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THE LALLEMAND CORPORATION

Lallemand - a privately owned Canadian corporation founded at the end of the 19th century with divisions operating around
the world - is active in the fields of yeast, bacteria, enzymes and yeast derivatives for the baking, fermented beverages, human
nutrition, animal nutrition and fuel alcohol industries.

Since the 1970s, Lallemand has focused its fermentation knowledge on developing high-quality, dried wine yeast strains, wine
bacteria strains and fermentation adjuncts for oenology. The Lallemand range of oenology products is widely known under the
LALVIN®, UVAFERM® and ENOFERM® brands. Lallemand is the only major supplier of wine yeast, bacteria and yeast deriva-
tives with its own production facilities. The Company owes its success to the steadfast pursuit of excellence and the ongoing
investment in research and development.

To offer customers the finest possible products, Lallemand places particular importance on Reaserch and Development. A team
based in Toulouse, France, collaborates with oenological institutes worldwide and conducts research on all aspects of fermenta-
tion. Teams at Lallemand headquarters and at the Institut de Recherche en Biotechnologies (IRB), both in Montréal, Canada,
conduct fundamental research and develop new biological strains and production techniques. Research programs, scientific
papers and ongoing contacts link Lallemand to microbiology laboratories in Europe, Australia, North America, South America
and South Africa. Through annual technical meetings, special events and publications, Lallemand seeks to spread awareness
and knowledge of modern oenology for the benefit of winemaking professionals and consumers alike.

Lallemand Fermented Beverages has regional offices in Australia, Eastern Europe, France, Germany, Italy, North America, the
United Kingdom, South Africa, South America, China and Spain. The people in the Lallemand network are in close daily contact
with researchers as well as the end-users of their products. Regional Lallemand team members serve their clients' needs, pro-
vide training and offer oenological advice. Their work is carried out in collaboration with a network of recognized distributors
and specialists who operate at the heart of each wine region.
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production processes for malolactic bacteria starters, she also directs feasibility studies for the de-
velopment of new MBR® products.
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Dr. Neil Brown earned his Ph.D. in Cellular and Molecular Biology in 1994 from The University of
Texas at Austin and was the co-author of a laboratory manual for Introductory Cellular and Molecu-
lar Biology for this university. Since 1998, he has been working with Vinquiry in Sonoma County,
where he manages the microbiology laboratory. He authored the Vinquiry Microbiology Photo CD,
a compendium of photomicrographs of wine microorganisms and photographs of their colony
morphology. Dr. Brown conducts seminars on wine microbiology and microscopy, and is involved
in the instructional seminars offered by Vinquiry. He is a professional member of the American

Society of Enology and Viticulture (ASEV) and the California Enological Research Association (CERA).
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than 20 years of experience in the Australian wine industry and has been employed by the Aus-
tralian Wine Research Institute, as well as by three different commercial wine producers. His forte
lies in applied microbiological research, malolactic fermentation and industrial applications of wine
lactic acid bacteria and wine yeast. Dr. Costello has B.Sc. and M.Sc. degrees in Food Technology
from the University of New South Whales, and received his Ph.D. in Wine Microbiology from the
University of Adelaide in 1999 for his research entitled “The Formation of Mousy Off-Flavour of
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RICHARD DEGRE

Dr. Richard Degré has a B.Sc. from the Université de Sherbrooke and an M.Sc. from the Université
de Montréal. After earning his Ph.D. in Microbiology in 1983 at McGill University, in conjunction
with the Institut Armand-Frappier, Dr. Degré joined Lallemand as Assistant Director of the Research
and Development department, and was subsequently promoted to the position of Director, Re-
search and Development and Quality Assurance. In 1993, He was promoted to Vice President,
Research and Development and Quality Assurance, his current position. Dr. Degré is the author of
numerous articles in applied microbiology.

WILFRIED DIETERICH

Wilfried Dieterich joined Lallemand in March 2004. After training in various wineries and institutes, he
studied oenology and viticulture under the tutelage of Professor Manfred Grossmann at the Geisen-
heim Institute. His work was performed in conjunction with Lallemand and dealt with the produc-
tion of active dry yeast. Mr. Dieterich deals with large and small wineries, as well as specialty stores.

