (p < 0.05).
*Direct inoculation of a rehydrated lyophilized culture.
†Starter culture prepared using diluted grape juice medium.
Adapted from Semon et al. (2001) with the kind permission of the Australian Journal of Grape and Wine 
Research.
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A third problem associated with early inoculation is the possibility of 
antagonism of yeast by malolactic bacteria. Huang et al. (1996) demon-
strated that some lactic acid bacteria can inhibit yeast during vinifi cation. 
Whereas one of their bacterial strains was determined to be a novel species 
of Lactobacillus (Edwards et al., 1998a), others were later shown to belong 
to O. oeni (Edwards et al., 1998b). Furthermore, some researchers have 
reported faster death rates of wine yeast when grown in culture with some 
O. oeni strains (Beelman et al., 1982; Lafon-Lafourcade et al., 1983a; 
Beelman and Kunkee, 1985).

To avoid the potential problems associated with early inoculation, some 
advocate inoculation of bacterial starter cultures after completion of the 
alcoholic fermentation (Ribéreau-Gayon, 1985; Krieger et al., 1990; 1993; 
Henick-Kling, 1993; Nygaard et al., 1998). Late inoculation has the advan-
tage of minimizing undesirable interactions between yeast and bacteria, 
which ensures completion of alcoholic fermentation (Henick-Kling, 1993). 
Moreover, sugar concentrations are lower at this time, which reduces the 
risk of undesirable bacterial by-products being formed from carbohydrate 
metabolism (Lafon-Lafourcade et al., 1983a). Malolactic bacteria may also 
benefi t from the nutrients released through yeast autolysis following alco-
holic fermentation (Fornachon, 1968; Beelman et al., 1982; Henick-Kling, 
1993). In fact, bacterial cultures inoculated into wine have maintained 
viabilities of ca. 106 CFU/mL and reached >107 to 109 CFU/mL rapidly to 
induce MLF (Krieger et al., 1990; 1993; Henick-Kling and Park, 1994; Liu 
et al., 1995a).

Unfortunately, late inoculation with bacterial starter cultures may not 
ensure successful bacterial growth and inducement of MLF. Some studies 
have reported rapid declines in bacterial populations after inoculation into 
wine with delayed or no MLF (Beelman, 1982; Beelman et al., 1982; Liu and 
Gallander, 1983; Krieger et al., 1993). The loss of bacterial viability after 
late inoculation has been attributed to a variety of conditions found in wine 
including high ethanol concentrations, low pH, presence of SO2, presence 
of other antimicrobial compounds, or nutrient depletion by yeast (Kunkee, 
1967b; Beelman et al., 1982; Krieger et al., 1993; Larsen et al., 2003).

Another factor that could infl uence bacterial growth is the presence of 
bacteriophages (Davis et al., 1985a; Henick-Kling et al., 1986a; 1986b; 
Arendt and Hammes, 1992). Bacterial starter cultures can be at risk for 
phage attack. Davis et al. (1985a) noted that phage survived in wines at 
pH 3.5 or greater but were inactivated at lower pH or by the addition of 
sulfur dioxide or bentonite. However, Henick-Kling et al. (1986a; 1986b) 
noted active phage in wines of pH 3.2 that were not affected by 50 mg/L 
SO2. The extent of bacteriophage in wines is not known but potentially 
low given general success rates in inducing MLF.



8.6.4 Use of Schizosaccharomyces

Since Schizosaccharomyces utilizes l-malic acid, this yeast has been proposed 
as an alternative to using bacteria for deacidifi cation of high-acid musts 
(Gallander, 1977; Snow and Gallander, 1979; Dharmadhikari and Wilker, 
1998). Unfortunately, growth of some strains of S. pombe yields undesirable 
sensory characteristics (Gallander, 1977; Snow and Gallander, 1979; 
Yokotsuka et al., 1993). However, Yokotsuka et al. (1993) and Silva et al. 
(2003) successfully applied immobilized or encapsulated cells of S. pombe,
which could be easily removed after consumption of malic acid but prior 
to synthesis of off-fl avors. Furthermore, Thornton and Rodriguez (1996) 
proposed using a mutant of Schizosaccharomyces malidevorans rather than 
S. pombe as a means to deacidify wines.

8.7 POST-FERMENTATION PROCESSING

After alcoholic and malolactic (if applicable) fermentations are complete, 
wines undergo further processing that potentially infl uences the growth 
of microorganisms. One of the most important spoilage issues during 
storage of red wines, Brettanomyces, is discussed in Section 11.2.2.

8.7.1 Aging and Storage

Once alcoholic and malolactic fermentations are completed, wines may be 
aged in wooden (oak) barrels for different periods of time. Because wood 
is not an absolute barrier, ethanol, water, and oxygen will diffuse into or 
out of the barrel at different rates. Changes in the environmental condi-
tions inside the barrel may support or hinder growth of many spoilage 
microorganisms such as Acetobacter (Section 11.2.1) and fi lm yeasts (Section 
11.2.3). If the relative humidity of a cellar is less than 60%, water is 
preferentially lost from barreled wines (ethanol content increases). Con-
versely, ethanol is lost at relative humidities greater than 60% (ethanol 
content decreases). The visual manifestation is development of headspace 
(ullage) in the barrel, which can allow entry of suffi cient oxygen to support 
proliferation of oxidative microorganisms such as Acetobacter and fi lm 
yeasts.

The evaporation process from a barrel may be slowed by the combina-
tion of humidity and temperature control. Several commercial mist systems 
are available for this purpose. Beyond this, however, effective seals coupled 
with a regular topping routine are essential to the barrel-aging program. 
In tightly bunged barrels, the diffusion of water and ethanol out of the 
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barrel creates a partial vacuum in the developing headspace. To minimize 
oxygen incursion through imperfect seals between bung and barrel, wine-
makers using traditional wooden bungs often store the barrels “bung over” 
or at the “two o’clock” position to keep the bung moist. Fortunately, silicon 
bungs, which provide an effective seal without needing to be kept moist, 
are now available. Using the latter allows the cellar worker to store barrels 
“bung up” thereby reducing the time and effort required for topping. 
Whereas adherence to topping schedules is crucial to cellaring, topping 
too frequently may cause more spoilage than this practice prevents by 
accelerating the incursion of oxygen.

Although the practice is not recommended, it may be necessary to store 
wine in partially fi lled containers. Rather than wooden barrels, stainless 
steel tanks that can be sealed effectively should be used. After transfer 
but prior to sealing, such containers should be topped with argon gas, 
although other less expensive gasses like nitrogen or carbon dioxide can 
also be applied. Because N2 is far less soluble in wine than CO2 (14 mg/L 
compared with 1500 mg/L), the former will not solubilize as readily and 
will remain on the surface of the wine longer. But because the atomic 
weight of N2 (28 g/mole) is close to that of O2 (32 g/mole), effective dis-
placement of the oxygen is questionable. Given its molecular weight, CO2

(44 g/mole) should provide a more effective environmental barrier. 
However, its solubility in juice/wine reduces this barrier to only a short 
period of time. Due to these limitations, argon (Ar) has become the 
preferred blanketing gas among winemakers. With an atomic weight of 
40 g/mole, Ar is heavier than either nitrogen or oxygen and is not as 
soluble as carbon dioxide.

To minimize microbial problems, Ough and Amerine (1966) recom-
mended cellar temperatures of 13ºC/55ºF to 18ºC/65ºF for storage of 
white and red dry wines.

8.7.2 Adjustment of Volatile Acidity

Adjustment of volatile acidity in salvageable wines has historically been 
achieved through blending with other wines that contain a much lower 
level of acetic acid. Direct attempts to chemically neutralize the acetic acid 
are not feasible because of preferential reduction in the stronger fi xed 
(tartaric and malic) acids. Similar problems have been encountered using 
conventional anion exchange of the wine. However, recent application of 
reverse osmosis, coupled with ion-exchange technology, has proved to be 
successful (Smith, 2002). In this case, only the permeate, which contains 
acetic acid, ethanol, and water, passes through an anion exchange column 
that removes acetic acid (Fig. 8.4). Once the acetic acid is removed, perme-



ate and retentate are recombined. This system can also be used to remove 
ethanol from wines by distilling the permeate.

8.8 BOTTLING

Once fi nal blends are prepared, wines are ready to be bottled. In cases 
where the wine has been determined by chemical and microbiological 
examination to be prone to instability, the winemaker is faced with the 
decision of how to stabilize the product such that post-bottling micro-
biological activity is prevented. In this regard, microbial activity is either 
inhibited or prevented through the use of specifi c preservatives or steril-
ants (Section 5.2) or by physical removal using fi ltration (Section 5.3). 
Although heating wines to a specifi c point to destroy all microorganisms 
is possible, caution should be exerted when applying the historical practice 
of “hot bottling” because quality can rapidly deteriorate. Interestingly, 
Malletroit et al. (1991) did not detect any infl uence of pasteurization 
on the sensory quality of Chenin blanc wine bottled in 375 mL bottles.

The decision whether to sterile fi lter/package should be partially based 
on the inherent chemical and microbiological parameters of the wine. 
Here, some wines are less likely to exhibit post-bottling microbiological 
instability than others. As an example, a red wine containing 14.5% v/v 
ethanol, <2 g/L reducing sugars, <30 mg/L malic acid, and >50 mg/L total 
SO2 is less likely to be a candidate for sterile fi ltration than a white wine 
that contains 11.5% v/v ethanol, >5 g/L reducing sugars, >0.5 g/L malic 
acid, and little SO2. Another example would be wines that have some 
“Brett-character” before bottling. If unfi ltered, there is a high risk that 
these wines could experience a signifi cant microbiological bloom after 
bottling.

Wine

Permeate

Retentate
Distillation

Ethanol
(removed)

Acetic acid
(removed)

Reverse
Osmosis
Membrane

Ion Exchange

Figure 8.4. Removal of acetic acid and/or ethanol using reverse osmosis and other 
processing technologies.
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An additional factor in making the decision is the potential impact of 
fi ltration on wine quality, a factor that generates much debate within the 
wine industry. While some winemakers routinely and regularly sterile-fi lter 
wines, others believe that fi ltration severely reduces quality. In studying a 
Cabernet Sauvignon wine, Arriagada-Carrazana et al. (2005) noted that 
fi ltration through a 0.65 µm fi lter reduced color as well as 12 of the 100+
aroma compounds measured. The authors also noted that the wines were 
sensorially different, but specifi c differences were neither identifi ed nor 
quantifi ed. Although Gergely et al. (2003) reported no sensory differences 
in some wines subjected to cross-fl ow fi ltration, Peri et al. (1988) con-
cluded that ultrafi ltration membranes were unsuitable for wine processing 
due to losses of polymeric anthocyanins.

Finally, wineries may utilize cost considerations to make this decision. 
In these cases, the value of the fi nal product does not justify the added 
cost of sterile packaging. Rather than sterile fi ltering, the winemaker may 
opt for the inclusion of chemical preservatives in order to limit risk of 
microbiological spoilage after bottling.

Regardless of whether the wine is to be sterile-fi ltered or stabilized with 
chemical preservatives, post-bottling microbiological examination should 
be carried out to ensure effectiveness of the treatment and operation. 
Bottles should be collected off the line at (minimally) 1 h intervals over 
the course of the bottling run. As populations of microorganisms in the 
bottled product should be low or undetectable, wines should be examined 
using membrane fi ltration (Section 14.5.3). Critical times for sampling are 
shortly after start-up of the bottling line and after return from employee 
breaks. At these times, hydraulic surges, resulting from reactivation of 
pumps, may produce suffi cient force to push previously retained micro-
organisms through fi lter membranes. If viable wine spoilage microorgan-
isms are recovered, the integrity of fi lter membranes should be examined. 
As pointed out by Loureiro and Malteito-Ferreira (2003), the outlet side 
of the sterile fi lter, fi ller (especially bell gaskets and rubber spacers), the 
corker (cork jaws and hopper), bottle sterilizer, bottle mouth, and envi-
ronmental air are critical points for contamination. These surfaces should 
be periodically sampled for microbial growth (Section 9.8). Spraying 
70% v/v ethanol on corker jaws and when resupplying the cork hopper will 
help minimize the potential for microbial contamination as well.



CHAPTER 9

WINERY CLEANING

AND SANITIZING

9.1 INTRODUCTION

Microorganisms arising on the grape and during transportation not only 
survive but can also proliferate at any stage during the winemaking process 
(Chapters 7 and 8). At the winery, the presence of fruit residue on pro-
cessing equipment surfaces for prolonged periods may promote rapid 
proliferation, leading to population blooms. Because many of these micro-
organisms can cause spoilage, winemakers should prevent uncontrolled 
growth early in the process thus reducing “pass-through” threats during 
later stages of processing. Corrective action requires that all fruit-contact 
surfaces, beginning with mechanical harvesters, picking lugs, and gondo-
las and through to fermenters, hoses, and tanks, receive regular and 
thorough cleaning and sanitizing treatments.

The terms “cleaning” and “sanitizing” represent two different but very 
important unit operations within a winery. Here, cleaning refers to the 
removal of mineral and organic material or debris from equipment sur-
faces, whereas sanitizing implies reduction or elimination of microorgan-
isms through such means as addition of chemicals or heat (e.g., steam). 
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Properly conducted, cleaning and sanitizing programs limit the build-up 
of mineral and organic debris (grape “bloom,” tartrates, biofi lms, etc.), 
which serve as reservoirs for microbial proliferation and re-infection. It 
must be remembered that (a) improperly cleaned equipment cannot sub-
sequently be sanitized and (b) cleaning equipment does not imply that 
the equipment has been sanitized. Winery personnel must, therefore, 
thoroughly clean equipment surfaces prior to sanitizing.

The terminology applied to describe chemicals used in sanitation pro-
grams can be confusing. Frequently, antimicrobial compounds are inter-
changeably and incorrectly referred to as “sterilants,” “sanitizers,” and/or 
“disinfectants.” By defi nition, a sterilant kills all (100%) viable microor-
ganisms, associated spores, and viruses on contact, whereas a disinfectant 
destroys or eliminates living (vegetative) cells but not necessarily bacterial 
spores. By comparison, a sanitizer is an agent that reduces viable cell popu-
lations to acceptably lower numbers.

9.2 SAFETY ISSUES

The hazard potential surrounding winery cleaning and sanitation is high 
owing to the use of (a) strong oxidants, caustics, and/or acidic chemicals, 
(b) high-pressure hot water and/or steam, and (c) slippery fl oors. Because 
of these, personal protective equipment (PPE) including gloves, goggles, 
appropriate footwear, and waterproof aprons are essential (Section 19.2.7). 
Given the slippery properties of detergents when discharged on fl oors, 
boots with nonskid soles should be used. Ideally, pants should not be 
tucked into boots as this could allow hot water or chemical directly into 
the boot. It is critical that employees read the product labels and under-
stand the procedures for their use. The location of Material Safety Data 
Sheets (MSDS), sheets that contain the necessary health and safety infor-
mation for employees working with the agent, should also be readily avail-
able and clearly identifi able (Chapter 19). Finally, dry chemicals should 
always be added to cold water rather than to hot.

9.3 WATER QUALITY

As part of implementing a sanitation program, careful consideration 
should initially be given to the quality of in-house water, particularly its 
chemical and sensory properties. In general, water should be potable, free 
from suspended particulates, and low in compounds that impart odor and 
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fl avor (e.g., “earthy” or “musty” odors). Furthermore, water should be 
analyzed two to four times a year depending on the source (well or city). 
Routine testing includes pH, alkalinity, calcium hardness, iron, silica, total 
dissolved solids, and a standard plate count for microorganisms.

Additional attention should be paid to the water hardness. Due to the 
presence of calcium, magnesium, and other alkali metals, hard water 
interferes with the effectiveness of detergents, particularly bicarbonates, 
and contributes to the formation of precipitates or “scale” on equipment. 
Besides diminishing the appearance of equipment, these precipitates serve 
as sites for accumulation of organic debris and microorganisms, making 
sanitation diffi cult if not impossible. Perhaps the least expensive method 
to alleviate this problem is through installation of a water softener.

Absent a water-softener system, many detergent formulations include 
special adjuncts that can help mitigate water hardness. Known as chelating 
agents, these chemicals physically remove metals from solution, thus 
softening the water. One group of chemicals, the polyphosphates, are 
widely used due to their ability to chelate calcium and magnesium and 
prevent precipitation. Specifi c examples of polyphosphates are sodium 
hexametaphosphate (e.g., Calgon®) and sodium tetraphosphate (Quadro-
fos). With the exception of trisodium phosphate, these chemicals are 
noncorrosive. Another compound used as a chelator is ethylenediamine 
tetraacetic acid (EDTA). Although more expensive than polyphosphates, 
EDTA has the advantage of being relatively heat stable. Because chelating 
agents bind water hardness minerals (metals), these will improve the sub-
sequent effectiveness of cleaners.

9.4 PRELIMINARY CLEANING

In any sanitation process, the fi rst step is to remove as much of the fi rst-
level or visible debris as possible. This is can be accomplished either manu-
ally or by mechanical cleaning systems such as spray balls or tank and 
barrel washers. High pressure water (i.e., 4000 to 8000 kPa or 600 to 
1200 lb/in2) without added chemicals can often readily remove organics 
and buildup at a fraction of the cost associated with the use of an 
equivalent amount of detergent or sanitizer needed to accomplish the 
same goal. Cleaning with high-pressure is most effective when the spray is 
directed at an angle to the surface being cleaned. In addition, using warm 
water (38ºC/100ºF to 43ºC/109ºF) in a high-pressure delivery system 
further improves cleaning operation while decreasing both the amount of 
water used and time required. It is recommended that workers not use hot 
water for preliminary cleaning because application of heat to organic 
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materials adhering a surface debris may “cook-on” the debris, thereby 
requiring greater effort and costs to effect removal.

To prevent compromising the integrity of the protective oxide coating 
on stainless steel, only soft-bristle brushes should be used in cases where 
scrubbing is required. Once stainless steel surfaces are scratched, these 
rapidly become susceptible to oxidation and corrosion. As such, fi ber 
or metal “scratch” pads or brushes should never be used for removal of 
tenacious deposits.

9.5 DETERGENTS, CLEANERS, AND SURFACTANTS

Once the majority of debris and fi lm has been removed, the surface should 
be cleaned. Commonly, detergents or cleaners are used to solubilize any 
deposits at this stage. Each detergent has unique properties of action for 
the most effective application. Generally, increasing the concentration 
beyond recommended levels provides little additional benefi t and is not 
cost effective. Another variable is the contact time necessary between the 
detergent and application surface, which varies with the agent(s) uses and 
the mode of application. On the one hand, high-pressure spray requires 
less contact time than foams or gels. However, gels allow additional contact 
time with the surface and can be used in low-pressure systems (Wirtanen 
and Salo, 2003).

Several different components may be present in a particular detergent 
formulation. These include alkalies, acids, surfactants, and chelating 
agents, in varying proportions. Such formulations are often referred to as 
“built detergents” or “built cleaners” and, depending on composition, may 
achieve multiple cleaning goals in a single application. Alternatively, for-
mulations can be prepared in the winery using individual chemicals and 
ingredients. It is important to consult specifi c suppliers for information 
related to proper use of these chemicals because incorrect or improper 
mixing can create gases highly toxic to workers.

9.5.1 Alkali

The most commonly used detergents include strong alkalies or caustics 
such as NaOH (caustic soda or lye) or KOH (caustic potash). Although 
both NaOH and KOH have excellent detergent properties and remove 
fats and proteins, KOH has better rinse ability than NaOH. One method 
is to use 1% to 2% w/v sodium hydroxide in heated water (75ºC/167ºF 
to 80ºC/176ºF) for a cleaning time of 15 to 20 min (Wirtanen and 



Salo, 2003). These chemicals are corrosive even to stainless steel if 
recommended application levels are exceeded.

Other alkali compounds can be used in a winery. Sodium ortho - and 
meta-silicates (Na2SiO3) are less caustic than NaOH, possess better deter-
gent properties, and are less corrosive toward equipment. Where the rela-
tive amount of organic material is not heavy, mild alkalies such as sodium 
carbonate (soda ash) or trisodium phosphate fi nd application. Sodium 
carbonate (Na2CO3) is an inexpensive and frequently used detergent, 
but regular use contributes to precipitate formation when prepared in 
hard water. Phosphates will help soften water by chelating calcium and 
magnesium, thus facilitating better cleaning while reducing mineral 
deposits (Section 9.3).

9.5.2 Acids

Phosphoric acid (H3PO4) solubilizes minerals and thus, is a commonly 
used adjunct in many formulations. Other acids are also used as cleaning 
compounds, but these tend to be more corrosive to metal equipment. For 
example, nitric acid is effective in removing stubborn mineral deposits but 
tends to prematurely degrade gasket material.

9.5.3 Surfactants

Also known as wetting agents, surfactants are organic molecules that 
structurally have both hydrophilic (“water-loving”) and hydrophobic 
(“water-fearing”) portions. The term “surfactant” is a contraction of 
“surface active agent” because these molecules reduce the surface tension 
of water. Surfactants help to suspend debris and microorganisms adhering 
to surfaces by facilitating contact between the detergent and the surface 
being cleaned (Wirtanen and Salo, 2003). Of the three types of surfac-
tants available (Fig. 9.1), nonionic forms have the broadest range of prop-
erties because these can be either extremely good wetting agents or 
emulsifi ers depending on chemical structure. Nonionic surfactants also 
vary widely in their ability to foam, a characteristic that can be important 
for cleaning some pieces of equipment.

9.6 RINSES

Once the cleaning cycle using detergents is completed, equipment surfaces 
should be thoroughly rinsed to remove residual chemicals and debris. 
Although hot or cold water is commonly used for this initial rinse, a mild 
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acid (e.g., citric) rinse will neutralize alkaline detergent residues. In addi-
tion, acid rinses will help reduce mineral deposits. However, acid solutions 
are corrosive toward stainless steel and other metals at the pH of maximum 
effectiveness (2.5). As already noted, phosphoric acid is generally pre-
ferred because of relatively low corrosiveness.

9.7 SANITIZERS

Once deposits and debris are removed and surfaces are visibly clean, the 
equipment can then be sanitized. Sanitizing agents may include the halo-
gens (e.g., iodine), hot water, ozone, peroxides, quaternary ammonium 
compounds (QUATS), or acidulated sulfur dioxide. Table 9.1 compares 
commonly used chemical sanitizers with respect to their relative advan-
tages and disadvantages.

All chemicals used in a sanitation program must be approved including 
their intended-use concentration. Any deviation from prescribed and 
approved formulas is potentially unlawful and may also be a safety concern. 
It is therefore very important to follow recommendations provided by 
suppliers.

Once the sanitation process has been completed, surfaces are rinsed to 
remove residual sanitizer and drained. For instance, tank and hose sanita-
tion is typically followed with a citric acid rinse to neutralize any residual 
alkali. Ideally, heat-sterilized water should be used for the fi nal rinse.

Alkyl Pyridinium Salt
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Figure 9.1. Examples of cationic (alkyl pyridinium), anionic (sodium oleate), and 
nonionic (alkylphenol ethoxylate) surfactants.



9.7.1 Iodine

Formulations including iodine and acid (commonly phosphoric acid) are 
called iodophors. Iodophors are very effective in that a concentration of 
25 mg/L results in similar effects to 200 mg/L chlorine (Jennings, 1965). 
Iodophors are considered to be broad spectrum with demonstrated effec-
tiveness against a variety of bacteria, yeasts, and molds. After sanitation, 
residual iodine can be detected using inexpensive test strips.

Iodophors are not as readily degraded by organics and are not irritating 
when applied at recommended levels. Iodophor product labels normally 
have a “titratable iodine” statement, which represents the minimum 
amount of iodine available in the product. These formulations are most 
effective at pH ≤ 4 where the concentration of I2 is maximum. However, 
I2 volatilizes at >49ºC/120ºF so these formulations cannot be used with 
hot water. Iodophors may foam excessively, stain polyvinylchloride, and 
can be expensive.

9.7.2 Quaternary Ammonium Compounds

Quaternary ammonium compounds (QUATS) have the basic structure 
of a nitrogen covalently bound to four alkyl or aromatic groups such as 
that illustrated in Fig. 9.2. QUATS function by disrupting microbial cell 

Table 9.1. General characteristics of sanitizers.

Sanitizer Advantages Disadvantages

Iodophores Noncorrosive, easy to use, Expensive, possible fl avor/odor
  broad activity spectrum  concerns

Quaternary Effective, nontoxic, prevents Inactivated in low pH and by salts
 ammonium  regrowth, supports microbial  (Ca2+ and Mg2+), ineffective
 compounds  detachment, noncorrosive,  against Gram-negative bacteria
 (QUATS)  nonirritating

Peroxyacetic Effective in low concentration, Corrosive, unstable
 acid  broad microbial spectrum, 
  penetrates biofi lms, nontoxic
  (forms acetic acid + H2O)

SO2 Cheap, readily available, most Effectivness depends on pH and
 (acidulated)  microbes sensitive depending  microorganisms, can be
  on pH and strain  corrosive at high concentrations

Ozone Similar effect as chlorine, Corrosive, inactivated
  decomposes to O2, no residues,  easily, reacts with organics,
  decomposes biofi lms  safety monitoring needed

Adapted from Wirtanen and Salo (2003) with the kind permission of Springer Science and Business 
Media.
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membranes but have differential activity toward bacteria, yeasts, and 
molds. Gram-positive bacteria (Oenococcus, Pediococcus, and Lactobacillus)
are most sensitive, whereas Gram-negative microorganisms (Acetobacter and 
Gluconobacter) are less so. QUATS also have limited activity against bacte-
rial endospores and fungal spores and none against bacteriophage.

QUATS have several advantages over other sanitizers. Formulations 
have extended activity over a broad pH range, possess residual activity if 
not rinsed away, are heat stable, and noncorrosive. In addition, activity is 
not compromised by hard water or poorly prepared surfaces. At typical 
application levels of 200 to 400 mg/L, a thorough post-application rinsing 
is required.

In wineries, QUATS commonly fi nd application in controlling mold 
growth on tanks, walls, fl oors, and in drains. Here, the formulation is 
sprayed onto the surface and left without rinsing. Depending on environ-
mental conditions and the extent of mold growth, a single application may 
last for several weeks.

9.7.3 Acidulated Sulfur Dioxide

During vinifi cation, SO2 has historically represented one important tool 
used by winemakers to control microbiological growth. Due to health 
concerns (Yang and Purchase, 1985), some wineries have reduced usage 
dramatically, with a possible increased risk of microbial spoilage.

Acidulated SO2 may be used as an effective sanitizing agent especially 
for hoses. Because the antimicrobial activity of SO2 is pH dependent 
(Section 5.2.1), the sanitizing agent (100 mg/L SO2 or 200 mg/L 
potassium metabisulfi te) is usually made up in acidulated solution by 
inclusion of 3 g/L citric acid. Due to volatility and corrosive properties, 
SO2 solutions should only be used in a well-ventilated area away from metal 
surfaces. For the same reasons, employees should be cautioned to avoid 
direct contact or inhalation of SO2. Although wineries commonly prepare 
this sanitizer in acidulated, hot water (60ºC/140ºF), this practice serves to 
increase the volatility of SO2 as well as to increase safety risks. When not 
in use, SO2 solutions should be sealed to minimize volatilization.

N+

H3C

CH2CH2CH2CH2CH2CH2CH2CH2CH2CH3H3C

CH2CH2CH2CH2CH2CH2CH2CH2CH2CH3

Cl-

Figure 9.2. Chemical structure of didecyldimethylammonium chloride, a type of QUAT.



9.7.4 Peroxides

Peroxides, or “proxy” compounds, are characterized by having at least one 
pair of highly reactive covalently bonded oxygen atoms (–O–O–). The 
group includes hydrogen peroxide and peroxyacetic acid, which are strong 
oxidizing agents.

Hydrogen peroxide (H2O2), available in concentrations ranging from 
3% to 30% v/v, breaks down to generate toxic singlet or superoxide (O2

−)
oxygen. Solutions of 3% can be purchased at pharmacies as a topical 
antiseptic for treatment of abrasions, whereas the highly concentrated 
form (30%) must be obtained from chemical supply companies. H2O2 has 
limited winery application but can be legally used to remove SO2 during 
the manufacture of sparkling wine cuvees, although this practice can 
result in potential problems of oxidation.

At concentrations >5% v/v, hydrogen peroxide becomes a strong irri-
tant that can cause burns and blisters on exposed skin. Staff working with 
the agent should be trained and cautioned in its use. Unless stored in a 
sealed container, H2O2 rapidly breaks down with time. Even when stored 
properly, chemical decomposition occurs. Thus, it is best to replace labora-
tory peroxide (3% v/v) on a regular basis.

Sodium percarbonate is a stabilized powder containing hydrogen per-
oxide. The product is widely used as the active component in laundry 
detergent and all fabric bleach as well as denture cleaners, pulp and paper 
bleaching, and wine barrel treatment. The highly reactive product has an 
available oxygen equivalent to 27.5% H2O2 and, like peroxide, breaks 
down to the reactive form, oxygen as well as water and sodium carbonate 
upon full reaction.

In the wine industry, sodium percarbonate is sold under the trade 
name ProxycarbTM and is widely used to treat barrels believed to be 
contaminated with spoilage microorganisms and/or to neutralize offen-
sive odors that may be present. Like other barrel treatments, 100% kill is 
unlikely given the porous nature of wood. It is probable that viable popula-
tions can be sequestered in areas where the compound cannot reach 
during a cleaning cycle. As with the use other peroxide-based cleaners/
sanitizers, employees should trained in its application and safe use.

Peroxyacetic acid (PAA), sometimes referred to as “peracetic acid,” is 
also a highly reactive oxidant with antimicrobial properties similar to 
hydrogen peroxide. As a sanitizer and sterilant, PAA has several desirable 
characteristics over H2O2 including better stability at application concen-
trations (100 to 200 mg/L), improved compatibility with hard water, and 
reduced foaming. Compared with chlorine, PAA is biodegradable and 
exhibits reduced corrosive properties.
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Like hydrogen peroxide, concentrated PAA (40% w/v) is a highly toxic 
oxidant. As such, employees must receive special training prior to use. In 
diluted form, its best applications include barrel and bottling line sanita-
tion and sterilization.

9.7.5 Chlorine and Chlorinated Formulations

Chlorine or chlorinated cleaners have a long history of use in the wine 
and food industries. The active form, hypochlorous acid (HOCl), is a 
powerful oxidant and antimicrobial agent. Although chlorine sanitizers 
are relatively inexpensive and easy to use, activity will prematurely degrade 
if organic debris refl ecting inadequate preliminary cleaning is present. 
Moreover, the use of chlorine-based sanitizers may damage stainless steel 
and aluminum surfaces causing localized pitting (corrosion) on the sur-
faces and welds of processing equipment. Subsequent pitting and corro-
sion makes these surfaces diffi cult to clean and sanitize (Frank and 
Chmielewski, 2001). Although such pitting can also result from exposure 
to high local concentrations of sulfur dioxide, the problem can commonly 
be traced back to residual chloride after use of chlorine-based sanitizing 
agents.

Another major concern surrounding the use of chlorine in wineries is 
the potential formation of 2,4,6-trichloroanisole (TCA). This compound 
can be produced by various microorganisms from chlorinated precursors 
(Section 4.6.3) and imparts a “musty” or “corkiness” off-odor to wines (Lee 
and Simpson, 1993). Use of chlorine and/or chlorine-based sanitizers in 
a winery can be involved in the formation of environmental TCA (Peña-
Neira et al., 2000). Due to these concerns, it is advisable to reduce or even 
eliminate chlorine use in the winery. If chlorine-based products are to be 
used, these should never be mixed with acidic products (toxic gas and/or 
explosives can be produced).

9.7.6 Hot Water and Steam

Hot water (>82ºC/180ºF) and steam are ideal sterilants. Both have 
excellent penetrative properties, are generally noncorrosive, and effective 
against all juice and wine microorganisms. For instance, Wilker and 
Dharmadhikari (1997) compared various treatments for sanitizing barrels 
infected with acetic acid bacteria and noted that the hot water treatment 
used (85ºC/185ºF to 88ºC/190ºF for 20 min) was most effective (Section 
11.2.1). However, both hot water/steam may more rapidly degrade gaskets 
compared with other techniques.



Common applications for hot water/steam within a winery are at the 
bottling line and for stainless steel tanks. Hot water can be employed to 
sanitize lines based on a guideline of >82ºC/180ºF for more than 20 min 
as measured at the most distant point in the line. When steam is used to 
sanitize tanks, the recommendation is to continue until condensate from 
valves reaches >82ºC/180ºF for 20 min. In both cases, the temperature 
should be monitored at the point most distant from the steam source 
(i.e., the end of the line, fi ll spouts, etc.). The practice of dismantling 
valves, racking arms, and other parts for immersion in containers of hot 
water may not yield an adequate time and temperature relationship neces-
sary for sanitization.

9.7.7 Ozone

Ozone (O3) is one of the most potent sanitizers available and is fi nding 
increased use in the food industry. Though a very strong oxidant, ozone 
is also unstable with a half-life of only 20 to 30 min depending on condi-
tions (Khadre et al., 2001).

Ozone is most commonly dissolved in water rather than applied as a 
gas. Because O3 rapidly degrades to O2, it cannot be stored and must be 
generated on demand. This is accomplished by specifi c equipment that 
exposes a stream of dry air to either ultraviolet light (185 nm) or electrical 
discharge. O3 is best used in clean-in-place (CIP) operations as the bot-
tling line or for treating in-house water for off-odors or discoloration.

Although special equipment is needed to use ozone, it has several 
advantages that may justify the additional cost. For instance, the sanitizer 
is effective against bacteria, fungi, viruses, protozoa, as well as bacterial 
and fungal spores (Khadre et al., 2001). In addition, Hampson (2000) 
observed that ozone was less corrosive against stainless steel (316 L) than 
chlorine. Furthermore, Greene et al. (1994) noted only slight differences 
between several gaskets (Buna N, white Buna N, EPDM [ethylene propyl-
ene diene monomer], polyethylene, silicone rubber, Tefl on, and Viton) 
treated with ozone.

From a health and safety point of view, ozone is a strong irritant, and 
uncontrolled exposure may result in infl ammation of eyes, nose, throat, 
and lungs. Limits for ozone exposure have been set by the U.S. Occupa-
tional Safety and Health Administration (OSHA). Here, the legal 
maximum concentration for an 8 h continuous exposure is 0.1 mg/L, 
whereas the limit for short-term exposure is 0.2 mg/L for 10 min (Khadre 
et al., 2001). Where ozone is used, the staff should be well trained and use 
proper ozone safety monitors.
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9.8 SANITATION MONITORING

Although the cleaning and sanitation processes will signifi cantly lower 
microbial populations, there may be survivors depending on the degree 
of debris buildup and the effort expended. For instance, microorganisms 
deposited on equipment can adhere to the surface, grow, and multiply to 
form a colony of cells known as a “biofi lm.” Eventually, these colonies 
become large enough to trap soil, debris, nutrients, and other microorgan-
isms (Kumar and Anand, 1998). In this regard, Nel et al. (2002) observed 
biofi lm formation by O. oeni on stainless steel.

It is well-known that biofi lms exhibit increased resistance to antimicro-
bials and are diffi cult to remove (Kumar and Anand, 1998; Wirtanen and 
Salo, 2003). As a commonly used procedure for clean-in-place systems, 
washes of caustic (75ºC/167ºF for 30 min) and acid (75ºC/167ºF for 30 min) 
have proved successful in removing biofi lms (Parkar et al., 2004). Recently, 
detection of biofi lms in hard-to-examine areas using remote sensors has 
been successful (Tamachkiarow and Flemming, 2003). In general, it is 
better to design an effective cleaning and sanitation program to remove 
microorganisms and debris as a means to limit biofi lm formation (Kumar 
and Anand, 1998).

Because of the probability of residual microorganisms on equipment, 
it is important to evaluate the effectiveness of any sanitation program. 
Sampling sites on winery equipment should be selected to include all 
points that are liable to shelter microorganisms. Of importance would be 
to sample direct-contact surfaces such as crushers, stemmers, presses, the 
interior of pipelines, conveyors, and tanks. Other areas to sample include 
where indirect contamination could occur such as condensation from ceil-
ings or equipment, aerosols, and lubricants.

Although microbiological methods can be used to evaluate surface 
cleanliness (Section 14.2), each protocol has common problems that make 
quantifi cation diffi cult. For instance, sampling equipment surfaces can be 
diffi cult if the surface is pitted or irregular. Furthermore, the results may 
not be available for hours if not days (i.e., plate counts), and it is not pos-
sible to delay processing while waiting for results. A less scientifi c method 
to detect poorly cleaned or sanitized equipment would be the presence of 
“slippery” surfaces or “off-odors.” Although sometimes adequate for fer-
menters and storage tanks, areas such as bottling lines require a more 
complete microbiological evaluation.



9.9 SCHEDULES AND DOCUMENTATION

Each winery should develop a series of standard operating procedures 
(SOPs) for each operation of the cleaning and sanitizing program. The 
SOPs must include specifi c protocols, schedules, and methods to docu-
ment implementation of the approved protocols and schedules.

As starting points, it is recommended that crushers/stemmers, and 
presses be cleaned out and thoroughly rinsed between lots and a complete 
sanitation cycle performed every 8 h. These practices should also be applied 
to belt conveyors and hoppers where sugar can accumulate. Tanks should 
be cleaned and sanitized after use and then rinsed with high-pressure 
water before the next fi lling. Bottom and side clean-outs doors and values 
should be left open to provide adequate water drainage and air circulation. 
At this point, a “green fl ag” can be attached to the tank, indicating that 
the tank is ready to be fi lled. When not in use, hoses should be sanitized 
with SO2 and citric acid (Section 9.7.3) and, after the operation is complete, 
hung to drain and dry. Hoses should be stored on sloped drain racks or 
hung upright to facilitate drainage rather than left on processing fl oors.

Wineries will apply different procedures and schedules for cleaning and 
sanitizing, and it is very important to document the approved procedures. 

Cleaning and Sanitation Schedule For

Equipment and 
Description Frequency

Assigned Employee:

(date)

Approval of Supervisor:

Employee
Initials

Crusher (line 2)

Rinse

Clean

Sanitize

Destemmer (line 2)

Press (#2)

Rinse

Clean

Sanitize

Rinse

Clean

Sanitize

After every lot

Every 8 hours

Every 8 hours

After every lot

Every 8 hours

Every 8 hours

After every load

Every 8 hours

Every 8 hours

Procedure
Number

9.01

9.02

9.03

9.01

9.02

9.03

9.01

9.05

9.06

Times Notes

Figure 9.3. An example of a cleaning and sanitizing schedule.
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This documentation allows the winery to accurately describe what proce-
dures, frequency, and chemicals were used to ensure that operations were 
conducted in a consistent manner. At the conclusion, representative sur-
faces should be sampled for microbiological populations and/or excess 
sanitizer. All data should be collected for future examination and poten-
tial changes. These records not only become part of the overall quality 
points program (Chapter 10) but also will serve as documentation if a 
legal issue arises.

One of the easiest means to document cleaning and sanitizing would 
be to prepare and use a standard form (Fig. 9.3). These forms describe 
cleaning and sanitizing procedures (time, frequency, temperatures, types 
and concentrations of chemicals, etc.) approved for each processing step. 
The employee and supervisor then initials or sign the form, indicating that 
each step has been completed according to the approved procedures.



CHAPTER 10

QUALITY POINTS PROGRAM

10.1 INTRODUCTION

Hazard analysis and critical control points (HACCP) is a systematic 
approach to prevent, reduce, or minimize risks associated with foods 
(Anonymous, 2002). Basically, the program identifi es potential problems 
and determines which critical junctures in production must be controlled 
to eliminate or reduce the risk of a food safety hazard to an acceptable 
level. Originally created to meet the needs for food safety in support of 
the space program in the 1960s, HACCP programs are now applied to 
agricultural production, food preparation and handling, food processing, 
food service, and distribution. In fact, the programs have been successfully 
implemented in breweries (Señires and Alegado, 2005).

Although HACCP-based approaches are frequently used to address 
food microbiological hazards, wines do not normally present a risk of 
human illness or death from the ingestion of pathogenic microorganisms. 
As such, HACCP programs are not necessarily applicable to wine produc-
tion. However, a HACCP-based approach can be used in the winery to 
improve process control, which, in turn, can lead to higher and more 
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consistent quality. Therefore, wineries should consider implementing a 
quality points (QP) program based on general HACCP principles.

10.2 DEVELOPING QP PROGRAMS

Prior to development of a successful QP program, a number of other pro-
grams must already be in place at the winery. These programs include 
good manufacturing practices (GMPs) including production records 
(Chapters 7 and 8); pest control strategies (birds, insects, and rodents; 
pesticide applications; integrated pest-management strategies); main-
tenance schedules and records; sanitation protocols, schedules, and 
records (Chapter 9); water quality evaluation and monitoring records 
(Chapter 9); strategies for handling consumer complaints; employee train-
ing programs (Chapter 19); preferred supplier and supplier guarantee 
programs (ingredient specifi cations; grower contracts); inventory control 
and product storage; supply chain management, traceability, and recall or 
market withdrawal policies and procedures.

Because facilities, production operations, and staffs are different, the 
QP program for each facility and product will be unique. However, a 
simple and concise QP program provides the basis for just about any situ-
ation faced during wine production. As discussed in the following sections, 
the general steps for the winemaking staff to develop a QP program are 
as follows:

(a) Develop an operational sequence or fl ow diagram, beginning with 
the raw material (grapes) and continuing through to the bottled 
wine and case goods storage (Section 10.3).

(b) Conduct an analysis of each step in processing and identify poten-
tial quality issues (critical quality points) at each juncture (Section 
10.4).

(c) Establish critical limits for each critical quality point (Section 
10.5).

(d) Develop monitoring procedures and records (Section 10.6).
(e) Establish corrective actions when the process deviates from a criti-

cal limit (Section 10.7).
(f) Establish procedures for record-keeping and documentation 

(Section 10.8).
(g) Develop a verifi cation plan to show that the QP program has been 

effectively implemented and monitors important quality factors 
(Section 10.9).



10.3 PROCESSING AND FLOWCHART

A “standard” fl owchart or diagram for wine processing can be used as 
a starting point in preparing a QP program (Fig. 10.1). As each facility 
varies in its design and objectives, a more detailed diagram may be 
needed to describe all the steps involved as the grapes, must, or wine move 
through various stages. If a winery handles its own distribution or sales 
including tasting rooms, these steps should also be included on the fl ow 
diagram.

Each QP program must include descriptions (criteria) at each step for 
acceptable fruit quality (sugar concentrations, titratable acidity, microbial 
contamination, etc.), SO2 additions (when and how much), press times and 
pressures, must clarifi cation procedures, yeast inoculation rates, concen-

Add SO2

Finish alcoholic 
fermentation

Rack at dryness 

Maturation (bulk)

Rackings

Clarification (fining)

Tartrate/biological stabilization

Yeast inoculation

Malolactic
fermentation

Crush/destem

Press

Bottling/storage/shipping to market 

Oak
barrels

Harvest/transport to winery

Fermentation on skins 
Yeast inoculation

Press

Figure 10.1. Abridged wine processing scheme that can be used to establish a quality 
points program. Much more detail is normally needed for an effective fl owchart.
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trations of nutrients to add, fermentation temperatures, malolactic inocu-
lations (or not), schedule and number of rackings and/or topping off, 
clarifi cation agents and rates, temperatures and times for tartrate stabili-
zation, and methods for biological stabilization.

10.4 QUALITY FACTOR ANALYSIS

Under HACCP, a food safety hazard is one that is reasonably likely to occur 
for which a prudent processor would establish controls, based on experi-
ence, best industry practices, and the best available technical or scientifi c 
information. Hazards are divided into three groups: (a) biological, (b) 
chemical, and (c) physical. Similarly, a quality factor can be defi ned as any 
biological, chemical, or physical agent that is reasonably likely to cause a 
decrease in quality of the wine if the agent is not being controlled. This 
analysis requires judgment as to the likelihood of a particular quality 
problem occurring, as well as access to competent scientifi c expertise 
and information and a full knowledge of the processing, storage, and 
distribution.