SIGRID GERTSEN-BRIAND

Sigrid Gertsen-Briand graduated from McGill University with a degree in Microbiology. Since 1995,
she has worked in the industry at the amateur and the commercial winery level. She travelled to
Australia and France to experience the harvest before joining Lallemand as a technical representa-
tive in northeastern North America, and is currently based in northern California.
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universities and colleges.
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INTRODUCTION

DR. RICH MORENZONI

Wine is a very complex medium consisting of a myriad of compounds that can be either beneficial or detrimental to the growth
and survival of microorganisms. The role of microbes in wine is not limited solely to the conversion of grape juice into wine,
but also encompasses the role of lactic acid bacteria in the conversion of L-malic acid into L-lactic acid - the malolactic fermen-
tation (MLF). Historically, MLF was described as a phenomenon that is capricious and not completely understood, but is of
great importance to the final product. Recent research into MLF has given us many insights into the intricacies of the causative
bacteria, but the fact remains that MLF is a biological phenomenon and, as such, is subject to the environmental, physical and
chemical constraints that nature has placed upon their growth.

In the not-too-distant past, winemakers were content to let nature take its course, and to merely wait for the MLF to occur
spontaneously. This practice was responsible for such typical MLF comments as, “It doesn't go when | want it to,” and “I don't
like what it does to the wine.” It is easy to understand why comments of this nature were prevalent now that we more fully
understand the phenomenon. Wine, by its very nature, does not lend itself to the luxurious and effortless growth of microbes.
It possesses relatively high total acidity and alcohol, a low pH, and often an amount of sulphur dioxide. For these reasons, Louis
Pasteur recognized wine to be a harsh environment and declared it to be free of organisms that may be harmful to human
health, while designating it as “The most healthful and the most hygienic of all beverages.”

When we encounter a wine that has undergone spontaneous MLF, it means that lactic acid bacteria have overcome these
hardships and taken up residence in the wine. However, it does not mean that these bacteria will give us an MLF that we can
predict, nor will it give us one that has the positive organoleptic and sensory profiles that we want. It only means that lactic
acid bacteria are present in the wine, and that the bacteria, not the winemakers, have the ultimate control over the quality of
the finished product. To make matters worse, it follows that if a spontaneous, but undesirable, strain of malolactic bacteria
becomes implanted in the winery, then all subsequent wine made in that facility may be in danger of exhibiting the negative
characteristics associated with that particular strain of bacteria.

——
/ >
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State-of-the-art knowledge of MLF has given the wine industry a powerful tool to understand, control and even predict the
outcome of inoculated malolactic fermentations. The key statement here is “inoculated malolactic fermentations.” It is impera-
tive that we add known, reliable strains of the bacteria, and not rely on the strains that have become implanted in production
facilities. The bacteria currently on the market were selected from nature, not only for their ability to grow and thrive in wine,
but also for such positive sensory attributes as desirable aroma and flavour production, increased mouthfeel, and the lack of
production of undesired metabolic end-products. In addition, the bacterial isolates were screened for tolerance to the wine
components that can inhibit or prevent their growth. The nutritional requirements of the bacterial strains were also investi-
gated, as was their compatibility with yeast strains used to produce the wine. Nutrient recommendations for the bacteria are in
place and can be used to ensure reliable and complete bacterial action. The contribution of certain malolactic bacteria strains
to specific wine attributes is also known, as are the strains required to produce certain types of wine styles. In short, the extent
of our knowledge regarding MLF has increased exponentially in a relatively short period.

Lallemand has brought together a compendium of solid, practical information and guidelines that can be of immense value
for practical implementation of MLF. Their research and laboratory capabilities have been instrumental in defining and under-
standing the scientific aspects of MLF, and their personnel worldwide have conducted practical, production-scale experiments
to verify the science.

Comments like, “It doesn't go when | want it to,” and “I don't like what it does to the wine” are no longer valid. MLF has been
domesticated by scientific knowledge coupled with practical experience. The knowledge and recommendations contained in
this publication should be used to augment the talent and dedication of winemaking professionals worldwide. As always, the
ultimate goal is to produce a product of uncompromised quality and distinction.
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THE HISTORY OF
MALOLACTIC BACTERIA
IN WINE

DR. SIBYLLE KRIEGER

In 1837, Freiherr von Babo described in his book, “A Short Education on Suitable Treatments of Vinificated Juices,” ! the phe-
nomenon of a “second” fermentation in young wines, starting with the rise in temperatures during late spring (usually while
the vines were flowering). This “second” fermentation liberated CO, and was responsible for renewed turbidity in the new
wines. Von Babo related this activity to “the melting of the grease” of the alcoholic fermentation. He recommended an immedi-
ate racking into a new barrel with SO,, fining and temperature reduction, followed by a second racking and stabilization with
another addition of SO,.

During his studies on wine spoilage in 1866, Louis Pasteur isolated the first bacteria from wine and began his “Ftudes sur le
vin"2. He was also responsible for the general opinion that all bacteria in wine are spoilage microorganisms. The acid reduction
observed in wine was still related to precipitation of tartaric acid, although in 1891, Hermann Miiller-Thurgau3 had already pos-
tulated that the acid reduction could be due to bacterial activity. His theory was confirmed by Koch4 and Seiffert> in 1898 and
1901. In 1913, Miiller-Thurgau and Osterwalder, with their epoch-making investigation into lactic acid bacteria (LAB) in wines,
explained the bacterial degradation of malic acid to lactic acid and CO; according to the formula:

C4HgO5 = C3HEO03 + CO>

They called this phenomenon “biological deacidification” or “malolactic fermentation,” and Bacterium gracile was described
as the agent responsible.

In the 1950s, the application of new enzymatic methods helped explain the enzymatic reactions that occur during the degrada-
tion of malic acid”. Improved analytical methods applied by Radler8, Peynaud9, Beelman 10 and Kunkee ' resulted in a better
understanding of the complex nutrient demands of the wine LAB, since degradation of malic acid alone gives only a minor
energetic advantage to the bacterial strain 12,

Voma %e
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3:2  UNDERSTANDING THE SCIENCE

TAXONOMY OF WINE LACTIC ACID BACTERIA

Since these early findings, research on LAB has progressed. The name Bacterium gracile, frequently used in the past as the
name of the organism that caused malolactic fermentation, was revised. Findings by Vaughn 13 and Radler8 showed that the
LAB in grape must and wine belong to the genera Lactobacillus, Leuconostoc, Pediococcus and, more recently, Oenococcus 14.
Many different LAB enter into grape juice and wine from the grape berry surface, the stems, leaves, soil and winery equipment.
However, due to the highly selective environment of different juices and wines, only a few types of LAB are able to grow in
wine 15,16, 17 The following general description is valid for all wine LAB:

+ Gram-positive;

+ Non-mobile and non-sporulating;

« Facultative anaerobes;

+ Chemoorganotrophic metabolism - They require a rich medium and fermentable sugars;

+ Optimum growth temperature of 20°-30°C.

In addition to their coccid (round) or rod-like shapes, homofermentative or heterofermentative sugar metabolism is a deciding
factor in their classification. Homofermentative bacteria produce lactic acid from glucose and/or fructose. Heterofermentative
LAB produce carbon dioxide, ethanol and acetic acid, as well as lactic acid from the same carbohydrates. The lactobacilli can
possess both types of carbohydrate metabolism, and they are divided into three groups:
Group 1: Strict homofermenters - This group has never been detected in wine.
Group 2: Facultative heterofermenters — One molecule of glucose is converted into two molecules of lactic acid.
Pentoses are fermented into lactic acid and acetic acid.
Group 3: Strict heterofermenters — They ferment glucose into lactic acid, acetic acid, ethanol and CO,. Pentoses are
fermented into acetic acid and lactic acid.

The carbohydrate metabolism of LAB commonly found in grape juice and wine is shown in the following table.

Table 1. Carbohydrate metabolism of lactic acid bacteria

Group Glucose fermentation Species
Facultative heterofermentative Lactobacillus casei
- Group 2 Lactobacillus plantarum
Lactobacilli
(rod-shaped cells) . - - ;
Strict heterofermentative Lactobacillus brevis
Group 3 Lactobacillus hilgardii
. Pediococcus damnosus
Homofermentative

Pediococcus pentosaceus

Cocci
(round cells)

Leuconostoc oenos

Heterofermentative .
(Oenococcus oeni)
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This classification is likely to be modified because of progress in the identification of new bacterial isolates from wine, as well as
advances in the molecular biological techniques used to identify the isolates. For example, in 1995 Dicks et al. 4 showed that
Leuconostoc oenos was distinguished from other Leuconostoc species not only by its growth in acidic media, its requirement
for a tomato juice growth factor and its carbohydrate fermentation pattern, but also by DNA-DNA hybridization and numeri-
cal analyses of soluble cell protein patterns. Phylogenetic studies, in particular those involving 16S and 23S rRNA sequences,
have revealed a distinct subline of Leuconostoc oenos that is separate and distinct from other Leuconostoc species as well as
other LAB in general. This subline is genotypically homogeneous and would form a distinct grouping in Leuconostoc oenos.
Therefore, it was assigned to a new genus named Oenococcus oen.