10.4.1 Examples of Quality Factors

Although it is unlikely that wine has any true biological hazards, a 
number of microorganisms can cause spoilage during different stages of 
vinifi cation. These include acetic acid bacteria (Section 11.2.1), Dekkera/
Brettanomyces (Section 11.2.2), fi lm yeasts (Section 11.2.3), lactic acid bac-
teria (Section 11.3), Saccharomycodes (Section 11.2.4), Zygosaccharomyces
(Section 11.2.5), and molds/other microorganisms (Chapter 4).

Chemical hazards also pose a concern for winemakers. These can be 
divided into naturally occurring, intentionally added, and unintentional/
incidental. Examples of naturally occurring chemicals that could pose a 
risk to human health are biogenic amines (Section 11.3.6), ethyl carba-
mate (11.3.2), and mycotoxins (Section 4.5.2). Intentionally added chemi-
cals include sulfur dioxide (gas, sulfur wicks, or potassium metabisulfi te), 
tartaric acid, VelcorinTM (Section 5.2.2), and microbial nutrient formula-
tions (diammonium phosphate or proprietary blends). Finally, uninten-
tional/incidental chemicals would include residues of agricultural 
chemicals that exceed approved levels, cleaners or sanitizers (Chapter 9), 
and the inadvertent transfer of lubricants from equipment.

Any potentially harmful extraneous matter not normally found in wines 
would also be considered to be a physical hazard. Perhaps the most impor-
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tant would be glass, pieces of which could be introduced during bottling. 
Other potential contaminants include wood or metal fragments, diatoma-
ceous earth, packaging material, or cork dust that escaped removal during 
bottling. Under a conventional HACCP program, fi lth such as the pres-
ence of fruit fl ies or plant debris is not considered a hazard. However, 
controlling these factors should be considered within a QP because these 
can adversely affect the value and marketability of wines.

10.4.2 Preventive Measures

Preventive measures are developed and implemented as a way of reducing 
product hazards and maintaining market quality. For instance, a wine-
maker may decide to add additional nitrogen to a specifi c grape must prior 
to or during alcoholic fermentation (Section 8.2). The decision regarding 
the concentration to add becomes more complicated due to the availability 
of different nutritional supplements and confl icting scientifi c information 
as to when to add the nutrients (before or after yeast inoculation and in 
what amounts). In this case, it is important for the winemaking staff to 
agree before crush as to what preventive measures should be taken if the 
amount of nitrogen in grape musts be below a specifi ed concentration. 
Another example of a preventative measure would be the use of SO2 or 
lysozyme at the crusher as a means to reduce the risk of Lactobacillus
spoilage.

10.4.3 Critical Quality Points

Critical quality points (CQPs) are actions that can be taken at specifi c 
processing steps to control a factor thus ensuring product quality and 
safety. CQPs will vary between wineries and products within a winery. 
Except for those involving product safety which must be controlled, spe-
cifi c CQPs should be developed to refl ect the overall goals and philoso-
phies of the owners and staff.

Some examples of different CQPs and their specifi c microbiological 
problems along with possible corrective measures are found in Table 10.1. 
As an example, detection of one cell of Saccharomyces in a bottle of sweet, 
unfortifi ed wine may be enough to cause refermentation in the bottle. In 
this case, a preventative measure that could be taken would be assurance 
that the bottling line was correctly sterilized and that sterile fi ltration 
equipment functioned properly. Additional measures would be inclusion 
of sorbates to limit potential yeast growth. Known as “hurdle technology,” 
this concept relies on implementation of several preventative measures as 
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a means to reduce the risk of spoilage as much as possible. This approach 
has the further advantage that if one preventative measure is not correctly 
implemented, other actions will hopefully maintain a low risk of 
spoilage.

To identify CQPs in a winery, the staff should use the fl owchart as the 
starting point and then develop a plan for dealing with raw materials and 
ingredients used, activities at each step of process, equipment, potential 
design fl aws, as well as storage and distribution conditions. CQPs are spe-
cifi c for the process and product being made and are dependent on the 
winery layout, formulations, equipment, ingredients used, and sanitation 
programs.

10.5 CRITICAL LIMITS

A critical limit (CL) is an objective measurement taken at a particular 
point in the process. A critical limit can be a (a) process specifi cation, (b) 

Table 10.1. Examples of microbiological issues and potential preventive measures 
associated with selected Critical Quality Points.

Critical quality point Microbiological issue Potential corrective actions

Harvest/transport • Excessive Botrytis, rots, • Alter vineyard practices, use
 to winery  or acetic acid bacteria  SO2, set rejection limits of
   moldy fruit

Alcoholic • Sluggish/stuck • Adjust nutrients, use proper
 fermentation  fermentation  yeast rehydration schemes and
   amounts, dilute very high
   ºBrix musts
 • Lactobacillus infection • Lower pH, use SO2 or lysozyme

Maturation in • Undesirable or failed • Lower ethanol, raise pH, 
 barrels or  malolactic fermentation  examine starter culture, lower
 bulk storage   SO2

 • Film or slime formation • Avoid ullage, use SO2, sterile
   fi ltering
 • Off-odors (volatile acidity, • Avoid ullage, use SO2, sterile
  acetaldehyde, ethyl  fi ltering, avoid sorbate in sweet
  acetate, “mousy,” and/or  wines
  “geranium”
 • Undesirable levels of • Use SO2 or VelcorinTM, lower 

Brettanomyces  pH, sterile fi ltration, maintain
   cool cellar and hygiene

Bottling • Microbial contamination • Use SO2, sterile fi ltration



measurement on a process or fi nished product sample, or (c) a simple 
yes/no decision. An example of a process specifi cation would be fermenta-
tion temperature because excessive temperatures (high or low) may result 
in a sluggish or stuck alcoholic fermentations. Supplementing a grape 
must with nitrogen is another example of a product measurement because 
this decision is based on an analysis performed at the winery (e.g., deter-
mination of yeast assimilable nitrogen). Finally, an example of a “yes/no” 
decision would be to sterile fi lter wine prior to bottling or not.

Establishment of critical limits usually involves a test measurement on 
the product as it is being processed or a determination of an operating 
parameter for a piece of equipment. Specifi c limits or acceptable minimum/
maximum levels must be determined and verifi ed. For example, some 
wineries capable of measuring yeast assimilable nitrogen have established 
a minimum concentration necessary to complete fermentation. If the 
actual value for a given must lot is lower than the required concentration, 
then the winemaker should add a specifi c amount of nitrogen. Other criti-
cal limits could be the amount of rot in grapes, sugar concentrations, 
temperatures, times, pH, acidity (titratable and/or volatile), fi lter fl ow 
rates or the presence of foreign objects. Sources of information needed to 
determine a CL include scientifi c publications, regulatory guidelines, com-
petent experts, and experimental studies.

10.6 MONITORING PROCEDURES

Monitoring implies that the winery will conduct a planned sequence of 
observations or analyses to assess whether a CQP is under control. Moni-
toring procedures identify what should be monitored (temperature, pH, 
volatile acidity, SO2, sensory observations, etc.) including the appropriate 
CL along with the analytical methods to be used (thermometer, pH meter, 
Cash still, Ripper or aeration/oxidation SO2 methods, smell and/or taste, 
etc.). The procedures should also specify the frequency of analysis, the 
individual conducting the test, development of monitoring records, and 
how monitoring is to be verifi ed. Many analytical methods are available 
that can measure a selected CL to ensure the process is in control and 
spoilage issues are prevented, reduced, or minimized. Various microbio-
logical methods can be found in Chapters 12 through 16, and chemical 
procedures are available through Ough and Amerine (1988) and Zoeck-
lein et al. (1995).

Besides being fast and accurate, monitoring must be cost effective. As 
such, it is appropriate to include fi nancial constraints in decisions regard-
ing what method to use, what analyses are to be performed, and the 
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frequency of monitoring. At times, wineries may elect to send wines to 
commercial analytical laboratories for testing that cannot be performed 
in-house. One example is 4-ethyl phenol, an indicator of Brettanomyces
(Section 11.2.2). In that this analysis is expensive, it should only be per-
formed on suspect wines rather than on a routine basis.

In general, measurement of microbiological populations are avoided as 
CLs because results are commonly not available for hours if not days. 
Enumeration of microorganisms (Chapter 14) should be incorporated 
into sanitation programs, GMPs, or as part of verifi cation. If microbiologi-
cal criteria will be applied, it is advisable to have uniform analytical pro-
cedures including methods of sampling, diluents, culture media, and 
incubation conditions. As pointed out by Loureiro and Malfeito-Ferreira 
(2003), methods applied by wineries vary widely, which makes comparing 
results diffi cult.

10.7 CORRECTIVE ACTIONS

Once a critical limit has been violated, it is important to determine what 
corrective action(s) should be taken (Table 10.1). Preferably, there should 
be a number of feasible corrective actions developed in anticipation of 
problems. For example, if bottles are missing the alcohol consumption 
warning label, the corrective action is to apply the correct label.

Commonly, the actual cause for a loss of process control cannot be 
ascertained with complete certainty, but corrective actions may be possi-
ble. For instance, a sudden increase in volatile acidity may indicate the 
growth of certain species of Lactobacillus (Sections 6.6.2 and 11.3). Here, 
corrective actions could include (a) lowering pH, (b) addition of SO2,
and/or (c) use of lysozyme to limit the infection. Given that many grape 
musts can have a pH of greater than 3.8, the addition of tartaric acid can 
lower must pH to make SO2 more effective due to the formation of molecu-
lar SO2. In this case, decreasing the pH from 3.8 to 3.7 will result in far 
less free SO2 needed (40 mg/L vs. 50 mg/L) to yield 0.5 mg/L molecular 
SO2 (Section 5.2.1).

10.8 RECORD-KEEPING AND DOCUMENTATION

Record-keeping confi rms that production is within specifi cations and pro-
vides technical data for each production lot. As traceability becomes more 
important in the marketplace, having good records of source control and 
distribution are more critical than ever before. Verifi cation steps within a 



QP require record review, including calibration records for key measuring 
instruments and processing equipment.

It is important to maintain a set of monitoring records that are recorded 
(preferably in ink) by the operator taking the measurement and at the 
time the measurement is taken. These records should be reviewed by a 
supervisor within a couple of days and before any product has left the 
facility. A frequent review of these records can identify possible production 
errors while corrections are still possible.

One very important safety-related QP for a winery is labeling. Manda-
tory warning labels for alcohol use are required by federal law in the 
United States and in other jurisdictions. Because some consumers are 
sensitive to sulfi tes, an approved sulfi te warning must appear on the label 
if sulfi tes are present in excess of 10 mg/L. Furthermore, all wine labels 
must be approved by the regulatory agencies (e.g., U.S. Alcohol and 
Tobacco Tax and Trade Bureau).

10.9 VERIFICATION

Verifi cation encompasses those activities, other than monitoring, that 
establish the validity of the safety or quality plan. For instance, this step 
indicates that a program has been implemented and that it is effective for 
a given operation. Verifi cation includes a variety of elements such as cali-
bration of equipment and instruments used in monitoring, chemical 
testing, and microbiological samples, validation of experimental test 
methods, and record review protocol. A quality program should be verifi ed 
when formulations or production methods change, key ingredients change, 
or storage, distribution, or product end-use changes because any of these 
factors could affect wine safety or quality. Verifi cation is conducted when 
a plan is fi rst adopted and then is reviewed and modifi ed when quality or 
safety factors change, and again prior to the next vintage.

The term “validate” is often used when a quality program is fi rst adopted 
to determine if it has been properly implemented and will effectively 
control the identifi ed safety and quality factors. In essence, validation is 
the “bridge” between the development and implementation of the plan. 
As part of the initial implementation plan, it is important to integrate the 
quality program with existing sanitation, production, maintenance, pro-
curement, distribution, marketing (including existing recall and market 
withdrawal programs), and employee training.
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CHAPTER 11

WINE SPOILAGE

11.1 INTRODUCTION

Because microbological activity can develop quickly and without warning, 
early identifi cation of potential spoilage problems is critical to implement-
ing corrective remedies. However, identifying the causative microorgan-
isms and therefore the appropriate correction is not always simple because 
a given microorganism can bring about multiple spoilage problems, and 
a specifi c wine fault can be caused by different microorganisms. This 
chapter summarizes spoilage microorganisms and their control as well as 
sources of important wine faults.

11.2 SPOILAGE MICROORGANISMS

11.2.1 Acetobacter

Control of Acetobacter in wines should be initially accomplished by limiting 
populations entering the winery on fruit and by implementing and main-
taining an adequate sanitation program (Chapter 9). Because mold-
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damaged fruit will have higher populations of acetic acid bacteria than 
sound fruit (Section 6.5.1), use of the former can lead to increased Aceto-
bacter infections in wines during post-fermentation storage. Therefore, the 
risk of pass-through infections can be reduced by maintaining agreed 
upon quality standards of the harvested fruit.

Although adherence to fruit quality standards clearly represents the 
winemaker’s fi rst line of defense against microbial spoilage, on-site deci-
sions can play a pivotal role in containment or proliferation of undesirable 
species. In that Acetobacter are obligate aerobes (Chapter 3), frequent 
topping of barrels to minimize headspace and limit introduction of oxygen 
is an important control measure (Section 8.7.1). SO2 is also used, but the 
concentration required depends on the species/strain and wine pH (Du 
Toit and Pretorius, 2002; Du Toit et al., 2005). These authors recom-
mended a concentration of 0.7 to 1 mg/L molecular SO2 as necessary to 
inhibit all species of Acetobacter and Gluconacetobacter. Because A. pasteuria-
nus can survive under anaerobic conditions in wine even with SO2 (Du 
Toit et al., 2005), limiting oxygen and use of SO2 should be used in con-
junction with other winemaking practices including juice clarifi cation to 
physically remove bacteria, lowering pH, use of a high inoculum of Sac-
charomyces, pre-fermentation additions of SO2, appropriate temperatures, 
and good cellar hygiene (Du Toit and Pretorius, 2002; Du Toit et al., 2005). 
Joyeux et al. (1984b) pointed out the importance of maintaining cellar 
temperatures of 10ºC/50ºF to 15ºC/59ºF during barrel aging as another 
means to limit populations blooms.

Despite the winemakers best efforts, isolated instances of contamination 
and spoilage can occur. This is more frequently seen in facilities with a 
large barrel inventory where barrels are missed during the topping rota-
tion. Although these barrels should be removed from production as soon 
as possible, some cooperage may be sanitized and reused depending on 
the degree of contamination. Wilker and Dharmadhikari (1997) compared 
four treatments of sanitizing wood infected with acetic acid bacteria: (a) 
chlorine (pH 7.0; 250 mg/L for 24 h), (b) acidifi ed sulfur dioxide (pH 3; 
250 mg/L for 24 h), alkaline/SO2 (soak in 1.25 g/L potassium carbonate 
for 24 h followed by a 300 mg/L SO2 rinse), and (d) hot water (initially at 
85ºC/185ºF to 88ºC/190ºF for 20 min). After storing a susceptible wine in 
the barrels for 92 days, the hot water treated staves were the only ones that 
did not redevelop an Acetobacter infection (<10 CFU/mL). An alternative to 
hot water would be the use of ozone (Section 9.7.7).

Normally, the low concentration of oxygen in bottled wines prevents 
secondary growth and spoilage due to Acetobacter. However, Bartowsky 
et al. (2003) described an unusual situation where Acetobacter were able to 
spoil bottled wines. In this case, the unfi ltered wines were stored vertically, 
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which was believed to have resulted in incursion of enough oxygen into 
the bottle to support bacterial growth.

11.2.2 Dekkera/Brettanomyces

Various sensory descriptors have been used to characterize Dekkera/
Brettanomyces–tainted wines. These range from “cider,” “clove,” “spicy,” 
“smoky,” “leather,” and “cedar” to “medicinal,” “Band-Aid®,” “mousy,” 
“horsy,” “wet wool,” “rodent-cage litter,” “barnyard,” or even “sewage.” 
These odors are due to synthesis of a number of volatile compounds 
including 4-ethyl guaiacol and 4-ethyl phenol (Fugelsang et al., 1993; 
Licker et al., 1999). 4-Ethyl guaiacol has been sensorially described as 
“clove” or “spice” and 4-ethyl phenol is “smoky” or “medicinal.” Given the 
wide range in sensory descriptors of infected wines, more “sensory-neutral” 
strains of Brettanomyces may exist, and use of these strains may improve the 
quality of some wines without imparting off-odors or fl avors.

The sensorial impact of Brettanomyces depends on the wine as well as 
preferences of the winemaker and consumer. For instance, Loureiro and 
Malfeito-Ferreira (2003) noted that some consumers would fi nd wines 
objectionable if the concentration of 4-ethyl phenol exceeded 620 µg/L 
whereas others would not. If present at concentrations less than 400 µg/L, 
the authors suggested that this compound contributes complexity by 
imparting sensory descriptors of “spice,” “leather,” “smoke,” or “game.” In 
contrast, Licker et al. (1999) described a “high Brett” wine that contained 
3000 µg/L 4-ethyl phenol, a “medium Brett” wine as having 1700 µg/L, 
and a “no Brett” wine with 690 µg/L. Volatile phenol production varies 
with the strain of Brettanomyces as found by Fugelsang and Zoecklein 
(2003) who reported 120 µg/L 4-ethyl guaiacol and 440 µg/L 4-ethyl 
phenol produced by one strain but <10 µg/L by another.

Biochemically, 4-ethyl guaiacol and 4-ethyl phenol originate from 
ferulic acid and p -coumaric acid, respectively. The reaction is a two-step 
process with an initial decarboxylation of the hydroxycinnamic acids 
catalyzed by cinnamate decarboxylase and the reduction of the vinyl 
phenol intermediates by vinyl phenol reductase (Fig. 11.1). Although the 
specifi c coenzyme involved remains unknown, one possible metabolic 
benefi t of the second reaction to Brettanomyces could be reoxidation of 
NADH. Under low oxygen conditions such as those found in wines, the 
availability of NAD+ can be limited so that carbohydrate metabolism is 
inhibited (Section 1.5.1). Reduction of the vinyl phenols to the ethyl 
phenols would allow the cell to increase the availability of NAD+ and thus 
maintain metabolic functions.
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Although many wine microorganisms like Acetobacter, O. oeni, L. 
hilgardii, L. plantarum, L. brevis, P. pentosaceus, P. damnosus, and Saccharomy-
ces can synthesize 4-vinyl guaiacol or 4-vinyl phenol from ferulic and p -
coumaric acids, respectively, most are not able to reduce the vinyl 
intermediates to 4-ethyl guaiacol or 4-ethyl phenol (Chatonnet et al., 1992; 
1995; Shinohara et al., 2000). Given this, Brettanomyces could theoretically 
reduce vinyl phenols synthesized by other wine microorganisms and 
thereby benefi t from the growth of other microorganisms (e.g., lactic 
acid bacteria). In support, Dias et al. (2003b) found that Brettanomyces
could use 4-vinylphenol as a precursor to 4-ethylphenol in the absence of 
p -coumaric acid.

As only Brettanomyces produces signifi cant amounts of ethyl phenols, 
wineries have attempted to use measurement of 4-ethyl phenol as an indi-
cator for infections. However, synthesis of ethyl phenols varies with strain 
(Fugelsang and Zoecklein, 2003). Some lactic acid bacteria, most notably 
L. plantarum (Chatonnet et al., 1992; 1995; Cavin et al., 1993) as well as 
Pichia guilliermondii (Dias et al., 2003a) are reported to produce small 
amounts of ethyl phenols. Because of these reasons, direct comparisons 
between concentrations and viable cell concentration can be diffi cult.

Processing methods are currently being sought to remove 4-ethyl 
guaiacol and 4-ethyl phenol from wines after an infection of Brettanomyces.
For example, Ugarte et al. (2005) noted some success using reverse osmosis 
coupled to an adsorption system to remove these volatile phenols from 
wine. Perhaps a simpler method was that described by Chassagne et al. 
(2005) where yeast lees were used to remove volatile phenols. Compared 
with active dry yeasts, the authors reported that yeast lees from fermenta-
tion were especially strong at removing 4-ethyl phenol. Sorption of these 
volatile phenols depended on wine conditions, in particular pH, tempera-
ture, and ethanol concentration.
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Besides volatile phenols, Brettanomyces synthesizes a number of odor-
active compounds, many of which have yet to be identifi ed (Licker et al., 
1999). For instance it is known that Brettanomyces produces isovaleric acid, 
an odoriferous compound described as “rancid” (Wang, 1985; Licker et 
al., 1999). In addition, some strains can impart “mousy” off-fl avors to wine 
through synthesis of various nitrogen-containing compounds (Section 
11.3.3).

Controlling the growth of Brettanomyces during vinifi cation is not an 
easy task. The yeast is relatively tolerant to SO2 as indicated by Sponholz 
(1993) who suggested the use of 100 mg/L total or 30 to 50 mg/L free SO2

for control in wine. 
Maintenance of 0.4 to 0.6 mg/L molecular SO2 is effective in limiting 

growth. Du Toit et al. (2005) suggested that Brettanomyces may enter a 
“viable-but-not-culturable” state in the presence of SO2 (Section 6.1). As 
such, the yeast may escape detection by conventional microbiological 
methods (i.e., plating) prior to bottling, potentially resulting in sudden 
“blooms” during bottle aging if conditions permit.

Other control measures have included fi ning and fi ltration (Section 
5.3), and recent research has investigated the use of dimethyl dicarbonate 
(Section 5.2.2). Although the research looks promising (Brettanomyces was 
inhibited at a concentration of 25 mg/L), Daudt and Ough (1980) only 
used one culture (species not reported). Furthermore, the combined use 
of DMDC and SO2 against Brettanomyces has not yet been explored although 
a synergy between DMDC and SO2 against Saccharomyces was noted by 
Ough et al. (1988a). Another option is temperature control. Lowering the 
cellar temperature to less than 13ºC/55ºF can also be used to slow the 
growth of Brettanomyces. Heat resistance of the yeast has also been reported 
(Couto et al., 2005).

Once established in wood cooperage, elimination of these yeasts are 
diffi cult partially due to the physical properties of wood. Unlike polished 
stainless steel or glass, inside surfaces of barrels are diffi cult to clean due 
to the many irregular cracks and crevices where particulates, including 
spoilage yeasts, can settle.

11.2.3 Film Yeasts

The visual manifestation of oxidative yeast activity is the formation of a 
fi lm, sometimes referred to as “mycoderma.” The fi lm results from repeated 
budding of mother and daughter cells that, rather than separating, remain 
attached, forming chains that branch and rebranch to eventually cover the 
surface of the wine (Section 1.2.2.4). Initially, the yeasts can appear as 
fl oating “fl owers.” If allowed to continue, growth may rapidly develop into 
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a thick pellicle, which appears “mold-like.” Baldwin (1993) described the 
fi lm as a chalky or fi lamentous white substance that was dry enough to 
appear “dusty.” Candida vini (formerly Candida mycoderma) is a relatively 
common fi lm yeast capable of producing a thick pellicle. Besides formation 
of a fi lm, these yeasts can synthesize sensorially active compounds such as 
ethyl acetate and acetoin among others (Clemente-Jimenez et al., 2004).

Because fi lm formation by certain non-Saccharomyces yeasts refl ects oxi-
dative growth, the best preventative measure is to maintain topped tanks 
and barrels, thereby depriving the yeasts of air (oxygen) needed for 
growth. Baldwin (1993) suggested that addition of dry ice to barrels of 
wine and subsequent release of CO2 may also help limit the infl ux of O2.
Because some non-Saccharomyces yeasts (e.g., Pichia membranefaciens and 
Candida krusei) are resistant to molecular levels of more than 3 mg/L, reli-
ance on SO2 is generally ineffective once a fi lm has formed in the barrel 
(Thomas and Davenport, 1985). Furthermore, one of the major metabo-
lites of fi lm yeasts is acetaldehyde, which can effectively bind SO2 and 
decrease its antimicrobial properties (Section 5.2.1). Some winemakers 
have had success placing a few grams of potassium metabisulfi te onto a 
small plastic Petri dish that is allowed to fl oat on wine in a barrel (Baldwin, 
1993).

Use of lower cellar temperatures (<15ºC/60ºF) can slow the growth of 
fi lm yeasts because the alcohol content and temperature interactively 
inhibit growth. As support, Dittrich (1977) reported no growth of fi lm-
forming yeasts in wines of 10% to 12% alcohol when stored at 8ºC/47ºF 
to 12ºC/54ºF, whereas growth was observed in other wines up to 14% 
alcohol at warmer temperatures.

11.2.4 Saccharomycodes

Saccharomycodes ludwidii is referred to as the “winemaker’s nightmare” 
because the yeast is highly resistant to SO2, approximately fi ve times that 
of Saccharomyces (Stratford et al., 1987). Ciani and Maccarelli (1998) 
hypothesized that the extraordinary resistance of this yeast could be due 
to its ability to produce high concentrations of acetaldehyde, which binds 
SO2. As such, the best known control method is sterile fi ltration (Section 
5.3). Fortunately, the yeast has rarely been reported in either cellar aged 
or bottled wines possibly due to slow growth or poor competition with 
other yeasts (Fleet, 2003).

Saccharomycodes spoils wines by formation of cloudiness and/or sediment 
as well as off-odors (Du Toit and Pretorius, 2000; Loureiro and Malfeito-
Ferreira, 2003). Ciani and Maccarelli (1998) studied 27 different strains 
of Saccharomycodes grown in grape musts and found high concentrations 
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of acetaldehyde (46.7 to 124 mg/L), acetoin (211 to 478 mg/L), and ethyl 
acetate (141 to 540 mg/L).

11.2.5 Zygosaccharomyces

Another potential post–alcoholic fermentation problem is Zygosaccharomy-
ces. This yeast causes spoilage by forming gas, sediment, and/or cloudiness 
in bottled wines (Loureiro and Malfeito-Ferreira, 2003). Synthesis of other 
compounds, namely succinic, acetic, and lactic acids, as well as acetalde-
hyde and glycerol has also been reported (Rankine, 1967; Oura, 1977; 
Zeeman et al., 1982; Nykanen, 1986; Herraiz et al., 1990; Moreno et al., 
1991; Mateo et al., 1992; Lema et al., 1996). Thomas (1993) estimated that 
for yeasts such as Z. bailii, as few as one viable cell in a bottle of wine is 
suffi cient for spoilage.

Zygosaccharomyces is osmophilic, resistant to ethanol, SO2, sorbate, and 
other commonly used preservatives. Some species can even grow at 
temperatures as low as 2.5ºC/36.5ºF (Warth, 1985; Thomas, 1993). Infec-
tions can often be traced to the addition of contaminated grape juice 
concentrates used to increase the sugar concentration of must prior to 
alcoholic fermentation or adjustment of wine sweetness before bottling. 
At low storage temperatures, the microorganism is capable of slow and 
often unnoticed growth. Warming of the product during shipment and/or 
changes in chemistry upon blend formulation may stimulate previously 
repressed populations.

The yeast can become a problem in wineries using poor sanitation at 
bottling. For instance, sublethal doses of chemical sterilizing agents or hot 
water steam that do not meet time and temperature requirements for cell 
destruction are often causes for product contamination during bottling. 
Once introduced into the winery, diffi cult to sanitize areas serve as the 
principle source for the yeast. In one extraordinary case, Rankine and 
Pilone (1973) reported an established population present in an in-line 
pressure gauge on the fi ltrate side of a sterile fi lter and concluded that 
this represented a reservoir for continued contamination of sweetened 
bottled wines. In this case, the confi guration of the pressure gauge allowed 
substantial resident populations of Zygosaccharomyces to escape steam 
sterilization.

11.3 WINE FAULTS

11.3.1 Volatile Acidity

Though normally thought of as referring to the amount of acetic acid in 
a wine, the sensory perception of “volatile acidity” is not exclusively the 



result of this acid. As an example, volatile acidity produced by lactic acid 
bacteria is often sensorially different from that resulting from acetic acid 
bacteria. In the latter case, volatile acidity is often perceived as a mixture 
of acetic acid and ethyl acetate, whereas with lactic acid bacteria, the ethyl 
acetate component is either missing or present at very low levels (Henick-
Kling, 1993).

Because the “volatile character” or “acetic nose” is commonly due 
to ethyl acetate, some winemakers believe this metabolite rather than 
acetic acid should be a legal indicator of wine spoilage. Ethyl acetate 
is present in wines at concentrations ranging from less than 10 mg/L 
to greater than 1200 mg/L (Drysdale and Fleet, 1989b; Vianna and 
Ebeler, 2001; Rojas et al., 2003; Peinado et al., 2004; Mamede et al., 2005) 
and is described sensorially as the odor of “airplane glue” or “fi ngernail 
polish remover.”

Although there are no legal limits on the concentration of ethyl acetate, 
the concentrations of acetic acid are regulated (Table 11.1). The maximum 
legal limits for acetic acid in wine in the United States are 0.9 to 1.7 g/L 
depending on the wine. Processing methods are available to reduce acetic 
acid from wines above the legal limit (Section 8.7.2).

Aside from potential sensory implications, acetic acid is well-known to 
be inhibitory to Saccharomyces (Doores, 1993), infl uencing both growth 
and fermentative abilities (Pampulha and Loureiro, 1989; Ramos and 
Madeira-Lopes, 1990; Kalathenos et al., 1995; Edwards et al., 1999a). In 
agreement, Rasmussen et al. (1995) added 4 g/L acetic acid midway 
through fermentation and noted that sugar utilization drastically slowed. 
In fact, certain lactobacilli have been implicated in slowing alcoholic fer-
mentations, potentially due to acetic acid production (Section 6.6.2). As 
an example, the heterofermentative species L. kunkeei can produce between 
3 and 5 g/L acetic acid in a wine (Huang et al., 1996; Edwards et al., 
1999a).

Table 11.1. Legal limits for volatile acidity in wines worldwide expressed as 
acetic acid.

Wine type USA (g/L) California (g/L) EUa (g/L)

Table (red) 1.40 1.20 1.20
Table (white) 1.20 1.10 1.08
Dessert (red)b 1.70
Dessert (white)b 1.50
Export 0.90

aEuropean Union. Maximum concentrations can vary given specifi c country regulations.
bWines produced from unameliorated juice of >28ºBrix.
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11.3.2 Ethyl Carbamate

Ethyl carbamate (urethane) has been found in a number of fermented 
foods such as alcoholic ciders, beers, breads, olives, sake, soy sauces, wines, 
and yogurts as well as some unfermented foods like orange and grape 
juices (Ough, 1976; Canas et al., 1989). Of concern is the fact that this 
compound is a suspected carcinogen (Zimmerli and Schlatter, 1991). Even 
though ethyl carbamate is produced in small quantities, its concentration 
in wine is subjected to international regulation and therefore must be 
carefully managed. At present, the United States wine industry has estab-
lished a voluntary target level of <15 µg/L for table wines and <60 µg/L 
for dessert wines.

Urea and citrulline, arising from the metabolism of arginine, serve as 
precursors to the formation of ethyl carbamate (Fig. 11.2). With regard to 
urea utilization, yeast strains exhibit variability in terms of both uptake 
and excretion during fermentation (Ough et al., 1991; An and Ough, 
1993). For this reason, the addition of urea as a nitrogen source for 
Saccharomyces is no longer legal (Kodama et al., 1994). Although n-
carbamyl amino acids can also act as precursors (Ough et al., 1988b), their 
concentration in wines appears to be very low and so probably do not 
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contribute to the formation of ethyl carbamate (Huang and Ough, 1993). 
Finally, diethyl dicarbonate, a potent antimicrobial compound once 
used by wine industry, has been banned in the United States because 
the additive can, in theory, react with ammonia to form ethyl carbamate 
(Fig. 11.3).

In yeasts, arginine is largely converted to ornithine and urea, rather 
than to carbamyl phosphate (Ough et al., 1988c). Conversely, citrulline is 
a major by-product of the degradation of arginine by lactic acid bacteria 
(Section 2.4.2). Strains of O. oeni and L. buchneri have been shown to 
excrete citrulline and carbamyl phosphate (Liu et al., 1994; Mira de 
Orduña et al., 2000; 2001). Even though these bacteria produce the 
necessary precursors, Tegmo-Larsson et al. (1989) reported that malolac-
tic fermentation did not affect the concentrations of ethyl carbamate in 
wine. However, more recent information (Uthurry et al., 2006) suggests 
that some lactic acid bacteria, specifi cally O. oeni and L. hilgardii, can con-
tribute to ethyl carbamate formation.

Although many factors infl uence the formation of ethyl carbamate in 
wines, there are general guidelines that can be used to limit its formation. 
For instance, excessive nitrogen applications in the vineyard can lead to 
increases in the wines (Ough et al., 1989b). Furthermore, some have 
argued for the use of yeast or malolactic bacterial strains that will not 
metabolize arginine or release urea (Ough et al., 1988c; 1991; Mira de 
Orduña et al., 2001). In an innovative approach, Ough and Trioli (1988) 
successfully applied an acid urease produced from Lactobacillus fermentatum
as a post-fermentation treatment of wines to remove urea. In that forma-
tion of ethyl carbamate increases exponentially as a function of storage 
temperature (Stevens and Ough, 1993), wines should not be exposed to 
excessively high temperatures during storage and/or transport.
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Figure 11.3. Reaction of diethyl dicarbonate and ammonia to yield ethyl carbamate, 
ethanol, and carbon dioxide. Adapted from Ough et al. (1988b) with the kind permission 
of the American Journal of Enology and Viticulture.
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11.3.3 Mousiness

Growth of some strains of heterofermentative lactobacilli (L. brevis, L. 
hilgardii, and L. cellobiosus) as well as Brettanomyces may lead to the “mousy” 
defect in wines (Heresztyn, 1986; Grbin and Henschke, 2000; Costello 
et al., 2001). This type of spoilage is characterized by the formation of an 
offensive odor reminiscent of rodent-cage litter as well as a noticeable lin-
gering aftertaste (Costello and Henschke, 2002). According to Sponholz 
(1993), the unpleasant odor becomes distinct after rubbing a sample of 
the mousy wine between the fi ngers.

An initial report by Craig and Heresztyn (1984) indicated that 2-ethyl-
3,4,5,6-tetrahydropyridine may be involved in the problem, although the 
authors were not able to detect the compound in wines determined to be 
“mousy.” More recently, Costello and Henschke (2002) noted that 2-
ethyltetrahydropyridine, 2-acetyl-1-pyrroline, and 2-acetyltetrahydropyri-
dine all contributed to this defect (Fig. 11.4).

This fault is associated with wines rather than musts because synthesis 
of these compounds requires the presence of ethanol (Heresztyn, 1986). 
As the aroma threshold in wine is very low, 1.6 µg/L (Riesen, 1992), very 
little growth of these bacteria is required to potentially spoil a wine. 
Sponholz (1993) suggested that mousiness is not a common problem, but 
low-acid wines with insuffi cient SO2 can be more prone to spoilage. Lay 
(2003) reported that different cultures of Brettanomyces formed a distinc-
tive mousy taint in the presence of lysine or ammonium phosphate under 
both aerobic and anaerobic conditions.

11.3.4 Post-MLF Bacterial Growth

When utilizable levels of l-malate and viable bacterial populations remain, 
the wine is at risk for continued microbial activity, resulting in spoilage of 
the bottled product. For instance, continued growth of Oenococcus or Pedio-
coccus in wines supposedly MLF-complete based on detection of malic acid 
using paper chromatography has been reported (Wibowo et al., 1988; 
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Figure 11.4. Compounds associated with the occurrence of mousiness in wines.



Edwards et al., 1994). Paper chromatography (Section 15.4.9) has a high 
detection threshold for malic acid (100 to 200 mg/L), a concentration 
higher that what winemakers consider to be stable for a wine. In a survey 
conducted by Fugelsang and Zoecklein (1993), most of the winemakers 
responding (66%) considered l-malate levels of <15 mg/L as indicative of 
completion of MLF. The remaining 34% considered <30 mg/L as com-
plete and “stable” with respect to continued bacterial activity. The decision 
to accept one concentration compared with another depends on inherent 
wine chemistry (pH, free and total SO2, and ethanol) as well as the capa-
bility of the winery to sterile bottle.

An unusual example of secondary spoilage is that produced by 
Lactobacillus fructivorans (formerly L. trichodes). This bacterium has an 
extraordinary high tolerance to alcohol as evidenced by the fact that the 
species has been isolated from high-alcohol (>20% v/v) dessert wines 
(Fornachon et al., 1949; Gini and Vaughn, 1962). Visually, the bacterium 
appears as mycelial growth in the bottled wine, hence its nicknames of 
“cottony bacillus” or “Fresno mold.” With modern winemaking techniques, 
particularly use of sulfur dioxide and attention to sanitation, reported 
incidences of infection have dramatically decreased. According to Kunkee 
(1996), the microorganism has re-emerged in the port cellars of Portugal 
where its growth has been correlated with reduced usage of sulfur 
dioxide.

To minimize the potential for secondary growth, winemakers should 
consider racking, SO2 addition, and acidulation where the pH has increased 
above 3.5. In this case, acid adjustment should be made with tartaric acid 
rather than malic or citric acids, compounds that provide a source of 
carbon for bacteria. Despite its relative low cost, citric acid should not be 
used for wines except immediately prior to sterile bottling due to the 
possibility of excessive diacetyl (Section 2.4.5).

11.3.5 Geranium Odor/Tone

Sorbic acid is a short-chain unsaturated fatty acid used as a chemical pre-
servative against Saccharomyces in sweetened wines at bottling (Section 
5.2.4). Lactic acid bacteria are not inhibited by the preservative. In fact, 
some species can reduce the acid to sorbic alcohol, a compound that 
undergoes rearrangement at wine pH to yield 3,5-hexadien-2-ol (Fig. 
11.5). Upon subsequent reaction with ethanol, 2-ethoxyhexa-3,5-diene is 
formed (Crowell and Guymon, 1975), a compound that has an odor 
reminiscent of “crushed geranium leaves” and has a sensory threshold of 
approximately 100 ng/L (Riesen, 1992). The original German term for 
this defect was “geranienton,” or “geranium tone,” and should not be 
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confused with geraniol, a monoterpene important for the odor of some 
grape cultivars.

Edinger and Splittstoesser (1986) reported that all strains of O. oeni
studied reduced sorbic acid to sorbic alcohol but noted that strains of 
Pediococcus and Lactobacillus could not. Based on these fi ndings, winemak-
ers wishing to stabilize juice with sorbate for longer term storage should 
consider the potential presence and activity of O. oeni. In the absence of 
measures to limit bacterial growth (SO2 or sterile fi ltration), reduction of 
the sorbic acid may occur and upon blending into wine, chemical 
rearrangement and esterifi cation with ethanol can then produce the 
“geranium” odor. To minimize the potential for this problem, sweet 
reserves should be well clarifi ed, and preferably fi ltered, sulfi ted, and 
stored at low temperature until used.

11.3.6 Biogenic Amines

Biogenic amines are formed from the decarboxylation of amino acids by 
certain lactic acid bacteria. As such, these compounds are found in a 
variety of fermented foods such as cheese, dry sausage, sauerkraut, miso, 
and soy sauce (Stratton et al., 1991; Lonvaud-Funel, 2001). In wine, 
histamine, tyramine, putrescine, cadaverine, phenylethylamine, and others 
have been identifi ed (Zee et al., 1983; Baucom et al., 1986; Ough et al., 
1987; Vidal-Carou et al., 1991; Bauza et al., 1995; Soufl eros et al., 1998; 
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Figure 11.5. Microbiological formation of “geranium” odor or tone.



Arena and Manca de Nadra, 2001; Moreno-Arribas et al., 2003). The 
decarboxylations of histidine and ornithine to form histamine and 
putrescine, respectively, are illustrated in Fig. 11.6. Putrescine can arise 
from the decarboxylation of ornithine, which, in turn, is formed from 
arginine (Fig. 2.6). However, there is an alternative pathway in which 
arginine is fi rst decarboxylated to yield agmatine, a compound that breaks 
down to urea and putrescine. Evidence for this alternative pathway in lactic 
acid bacteria is lacking (Moreno-Arribas et al., 2003).

From a health perspective, consumption of excessive amounts of foods 
containing biogenic amines may result in headaches and other symptoms 
(Rivas-Gonzalo et al., 1983; Jarisch and Wantkle, 1996; Silla Santos, 1996). 
However, Ough (1971) reported concentrations of histamine in fruit, 
dessert, and table wines from California averaging 2.39 mg/L, a concen-
tration below the 8 mg/L thought to induce headaches. Glòria et al. (1998) 
and Soufl eros et al. (1998) noted higher concentrations of amines in wines 
from Oregon and Bordeaux, respectively. Currently, the biogenic amine 
content in wines is not regulated in the United States. Given emerging 
regulations from other wine-producing regions (European Union), it is 
possible that policies may be in place one day that provide for rejection of 
non-compliant wines.

Soufl eros et al. (1998) noted that biogenic amines are formed from 
their precursor amino acid during and after spontaneous malolactic fer-
mentation. Spoilage bacteria such as Pediococcus and Lactobacillus had been 
implicated (Delfi ni, 1989; Moreno-Arribas et al., 2000; 2003; Arena 
and Manca de Nadra, 2001), however, yeast strain used for alcoholic 
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fermentation may also impact formation (Goñi and Azpilicueta, 2001). 
Others have found only O. oeni to be able to produce these amines (Coton 
et al., 1998). It is also clear that not all strains within a species can form 
biogenic amines (Lonvaud-Funel, 2001). For instance, Lonvaud-Funel and 
Joyeaux (1994) found a strain of O. oeni that produced these amines, 
whereas Moreno-Arribas et al. (2003) did not observe this activity in fi ve 
other strains. To limit the synthesis of biogenic amines, Lonvaud-Funel 
(2001) advocated the use of malolactic starter cultures that do not decar-
boxylate amino acids.

11.3.7 Acrolein

Some lactic acid bacteria can metabolize glycerol to form 3-
hydroxypropionaldehyde (3-HPA), a compound that is either (a) reduced 
to 1,3-propanediol, (b) oxidized to 3-hydroxypropionic acid, or, to a lesser 
extent, (c) undergoes chemical dehydration to yield acrolein (Sobolov and 
Smiley, 1960; Kandler, 1983; Slininger et al., 1983; Claisse and Lonvaud-
Funel, 2000). Although acrolein is not synthesized by bacteria directly, a 
small portion of the 3-hydroxypropionaldehyde will form the compound 
through a chemical dehydration reaction (Fig. 11.7). Having little sensory 
impact itself, acrolein reacts with anthocyanins or phenolics to yield 
intensely bitter compounds (Sponholz, 1993; Louw, 2001). Little is known 
regarding which wine phenolics are involved in these reactions.

It has been generally thought that the ability to metabolize glycerol is 
limited to a few microorganisms. In a survey of a number of lactic acid 
bacteria, Davis et al. (1988) reported one strain of Oenococcus oeni (71 
studied), two Pediococcus parvulus (17 studied), and four unidentifi ed 
Lactobacillus spp. (13 studied) capable of metabolizing glycerol. Glycerol 
utilization during vinifi cation of some Australian wines was attributed to 
P. parvulus (Davis et al., 1986a). Other microorganisms involved in this 
problem include certain strains of L. brevis, L. buchneri, and L. collinoides
that have been found to synthesize 1,3-propanediol from glycerol (Schütz 
and Radler, 1984; Claisse and Lonvaud-Funel, 2000; Sauvageot et al., 
2000).