ECOLOGY AND GROWTH OF LACTIC ACID BACTERIA

As previously mentioned, low numbers (fewer than 100 cells/g) of LAB can be found on grapes 18; acetic bacteria and yeast
are found in much higher numbers. The LAB occur on grapevine leaves and grape cluster stems, and they can be found on
winery equipment as well. Studies from several countries indicate that Oenococcus oeni is the predominant species conducting
malolactic fermentation in wine, even though the LAB composition of grape must at the beginning of the alcoholic fermenta-
tion is dominated by Lactobacillus strains. Pediococcus can be found mostly after the malolactic fermentation (MLF) as well as
in wines of higher pH. Wines of pH below 3.5 generally contain only strains of Oenococcus oeni, while wines with pH above
3.5 can contain various species of Pediococcus as well heterofermentative strains of Lactobacillus. The review of Wibowo et
al. 7 identified several stages of vinification (Fig. 1) where different species of LAB may occur and grow. To quote, “Musts, soon
after crushing, generally contain LAB at populations of 103 to 104 CFU/mL; the major species present at this stage include
Lactobacillus plantarum and Lactobacillus casei, and to a lesser extent Leuconostoc oenos [Oenococus oeni] and Pediococcus
cerevisiae. These species generally do not multiply and die off during alcoholic fermentation, although on odd occasions (high
pH wines) a slight proliferation of some mostly undesired species may occur. Sensitivity to ethanol may explain this decline
in cell viability. After a lag phase, the length of which depends strongly on wine properties, the surviving cells start multiplying
and after reaching the critical biomass, degradation of malic acid initiates. Survival of the malolactic bacteria after completion of
MLF strongly depends on wine conditions and on how the wine is handled. Addition of sulphur dioxide leads to a progressive
loss of viability of these bacteria, but also the wine pH is very important. At low pH, wine LAB die off progressively, whereas
at pH above 3.5 the LAB population may continue to increase. Not only Oenococcus oeni, but also spoilage bacteria such as
Pediococcus and Lactobacillus can grow to levels as high as 106 to 108 CFU/mL and subsequently spoil the wine. Thus, in high
pH conditions early stabilization of the wine is recommended.”

Figure 1. Growth cycle of lactic acid bacteria in wine during vinification and storage
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FACTORS INFLUENCING THE SURVIVAL AND GROWTH
OF LACTIC ACID BACTERIA IN WINE

The factors influencing the survival and growth of LAB in wine can be divided into the following three categories:
» The chemical and physical composition of the wine;
« The factors associated with the vinification;
« The microbial interactions between the LAB and other wine microorganisms.

The specific factors will be discussed in detail, but with regard to wine composition, pH is one of the most important param-
eters affecting the behaviour of LAB in wine, and it also exerts a selective action on which LAB strains will be present. Wine pH
influences which bacterial species will grow, the viability and rate of growth of the LAB, the rate of malic acid degradation and
the metabolic behaviour of the bacterial species. The critical pH in wine is 3.5, because below this value wine microbiology is
easier to control. Although MLF is more difficult to induce at a lower pH, only less harmful LAB species are able to grow and
perform the MLF at these pH levels. Sulphur dioxide (SO) strongly inhibits the growth of LAB, but the sensitivity of LAB to SO,
varies. Sulphur dioxide is more inhibitory at low pH. Growth and MLF by LAB are increasingly inhibited at alcohol concentra-
tions above 6%, with 149% (v/v) being the upper limit tolerated by most strains. Wine LAB are mesophyllic, with an optimal
growth temperature between 15° and 30°C. The rate of bacterial growth and the speed of MLF are strongly inhibited by low
temperatures.

With regard to winery practices, juice and wine clarification can remove a large portion of the LAB and also reduce the inci-
dence of bacterial growth and its effect on wine quality 19. During clarification, some nutrients and suspended particles that are
stimulatory to bacteria growth will be removed. Wines made by thermo-vinification have been reported as being less suitable
for malolactic fermentation. The timing of the inoculation of malolactic bacteria (MLB) also influences the kinetics of MLF.

With respect to interactions with other wine organisms, mixed cultures of microorganisms introduce the possibility of antago-
nistic and synergistic relationships, but, in some minor cases, may have no effect. In winemaking, there is the possibility of
the interaction of LAB with yeast, fungi, acetic acid bacteria and bacteriophage, as well as interactions between species and
strains of LAB20. The antagonistic effect of yeast has been explained by the competition for nutrients and the production of
substances that inhibit bacterial growth, such as SO, or medium-chain length fatty acids. On the other hand, yeast may sup-
port the growth of LAB in wine as well as stimulate the MLF. During extended lees contact with wine, the process of yeast
autolysis releases vitamins and amino acids into the wine. This results in nutrient enrichment and subsequent stimulation of
the malolactic fermentation. However, Costello2! reported that growth of Pediococcus ssp was supported by the rapid cell
death of Oenococcus oeni, and under high pH conditions the early growth of Lactobacillus brevis will completely inhibit the
growth of Oenococcus oeni. Recently, Gerbaux3! showed that wine conditions which stimulate MLF may be able to inhibit the
development of Brettanomyces spoilage yeast.