Many studies that characterized carbohydrate fermentation patterns 
applied methods that focused on utilization of single carbohydrates (Davis 
et al., 1988; Edwards and Jensen, 1992; Edwards et al., 1993; 1998a; 2000). 
It is therefore possible that these bacteria can metabolize glycerol to acro-
lein if other sugars or lactic acid are present. NADH produced as a by-
product of carbohydrate (or lactate) utilization is speculated to be 
reoxidized to NAD+ from the reduction of 3-HPA to 1,3-propandiol (Schütz 



and Radler, 1984; Claisse and Lonvaud-Funel, 2000). As NADH becomes 
limiting, excess 3-HPA could be chemically dehydrated to yield acrolein. 
Thus, it is plausible that the growth of other species of Pediococcus or 
Lactobacillus during post–malolactic fermentation could produce enough 
acrolein to impart bitterness to wine even though the strain(s) could not 
utilize glycerol as a sole carbon source. Besides different strains, acrolein 
formation is favored at (a) higher alcoholic fermentation temperatures 
and (b) in high ºBrix musts, the latter resulting from increased yeast syn-
thesis of glycerol and high pH, which favors bacterial growth (Louw, 
2001).
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Figure 11.7. Metabolic formation of 1,3-propanediol and 3-hydroxypropionic acid from 
glycerol through the intermediate 3-hydroxypropionaldehyde (3-HPA) by some lactic acid 
bacteria. Acrolein is formed through a chemical dehydration of 3-HPA. Adapted from 
Sobolov and Smiley (1960), Slininger et al. (1983), and Schütz and Radler (1984).
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11.3.8 Mannitol

As described in Section 2.4.4, heterofermentative bacteria can reduce 
fructose to form mannitol. From the winemaker’s perspective, the impor-
tance of mannitol formation is uncertain. Since both mannitol and eryth-
ritol are 40% and 75% as sweet as sucrose, respectively (Godshall, 1997), 
these compounds could potentially impact the sweetness of wine if in high 
enough concentrations. Sponholz (1993) noted that mannitol spoilage is 
highly complex as it is accompanied by acetic acid, d-lactic acid, n-
propanol, 2-butanol, and often sliminess and excessive diacetyl. The 
author further describes these wines as having a “vinegary-estery” taste. 
The best methods of avoidance would be those that prevent unwanted 
growth of lactic acid bacteria (i.e., sterile fi ltration, acidulation, use of SO2,
and an adequate cleaning/sanitation program).

11.3.9 Ropiness

In low-acid, dry wines, growth of pediococci and lactobacilli may result 
in formation of extracellular polysaccharides. Many appear to be β-
d-glucans (Llaubéres et al., 1990) but other monosaccharides may be 
present (Manca de Nadra and Strasser de Saad, 1995). Described as “ropi-
ness” or “oiliness” by winemakers, this fault is commonly detected as an 
increase in viscosity.

P. damnosus and P. pentosaceus have been implicated in this defect in 
wines (Manca de Nadra and Strasser de Saad, 1995; Lonvaud-Funel, 1999; 
Walling et al., 2005) while Lactobacillus spp. have been reported to cause 
ropiness in ciders (Duenas et al., 1995). Factors that affect bacterial growth 
also impact ropiness. For instance, exopolysaccharide production by P. 
damnosus is enhanced above pH 3.5 (Walling et al., 2005). Although ropy 
strains of pediococci are thought to be more tolerant of alcohol, acid, and 
SO2 than other strains of Pediococcus (Lonvaud-Funel and Joyeux, 1988; 
Walling et al., 2005), synthesis of these polysaccharides is not a response 
to ethanol stress (Walling et al., 2005).

This problem occurs in wines either during alcoholic fermentation 
or after bottling (Du Toit and Pretorius, 2000). Ropiness can initiate in 
the bottom of cooperage and eventually spread throughout the vessel. 
Surprisingly, low levels of glucose (50 to 100 mg/L) may be enough to 
allow formation of the polysaccharide. This may partially explain why 
ropiness may be observed several months post-bottling. Walling et al. 
(2005) concluded that nonagitated wines in which the pH is high and 
glucose and a nitrogen source are present are most at risk for this problem. 
If detected early enough, addition of SO2 and lowering pH can limit bacte-
rial growth (Du Toit and Pretorius, 2000).



11.3.10 Tartaric Acid Utilization

Except for precipitation as the insoluble salt potassium bitartrate (KHT), 
winemakers generally regard tartaric acid as being microbiologically 
stable. However, there are species of Lactobacillus that can degrade the acid 
(Wibowo et al., 1985). In fact, the French term tourne is used to describe 
the loss of tartaric acid due to microbial infection (Ribéreau-Gayon et al., 
2000). Wibowo et al. (1985) reviewed reports where decreases of 3% to 
30% were observed during malolactic fermentation of wines. Microbial 
decomposition of tartrates during recovery operations in California have 
also been observed (K.C. Fugelsang, personal observation).

Early research by Krumperman and Vaughn (1966) reported fi ve species 
of Lactobacillus, including L. brevis and L. plantarum, that can utilize tar-
taric acid. Apparently, pathways to metabolize tartaric acid differ between 
heterofermentative and homofermentative bacteria. As described by 
Radler and Yannissis (1972), L. brevis (heterofermentative) converts tar-
taric to oxaloacetic acid and through a series of intermediates, succinic 
acid, acetic acid, and CO2. By comparison, L. plantarum (homofermenta-
tive) decarboxylates oxaloacetic acid to pyruvic acid, which is subsequently 
reduced to lactic acid or decarboxylated to acetic acid and CO2. More 
recently, a novel species of Candida has been isolated from wine lees that 
can degrade tartaric acid (Fonseca et al., 2000), but it remains unknown 
if this yeast causes spoilage in wines.
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CHAPTER 12

BASIC MICROSCOPY

12.1 INTRODUCTION

When a winery considers investment in laboratory equipment, a com-
pound microscope should be a priority. Microscopic capabilities allow 
winemakers to quickly monitor the progress of alcoholic and malolactic 
fermentations and to tentatively determine the source of microbiological 
problems. This chapter outlines basic microscopy as well as techniques to 
view wine microorganisms.

12.2 MICROSCOPES

Costs for a good quality brightfi eld binocular scope equipped with 10×,
40×, and 100× objectives range widely, with many priced at $1000 to 
$3000. A microscope with dual action, commonly both brightfi eld and 
phase-contrast, can cost $3000 or more. Additional features such as 
binocular design and camera attachments will increase costs as well. Some 
brightfi eld microscopes can be upgraded with phase-contrast, but the cost 
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184 12. Basic Microscopy

may be prohibitive. Buyers of used microscopes must be aware that manu-
facturers may no longer provide parts or service for that particular model. 
It is therefore wise to contact the manufacturer prior to buying a used 
microscope to be certain parts and service are available.

The quality of a microscope depends on three elements; magnifi cation, 
resolution, and contrast. In addition, the microscope may have additional 
features such as fl uorescence capabilities.

12.2.1 Magnifi cation

The fi rst and most obvious goal in microscopy is to magnify the image of 
the microorganism so that details can be easily seen by the human eye. 
Total magnifi cation is the product of the contributions of the objective 
lens and the ocular (eyepiece). For example, if an image is viewed with an 
ocular of 10× and an objective of 100× (oil immersion), a total magnifi ca-
tion of (10) × (100) = 1000× is achieved.

Although magnifi cation is theoretically limitless, it is practically limited 
by the point at which further useful information is lost. Most wineries are 
satisfi ed with using microscopes that have three objectives of 10×, 40×,
and 100×, the latter being oil immersion. Of the microscopes available in 
the marketplace, many have “achromatic” objectives, which yield a sharp 
image by correcting chromatic (color) aberrations. Although more expen-
sive than achromatic objectives, “planachromatic” types correct for these 
aberrations but also yield a fl atter image, which is recommended for 
higher quality applications such as photography. Some enologists have also 
had success using 15× oculars rather than the standard 10× because small 
images (e.g., wine bacteria) will appear larger.

12.2.2 Resolution

The ability to visually separate two objects, a property called resolution, is 
as important as magnifi cation. One factor that infl uences resolution is the 
refractive index of the medium that lies between the objective lens and 
the cover glass on the microscope slide. Under normal conditions, the 
medium is air but others can be used. Because increasing the refractive 
index of the medium will yield better resolution, immersion oil is placed 
between the objective and the cover slip. Because immersion oil cannot 
be used with 10× and 40× objectives, all wineries should have a microscope 
with an oil immersion 100× objective. Using this objective, the resolving 
power of a compound microscope is approximately 0.2 µm with an 
overall magnifi cation of 1000×, enough to view even the smallest of 
microorganisms.
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12.2.3 Contrast

If the microorganism cannot be differentiated from the matrix in which 
it is suspended, the ability to magnify and resolve is of little value. Contrast 
is created by the use of dyes or stains or by manipulation of the optical 
system.

Staining achieves contrast by reaction between the stain and the micro-
organism (or other material) because the amount of light absorbed by the 
microorganism would be greater relative to the unstained matrix. Staining 
is useful in developing information relative to specifi c intra cellular struc-
tures or cell wall characteristics (i.e., Gram stain). Unfortunately, the 
process of staining often distorts cell structure, which may or may not be 
a problem. Although dyes such as methylene blue do not cause aberrations 
in cellular morphology, these chemicals are eventually toxic to the micro-
organism. Alternatively, negative (or background) stains, such as nigrosin, 
create contrast because these are unable to penetrate the cell. Here, the 
background appears dark whereas the microorganism is clear. Such dyes 
are often effectively used to obtain information regarding cell shape and 
the presence of a capsule. As phase-contrast optical systems are not 
designed to view color, brightfi eld microscopes are used to view stained or 
dyed preparations.

The other method to gain contrast is to use a technique known as 
phase-contrast. This technique relies on the fact that light passing through 
a medium that is denser (the cell) relative to the surrounding medium 
(water or wine) is retarded and diffracted. The degree to which light is 
diffracted is defi ned by the refractive index. Microscopes equipped with 
a phase-contrast optical system are designed to enhance the differences 
in refractive index between the microorganism and surrounding medium, 
thereby allowing the microorganism to be visualized. The signifi cant 
advantage of phase microscopy over brightfi eld is the ability to observe 
living cells without staining. Because an image viewed under phase-
contrast is not colored, this technique should not be used for the examin-
ation of stained or dyed microorganisms.

12.2.4 Fluorescence Microscopy

Fluorescence microscopy is used to estimate microbial population density 
and viability based on the fact that some molecules absorb light of a spe-
cifi c wavelength and emit light of different wavelengths (fl uorescence). 
Compounds that fl uoresce can be either present in nature (e.g., chloro-
phyll) or chemically synthesized (fl uorophores). Fluorophores absorb blue 
light resulting in formation of excited but unstable electrons that rapidly 
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shed the excess energy upon return to ground state (Fig. 12.1). As the 
energy level of electron decreases en route to ground state, green light 
that is of lower energy and longer wavelength than blue light is emitted. 
However, some fl uorophores absorb green light and emit red light, which 
is even lower in energy and of longer wavelengths.

The specifi c dyes used in fl uorescence microscopy are directly taken up 
by the cells and may react indiscriminately with organic material or be 
incorporated and concentrated in specifi c subcellular organelles. Still 
other techniques utilize immunochemical methodology (Section 16.3.2) 
whereby a fl uorescent dye react with specifi c moieties of the viable cell 
membrane. In these cases, the dye can be used to distinguish between 
viable and dead cells. These methods have been applied toward detection 
of viable-but-non-culturable cells because these cells cannot be cultured 
using standard microbiological media (Section 6.1).

Splittstoesser (1992) described a method using fl uorescent dye 
(acridine orange) known as direct epifl uorescence fi lter technique 
(DEFT), a method also applied by Divol and Lonvaud-Funel (2005). Divol 
and Lonvaud-Funel (2005) used a different substrate, fl uoresceine diace-
tate, which is hydrolyzed by viable cells to form a fl uorescent product, 
fl uoresceine. However, Atlas and Bartha (1981) observed that cell popula-
tion values can differ substantially between (epifl uorescence and direct 
plating) methods (109 vs. 107 CFU), possibly due to the presence of viable-
but-non-culturable cells. In addition, Meidell (1987) reported interference 
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Figure 12.1. Excitement of an electron by blue light (A) and its movement to a higher 
energy state (B) prior to returning to the original state and emitting green light (C).



by preservatives such as sorbic acid that, upon adhering to cells, fl uoresce 
intermediate shades.

Fluorescent microscopes differ from either brightfi eld or phase-
contrast types in that these use a mercury lamp as a source of white light, 
and an in-line fi lter selects specifi c wavelengths of light based on the 
fl uorphore used. In order to visualize the emitted light, a second fi lter is 
used to separate the much brighter excitation light. As such, fl uorescing 
materials appear bright against a dark background.

More recent technology has been termed laser scanning confocal 
microscopy (LSCM). These instruments utilize one or more lasers as the 
light source in order to narrow the excitation light bandwidth from 20–
30 nm of classic fl uorescence microscopes to 2–3 nm. The laser beam 
rapidly scans the area, and the image is developed on a monitor. LSCM 
has the advantage of clearer images facilitating observation of fi ne detail, 
including the possibility for a three-dimensional perspective. However, 
such systems can be expensive.

12.3 USING MICROSCOPES

12.3.1 Components

The various components of a microscope illustrated in Fig. 12.2 are defi ned 
below.

Arm: Physical support for the microscope and the part that is held when 
moving the microscope to different areas (A).

Body tube: Holds the eyepiece lenses and nosepiece in the correct posi-
tion and orientation (B).

Condenser: Condenses light rays into a “pencil-shaped” cone of light 
thereby allowing more light to enter the microscope. The position of 
the condenser can be raised/lowered to change the amount of light 
entering the microscope (C).

Coarse-adjustment knob: Moves the stage up and down in large incre-
ments to permit quick focusing on the sample of interest (D).

Diaphragm: Increases/decreases the amount of light passing through 
the slide containing the sample to be examined (E).

Eyepiece (ocular) lenses: Used to view samples and normally possess a 
magnifi cation of 10× (F).

Fine-adjustment knob: Moves the stage up and down in small incre-
ments to permit fi ne focusing on the sample of interest (G).

Magnifi cation: The ratio of the apparent size of the sample as seen 
through the microscope to the actual size of the sample seen by the 
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unassisted eye at a distance of 25 cm. Total magnifi cation = (ocular 
magnifi cation) × (objective magnifi cation).

Mirror: Used to direct light into the microscope from a separate, un -
attached light source. Most modern microscopes will have a direct 
light source rather than a mirror (H).

Nosepiece: Objective lenses are screwed into the nosepiece, which 
allows changing objectives quickly by rotating its base (I).

Objective lenses: Most microscopes contain three objectives, which act 
to further magnify the image. These objectives can be low (10×), 
high (40×), and oil immersion (100×). Objectives can be switched 
by simply rotating the nosepiece. Commonly the highest magnifi ed 
objective, the oil immersion objective requires a drop of immersion 
oil to be placed between the objective and the sample in order to 
provide clear images of the sample (J).

Parfocal: Microscopes are designed so once an image is in focus using 
the low (10×) objective, other objectives can be used with a minimum 
of refocusing.

Stage: This platform holds the sample to be examined. Most micro-
scopes have controls to move the stage so that more of the sample 
can be completely examined (K).

Figure 12.2. Components of a microscope.



Tilt stage adjustment knob: Allows the microscope to be tilted to/from 
the microbiologist to assist viewing. Be careful of liquid samples 
running over the stage if the stage is tilted too far (L).

12.3.2 General Use

1. Place the prepared slide onto the microscope stage and turn on the 
light source. Adjust the mirror (if so equipped) for the light beam to 
shine directly into the mirror.

2. Move the condenser all the way up to the stage and open the diaphragm 
completely. Newer microscopes do not have a diaphragm adjustment.

3. Using the low magnifi cation objective (10×), attempt to focus on the 
image using the coarse-adjustment knob. To help with adjustment, 
mark an “X” on a clean slide using an ink pen and place the slide onto 
the stage. As the image is viewed, the condenser and diaphragm can 
be adjusted to obtain optimal light and image. 

4. Once the object is in focus, higher magnifi cations can be achieved by 
rotating the nosepiece to the proper objective. Oil immersion objectives 
require immersion oil to be placed between the objective and the slide 
(usually only one drop). Higher magnifi cations will also require more 
light to pass through the condenser.

5. Be sure to clean all objectives with the appropriate microscopy 
cleaning fl uid and lens paper. Never use Kimwipes® or similar lab 
tissues because these will scratch the lenses and objectives. Given the 
overall investment in a microscope, avoid using substitute materials 
when cleaning.

6. For phase-contrast microscopes, it is crucial to maintain adjustments of 
the phase and annular rings. As every microscope is different in this 
process, consult the manufacturer for specifi c instructions regarding 
this adjustment.

12.3.3 Calibration

At times, wine microbiologists may need to determine the size of the 
microorganisms being viewed to help to determine the identity of the 
microorganism in question. To do this, a separate ocular micrometer is 
placed into the eyepiece of a microscope but must be calibrated for each 
objective. Both ocular and stage micrometers are required.

1. Place the ocular micrometer into the eyepiece and the stage mi-
crometer onto the center of the stage. Viewed together through the 
eyepiece of the microscope, the micrometers appear as shown in Fig. 
12.3.
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2. Use the low objective (10×) to focus onto the scale of the stage 
micrometer.

3. Once focused, rotate the objective to be calibrated into place. Be sure 
to use oil with the oil immersion objective.

4. Using the control knobs, move the stage until the two micrometer scales 
are close to overlap as viewed in Fig. 12.3C. It can be easier to super-
impose the scales, unlike the drawing.

5. Count the number of ocular micrometer lines that exactly occupy the 
space between two (2) stage micrometer lines. With four ocular lines 
per space on the stage micrometer lines, one space of ocular micro-
meter would be: 10 µm ÷ 4 = 2.5 µm.

6. With this objective, the distance between two lines in the ocular micro-
meter are 2.5 µm. Given the initial calibration of one space = 2.5 µm,
the approximate length of a rod-shaped microorganism that occupies 
3 spaces would be 7.5 µm (3 × 2.5 = 7.5).

12.4 PREPARING SMEARS

In order to see a yeast or bacterium under a microscope, sometimes it is 
necessary apply a stain such as methylene blue (yeast) or to perform a 
Gram stain (bacteria). Before staining, a slide smear of the microorganism 
must be prepared. Whereas dye can be added to wet mounts (Section 
12.5), smears rely on preparations that are dried.

12.4.1 From Liquid Media

1. Using a transfer loop, place one or two loops of the liquid containing 
the microorganism on the microscope slide.

2. Spread the liquid over a large area.
3. Allow the smear to dry at room temperature. Avoid the temptation to 

accelerate the drying process by exposing the preparation directly to 
heat from the fl ame.

Ocular
Stage

A B C

Figure 12.3. Views of ocular (A), stage (B), and both ocular and stage (C) micrometers 
used in microscopy. The lines on the stage micrometer are exactly 10 µm apart.



4. Once the smear is dry, heat fi x the microorganisms to the slide by 
attaching a clothespin to a short side of the slide and passing the slide 
through an open fl ame.

5. The smear is now ready for staining and visualization.

12.4.2 From Solid Media

1. Place one or two loops of water on the slide.
2. Transfer a small amount of the microorganism with an inoculating 

needle. Mix with the water on the slide and spread over a large 
area.

3. Allow the smear to dry at room temperature. Do not expose the smear 
to heat from a fl ame.

4. Once the smear is dry, heat fi x the microorganisms to the slide by 
attaching a clothespin to a short side of the slide and passing the slide 
through an open fl ame.

5. The smear is now ready for staining and visualization.

12.5 PREPARING WET MOUNTS

Frequently, a wine microbiologist does not have time to isolate micro-
organisms from a sample. Therefore, it is easier to examine a sample under 
a wet mount using a microscope equipped with phase-contrast. Normally, 
a minimal population of 104 cells per milliliter is necessary to be seen 
microscopically. As such, several microscopic fi elds should be examined 
and/or samples should be centrifuged to concentrate microorganisms 
prior to microscopic evaluation.

1. Using either a laboratory loop or small pipette, place a drop of juice/
wine on a clean microscope slide. It is frequently necessary to centri-
fuge samples to concentrate the microorganisms, especially if the 
number of microorganisms in the juice/wine is low. Centrifuge 10 mL 
of sample for 15 min at 3000 × g in a plastic, conical centrifuge tube 
using a laboratory centrifuge. Remove the liquid by decanting and mix 
the sediment using a small glass rod or a Pasteur pipette prior to placing 
a drop onto a slide.

2. Place a cover slip over the suspension and examine the slide using 
low and oil immersion powers. For short-term storage, seal the edge 
of the cover slip with petroleum jelly to prevent drying of the 
mount.
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12.6 PREPARING MOLD SLIDE CULTURES

Molds are identifi ed based largely on morphological properties. The latter 
are dramatically infl uenced by the medium on which the mold is grown. 
Further, microscopic observation is complicated by the fact that molds 
easily fragment when disturbed. Thus, preparation of wet mounts, as used 
in bacterial and yeast identifi cation, is of minimal value. Rather, slide cul-
tures are typically employed for the observation of molds. The procedure 
described below permits visualization of the structure directly or after 
staining with minimal mechanical damage to the microorganism. A similar 
technique (Johnson’s slide culture method) was described by Harrigan 
(1998).

1. Prepare lactophenol–cotton blue dye by mixing equal volumes of 
component A and component B.
a.  Component A: Slowly mix 10 g phenol in 10 mL of distilled water. 

Once dissolved, add 10 mL lactic acid and 10 mL glycerol.
b.  Component B: Prepare a saturated solution of soluble aniline blue 

(cotton blue) and transfer 10 mL to a solution of 10 mL glycerol and 
80 mL distilled water.

2. Pour approximately 10 mL of sterile molten potato dextrose agar into 
a Petri plate and allow to solidify.

3. Prepare a sterile (autoclaved) growth chamber (glass Petri plate, steril-
ized tubing, sterile microscope slide and cover slip) as shown in 
Fig. 12.4.

4. Using a sterile spatula, cut the agar into cubes of suitable size that fi t 
within the dimensions of the microscope slide cover slip.

Coverslip

Sterile distilled water
in Petri plate 

Sterilized
tubing

Agar slab under
coverslip

Microscope slide
resting above sterile
water on tubing 

Petri plate

Figure 12.4. Apparatus to microscopically observe molds.



5. Using a sterile needle, collect a portion of mycelial mass and aseptically 
inoculate the corners of the agar cube.

6. Using sterilized forceps, place the sterile cover slip over the top of the 
mold-inoculated agar cube.

7. Transfer the slide into the Petri plate and incubate at room tempera-
ture until growth is observed (12 to 36 h). The slide culture may be 
removed for microscopic examination during this period. To reduce 
the likelihood of contamination, the number of examinations 
should be limited and restricted to high-dry (i.e., 40×) or lower 
magnifi cations.

8. When suitable growth has developed, prepare a wet mount by carefully 
lifting the cover slip (with adhering mold) from agar substrate and 
transfer to a fresh clean microscope slide that contains a drop or two 
of the dye described above. Wet mounts can be preserved by sealing 
the edges of the cover slip to the slide with clear fi ngernail polish.
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CHAPTER 13

MEDIA PREPARATION AND

CULTURE TECHNIQUES

13.1 INTRODUCTION

Successful cultivation of microorganisms for growth and identifi cation 
requires use of various types of media, either liquid (referred to as broths) 
or solid by inclusion of agar. For winemakers, a growth medium may be 
as simple as diluted sterile grape juice for the activation and expansion of 
yeast starter cultures or as complicated as that necessary to grow lactic acid 
bacteria.

Historically, microbiologists prepared growth media by mixing and 
cooking undefi ned components and then adding gelatin as the solidifi ca-
tion agent. Prepared as a 15% w/v solution, gelatin (unfortunately) lique-
fi es near 26ºC/79ºF and therefore is not suitable for most applications 
where cultures need to be incubated at higher temperatures. To overcome 
these problems, most modern media formulations use agar. Agar is a 
complex polysaccharide prepared from seaweed and is incorporated 
at concentrations ranging from 1% to 2% w/v. Neither yeast nor 
bacteria metabolize agar, and the polysaccharide does not suffer from 
temperature-related liquefaction problems noted with gelatin.

194
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The availability of a variety of preformulated dehydrated media has 
dramatically shortened the time required for preparation. To prepare 
these media, frequently only distilled water is added and then the medium 
is sterilized, usually by autoclaving. Most suppliers handle a variety of 
specialized media and, depending on demand, can prepare others as 
needed. Even when specialized media cannot be obtained, individual 
ingredients are normally available. Major suppliers of microbiological 
media include Difco, BBL (Baltimore Biological Laboratories), and Oxoid. 
For price conscious individuals, “house-brand” formulations of routine 
media are also available from most major suppliers at competitive prices.

Dehydrated media are hygroscopic and, thus, have a limited shelf life 
once opened (Flowers et al., 1992). In general, unopened containers 
should be used within 1 year of receipt and, once opened, the contents 
should be used within 6 months. Media should be stored under cool 
(<30ºC/86ºF), dry conditions, preferably out of direct sunlight, and should 
be discarded if clumping/caking or off-colors and odors develop. Since 
media in opened bottles will deteriorate relatively rapidly, it is better to 
purchase smaller quantities depending on expected use.

13.2 PHYSICAL/CHEMICAL REQUIREMENTS 
FOR CULTIVATION

Several criteria must be met in order to successfully cultivate microorgan-
isms. For instance, the medium must contain a utilizable source of organic 
carbon (commonly a sugar) for energy, nitrogen for the synthesis of amino 
acids, proteins, enzymes, and nucleic acids, as well as various other com-
pounds including vitamins and minerals. Furthermore, media pH, incuba-
tion temperature, and atmospheric conditions (presence or absence of 
oxygen) must be optimized. Microorganisms isolated from grape juices or 
wines have widely varying requirements for nutrients (Chapters 1, 2, 3, 
and 4).

13.2.1 Carbon and Nitrogen

Microorganisms require sources of utilizable carbon and nitrogen for 
growth and metabolism. By changing the medium composition through 
selective exclusion or inclusion of ingredients, specifi c microorganisms or 
groups of microorganisms can be isolated from an otherwise diverse popu-
lation. This is true even when the microorganism(s) of interest are present 
in relatively low populations. An example would be the use of lysine agar 
in which the amino acid lysine represents the sole utilizable source of 
nitrogen. Although Saccharomyces cannot grow on this nitrogen source due 
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to the formation of an inhibitory intermediate, most non-Saccharomyces
yeasts can use this amino acid as a sole nitrogen source.

13.2.2 Oxygen

Oxygen requirements and tolerances vary depending on the microorgan-
ism in question. Some have absolute requirements for oxygen (obligate 
aerobes), whereas others are rapidly killed by even minute amounts (obli-
gate anaerobes). Although winemakers are generally not concerned with 
obligate anaerobic species, aerobic organisms (e.g., molds) play important 
roles in grape growing and winemaking. Of great importance to 
winemakers are those microorganisms that grow under conditions where 
oxygen is present or absent (facultative anaerobes).

In winemaking, there are two groups of facultative anaerobes. Fermen-
tative yeasts, such as Saccharomyces, are metabolically able to grow either 
fermentatively in juice where oxygen is limiting or oxidatively at the surface 
of wine as a fi lm yeast where wines are exposed to air. However, Saccharo-
myces cannot grow for extended periods under anaerobic conditions due 
to the eventual lack of certain cellular components only synthesized under 
aerobic conditions (Section 1.4.2). Besides fermentative yeasts, lactic acid 
bacteria possess a fermentative metabolism and do not require oxygen for 
growth. These bacteria can grow under aerobic conditions but grow better 
under atmospheres of reduced oxygen (“microaerophilic”). Fermentative 
species found in wine can be normally cultivated in low-oxygen environ-
ments by use of stab cultures, agar overlay techniques (pouring sterile agar 
over solidifi ed agar already containing the microorganism of choice), or 
by use of low-oxygen incubators such as candle jars or GasPak® systems 
(Section 18.5).

13.2.3 Hydrogen Ion Concentration (pH)

Hydrogen ion concentration plays an important role in cultivation and 
identifi cation of microorganisms and may be used to selectively promote 
growth of some over others. Depending on composition of the medium 
and the microorganism involved, dramatic pH shifts may occur when yeast 
or bacteria grow. For example, growth in a medium rich in amino acids 
and peptides may liberate ammonia (increase pH), whereas growth on 
sugars produces acids (decrease pH), depending on the buffering capacity 
of the medium. Both situations are eventually inhibitory and potentially 
toxic to the microorganism.

The most frequent technique for reducing the impact of moderate acid 
or alkali production during growth on media is through incorporation of 
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a buffer. Phosphate buffers are often the agents of choice when preparing 
microbiological media because these can be formulated to function 
around pH 7.0. Furthermore, phosphate buffers are relatively nontoxic to 
microorganisms at the low concentrations used (<5 g/L, as potassium 
phosphate). Although the specifi c compounds and relative concentrations 
vary depending on desired fi nal pH, a typical buffer is prepared as a 
mixture of a weakly basic salt (e.g., potassium monohydrogen phosphate, 
or K2HPO4) and the weakly acid salt (e.g., potassium dihydrogen phos-
phate, or KH2PO4). When combined in equal molar concentrations, the 
resultant buffered solution is approximately pH 6.8.

Under some situations, the microorganism may utilize sugar or ethanol 
to produce acetic acid in such large enough amounts that the buffering 
capacity of the medium is overwhelmed. Such is the case with the growth 
of Brettanomyces/Dekkera or Acetobacter whereby the acid shift results in pre-
mature cell death of the species during cultivation. The problem may be 
limited by inclusion of calcium carbonate (CaCO3) in these media. Because 
the salt is insoluble, it does not initially affect pH of the medium. However, 
acid produced by these microorganisms results in the salt dissolving and 
eventually yielding carbon dioxide:

CO3
2− (+ H+) → HCO3

− (+ H+) → H2CO3 → CO2 + H2O

Microbiologists also use this chemical reaction as a rapid screening tool 
for acid-producing microorganisms. Here, colonies that produce organic 
acids can be readily visualized by a clearing or “halo” around a colony as 
contrasted against an opaque background of the medium containing 
CaCO3.

13.2.4 Moisture and Water Activity

Yeast, bacteria, and molds all require minimal levels of moisture for 
growth. In general, most wine-borne yeast and bacteria need more mois-
ture than molds. During solidifi cation of cultivation media, agar binds 
water and lowers free moisture (aw) or water activity. As such, it is impor-
tant to adhere closely to the supplier’s recommendations regarding the 
amounts of agar to include in formulations because aw could be reduced 
too far to support growth.

Moisture may be further lost during the process of pouring plates. For 
instance, immediately pouring agar upon removal from the autoclave 
promotes condensation on the inside cover of Petri plates. This loss of 
water yields very hard agar due to a lower aw. To avoid this problem, it is 
recommended that media be transferred to a 45ºC/113ºF to 50ºC/122ºF 
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water bath and the internal temperature allowed to equilibrate (“temper”) 
prior to pouring. When large numbers of plates are to be poured at one 
time, the fl ask containing agar may require frequent return to the water 
bath to prevent premature solidifi cation of the agar.

Storage of pre-poured media can also result in water loss over time. 
Although pre-poured media should be stored at refrigeration tempera-
tures, this increases the problem of dehydration. Because of these issues, 
pre-poured media should be used as soon after preparation as possible. If 
agar plates must be stored, returning the plates to the original plastic 
shipping sleeves slows desiccation. Where Petri plates are incubated for 
more than 1 week, an open container of water placed in the incubator will 
increase the relative humidity within the chamber. Finally, sealing the lid 
and bottom of a Petri plate with a sealing wrap material (e.g., Parafi lm®)
will also slow the process of dehydration.

13.2.5 Incubation Temperature and Conditions

Temperature optime for most microorganisms are commonly between 
15ºC/59ºF and 40ºC/104ºF. Whereas many microbiological laboratories 
employ incubators for control of growth temperatures, most wine micro-
organisms grow well at room temperatures (20ºC/68ºF to 25ºC/77ºF). 
Although some lactic acid bacteria have higher optimal temperatures, 
30ºC/86ºF, these normally will grow, albeit slower, at room temperatures. 
Normally, Petri plates are incubated upside down (inverted), which mini-
mizes agar contamination from airborne microorganisms.

13.2.6 Selective Agents

There are many ingredients that can be added to a medium that select for 
growth of one microorganism or group over others present in a mixed 
culture. For instance, cycloheximide (Actidione®) has been used to select 
against Saccharomyces, which is generally inhibited at concentrations of 10 
to 20 mg/L. Whereas Brettanomyces/Dekkera spp. survive at 50 mg/L, 
Kloeckera can tolerate even higher amounts, approaching 100 mg/L (Pfaff 
et al., 1978). Table 13.1 illustrates the various selective agents that can 
be used to isolate grape or wine microorganisms.

Cycloheximide may be added to a medium either before or after auto-
claving. However, steam sterilization will decrease the activity of the ingre-
dient by approximately half. In that Saccharomyces is generally inhibited at 
<20 mg/L, suffi cient concentrations of the active component should 
be present in a medium before autoclaving. Alternatively, solutions of 



cycloheximide can be sterile fi ltered (0.45 µm) and then aseptically added 
to a sterilized medium.

Cycloheximide is a health hazard, and extreme caution should be used 
when adding this ingredient to a medium. Skin contact and/or inhalation 
of dust should be completely avoided. Refer to the Material Safety Data 
Sheets (MSDS) for specifi c instructions (Section 19.2.2) regarding proper 
disposal of residual powder.

13.3 STERILIZATION OF LABORATORY MEDIA AND SUPPLIES

The goal of sterilization is to kill or physically remove all of the living 
microorganisms and reproductive spores (mold conidiospores, yeast asco-
spores, or bacterial endospores). Sterilization of laboratory media and 
equipment may be accomplished through exposure to (a) boiling water, 
(b) combined high temperature and pressure (autoclaving), (c) dry heat, 
(d) physical removal (fi ltration), or (e) chemicals.

13.3.1 Boiling Water

Boiling water for 5 to 10 min is enough to kill viable microorganisms but 
not all bacterial spores (Harrigan, 1998). In the absence of an autoclave, 
laboratory hardware like membrane-fi lter housings and utensils may be 
sterilized by immersion in boiling, distilled water (100ºC/212ºF) for 

Table 13.1. Selective agents used in media for the cultivation of microorganisms from 
grape juices and wines.

Agent Inhibited Not inhibited

Cycloheximide (20 to 100 mg/L) Saccharomyces Non-Saccharomyces yeasts
  Lactic acid bacteria
  Acetic acid bacteria

Pimaricin (50 mg/L) Saccharomyces Non-Saccharomyces yeasts
  Lactic acid bacteria
  Acetic acid bacteria

Oxytetracycline (100 mg/L) Lactic acid bacteria Saccharomyces
 Acetic acid bacteria Non-Saccharomyces yeasts

Propionate (0.1% to 0.2% w/v) Molds Saccharomyces
  Non-Saccharomyces yeasts
  Lactic acid bacteria
  Acetic acid bacteria

Streptomycin (25 mg/L) Lactic acid bacteria Acetic acid bacteria
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20 min. However, this sterilization treatment has drawbacks in that it is 
diffi cult to work with wet instruments.

13.3.2 Steam Sterilization

Most laboratory media can be steam sterilized using an autoclave, the 
exceptions being solutions of vitamins and some sugars that degrade at 
high temperatures. Although a range of features are available, autoclaves 
operate much like pressure cookers used in home canning and, while 
not recommended, the latter have been used for this purpose. In an auto-
clave, the environment becomes saturated with superheated, pressurized, 
steam (121ºC at 103.4 kPa or 250ºF at 15 lb/in2) and all air has been dis-
placed. Saturated steam and pressure prevents the water phase of media 
from boiling while permitting internal temperature to rise well above 
boiling. For media volumes of 1 L or less, sterilization is defi ned as 
121ºC/250ºF for 15 min while longer autoclave times are needed for larger 
volumes.

Given the conditions described above, fl asks and other media-
containing vessels should not be fi lled to capacity prior to autoclaving. As 
a general rule, fl asks and containers should be fi lled using the general 
guidelines presented in Table 13.2. When screw-capped containers are 
used, it is recommended that the cap be tightened and then loosened 
one-half turn prior to autoclaving. Once the exhaust cycle is complete, the 
cap should immediately be tightened. This recommendation applies for 
glass as well as plastic containers. The latter undergoing distortion if pres-
sure is not allowed to equilibrate during the autoclaving cycle. Finally, 
many laboratories stopper fl asks with cheesecloth-wrapped cotton stop-
pers rather than using metal caps or purchasing the more expensive screw-
cap fl asks. To minimize the problem of condensate soaking the cotton 
during the sterilization cycle, a suitably sized piece of aluminum foil 

Table 13.2. Recommended presterilization fi ll volumes for selected containers.

Container Type Volume/size Maximum autoclave volume

Erlenmeyer fl asks 250 mL 100 mL
 500 mL 200 mL
 1000 mL 400 mL
Bottles 100 mL 40 mL
Test tubes 18 × 150 mm 15 mL

Adapted from Pawsey (1974) with the kind permission of R. Pawsey.



should be placed over the inserted plug and crimped around the neck of 
the fl ask.

Upon completion of the sterilization cycle, steam is exhausted and the 
pressure drops to atmospheric levels. The rate of pressure decrease varies 
with the autoclave but most are equipped with fast and slow exhaust cycles. 
Fast exhaust is used for glassware, tubing, and utensils, while slow exhaust 
cycles are used with liquid media. Once the cycle is complete, media 
should be removed from the autoclave as soon as possible because pro-
longed heating will cause heat-sensitive components to degrade.

Although tempting, one should never attempt to open the autoclave 
door before the exhaust cycle is complete. The discharge of steam into the 
immediate area may result in serious burns. Furthermore, the rapid reduc-
tion in pressure will cause fl asks to boil-over causing burns while creating 
a diffi cult mess to clean up. When removing liquids and media from 
an autoclave, care should be taken not to agitate the contents as this 
action will cause the superheated liquid to boil-over. To minimize risks of 
burns resulting from boil-overs, using insulated laboratory gloves are 
recommended.

It is good practice to verify that sterilization conditions are being met 
during the autoclave cycle. Depending on the type of microbiological work 
being performed, the autoclave should be tested on a yearly basis by quali-
fi ed personnel. Various types of heat- or pressure-sensitive test tapes (indi-
cator strips) and liquids are available to ensure that sterilizing conditions 
are being met. Tapes may be attached directly to media containers or 
placed in packaged supplies before autoclaving. Upon achieving necessary 
sterile conditions, the tape will change color.

13.3.3 Dry Heat

In comparison to high-pressure steam sterilization, dry heat is relatively 
ineffi cient and is usually reserved for sterilizing non-liquid items such as 
empty glassware or utensils. In general, glass pipettes stored in metal can-
isters should be held at 170ºC/338ºF for 2 h while other glassware (fl asks, 
etc.) can be sterilized at this temperature after 1 h. Gaskets or other heat-
sensitive inserts must be removed prior to heating.

Drying ovens should never be used to re-melt solidifi ed agar media 
because too much water will evaporate from the medium. Re-autoclaving 
media for a complete sterilization cycle will also degrade heat-sensitive 
nutrients in the medium. Rather, solidifi ed media can be melted by place-
ment in a boiling water bath or a microwave, the later performed with 
hand mixing every few minutes.
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13.3.4 Sterile Filtration

Media that contain thermally labile compounds are sterilized by sterile 
fi ltration. Unlike fi ltration systems using depth fi lters, these membranes 
trap microorganisms on surfaces because the pore sizes are too small for 
the microorganisms to pass through. Such fi lters are described as being 
“absolute” as opposed to nominal. For instance, an absolute fi lter with a 
specifi cation of 0.45 ± 0.02 µm will not have pores greater than 0.47 µm in 
diameter (Section 5.3.2).

Most membranes are made of porous cellulose acetate and are available 
in a range of porosities, from 0.22 µm to several micrometers. Sterilization 
and the complete removal of the smallest microorganisms (bacteria) 
requires the use of sterile membranes of porosities of 0.45 µm or less. Filter 
housings and clamps should be packaged in aluminum foil and then 
heavy-grade wrapping paper (butcher paper) prior to autoclaving and not 
opened until use. Alternatively, suppliers make disposable fi lter units that 
facilitate sterilization of small volumes of media.

One drawback in using small-porosity fi lters is premature plugging or 
clogging. Some suspensions used in media are hazy or cloudy (e.g., the 
liver extract used in media for the cultivation of lactic acid bacteria) and 
these can quickly clog a 0.45 µm membrane. In these cases, it may be 
necessary to prefi lter through Whatman no.1 fi lter paper or centrifuge the 
medium or ingredients to remove haziness or cloudiness prior to sterile 
fi ltration.

13.3.5 Chemical Sterilization

Because microorganisms are airborne, laboratory surfaces should be 
sterilized prior to beginning work. To do this, there are many aerosol 
disinfectants available that are simply sprayed onto the area and wiped 
away. Some laboratories rely on solutions of chlorine (bleach) to assist in 
maintaining a sterile environment. Although ultraviolet light can be used 
as a surface sterilant, most laboratories rely on wiping down the area with 
a liquid disinfectant (Table 13.3). Several disinfectants that fi nd applica-
tion in the winery (Chapter 9) can also be used in a laboratory such 
as iodine or QUATS. Other laboratory disinfectants are the phenol-
based formulations like o -phenylphenol (Lysol®) and hexachlorophene 
(PhisoHex®).

Another common disinfectant used in a wine laboratory is 70% v/v 
ethanol. Ethanol is typically used to sterilize surfaces as well as utensils 
(forceps, scalpels, hockey sticks, etc.) that are repeatedly used during the 
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course of work. Utensils are commonly dipped into a beaker containing 
70% v/v ethanol and then ignited. Once the alcohol has burned off, the 
tool is cooled prior to use. Given its fl ammability, alcohol and the 
open fl ame should not be in the immediate proximity of each other. 
Additionally, once the ethanol is ignited on an instrument, it must be 
held downward so that any excess alcohol fl ows off the end. If tilted 
upwards, the alcohol may run onto hands and clothing causing burns. 
It should also be noted that higher concentrations of ethanol (i.e., 
95% v/v) are not nearly as effective in killing microorganisms as 
70% v/v.

In packaging of sterile Petri plates and other plastic disposable supplies 
that cannot be heat sterilized, gases like ethylene oxide or ozone are used. 
Given its toxic and explosive properties, ethylene oxide is not widely used 
in routine laboratory work.

In winery laboratories, sterilization of grape juice to prepare yeast or 
bacteria starter cultures can be diffi cult. Heating the juice is a concern 
due to the development of “cooked” characters that may be transferred to 
the wine. Although grape juices can be sterile fi ltered, premature plugging 
of membranes can be a signifi cant problem. An alternative method is the 
use of dimethyl dicarbonate, a sterilant sold under the trade name of 
VelcorinTM (Section 5.2.2). At concentrations of 250 to 400 mg/L, this 
“cold” sterilant accomplishes the goal of reducing microbial populations 
in grape juice within several hours. Residual DMDC will rapidly break 
down into methanol and carbon dioxide (Porter and Ough, 1982). 
However, DMDC is not easy to work with, and care must be taken in 
handling due to its toxicity.

13.4 STORAGE OF PREPARED MEDIA

Whether dealing with solid or liquid media, it is recommended to prepare 
an amount that can be used within one week. In the interest of effi ciency, 
some laboratories prepare larger volumes that are stored for future use. 
However, when media are stored for a period of time, it is optimally pack-
aged in screw-capped containers and held under refrigeration. As broths 
and dilution blanks are prepared using loose-capped test tubes, it is rec-
ommended that the original volume of a representative tube be marked 
and note the volume upon use. Media that experience losses of more than 
10% in volume should be discarded without use. Table 13.4 summarizes 
maximum storage time for broth and solid media stored in several types 
of containers at 4ºC/39ºF.



13.5 MEDIA FOR YEASTS AND MOLDS

Numerous media are used for the isolation, detection, and/or enumera-
tion of yeasts from grape juices and wines. Wort medium is non-selective 
for yeast and is commonly used to enumerate Saccharomyces (King and 
Beelman, 1986). An incubation period of 2 to 4 days at 22ºC/72ºF to 
25ºC/77ºF is needed for colonies to appear. Similarly, grape juice agar is 
non-selective and will support the growth of many yeasts, bacteria, and 
molds.

WL nutrient broths and agars (Anonymous, 1984) represent general 
cultivation media for yeasts and molds including non-Saccharomyces yeasts, 
Saccharomyces, Zygosaccharomyces, and Brettanomyces. In fact, these media can 
be used to monitor yeast population diversity during fermentation due to 
unique colony morphologies of various wine yeasts (Pallman et al., 2001). 
Various colony morphologies are described in Section 15.2.

“WL” is the acronym for Wallerstein Laboratories, which originally 
marketed the medium. WL, sometimes called WL–Nutritional (WLN), 
does not contain cycloheximide and so is used for determination of total 
viable yeast populations. This WL medium contain a pH indicator, brom-
cresol green, which permits rapid screening of acid-producing colonies. 
In addition, this medium contains casitone, a specially prepared pancre-
atic digest of casein available from Difco.