THE INFLUENCE OF MALOLACTIC FERMENTATION ON WINE COMPOSITION

MLF is not simply the decarboxylation of malic acid to lactic acid and CO,. Utilizing wine as a substrate for growth, malolactic
bacteria will remove some wine constituents and produce others as a result of their metabolism. The metabolic activity of
the MLB not only influences the aroma compounds of wine derived from fruit and the alcoholic fermentation22, it confers
biological stability on the final product. Growth of MLB is generally encouraged where MLF is required to reduce the acidity of
the wine. The reduction of acidity is beneficial to the quality of wine made in cool winegrowing regions, because the grapes
naturally contain high levels of organic acids. Worldwide consumer preferences currently desire fruit-driven wines with moder-
ate acidity, which means acid reduction has become an important issue for the production of wines from cooler climates. This
fact, coupled with the positive flavour changes associated with the growth of MLB in wine, has made MLF a desirable process
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for almost all red wines and for certain styles of white wines. The growth of LAB in wine must be tightly controlled to ensure
the growth of desirable MLB that produce no off-flavours and no compounds that are hazardous to human health. In most
cases, it is important to have the MLF completed rapidly to save processing time and to achieve early stability of the wine. In
no instances should indigenous strains of LAB be relied upon to conduct the MLF.

Apart from producing lactic acid as a major end-product of sugar catabolism23, LAB are known to produce other flavour-active
compounds, including acetaldehyde, acetic acid, diacetyl, acetoin, and 2,3-butanediol. Diacetyl, acetoin and 2,3-butanediol
originate from the bacterial consumption of citric acid and are of considerable importance to the flavour profile of wine.
In lower concentrations, these compounds are felt to add complexity to the wine flavour. At concentrations in excess of
5 mg/L, diacetyl can be overpowering, giving the wine a distinct buttery/nutty flavour. Depending on the pH and the oxidation-
reduction potential of the wine, acetic acid can be another metabolite from the degradation of citric acid by MLB. Increased
levels of volatile esters, ethyl lactate and higher alcohols were also reported in wines undergoing MLF24. Henick-Kling25 has
described the flavour contributions of individual strains of malolactic bacteria.

WINE SPOILAGE BY LACTIC ACID BACTERIA

MLF is not always beneficial and can be responsible for undesirable changes to the sensory properties of wine. As mentioned
above, several species of LAB may conduct MLF. When MLF occurs at a pH below 3.5, it is generally induced by Oenococcus
oeni and is less likely to generate off-odours, although some indigenous strains may have the capacity to do so. The undesir-
able buttery, cheesy, milky, metallic and earthy odours, as well as excessive amounts of acetic acid, are usually associated with
malolactic fermentations that occur above pH 3.5 and have been conducted by pediococci or lactobacilli.

LAB produce biogenic amines by the decarboxylation of amino acids. Histamine, derived from the decarboxylation of histidine,
is believed to cause a reaction in sensitive individuals if the wine contains more than 0.1 mg/L. Of the LAB, Pediococcus sp.
and Lactobacillus brevis are regarded as the most important producers of histamine26. These two genera are usually found in
wines with a pH in excess of 3.5. Consequently, biogenic amine synthesis appears to be important only in wines exhibiting a
high pH. If bacterial strains capable of producing biogenic amines are known to be present, the winemaker should inoculate
with a selected malolactic starter culture that is capable of replacing the indigenous LAB. Bacteria have a slight capacity to form
histamine only during their active growth phase. However, it has been shown?26 that a non-proliferating bacterial flora can
develop considerable amounts of histamine. Therefore, the bacterial population of a wine should be eliminated by the addi-
tion of SO, followed by clarification as soon as the MLF has completed; this is especially important in high pH wines. Other
undesired sensory changes that may occur due to the metabolism of indigenous LAB include mousy taints, colour changes
and ropiness.