A related medium, WL–Differential (WLD) or WL–Cycloheximide 
(WLC), contains cycloheximide that is selective for Brettanomyces against 
Saccharomyces. It is critical to know the specifi c concentration of cyclohexi-
mide present in a given WLD formulation because some suppliers 
only add 4 mg/L, a concentration below the 10 mg/L needed for inhibi-
tion of Saccharomyces (Vilas, 1993). Many enologists add 50 mg/L cyclohexi-
mide to make WL selective for Brettanomyces. Although no evidence exists, 
it is possible that some strains of Brettanomyces are more sensitive to the 
antibiotic than previously thought and so may not grow well on media with 
the agent added.

Table 13.4. Suggested storage times for prepared media.

Container type Storage time at 4ºC/39ºF

Prepoured agar plates in plastic bags 2 weeks (longer if ordered directly from
  supplier companies)
Agar in bottles or screw-capped fl asks 3 months
Agar or broth in loose-capped tubes 1 week
Agar or broth in tight-capped tubes 3 months

Adapted from Clesceri et al. (1989) with the kind permission of the American Public Health 
Association.
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Besides WLD, Brettanomyces can be cultivated on other selective media. 
Brettanomyces medium A (Vilas, 1993) and Brettanomyces medium B contain 
cycloheximide as the selective agent while Brettanomyces medium C has 
both cycloheximide and ampicillin (B. Watson, personal communication, 
1998). Brettanomyces medium D (Dekkera/Brettanomyces differential medium, 
or DBDM) was recently developed by Rodrigues et al. (2001) as a selective 
medium for Brettanomyces against Saccharomyces and other yeasts, although 
some strains may not be able to utilize ethanol as a sole carbon source. 
Because of slow growth, a long incubation time (7 to 14 days) is generally 
required to visualize colonies of Brettanomyces. However, some researchers 
have reported seeing colonies after 3 days using Brettanomyces medium C. 
Given that Brettanomyces produces signifi cant quantities of acetic acid, 
calcium carbonate (2% w/v) may be added similar to media used to cul-
tivate acetic acid bacteria (Section 13.7).

Lysine agar is used for cultivation of non-Saccharomyces yeasts where 
lysine serves as the sole source of nitrogen (Morris and Eddy, 1957). 
Because of the large number of ingredients needed, it may be easier to 
purchase this medium from a commercial supplier rather than preparing 
in-house.

Presumptive identifi cation of a yeast suspected to be Zygosaccharomyces
can be made by growing the isolate on the Zygosaccharomyces medium 
supplemented with 1% v/v acetic acid. Whereas Saccharomyces will not 
grow, most species of Zygosaccharomyces will (Z. bailii and Z. bisporus). 
Some species, however, will not (Z. rouxii). Other selective media for 
Zygosaccharomyces are available (Makdesi and Beuchat, 1996).

Several media are used for cultivation of molds. Dichloran rose bengal 
chloramphenicol agar (DRBC) contains rose bengal, which restricts the 
spread of mycelial growth across the surface of media, as well as chloram-
phenicol, which inhibits bacteria (Mislivec et al., 1992). This medium is 
recommended as general-purpose for enumeration of yeasts and molds 
and is available from Oxoid. It is important to enumerate molds using a 
spread plate method rather than with pour plates. Spread plates allow 
maximum exposure to oxygen. This method also avoids heat stress caused 
by addition of molten agar to cultures (Mislivec et al., 1992).

13.5.1 Wort Medium

1. Mix 150 g diastatic diamalt with 850 mL distilled water.
2. Steam for 10 min at 100ºC/212ºF and fi lter through cheesecloth. Add 

20 g agar to solidify the medium.
3. Autoclave at 121ºC/250ºF for 15 min.



13.5.2 Grape Juice Medium

1. Add 250 mL of fresh or reconstituted grape juice to a 1 L volume -
tric fl ask and dilute to volume with distilled water. It is important 
that the grape juice not have any preservatives such as SO2 or 
sorbate.

2. Sterilize by autoclaving at 121ºC/250ºF for 15 min.
3. If solidifi ed agar is needed, add 20 g of agar to approximately 800 mL 

of the liquid medium. Boil to dissolve all ingredients, and then add 
back the remaining 200 mL of medium prior to autoclaving.

13.5.3 WL Medium

1. Mix and dissolve the following ingredients.
Yeast extract 4 g
Casitone 5 g
Glucose 50 g
Potassium dihydrogen phosphate (KH2PO4) 0.55 g
Potassium chloride (KCl) 0.425 g
Calcium chloride (CaCl2) 0.125 g
Magnesium sulfate (MgSO4) 0.125 g
Ferric chloride (FeCl3) 0.0025 g
Manganese sulfate (MnSO4) 0.0025 g
Bromcresol green 0.022 g
Distilled water 800 mL
Agar (if desired) 15 g
Final pH = 5.5

2. Dilute medium to volume (1000 mL) and autoclave at 121ºC/250ºF for 
15 min.

3. If desired, WLD/WLC medium can be made by adding cyclohexi -
mide as a sterile-fi ltered solution to the tempered medium but prior to 
solidifi cation. The fi nal concentration of cycloheximide should be 
between 20 and 100 mg/L to inhibit Saccharomyces; commonly 50 mg/L 
is used.

13.5.4 Brettanomyces Medium A

1. Mix and dissolve the following ingredients.
Peptone 50 g
Yeast extract 30 g
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Glucose 100 g
Malt extract 30 g
Distilled water 800 mL

2. Dilute medium to volume (1000 mL) and autoclave at 121ºC for 
15 min.

3. If desired, cycloheximide can be added as a sterile fi ltered solution to 
the cooled media before solidifi cation. Final concentration in the 
medium should be between 20 and 100 mg/L to inhibit Saccharomyces.

13.5.5 Brettanomyces Medium B

1. Mix and dissolve the following ingredients.
Wort agar 48 g
Bactoglycerol (or equivalent) 2.4 mL
Cycloheximide 0.050 g
Distilled water 800 mL
Agar 20 g

2. Once dissolved, bring to volume with distilled water (1000 mL) and 
sterilize by autoclaving at 121ºC/250ºF for 15 min.

3. Once sterilized, place the fl ask containing the medium into a 50ºC/122ºF 
water bath and allow the temperature to equilibrate prior to pouring 
plates.

13.5.6 Brettanomyces Medium C

1. Mix and dissolve the following ingredients.
Peptone 20 g
Yeast extract 10 g
Glucose 20 g
Cycloheximide 0.003 g
Agar 17 g
Distilled water 800 mL

2. Dilute medium to volume (1000 mL) and autoclave at 121ºC/250ºF for 
15 min.

3. Dissolve 1 mg thiamin and 100 mg ampicillin in 20 mL distilled water.
a.  Thiamin is best added as 1 mL of a 1 mg/mL sterile fi ltered stock 

solution stored at 4ºC/39ºF.
b.  Ampicillin should be added as 1 mL of a 100 mg/mL sterile fi ltered 

stock solution stored at −20ºC/−4ºF.
4. Sterile fi lter the thiamin/ampicillin solution and add to the autoclaved 

medium that has been cooled to 50ºC/122ºF.
5. Pour the medium into Petri dishes as pour plates.



13.5.7 Brettanomyces Medium D

1. Mix and dissolve the following ingredients.
Yeast nitrogen base 6.7 g
Ethanol 60 mL
Cycloheximide 0.010 g
p -Coumaric acid 0.10 g
Bromcresol green 0.022 g
Distilled water 500 mL
Final pH = 5.4

2. Sterile fi lter solution through an 0.45 µm absolute membrane into a 
previously sterilized container.

3. Suspend 20 g agar in 500 mL distilled water and autoclave at 121ºC/250ºF 
for 15 min.

4. Mix the sterile fi ltered nutrients with the sterilized agar just prior to 
pouring the plates.

13.5.8 Lysine Medium

1. Prepare trace metal solution A.
Boric acid (B(OH)3) 0.1 g
Zinc sulfate heptahydrate (ZnSO4•7H2O) 0.04 g
Ammonium molybdate 0.02 g
Manganese sulfate tetrahydrate (MnSO4•H2O) 0.04 g
Ferrous sulfate heptahydrate (FeSO4•7H2O) 0.25 g
Distilled water 800 mL

a. Once dissolved, dilute to volume (1000 mL).
2. Prepare basal medium B.

Glucose 50 g
Potassium dihydrogen phosphate (KH2PO4) 2.0 g
Magnesium sulfate heptahydrate (MgSO4•7H2O) 1.0 g
Calcium chloride (CaCl2) fused 0.2 g
Sodium chloride (NaCl) 0.1 g
Adenine 0.002 g
dl-Methionine 0.001 g
l-Histidine 0.001 g
dl-Tryptophan 0.001 g
Trace metal solution A 1.0 mL
Potassium lactate (50% w/w solution) 12.0 mL
Distilled water 800 mL
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a.  Once dissolved, dilute to volume (1000 mL) and adjust the pH to 5.0 
to 5.2 using additional lactic acid.

b. Add 20 g agar.
3. Prepare lysine solution C.

Lysine 10 g
Distilled water 800 mL

a. Once dissolved, dilute to volume (1000 mL).
4. Prepare solution D.

Inositol 2.0 g
Calcium pantothenate 0.2 g
Aneurine 0.04 g
Pyridoxine 0.04 g
p -Aminobenzoic acid 0.02 g
Nicotinic acid 0.04 g
Ribofl avin 0.02 g
Biotin 0.0002 g
Folic acid 0.0001 g
Distilled water 800 mL

a. Once dissolved, dilute to volume (1000 mL).
5. According to Morris and Eddy (1957), basal medium B, lysine solution 

C, and solution D are separately sterilized by steaming each for 30 
minutes on three successive days. Alternatively, solutions C and D could 
be fi ltered through 0.45 µm membranes. Solution B can also be sterile 
fi ltered but the agar would have to be autoclaved separately from the 
other ingredients.

6. Warm medium B and solutions C and D to 45ºC/113ºF to 50ºC/122ºF 
in order to avoid solidifi cation prior to mixing. Aseptically mix basal 
medium B (89 parts), lysine solution C (10 parts), and solution D 
(1 part).

13.5.9 Zygosaccharomyces Medium

1. Mix and dissolve the following ingredients.
Glucose 100 g
Yeast extract 10 g
Tryptone 10 g
Distilled water 800 mL
Agar (if desired) 25 g

2. Once dissolved, dilute to volume with distilled water (1000 mL) and 
autoclave at 121ºC/250ºF for 15 min.

3. After sterilization, place the fl ask containing the medium in a 
45ºC/113ºF to 50ºC/122ºF water bath and allow the temperatures to 
equilibrate.



4. Aseptically add 10 mL glacial acetic acid, thoroughly mix, and pour 
plates (20 to 25 mL per plate).

13.6 MEDIA FOR LACTIC ACID BACTERIA

Lactic acid bacteria are nutritionally fastidious, microaerophilic micro-
organisms, which grow best on media enriched with fruit or vegetable 
juices and under conditions of low oxygen tension. Although specially 
designed incubators capable of maintaining controlled gaseous environ-
ments are available, their cost is high and, in most cases, unjustifi ed. Many 
wineries have been successful cultivating lactic acid bacteria using large-
mouth glass jars with candles or GasPak® systems (Section 18.5). When 
incubated anaerobically at 22ºC/72ºF to 25ºC/77ºF, 5 to 10 days are 
required to visualize colonies depending on the species (shorter times for 
many lactobacilli but longer times for oenococci and pediococci).

The media outlined for the cultivation of lactic acid bacteria are the 
apple juice Rogosa medium (King and Beelman, 1986) and the tomato 
juice–glucose–fructose–malate medium (Izuagbe et al., 1985). These 
media use either apple juice or tomato juice serum to provide the so-called 
tomato juice factor (Section 2.3). Liver extract or concentrate has a 
number of vitamins that improves bacterial growth and is available from 
Sigma Chemical Company. Both media can be made selective against Sac-
charomyces by the addition of cycloheximide.

The heterofermentation-arginine medium (Section 13.6.3) was devel-
oped by Pilone et al. (1991) for use in characterizing different physiologi-
cal traits of lactic acid bacteria (Sections 15.4.1 and 15.4.5.2).

13.6.1 Apple Juice Rogosa Medium

1. Mix 1 g liver extract or concentrate with 100 mL distilled water for at 
least 30 min. Filter through Whatman no.1 fi lter paper.

2. Mix and dissolve the following ingredients.
Tryptone 20 g
Peptone 5 g
Yeast extract 5 g
Glucose 5 g
Apple juice 200 mL
Tween 80 (5% w/w solution) 1 mL
Distilled water 700 mL

3. Add the fi ltered liver extract to the ingredients specifi ed in step 2 and 
adjust to pH 4.5 using 50% v/v H3PO4 and/or 6 M KOH.
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4. To prepare a solidifi ed medium, add 20 g agar prior to autoclaving at 
121ºC/250ºF for 15 min.

5. If the medium is to be selective against Saccharomyces, mix 100 mg 
cycloheximide with 10 mL distilled water and fi lter sterilize through an 
0.45 µm fi lter. Add this solution to the cooled media just after 
autoclaving.

13.6.2 Tomato Juice–Glucose–Fructose–Malate Medium

1. Mix 1 g liver extract with 100 mL water for at least 30 min. Filter through 
Whatman no.1 fi lter paper prior to adding to the medium.

2. Select a commercially processed tomato juice that contains only juice 
and salt (no preservatives and not from concentrate) or prepare juice 
from fresh tomatoes. Centrifuge 250 mL of the juice at 3000 × g for 
30 min and decant, saving the supernatant (serum). Serum can be 
stored in small volumes at −20ºC/−4ºF until used.

3. Mix and dissolve the following ingredients.
Tryptone 20 g
Peptone 5 g
Yeast extract 5 g
Glucose 5 g
Fructose 3 g
Tomato juice serum 200 mL
Tween 80 (5% w/w solution) 1 mL
Distilled water 700 mL

4. Add the fi ltered liver extract from step 1 to the ingredients specifi ed 
in step 3 and adjust to pH 5.5 using 50% v/v H3PO4 and/or 6 M 
KOH.

5. To prepare a solidifi ed medium, add 20 g agar prior to autoclaving at 
121ºC/250ºF for 15 min.

6. If the medium is to be selective against Saccharomyces, mix 100 mg cyclo-
heximide with 10 mL distilled water and fi lter sterilize (0.45 µm). Add 
this solution to the cooled autoclaved media.

13.6.3 Heterofermentation-Arginine Broth

1. Prepare vegetable juice serum by centrifuging Campbell’s V-8 Vegeta-
ble Juice® at 3000 × g for 30 min. Decant off from the solids, saving the 
supernatant (serum).



2. Mix and dissolve the following ingredients.
Tryptone 5 g
Yeast extract 5 g
Peptone 5 g
Fructose 20 g
Glucose 5 g
l-Arginine 6 g
Tween 80 (5% w/w solution) 1 mL
Vegetable juice serum 200 mL
Distilled water 800 mL

3. Adjust pH to 5.5 with 50% v/v H3PO4 and/or 6 M KOH.
4. Autoclave the medium at 121ºC/250ºF for 15 min.

13.7 MEDIA FOR ACETIC ACID BACTERIA

The glucose–yeast extract–carbonate medium (GYCM) described by 
Swings (1992) detects the presence of acid-producing microorganisms and 
is regarded as “standard growth medium” for acetic acid bacteria (De Ley 
et al., 1984). Owing to the buffering capacity of the carbonate, acetic acid 
bacteria can be maintained on GYCM at 4ºC with once a month transfers. 
Mannitol–yeast extract–peptone medium (MYPM), nonselective WL 
medium, and the yeast extract–peptone–ethanol medium (YPE), the latter 
described by Du Toit and Pretorius (2002), can also be used to cultivate 
acetic acid bacteria.

Gluconobacter growing on GYCM over time (3 to 5 weeks) produces 
water-soluble brown pigments, which are not seen in the case of any 
similarly cultivated Acetobacter species. Grown on this medium, Acetobacter
will produce clear zones or halos around colonies because the acid being 
produced will neutralize the CaCO3. Unlike the lactic acid bacteria, acetic 
acid bacteria are obligate aerobes and so it is necessary to use spread 
plates.

13.7.1 Glucose–Yeast Extract–Carbonate Medium

1. Mix and dissolve the following ingredients.
Glucose 50 g
Yeast extract 10 g
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Calcium carbonate (CaCO3) 30 g
Distilled water 800 mL

2. Once ingredients are dissolved, dilute medium to volume 
(1000 mL).

3. Add 25 g agar prior to autoclaving at 121ºC/250ºF for 15 min.

13.7.2 Mannitol–Yeast Extract–Peptone Medium

1. Mix and dissolve the following ingredients.
Mannitol 25 g
Yeast extract 5 g
Peptone 3 g
Distilled water 800 mL

2. Once ingredients are dissolved, dilute medium to volume (1000 mL).
3. Add 25 g agar prior to autoclaving at 121ºC/250ºF for 15 min.

13.7.3 Yeast Extract–Peptone–Ethanol Medium

1. Mix and dissolve the following ingredients.
Yeast extract 10 g
Peptone 5 g
Distilled water 800 mL

2. Once ingredients are dissolved, adjust pH to 5.5.
3. Add 15 g agar prior to autoclaving at 121ºC/250ºF for 15 min.
4. Dissolve 20 mL ethanol in 200 mL distilled water and sterile fi lter 

through an 0.45 µm membrane. Add this solution to the tempered 
autoclaved media prepared in step 3 above and prior to pouring 
plates.

13.8 ASEPTIC TRANSFER TECHNIQUES

The ability to transfer microorganisms from one container to another 
without contamination is crucial to success in the microbiology laboratory. 
These techniques serve as the basis for subsequent work such as starter 
culture preparation or maintaining viable cultures in long-term storage. 
Transfer loops are normally used to transfer to the surface of agar (Petri 
plates and slants), whereas transfer needles are used to prepare stab cul-
tures. Both implements are sterilized by heating in an open fl ame until 
red hot (Fig. 13.1).



13.8.1 Transfers from Solid to Solid Media

13.8.1.1 From Slant or Stab Cultures

1. Hold the test tube containing the culture of interest in one 
hand.

2. Hold the transfer loop or needle in the other hand, fl ame the loop/
needle to red hot in an open fl ame, and cool by carefully touching the 
surface of sterile agar.

3. Remove the test tube cap using the hand holding the loop or needle, 
fl ame the tube just inward of the neck, and carefully collect a small 
portion of growth with the loop or needle on the agar surface or along 
the stab line.

4. Withdraw the loop or needle, fl ame the tube just inward of the neck, 
and replace the cap.

Figure 13.1. Sterilizing transfer loop by heating in an open fl ame until red hot. 
Photograph provided with the kind permission of WineBugs LLC.
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5. Immediately transfer the microorganism to fresh agar by moving the 
loop across the surface of the agar in Petri plates or slants/stabs (Section 
13.10.1). In the case of slants, place the loop at the bottom of the test 
tube and streak the culture toward the neck. With stabs, the needle is 
thrust into the agar and then withdrawn.

6. Flame the transfer loop or needle.

13.8.1.2 From Petri Dishes

1. Place the Petri dish containing the culture of interest within easy 
reach.

2. Hold the transfer loop or needle in the one hand and fl ame the 
loop to red-hot. Cool the loop by carefully raising the lid on the Petri 
dish with the other hand and touching the surface of agar where 
no colonies can be seen. Avoid completely removing the Petri plate 
cover because this can lead to microbial contamination by airborne 
microorganisms.

3. Collect a single colony in a sweeping or scooping motion with the trans-
fer loop or needle.

4. Withdraw the loop/needle and replace the lid of the Petri plate.
5. Immediately transfer the microorganism to fresh agar by moving the 

loop across the surface of the agar in Petri plates or a slant (Section 
13.10.1). In the case of slants, place the loop at the bottom of the test 
tube and streak the culture toward the neck. With stabs, a needle is 
thrust into the agar and then withdrawn.

6. Flame the transfer loop or needle.

13.8.2 Transfers from Solid to Liquid Media

1. Flame the loop to red-hot in an open fl ame. Cool the loop by carefully 
touching the surface of agar where no colonies can be seen.

2. Select a colony from the Petri plate, slant, or stab culture.
3. Pick up the test tube containing the sterile liquid medium with the 

other hand.
4. Remove the test tube cap with the same hand that is holding the loop. 

Some microbiologists remove and keep caps between their “ring” and 
“pinkie” fi ngers on the backside of their hands so that the thumb and 
hand can hold the loop.

5. Flame the test tube and immerse the loop into the liquid, rubbing the 
loop against the glass to assist in cell removal.

6. Remove loop, immediately re-fl ame the tube, and close. Re-fl ame trans-
fer loop.



13.8.3 Transfers from Liquid to Solid Media

This type of transfer is slightly more complicated than the transfer of 
a colony from solid to liquid media but is as important as these 
techniques are used to enumerate microorganisms. To perform these 
procedures, graduated pipettes are used to transfer specifi c volumes to 
dilution blanks or to pour/spread plates (Section 14.3). Where reusable 
glass pipettes are used, these should be washed and placed into a metal 
canister for autoclaving and subsequent drying in an oven prior to use. 
Alternatively, sterilized disposable pipettes can be used for transfers 
(Section 18.7).

To limit microbial contamination of liquid media, caps are removed 
and the neck of the fl ask or test tube is placed in an open fl ame (Fig. 13.2). 
This action heats the air within the container, thereby creating a positive 
pressure that limits contaminates from entering the fl ask.
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Once used, pipettes and any nonsterile utensils should be placed in 
disinfectant and autoclaved at the end of the day. Disposable plasticware, 
such as pipettes and Petri plates, should never be discarded without fi rst 
autoclaving. Because this operation will cause the plastic to partially melt, 
such disposables should be placed in trays before autoclaving. Alterna-
tively, one may purchase disposable autoclavable polypropylene bags for 
packaging.

One technique that should be avoided is the practice of mouth 
pipetting. Although common among earlier generations of micro -
biologists, this practice should be prohibited due to safety concerns. In 
place, a number of relatively inexpensive pipetting devices are now 
available.

1. Place the culture as well as sterile broth or dilution tubes adjacent to 
one another in a test tube rack. With experience, laboratory personnel 
should be able to handle both tubes at one time by placing the tubes 
between the index and middle fi ngers of one hand. The thumb is then 
positioned to support both.

2. Remove the sterile pipette from the canister or wrapper and insert 
suction end into the pipetting device. Do not allow the pipette to touch 
any surface.

3. With the other hand, agitate the fl ask (vortex), remove the culture tube 
cap, fl ame the tube just inward of the neck, insert the pipette, and 
withdraw a defi ned volume.

4. Re-fl ame the tube just inward of the neck, stopper, and replace on 
rack.

5. Immediately pick up tube to be inoculated, remove cap, and fl ame the 
tube just inward of the neck.

6. Insert pipette to just above liquid level and release the inoculum volume. 
The last drop in the pipette tip may be delivered by touching the tip 
to the glass, not the liquid. Where transferring to a Petri plate (pour 
or spread), delivery of the sample is best accomplished by holding the 
pipette at a 45º angle to the surface. Allow inoculum liquid to drain 
from the pipette. Many laboratories use cotton-plugged “blow-out” 
pipettes that require positive pressure to dispense the complete volume. 
This should be done carefully to avoid splattering the sample on the 
cover and sides of the Petri plate.

7. Remove pipette and immediately fl ame the tube just inward 
of the neck, then stopper the tube. Discard pipette into 
disinfectant.



13.9 ISOLATION OF MICROORGANISMS

When an aliquot of grape must or wine is placed on a suitable 
solidifi ed medium, colonies of various morphologies will appear on the 
plate. In theory, a single viable cell in the original sample continuously 
multiplies to eventually yield one visible colony after a suitable 
incubation.

The presence of different microorganisms in the sample is 
evidenced by variety of colony size, color, and shape observed after 
incubation. In order to separate these microorganisms, the culture is 
“streaked” on general (nonselective) media. The objective of streaking 
is to inoculate fewer and fewer microorganisms on each of the three 
consecutive sectors thereby increasing the chance of producing well-
separated isolated colonies. When working with yeasts that secrete 
a capsule, contamination with bacteria is common. In such cases, 
the culture may need to be restreaked several times to yield pure 
isolates.

1. Hold the transfer loop in the right hand and fl ame the loop to red-hot 
in an open fl ame. Cool the loop by carefully touching the surface of 
agar.

2. Using the same procedures as described in Section 13.8, remove a 
colony (or a mass of colonies) and place the loop at position 1 shown 
in Fig. 13.3.

3. Carefully move the loop across the agar surface following the 1 pattern 
(“zig-zag”). The best separation is effected when streaks are kept as 
tight as possible and the maximum surface area of the plate is utilized. 
Avoid digging into the agar with the loop.

4. When 1 pattern is completed, replace the Petri plate lid, and fl ame the 
loop to sterilize.

5. Rotate the plate one-third turn counterclockwise, lift the lid, and cool 
the loop by again touching the agar.

6. Starting at position 2, streak the second pattern as per step 3. Except 
for the initial pass-through of the previously streaked area, one should 
not allow the loop to reenter that area.

7. Starting at position 3, streak the third pattern as per step 3.
8. Invert plates and Incubate under conditions optimal for the desired 

microorganism(s). Well-separated colonies should be found in the 
third streaked area such as seen in Fig. 13.4.
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Figure 13.3. Streaked sample showing isolated colonies of different hypothetical 
microorganisms of various morphologies.

Figure 13.4. Streaked sample showing isolated colonies of Saccharomyces. Photograph 
provided with the kind permission of WineBugs LLC.
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13.10 MAINTENANCE AND STORAGE OF CULTURES

Microorganisms are commonly stored on the appropriate solidifi ed 
medium, either as slants or stabs (weeks) or for longer periods (months) 
as liquid cultures suspended in glycerol kept at low temperatures (−70ºC/
−94ºF). Alternatively, microorganisms can be preserved for very long 
term storage (years) by freeze-drying. Method 13.10.3 has been used to 
freeze-dry yeasts (C.M.L. Joseph, personal communication, 2005), and 
method 13.10.4 has been used successfully for lactic acid bacteria (Duke, 
1979).

13.10.1 Preparation of Agar Slants and Stabs

1. Prepare the suitable agar medium for the microorganism of choice.
2. Heat the medium to dissolve agar (solution will clear indicating the 

agar has dissolved).
3. While hot, distribute either 8 mL (slants) or 10 mL (stabs) of medium 

into each 15 × 125 mm test tube.
4. Put caps on test tubes loosely and autoclave at 121ºC/250ºF for 

15 min.
5. After removal from the autoclave, tighten the caps.
6. For slants, lay tubes to allow the agar to solidify at an angle. Laying the 

cap-end on a meter stick works well.
7. Transfer cultures to the slants or stabs using the procedures outline in 

Section 13.8.1.

13.10.2 Glycerol Suspensions

1. Prepare the appropriate broth for the microorganism being stored.
2. Inoculate the broth from a single colony off of an agar plate and incu-

bate for the appropriate time and temperature.
3. Harvest the cells by centrifugation and aseptically add a minimal 

amount of broth to transfer the pellet to a small sterile test tube.
4. Re-centrifuge, discard the supernatant, and add a minimal volume of 

broth that contains 15% v/v glycerol. Place tubes in a low temperature 
freezer, ideally −70ºC/−94ºF.

13.10.3 Freeze-drying (Yeasts)

1. Sterilize the following supplies.
a. Lyophylization vials (1 mL volume that can be sealed).
b. Graduated pipettes (10 and 25 mL).
c. Centrifuge bottles with screw caps (250 mL).
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2. Dissolve 10 g skim milk powder (Difco) and 2 g sodium glutamate in 
100 mL previously sterilized water in a sterile bottle. Autoclave medium 
at 110ºC for 10 min.

3. Grow cells on an agar slant of appropriate medium for 3 days.
4. Transfer a loopful of the culture into a 1 mL solution of skim milk 

medium.
5. Distribute 200 µl of the 1 mL culture suspension into 1 mL lyophyliza-

tion vials.
6. Quickly freeze the cultures and lyophilize under vacuum. Store cul-

tures at −20ºC/−4ºF.

13.10.4 Freeze-drying (Lactic Acid Bacteria)

 1. Sterilize the following supplies.
a.  Serum vials (30 mL, autoclaved with aluminum foil wrapped around 

the openings).
b.  Gray septa for serum vials (autoclave in a large beaker covered with 

aluminum foil).
c. Graduated pipettes (10 and 25 mL).
d. Centrifuge bottles with screw caps (250 mL).

 2. Prepare the appropriate broth and distribute into test tubes (10 mL) 
and screw-capped Erlenmeyer fl asks (1000 mL) prior to autoclaving at 
121ºC/250ºF for 15 min.

 3. Prepare buffer A by dissolving 1.11 g NaH2PO4 together with 11.27 g 
Na2HPO4•7H2O in 800 mL distilled water. Adjust the pH to 7.5 and 
dilute to volume (1000 mL).

 4. Prepare buffer B by dissolving 2.22 g NaH2PO4 together with 22.54 g 
Na2HPO4•7H2O in 800 mL distilled water. Adjust the pH to 7.5 and 
dilute to volume (1000 mL).

 5. Prepare the Naylor–Smith suspending medium.
a.  Mix 40 g dextrin, 10 g NH4Cl, and 10 g thiourea with 800 mL dis-

tilled water, transfer into 1000 mL screw-capped bottles, and auto-
clave at 121ºC/250ºF for 15 min.

b.  Mix 10 g ascorbic acid in 200 mL distilled water. Sterile fi lter through 
a 0.45 µm membrane and aseptically add to the sterilized solution 
prepared in step 5a.

 6. Inoculate a single colony from an agar plate into 10 mL of the appro-
priate broth. Incubate at the optimal temperature and time for the 
microorganism.

 7. After incubating, inoculate 500 mL broth with all 10 mL of the culture 
and continue incubation under the same conditions.



 8. Harvest the cells from the 500 mL broth using a centrifuge (3000 × g
for 30 min).

 9. Decant the medium and suspend the pellet in 25 mL buffer A pre-
pared in step 3. Mix (vortex) the culture and re-centrifuge.

10. Decant buffer A and resuspend the pellet in 25 mL buffer B prepared 
in step 4. Mix (vortex) the culture and 25 mL Naylor–Smith suspend-
ing medium prepared in step 5.

11. Pipette 5 mL of the microbial suspension into each of 10 vials using a 
sterile 10 mL pipette. Aseptically cap with septa, making sure that they 
are not fully inserted in the bottle (side groove in the septa allows 
water to escape during freeze-drying).

12. Freeze the cultures at −20ºC/−4ºF or lower and begin the freeze-
drying process as quickly as possible. Seal the vials under vacuum and 
store cultures at −20ºC/−4ºF.
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CHAPTER 14

ESTIMATION OF

POPULATION DENSITY

14.1 INTRODUCTION

Estimating microbiological population density and diversity plays impor-
tant and often pivotal roles at several junctures in the winemaking process. 
For instance, it is frequently necessary to determine changes in microbial 
populations during the preparation of starter cultures, growth and decline 
phases of malolactic fermentation, or monitoring potential Brettanomyces
infections.

Population densities can be measured using many methods, but the 
three most important to enologists are microscopic counting (Section 
14.4), direct plating, either pour or spread plates (Section 14.5), and mem-
brane fi ltration (Section 14.5.3). Microscopic counting techniques are the 
most rapid but requires at least 104 cells per mL. As low population densi-
ties will not be detected microscopically, direct plating methods are nor-
mally used. These methods sometimes require dilution of the sample and 
time for incubation. Membrane fi ltration, followed by direct plating, is 
applied to those wines suspected of having a low viable population (<25 
cells per mL). Here, cells are concentrated on the membrane before trans-
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fer to solid media. Bioluminescence (Section 14.6) is another rapid enu-
meration method frequently used to monitor the effectiveness of cleaning 
and sanitizing programs. Finally, microbial populations can be estimated 
using a spectrophotometer or nephlometer (Section 14.7) but high popu-
lations in the sample are required, limiting the effectiveness of these 
instrument, in routine applications.

14.2 SAMPLING

To estimate the population of viable microorganisms, it is important to 
obtain a homogeneous sample. As such, tanks and barrels should be 
agitated to uniformily mix the contents just prior to sampling. Alterna-
tively, one can sample the surface, middle, and/or bottom of the tank 
or barrel without prior mixing. This can be advantageous because micro-
organisms will stratify within a tank/barrel depending on metabolic 
requirements. As an example, Acetobacter is commonly found on the 
surface of wine due to its requirement for oxygen. Tank mixing prior to 
sampling would evenly distribute the entire population of Acetobacter within 
the tank or barrel. This action would reduce the number of cells per unit 
volume, potentially to undetectable levels depending on the bacterial 
population and the volume of the tank. In this case, removing a sample 
from the surface of the wine would allow maximum detection of the 
bacterium.

Whenever possible, samples for microbiological analysis (50 to 100 mL) 
should be removed aseptically and placed into sterile containers to 
reduce the potential for secondary contamination due to non-wine 
microorganisms. Samples can be removed through sampling ports on 
tanks or by wine thiefs/pipettes. Sampling devices should be sterilized 
either by fl ame or 70% v/v ethanol prior to use. If a steriliant is used, the 
thief or pipette should be rinsed with sterile water before obtaining the 
sample.

In the case of sanitation monitoring, a traditional method for sampling 
equipment surfaces involves rubbing a sterile, cotton swab over a specifi ed 
area and then enumerating the microorganisms that adhere to the swab. 
An adequately cleaned and sanitized area should have no more than 100 
colonies per surface area sampled (Sveum et al., 1992), depending on 
the medium used to enumerate the microorganisms. Rather than use 
direct enumeration methods, faster results can be obtained using 
bioluminescence (Section 14.6). The following procedure is that of Sveum 
et al. (1992).
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1. Open the sterile swab container, grasping the end of the stick. Do not 
touch any portion that might be inserted into the 18 × 150 mm test tube 
containing sterile 9 mL 0.1% w/v peptone.

2. Aseptically open the sterile diluent, moisten the swab head, and press 
out excess by rolling the swab on the inside of the diluent.

3. Hold the swab handle at a 30º angle and rub the head over a surface 
of approximately 50 cm2/7.7 in2 three times, reversing direction between 
strokes.

4. Return the swab to the diluent vial, briefl y rinse in the diluent and press 
out the excess to remove the microorganisms from the swab.

5. Swab four more 50 cm2/7.7 in2 areas of the surface being sampled, 
repeating steps 3 and 4.

6. Once the areas have been swabbed, position the swab head in the test 
tube and break or cut the stick using sterile scissors so that only the 
head is left in the test tube.

7. Mix the test tube very well and enumerate the microorganisms present 
using the appropriate method and media (Section 14.5). If very low 
populations are suspected, the entire volume of the diluent should be 
passed through a sterile membrane fi lter and the pad incubated 
(Section 14.5.3).

14.3 SAMPLE DILUTION

Before enumeration, samples may have to be serially diluted because the 
number of microorganisms is too high for a valid measurement. The 
volume of diluent into which the sample is added is referred to as a “dilu-
tion blank.” Although dilution blanks are most commonly made using 
sterile 0.1% w/v peptone, other media can be used such as 0.85% w/v 
saline or Butterfi eld’s phosphate buffer (Swanson et al., 1992). Use of 
sterile distilled water for purposes of dilution should be avoided due to 
osmotic stress, which decreases viability. Normally, 18 × 150 mm autoclav-
able test tubes equipped with polypropylene or metal closures or caps are 
used for making dilution blanks rather than cotton stoppers.

In a dilution series, the minimum dilution is 10-fold (1 mL + 9 mL, 1 : 10, 
or 10−1). Practically, dilutions are performed by aseptically transferring 
1 mL of sample into a tube containing 9 mL diluent. Dilutions of higher 
magnitude are then made by sequential 1 : 10 dilutions of previous dilution 
as shown in Fig. 14.1. For example, a 1 : 100 dilution of a wine can per-
formed by two sequential 1 : 10 dilutions. However, a 1 : 100 dilution can 
also be made by adding 1 mL of the wine to 99 mL diluent (e.g., milk dilu-



tion bottles). Although carrying out several smaller dilutions rather than 
fewer larger dilutions (e.g., four sequential 1 : 10 dilutions vs. two sequen-
tial 1 : 100 dilutions) reduces experimental error, time constraints and 
extra costs of pipettes and media may make this procedure impractical. 
Because of slight volume losses during autoclaving, some laboratories will 
adjust the volume of dilution blanks prior to autoclaving to contain slightly 
more than 9 mL (9.1 or 9.2 mL) with the expectation that the fi nal volume 
will be closer to 9 mL.

When preparing a dilution series, it is important to maintain aseptic 
conditions (Section 13.8). For example, dilution blanks must be fl amed 
when opened to transfer sample (Fig. 13.2). Sterile 1.0 mL pipettes (0.1 mL 
graduations) or variable volume pipettors equipped with sterile plastic tips 
must be used to aseptically transfer liquid between dilution blanks. Sterile 
pipettes or pipette tips should be used only once, and then a new pipette 
or tip is used. Pipettors can be sterilized by wiping down their surfaces 
with 70% v/v ethanol and should be calibrated yearly.

One problem in preparing a dilution series is the potential agglomera-
tion of cells. For instance, Pediococcus as well as some yeasts secrete a sticky 
capsule that allows cells to clump together in aggregations of a few to 20 
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Figure 14.1. Preparation of a dilution series scheme to enumerate microorganisms.
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or more cells. Unless physically separated, these aggregations cause diffi -
culties in both plate counting as well as statistical interpretation of the 
data. To minimize this problem, it is imperative that each test tube in a 
dilution series be thoroughly mixed using a vortex mixer prior to 
transfer.

14.4 DIRECT MICROSCOPIC COUNT

Cell counting techniques involving brightfi eld, phase-contrast, and 
fl uorescence microscopy are rapid methods used to estimate population 
density and, in some cases, preliminary identifi cation. Here, juice or wine 
is placed in a specially designed counting slide known as a hemacytometer 
(also spelled hemocytometer) shown in Fig. 14.2. When the cover slip 
provided in the kit is applied, the volume of liquid in the chamber is 
defi ned, allowing enumeration by simply counting the number of cells 
within the area defi ned by the boundaries of the counting slide grid.

Despite being quick, this method requires a minimum cell density of 
104 cells per mL due to the low sample volume of the counting chamber 
(Splittstoesser, 1992). Because of this limitation, these techniques fi nd 

Figure 14.2. A hemacytometer. Photograph provided with the kind permission of 
WineBugs LLC.



most appropriate application in monitoring starter cultures or following 
the course of fermentation when populations are in excess of 106 cells per 
mL.

Another diffi culty with the direct microscope count is the fact that the 
method views both viable and nonviable (dead) cells. Depending on stage 
in the growth cycle, as well as history of the sample, the ratio of viable to 
nonviable cells may vary considerably and makes comparing results to 
those of direct plating diffi cult. Because of this, plating normally provides 
lower estimates of viable populations than microscopy. To make the dis-
tinction between viable and nonviable cells, various stains and dyes can 
be used either singly or in combination (Section 14.4.2, 14.4.3, and 
14.4.4).

14.4.1 Using a Microscope Counting Chamber

The specifi c grid pattern etched into a hemacytometer divides the space 
into nine large squares, each of which is 1 mm2 (Fig. 14.3). The central 
counting area (square 5) contains 25 middle-sized squares and each of 
these has 16 smaller squares. Whereas some microbiologists only count 
the central large square, others will tally the corner squares as well (squares 
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Figure 14.3. Typical counting grid for a hemacytometer as viewed using a microscope.
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1, 3, 7, and 9). Because the cover glass rests exactly 0.1 mm above the 
bottom of the chamber, the volume of liquid under each of the large 
squares is 0.1 mm3 or 0.1 µL.

Hemacytometers have two chamber wells, each containing a specifi c 
volume of liquid (Fig. 14.2). The wells are fi lled with juice or wine by 
placing a pipette in the V-shaped groove and allowing capillary action to 
draw the liquid into the chamber. After allowing the cells to settle, count-
ing is initiated. For best results, the number of cells should be within the 
approximate range of 20 to 50 cells per large square (Fig. 14.3). Knowing 
the dilutions used in the original suspension and the volume of liquid 
microscopically examined, the original population can be estimated 
(cells/mL).

To improve accuracy, both chambers on a hemacytomer should be 
counted and a suffi cient number of squares should be counted to give a 
total count of about 600 cells (Splittstoesser, 1992). Most importantly, it is 
necessary that each laboratory establish whether cells lying on grid bound-
aries or lines be included in the count or be rejected. Depending on the 
initial dilutions, inconsistency in this regard may have a large effect on 
estimating the actual population of microorganisms. One procedure 
would be to count those cells that overlap a grid line on the top or right 
of a square but not count those cells that overlap grid lines on the left or 
bottom lines of that square. Another protocol would be to agree that those 
cells on the “lines” are either counted or not counted.

When enumerating samples expected to have no or very low population 
densities (e.g., wines from the bottling line), it is necessary to concentrate 
known volumes by membrane fi ltration (<0.45 µm) prior to microscopic 
examination. In these cases, conveniently sized portions of the membrane 
may then be stained and examined microscopically (Kunkee and Neradt, 
1974).

1. Prepare the appropriate dilutions of the sample to be examined using 
9 mL dilution blanks (Fig. 14.1) with thorough mixing between 
dilutions.

2. Place the hemacytometer cover slip over the counting grid of the 
hemacytometer.

3. If the cells are to be stained prior to examination, mix equal portions 
of the stain with the samples to be examined. Be sure to record volumes 
and specifi c dilution factors used.

4. Using a Pasteur pipette, place a drop of the diluted or undiluted sample 
into the delivery ports (V-shaped groove) on each counting surface. 
Capillary action should draw the sample under the cover slip and uni-
formly fi ll the counting area. Alternatively, transfer a drop of the fi nal 



dilution directly to the counting surfaces and then place a cover slip 
on top. Although this technique works, care must be taken to avoid 
creating and trapping air bubbles within the counting area. It is impor-
tant not to under or over fi ll the counting chamber.

5. Using 40× or 100× objectives, count a suffi cient number of squares to 
give a total count of about 600 cells. The results between the two grids 
can then be averaged to provide a mean value.

6. Calculation:

cells/mL in original sample  =
 (average number of cells) × (the volume of liquid examined) ×
 (original sample dilution)

7. Sample calculation: Analyzing an undiluted wine sample, 135 cells were 
counted in 5 of the 25 middle-sized squares within a large square 
(square 5) for one chamber. The other chamber contained a total of 
141 cells. To calculate the cell population in the wine, the average 
number of cells (138) is fi rst multiplied by 5 to yield total estimated 
cells in square 5 (690) and then multiplied by 10,000 (reciprocal of 
0.1 µL, or 0.0001 mL sample volume). In this case, total viability in the 
wine sample = 6.9 × 106 cells/mL.

14.4.2 Methylene Blue

Methylene blue exists in two redox-dependent states; reduced and oxi-
dized. The reduced state (leuco -form) is colorless whereas the oxidized 
form is blue. If a viable yeast cell takes up the dye, methylene blue is 
reduced to the colorless form so that the cell appears colorless (or white) 
against the blue background. Thus, cells that reduce the dye to the color-
less form are assumed to be viable, whereas dead yeast do not reduce the 
dye and appear blue or black.

Although traditionally used in brewing and winemaking industries, 
some researchers have argued against the application of methylene blue 
as a means to determine yeast viability. For example, O’Connor-Cox et al. 
(1997) noted that the dye does not stain all dead cells in a sample, a fact 
that can lead to overestimating yeast viability.

Although several forms of methylene blue are available, the preparation 
used for biological work is methylene blue chloride. Methylene blue thio-
cyanate, a salt used as a redox indicator in milk testing, should not be used 
as a biological stain. Because methylene blue rapidly becomes toxic to 
microorganisms, preparations should be microscopically examined within 
10 min.

 Direct Microscopic Count 231
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1. Prepare a citrate buffer by dissolving 2.4 g disodium hydrogen citrate 
(Na2HC6H5O7) and 2.1 g sodium dihydrogen citrate (NaH2C6H5O7) in 
a minimal amount of distilled water and dilute to 100 mL. Adjust pH 
to 4.6 if necessary.

2. Dissolve 0.3 g methylene blue chloride in 30 mL of 95% v/v ethanol.
3. Add 100 mL of the citrate buffer to the methylene blue solution.