CONTROL OF MALOLACTIC FERMENTATION
Preventing MLF

If MLF is not desired, the growth of LAB in grape must and/or wine must be suppressed by removing or inactivating the bacteria
that are present. Although MLF is occasionally difficult to induce, preventing the development of LAB is likewise difficult. The
addition of 50-100 mg/L of SO, to the must, depending on pH, destroys more than 90% of the viable bacteria present. The ef-
fect of SO; is dependent on the pH of the wine, with SO, being more effective at lower pH levels. Therefore, in high pH wines,
a combination of SO, with lysozyme or the use of lysozyme alone should be considered. Inhibition of MLF can be thought of
as employing the opposite of all the factors used to favour its occurrence. These parameters for inhibiting MLF are as follows:
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* Minimal maceration;

* Low pH;

* Low temperatures;

« Early racking and clarification.

Inducing MLF

Sensory and chemical analyses have shown that LAB influence wine quality not only through MLF itself, but also through other
metabolic activities. If the MLF and bacterial production of flavour compounds are desired, the winemaker can encourage the
growth of LAB by maintaining conditions favourable to bacterial growth and survival, such as warmer temperatures, minimal or
no SO, addition, and delayed racking. Cross-inoculation with wines already undergoing MLF can also be performed. However,
the preferred and most successful methods are either inoculation of the wine with laboratory-prepared or commercial strains
of malolactic bacteria, or passage of the wine over immobilized, active malolactic bacteria. The preferred LAB for conducting
MLF are strains of Oenococcus oeni, because they can grow in wine at low pH and can degrade malic acid without producing
undesirable flavours or hazardous metabolites. Moreover, they will not degrade the wine components necessary for wine qual-
ity and stability, i.e., tartaric acid, ethanol or glycerol 19.

Growth of Oenococcus oeni will be slow at pH values below 3.1 and, depending on other growth inhibitory factors and the
initial cell density, the onset and completion of MLF can be delayed considerably. Under the more favourable growth condi-
tions of high pH levels, species of Lactobacillus and Pediococcus may conduct the MLF. It is a generally accepted view?27 that
such species lead to less acceptable wines than those in which Oenococcus oeni has grown. In some wines, an unsuccessful
MLF may be stimulated by inoculation with a wine already undergoing MLF. The main disadvantages with this approach are
that a suitable wine must be available, and that the bacteria in the inoculum wine may not be suited for growth in the wine to
be inoculated. More importantly, the characteristics of these bacteria are not well known. Increased recognition of the influence
of MLF on wine quality has lead winemakers to seek better control over the occurrence and outcome of MLF.

Inoculation with defined starter cultures, carefully selected from nature, reduces the potential of spoilage by other LAB and/or
bacteriophage, thus ensuring the rapid onset of MLF, and better control over the production of aromatic compounds and wine
flavour28. A number of different MLB starter cultures have been developed, most of which are marketed in lyophilized or fro-
zen form, although some liquid cultures are available. These strains were selected from spontaneous malolactic fermentations
because of their good fermentation kinetics, their performance under limiting wine conditions, and their desired sensory prop-
erties. These strains will tolerate the difficult growth and survival conditions found in wine and they will not produce hazardous
metabolites. They do not produce compounds that may impart negative impacts on wine quality, but will impart positive sen-
sory contributions to wine flavour. In the past, most of these starter cultures required an acclimatization/reactivation step under
controlled conditions29. Reactivation commonly took place in SO,-free grape juice that was diluted 1:1 with water and/or wine.
The diluted juice was adjusted to a pH of 3.6 or above, and bacterial nutrients were added at a concentration of 0.05% w/v.
Reactivation generally required at least 24 hours, and thermal shock was avoided by growing the cells at a temperature that
differed by not more than 10°C from the temperature of the wine to which the starter was to be added.

Recently, starter cultures for direct inoculation of the bacteria into the wine have become available. These starter cultures have
been pre-acclimatized during their production process to survive addition to the hostile wine environment without a decrease
of viable cell numbers and a subsequent loss of malolactic activity. These malolactic bacterial preparations can be added
directly to wine or can be rehydrated in water for a short time prior to their addition to wine. The rehydration step tends to
achieve a better distribution of the bacteria when added to wine.
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Malolactic bacteria may be inoculated at the following stages of alcoholic fermentation:
« Simultaneously with the yeast inoculation;
* During alcoholic fermentation;
« Towards the end of alcoholic fermentation;
* After alcoholic fermentation.