14.4.3 Ponceau-S

Ponceau-S is a general stain for cytoplasmic protein and does not distin-
guish between living, dead, or dying cells that have not undergone 
autolysis. Because of this problem, Kunkee and Neradt (1974) suggested 
staining previously examined methylene blue–stained preparations with 
Ponceau-S because the latter will stain both viable and dead yeast cells.

1. Dissolve 0.9 g Ponceau-S, 13.4 g sulfosalicylic acid, and 13.4 g trichloro-
acetic acid in 72.3 g distilled water.

14.4.4 Wolford’s Stain

Wolford’s stain is used to monitor viable yeast by preparing a wet mount 
(Section 12.5) that is examined using a microscope (McDonald, 1963). 
Viable cells reject the stain and will appear clear, whereas dead cells absorb 
Wolford’s stain and appear deep red or reddish-purple.

1. Prepare North’s stain.
a.  Add enough methylene blue to 95% v/v ethanol to make a saturated 

solution (at least 1.5 g methylene blue per 100 mL).
b.  Dissolve 3 mL aniline oil in 10 mL 95% v/v ethanol in a 100 mL volu-

metric fl ask.
c.  Carefully, add 1.5 mL concentrated 12 M HCl and, with stirring, add 

30 mL of the saturated solution of methylene blue.
d. Dilute to volume (100 mL) with distilled water.

2. Prepare basic fuchsin solution.
a.  Dissolve 1 g basic fuchsin in a 100 mL volumetric fl ask containing 

95% v/v ethanol.
b. Dilute to volume (100 mL) with 95% v/v ethanol.

3. Transfer 10 mL North’s stain and 2 mL basic fuchsin solution to a 
100 mL volumetric fl ask. Dilute to volume with distilled water.

4. Filter the stain and store under refrigeration until used (maximum 
storage time is 3 to 4 weeks).



14.5 DIRECT PLATING

In direct plating, a known volume of grape juice or wine (0.1 to 1.0 mL) 
is placed into either a sterile Petri dish and mixed with a tempered agar 
medium (pour plate method) or transferred onto a prepoured, solidifi ed 
agar medium in a sterile Petri dish (spread plate method). After incuba-
tion for a specifi c period of time at a specifi ed temperature, each cell 
present in the original sample will theoretically grow using the nutrients 
present in the agar. Eventually, the colony will be visible to the naked eye 
and can be counted. Based on the number of colonies on a given plate 
and its dilution, the number of viable microorganisms per milliliter of 
sample can be calculated. This value is normally expressed as “colony 
forming units per milliliter,” or CFU/mL, rather than cells/mL. The term 
“CFU” is used because many wine microorganisms do not exist solely as 
single cells. Rather, many occur as pairs, tetrads, or short chains mak -ing 
the term CFU a more accurate refl ection of how the cells were 
enumerated.

By convention, the cell population on a countable individual agar plate 
must be between 25 and 250 individual colonies (Swanson et al., 1992), 
although some microbiologists count plates that contain between 30 and 
300 colonies. Thus, a wine sample that contains 10,000 cells per mL must 
be diluted 1 : 100 to achieve a population of approximately 100 colonies in 
1 mL of diluted wine in an agar plate. The number of dilutions to be 
prepared can be estimated using an approximate microscopic count 
(Table 14.1).

Both spread and pour plate methods are commonly used for microbial 
enumeration of juice and wine samples. In fact, commercial kits can be 
purchased with pre-sterilized and pre-poured agar as well as other reagents 
and materials so that even the smallest of wineries will have the ability to 
perform these tests. However, both methods also suffer from logistical and 
interpretational diffi culties. For instance, it is generally necessary to plate 
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Table 14.1. Estimating sample dilutions needed when enumerating microorganisms 
using plating methods.

Number of cells in a Potential population Estimated dilutions to
microscopic fi eld (1000×) (cells/mL) yield countable plates

1 to 10 104 to 105 10−2 to 10−3

10 to 100 105 to 106 10−3 to 10−4

>100 >106 10−4 to 10−7
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multiple dilutions (in duplicate) of the same sample in order to arrive at 
plates that are countable and statistically valid. In the case of pour plates, 
embedded colonies may be diffi cult to recover and transfer.

14.5.1 Pour Plates

Preparation of pour plates is a relatively simple procedure that generally 
yields well separated colonies compared with the spread plate method. 
Although some microorganisms grow better under reduced oxygen as 
would be present in colonies growing under agar (pour plates), obligate 
aerobes (e.g., Acetobacter) grow better using spread plates.

Success in using this technique requires that the agar be suffi ciently 
liquid to permit introduction of the sample, dispersion of cells, and plating 
without cooling to the point of solidifying. As such, agar must be “tem-
pered.” Here, the agar is held at a temperature just above the solidifi cation 
point prior to pouring. Agar solidifi es at temperatures slightly below 
40ºC/104ºF and cannot re-melt until 90ºC/194ºF to 100ºC/212ºF. To 
maintain the liquid state for a suffi cient time to carry out the steps involved 
in plating, liquefi ed agar must be maintained at 45ºC/113ºF to 50ºC/122ºF 
prior to pouring, commonly using a water bath. Although media could be 
poured at a higher temperature, there is the potential for thermal shock 
and subsequent death of the microorganisms present.

1. See Fig. 14.1 for setting up a dilution series using 9 mL dilution blanks. 
Serially dilute the juice or wine, thoroughly vortexing each dilution 
blank before transferring 1 mL into the next blank.

2. Place 0.1 or 1.0 mL from each dilution blank into a sterile Petri dish.
3. Immediately after autoclaving, place the appropriate agar medium in 

a water bath at 45ºC/113ºF to 50ºC/122ºF. Once the temperature has 
equilibrated, aseptically add approximately 25 mL of the agar to each 
plate (smaller Petri plates will use less agar medium).

4. Carefully mix each plate using a “fi gure eight” pattern. Allow the plates 
to cool and solidify undisturbed, usually for at least an hour.

5. Invert the plates (upside down) and incubate at the appropriate tem-
perature and time.

6. After incubation, fi nd the plate (dilution) that has between 25 and 250 
visible colonies and count all colonies.

7. Calculation: Multiply the count obtained in step 6 by the reciprocal of 
the overall dilution (dilution and the volume of sample on the plate).

8. Sample calculation: If the 10−3 dilution plate has 104 visual colonies, 
the estimated count of viable microorganisms in the original juice or 
wine sample would be reported as 104 × 103, or 1.04 × 105 CFU/mL.



14.5.2 Spread Plates

Spread plates are used to enumerate aerobic or heat-sensitive microorgan-
isms and can be prepared a few days prior to use. This procedure utilizes 
bent glass rods (“hockey sticks”) to distribute a defi ned volume of liquid 
evenly over the surface of the solidifi ed agar medium (Fig. 14.4). Normally, 
the maximum volume that can be placed on a spread plate is 0.1 mL, 
unlike pour plates, which can receive up to 1 mL. The method suffers from 
diffi culties in complete transfer and separation of individual cells needed 
to yield separate countable colonies. Excess moisture present on the agar 
surface can also result in unexpected colony spread and uncountable 
plates.

1. See Fig. 14.1 for setting up a dilution series using 9 mL dilution blanks. 
Serially dilute the juice or wine, thoroughly mixing each dilution blank 
before transferring 1 mL into the next blank.
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Figure 14.4. A glass “hockey stick” being used to spread a liquid sample over the surface 
of solidifi ed agar. Photograph provided with the kind permission of WineBugs LLC.
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2. Place 0.1 mL from each dilution blank onto a sterile Petri dish contain-
ing the appropriate solidifi ed medium.

3. Holding the handle, dip a glass hockey stick into 70% v/v ethanol, 
fl ame, and allow fl ame to burn itself out and cool. Spread the 0.1 mL 
around on the plate using the hockey stick.

4. Invert the plates (upside down) and incubate at the appropriate tem-
perature and time.

5. After incubation, fi nd the plate (dilution) that has between 25 and 250 
visible colonies and count all colonies.

6. Calculation: To calculate the original population, multiply the count 
by the reciprocal of the overall dilution (dilution of sample × volume 
on plate).

7. Sample calculation: If the 10−5 plate (dilution) has 86 visual colonies, 
the estimated count of viable microorganisms in the original juice or 
wine sample would be reported as 86 × 105, or 8.6 × 106 CFU/mL.

14.5.3 Membrane Filtration

For this method, a specifi c volume of wine is passed through a sterile fi lter 
membrane, often with an absolute pore size of 0.45 µm or less. This mem-
brane, with the trapped microorganisms on the upper surface, is then 
aseptically transferred face-up onto a Petri dish containing a solidifi ed 
medium. This method is useful for wines that should not contain or are 
expected to have low viable populations of microorganisms (e.g., bottling 
line) because a large volume of the sample can be tested. However, this 
method cannot be used if particulate matter present in the sample plugs 
or clogs the membrane.

Many choices of membrane fi ltration units are available from suppliers. 
Some units can be reused after cleaning and sterilization (autoclaving) 
and use presterilized membranes that are packaged individually. Alterna-
tively, disposable units are easy to use and convenient with some even 
containing both the fi ltration apparatus and a Petri dish attached. With 
both systems, it is necessary to use aseptic techniques when transferring 
the membrane to the agar surface. Membranes are available with or 
without grids, the former of which can be helpful with microscopic 
counting.

When sampling from the bottling line where microorganisms are either 
absent or present at low populations (<5 CFU/1000 mL), the volume of 
sample needed to provide statistically reliable results becomes important. 
If, by experience, recovery of >10 cells/L at bottling likely results in 
instability, detection limits can be calculated when only 100 mL of a 750 mL 
bottle is membrane fi ltered (Cases 1 and 2).



Case 1:

10
1000

100 1
CFU

mL
mL CFU× =

Case 2:

20
1000

100 2
CFU

mL
mL CFU× =

Comparing cases 1 and 2, the difference between “stability” and “poten-
tial refermentation” is less than 1 CFU per plate, a population that would 
probably not be recovered. Using the same acceptance levels, detection 
limits are far better when the entire bottle contents (750 mL) are mem-
brane fi ltered (cases 3 and 4).

Case 3:

10
1000

750 7 5
CFU

mL
mL CFU× = .

Case 4:

20
1000

750 15
CFU

mL
mL CFU× =

Although the theoretical ability to detect microorganisms has improved 
with an increase in sample volume, these results are still well below the 
minimal CFU per plate requirement of 25 colonies (Section 14.5). To 
develop 25 colonies per plate, a minimum of 2500 mL would have to be 
fi ltered. For this reason, bottling lines often utilize in-line samplers that 
continuously sample the wine. These are equipped with a membrane fi lter 
that can easily be disassembled and a new one replaced at regular inter-
vals. Alternatively, wineries should consider membrane fi ltering several 
bottles from a given sampling. When microbiologically sampling wines 
that have just been bottled, some wineries prefer to wait 2 to 3 days before 
plating in order to allow (a) time for any antimicrobials (e.g., SO2) added 
at bottling to act and (b) death of any non-wine microorganisms that may 
be present.

1. Aseptically obtain a sample from either a bottle or a tank.
a.  Sampling from bottles: Swab the neck of the bottle and dip the 

corkscrew in 70% v/v ethanol. Ignite the ethanol but keep the 
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corkscrew and the bottle pointed downward to avoid burning ethanol 
on hands or clothing.

b.  Sampling from tanks: Agitate the tank before removing a sample 
because microorganisms will either be at the top (e.g., some non-
Saccharomyces yeasts) or bottom (e.g., lactic acid bacteria) of the tank. 
Ideally, fl ame the sampling instrument using an open fl ame and 
place the sample into a sterile container.

2. Flame the open neck of the bottle or sample container for a couple of 
seconds and immediately pour at least 250 mL into the top of a mem-
brane fi lter unit.

3. Apply vacuum until all of the wine has been fi ltered into the lower 
chamber. Be sure to have a trap fl ask located between the vacuum 
source and the sterile fi lter unit to catch additional wine.

4. Flame forceps and aseptically remove the membrane that now contains 
microorganisms.

5. Roll the membrane (grid up) onto a sterile Petri dish containing the 
agar medium, making sure of complete contact between the membrane 
and the agar. If the membrane is not in direct contact with the agar, 
the microorganisms will not be able to grow. Any air bubbles can be 
removed from underneath the membrane by pushing lightly with sterile 
forceps.

6. Incubate and watch for the appearance of colonies.

14.6 BIOLUMINESCENCE

Bioluminescence is the process by which a molecule in the excited state 
emits light, which is then measured (Hartman et al., 1992). This process 
can be used to measure the amount of ATP produced by microorganisms 
as part of their metabolism. In theory, measurement of this compound 
should provide an estimate of viable cell numbers because higher popula-
tions of microorganisms produce more ATP. Because a single yeast cell 
will have generally more ATP than a bacterial cell, the detection limit for 
yeast could be as low as 10 cells (Hartman et al., 1992). These authors 
further suggested that a practical limit for bacteria is closer to 1000 to 
10,000 cells.

The luciferin–luciferase assay commonly used to measure ATP is as 
follows:

Luciferin + enzyme + ATP + Mg2+ → Luciferin–enzyme–AMP + pyrophosphate

Luciferin–enzyme–AMP + O2 → Oxyluciferin + enzyme + AMP + CO2 + light



Because this assay can be completed in just a few minutes, the luciferin–
luciferase bioluminescence technique is increasingly being used in lieu of 
traditional swab and plate methods to monitor sanitation programs 
(Section 14.2). Currently, several luminometers and test kits are commer-
cially available. Once the monitor is purchased, the cost per test including 
sample collection container, swab, and reagents can be inexpensive. 
Although this method has been used in the alcoholic and nonalcoholic 
beverage industries (Thompson, 2000), a major drawback lies in the trans-
lation of ATP measurements to viable cell counts (Hartman et al., 1992). 
ATP production will vary between microorganisms, as well as their physi-
ological state (injured, starved, etc.). In addition, this assay cannot distin-
guish between ATP produced by yeast or other microorganisms, making 
interpretation of the results diffi cult.

14.7 NEPHELOMETRY AND OPTICAL DENSITY

Spectrophotometers and nephelometers have a long history of use by 
microbiologists as tools to rapidly estimate microbial population density 
as well as concentrations of specifi c compounds (e.g., color, malic acid, 
etc.) by measuring optical density (absorbance). Whereas a spectropho-
tometer measures how much light being passed through a liquid sample 
is absorbed or transmitted, nephelometers measure light scatter. As illus-
trated in Fig. 14.5, spectrophotometric measurements of transmitted light 
(420 or 650 nm) are at made in-line with the light source, whereas nephelo-
metric measurements are taken at 90º to the source. Standard curves 
plotting absorbance against populations of microorganisms or other 
analytes must be prepared to determine the concentration in an unknown 
sample. As such, successful applications require calibration of the 
absorbance value to other enumeration methods, most commonly direct 
plating (Section 14.5).
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Figure 14.5. Diagram of spectrophotometic and nephelometic instruments. 
Spectrophotometric assays for optical density utilize wavelengths of either 420 or 650 nm.
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The accuracy of using a spectrophotometer or nephelometer to esti-
mate microbial populations depends on several factors. Because larger 
cells such as yeast will absorb more light than smaller cells such as bacteria, 
individual calibration curves for specifi c microorganisms must be gener-
ated. In addition, yeasts tend to aggregate, particularly toward the end 
of fermentation, which will also infl uence absorbance values. In terms 
of sensitivity, spectrophotometric estimations require relatively dense 
suspensions compared with nephelometric measurements. For instance, 
the minimal detection limit for spectrophotometers can be quite high, 
approaching 106 to 107 CFU/mL (Parish and Davidson, 1993). Although 
nephelometry is ideal for measuring light scattering associated with sus-
pended microorganisms, these instruments are not commonly used.



CHAPTER 15

IDENTIFICATION OF WINE

MICROORGANISMS

15.1 INTRODUCTION

Biologists use a system of identifi cation based on the degree of physical 
and physiological similarity between organisms known as taxonomy. Early 
attempts at classifi cation involved comparison of observable phenotypic 
features such as cell shape (morphology), as well as use of a variety of often 
crudely prepared sugar and nitrogen substrates. From these evolved exten-
sive diagnostic schemes for identifi cation, which still initially rely on cell 
and colony morphology. Today, other phenotypic markers include specifi c 
physiological and biochemical characteristics, sequences of genetic 
material, and immunochemical responses (Chapter 16).

The fundamental unit or taxon of biological classifi cation is the species. 
Classically, general biology texts describe the species as being a reproduc-
tively isolated population; that is, it is different from all other similar 
organisms to the extent that it can no longer interbreed. Whereas this 
defi nition is adequate for organisms with an established and regular sexual 
phase in the life cycle, it is less clear how it may be applied in the case of 
those that normally reproduce by asexual means. Thus, the concept of 
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species among yeasts and bacteria is diffi cult to interpret. Although bac-
teriologists retain use of the concept of species, it has been extended to 
encompass (potentially) many very similar strains. In theory, a strain con-
sists of progeny of a single cell, analogous to the propagation of grape 
clones. Thus, the use of strain includes a collection of similar-appearing 
microorganisms that differ only in terms of a few “minor” physiological 
properties. A good example of this is the bacterium Oenococcus oeni of 
which there are many known strains including the familiar ML-34, PSU-1, 
Vinifl ora, and EQ-54.

With the infl ux of information regarding wine microorganisms and the 
use of genetic sequencing, there is signifi cant debate as to the extent of 
differences between microorganisms and whether these constitute differ-
ent species or strains. As taxonomists increasingly rely on similarities at 
the genomic level, the relationships between microorganisms will both 
clarify as well as become confused. The taxonomy of microorganisms will 
continue to evolve as new relationships are determined. For general refer-
ence, the most current editions of taxonomic guides for yeasts, bacteria, 
and molds, including The Yeasts, Bergey’s Manual of Systematic Bacteriology,
and The Procaryotes, should be consulted.

15.2 IDENTIFYING MICROORGANISMS

Classic microbiology relied on the information gained about an unknown 
microorganism from various biochemical tests to identify genus and 
species. Because a great number of these tests are normally required, 
identifi cation is commonly a very slow and expensive process. However, 
experienced wine laboratory personnel can generally shortcut classic pro-
tocols for rapid, but tentative, identifi cation.

One of the fi rst microbiological tests performed in a winery is to 
examine the microorganism under a microscope. Here, a juice or wine 
sample can be prepared as a wet mount (Section 12.5) and then examined 
using phase-contrast microscopy (Section 12.2.3). This examination will 
yield information related to the shape (cocci, rods, pointed ends, bowling 
pin, egg, ogival, elongated, lemon, needle-like, etc.), size (dimensions), 
and arrangement (single, pairs, tetrads, groups, or chains) of the cells. For 
instance, detection of small, lemon-shaped yeasts early in alcoholic fer-
mentation could indicate the presence of Kloeckera or Hanseniaspora,
whereas observation of rod-shaped bacteria suggests a potential spoilage 
due to Lactobacillus spp. Although microscopy can be used to quickly 
examine a must or wine, it must be noted that a number of microscopic 
fi elds should be examined because a high population is needed for detec-
tion (Section 14.4). Because of this, concentration of cells by centrifuge is 



sometimes required. A comprehensive reference with photographs of wine 
microorganisms as these appear as colonies and microscopically can be 
found in Edwards (2005).

Although very quick, microscopic evaluation of a wine can lead to 
errant results. First, the appearance of yeasts varies depending on age and 
culture conditions. For example, a culture grown on malt agar for 72 h 
may appear distinctly different from cells isolated from a wine toward the 
completion of alcoholic fermentation. Second, yeasts exhibit substantial 
variation in size and shape, even when in pure culture, refl ecting the fact 
that asexual reproduction results from budding. For example, young 
daughter cells of the apiculate yeasts Kloeckera and Hanseniaspora are nearly 
spherical in shape but upon repeated budding, older mother cells become 
distinctly lemon-shaped. Because lemon- and spherical-shaped cells would 
be observed in a 1 week old culture of this microorganism, this observa-
tion could be misinterpreted as a culture contamination problem.

If identity confi rmation is required, then the microorganism must be 
isolated from the wine (Section 13.9) prior to any characterization. It will 
probably be necessary to re-streak the isolate several times in order to 
obtain a pure isolate completely free from contamination. Unless a specifi c 
genus of microorganism is suspected, different media should be used ini-
tially in order to isolate the various microorganisms present in the 
sample.

When examining microorganisms growing on agar, it is important to 
make note of colony characteristics as illustrated in Fig. 15.1. Such char-
acteristics include shape (circular, irregular, or rhizoid), size (dimensions, 
normally expressed in millimeters), topography (fl at, raised, convex, 
concave, or umbonate), presence of pigments, opacity (transparent, 

Shape:

Topography:

Edge:

Circular Irregular

Flat Raised Convex Concave Umbonate

Entire Undulate Lobate Dentate

Rhizoid

Rhizoid

Figure 15.1. Various morphologies of colonies growing on solidifed media.
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translucent, or opaque), surface (smooth, rough, dull, or glistening), edge 
(entire, undulate, lobate, or dentate, or rhizoid) or any changes to the agar 
(color or opacity changes due to pH or CaCO3 indicators, respectively).

Once isolated, the unknown microorganism(s) can be better character-
ized using the methods detailed in the following sections for identifi ca-
tion. This chapter describes those classic methods used to characterize 
and identify yeasts and molds (Section 15.3) as well as bacteria (Section 
15.4) found in grape juices and wines.

15.3 YEASTS AND MOLDS

As yeast cellular morphology may vary with cultivation techniques as well 
as the stage in the growth cycle, this step in identifi cation must be 
standardized. Ideally, recently isolated colonies are transferred to a 
nutrient broth medium and incubated at 25ºC/77ºF for 72 h or until colo-
nies develop and then examined microscopically. Generally, most yeasts 
require only 2 to 4 days for growth while longer times (10 to 14 days) are 
needed for those isolates suspected of being Dekkera/Brettanomyces. When 
growing on agar substrate, yeast isolates typically appear as larger opaque 
(creamy) colonies compared with smaller (pinpoint) transparent bacterial 
colonies. Additionally, color development (chromogenesis) provides imme-
diate diagnostic information. For example, Rhodotorula produces a salmon-
pink-colored colony on laboratory media.

As discussed previously, the absence or presence of ascospores provides 
important information regarding identifi cation (Section 1.2.1). Com-
monly used sporulation media are presented in Table 15.1. Because some 
of these media are also used for general isolation and growth, it is not 
uncommon to observe ascospore formation in recently isolated yeasts. If 
ascospores are demonstrated in a given isolate, a description of the asco-
spore is diagnostically useful. Such observations include the number of 
spores per mother cell (ascus), surface ornamentation (brims, equatorial 
rings, or wartiness), and color. As seen in Fig. 15.2, ascospore morphology 
can vary from hat to saturn and needle to spherical shapes. Also important 
is the physical appearance of the mother cell (ascus) and whether asco-
spores are readily liberated (evanescent) or retained (persistent) within 
the ascus.

15.3.1 Assimilation of Carbon and Nitrogen

The ability or inability of an isolate to oxidatively utilize (assimilate) single 
sources of carbon or nitrogen in media otherwise devoid of carbon or 
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Table 15.1. Suggested sporulation media for yeast isolates.

Yeast Sporulation medium

Dekkera Gorodkowa, enriched yeast extract–malt extractb

Hanseniaspora Malt extract,b potato dextrose agarb

Hansenulaa Yeast extract–malt extract,b malt extract,b V-8
Metschnikowia pulcherrima Yeast extract–malt extract,b malt extract,b V-8
Pichiaa V-8, acetate, malt extract,b Gorodkowa
Saccharomyces Acetate agarb

Saccharomycodes ludwigii Gorodkowa, malt extractb

Schizosaccharomyces pombe Yeast extract–malt extract,b malt extract,b V-8
Torulaspora delbrueckii Yeast extract–malt extractb

Zygosaccharomyces bailii Wort,b yeast extract–malt extractb

aSporulation on any given medium is species dependent.
bAlthough these media can be made in the laboratory, it may be easier to purchase commercially avail-
able preparations.

Spheroidal
and smooth

Saturn-shaped
and smooth

Spheroidal and 
roughened

Saturn-shaped
and roughened

Elongated with 
terminal appendage

Needle-shaped

Hat-shaped

Figure 15.2. Representative shapes of ascospores found in yeasts. Adapted from Yarrow 
(1998) with the kind permission of Elsevier Ltd.

nitrogen sources is a widely used diagnostic tool for identifi cation of yeasts 
and molds. For instance, Pichia spp. are distinguished from Hansenula by 
their inability to grow on nitrate as sole source of nitrogen (Yarrow, 
1998).

Only young, vigorously growing cultures should be used for the evalu-
ation of nitrogen and carbon utilization profi les. Furthermore, cultures 
should be previously transferred from yeast extract–malt extract medium 
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because nutrient carry-over by the microorganism is also possible. To 
minimize this problem, appropriate controls containing only basal medium 
and yeast (either no carbon or nitrogen source) should be incorporated 
in these assays.

Assimilation tests for carbon compounds use yeast nitrogen base 
(YNB) without carbon sources, and the assimilation test for nitrogen 
compounds use yeast carbon base (YCB) without assimilable nitrogen 
sources. For the tests described, YNB without amine acids and ammonium 
sulfate is used (Anonymous, 1984). Carbon sources normally examined 
include a number of pentoses, hexoses, disaccharides, trisaccharides, poly-
saccharides, alcohols, organic acids, and glycosides as specifi ed by Yarrow 
(1998). Nitrogen sources commonly tested include nitrate, nitrite, ethyl-
amine hydrochloride, cada -verine dihydrochloride, l-lysine, imidazole, 
glucosamine, creatine, and creatinine. When nitrite is used as a test com-
pound, it is necessary to adjust the pH of the medium to 6.5 because toxic 
nitrous acid is formed at pH <6.0.

The determination of carbon and nitrogen utilization profi les can be 
performed in broth or pour plates seeded with the microorganism of 
interest. Success using these techniques require that fungi be in pure 
culture and that carbon and nitrogen sources be free of contamination. 
To interpret the broth method (Anonymous, 1984), a fi nely ruled white 
index card is placed behind the tube and the degree to which haze/turbid-
ity hampers visualization is noted. Relative growth may be scored as 
follows:

Lines on card not visible (+++)
Lines on card marginally visible (++)
Lines on card visible but not distinct (+)
Lines on card clearly visible and no increase in turbidity (−)

Contrasted against the broth assays, auxanograms utilize a “seeded” back-
ground of the yeast isolate onto which various carbon or nitrogen sources 
are added. Growth on the carbon or nitrogen source is visualized as haze 
or turbidity around the source.

One diffi culty with auxanograms is that excess moisture on the agar 
surface may cause test compounds to fl ow, potentially causing contamina-
tion. Although some recommend drying moist agar in an oven at 37ºC/99ºF 
for 90 min, this technique not only risks microbial contamination but also 
thermal injury or death of sensitive yeasts. In those situations where tubes 
are scored as “positive” in the nitrogen utilization assay, results should be 
reconfi rmed by transferring a loop of medium to a fresh tube containing 
the same nitrogen source and reevaluated after 1 week.
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While the choice whether to use broth or auxanograms for nitrogen 
and carbon utilization depends on individual preference, auxanograms 
can be easier to perform.

15.3.1.1 Carbon Utilization by Broth Culture

1. Prepare a 10× stock solution by dissolving 6.7 g YNB (without amino 
acids and ammonium sulfate) in approximately 90 mL distilled water. 
Once dissolved, bring to volume (100 mL) and fi lter sterilize through 
an 0.45 µm membrane. Keep in the refrigerator for use as needed.

2. Prepare the yeast inoculum.
a.  Combine 1 mL of 10× stock solution of YNB with 9 mL distilled 

water.
b.  Dissolve 10 mg glucose, 50 mg ammonium sulfate, 10 mg histidine, 

20 mg methionine, and 20 mg tryptophan in the medium and sterile 
fi lter through an 0.45 µm membrane.

c.  Inoculate with a single colony and incubate for 48 h at 25ºC/77ºF.
d.  Using sterile water, dilute culture to a “slightly hazy” just prior to 

inoculation.
e.  Repeated transfers to/from this medium can improve cell adapta-

tion and reduce carbohydrate reserves which can compromise 
results.

3. Aseptically dispense 0.5 mL aliquots of the 10× stock YNB into sterile 
capped or cotton-plugged 16 × 125 mm test tubes.

4. Prepare a series of carbon sources (sugars, sugar alcohols, and organic 
acids) at concentrations of 0.5% w/v in distilled water. In the case of 
raffi nose, prepare a 1% w/v solution. Filter sterilize all solutions through 
on a 0.45 µm membrane.

5. Aseptically transfer 4.5 mL of a given carbon source to a test tube 
containing 0.5 mL 10× stock YNB. Control treatments contain 0.5 mL 
10× stock YNB and 4.5 mL sterile distilled water.

6. Using a sterile pipette, aseptically transfer one to two drops of the yeast 
inoculum to all test tubes.

7. Incubate the test tubes at 25ºC/77ºF for 1 week. To ensure oxidative 
conditions throughout the incubation period, some laboratories prefer 
to store cultures on a slant rather than maintain the tubes upright.

15.3.1.2 Carbon Utilization by Auxanogram

1. Prepare a 10× stock solution by dissolving 6.7 g YNB in approximately 
90 mL distilled water. Once dissolved, bring to volume (100 mL) and 
fi lter sterilize through a 0.45 µm membrane.
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2. Prepare the yeast inoculum.
a.  Add 1 mL of 10× stock solution of YNB to 9 mL distilled water.
b.  Dissolve 10 mg glucose, 50 mg ammonium sulfate, 10 mg histidine, 

20 mg methionine, and 20 mg tryptophan in the medium and sterile 
fi lter through an 0.45 µm membrane.

c.  Inoculate with a single colony and incubate for 48 h at 25ºC/77ºF.
d.  Repeated transfers to/from this medium can improve cell adapta-

tion and reduce carbohydrate reserves, which can compromise 
results.

3. Mix 0.67% w/v YNB and 2% w/v agar and dissolve in a boiling water 
bath. Dispense 20 mL into capped or plugged 20 × 150 mm test tubes 
and autoclave at 121ºC/250ºF for 15 min.

4. Once removed from the autoclave, temper the media in a water bath 
at 45ºC/113ºF to 50ºC/122ºF.

5. Prepare a pour plate by transferring 0.1 mL of the yeast inoculum to 
center of Petri plate. Pour the tempered agar into the Petri plate and 
using a “fi gure eight motion,” disperse the yeast throughout the agar. 
Allow agar to solidify completely and cool before proceeding.

6. Using a laboratory marker, write the compounds of interest on the 
bottom portion of the Petri dish. A maximum of three compounds per 
plate can be evaluated.

7. Transfer approximately 5 mg of each carbon compound to the surface 
of the agar, placing the compounds 1 to 1.5 cm from edge of the plate. 
If the same spatula is used for transfer, thoroughly clean and sterilize 
between each compound. Once the fi rst compound has been placed 
on agar substrate, maintain the plate upright.

8. Incubate in upright position (agar in bottom, not in lid) at 25ºC/77ºF 
for 3 to 7 days prior to evaluation.

15.3.1.3 Nitrogen Utilization by Broth Culture

1. Prepare a 10× stock solution by dissolving 11.7 g YCB in approximately 
90 mL distilled water. Once dissolved, bring to volume (100 mL) and 
fi lter sterilize through an 0.45 µm membrane. Keep in the refrigerator 
for use as needed.

2. Prepare the yeast inoculum.
a.  Add 1 mL of 10× stock solution of YNB to 9 mL distilled water. It 

may be necessary to warm the solution to improve solubilization.
b.  Dissolve 10 mg glucose, 50 mg ammonium sulfate, 10 mg histidine, 

20 mg methionine, and 20 mg tryptophan in the medium and sterile 
fi lter through an 0.45 µm membrane.
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c.  Inoculate with a single colony and incubate for 48 h at 25ºC/77ºF.
d.  Repeated transfers to/from this medium will reduce cellular nitro-

gen reserves which can compromise results.
e.  Using sterile water, dilute culture to a “slightly hazy” just prior to 

inoculation.
3. Aseptically dispense 0.5 mL aliquots of 10× stock YCB into sterile 

capped or cotton-plugged 16 × 125 mm test tubes.
4. Separately dissolve 0.078 g potassium nitrate (KNO3), 0.026 g sodium 

nitrite (NaNO2), 0.064 g ethylamine hydrochloride, and 0.080 g l-lysine 
in 10 mL distilled water and fi lter sterilize through an 0.45 µm
membrane.

5. Aseptically transfer 4.5 mL of a given nitrogen source to a test tube 
containing 0.5 mL 10× stock YCB. Control treatments contain 0.5 mL 
10× stock YCB and 4.5 mL sterile distilled water.

6. Using a sterile pipette, aseptically transfer one to two drops of the 
inoculum to all test tubes.

7. Incubate at 25ºC/77ºF for 1 week. To ensure oxidative conditions 
throughout the incubation period, some laboratories prefer to store 
cultures on a slant rather than maintain the tubes upright.

15.3.1.4 Nitrogen Utilization by Auxanogram

1. Prepare a 10× stock solution by dissolving 11.7 g YCB in approximately 
90 mL distilled water. Once dissolved, bring to volume (100 mL) and 
fi lter sterilize through an 0.45 µm membrane. Keep in the refrigerator 
for use as needed.

2. Prepare the yeast inoculum.
a.  Add 1 mL of 10× stock solution of YCB to 9 mL distilled water.
b.  Dissolve 10 mg glucose, 50 mg ammonium sulfate, 10 mg histidine, 

20 mg methionine, and 20 mg tryptophan in the medium and sterile 
fi lter through an 0.45 µm membrane.

c.  Inoculate with a single colony and incubate for 48 h at 25ºC/77ºF.
d.  Repeated transfers to/from this medium will reduce cellular nitro-

gen reserves, which can compromise results.
3. Mix 1.17% w/v YCB and 2% w/v agar and dissolve in a boiling water 

bath. Dispense 20 mL into capped or plugged 20 × 150 mm test tubes 
and autoclave at 121ºC/250ºF for 15 min.

4. Once removed from the autoclave, temper the media in a water bath 
at 45ºC/113ºF to 50ºC/122ºF.

5. Prepare a pour plate by transferring 0.1 mL of the yeast inoculum to 
center of Petri plate. Pour the tempered agar into the Petri plate and 
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using a “fi gure eight motion,” disperse the yeast throughout the agar. 
Allow agar to solidify completely and cool before proceeding.

6. Using a laboratory marker, write the compounds of interest on the 
bottom portion of the Petri dish. A maximum of three compounds per 
plate can be evaluated.

7. Transfer approximately 5 mg of each carbon compound to the surface 
of the agar, placing the compounds 1 to 1.5 cm from edge of the plate. 
If the same spatula is used for transfer, thoroughly clean and sterilize 
between each compound. Once the fi rst compound has been placed 
on agar substrate, maintain the plate upright.

8. Incubate in upright position (agar in bottom, not in lid) at 25ºC/77ºF 
for 3 to 7 days and evaluate each zone for growth.

15.3.2 Demonstration of Ascospores

Upon isolation of the yeast, details of cell morphology, budding type, and 
relative size should be noted. Recently isolated yeasts may already be 
sporulating and further effort in this regard may not be necessary. Assum-
ing this is not the case, transfer the isolate to an appropriate medium as 
specifi ed in Table 15.1 and incubate at 25ºC/77ºF, examining the culture 
after 2 to 3 days and then once a week for 6 weeks. Examination requires 
preparation of a wet mount (Section 12.5) and viewing under phase-
contrast microscopy. Alternatively, the preparation can be stained using 
malachite green (Section 15.3.2.5) and viewing using brightfi eld micro-
scopy. If sporulation is not seen, transfer the culture to an alternative 
medium and continue to monitor for an additional 6 weeks.

Acetate Agar 2, Gorodkowa, and the V-8 media are described by Yarrow 
(1998), and the enriched yeast extract–malt extract medium was originally 
described by van der Walt and van Kerken (1961). The staining procedure 
for spore cultures using malachite green is from Yarrow (1998).

15.3.2.1 Acetate Agar 2

1. Mix and dissolve the following ingredients.
Glucose 1 g
Potassium chloride (KCl) 1.8 g
Sodium acetate trihydrate 8.2 g
Yeast extract 2.5 g
Agar 15 g
Distilled water 900 mL

2. Place the fl ask in boiling water to dissolve the ingredients. Once dis-
solved, add distilled water to dilute to volume (1000 mL) and autoclave 
at 121ºC/250ºF for 15 min.
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3. Once removed from the autoclave, temper the media in a water bath 
at 45ºC/113ºF to 50ºC/122ºF.

4. Prepare pour plates and allow agar to solidify.
5. Using a fl amed and cooled loop, transfer a young culture (incubation 

time of 24 to 48 h) to the medium and incubate at 25ºC/77ºF for 2 to 
3 days prior to examination with a microscope.

15.3.2.2 Gorodkowa Agar

1. Mix and dissolve the following ingredients.
Glucose 1 g
Peptone 10 g
Sodium chloride (NaCl) 5 g
Agar 20 g
Distilled water 900 mL

2. Place the fl ask in boiling water to dissolve the ingredients. Once dis-
solved, add distilled water and dilute to volume (1000 mL). Autoclave 
at 121ºC/250ºF for 15 min.

3. Once removed from the autoclave, temper the media in a water bath 
at 45ºC/113ºF to 50ºC/122ºF.

4. Prepare pour plates and allow agar to solidify.
5. Using a fl amed and cooled loop, transfer a young culture (incubation 

time of 24 to 48 h) to the medium and incubate at 25ºC/77ºF for 2 to 
3 days prior to examination with a microscope.

15.3.2.3 V-8 Agar

1. In a 1000 mL fl ask suspend 5 g compressed baker’s yeast in 10 mL dis-
tilled water and add to 350 mL Campbell’s V-8 Vegetable Juice® (Camp-
bell Soup Company, Camden, NJ, USA).

2. Adjust to pH 6.8 using 50% NaOH and heat in a boiling water bath for 
approximately 10 min. Recheck pH and adjust to 6.8 if necessary.

3. In a second fl ask, add 14 g agar to 340 mL distilled water and heat to 
dissolve.

4. Combine contents of the two fl asks and bring to 1 L fi nal volume with 
distilled water. Autoclave at 121ºC/250ºF for 15 min.

5. Once removed from the autoclave, temper the media in a water bath 
at 45ºC/113ºF to 50ºC/122ºF.

6. Prepare pour plates of the medium and allow agar to solidity.
7. Using a fl amed and cooled loop, transfer a young culture (incubation 

time of 24 to 48 h) onto the medium and incubate at 25ºC/77ºF for 2 
to 3 days prior to examination with a microscope.
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15.3.2.4 Enriched Yeast Extract–Malt Extract Agar

1. Prepare the 10× vitamin stock solution by mixing and dissolve the fol-
lowing ingredients.

Biotin 0.0010 g
Folic acid 0.0010 g
Calcium pantothenate 0.20 g
Inositol 1.0 g
Niacin 0.20 g
p -Aminobenzoic acid 0.10 g
Pyridoxine hydrochloride 0.20 g
Ribofl avin 0.10 g
Thiamin 0.5 g
Distilled water 400 mL

2. Once dissolved, dilute to volume (500 mL) with distilled water. Sterile 
fi lter the stock solution through on 0.45 µm membrane and store at 
−15ºC/5ºF to −10ºC/14ºF until used. Solution must be diluted 1 : 10 
prior to use.

3. With thorough mixing, add 1% v/v of the single strength vitamin solu-
tion to recently autoclaved and cooled (50ºC/122ºF) yeast extract–malt 
extract medium.

4. Using a fl amed and cooled loop, transfer a young (incubation time of 
24 to 48 h) culture to the medium and incubate at 25ºC/77ºF for 2 to 
3 days prior to examination with a microscope.

15.3.2.5 Staining Spore Cultures

1. Heat-fi x the culture onto a microscopic slide.
2. Flood the slide with a solution of 0.5% w/v malachite green and 0.05% 

w/v basic fuchsin made in distilled water.
3. Heat the slide to steaming over a fl ame for 1 min and then wash thor-

oughly in fl owing water. Blot the slide dry and examine using a bright-
fi eld microscope.

15.3.3 Demonstration of Mycelia/Pseudomycelia

The presence or absence of mycelium or pseudomycelium is demonstrated 
by growing the fungi as a slide culture (Section 12.6). However, micro-
scopic evaluation requires removal of the slide culture from the Petri plate, 
thereby increasing the potential for microbial contamination. To mini-
mize contamination, the number of examinations should be limited such 
that results can be obtained after only one to two observations.
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1. Prepare the slide culture as illustrated in Fig. 12.3.
2. Prepare and autoclave the appropriate agar medium commonly potato 

dextrose agar or corn med agar (Anonymous, 1984). Pour into sterile 
Petri plates and allow to solidify.

3. Using a sterile spatula, cut the agar into cubes of a suitable size to fi t 
within the dimensions of the microscope slide cover slip.

4. After resterilizing the spatula (dipping in 70% v/v ethanol and then 
fl aming), carefully scoop out an agar cube and transfer to center of a 
sterile microscope slide inside the Petri plate (this step may take 
practice!).

5. Using a sterile loop, transfer a yeast colony onto the agar cube. With 
sterile forceps, carefully place a sterile cover slip over inoculated agar 
cube, taking care not to leave an exposed agar surface.

6. Transfer suffi cient sterile distilled water to the Petri plate to maintain 
high humidity.

7. Incubate at 25ºC/77ºF for 4 to 7 days and examine microscopically.

15.3.4 Fermentation of Carbohydrates

The ability to utilize carbon and nitrogen oxidatively (with oxygen) does 
not always correlate with the ability of the yeast to use these sugars fer-
mentatively. Thus, fermentation profi les provide further information nec-
essary for identifying species of yeasts. Here, the ability to fermentatively 
utilize a specifi c sugar is detected by trapping CO2 inside the Durham tube 
placed upside down in the liquid medium. Sugars most commonly tested 
are glucose, galactose, sucrose, maltose, lactose, raffi nose, and trehalose. 
Other sugars (inulin, starch, melibiose, cellobiose, and d-xylose) are some-
times tested as well. Commercially-prepared carbohydrate testing kits are 
available (Section 15.4.4).

1. Prepare yeast extract broth by dissolving 0.5% w/v yeast extract in dis-
tilled water.

2. For sugars that can be autoclaved (e.g., glucose and galactose), prepare 
as 2% w/v solutions in the yeast extract broth and transfer 10 mL to 
capped 18 × 150 mm test tubes. Insert a Durham tube open-side down 
into each tube, loosely replace the cap, and autoclave at 121ºC/250ºF 
for 15 min.

3. Because many sugars should not be autoclaved, prepare as 2% w/v solu-
tions in the yeast extract broth and individually fi lter sterilize the solu-
tions through 0.45 µm membranes. For raffi nose, prepare a 4% w/v 
solution because some strains only use part of the molecule (Yarrow, 
1998). Transfer 10 mL aliquots of yeast extract broth to sterile 18 ×
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150 mm test tubes, aseptically insert sterile Durham tubes open-side 
down into the test tubes, and cap. Note the volume of the air bubble 
prior to inoculation.

4. Inoculate each tube with yeast to yield a slightly turbid suspension and 
incubate at 25ºC/77ºF, examining for gas formation at intervals of 2 to 
3 days for up to one week.

15.4 BACTERIA

In many situations, wine microbiologists can tentatively identify wine 
bacteria by genus based on cellular morphology. Due to morphological 
variation, microscopic identifi cation should be coupled with selected phys-
iological tests in order to confi rm identifi cation (Sections 2.2 and 3.2). 
For example, lactic acid bacteria can be tentatively identifi ed by Gram 
stain and fermentation of carbohydrates. In fact, Oenococcus, Pediococcus,
and Lactobacillus have all been classically identifi ed to species level using 
carbohydrate fermentation patterns (Garvie, 1967a; 1986a; 1986b; Kandler 
and Weiss, 1986; Edwards et al., 1991; 1993; Edwards and Jensen, 1992).

One diffi culty with some of these tests is the fact that many lactic acid 
bacteria isolated from grape musts or wines require the so-called “tomato 
juice factor” (Section 2.3), a compound present in fruit and vegetable 
juices and serums. These juices and serums are commonly added to media 
to improve bacterial growth, but they also contain sugars that can interfere 
with carbohydrate utilization tests. To exclude juices or serums but improve 
bacterial growth, Garvie (1984) suggested the incorporation of additional 
pantothenic acid or use of a heavy inoculation. Besides fruit or vegetable 
juices or serums, yeast extract (0.5% w/v) is frequently added as a nitrogen 
supplement along with Tween 80 as a source of fatty acids (Kunkee, 1974, 
Champagne et al., 1989).