The best time for inoculation with LAB is still under discussion. The view in Bordeauy, France, is to recommend MLB inoculation
after completion of the alcoholic fermentation, to avoid the risk of producing acetic acid and D-lactic acid, which is referred to
as “piqtre lactique”30. MLF that occurs during the alcoholic fermentation may occasionally result in a stuck alcoholic fermenta-
tion. Not all reasearch has confirmed French findings concerning the development of the high concentration of acetic acid,
yeast antagonism or stuck alcoholic fermentation that have been associated with the early growth of LAB. Inoculation of the
yeast with MLB has been advocated because it was believed the bacteria have a better chance of growing and acclimatizing in
the absence of ethanol.

To successfully control the winemaking process, it is important to understand the regulating mechanisms governing the growth
and the metabolism of malolactic bacteria in wine. It is important to select the most suitable strain, to choose the correct
inoculation time, to ensure that the correct MLB strain dominates the MLF and that the MLF completes within a predictable

time (Fig. 2).

Figure 2. Controlled malolactic fermentation
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THE CHEMISTRY
OF MALOLACTIC
FERMENTATION

DR. PETER COSTELLO

The term malolactic fermentation (MLF) describes the enzymatic conversion of L-malic acid to L-lactic acid and CO; by cells
of lactic acid bacteria after they have grown57. This biological deacidification reaction is well recognized as one of the main
metabolic capabilities of wine lactic acid bacteria (LAB), and its conduct is of major commercial importance to the winemaking
process. In addition to the deacidification reaction that characterizes the MLF, it is becoming increasingly recognized that a
diverse range of other metabolic activities are associated with the growth and development of LAB in wine, which can have a
significant influence on wine quality. In this section, the primary metabolic characteristics of LAB are outlined, with particular
emphasis given to MLF, as well as to some of the other metabolic reactions of LAB that can affect wine properties.

GENERAL METABOLIC PROPERTIES OF LACTIC ACID BACTERIA

LAB constitute a ubiquitous group of bacteria that occur in a range of environments, including many foods and beverages.
Importantly, these bacteria are primarily noted for their ability to produce lactic acid from a fermentable carbohydrate source.
Lacking heme-linked cytochromes and catalase, LAB obtain energy from carbohydrates by fermentative metabolism 28.

The LAB can be broadly classified as either homofermentative or heterofermentative according to the types of end-products
that are produced from the fermentation of glucose. Homofermentative LAB, including the pediococci and some of the lacto-
bacilli, utilize the glycolytic Embden-Meyerhof-Parnas (EMP) pathway to convert the hexose sugar - glucose — mainly to lactic
acid. In this pathway, two moles of lactic acid and two moles of ATP are produced for each mole of glucose fermented. On the
other hand, the heterofermentative lactobacilli and the leuconostocs lack some key enzymes of the EMP pathway and ferment
hexose sugars by the phosphoketolase pathway. In this pathway, equimolar concentrations of lactic acid, CO, and acetic acid
or ethanol can be produced from one mole of glucose, with a concomitant energy gain of one mole ATP. The oxidation/reduc-
tion potential (redox) of the system also affects the ratio of ethanol/acetic acid produced, with aerobic conditions favouring the
formation of acetic acid, and anaerobic conditions favouring the production of ethanol28. 10, Depending on the species or the
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genus of LAB involved, the isomers of lactic acid produced from the fermentation of carbohydrates can be either L(+), D(-)
or a combination of both the L(+) and D(-) forms28, 8. For example, leuconostocs, including Oenococcus oeni, produce the
D(-)-lactic acid isomer from the fermentation of hexose sugars. In contrast, however, the decarboxylation of L(-)-malic acid in
the malolactic fermentation yields only the L(+)-lactic acid isomer (Fig. 1).

Overall, the LAB group can utilize a wide range of carbohydrates, including the hexoses (glucose, fructose, mannose and galac-
tose), as well as other pentoses, polyols and oligosaccharides. This capability is dependent on the species and strains involved,
as well as the pH of the medium. Moreover, since malic acid cannot be used by wine LAB as a sole carbohydrate source (see
below), the availability and utilization of fermentable carbohydrates in wine by LAB is essential to enable the onset of bacterial
growth and the occurrence of MLF. Further, recent studies have clearly demonstrated that grape-derived phenolic glycosides
also significantly stimulate the growth of Oenococcus oeni in a synthetic wine medium.