De Ley et al. (1984), De Ley and Swings (1984), and Swings (1992) 
identifi ed several tests that distinguish Acetobacter from Gluconobacter with 
the easiest being their relative ability to utilize ethanol as a carbon source. 
Here, Acetobacter oxidizes the alcohol completely to carbon dioxide and 
water while Gluconobacter can oxidize ethanol only to acetic acid. Similarly, 
Acetobacter will oxidize lactate to CO2, and H2O whereas Gluconobacter
cannot. Presumably, Gluconacetobacter behaves similarly to Acetobacter as the 
former genus was originally classifi ed by De Ley and Swings (1984) and 
De Ley et al. (1984) as Acetobacter. Differentiation of A. aceti and A. pasteur-
ianus requires the ability to detect oxidation of glycerol to dihydroxyace-
tone, a property called ketogenesis. One diffi culty in defi ning phenotypic 



characteristics of acetic acid bacteria is that the group undergoes sponta-
neous mutations rather frequently (Swings, 1992).

15.4.1 Ammonia from Arginine

Microscopically, it may be diffi cult to separate O. oeni from some species 
Lactobacillus due to morphological similarity. In these cases, Garvie (1984) 
suggested that separation could be made using ammonia formation from 
arginine (Section 2.4.2). The described method relies on the heterofer-
mentation-arginine medium (Section 13.6.3) used by Pilone et al. (1991) 
but without inclusion of fructose.

Nessler’s reagent contains mercury (II) iodide, which is dissolved in an 
aqueous solution of potassium iodide and potassium hydroxide to yield 
K2HgI4. The reagent is used to detect the presence of ammonia as per the 
following reaction:

NH4
+ + 2[HgI4]2− + 4OH− → HgO•Hg(NH2)I + 7I− + 3H2O

The formation of a brick-orange color indicates the presence of ammonia. 
Nessler’s reagent (CAS number 7783-33-7) is available from commercial 
sources and is not normally prepared in the laboratory.

1. Mix and dissolve the following ingredients.
Tryptone 5 g
Yeast extract 5 g
Potassium dibasic hydrogen phosphate (K2HPO4) 2 g
Glucose 0.5 g
Distilled water 800 mL

a.  Once ingredients are dissolved, dilute medium to volume (1000 mL) 
and then divide into two 500 mL aliquots.

b. To one aliquot, add 1.5 g arginine-HCl.
c.  Adjust the pH of both media to pH 5.5 with 50% v/v H3PO4 or 6 M 

KOH.
d.  Dispense into 18 × 150 mm test tubes, add the caps, and sterilize by 

autoclaving at 121ºC/250ºF for 15 min.
2. Prepare the following basal broth medium.

a. Mix and dissolve the following ingredients.
Peptone 10 g
Yeast extract 2.5 g
Tween 80 (5% w/w solution) 2 mL
Distilled water 800 mL
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b.  Once ingredients are dissolved, dilute to volume (1000 mL) and 
adjust pH to 5.2 with 50% v/v H3PO4 or 6 M KOH.

c.  Distribute into bottles and sterilize by autoclaving at 121ºC/250ºF 
for 15 minutes.

3. Prepare the bacterial inoculum.
a.  Inoculate a colony into 10 mL apple juice Rogosa medium (Section 

13.6.1) and incubate for 7 days.
b.  Harvest by centrifugation and suspend in a minimal amount of 

sterile basal broth medium.
c.  Inoculate test tubes at a rate of 0.1 to 0.2 mL inoculum per tube. Be 

sure to add uninoculated basal broth to the control test tubes.
4. Detection of ammonia.

a.  After incubation for up to 3 weeks, centrifuge 2 mL from inoculated 
broth (with and without arginine).

b.  Place 1 mL of each broth onto a white tile spot-plate and add 1 or 2 
drops of Nessler’s reagent.

15.4.2 Catalase

Hydrogen peroxide (H2O2) is a highly reactive by-product of the growth 
of some strains of microorganisms. Because H2O2 is toxic, these microor-
ganisms contain the enzyme catalase to remove hydrogen peroxide as it 
is formed.

O2 + 2H+ + 2e− → H2O2 (oxidase)

2H2O2 → 2H2O + O2 (catalase)

Lactic acid bacteria are generally catalase-negative. Hence, treatment 
with hydrogen peroxide does not elicit the bubbling reaction as noted with 
acetic acid bacteria. However, some strains of Lactobacillus have a pseudo-
catalase, which will produce a positive reaction upon exposure to H2O2

(Edwards et al., 1993). Where weak catalase activity is suspected, carefully 
place a cover slip over the preparation and examine under a dissecting 
scope or low magnifi cation of the compound microscope for bubbles. As 
Saccharomyces exhibits a strong catalase reaction, this microorganism can 
be used as a positive control in this test.

The protocol described originates from Whittenbury (1964) and Pilone 
and Kunkee (1972). Stock solutions of 30% H2O2 should be stored at 
4ºC/39ºF, but the reagent will decompose over time leading to false nega-
tive responses. It is recommended to prepare fresh H2O2 when performing 
this test.



1. Transfer 0.15 g haematin into 30 mL distilled water. Add enough drops 
of 0.1 N NaOH to dissolve the haematin.

2. Sterile fi lter the solution through an 0.45 µm membrane into a previ-
ously sterilized bottle.

3. Prepare 1000 mL apple juice Rogosa agar (Section 13.6.1) but only add 
0.5% w/v glucose and adjust the pH to 5.5.

4. After autoclaving the agar, aseptically add 10 mL of the haematin solu-
tion to the tempered medium just prior to pouring plates.

5. Streak the test microorganisms onto the solidifi ed agar.
6. When good growth is apparent on the plates (7 to 10 days), transfer 

several drops of freshly prepared 3% v/v H2O2 onto some of the 
colonies.

15.4.3 Dextran from Sucrose

Some lactic acid bacteria have the ability to metabolize sucrose to produce 
polymers known as dextrans (viscous, slimy). While most strains of Oeno-
coccus oeni are negative for this attribute (Edwards et al., 1991), some 
strains of Lactobacillus (Edwards et al., 1993) and Leuconostoc mesenteroides
(Garvie, 1984) are positive. The outlined method originates from Pilone 
and Kunkee (1972). To test for dextran formation, touch a sterile inoculat-
ing needle straight down into an isolated colony and move the needle 
straight back up. A positive reaction is one where threads or strands are 
drawn up on the needle.

1. Prepare 1000 mL apple juice Rogosa agar (Section 13.6.1).
2. Adjust pH to 4.5 with 50% v/v H3PO4 or 6 M KOH, add agar (20 g/L), 

and autoclave at 121ºC/250ºF for 15 min. After autoclaving, temper the 
agar in a 45ºC/113ºF to 50ºC/122ºF water bath.

3. Add 50 g sucrose to 100 mL distilled water and dissolve.
4. Filter sterilize the sucrose solution through a 0.45 µm membrane and 

aseptically add to the tempered agar medium.
5. Add approximately 25 mL medium per Petri plate.
6. Once solidifi ed, streak each test strain on the agar medium and incu-

bate at 25ºC/77ºF for approximately 2 weeks before examining the 
culture for dextrans using a sterile needle.

15.4.4 Fermentation of Carbohydrates

Fermentation of specifi c carbohydrates by lactic acid bacteria with produc-
tion of acid and/or gas (CO2) has been used to identify lactic acid bacteria. 
Traditionally, fermentation patterns are determined by growing the 
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microorganism in test tubes containing a medium with various carbohy-
drates and a pH indicator (Kandler and Weiss, 1986). Carbohydrates 
commonly tested include amygdalin, l-arabinose, arbutin, d-cellobiose, 
esculin, fructose, d-galactose, β-gentibiose, glucose, lactose, maltose, 
mannose, melezitose, melibiose, α-methyl-d-glucoside, raffi nose, ribose, 
salicin, sucrose, trehalose, d-turanose, and d-xylose. The presence of acid 
(and therefore bacterial growth) is indicated by the medium changing 
color from a blue-green to yellow while gas (CO2) formation is seen as 
trapped bubbles.

In recent years, simple and convenient miniaturized multitest kits have 
been developed. One method, the API system, is produced for the identi-
fi cation of Lactobacillus spp. but has also been applied to other lactic acid 
bacteria. A product of bioMerieux (Marcy l’Etoile, France), these prepack-
aged kits include a gallery of biochemical tests selected to maximize the 
effi ciency of identifi cation of an unknown microorganism. Although 
Pardo et al. (1988) concluded that the system yielded inaccurate results 
for characterizing strains of O. oeni, Jensen and Edwards (1991) success-
fully applied a modifi ed medium for screening strains isolated from wines. 
Positive reactions (fermentation of the test carbohydrate) are those where 
a distinctive color change can be observed (e.g., from blue-green to yellow). 
Small bubbles under the mineral oil indicating gas formation can some-
times be observed.

One important element with performing these tests is to use a specifi c 
inoculation rate. Rather than use direct plating to enumerate the bacteria 
in the inoculum (Section 14.5), the McFarland scale can be used to esti-
mate populations based on turbidities of barium chloride (BaCl2). In 
summary, different concentrations of BaCl2 in the presence of H2SO4 cor-
respond to the turbidity of dense bacterial populations present in a saline 
suspension (Gradwohl, 1948). BaCl2 suspensions are prepared in small test 
tubes (Table 15.2) and the bacterial population estimated by comparing 
turbidities either visually or using a nephelometer (Section 14.7). To deter-
mine the approximate bacterial density in broth cultures, dissolve sulfuric 
acid and BaCl2 in the same sterile broth used to suspend the bacteria.

15.4.4.1 Test Tube Method

1. Centrifuge 10 mL of a bacterial culture grown for 7 days in apple juice 
Rogosa broth (Section 13.6.1), aseptically remove the broth, suspend 
the pellet in a minimal amount of 0.1% w/v peptone, and inoculate 
0.1 mL into sterile 18 × 150 mm test tubes.

2. Mix and dissolve the following ingredients.
Peptone 10 g
Yeast extract 5 g



Potassium dibasic phosphate (K2HPO4) 5 g
Diammonium citrate 2 g
Sodium acetate (NaC2O2H3) 5 g
Magnesium sulfate (MgSO4•7H2O) 0.5 g
Manganese sulfate (MnSO4•4H2O) 0.2 g
Tween 80 1.0 g
Distilled H2O 800 mL

3. Once ingredients are dissolved, dilute medium to volume (900 mL). 
Add chlorophenol red (0.5 g/L) and adjust pH to 6.2 to 6.4 with either 
50% v/v H3PO4 or 6 M KOH.

4. Add agar (15 g) and autoclave the medium at 121ºC/250ºF for 
15 min.

5. Dissolve 10 g of each test carbohydrate into 100 mL distilled water, 
sterile fi lter through an 0.45 µm membrane, and add to the tempered 
medium. Be sure to check water solubilities of the various carbohy-
drates prior to testing (e.g., esculin and salicin are not as soluble as 
other carbohydrates).

6. As rapidly as possible, add 10 mL of the medium containing the test 
carbohydrate to a 18 × 150 mm test tube containing the bacterium. 
Thoroughly mix by vortexing and set aside. Once solidifi ed, incubate 
the test tubes for 7 to 10 days. If the bacterial strain does not grow well, 
tryptone and/or calcium pantothenate can be added to the medium at 
concentrations of 20 g/L and 0.2 mg/L, respectively.

15.4.4.2 API Method

1. Centrifuge 10 mL of a bacterial culture grown in apple juice Rogosa 
broth (Section 13.6.1).

2. Aseptically decant the broth, and suspend the pellet in a minimal 
amount of a sterile basal broth that contains 1% w/v peptone, 0.25% 
w/v yeast extract, 0.01% w/v Tween 80, and 0.2 g/L calcium 
pantothenate.

3. Add the bacterial suspension to addition basal broth that contains a 
pH indicator (0.016% w/v bromcresol green) to obtain an optical 
density of McFarland Scale of 2 (Table 15.2).

4. Inoculate the bacterial suspensions into individual wells (galleries) of 
the API Rapid CH system (API Analytab Products, Plainview, NY). 
Overlay the wells with sterile mineral oil to maintain an anaerobic 
environment.

5. Incubate the API galleries at 25ºC/77ºF for up to 28 days and score 
each well as per the manufacturer’s directions.
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15.4.4.3 McFarland Scale

1. Prepare the McFarland scale by mixing 1% w/v sulfuric acid and 
1% w/v barium chloride (BaCl2) according to Table 15.2.

2. If the scale is used with the API Rapid CH system to prepare the bacte-
rial inoculum, it is best to make McFarland Scale 1 to 4 in order to 
compare densities of the inoculum and determine the specifi c dilutions 
required.

15.4.5 Gas from Glucose

Formation of carbon dioxide from glucose is characteristic of heterofer-
mentative species (O. oeni and some Lactobacillus). Conversely, failure to 
produce CO2 from glucose indicates homofermentative utilization of the 
sugar and is suggestive of Pediococcus or some species of Lactobacillus. It 
must be noted that some Lactobacillus spp. are classifi ed as being faculta-
tively heterofermentative but hexoses (e.g., glucose) are utilized homofer-
mentatively with no gas formation (Section 2.4.1).

Method A is from Edwards et al. (1991), a protocol originally modifi ed 
from Gibson and Abdel-Malek (1945) and Garvie (1984) while method B 
was described by Pilone et al. (1991). The presence of gas is indicated by 
the elevation of the agar plug inside of the tube (method A) or by gas 
trapped in the Durham tube (method B). If no gas is apparently produced 
using method A, it may be necessary to sonicate the tubes to force gas to 
coalesce into visible bubbles.

If poor growth of the bacterium is observed, 20% v/v tomato juice 
serum can be added. However, tomato juice serum will have some glucose 

Table 15.2. McFarland scale standards used to estimate bacterial populations.

McFarland 1% w/v H2SO4 1% w/v BaCl2 Estimated population
scale (mL) (mL) (×106 CFU/mL)

 1 9.9 0.1 300
 2 9.8 0.2 600
 3 9.7 0.3 900
 4 9.6 0.4 1200
 5 9.5 0.5 1500
 6 9.4 0.6 1800
 7 9.3 0.7 2100
 8 9.2 0.8 2400
 9 9.1 0.9 2700
10 9.0 1.0 3000



and other sugars present and so may interfere with this assay. As such, it 
is very important to have three control tubes for either procedure:

Control 1: Medium + no glucose + no bacteria
Control 2: Medium + glucose + no bacteria
Control 3: Medium + no glucose + bacteria

Gas or acid production in control 1 or 2 indicates microbial contamination 
of the medium indicating all tubes were contaminated. Gas/acid produc-
tion in control 3 suggests high amounts of sugar were present in the 
serum used to prepare the medium. If this is the case, 0.2 g/L calcium 
pantothenate may be substituted in lieu of tomato juice serum.

15.4.5.1 Method A

 1. Select a commercially processed tomato juice that contains only 
juice and salt (no preservatives and not from concentrate) or prepare 
juice from fresh tomatoes. Centrifuge 250 mL of the juice at 3000 × g
for 30 min and decant, saving the supernatant (serum). Serum can be 
stored in small volumes at −20ºC/−4ºF until used.

 2. Mix and dissolved the following ingredients.
Peptone 5 g
Yeast extract 1.25 g
Tween 80 (5% w/w solution) 1 mL
Bromcresol green (1% w/w solution) 2 mL
Tomato juice serum 50 mL
Distilled water 200 mL

 3. Adjust the medium to pH 5.2 with 50% v/v H3PO4.
 4. Divide the medium into two 125 mL aliquots and add 1.25 g glucose 

to one, stirring to dissolve the sugar. The fi nal glucose concentration 
is approximately 0.5% w/v, excluding the impact of tomato juice 
serum. Place these media into a 45ºC/113ºF to 50ºC/122ºF water 
bath.

 5. Dissolve 2.5 g agar in 250 mL distilled water by steaming in the auto-
clave at 110ºC/230ºF for 10 min.

 6. Stir 125 mL molten agar into each portion of broth (with and without 
glucose) from step 3.

 7. Dispense media into 18 × 150 mm test tubes, cap, and sterilize by 
autoclaving at 121ºC/250ºF for 15 min.

 8. Prepare the agar overlays.
a.  Mix 5 g agar in 250 mL water and dissolve by steaming in the auto-

clave at 110ºC/230ºF for 10 min.
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b.  Distribute 5 mL per screw-capped 16 × 125 mm tube and sterilize 
by autoclaving at 121ºC/250ºF for 15 min.

 9. Mix and dissolve the following basal broth.
Peptone 10 g
Yeast extract 2.5 g
Tween 80 (5% w/w solution) 2 mL
Distilled water 800 mL

a.  Once dissolved, dilute to volume (1000 mL) and adjust pH 
to 5.2 with 50% v/v H3PO4, distribute into 100 mL milk dilution 
bottles, and sterilize by autoclaving 121ºC/250ºF for 15 min.

10. Inoculate test tubes with bacterial cultures prepared as follows.
a.  Inoculate cultures from plates into 10 mL apple juice Rogosa broth 

(Section 13.6.1).
b.  Harvest cells by centrifugation (3000 × g) and suspend the pellet 

in a minimal amount of basal broth (step 8).
c.  Melt media (step 6) and overlays (step 7) by steaming in the auto-

clave at 110ºC/230ºF for 10 min. Place the media and the overlays 
in a 45ºC/113ºF to 50ºC/122ºF water bath.

d.  After adding 0.1 to 0.5 mL inoculum to the test tubes (step 8b), 
vortex to mix, and then chill the tube immediately in an ice-water 
bath.

e.  When these media are completely solidifi ed, overlay each with an 
agar overlay (plug should be 5 cm in height) and incubate at 
25ºC/77ºF for 2 to 3 weeks.

15.4.5.2 Method B

1. Prepare heterofermentation-arginine broth (HFA) (Section 13.6.3).
2. Place 9 mL into sterilized 16 × 150 mm test tubes containing an inverted 

Durham tube, cap, and autoclave at 121ºC/250ºF for 15 min.
3. Inoculate the test tubes with 0.1 mL of an actively growing culture and 

incubate at 22ºC/72ºF to 30ºC/86ºF for up to 3 weeks.
4. As an alternative to using Durham tubes, the inoculated HFA broth 

can be overlaid with approximately 1 cm of molten vaspar (mixture of 
1 part petroleum jelly + 6 parts paraffi n) to assist in visualizing gas 
formation.

15.4.6 Gram Stain

One of the most commonly used procedures to assist in identifi cation of 
bacteria, the Gram stain, differentiates species based on cell wall charac-



teristics. The procedure calls for initial staining of cells with a blue-colored 
dye, crystal violet, removal of some or all of the dye from cells using a 
solvent (“decolorization”), and then re-staining (“counterstaining”) with 
safranin, a red-colored dye. The preparation is then microscopically 
examined without a cover slip using an oil immersion objective under 
brightfi eld illumination. Depending on how much crystal violet is retained 
by the cells, counterstaining with a red dye (safranin) will yield either 
Gram-positive reaction (cells appear purple) or Gram-negative (cells 
appear red). Lactic acid bacteria are Gram-positive while acetic acid bac-
teria are generally Gram-negative cells (older cultures can appear as 
Gram-variable).

Although the individual reagents can be prepared in-house (Anony-
mous, 1984), pre-packaged Gram stain kits are available and are suffi cient 
to do hundreds of stains at a reasonable cost. Staining is messy and dis-
colors hands and clothing rather easily. To limit this problem, attach a 
wooden clothespin to microscope slides to act as a handle. Alternatively, 
staining racks can be easily prepared by linking two pieces of glass tubing 
with two short pieces of fl exible rubber tubing of suffi cient length to reach 
across the laboratory sink.

An alternative protocol for the Gram stain reaction has been applied 
to non-wine bacteria (Suslow et al., 1982) and involves placement of two 
drops of 3% w/v KOH onto a microscopic slide. Bacterial cells are then 
aseptically transferred from culture media with a fl at wooden toothpick 
and placed into the drop of KOH with rapid, circular agitation. After 5 
to 8 sec, the toothpick should be alternately raised/lowered to detect a 
“stringing” (or slime) effect. Where an increase in viscosity and stringing 
occurred within 15 sec, the culture is considered to be Gram-negative. 
Gram-positive microorganisms do not have this reaction.

 1. Prepare a smear of the bacterium, making sure to heat-fi x the slide 
prior to staining (Section 12.4). Be sure to use bacterial cultures of 
the same age (incubation time) and avoid staining very dense 
preparations.

 2. Flood the smear with crystal violet and set aside for 1 min.
 3. Lightly wash off excess crystal violet using cold tap water.
 4. Flood smear with iodine and allow the iodine to remain on slide for 

1 min.
 5. Lightly wash off excess iodine using cold tap water.
 6. Carefully fl ood smear with the decolorizing solution until the solvent 

runs colorlessly from the slide (30 to 60 s).
 7. Gently wash the slide with cold tap water.
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 8. Counter stain with safranin for 30 to 60 s.
 9. Wash off excess stain with cold tap water.
10. Carefully blot off excess water and allow to dry.

15.4.7 Ketogenesis

Ketogenesis refers to the ability of some acetic acid bacteria to oxidize 
glycerol to dihydroxyacetone. This property can also be used to separate 
two important species of Acetobacter found in wines, A. aceti and 
A. pasteurianus (Swing, 1992), because A. aceti can oxidize glycerol 
but A. pasteurianus cannot.

Because dihydroxyacetone is a reducing sugar alcohol, its presence can 
be detected using any of several methods for reducing sugars including 
the widely used Clinitest® (Ough and Amerine, 1988; Zoecklein et al., 
1995). Using Clinitest®, formation of a “sharp blue” color suggests A. pas-
teurianus (glycerol was not oxidized) whereas a “light olive-green” indicates 
A. aceti (glycerol was oxidized).

1. Mix and dissolve the following ingredients.
Yeast extract 0.5 g
Glycerol 2 mL
Distilled water 100 mL

2. Transfer 10 mL into 18 × 150 mm test tubes, cap, and sterilize by auto-
claving at 121ºC/250ºF for 15 min.

3. Inoculate each tube with the bacterial isolate (0.1 mL of an actively 
growing culture) and incubate.

4. Once growth is observed, evaluate glycerol oxidation by detecting the 
presence of dihydroxyacetone.

15.4.8 Lactate from Glucose

Although the empirical formulae are the same, there are two forms of 
lactic acid, which differ in their ability to rotate plane-polarized light. The 
isomers that rotate light to the right are d-lactic acid, whereas l-lactic acid 
rotates light to the left. Although lactic acid bacteria produce l-lactic acid 
from l-malic acid, the forms of lactic acid synthesized from carbohydrates 
are species specifi c. Here, some species produce only d-lactic acid from 
glucose, some only the l-form, and others an equal molar mixture of d-
and l-lactic acid (indicated as dl). For examples, Oenococcus produce only 
d-lactic acid from glucose (Garvie, 1986a), Pediococcus synthesizes either 
l- or dl-lactate (Garvie, 1986b) and Lactobacillus produces d-, l-, or dl-
lactic acid (Kandler and Weiss, 1986) depending on species.



The assay described is that of Pilone and Kunkee (1972) and Edwards 
et al. (1991). The form of lactic acid (d or l) can be quantifi ed by using 
any commercial assay kits including those available from Boehringer 
Mannheim GMBH.

 1. Mix 0.5 g liver extract with 50 mL distilled water for at least 30 min. 
Filter the suspension through Whatman no. 1 fi lter paper.

 2. Mix and dissolve the following ingredients.
Tryptone 10 g
Peptone 2.5 g
Yeast extract 2.5 g
Tween 80 (5% w/w solution) 0.5 mL
Distilled water 450 mL

 3. Add the liver extract to the medium and adjust pH to 5.5 with 50% 
v/v H3PO4 or 6 M KOH.

 4. Divide the medium into two 250 mL portions and autoclave at 
121ºC/250ºF for 15 min.

 5. To one portion (250 mL) of the autoclaved medium, add 1 mL of a 
fi lter-sterilized (0.45 µm membrane) 5% w/v glucose solution.

 6. Distribute the media into sterile 18 × 150 mm tubes at 10 mL per 
tube.

 7. The controls and treatments are as follows.

Control 1: Medium (tube A)
Control 2: Medium + glucose (tube B)
Control 3: Medium + bacteria (tube C)
Treatment: Medium + bacteria + glucose (tube D)

 8. Prepare a heavy inoculum of lactic acid bacteria as follows.
a.  Inoculate 10 mL apple juice Rogosa broth (Section 13.6.1) and 

incubate for 7 days at 25ºC/77ºF.
b.  Centrifuge the cultures at 3000 × g for 30 min. Aseptically 

decant the broth and suspend the pellet in 10 mL phosphate 
buffer (2.71 g NaH2PO4 and 8.12 g Na2HPO4•7H2O dissolved in 
1000 mL).

c.  Re-centrifuge, decant the phosphate buffer, and resuspend the 
pellet in 0.1% w/v peptone.

d.  Inoculate 1 mL of culture into each test tube prepared in step 6. 
Be sure to add 1 mL of 0.1% w/v peptone to all controls without 
bacteria.

 9. Incubate for >2 weeks prior to determining the forms of lactic acid 
produced from glucose.
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10. Calculation: The isomers of lactic acid are quantifi ed using commer-
cially available assay kits that rely on enzymes specifi c for either d- or 
l-lactic acid and a spectrophotometer.

Concentration of d- or l-lactic acid =
 [tube D − (tube A + tube B)] − [tube C − (tube A + tube B)]

Tubes A and B represent concentrations of d- and/or l-lactic acid 
present in the uninoculated media without and with glucose. Any 
lactic acid in these tubes must be subtracted from Tubes C and D to 
calculate the amount of lactic acid produced (refer to step 7). High 
concentrations of either lactic acid in Tubes A or B indicates contami-
nation or another problem with the assay.

15.4.9 Malate Utilization (Monitoring MLF)

As previously discussed (Section 2.4.3), lactic acid bacteria will metabolize 
l-malic acid (not d-malic acid) forming l-lactic acid, a conversion that can 
be detected by paper chromatography. Using this system, organic acids in 
the wine partition themselves in a chromatographic system according to 
their relative affi nities for the mobile (solvent) and stationary (paper) 
phases. Usually, the system is operated in an ascending manner (solvent 
wicks upward into the paper); however, descending chromatography can 
also be performed using a glass tray suspended above the bottom of the 
chromatography chamber.

The procedure of Kunkee (1968) is simple, relatively inexpensive to set 
up, and has an acid indicator present in the solvent. The indicator, brom-
cresol green, undergoes a color change from yellow to blue in the pH 
range 3.8 to 5.4. Thus, the presence of an acid will be seen as a yellow spot 
on a blue background.

Acids are tentatively identifi ed by the distance traveled from the origin 
(Fig. 15.3). From the baseline to the solvent front, the following order of 
acids is expected: tartaric, citric (if present), malic, lactic, and succinic. 
Alternatively, relative front (Rf) values for each spot can be calculated by 
dividing the distance traveled by the acid from the origin by the distance 
between the origin and solvent front. Rf values of organic acids separated 
using solvent 1 are presented in Table 15.3. However, lactic and succinic 
acids can co-chromatograph, leading to misinterpretations regarding the 
onset of MLF.

Kunkee (1968) noted that old solvent may cause excessive trailing or 
smearing of the acid spots due to moisture accumulation. Because trailing 



makes interpretation of the chromatogram diffi cult, the author 
recommended preparing fresh solvent weekly. When not in use, the 
solvent should be stored in sealed amber bottles away from exposure to 
direct sunlight. Furthermore, gloves should be worn at all times when 
handling the chromatography paper because lactic acid is present on 
human hands.

The detection level for malic acid using this method is approximately 
100 mg/L. Thus, the absence of a malic acid spot should not be taken to 
mean that MLF is fully complete (Section 11.3.4). Conversely, presence of 
a lactic acid spot may not confi rm an ongoing MLF because these bacteria 
produce the acid from sugars (Section 2.4.1). To confi rm MLF completion, 
it may be necessary to perform additional malic acid analyses using 

Solvent line

Lactic acid

Malic acid

Tartaric acid
Pencil line (origin)

Solvent
movement and 
the machine 
direction to
manufacture paper

Standards Wine #1 Wine #2

Figure 15.3. Paper chromatogram illustrating the separation of organic acids in the 
standard acid mixture and in wines no. 1 and no. 2. On this chromatogram, wine no. 2 is 
undergoing malolactic fermentation as indicated by the disappearance of the malic acid 
spot.

Table 15.3. Rf values for wine acids separated using 
paper chromatography and solvent 1.

Organic acid Rf values

Tartaric 0.28–0.30
Citric 0.42–0.45
Malic 0.51–0.56
Lactic 0.69–0.78
Succinic 0.69–0.78

Adapted from Kunkee (1968) with the kind permission of Wines and 
Vines.
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enzymatic or high-performance liquid chromatography techniques (Ough 
and Amerine, 1988; Zoecklein et al., 1995). Alternatively, Cartesio and 
Campos (1988) described an improved paper chromatographic method 
that can detect malic acid at 30 mg/L.

1. Prepare either solvent 1 or 2. Preparation should be done in a fume 
hood and care taken to avoid breathing the solvents. Chemical-resistant 
gloves and goggles should also be worn when handling the solvents.
(a)  Solvent 1: Combine 100 mL n-butanol, 100 mL distilled water, 

10.7 mL stock formic acid, and 15 mL bromcresol green solution 
(0.1 g water-soluble sodium salt of bromcresol green dissolved in 
100 mL distilled water) in a separatory funnel. Mix by inverting 
funnel and occasionally vent using the stopcock. Place upright and 
discard lower water layer after phase separation. Filter solvent 
through fi lter paper to remove small amounts water.

(b)  Solvent 2: Mix 125 mL n-amyl alcohol (1-pentanol), 25 mL formic 
acid, 0.125 g bromphenol blue, and 100 mL distilled H2O in a 
separatory funnel. Mix by inverting funnel and occasionally vent 
using the stopcock. Place upright and discard lower water layer. 
Filter solvent through fi lter paper to remove small amounts water.

2. For ascending chromatography, pour enough solvent into the glass tank 
or jar to a depth of 1 cm and replace lid.

3. Wearing disposable vinyl gloves, cut an approximately 20 × 35 cm (8 ×
14 in) piece of chromatography paper. Be sure to note the “machine 
direction” so that the chromatogram will be developed in the same 
direction. This information can be found on the outside of the original 
box containing the paper. Alternatively, precut paper can be purchased 
from analytical laboratory and supply houses.

4. Draw a faint pencil line across the long direction, approximately 2 to 
2.5 cm above the bottom edge. Organic acid standards and wines will 
be applied (spotted) along this line (origin).

5. Apply 10 µL of a standard organic acid solution (1% w/v mixture of 
malic acid, lactic acid, and tartaric acid) on the same spot using a 
micropipette. Try to avoid spotting all of the 10 µL at once because spots 
should be as small in diameter as possible (<1 cm). Use of a hair dryer 
can help quickly dry the paper.

6. Spot 10 µL of each wine in the same way as the standard solution, using 
a new capillary tube each time. Each spot should be approximately 2 
to 2.5 cm from other spots.

7. Allow the spots to fully dry before placing the paper into the tank or 
jar. For running chromatograms in a jar, staple the ends of the paper 
together width-wise to form a paper tube and place in the jar. Be sure 



that the origin is not immersed in the solvent because this will ruin 
chromatogram and contaminate the solvent.

8. Develop the chromatogram for 6 to 12 h until the solvent line moves 
close to the top of the paper.

9. Once developed (e.g., solvent line is near but not at the top of the 
paper), remove paper from tank and hang to dry under fume hood. 
Chemical-resistant gloves should be worn to prevent contaminating the 
paper with hands.

15.4.10 Mannitol from Fructose

Mannitol is produced by some lactic acid bacteria (Section 2.4.4) as per 
the following reaction:

Fructose + NADH + H+ → Mannitol + NAD+ (mannitol dehydrogenase)

The formation of mannitol is detected by growing the bacterium in the 
fructose-enriched medium described by Pilone et al. (1991). Formation of 
mannitol salt crystals in the dried medium are detected visually as “large 
rosettes” without further magnifi cation. It is essential to allow a few days 
for crystal formation at 25ºC/77ºF after evaporating the water at 37ºC/99ºF 
because crystals are often not seen prior to the fi nal drying time.

1. Prepare heterofermentation-arginine broth (Section 13.6.3).
2. Place 9 mL of the HFA broth into 18 × 150 mm test tubes and autoclave 

at 121ºC/250ºF for 15 min.
3. Inoculate tubes with 0.1 mL of an actively growing culture from apple 

juice Rogosa broth.
4. Incubate at 22ºC/72ºF to 30ºC/86ºF for up to 3 weeks.
5. After incubation, pour approximately 8 mL of the broth culture into a 

90 mm plastic Petri dish.
6. Allow to dry undisturbed at 37ºC/99ºF for 2 to 3 days and then an 

additional 2 to 3 days at 25ºC/77ºF before examination.

15.4.11 Oxidation of Ethanol

Acetobacter and Gluconobacter can be separated based on their relative abili-
ties to oxidize ethanol. Over-oxidizers (Acetobacter) convert ethanol to 
acetic acid and then to CO2 and H2O. Conversely, acetic acid is an end 
product for Gluconobacter. Two methods commonly used to differentiate 
these bacteria on this basis involve either the Carr medium or Frateur’s 
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medium. Calcium carbonate–ethanol medium (CCE), described below, is 
closely related in composition to Frateur’s medium.

Carr medium (Swings, 1992) includes a pH indicator to facilitate iden-
tifi cation of acid-producing bacteria. Bromcresol green is an acid indicator 
that, when incorporated into the medium, detects presence of acid (yellow) 
and neutral/alkaline conditions (blue-green). As both Gluconobacter and 
Acetobacter will oxidize ethanol to acetic acid, both microorganisms bring 
about a color change in the medium from blue-green to yellow. However, 
Gluconobacter cannot carry the oxidation from acetic acid to CO2 and H2O. 
In these cases, the color of the medium remains yellow upon additional 
incubation. Because Acetobacter can metabolize acetic acid to CO2 and H2O, 
the color of the medium will slowly return to blue-green from an initial 
change to yellow with additional incubation.

Using Frateur’s or CCE media, acid produced by bacteria neutralizes 
the insoluble CaCO3 resulting in a “clear” zone or “halo” around the 
colony. These media differ only in the concentrations of yeast extract (1% 
w/v for Frateur’s and 0.5% w/v for calcium carbonate–ethanol) and 
ethanol (2% v/v for Frateur’s and 3% v/v for CCE). 

Both Gluconobacter and Acetobacter will oxidize ethanol to acetic acid, 
thereby bringing about a clearing in the media (more transparent) due 
to neutralization of the CaCO3 by acid production. Redevelopment of an 
opaque background in previously “cleared” halos is indicative of over-
oxidation due to acid oxidation (Acetobacter), whereas failure of the medium 
to re-cloud suggests Gluconobacter.

Detection of over-oxidation of ethanol may require an incubation of 3 
or more weeks. Under extended incubations, desiccation (loss of water) 
from media must be limited by maintaining a high humidity around the 
plates.

15.4.11.1 Carr Medium

1. Mix and dissolve the following ingredients.
Yeast extract 30 g
Bromcresol green 0.022 g
Agar 20 g
Distilled water 800 mL

2. Once dissolved, dilute to volume (1000 mL) with distilled water. Adjust 
pH to 5.5 with 50% v/v H3PO4 or 6 M KOH prior to autoclaving at 
121ºC/250ºF for 15 min.

3. Place the container with the medium into a 50ºC/122ºF water bath. 
Once the temperature equilibrates, aseptically add “high proof” 
ethanol or neutral spirits fruit grape (NSFG) to the medium to yield a 
fi nal concentration of 2% v/v ethanol.



4. Mix the medium thoroughly and pour 25 mL medium per Petri plate.
5. When agar is solidifi ed, streak bacterial culture and incubate until 

colony development is observed.

15.4.11.2 Calcium Carbonate–Ethanol Medium

1. Mix and dissolve the following ingredients.
Yeast extract 5 g
Calcium carbonate (CaCO3) 20 g
Distilled water 800 mL
Agar 20 g

2. Once dissolved, dilute to volume (1000 mL) with distilled water.
3. After autoclaving at 121ºC/250ºF for 15 min, place the medium into a 

45ºC/113ºF to 50ºC/122ºF water bath. Once temperature equilibrates, 
aseptically add “high proof” ethanol or neutral spirits fruit grape 
(NSFG) to the medium to yield a fi nal concentration of 3% v/v.

4. Mix the medium thoroughly and pour 25 mL medium per Petri plate. 
Because CaCO3 tends to settle out of suspension, frequent agitation is 
required when pouring a large amount of medium.

5. When agar is solidifi ed, streak bacterial culture and incubate until 
colony development is observed.

15.4.12 Oxidation of Lactate

Another distinctive property of Acetobacter is the ability to oxidize d- and 
l-lactate to CO2 and H2O. This test utilizes a medium containing calcium 
lactate as both a carbon source and indicator. Growth of Acetobacter on 
lactate and subsequent over-oxidation yielding CO2 and H2O result in 
formation of a calcium carbonate precipitate. Gluconobacter grows poorly 
on this medium and does not oxidize enough of the lactate to raise the 
pH to the point at which CaCO3 forms.

1. Mix and dissolve the following ingredients.
Yeast extract 20 g
Calcium lactate 20 g
Distilled water 800 mL
Agar 15 g

2. Once dissolved, dilute to volume (1000 mL) with distilled water. Adjust 
to pH 4.5 using 50% v/v H3PO4 or 6 M KOH.

3. After autoclaving at 121ºC/250ºF for 15 min, place the container with 
the medium into a 45ºC/113ºF to 50ºC/122ºF water bath. Once the 
temperature equilibrates, aseptically add “high proof” ethanol or 
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neutral spirits fruit grape (NSFG) to the medium to yield a fi nal con-
centration of 3% v/v.

4. Mix thoroughly and prepare pour plates (25 mL medium per plate).
5. When agar is solidifi ed, streak bacterial culture and incubate until 

colony development is observed.



CHAPTER 16

OTHER TECHNOLOGIES FOR

IDENTIFICATION AND

ENUMERATION

16.1 INTRODUCTION

The phenotypic techniques previously described have traditionally served 
as the basis for identifi cation and enumeration of bacteria and yeasts. Such 
methods have included determining the fundamental biochemical 
properties of the viable microorganism including utilization of different 
forms of carbon and nitrogen, synthesis of specifi c metabolites, or activity 
of certain biochemical pathways. However, most of these methods require 
signifi cant amounts of time for culturing microorganisms, and therefore 
results can be delayed for periods of days to several weeks. Because of these 
delays, the usefulness of the information to the winemaker can pass or be 
of limited value. Clearly, early detection of spoilage microorganisms can 
minimize the potential for proliferation of undesirable strains leading to 
improved wine quality.

During the past 20 years, research in molecular biology and genetics 
has led to the development of techniques capable of detecting and char-
acterizing microorganisms at low population density and in a fraction of 
the time required for classic isolation and identifi cation (Loureiro and 
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Querol, 1999; Sancho et al., 2000). Whereas identifi cation based on phe-
notypic expression requires that the organism be viable, identifi cation 
based on genetic (molecular) methods do not have this requirement.

Several rapid procedures are described in the following section. Each 
have their relative merits and defi ciencies in terms of interpreting results 
and all require specialized equipment and skilled personnel. However, 
developing methods have the potential for being modifi ed and packaged 
into fi eld kits that can be used outside the laboratory.

16.2 PHENOTYPICAL IDENTIFICATION

Phenotype identifi es those physical and physiological characteristics that 
defi ne the species as being distinct from related microorganisms. Besides 
the classical methods described in Chapter 15, several additional methods 
are available to identify microorganisms isolated from grapes or wines.

16.2.1 Biolog System

A product of Biolog Inc. (Hayward, CA), this system characterizes pheno-
types based on the oxidation or assimilation of carbohydrates, nitrogen 
sources, vitamins, and other substrates (Praphailong et al., 1997). After 
suitable inoculation, growth is evaluated for each well containing a specifi c 
substrate, either manually or by a plate-reader, and compared with data-
base information. Although Praphailong et al. (1997) used the system to 
identify Saccharomyces cerevisiae, Debaryomyces hansenii, Kloeckera apiculata,
Dekkera bruxellensis, and Schizosaccharomyces pombe, these authors reported 
correct identifi cation of Zygosaccharomyces bailii, Z. rouxii, and Pichia mem-
branifaciens less than half of the time.

16.2.2 Fatty Acid Methyl Ester Analysis

Characterization of cell wall and membrane fatty acid profi les (FAME) 
has also been used as an identifi cation tool (Tredoux et al., 1987; Malfeito-
Ferreira et al., 1989; 1997; Decallonne et al., 1991; Augustyn et al., 1992; 
Botha and Kock, 1993). Here, fatty acids are extracted and derivatized as 
methyl esters, compounds that are then separated and quantifi ed by 
gas-liquid chromatography and results compared with databases (Suzuki, 
1993). FAME methods have been successfully applied for fatty acids present 
in yeasts (Bendova et al., 1991; Rozes et al., 1992; Sancho et al., 2000).

As conditions for growth may affect fatty acid synthesis, the composition 
of the growth medium as well as incubation time and temperature are 
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normally controlled (Loureiro and Querol, 1999). Identifi cation of 
unknown isolates requires comparing results (i.e., types and quantities of 
fatty acids) to those reported in databases. Thus, formation of atypical 
fatty acids due to changes in growth conditions limits applicability of these 
methods. In contrast, Loureiro (2000) reported that culture medium was 
not a signifi cant concern in order to yield reproducible information.

16.2.3 Protein Characterization

Proteins are the unique products of gene expression, either produced on 
a continuing basis (constitutive proteins) refl ecting the ongoing needs or 
synthesized in response to specifi c environmental stimuli (inducible pro-
teins). Hence, proteins can serve as “fi ngerprints” of the nucleic acid 
segment (gene) that encoded them and, by extrapolation, the sequence 
of nucleic acids.

Once extracted from the cell, protein separation is performed using 
one- or two-dimensional polyacrylamide gel electrophoresis (PAGE). Here, 
the protein extracts are placed onto a semisolid support (gel) and sepa-
rated based on their relative migration within a “lane” induced by an 
electrical current. Once separated, the various bands representing differ-
ent proteins can be stained for visualization. The presence or absence of 
different proteins can then be used to identify similarities and differences 
between isolates. These methods have been used in the identifi cation of 
lactic acid bacteria isolated from wines (Couto and Hogg, 1994; Patarata 
et al., 1994).

In addition to gel electrophoresis, proteins can also be characterized 
using matrix-assisted laser desorption ionization time-of-fl ight mass spec-
trometry (MALDI-TOF-MS). Developed by Karas et al. (1987), this system 
uses a laser to irradiate intact cells, which ionizes surface cell proteins that 
are then characterized. The patterns of proteins yield a profi le unique to 
the microorganism and are therefore used for identifi cation purposes. 
MALDI-TOF-MS offers the advantage of rapid results with minimal sample 
preparation and reagents. However, the cost of equipment makes these 
methods impractical for wineries.

16.2.4 Electrophoretic Characterization of 
Isozymes (Zymograms)

Isozymes are enzymes that catalyze the same biochemical reactions but 
differ based on molecular weight. For example, the electrophoretic 
mobility of lactate dehydrogenases (LDH), enzymes responsible for the 
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transformation of pyruvic acid to lactic acid (Section 2.4.1), has been used 
to differentiate specifi c species of Lactobacillus (Hensel et al., 1977). For 
example, two species of Lactobacillus found in wines, L. buchneri and 
L. brevis, possess very similar physiological characteristics, the major 
difference being the former can ferment melezitose whereas the latter 
cannot (Kandler and Weiss, 1986). However, Kandler and Weiss (1986) 
reported that some strains identifi ed as L. brevis by electrophoretic mobil-
ity of LDH could ferment melizitose, a fi nding in agreement with Dicks 
and Van Vuuren (1988) who studied another strain of L. brevis. As a con-
sequence, Kandler and Weiss (1986) recommended that determination of 
the relative electrophoretic mobilities of LDH enzymes was a more reliable 
means of differentiation between these two species. The method has also 
been used for rapid characterization of species and strains of Saccharomyces
(Duarte et al., 1999).

Compared with other molecular methods, isozyme profi ling can be 
relatively inexpensive to perform (Loureiro and Querol, 1999). Isozyme 
detection should be performed at various intervals during growth because 
the proteins being detected may or may not be expressed by the microor-
ganism at similar times.

16.3 IMMUNOCHEMICAL TECHNIQUES

In response to exposure to an antigen, microorganisms and other living 
entities produce antibodies. Immunological techniques rely on the inter-
action between an antigen and an antibody specifi c for that antigen. The 
antigen may be a microbial cell wall or capsule, a characteristic cellular 
component, or even a specifi c metabolite.

16.3.1 Enzyme-Linked Immunosorbent Assay

Among these methodologies, enzyme-linked immunosorbent assay 
(ELISA) has been used for a number of years. ELISA methods were fi rst 
developed for use in the medical and veterinary fi elds in the early 1970s 
to overcome the often lengthy incubation periods associated with cultur-
ing and identifying pathogens (Crowther, 1995). Modern monoclonal 
antibody systems offer higher degrees of specifi city (Dewey et al., 2000), 
and thus ELISA methods have been extended to other areas where it is 
necessary to detect, identify, and quantify microorganisms present at low 
numbers. Because these methods detect only the presence of an antigen, 
results do not distinguish between live and dead cells.

ELISA utilizes complex (“sandwich-type”) and highly specifi c interac-
tions between immobilized antibody and antigen (microorganism) present 



in the sample. Addition of a secondary antibody–chromophore complex 
produces color when the initial coupling is complete. Alternatively, a 
specifi c substrate is added such that the attached enzyme produces color 
(Fig. 16.1). Color development from the modifi ed chromophore is propor-
tional to the concentration (titer) of the primary antigen. Although color 
formation can be measured visually or by with a colorimeter, automated 
readers are also available.

Various derivations of these methods that have been evaluated for use 
in the wine industry include identifi cation/enumeration of the spoilage 
yeast Brettanomyces (Kuniyuki et al., 1984) as well as Botrytis-detection on 
incoming grapes (Ravji et al., 1988; Marois et al., 1993; Dewey et al., 2005). 
Recent research has reduced the time for immunochromatographic assay 
to merely minutes (Dewey et al., 2005). The short time required for results 
as well as reasonable sensitivity may allow application of these methods for 
analysis in the fi eld and at winery testing facilities. Working with Brettano-
myces, Kuniyuki et al. (1984) reported a detection limit of 34 cells/mL with 
virtually no cross-reactivity among the other wine microorganisms studied. 
Furthermore, the time required for results was only 24 h, compared with 
a week or more for cultures to grow on solidifi ed agar (Section 13.5).

Antigen is attached to well.

Antibody present in liquid binds to 
the antigen.The plate is washed.

Another component that binds to the 
antibody but also contains a specific
enzyme is added.The plate is washed.

Substrate for the attached enzyme is
added. If enzyme is present, a colored
product will be formed indicating the 
presence of the antibody.

Figure 16.1. A typical ELISA protocol.
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16.3.2 Immunochemical Fluorescence Microscopy

As with ELISA, antibodies react with specifi c antigens within the cell wall 
or membrane, a reaction linked to a secondary antigen/specifi c antibody 
fl uorochrome that will then fl uoresce. Application of these methods 
requires the ability to develop specifi c antibodies to a unique antigenic 
property of the organism of interest. Additionally, the highly specifi c 
nature of the antigen–antibody reaction may preclude fl uorescence of 
closely related strains of the same species against which the antibody was 
developed (Atlas and Bartha, 1981). Potential diffi culties are similar to 
those noted for general fl uorescence microscopy (Section 12.2.4).

16.4 PHYLOGENETIC ANALYSES

Numerous approaches have evolved to characterize microorganisms based 
upon fundamental similarities or differences of genetic material, either 
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA). Briefl y, DNA 
consists of two complementary strands (or sequences) that associate with 
each other to resemble a “twisted ladder.” The sides consist of alternating 
sugars (ribose) and phosphate groups (Fig. 16.2). The bonds between 
these are covalent, thus conferring a high degree of stability to the mole-
cule. The “rungs” of the ladder consist of nitrogen-containing compounds 
that are either purines (adenine and guanine) or pyrimidines (cytosine, 
thymine, and uracil) that are stabilized by a series of hydrogen bonds 
(Fig. 16.3).

Due to the physical constraints of the helix, base-pairing between each 
strand of DNA must occur in an exacting manner; purines always pair with 
pyrimidines. Thus, adenine always pairs with thymine and guanine couples 
with cytosine (Fig. 16.3). Given the exacting specifi cations for base-pair 
ordering noted above, the ability to “read” the nucleotide sequence on one 
strand provides, de facto, the sequence of the second (complementary) 
strand. The sequential order of these bases in each strand of DNA is 
unique and creates the “fi ngerprint” of that microorganism.

Identifi cation of a unique sequence of nucleotide bases within the DNA 
molecule, ranging from <100 to several thousand nucleotides, can serve 
as a highly specifi c tool for identifi cation purposes (Nadal et al., 1996). 
Further, these techniques provide a direct comparison at the gene level 
and do not rely on the detection of secondary products (proteins, metabo-
lites) whose expressions may be affected by the physiological status of 
the cells.

Several strategies have evolved to directly compare similarities/
differences between isolates by examination of their respective genomes 



(Loureiro, 2000; Deak, 2002; Capece et al., 2003). Each requires initial 
digestion of the harvested DNA using restriction endonucleases, enzymes 
that cleave DNA at specifi c nucleotide sequences unique for that enzyme. 
The DNA digest is the amplifi ed at specifi c or randomly selected regions 
by polymerase chain reaction (PCR). Fragments are subsequently 
separated electrophoretically and their patterns compared against those 
of other isolates or databases.

16.4.1 Polymerase Chain Reaction

As the name suggests, polymerase chain reaction (PCR) is a method of 
amplifying selected segments of target nucleic acid sequences (typically 
150–3000 base pairs in length) by several orders of magnitude prior 
to separation and characterization. Since the pioneering research and 
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development described by Mullis (1990), PCR has become one of the most 
widely used and fundamental tools in the molecular biology laboratory. 
Various applications in wine microbiology have been suggested by Lavallée 
et al. (1994), Bartowsky and Henschke (1999), Gindreau et al. (2001), and 
Deak (2002).

PCR involves three steps: (a) denaturation of the helix, (b) binding of 
primers, and (c) replication of the complementary strains using poly-
merase (Fig. 16.4). Thermal denaturation of native target DNA is per-
formed by heating the solution to 90ºC to 96ºC. Primers must be specifi c 
for the region of interest on the DNA or else other sections of the molecule 
will be replicated. The polymerases then start replicating the complemen-
tary strands from the primers. However, because the process requires 
alternating hot and cool reaction cycles that would rapidly denature most 
enzymes, a polymerase that is stable at elevated temperatures is required. 
In this regard, Taq -DNA polymerase is the enzyme of choice. Assigned an 
acronym from a theromophilic bacterium (Thermus aquaticu), activity of 
this enzyme is not inhibited at the elevated temperatures of the denatur-
ation phase. The product of this reaction is two new helices, each com-
posed of one of the original strands plus the newly prepared complementary 
strand.

Because each newly synthesized portion can itself be replicated, target 
DNA doubles with each replication cycle. Upon completion, the amplifi ed 
nucleic acid is separated using agarose gel or polyacrylamide gel electro-
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phoresis (PAGE) and patterns of separation are then compared with 
known strains or species.

16.4.2 Gel Electrophoresis

As with proteins, gel electrophoresis is used to separate amplifi ed DNA or 
RNA based on size of the fragments. After partial digestion with restric-
tion endonuclease, amplifi ed fragments are applied onto an agarose gel 
for electrophoretic separation. In the presence of an electric fi eld, larger 
fragments move through a gel slower than smaller ones. If a sample con-
tains fragments of several different sizes, these will partition into groups 
that are visualized as “bands” after staining. Separation then depends on 
molecular weight, relative affi nity for the support matrix, and charge 
interaction between the fractions and the cathode and anode.

Separation gels are usually made from agar, a polysaccharide extract of 
seaweed, or other synthetic polymers such as polyacrylamide. The latter 
fi nd application for high-resolution separations of DNA in the range of 
tens to hundreds of nucleotides in length.
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In the case of agarose gels, the powdered polysaccharide is fi rst dis-
solved in boiling water and subsequently poured into trays that provide 
the shape and size of the gel. Once formed, the gel is transferred into a 
second “running tank” containing a buffer solution. The extracted DNA 
is placed (“loaded”) onto the gel in lanes, and an electrical current is 
applied across the fi eld creating a gradient through which the DNA frag-
ments migrate. Because DNA carries an overall negative charge, the 
applied electrical potential will cause the fragments to move toward the 
cathode or positively charged end. Lower molecular weight fragments have 
greater mobility through the agarose gel, resulting in a separation from 
larger to smaller molecular weight fragments that are seen as “bands” 
upon development.

Bands are visualized by soaking the gel briefl y in a solution of ethidium 
bromide or some other specifi c dye. In the case of ethidium bromide, the 
dye intercalates between base pairs. Ethidium bromide fl uoresces under 
ultraviolet light, which facilitates detection. The size and distribution of 
bands can then be compared with a control that contains multiple frag-
ments of DNA with known sizes. It should be noted that ethidium bromide 
is a powerful mutagen and, thus, is a signifi cant safety concern.

Even though gels are nearly ideal for electrophoretic separation of 
DNA fractions, their physical properties do not lend themselves to subse-
quent handling. The post-separation technique of blotting, such as the 
Southern blot named after E. M. Southern who developed the method in 
the 1970s, can then be applied. Here, the partitioned DNA is transferred 
to a more resilient and easier manipulated nitrocellulose blotting mem-
brane without disturbing the relative position of the banded fragments. 
Application of the appropriate probes then marks the target sequence. 
Cocolin et al. (2001) utilized denaturing gradient gel electrophoresis 
(DGGE) of PCR-amplifi ed ribosomal RNA to characterize native yeast 
strains during alcoholic fermentation. The authors reported that unlike 
other similar methods, this modifi cation provided a direct qualitative 
assessment of the population while eliminating reliance on culture 
media.

16.4.3 Quantitative Polymerase Chain Reaction

Quantitative PCR (Q-PCR or “real-time” PCR) detects specifi c DNA 
amplifi cation products being formed by the polymerases. As with 
classic spectrophotometric methods, the signal arising from the bound 
fl uorescently-labeled nucleotide probe increases in direct proportion to 
the amount of PCR product formed during reaction. Because the method 
is real-time, Q-PCR eliminates the need for post-PCR processing thus 



shortening the time frame and increasing throughput. In addition to its 
sensitivity, Q-PCR represents a rapid technique for yeast strain character-
ization (Lavallée et al., 1994) where 30 or more strains can routinely be 
identifi ed in a single day.

16.4.4 Hybridization Probes

Knowing the complementary nature of the DNA base pairing, it is possible 
to develop a detection system based on the use of exogenously applied 
oligonucleotide sequences that bind with complementary sequence on the 
DNA sequence of interest. These sequences, known as “probes,” are pre-
pared as fragments of labeled DNA or RNA complementary to the area of 
interest on the chromosome. Thus, hybridization may be DNA–DNA, 
DNA–RNA or RNA–RNA. Once a compatible probe has been developed, 
the fi delity of probe–target interaction under controlled test conditions 
creates a highly specifi c diagnostic test system for comparison/identifi ca-
tion of related strains or specifi c gene sequences characteristic of a par-
ticular microorganism. Several commercial diagnostic kits utilizing DNA 
hybridization probe technology are available for important food 
pathogens.

16.4.5 Fluorescence In Situ Hybridization

This technique, otherwise known as FISH, uses short sequences of 
fl uorescently labeled nucleic acid–targeted probes to hybridize with the 
complementary sequence of interest on the chromosome. The reaction 
depends on localized unwinding of nucleotide chains from the helix, at 
elevated incubation temperatures, followed by hybridization with comple-
mentary probe and, subsequently, rewinding at lower temperatures. The 
method has the advantage of being carried out on a microscope slide with 
whole-cell preparations. When hybridization is complete, the fl uorescent 
molecules on the probe can be visualized, and the observer can identify 
the location of the target DNA on the chromosome. Stender et al. (2001b) 
report on the use of FISH in identifi cation of Brettanomyces in wine, and 
others used the method for identifi cation of other spoilage yeasts (Kosse 
et al., 1997).

16.4.6 Ribonucleic Acid Analysis

The process of translating DNA sequences into protein is mediated by 
RNA. Here, dRNA genes are separated by non-transcribed spacers or 
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intergenic regions. For example, two variable internal transcribed spacers 
known as ITS1 and ITS2 separate the conserved 18S and 26S genes from 
the 5.8S gene (Musters et al., 1990). Some regions of the genome are suit-
able for distinguishing between strains and species (Boekhout et al., 1994), 
and others are useful in distinguishing between genera (Montrocher 
et al., 1998).

The sequence of internal spacers can be used to design multiple 
oligonucleotide probes in order to detect specifi c microorganisms. Dlauchy 
et al. (1999) used restriction analysis and amplifi cation of the 18S and 
ITS1 region of rRNA to identify 128 species of yeast in wine and beer. Egli 
and Henick-Kling (2001) found the ITS1 and ITS2 regions to be suitable 
for separation of Brettanomyces/Dekkera species and strains.

16.5 PROBE DETECTION SYSTEMS

Several proprietary fl uorescence dye-based detection systems that charac-
terize and quantify probe-bound nucleotide sequences have been devel-
oped and commercialized in recent years. For example, general and 
nonspecifi c DNA dyes can be used that bind with any double-stranded 
DNA (i.e., the probe–strand complex or otherwise) and are useful in gel 
electrophoresis. Much more sophisticated systems rely on oligonucleotide 
probes that incorporate fl uorescent dyes that “illuminate” when a match 
between complementary strands are made. Included among the latter are 
TaqMan®, molecular beacons, and Scorpion® probes.

16.5.1 TaqMan® Probes

TaqMan® probes are fl uorochrome-containing oligonucleotides that 
hybridize to an internal region of a PCR product (Fig. 16.5). These primers 
are synthesized with a short-wavelength fl uorophore on one end and a 
long-wavelength fl uorophore on the other that quenches the former. After 
hybridization, the probe is susceptible to degradation by endonucleases of 
a processing Taq polymerase. Upon removal from the primer, fl uorescence 
of the short-wavelength fl uorophore increases whereas the other 
decreases.

16.5.2 Molecular Beacons

Another type of probe that utilizes a signal system of fl uorescent and 
quenching dyes is the “molecular beacon” (Fig. 16.6). Molecular beacons 
form a stem-loop structure when free in solution. The close proximity 
of the fl uorochrome and quenching components prevents the probe 
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Figure 16.5. Schematic representation of TaqMan® probe reaction with target DNA 
sequence. Copyright © 2005 and adapted with the kind permission of Invitrogen 
Corporation.
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Figure 16.6. Schematic representation of molecular beacon probes reaction with target 
DNA sequence. Copyright © 2005 and adapted with the kind permission of Invitrogen 
Corporation.
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PrimerFluorophore
Quencher

Attachment to denatured single strand

“Hairpin loop” unfolds and hybridizes to 
newly formed complementary sequence
and fluorescence is restored

from fl uorescing. Once the probe hybridizes with a target, the two 
components are separated and the fl uorescent dye emits light upon irra-
diation (i.e., the fl uorophore becomes a beacon). Unlike TaqMan probes, 
molecular beacons are designed to remain intact during the amplifi cation 
reaction and must rebind to target DNA in every cycle for signal 
measurement.

16.5.3 Scorpions®

So-called Scorpion® probes owe their name to the generalized similarity 
in appearance between the oligonucleotide probe and the tail (stinger) of 
a scorpion (Thelwell et al., 2000). Scorpion® technology has recently found 
interest among commercial laboratories servicing the wine industry. With 
Scorpion® probes, sequence-specifi c priming and PCR product detection 
is achieved using a single oligonucleotide containing a fl uorophore and a 
quencher (Fig. 16.7). Once the primer is hybridized to the target, the 
fl uorophore and the quencher separate as the “hairpin loop” unfolds and 

Figure 16.7. Schematic representation of Scorpion® probe reaction with target DNA 
sequence. Copyright © 2005 and adapted with the kind permission of Invitrogen 
Corporation.



hybridizes to the newly formed complementary sequence. This separation 
leads to an increase in the fl uorescence emitted by the fl uorophore.

16.5.4 Peptide Nucleic Acid Chemiluminescent In Situ 
Hybridization Probes

Using peptide nucleic acid probes coupled with chemiluminescent hybrid-
ization (PNA-CISH), Stender et al. (2001b) and Connell et al. (2002) suc-
cessfully identifi ed specifi c target sequences on the 26S ribosomal RNA in 
microcolonies of Dekkera bruxellensis. Stender et al. (2001a; 2001c) reported 
that PNA probes mimic DNA probes but have greater affi nity and specifi c-
ity compared with the latter.

16.6 OTHER MOLECULAR METHODS

A variety of other PCR-based identifi cation techniques have been devel-
oped during the past decade as reviewed by Olive and Bean (1999).

16.6.1 Restriction Fragment Length Polymorphisms

Within a population, slight differences in individual DNA makes one 
organism uniquely different from others. Referred to as sequence poly-
morphisms, these are often the result of single base-pair changes that 
occur in regions of DNA that do not encode a gene but that are recognized 
and bound by restriction enzymes.

Restriction fragment length polymorphism (RFLP) is a technique in 
which differences in the DNA between individuals in a population are 
identifi ed by analysis of patterns derived from cleavage of their respective 
DNA. Thus, when DNA from two different individuals is cut with a single 
restriction enzyme, fragments of different lengths are produced, and the 
pattern of those fragments is unique for different members of a popula-
tion. The similarities and differences in the patterns generated can then 
be used to differentiate species and even strains (Johansson et al., 1995; 
Cocolin et al., 2002).

Isolation of suffi cient DNA for RFLP analysis is time-consuming and 
labor-intensive. Because PCR can be used to amplify very small amounts 
of DNA in usually in 2 to 3 h, this technique can be used with RFLP analy-
sis (PCR-RFLP). Granchi et al. (1999) demonstrated the usefulness of 
PCR-RFLP in the detection, quantifi cation, and identifi cation of yeast 
species. The authors reported that the technique required 30 hours 
and produced results identical to those obtained by classic isolation, 
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enumeration, and identifi cation methods taking a week or more. More 
recently, Cocolin et al. (2002) and Baleiras-Couto et al. (2005) also used 
the technique to monitor yeast ecology during red wine fermentations.

16.6.2 Pulsed Field Gel Electrophoresis

Pulsed fi eld gel electrophoresis (PFGE) utilizes restriction enzymes to 
digest microbial DNA, which is then subjected to electrophoretic separa-
tion (Arbeit et al., 1990; Finney, 1993; Kelly et al., 1993; Maslow et al., 
1993). Fragments of the DNA after separation are then compared with 
known patterns of microorganisms. Although useful, the method sepa-
rates 10–15 higher molecular weight (10–800 kb) fragments, which may 
not be suffi cient to resolve differences between strains. In addition, the 
technique is not without health and safety concerns (Richmond and 
McKinney, 1993). Aside from the use of ethidium bromide to visualize and 
“develop” banding patterns, PFGE separation of large DNA segments is 
carried out at higher voltage (5–10 V/cm) than is used in conventional 
agarose separations of smaller fragments (1–5 V/cm) (Tenover et al., 
1995).

16.6.3 Additional Methods

As described by Williams et al. (1990), random amplifi ed polymorphic 
DNA–PCR (RAPD-PCR) is a variant of PCR that utilizes oligonucleotide 
probes (9 to 12 base pairs or bp) to amplify several regions of the genome. 
The amplifi cation products are then separated electrophoretically. Resolu-
tion depends upon the primer sequence and reaction conditions. RAPD-
PCR can be made more specifi c by use of highly specifi c oligonucleotide 
probes. Holt and Cote (1998) applied this technique toward the identifi ca-
tion of dextran-producing Oenococcus strains, and Esteve-Zarzoso et al. 
(1998) were able to identify Saccharomyces and Zygosaccharomyces species. 
Quesada and Cenis (1995) used the method to characterize wine yeasts.

The microbial genome contains randomly interspersed repetitive DNA 
sequences that are strain specifi c and thus serve as a genotypic fi ngerprint 
(Versalovic et al., 1991; 1994; 1998). The value of the repetitive sequence-
based polymerase chain reaction (REP-PCR) method is limited only to 
regions of compatibility (average 10 to 15 bp), and other polymorphic sites 
are missed.

In multilocus sequencing typing (MLST) methods, several bacterial 
“housekeeping” genes are compared on the basis of 450 bp internal frag-
ments resulting in each isolate being assigned a unique seven-digit allele 
combination. Interpretation is based on the probability that identical 
allelic profi les will be detected by chance alone.



16.7 EXTRACHROMOSOMAL ELEMENTS (SATELLITES)

A wide range of living cells, including wine bacteria and yeast, are infected 
with extrachromosomal nucleic acid elements known as “variable number 
of tandem repeats” (VNTR) or “satellites.” Their importance to the host 
cell varies (Cocaign-Bousquet et al., 1996). As these VNTR encode for 
antigenic variation in some pathogenic microorganisms, they are partially 
responsible for adaptive evolution (Moxon et al., 1994). In the case of yeast 
and other bacteria found in wines, their role is less clear. One proposed 
role is in formation of killer protein among strains of wine yeasts (Schmitt 
and Neuhausen, 1994). The presence of satellites has also been used to 
assess genetic diversity in populations (Tautz, 1989).

These intracellular sub-viral elements are present as nucleic acid frag-
ments, either as single-stranded DNA or as single- or double-stranded 
RNA. As satellites do not contain suffi cient nucleic acid to code for the 
proteins necessary to replicate, they rely upon another “helper virus” to 
carry out this function. If the second virus does not exist, the satellite is 
trapped within the host cell.

In yeast, satellite nucleic acid is relatively miniscule (Pupko and Graur, 
1999) so these fragments are referred to as microsatellites. These exist as 
simple sequence tandem repeats of chromosome-associated DNA, ranging 
in size from 2 to 5 nucleotides (Young et al., 2000). Because these are 
chromosome-associated, replication is tied to the host.

Since the nucleic acid sequence is distinct from that of the host chromo-
some, microsatellites may serve as genetic markers and, thus, identifi cation 
tools (Tautz, 1989). Baleiras-Couto et al. (1996) used PCR-enhanced mic-
rosatellite nucleic acid to identify Zygosaccharomyces bailii and Z. bisporous
involved in a case of food spoilage. Gonzalez-Techera et al. (2001) and 
Perez et al. (2001) also reported differentiation and identifi cation of wine 
yeasts polymorphic loci containing microsatellite markers.

Microsatellite loci exhibit signifi cant variability and stability, resulting 
from a high rate of mutation, which may have important consequences in 
evolution (Sia et al., 1997; Young et al., 2000). Further, not all tandem 
repeats are polymorphic. As such, care must be taken in using these 
markers as the basis of relatedness.

As with other molecular methods, separation and identifi cation of satel-
lite protein requires a suitably equipped and staffed molecular biology 
laboratory. However, methods may eventually be reduced to kit form, 
where most labs will have the capability for rapid identifi cation of wine 
microorganisms using their satellite information.
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CHAPTER 17

CHEMICAL AND PHYSICAL

INSTABILITIES

17.1 INTRODUCTION

On occasion, nonmicrobial sediment and/or hazes develop in bottled 
wines and juices that can be confused with spoilage microorganisms 
during microscopic evaluation (Chapter 12). The following protocols can 
be used to distinguish nonmicrobial and microbial sediments/hazes as 
well as identify possible cause.

Nonmicrobial instabilities can be classifi ed as crystalline, “crystal-
like,” fi brous, or amorphous (Table 17.1). To determine the cause of the 
precipitation, preliminary sample evaluation and review of processing 
records may be helpful. If small amounts of sediment or haze are 
present, it may be necessary to fi rst concentrate the material by either 
centrifugation or benchtop fi ltration. Alternatively, the bottle may be 
stood upright for several hours and the precipitate carefully collected 
for analysis.

17.2 CRYSTALLINE INSTABILITIES

17.2.1 Tartrates

The insoluble salts, potassium bitartrate (KHT) and calcium tartrate 
(CaT), may be found in bottled wine as crystalline precipitates of varying 
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size (fi ne to course) and color (red to white depending on source). 
Although cosmetic in nature, many consumers regard their presence 
as a defect because tartrates can appear “glass-like.” Details regarding 
formation of these precipitates as well as processing protocol for 
preventing or delaying their formation may be found in Zoecklein et al. 
(1995).

Crystals can be collected from a wine and then directly examined 
under either brightfi eld or phase-contrast microscopy using an oil immer-
sion objective. KHT crystals shown were obtained from red wine (Fig. 
17.1A), white wine (Fig. 17.1B), and model wine solution prepared by 
adding potassium chloride to an ethanolic tartaric acid solution (Fig. 
17.1C).

Aside from microscopic examination, chemical diagnostic tests are 
available. The method described in Section 17.2.1.1 is a general method 
for detection of tartrates where crystals appear yellow-orange in color after 
addition of diluted H2SO4 and metavanadate (Quinsland, 1978). The 
method described in Section 17.2.1.2 differentiates between KHT and CaT 
based on relative distribution of its anions (bitartrate or HT− and tartrate 
or T2−) at different pH values. Here, crystal formation at pH 6.0 indicates 
the presence of CaT, whereas crystals formed at pH 3.6 suggest formation 
of KHT. The method described in Section 17.2.1.3 confi rms the presence 
of calcium in a wine through observation of elongated, “fi ber-like” crys -
tals of calcium sulfate (CaSO4).

17.2.1.1 Tartrates

1. Prepare the following reagents.
a.  Carefully add 1 volume of concentrated sulfuric acid to 3 volumes 

of distilled water to yield 1 + 3 H2SO4.
b.  In a 100 mL volumetric fl ask, dissolve 3 g sodium metavanadate 

(NaVO3) in approximately 70 mL warm, distilled water (<70ºC/

Table 17.1. Typical nonmicrobial instabilities in juices and wines.

Visual appearance Potential cause

Crystalline Potassium bitartrate, calcium tartrate, or calcium oxalate
“Crystal-like” Cork fragments or diatomaceous earth
Fibrous Cellulose, case lint, or asbestos
Amorphous Protein, phenolic, polysaccharide (glucan, pectin, or starch) or 
  metallic casse
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A

B

C

Figure 17.1. Potassium bitartrate from a red wine (A), white wine (B), and laboratory-
prepared (C) as viewed with phase-contrast microscopy at a magnifi cation of 100×.
Photograph provided through the courtesy of R. Thornton and E. Akaboshi. 



158ºF). Cool the solution and bring to volume. Because NaVO3 does 
not fully dissolve, solutions must be fi ltered through Whatman no. 
2 (or equivalent) fi lter paper prior to use.

2. Collect a portion of wine sample containing the suspect sediment either 
by fi ltration or centrifugation.

3. Rinse the sediment or crystals with a small volume of distilled water, 
transfer to a membrane fi ltration apparatus, and apply vacuum.

4. Transfer the membrane to a watch glass. Alternatively, crystals can be 
collected and placed into a well of a spot plate.

5. Place a drop of 1 + 3 H2SO4 on the precipitate and then a drop of 
metavanadate solution before examining the color of the sediment.

17.2.1.2 Differentiation Between Potassium and Calcium Tartrates

1. Prepare solutions of 50% w/v sodium hydroxide and 12 M HCl.
2. Collect the precipitate by centrifugation and place into a small test 

tube.
3. Add enough acid or NaOH to adjust pH to 3.6 and 6.0 and chill.

17.2.1.3 Confi rmation of Calcium Tartrate

1. To 10 mL of wine, add a small amount of solid oxalic acid (a “spatula 
tip” is plenty). Crystal formation may indicate the presence of 
calcium.

2. The presence of calcium is confi rmed by adding several drops of 12 M 
H2SO4 to dissolve the precipitate. Add 3 to 5 mL methanol and heat 
gently. If calcium is present, a precipitate of calcium sulfate (CaSO4)
should appear.

17.3 “CRYSTAL-LIKE” INSTABILITIES

17.3.1 Cork Dust

The recommended procedure for examining samples for cork dust is to 
use a stain that reacts with lignin, a structural macromolecule in cork. 
When it is necessary to evaluate color development, the microscope should 
be operated in brightfi eld rather than phase-contrast mode.

Microscopically, stained cork debris appears as red, crystal-like aggrega-
tions of cells (Fig. 17.2). Although case lint also stains red using this tech-
nique, the latter is fi brous in appearance microscopically (Quinsland, 
1978).

 “Crystal-like” Instabilities 293



294 17. Chemical and Physical Instabilities

1. Prepare the stain by mixing 2 g of phloroglucinol (synonym: phloroglu-
can stain) in 100 mL 12 M HCl. This is a near-saturated mixture, and 
the supernatant must be decanted from any crystals that do not dis-
solve. This solution should be made fresh before use.

2. Collect a portion of wine containing the debris by membrane 
fi ltration.

3. Wet the fi lter and sediment with phloroglucinol stain, holding stain in 
contact with sediment for at least 5 min.

4. Apply vacuum to remove stain and rinse with distilled water. Examine 
the sediment under a microscope.

17.3.2 Diatomaceous Earth

Diatomaceous earth (DE) is the processed fossilized remains of marine 
and freshwater algae called diatoms. Commonly used in the winery as a 

Figure 17.2. Cork debris as viewed as viewed with phase-contrast microscopy at a 
magnifi cation of 100×. Photograph provided through the courtesy of R. Thornton and 
E. Akaboshi. 



fi ltration aid, DE can occasionally “bleed-through” the fi ltration matrix 
and be found in the wine. DE can be readily identifi ed by microscopic 
examination.

1. Collect particulate material by either fi ltration or centrifugation.
2. Transfer to microscope slide and visually compare with Fig. 17.3.

17.4 FIBROUS INSTABILITIES

Fibrous materials found in bottled wines are usually cellulose, originating 
from the fi lter pad matrix or from case lint that may fi nd itself in bottles 
prior to fi lling. Case lint containing lignin will appear microscopically as 
red fi brous material. However, all cellulose material appears light-blue 
under the zinc/iodine stain. For the zinc/iodine stain (similar to the 

Figure 17.3. Diatomaceous earth as viewed as viewed with phase-contrast microscopy at 
a magnifi cation of 400×. Photograph provided through the courtesy of R. Thornton and 
E. Akaboshi. 
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Herzberg stain), best results are obtained when the preparation is exam-
ined fresh because the color intensity diminishes after 30 min (Quinsland, 
1978). Asbestos fi bers are not stained using either of these stains.

1. Prepare the stain by mixing 2 g of phloroglucinol in 100 mL of 10% v/v 
HCl. This is a near-saturated mixture, and the supernatant must be 
decanted from any crystals that do not dissolve. This solution should 
be made fresh daily.

2. Prepare the cellulose stain by dissolving 200 g zinc chloride in 100 mL 
of distilled water. Add 20 mL of an iodine solution prepared by dissolv-
ing 10 g KI and 4 g I2 in 100 mL distilled water.

3. Filter a portion of the wine containing the sediment onto two separate 
membranes.

4. Stain the fi rst membrane by wetting the fi lter and sediment with phlo-
roglucinol stain, holding stain in contact with sediment for at least 
5 min.

5. Apply vacuum to remove stain and rinse with a few milliliters of distilled 
water. Examine the sediment under a microscope.

6. To the second membrane, fl ood the fi lter and particulates with the 
cellulose stain, holding stain in contact with sediment for at least 
5 min.

7. Apply vacuum to remove stain and rinse with a few milliliters of distilled 
water. Examine the sediment under a microscope.

17.5 AMORPHOUS INSTABILITIES

When microscopically examined, this group of precipitates lack defi ned 
shape and generally assumes a color refl ective of the wine. Precipitates in 
this category include protein and phenolics (and complexes of the two), 
polysaccharides (glucans, pectin, and starch), and metal casses (copper 
and iron).

17.5.1 Protein

Proteinaceous materials in wines will stain blue-black using Amido Black 
10B and pink to red using Eosine Y as described in method A (Section 
17.5.1.1). Method B (Section 17.5.1.2) relies on the interaction of tannin 
and protein, which forms a visually apparent haze or precipitate. In method 
B, formation of pronounced haze in the treated sample as compared with 
a control is indicative of unstable protein (Fig. 17.4).



17.5.1.1 Protein Method A

1. Prepare the following stains.
a.  Dissolve 2 g Amido Black 10B (synonym: naphthol blue black) into 

100 mL methanol-acetic acid solution (90 mL methanol + 10 mL con-
centrated acetic acid). The molarity of the concentrated acetic acid 
used should be 17.4 M.

b.  Dissolve 2 g Eosin Y (synonym: acid red 87) into 100 mL methanol-
acetic acid solution (90 mL methanol + 10 mL concentrated acetic 
acid).

2. Filter sample containing sediment through a polycarbonate membrane. 
Cellulose acetate membranes are unstable in presence of the protein 
stains.

3. Leaving the membrane on the fi lter housing, wet with stain, and hold 
for 10 min.

Figure 17.4. Wine protein as viewed as viewed with phase-contrast microscopy at a 
magnifi cation of 1000×. Photograph provided through the courtesy of R. Thornton and 
E. Akaboshi. 
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4. Apply vacuum to the membrane. Carefully rinse with extra methanol-
acetic acid solvent (90 mL methanol + 10 mL concentrated acetic acid) 
until the fi lter is white to remove excess stain prior to examination 
under a microscope.

17.5.1.2 Protein Method B

1. Add 1 g tannin to a 100 mL volumetric fl ask and dissolve in 70% v/v 
ethanol.

2. Add 5 mL of the tannin solution to 100 mL of suspect wine and examine 
for haze formation.

17.5.2 Phenolics

Many chemical assays for phenolics use the Folin-Ciocalteu reagent. Given 
the chemicals and time involved in preparation, purchase of commercially 
prepared reagent is recommended. Whether purchased or made from 
individual ingredients, the reagent should have a defi nite yellow colora -
tion without a hint of blue-green. To reoxidize older solutions of Folin-
Ciocalteu reagent, add several drops of bromine and reboil under a fume 
hood using extreme caution.

Phenolic complexes will dissolve to yield a “slate-gray” to “dark-blue” 
turbid solution when tested using phenolic method A (Section 17.5.2.2). 
For phenolic method B (Section 17.5.2.3), phenolics (pigments and 
tannins) present in sample turn dark red. Carbonization, formation of 
dark, “charcoal-like” material, is suggestive of protein.

17.5.2.1 Folin–Ciocalteu Reagent

1. Transfer 700 mL of distilled water to a 2 L round-bottom boiling fl ask 
and add 100 g sodium tungstate and 25 g sodium molybdate.

2. When the sodium tungstate and sodium molybdate are fully dissolved, 
carefully add 50 mL 15 M phosphoric acid and then 100 mL 12 M HCl.

3. Add several glass beads, place boiling fl ask in a heating mantel, connect 
refl ux condenser, and begin water fl ow. Refl ux for 10 h in an exhaust 
hood.

4. After refl uxing, cool the contents and rinse condenser column residue 
back into fl ask with distilled water.

5. Add 150 g of lithium sulfate monohydrate and several drops of bromine. 
Under an exhaust hood, boil the contents for 15 min. Cool and bring 
the contents to 1 L fi nal volume with distilled water.

6. Filter the solution through Whatman no. 1 and store the reagent in an 
amber bottle until used.



17.5.2.2 Phenolic Method A

1. Collect the unidentifi ed sediment by membrane fi ltration.
2. Prepare or purchase the Folin-Ciocalteu reagent (Section 17.5.2.1).
3. Rinse the sediment with several milliliters distilled water and transfer 

onto a watch glass using a spatula.
4. Add several drops of diluted (1 : 10) Folin-Ciocalteu reagent to sedi-

ment and note any color formation.

17.5.2.3 Phenolic Method B

1. Collect a portion of sediment in a small test tube.
2. Add 1 mL of concentrated H2SO4. Gently and carefully heat the test tube 

in a water bath, making certain that the mouth of the test tube is 
directed toward a safe direction and away from people.

3. Observe test tube for formation of any colored material.

17.5.3 Glucans, Pectins, and Starch

Polysaccharides (glucans, pectins, or starch) may be present in juice and 
wines where they can contribute to diffi culties in clarifi cation, fi ning, and 
fi ltration. Concentrations of glucans greater than 3 mg/L may create clari-
fi cation and fi ltration problems.

Glucans are produced by Botrytis growth as well as some spoilage lactic 
acid bacteria, the latter causing a wine defect referred to as “ropiness” 
(Section 11.3.9). Dubourdieu et al. (1981) proposed two tests for glucans 
in wine depending on the suspected concentration. Method A (Section 
17.5.3.1) is applied when concentrations are assumed to exceed 15 mg/L, 
whereas method B (Section 17.5.3.2) can be used when the concentrations 
of glucans are suspected to be lower. In both methods, appearance of fi la-
mentous strands suggests the presence of glucans.

The presence of pectins (Section 17.5.3.3) is illustrated by the forma-
tion of a gel in alcoholic solution. Finally, a blue-violet color in the test 
tube indicates presence of starch (Section 17.5.3.4), a color that can dissi-
pate after a few minutes.

17.5.3.1 Glucans Method A

1. In a 100 mL volumetric fl ask, mix 1 mL 12 M HCL with 90 mL 95% v/v 
ethanol. Bring to 100 mL volume with 95% v/v ethanol.

2. Transfer 10 mL of the suspect wine into a 18 × 150 mm test tube and 
add 5 mL of acidulated ethanol.

3. Visually observe formation of fi lamentous strands.
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17.5.3.2 Glucans Method B

1. In a 100 mL volumetric fl ask, mix 1 mL 12 M HCL with 90 mL 95% v/v 
ethanol. Bring to 100 mL volume with 95% v/v ethanol.

2. Mix 5 mL of suspect wine with 5 mL acidulated ethanol in a 18 × 150 mm 
test tube.

3. Incubate at room temperature for 30 min. Centrifuge the mixture at 
3000 × g for 20 min.

4. If a precipitate is present, discard the supernatant and redissolve pre-
cipitate in 1 mL distilled water.

5. Add 0.5 mL acidulated ethanol and visually examine for fi lamentous 
strands.

17.5.3.3 Pectins

1. In a 100 mL graduated cylinder, mix 1 mL 12 M HCL with 90 mL 95% 
v/v ethanol (or isopropanol). Bring to 100 mL volume with 95% v/v 
ethanol (or isopropanol).

2. In another 100 mL graduated cylinder, add 25 mL of the wine 
containing the unidentifi ed haze and 50 mL acidulated ethanol (or 
isopropanol).

3. Allow to sit for 60 min and examine for gel formation.

17.5.3.4 Starch

1. Dissolve 2 g KI and 0.1 g I2 in approximately 80 mL distilled water in a 
100 mL volumetric fl ask. Dilute to volume with distilled water.

2. Add 1 mL of the iodine reagent (step 1) into a 16 × 125 mm test tube 
and add 10 mL suspect juice or wine.

3. Examine for the formation of a blue-violet color. This can be diffi cult 
to see in red juices or wines.

17.5.4 Metal Casse

Metal instabilities (“casse”) are relatively rare today but when encoun-
tered, the metals involved are generally copper or iron. Copper casse is 
present as an initially white and later a reddish-brown precipitate in bottled 
or other wines stored under low-oxygen conditions. An iron instability may 
be present as either ferric phosphate (“white” casse) or ferric tannate 
(“blue” casse). Even though a ferric phosphate instability is described as 
“white” casse, it may assume various shades of a blue amorphous precipi-



tate even in white wines. Blue or ferric tannate casse may become a 
problem in white wines with high levels of iron and after additions of 
tannin. In red wines, blue casse begins as a blue cloud that eventually 
yields a similarly colored sediment.

Preliminary acidifi cation of a suspect wine sample using 10% v/v HCl 
is useful in separation of metal-containing complexes from complexes of 
protein (Section 17.5.1) and phenolics (Section 17.5.2). If the haze solu-
bilizes (step 5), the problem is probably a metal casse, and the wine can 
be further characterized for being either copper or iron (Section 17.5.4.2). 
If the haze remains (step 5), the instability is probably due to protein or 
complexes of protein, protein–phenolics, or phenolics–phenolics. Finally, 
the test described in Section 17.5.4.3 can be used to determine if a suspect 
wine may have the potential develop a casse after bottling.

17.5.4.1 Preliminary Test

1. Place 0.5 g K4Fe(CN)6•3H2O into a 100 mL volumetric fl ask and add 
95 mL distilled water. When completely dissolved, bring to 100 mL fi nal 
volume with distilled water.

2. Prepare 10% v/v HCl using 12 M HCl.
3. Transfer 15 mL of the suspect wine to a 18 × 150 mm test tube.
4. Add 3 to 5 mL of 10% v/v HCl (10% v/v) and note whether the haze 

dissipates (solubilizes) or remains.
5. If the haze dissipates, the problem is probably a metal casse.

17.5.4.2 Confi rmation of Casse

1. Place 15 to 20 mL of the suspect wine in a 18 × 150 mm test tube.
2. Add 5 drops of 30% v/v H2O2.
3. If the haze in step 2 dissipates, copper is suspected. Centrifuge the 

suspect wine and collect sediment on a stainless steel laboratory spatula. 
Slowly dry the sediment over a Bunsen burner, and when completely 
dry, attempt to ignite by more intensive exposure to the fl ame. If the 
haze consists primarily of complexes of copper and organics, the sedi-
ment will partially burn. However, inorganic precipitates (copper 
sulfi de and ferric phosphate) will not burn.

4. If the haze in step 2 remains, transfer 20 mL of turbid wine into two 
test tubes.

5. To one tube, add 5 mL of potassium ferrocyanide (0.5% w/v). Forma-
tion of red coloration is a positive presumptive test for copper and its 
complexes.
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6. To the other tube, add 5 mL of potassium ferrocyanide (0.5% w/v) and 
5 mL HCl (10% v/v). Formation of blue coloration is a positive pre-
sumptive test for iron.

17.5.4.3 Prebottling

1. Pipette 10 mL of fi ltered wine into three test tubes and make the fol-
lowing additions:

Tube A: Add citric acid equivalent to 0.7 g/L and several drops of 
3% v/v H2O2.

Tube B: Add several drops of 3% v/v H2O2.
Tube C: Add several drops of 100 mg/L sodium sulfi de.

2. Thoroughly aerate tubes A and B by vigorous mixing and examine the 
next day. Haze and/or sediment suggests the likelihood of future insta-
bility due to iron. If the test tube receiving citric acid and H2O2 (tube 
A) shows no sign of haze, addition of citric acid to the wine should be 
considered. Formation of a haze in tube C indicates a copper concentra-
tion in excess of 0.5 mg/L and, thus, a potential problem.



CHAPTER 18

LABORATORY SETUP

18.1 INTRODUCTION

Laboratory space varies in square footage, from small “closets” to well-
equipped work areas of 92 m2 (1000 ft2) or more. General needs for a 
laboratory include sinks, benchtop areas, utilities (gas, tap and distilled 
water, electrical power, and vacuum), storage (dry, refrigerated, chemical, 
media, and glassware), and space for equipment like an autoclave, hoods 
(fume and/or laminar fl ow), and incubators (Fig. 18.1).

The biggest challenge facing the microbiologist is microbial contamina-
tion, especially airborne microorganisms. To minimize this problem, com-
mercial laboratories will use laminar fl ow hoods, which maintain a localized 
sterile environment for manipulation of cultures and microbiological 
analyses (Section 18.10). Although expensive, their use reduces losses of 
contaminated media and employee time and effort.

A specifi cally designated media preparation room within a laboratory 
(Fig. 18.1) can also reduce airborne microbiological contamination. A key 
feature of this area is that the air pressure within the room is higher than 
in other parts of the building. Because of this pressure difference, air will 
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fl ow from the room, minimizing the infl ux of airborne microorganisms 
from other areas within the building. Incoming air to the media prepara-
tion room must be fi ltered before being released.

18.2 MICROSCOPE AND pH METER

Two very important instruments in a wine microbiology laboratory are the 
microscope and pH meter. As already discussed (Chapter 12), microscopes 
equipped with phase-contrast are most useful to monitor fermentations 
and to identify potential spoilage issues. Equally important, a pH meter 
can be used for routine monitoring and adjustment of must or wine pH 
as well as providing basic information for calculating the concentration of 
molecular SO2 (Section 5.2.1). Furthermore, the pH meter is used in the 
laboratory to adjust the pH of either solutions or media. Calibration of pH 
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Figure 18.1. Possible design of a wine microbiology laboratory.
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meters is performed using commercial, premade buffers, most commonly 
pH 4 and 7. A high-quality unit can be purchased for under $2000.

18.3 AUTOCLAVE

The ability to steam-sterilize laboratory media, glassware, and various 
other supplies is essential to success in the laboratory. Unfortunately, the 
cost of this piece of equipment parallels that of the microscope, ranging 
from nearly $3000 for small-capacity, largely manually operated models 
to more than $10,000 for larger and more automated units. In addition to 
capacity, other cost features include the ability to vary heat and pressure 
cycles as well as different exhaust capabilities. Besides the cost for an auto-
clave, additional supplies necessary to operate the unit include trays, indi-
cator tape that verifi es sterilization parameters, autoclavable disposal bags, 
and gloves for handling hot containers.

Steam is highly corrosive and wears out valves, seals, and other autoclave 
parts. Because of this problem, it is important to conduct a thorough 
inspection by a qualifi ed technician at least once a year.

18.4 CENTRIFUGE AND FILTERS

Many laboratories routinely concentrate samples prior to microscopic 
examination. This can be done by either centrifugation, fi ltration, or, 
depending on the density of the suspension and the urgency for response, 
by simply allowing the bottle to stand upright overnight. In the case of 
samples suspected of being microbiologically unstable, direct plating of 
a small sample volume (0.1 or 1.0 mL) without concentration may be 
suffi cient (Section 14.5).

Where the population density is expected to be low (e.g., bottling line), 
samples can also be concentrated using membrane fi ltration (Section 
14.5.3). Depending on the volume of work to be done, a 300 mL glass 
funnel with support and a vacuum fl ask may be adequate. Where greater 
throughput is needed, manifolded systems of four to six vacuum cups may 
be purchased at greater cost. Alternatively, several companies market 
disposable fi ltration units that are easy to use, relatively inexpensive, and 
can readily be taken into the winery.

Centrifuges vary in the number and volume of samples that can be run 
at one time as well as speed control options, timers, and temperature 
control. Benchtop clinical centrifuges capable of generating a relative 
centrifugal force of 3000 × g or greater range in cost from near $1500 to 



306 18. Laboratory Setup

well over $10,000. To minimize breakage, plastic centrifuge tubes are 
preferred over their more expensive glass counterparts. As centrifuges 
hold an even-number of test tubes or vials (≥4), opposite loads across the 
rotor must be equal in weight to achieve balance. Maximum differences 
in weights between tubes or vials can be found in the manufacturer’s 
instructions.

18.5 INCUBATORS

General purpose incubators are available in a range of storage capacities, 
temperatures, and special monitoring equipment (e.g., relative humidity). 
Fortunately for the wine microbiologist, most microorganisms encoun-
tered grow well at room temperature (approximately 25ºC/77ºF). However, 
in cases where there are signifi cant temperature shifts during the day, an 
incubator capable of maintaining a constant temperature is useful.

Most general purpose incubators are constructed to operate at tempera-
tures above ambient. Thus, an incubator set at 27ºC/80ºF cannot hold that 
temperature if room temperature warms to 30ºC/86ºF or more. If storage 
below ambient temperature is required, low-temperature incubators or 
environmental chambers are available but at a much higher cost. Although 
tempting, the use of laboratory drying ovens should not be extended to 
serve as microbiological incubators as most operate effi ciently at tempera-
tures well above growth temperatures for wine microorganisms.

Because some wine microorganisms grow better in the presence of 
small amounts of oxygen (e.g., lactic acid bacteria), specifi c incubators can 
also be purchased that allow for changes in the atmospheric gases by 
removing O2. However, these are normally far too expensive to justify their 
use. Fortunately, suitable alternatives used by wineries include “anaerobe 
jars” and “candle jars.” Anaerobe jars using the GasPak® system (Baltimore 
Biological Laboratories) are convenient, require little storage space, are 
portable, and can hold up to 36 Petri plates. These systems rely on chemi-
cal reactions to consume O2 and generate either H2 or CO2 gas.

Far less expensive than the GasPak® system are so-called candle jars. 
These are 1 gallon, wide-mouth glass jars equipped with tight-fi tting lids. 
Once the Petri plates have been placed in the jar, a small candle is ignited. 
Upon sealing, the candle will burn until most of the O2 is consumed.

18.6 WATER BATHS

Prior to pouring hot media to prepare either pour (Section 14.5.1) or 
spread plates (Section 14.5.2), it is necessary to equilibrate or temper the 



temperature of molten agar media to 45ºC/113ºF to 50ºC/122ºF. Temper-
ing is most easily performed using a water bath. Depending on capacity 
and ability to maintain temperature (±0.5ºC/0.9ºF), water baths cost from 
about $1000 to $5000. A large beaker (1 L) containing water and heated 
on a hot plate can be a substitute for a small water bath.

18.7 GLASS AND PLASTICWARE

In many labs, plasticware (polypropylene, polyethylene, or fl uoropolmer 
construction) has or is rapidly replacing traditional glassware. Aside from 
being less expensive, plasticware has the advantage of being lightweight, 
durable, generally chemically inert, and autoclavable. Depending on need, 
glass-like transparency is available. One disadvantage of plasticware is that 
the material cannot be exposed to direct heat in the form of hot plates 
or fl ame. Maximum exposure tolerances are usually printed on the 
container.

A frequent debate in microbiology laboratories is whether disposable 
plastic pipettes are a justifi able expense or an extravagance. Initially, dis-
posable pipettes are less expensive than reusable glass pipettes. However, 
costs associated with cleaning and sterilizing reusable glass pipettes may 
or may not be less than that associated with continued purchase of dispos-
ables. Disposable pipettes are available in individual packages sterilized 
prior to shipment.

Another disposable item commonly used in the microbiology labora-
tory is Petri plates. Glass Petri plates are still available but are quite expen-
sive when costs associated with the intensive cleaning and re-sterilizing 
are included. Disposable plates may be purchased in individual, pre-steril-
ized, polyethylene sleeves of 20 and also by the case (usually 500). For 
general work, standard 100 × 15 mm plates may be most appropriate, 
although larger (150 mm) and smaller (50 mm) diameters are available.

Other glassware commonly found in wine microbiology laboratories 
includes test tubes and caps, fi xed and variable volume pipettes, and 
glassware for specifi c analytical methods. Because wine microbiology 
laboratories generally are not involved with pathogens, the risks associated 
with cleaning and reusing test tubes are largely those associated with 
potential breakage during the operation.

Fixed and variable volume pipettes fi nd application in microbiology 
labs for preparation of dilutions as well as accurate dispensing of small 
(µL) volumes of reagents. Generally, fi xed volume pipettes are used for 
routine laboratory purposes such as dilution, whereas variable volume 
pipettes are used in enzymatic assays requiring small-volume transfers. 
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Finally, specifi c application glassware, such as a Cash still for measurement 
of volatile acidity, the aeration/oxidation apparatus for SO2, and distilla-
tion glassware are normally needed.

18.8 MEDIA

Several commercially available preformulated agar media serve as the 
basis for much of the laboratory work discussed in Chapter 13. Where large 
amounts of media are prepared and utilized on a regular basis, it can be 
cost effective to prepare media using individual ingredients. However, 
most small wineries may wish to purchase preformulated media that 
require relatively minimal preparation prior to autoclaving and pouring.

Depending on the microorganism(s) of interest, pre-packaged “fi eld 
kits” are also available. These consist of sterile Petri plates, 0.45 µm grided 
membranes, and absorbent media-impregnated membrane support pads 
(or the pad with growth media in ampoules). Such kits were originally 
developed to be taken to the site(s) where testing was to be performed 
rather than having to collect samples and return to the laboratory. 
Although more expensive, these methods can be useful because the annual 
cost would be low for wineries that infrequently perform these analyses.

18.9 PHOTOMETERS

Aside from measuring absorbance/transmittance of soluble compounds, 
spectrophotometric and nephelometric methods have also been used to 
estimate particle (microbial) density in a suspension. In the microbiology 
laboratory, the spectrophotometer fi nd most frequent application in enzy-
matic assays (e.g., malic or lactic acid) whereas nephelometers quantify 
haze (turbidity) in a sample. Both spectrophotometers and nephelometers 
measure the interaction of light with soluble compounds or particles 
(Section 14.7).

18.10 LAMINAR FLOW HOODS

Typically, winery laboratories harbor dense populations of microorgan-
isms ranging from those associated with the winemaking process to air-
borne species carried into the area through open windows and ventilation 
systems. An unusual but interesting and troublesome example of the latter 



is airborne mites that can end up contaminating Petri plates as they 
wander across the agar foraging on microbiol colonies.

The concerns for sterility can be addressed by installation of laminar 
fl ow sterile air fi lters that provide a constant source of “clean” air to the 
work area. Mechanically, room air is channeled through a prefi lter and 
then a sterile high-effi ciency particulate air (HEPA) fi lter prior to fl owing 
across the work surface at uniform velocity (Fig. 18.2). Fully equipped 
laminar fl ow safety cabinets are very expensive (>$8000) and may not be 
justifi ed in the winery microbiology laboratory. However, tabletop worksta-
tions that incorporate HEPA-fi ltered air are available at considerably less 
cost ($3000) and serve as good alternatives.

18.11 MISCELLANEOUS

An important element in wine laboratories is the source of water to be 
used to prepare reagents. Due to varying amounts of chlorine or minerals, 
tap water should not be used to prepare reagents or for rinsing glassware. 
Rather, purifi ed water is best for these purposes. Small distillation stills 
are available that provide distilled water necessary for most laboratory 
needs. Other systems produce deionized water, and there are some units 
that rely on reverse osmosis. As expected, costs vary widely but depend on 
the needed output of the system as well as the quality of the incoming 
water.

Vertical Hood

Work
Surface

HEPA Filter (exhaust)

HEPA Filter 
(air supply)

Glass
Shield

Blower

Horizontal Hood

Work Surface

HEPA Filter

Blower Pre-Filter

Figure 18.2. Air fl ows for vertical and horizontal laminar fl ow hoods.
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Frequently, solutions or media must be heated prior to autoclaving. Hot 
plates are commonly used for this task because these do not rely on open 
fl ames. Hot plate/stirrer combinations are popular in laboratories because 
both functions (heating and mixing) commonly need to be performed 
simultaneously.

Another piece of equipment useful in high-volume microbiology 
laboratories is the spiral plater system (Swanson et al., 1992). In essence, 
a known volume of juice or wine is automatically dispensed onto a rotating 
agar plate in an Archimedean spiral. Because the amount of sample 
decreases as the stylus moves away from the center of the plate, specifi c 
zones on the plate can be counted and then related to the population in 
the original sample. Although initially expensive, these instruments can 
save extensive amounts of media and employee time.

Additional instruments or supplies that are useful in a microbiological 
laboratory include pumps, transfer loops, weighing balances, and fl ame 
sources. Small pumps, commonly peristaltic, can be used to prepare 
multiple 9 mL dilution blanks (Section 14.3) rather than having to hand-
pipette. Many different types with varying costs are available. Loops are 
required for the transfer of microorganisms. Although disposable plastic 
loops are available presterilized, metal loops made of Nichrome or 
platinum are commonly used because these can be re-fl amed and reused. 
Balances, normally “top loaders” with an accuracy of ±0.1 g, work well for 
media preparation. Finally, Bunsen burners are important for aseptic 
technique and can be designed to burn either natural gas or alcohol, the 
latter of which can cause serious injuries or fi re if tipped over. Some newer 
natural gas models have pilot lights available to reduce gas usage.



CHAPTER 19

LABORATORY SAFETY

19.1 INTRODUCTION

Today, worksite safety has become far more than a cliché; it is the law. 
Signifi cant penalties, both criminal and civil, may be imposed upon super-
visors or managers who fail to maintain a safe working environment or 
repeatedly ignore employee concerns. Although a legal concern, practic-
ing sound and proper safety and health procedures makes good business 
sense as well.

Personnel in the microbiology laboratory normally have the same 
safety concerns as those in the chemistry laboratory but, additionally, 
may face challenges unique to their workplace. These include the poten -
tial for unexpected exposure to billions of potentially pathogenic micro-
organisms, the use of high-pressure sterilization equipment, open fl ames 
for aseptic techniques, and extremely toxic media ingredients (e.g., cyclo-
heximide, DMDC, etc.).

19.2 INJURY AND ILLNESS PREVENTION PROGRAM

As with any workplace, proactive management is the key and most funda-
mental component in establishing and maintaining a safe environment. 

311
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The fi rst step in establishing a viable safety program is development of an 
Injury and Illness Prevention Program (IIPP). This document identifi es 
the winery’s program to develop, maintain, and update policy and proce-
dures that addresses employee safety and health while on the job. The IIPP 
document must be on fi le at the winery and available for examination 
upon request. Normally, this document is prepared with input from both 
management and employees, possibly through a formation of a safety 
committee. The IIPP should be thought of as a working document and be 
regularly revised as potential hazards are identifi ed.

Key elements of any IIPP are the availability of training programs and 
information, communication, and installation of safety equipment and 
systems such as eyewash stations and safety showers, fi re alarms and pre-
vention, fi rst aid kits, and personal protective equipment.

19.2.1 Training

Each employee, regardless of position, has the legal right to know the 
potential health and safety risks associated with their worksite. To this end, 
supervisors and safety coordinators are required to conduct regular train-
ing sessions. All employees should receive training in prevention of back 
injury, fi re extinguisher operation, prevention of slip and falls, and the 
use and care of personal protective equipment. Furthermore, employees 
may need to receive additional training depending on their job descrip-
tion. Such training should include fl agging and traffi c control, forklift 
operation, working with hazardous chemicals, and motor vehicle opera-
tion. Further, maintenance of crushers, washers, stemmers, presses, pumps, 
other equipment, respiratory protective equipment, ladders, welding 
equipment safety, and working in confi ned spaces or high locations are 
also training priorities. A safety orientation checklist should be developed 
and placed in each employee’s employment fi le in order to document 
specifi c training (Fig. 19.1).

19.2.2 Information

All employees are entitled to have readily available documentation describ-
ing the physical and chemical characteristics as well as health implications 
of each chemical or solution that they may be exposed to at their worksite. 
All the information that fulfi lls the employee’s right-to-know is found in 
the Materials Safety Data Sheets (MSDS). All chemicals shipped in the 
United States are required to have these documents. In the event of 
accidental exposure, MSDS documents provide emergency response 
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personnel and poison control centers with information needed to treat 
the patient. The compound does not need to be overtly hazardous to 
require a MSDS. For example, seemingly benign compounds such as 
glucose, tartaric acid, and even distilled water require their own MSDS.

Figure 19.1. An example of a safety orientation checklist.

Employee Name Hire Date Orientation Date

Position/Job Assignment

Check One: ( ) New Employee ( ) Transfer ( ) Rehire ( ) Part-Time

Check items discussed:

( ) 1. Purpose of orientation.
( ) 2. Reporting accidents to supervisor immediately.
( ) 3. First aid.

a. Obtaining treatment
b. Location and use of emergency equipment (first aid kits, eyewashes)
c. Location and names of first aid trained employees.

( ) 4. Potential hazards on the job.
a. Identification of hazards andprocedures to maintain safety.
b. Use and care of required personal protective equipment.

( ) 5. Emergencies.

( ) 6. Injury and Illness Prevention Program.

( ) 7. Personal work habits.

( ) 8. Specific additional training required for position.

a. Exit locations and evacuation routes.

a. Function of safety committee and names of representatives.

a. Proper lifting techniques and avoiding slips and falls.

a.

b. Locations and operation of fire alarms and extinguishers.
c. Specific procedures for medical, chemical, firee mergencies.

b. Importance of safety policy and rules.

b. Good housekeeping and smoking policies.
c. Safe work procedures.

b.

I have instructed this employee on the items checked.

I have received orientation on the items checked.

Date Supervisor

Date Employee
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As safety regulations require that employees must have easy access to 
MSDS at any time of day, most laboratories place these in clearly identifi -
able three-ring binders and in alphabetical order. Bright yellow binders 
are recommended due to their ease of identifi cation. Enough copies of 
these binders should be prepared to be located in every laboratory or work 
area. MSDS sheets can also be found on the Internet at various sites.

19.2.3 Communication

Many accidents can be either prevented or minimized through communi-
cation. For instance, formation of a safety committee allows employees and 
management to discuss and formulate safety policies and procedures that 
would be incorporated into the IIPP. The safety committee also creates a 
mechanism where employees can identify potential hazards, thereby reduc-
ing the risk of accidents.

Because accidents must be reported to supervisors immediately, all 
laboratories must post a list of emergency telephone numbers. Although 
“generic” accident report forms are available (Fig. 19.2), it is recommended 
that the winery develop its own forms to document accidents as well as 
those used by supervisors conducting accident investigations. Required 
information includes names and telephone numbers of the injured and 
witnesses, the date, time, and location of the incident, a description of the 
incident, the involved department(s), and the contract person and tele-
phone number.

Another form of communication is the use of hazard warning placards. 
The posting of placards or signs within a laboratory alerts the employees 
to safety and health concerns as well as rapid response in the event of 
accidents.

19.2.4 Eyewash Stations and Safety Showers

Even though personnel should always wear protective eyewear, splatter on 
the face may fl ow into eyes. Eyewash stations are designed to wash chemi-
cals from the eyes in the event of an accident in the laboratory. Showers 
are designed to wash irritating chemicals from exposed body areas in the 
event of accident. Most are designed to deliver a specifi c amount of water 
in a specifi c amount of time. Because skin and eye irritation are both 
associated with lab accidents, safety showers and eyewash stations are 
sometimes combined into a single unit. If they are purchased separately, 
both stations should be in close proximity to each other.

Eyewash stations must be within 15 m (50 ft) from any workstation in 
the laboratory. Because the individual’s vision may be impaired during 
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these types of accidents, there should never be any obstacles in front of 
the station. Like all safety equipment, shower and eyewash stations must 
be tested regularly. Each station should have an attached certifi cation card 
that requires the name of the inspector and the date of testing.

Employee Name

Supervisor Name

Accident Date

Investigation Date

Check all factors contributing to the accident:

HUMAN

SITE CONDITIONS

EQUIPMENT/TOOLS

TIME FACTORS POLICIES/PROCEDURES

OCCUPATIONAL EXPOSURES

Explain all checked factors in the space below. Use additional space and/or
diagrams if necessary.

List recommended corrective action. Use additional space and/or diagrams
if necessary.

Supervisor signature

DateEmployee signature

Date

Actual corrective action performed and date completed

Figure 19.2. An example of a supervisor’s accident investigation report.
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19.2.5 Fire Alarms and Prevention

Fire alarms and overhead sprinklers should be checked regularly to ensure 
proper operation. Sprinklers should be at least 18 inches away from stored 
materials. Decorative items (e.g., mobiles or other artwork) should never 
be hung from sprinkler heads.

All labs should be equipped with fi re extinguishers. These should be 
clearly identifi ed and wall-mounted near exits. Multipurpose extinguish-
ers (ABC type) are generally utilized because these are effective against 
the most common types of fi res. Minimally, extinguishers should be 
inspected annually. In addition to fi re extinguishers, sand and other 
adsorbents are also a fast and easy way of stopping small fi res and should 
be easily accessible.

19.2.6 First Aid

First aid training is critical when dealing with accidents and must be 
required of all employees. Refresher training exercises should be available 
to employees on an annual basis. Attendance at these exercises as well as 
any safety meetings should be documented within the employee’s personal 
fi le.

Each laboratory should have a fi rst aid kit that contains a variety of items 
to deal with injuries. The size and extent of the kits should depend on 
the number of personnel normally assigned to the worksite. In general, 
kits should contain adhesive bandages, bandage compresses, scissors and 
tweezers, triangular bandage, antiseptic soap or pads, stretch roller gauze, 
latex gloves, and cardiopulmonary resuscitation (CPR) face shields. Other 
elements could include eye dressings, adhesive tape, chemical cold pack, 
bee sting swabs, knuckle and fi nger bandages, disposable thermometer, 
and saline eyewash solution. Kits should be regularly inventoried and 
restocked as needed. Oral medications should not be available in fi rst aid 
kits due to the possibility of abuse or unexpected medical reaction.

19.2.7 Personal Protective Equipment

Personal protective equipment (PPE) must be consistent with workplace 
hazard assessment. PPE can protect the employee against burns, absorp-
tion, abrasions, airborne hazards, punctures, or other hazards. In most 
cases, such equipment involves the use of gloves, goggles, laboratory coats, 
and protective shoes (Table 19.1). In each case, workers need to be trained 
regarding both the need for PPE as well as proper use. Damaged or defec-
tive PPE should never be used.
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Perhaps one of the most important PPE is protective eyewear. Prescrip-
tion or loose-fi tting safety glasses offer only limited protection against 
chemical splash. Here, goggles that are snug-fi tting are preferred because 
these offer a measure of protection against impact and splash incidents in 
the laboratory.

Proper dress in the laboratory also minimizes the risk of skin contact. 
Among those regularly working in the laboratory, appropriate coats should 
be required. As the long sleeves of a lab coat are meant to protect the 
forearms from splashes, these should not be rolled up. Likewise, open-toed 
shoes or sandals should be avoided. Workers who regularly work with sani-
tizing chemicals in the winery should utilize water-repellant aprons and 
boots, in addition to goggles and appropriate gloves.

Hand protection is achieved by wearing disposable latex or nitrile 
gloves. Protective gloves are lightweight, inexpensive, and offer a high 
degree of dexterity and tactile sensitivity. Because these gloves have limited 
chemical resistance, they should be intended to afford momentary splash 
protection only. For those sensitive to talc, latex gloves can be purchased 
without the slipping agent.

Probably the least understood piece of safety equipment is the respira-
tor. Although dust masks may protect workers against many airborne par-
ticulates, these offer little or no protection against volatile chemicals. 
Respirators should be considered for use only by trained and certifi ed 
employees, only under special circumstances, and only after all other 
controls of airborne contaminants have been implemented. In the labora-
tory, exhaust fans and fume hoods represent the fi rst line of defense to 
contain and/or exhaust volatile hazardous materials. Without appropriate 
training, certifi cation, medical approval, and careful fi tting to the user’s 
face, the use of respirators may, by itself, pose a signifi cant health 
hazard.

19.3 EXAMPLES OF SAFETY ISSUES

One foundation of any safety program is “good housekeeping.” Here, 
it is generally accepted that fewer accidents occur in a well-organized 
worksite. Equipment, instruments, glassware, extra reagents, chemicals, 
and media should be stored properly when no longer in use. Clutter should 
not be allowed to accumulate on benchtops, and chemicals should be 
stored only in approved cabinets. Chipped or broken glassware should be 
disposed of in clearly designated containers. Most broken glass can be 
recycled, the exception being borosilicate (Pyrex) which should be treated 
as laboratory waste.



19.3.1 Biohazard and Chemical Waste

Compliance with biohazard and chemical waste management regulations 
continues to be one of the most signifi cant issues in any laboratory. Chemi-
cal waste, either stock or reagent, should never be poured down laboratory 
drains. Instead, it should be collected into appropriate and clearly identi-
fi ed (“HAZARDOUS WASTE”) containers prior to removal by waste man-
agement services. Chemicals and reaction products should never be mixed. 
Not only is the practice dangerous but also creates additional costs in 
terms of dealing with the waste.

Used Petri plates, plastic containers and pipette tips should be stored 
in approved autoclave bags (“BIOHAZARD”) for autoclaving along with 
cultures prior to disposal. Any item capable of causing puncture wounds, 
such as hypodermic syringes, glass or plastic pipettes, or razor blades, 
should be placed in covered contained and labeled “SHARPS.”

Broken containers with small volumes of active microbial cultures 
should be covered with paper towels soaked in lab disinfectant. If broken 
glass is present, collect using a lab brush and dust pan (not fi ngers) and 
transfer to disposal bags. Larger volumes of liquid culture can be mopped 
up after disinfecting. It is recommended that the mop and bucket be 
soaked in disinfectant for several hours.

19.3.2 Electricity

Electrical issues represent one of the most frequently encountered hazards 
in the laboratory. Although multioutlet plugs are common to most work-
sites, it is recommended that these not be used unless a built-in circuit 
breaker is installed. The total amperage on any given circuit should not 
exceed the rating printed on the outlet box (commonly, 15 amps). The 
area immediately surrounding circuit breaker boxes must be kept clear as 
a work area for maintenance personnel. In most cases, display placards on 
the doors can be used to indicate the need for cleared space around circuit 
boxes.

Extension cords may be used but only on a temporary basis. These cords 
should be at least 16 gauge, 3-wire/3-prong types. If the piece of equip-
ment is in regular use (e.g., water bath or incubator), extension cords 
should be replaced by direct wiring. In such cases, installations should 
always be performed by qualifi ed electricians. Worn or frayed electrical 
cords on equipment should be replaced.

19.3.3 Heat and Steam

Most laboratories have an assortment of equipment designed to sterilize 
growth media and supplies by application of heat or heat and steam. 
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Examples include hot water baths, drying ovens, and autoclaves (Chapter 
18). Repeated use of equipment where heat, hot water, and/or steam are 
involved may lead to accidents where burns are the major safety concern. 
Specifi c safety issues associated with normal autoclave use are reviewed in 
Chapter 13. Above all, consult manufacturer-instruction manuals for more 
information regarding proper use.

19.3.4 Machinery Safeguards

Although machine hazards are minimized through engineering design, 
areas that require guards include rotating components (connecting rods, 
etc.), cutting and shearing movements, belts, rollers, gears, or moving 
cylinders. To minimize accidents, controls for the equipment must be 
within easy reach. Furthermore, the operator must be able to turn off the 
power to the machine without leaving the place from where the machine 
is to be operated.

19.3.5 Storage

Improper storage of chemicals or equipment is a serious safety hazard. For 
instance, high-pressure gas cylinders used in the laboratory can literally 
become “missiles” if stored without appropriate caps or not clamped to a 
wall or laboratory bench. Gas cylinders should be stored with their cap in 
place and properly chained or clamped at all times. In addition, chemicals 
stored together must be compatible in order to minimize cross reactions 
(e.g., acids should not be stored with bases).

Household refrigerators are not designed to handle fl ammable sub-
stances. Rather, fl ammable chemicals should be stored in specially designed 
cabinets, which properly vent vapors and are explosion proof. If a fl am-
mable chemical requires refrigeration, only explosion-proof refrigerators 
or storage cabinets should be used. Such units have enclosed electrical 
parts to eliminate sparking. To limit mistakes, each refrigerator should be 
clearly labeled as to storage compatibility.

Food or beverage items including coffeemakers and soft drinks should 
never be consumed in the laboratory or stored in laboratory refrigerators. 
Prominent warning signs should be posted on the refrigerator. A separate 
employee break or dining area complete with a refrigerator and microwave 
should be provided for this purpose.

19.3.6 Ultraviolet Light

Ultraviolet light (UVL) has a long history of use in the microbiology 
laboratory where it fi nds primarily application as the energy source for 



germicidal lamps. Here, cell death results from high-energy radiation (180 
to 250 nm) that brings about irreversible alteration to cellular DNA. These 
lamps are used in biological safety cabinets and in laminar air fl ow hoods 
to kill microorganisms and sterilize the environmental air.

In that such lamps emit harmful radiation, personnel must take care 
to avoid direct exposure to unprotected areas of the body. The severity of 
reaction depends on exposure time and the body surface affected. Hands, 
arms, and face may sunburn, whereas irreversible damage may result from 
exposure to eyes, and longer term exposure may result in skin cancer. 
Overexposure to UVL is not immediately noticeable and, hence, the injury 
may have already occurred before the individual develops a response. 
Thus, laboratory training and education is crucial to minimizing employee 
health and safety risks.

Lab personnel working with UVL should always wear protective 
garments such as lab coats and gloves to minimize direct skin contact. In 
that normal eyeglasses or contact lenses offer only limited protection, the 
best protection is a full-face shield. Signs warning of the effects of UVL 
should be posted at workstations where it is used.
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Absorption: The movement of a chemical from the site of contact across 
a biological barrier.

Active transport: A biochemical process requiring energy where com-
pounds are moved across the cell membrane, commonly against a con-
centration gradient.

Adenosine triphosphate (ATP): A high-energy containing molecule that 
allows organisms to transfer energy.
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Aerobe: A microorganism whose growth requires the presence of air 
(oxygen). Acetobacter is an example of an obligate (“must have”) 
aerobe.
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Aerobic respiration: A sequential series of biochemical processes (glycoly-
sis, Krebs cycle, and oxidative phosphorylation) where glucose is oxi-
dized to CO2, H2O and energy in the forth of ATP.

Agar: A complex carbohydrate material refi ned from marine algae and 
used to produce semisolid media. Solidifi ed agar has the texture of a 
gelatin dessert. It solidifi es at temperatures between 40ºC/104ºF and 
45ºC/113ºF and will not remelt until it is boiled. Most liquid media can 
be solidifi ed by the addition of 1.5% to 2% w/v agar.

Amino acid: Organic compound that contains both acid (COOH) and 
amine (NH2) groups. Amino acids serve as the basic unit within pro-
teins and enzymes.

Anaerobe: A microorganism that grows only or best in the absence of air 
(oxygen). Many lactic acid bacteria are considered to be facultative 
(“not required”) anaerobes; these microorganisms grow well under 
anaerobic conditions but can also grow in the presence of some 
oxygen.

Anaerobic jars: As most laboratories do not have anaerobic incubators 
due to cost, a good substitute is plastic jars that contain racks that hold 
disposable CO2 generators. Alternatively, some winemakers rely on 
“candle jars” in which a candle is lit inside of the jar prior to being 
sealed (the fl ame will remove the oxygen that is present before being 
extinguished).

Anamorph: Asexual or “imperfect” form of a yeast. Although anamorphs 
and teleomorphs are the same microorganism, these forms differ in 
their inability (anamorphs) or ability (teleomorphs) to form spores. 
Microbiologists assign separate names (genus and sometimes species) 
to differentiate the ability of a yeast to produce (or not) spores.

Ascospores: The sexual spore that many yeasts can produce as a mean of 
reproduction.

Ascus: A structure formed by many yeasts that contains ascospores.
Aseptic technique: Any technique or procedure in which precautions 

against microbial contamination is taken. Once media or instru -
ments are sterile, they are kept free of microorganisms using this 
technique.

Autoclave: A pressure vessel capable of reaching temperatures in excess 
of 100ºC/212ºF by using steam. Autoclaves are used to sterilize media 
and instruments.

Autotroph: A microorganism that can produce through biochemical 
processes all required organic components from inorganic sources.

Bactericidal: Chemicals that are lethal to bacteria.
Bacteriophage: A virus that infects bacteria. Phage are strain specifi c and 

are lethal to bacteria.
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Bacteriostatic: Chemicals that inhibit bacteria without necessarily being 
lethal.

Biohazard: Biological or infectious material such as a microbiological 
pathogen (e.g., Salmonella).

ºBrix (ºBalling): Measurement used to express the concentration of 
soluble solids, primarily sugars, and expressed on a weight/weight basis 
(g sucrose per 100 g liquid).

Brownian motion: Random movement and motion of microorganisms 
when viewed in a wet mount under a microscope.

Budding: Asexual reproduction of yeasts involving the formation of 
daughter cells (buds) off of the mother cell. Yeasts can reproduce by 
bipolar (buds only appear at end of cell) or multipolar/mulilaterial 
(buds can appear on all surfaces of cell).

Carcinogen: A chemical or physical agent capable of causing cancer in 
animals or humans.

Chemical compatibility: The ability of different reagents to potentially 
react with one another resulting in a safety concern. Some chemicals 
should not be stored in close proximity due to their reactivity (acids 
and bases).

Cocci: Cells that microscopically appear as being “round” or slightly “oval.”
Coenzyme: A compound that “assists” enzymes catalyzing reactions, com-

monly by donating or receiving electrons. For instance, nicotinamide 
adenine dinucleotide can exist in the oxidized form (NAD+) or the 
reduced form with an added electron (NADH + H+).
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Colonies: When a viable cell is deposited on the surface of a solidifi ed 
agar medium, it reproduces and forms a cluster (or colony) of cells, 
which are counted for enumeration. However, these colonies may also 
initially arise from pairs, chains, or clumps of cells depending on the 
morphology of the microorganism. In these cases, the population 
should be recorded as “colony-forming units” per mL (CFU/mL) rather 
than cells per mL.

Contamination: The result of materials, chemical substances, or microbes 
entering systems causing a reduction in quality or a safety hazard.

Corrosive: A substance that causes visible damage to humans at the site 
of contact.

Dilution blank: A sterilized solution consisting of 0.1% w/v peptone 
water used to dilute samples that contain large numbers of viable micro-
organisms. Samples are normally serially diluted (1 : 10, 1 : 100, 1 : 1000, 
1 : 10,000, etc.) prior to plating using solidifi ed agar.

Durham tube: A small test tube (9.5 × 50 mm) placed inverted in a liquid 
broth and used to detect CO2 formation by physically trapping the 
gas.

Ecology: The study of the interrelationships between an organism and 
the environment.

Enzyme: A protein catalyst that causes changes in other molecules without 
undergoing any alterations itself. For example, the enzyme catalase acts 
on hydrogen peroxide (H2O2) as a substrate to form water (H2O) and 
oxygen (O2). Enzyme names commonly have the suffi x “ase” (e.g., 
catalase, pectinase, etc.).

Eukaryote: An organism (e.g., yeast) that has cellular organization includ-
ing a membrane-bound nucleaus and internal organelles.

Fastidious: Microorganisms that require many different nutrients due to 
their inability to synthesize these compounds.

Fermentation: The breakdown of organic molecules such as sugars into 
other products, commonly under anaerobic conditions.

Genus: A taxonomic category of related organisms, usually containing 
several species. The genus is the fi rst name of an organism within the 
binomial system of taxonomy.

Glycolysis: The anaerobic process of breaking down glucose to form 
pyruvic acid or lactic acid and energy in the form of ATP.

Gram stain: A differential staining procedure that classifi es microorgan-
isms as either Gram-positive or Gram-negative based on retention 
of a specifi c dye (crystal violet). Using brightfi eld microscopy, Gram-
positive cells appear “purple” whereas Gram-negative ones appear 
“red.”

Haploid: A single cell that has only one set of chromosomes, as opposed 
to diploids which have two sets.



326 Glossary

Hazard: Any physical, chemical, or biological material or situation that 
can potentially cause injury or death. Examples are fl ammable or cor-
rosive chemicals or some biological agents.

Heterothallic: Organisms in which the two sexes reside in different indi-
viduals. By contrast, homothallic organisms possess both sexes in the 
same individual.

Hexose: A six-carbon sugar. In grape musts, glucose and fructose as the 
most common examples.

Hockey stick: A glass rod bent into the shape of an “L” that is used to 
evenly spread samples onto solidifi ed media.

Hyphae: The fi laments or threads formed by a number of yeasts and 
molds that form a mat (mycelium).

Inoculum: A small amount of viable microorganisms introduced into a 
medium or juice with the goal of growing the cells.

Krebs cycle: Also known as the citric acid (or tricarboxylic acid) cycle, 
this is a series of aerobic reactions by which the pyruvic acid produced 
in glycolysis is converted into energy (i.e., ATP and reduced molecules 
NADH and FADH2), CO2, and H2O.

Long-Term Exposure Limits (LTEL): The maximum concentration to 
which a worker can be exposed to continuously for a defi ned long 
period (8 hour day or 40 hour week) without experiencing ill effects.

Loop: A device with a handle and a metal loop on the end used to 
transfer microorganisms. It is also known as a “laboratory loop” or a 
“transfer loop” and is sterilized by holding the metal loop in an open 
fl ame.

Material Safety Data Sheets (MSDS): Mandatory printed in formation 
provided by the manufacturer/distributor that identifi es hazard/physi-
cal properties of chemicals as well as fi rst aid treatment for exposure.

Medium: A formulation composed of various ingredients that will support 
the growth of different microorganisms. Such ingredients include 
glucose, peptone, yeast extract, liver extract, and others. A medium can 
be prepared as a liquid or solid, the latter with the addition of agar.

Methylene blue: A differential stain that can be added to a liquid suspen-
sion to evaluate yeast viability. Live yeasts will reduce the dye to a color-
less form, whereas dead cells appear blue/black as viewed using a 
microscope.

Microorganism: A very small organism that can only be seen using a 
microscope. Although most microbes appear microscopically as a single 
cell, some form pairs or chains of many cells.

Milk dilution bottle: A square-sided bottle that is commonly used for 
larger dilution blanks. Though total volume can be up to 160 mL, these 
bottles most commonly contain 99 mL. Many brands will have an etched 
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line on the side of the bottle that represents a mark for 99 ± 1 mL 
volume.

Mold: A fungus that has a fi lamentous physical structure.
Mycelium: An interwoven mass of individual fungal fi laments or 

hyphae.
NAD+/NADH: See “coenzyme.”
Needle: Needles attached to wooden handles are used to prepare stabs 

and can be resterilized using an open fl ame.
Pentose: A fi ve-carbon sugar such as arabinose or ribose. Normally, 

these sugars are found in grape musts at low concentrations, 
<0.05%.

Personal protective equipment (PPE): Equipment used by employees to 
reduce or eliminate the potential for exposure to hazardous materials 
or situations. Such examples would include eye goggles, protective 
gloves, and the like.

Petri plates or dishes: Sterilized glass or plastic dishes with covers that 
are used to hold solidifi ed media.

Phase (growth): Microbial growth in juice, wine, or a medium has four 
distinctive phases: (a) lag, (b) logarithmic, (c) stationary, and (d) death. 
During lag phase (A), cells are adjusting to the new environment and 
increase in size (no increase in cell numbers). Logarithmic phase (B) 
is the period when cell numbers rapidly increase. At some point, the 
growth rate decreases and the cells enter stationary phase (C) where 
growth and death rates are approximately equal. The accumulation of 
toxic wastes and the decreasing availability of nutrients eventually result 
in death of the cells (D).

A

B

C

D

Time

Population (log)

Phase-contrast microscope: Rather than staining a culture in order to 
visualize the microorganisms using a brightfi eld microscope, phase-
contrast microscopes allow direct viewing of microbes in liquid cul-
tures. Light passing through a denser medium (a microbial cell) than 
another medium (the liquid) will be retarded. Phase-contrast enhances 
differences in refractive index between these two media (a cell and the 
liquid).
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Pour plates: A pour plate is one in which the liquid sample to be micro-
biologically enumerated is aseptically transferred into a Petri dish, and 
cooled (yet liquid) agar medium is added to the culture. The medium 
and the liquid sample must be well mixed prior to solidifi cation of the 
agar gel.

Prokaryote: An organism whose cellular organization lacks a true nucleus 
and other internal organelles (e.g., bacteria).

Pseudohyphae: Elongated forms or fi laments between yeast buds that 
resemble hyphae. Constrictions between buds in the pseudohyphae 
differentiate these from true hyphae.

Pseudomycelium: Collective mass of pseudohyphae.
Redox: An abbreviation for reduction/oxidation, redox refers to 

simultaneous reactions in which one agent is oxidized (loss of an elec-
tron) and one is reduced (gain of an electron).

Residual: Chemicals remaining on equipment or fl oor surfaces after 
cleaning or sanitizing.

Rod: Cells that microscopically appear as being “rectangular” with two 
parallel sides of the microbe being longer that the other two sides.

Sanitation: Sanitation refers to reducing microbial populations in the 
winery and keeping the populations as low as possible. In contrast, 
sterilization implies destruction of all microorganisms.

Secondary containment: A method by which additional leakage or spills 
are minimized if the primary container breaks. An example would be 
a tray in which a bottle of waste chemicals is placed.

Selective agent: This is a chemical that is added to a medium such that 
undesirable microorganisms will not grow while desirable microbes will 
grow.

Serum: Liquid remaining after solids have been removed, normally by 
centrifugation (e.g., tomato juice serum).

Short-Term Exposure Limit (STEL): The maximum concentration to 
which a worker can be exposed to continuously for a defi ned short 
period without experiencing ill effect.

Slant: Liquefi ed media containing agar is aseptically placed into a test 
tube. The test tube is placed at a slight angle on a tabletop while the 
agar media cools and sets. Slants are used to aseptically store yeast and 
bacteria cultures for longer periods of time.

Solid medium (+ agar)

Microorganism growing 
on surface

Test tube

Screw-on cap
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sp. or spp.: Normally placed after a genus name, these designations refer 
to one (sp.) or more (spp.) unidentifi ed species.

Spore: A nonvegetative structure formed by some microorganisms that is 
resistant to stresses such as heat. Spores are capable of development 
into an individual viable microorganism when conditions are favorable 
for growth.

Spread plates: Spread plates are ones in which the sample is aseptically 
added onto the surface of media already solidifi ed (gel formed) in Petri 
dishes. The sample, normally 0.1 mL, is evenly spread on the surface of 
the media by using a “hockey stick.”

Stab: Similar to slant, stabs are used to store microorganisms for longer 
periods of time, especially those microbes that do not require oxygen.

Solid medium (+ agar)

Microorganism growing 
along line where needle 
was injected

Test tube

Screw-on cap

Strain: Microorganisms that share suffi cient biochemical, physiologial, 
and genetic characteristics to be assigned the same species name but 
that possess minor but consistent variation(s) in certain properties. 
Such properties may include (but not necessarily) fermentation of a 
specifi c sugar, pH tolerance, and so forth.

Teleomorph: Refers to the sexual or spore-forming form of a given yeast 
(see anamorph).

Temper: Media containing agar needs to temperature equilibrate prior 
to pouring into Petri plates. Most microbiologists will place media 
into a water bath for an hour at 45ºC/113ºF to 50ºC/122ºF after 
autoclaving.

Too-Numerous-To-Count (TNTC): When counting colonies on pour or 
spread plates, the total count must be between 25 and 250 colonies. If 
greater than 250 colonies, the plate is deemed to be TNTC and a higher 
dilution plate should be examined.

Ullage: The empty space within a barrel above the wine surface. Ullage 
normally increases as wine is aged in barrels due to evaporative losses 
of ethanol and water.
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Viable–But–Not–Culturable (VBNC): A physiological state of micro-
organisms where growth on conventional media is not observed but the 
microorganisms remain intact and remain viable.

Vortex (vortexer): A special type of device that rapidly mixes samples in 
centrifuge or test tubes by creating a vortex.

w/w or v/v: Symbols that refer to concentrations either on a weight/
weight or a volume/volume basis.
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Immobilized yeasts, 122–123
Immunochemical techniques, 276–278
Incubators, 306
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reproduction, 6
taxonomy, 7

Kluyveromyces
alcohol fermentation, 86
grapes and musts, 84
microbial interactions, 100
natural fermentation, 123, 124
taxonomy, 7, 8

Krebs cycle, 18–21, 57

L
Laboratory setup, 303–310
Laccase, 110–111, 113
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See Cleaning processes; Laboratory 
setup; Quality Points program; 
Sanitation

Microbial interactions, 93–101



388 Index

Microorganism identifi cation, 241–272
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spoilage, 156
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Pre-fermentation processes, 106–110
Preservatives

See Antimicrobial compounds
Probe detection systems, 284–287
Propanol, 47, 48
Propionate, 199
Protective equipment, 316–318, 321
Proteinaceous materials, 296–298
ProxycarbTM, 147
Pseudomycelium, 7, 252–253
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inhibitory compounds, 71
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unfermented juice, 113
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Trichosporon, 100
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U
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Uracil, 35, 278
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See Ethyl carbamate
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Volatile compounds, 23–24, 44, 164–166

W
Waste management, 319
Water activity, 198

Water baths, 306–307, 320
Water quality, 140–141
Water sources, 309
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Wet mount, 191, 242
Wild yeasts, 7
WL media, 205, 207
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X
Xanthine, 35
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concentrations, 104
fermentation, 31, 35, 38, 258
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Y
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