MALOLACTIC CONVERSION - THE DEACIDIFICATION REACTION

Overall, three main pathways have been proposed for the degradation of L-malic acid to L-lactic acid by LAB during MLF. The
first involves the activity of three separate enzymes, malate dehydrogenase, oxaloacetate decarboxylase and L-lactate dehydro-
genase, and proceeds via the intermediates oxaloacetic acid and pyruvic acid. A second mechanism proceeds via pyruvic acid
and utilizes a combination of malic enzyme and lactate dehydrogenase. It was not until the 1970s that the enzymatic basis for
this reaction was more fully elucidated in wine malolactic bacteria, specifically Leuconostoc oenos (Oenococcus oeni) ML34, by
Kunkee and Morenzoni3!. 40, This work revealed that a single enzyme, commonly known as the “malolactic enzyme,” exhibits
two separate enzyme activities which act simultaneously on L-malic acid. The predominant “malolactic activity” of this enzyme
(malate:NAD+ carboxy lyase) catalyzes the direct conversion (decarboxylation) of the dicarboxylic acid L-malic acid to the
monocarboxylic acid L-lactic acid, and requires NAD and Mn+2 as co-factors:

Figure 1. Malolactic fermentation

NAD* Mn+2
L-malic acid L-lactic acid + CO,

Malolactic enzyme
(malate: NAD* carboxy lyase)

The malolactic enzyme from Leuconostoc oenos (Oenococcus oeni) has a molecular mass of 138,000 and consists of two
identical subunits, each with a molecular mass of 65,50032.

ENERGETICS AND BIOLOGICAL ROLE

There has been considerable investigation in recent decades concerning the seemingly obscure benefit of the malolactic con-
version to the bacterial cell. The initiation of MLF in wine usually occurs after LAB have grown beyond a viable cell population
of approximately 106 CFU/mL. Although providing deacidification and an accompanying increase in pH of up to approximately
0.2 pH units, the malolactic conversion itself appears energetically unfavourable to LAB. It yields little free energy (AG=-8.3 k//
mole), proceeds without the formation of free intermediates and does not yield biologically available energy in the form of ATP.
Further, although NAD is an essential co-factor, it does not serve an oxidation/reduction function as there is no net change in
redox state. 43, 50,32, 24,8 |n overall terms, MLF is not a true fermentation. In addition to supplying little energy for cell growth, it
also does not supply a source of carbon for the biosynthetic reactions that are essential for cellular development. Nevertheless,
the presence and utilization of malic acid appreciably stimulates the initial growth rate of malolactic bacteria, yet the resulting
increase in pH that is associated with MLF does not fully account for this stimulatory effect.43. 50, 8
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Although the conversion of L-malic acid to L-lactic acid by the malolactic enzyme is energetically unfavourable, the MLF has, in
fact, been shown to provide energy in the form of ATP to the bacterial cell. This is accomplished by a chemiosmotic mechanism
which generates a proton motive force (Ap) across the cell membrane. In this model, the MLF proceeds in three stages. In the
first step, entry of L-malic acid into the bacterial cell is facilitated by a specific transport enzyme. In the second step, L- malic acid
is decarboxylated within the cell by the malolactic enzyme, yielding L-lactic acid and CO,, which then increases the intracellular
pH. In the final stage, L-lactic acid and CO, are expelled from the cell. For every molecule of lactic acid that leaves the cell,
one proton is also translocated outside of the cell. This establishes a proton gradient across the cell membrane between the
cytoplasm and the surrounding medium. This gradient, combined with a specific ATPase in the cell membrane, facilitates the
generation of energy available for transport processes in the form of ATP. The synthesis of one ATP requires the entry of three
protons through the membrane-bound ATPase. 13, 14, 24, 25, 54

Malic and citric acids do not serve as the sole energy sources for the growth of LAB35. Consequently, malolactic bacteria
require sugars as a carbon source. However, under conditions of limiting sugar availability or of low pH, which inhibit sugar
metabolism, energy (ATP) generated from MLF is beneficial to cell growth24. Another, but minor (< 1%), activity of the malo-
lactic enzyme has also been suggested to stimulate the metabolic activity and initial growth rates of wine LAB. This secondary
malolactic enzyme activity 40 catalyses the following reaction:

L-malic acid + NAD* } Pyruvic acid + NADH, + CO,

The very small amounts of pyruvic acid and NADH; generated by this secondary malolactic activity are considered to stimulate
the initial stages of glucose metabolism and initial growth rates through the provision of hydrogen acceptors32 8,

In addition to the role of malolactic bacteria in conducting MLF, certain yeasts, including Schizosaccharomyces pombe, are also
capable of catabolizing malic acid. However, this metabolism is not a true MLF since malic acid is metabolized to ethanol39, 7.
Despite its potential for wine deacidification, drawbacks to using yeast maloethanolic fermentation by species of Schizosac-
charomyces spp. include the formation of undesirable flavour compounds, such as hydrogen sulphide.7. 21, 47,52, 16

EFFECTS OF MALOLACTIC FERMENTATION
ON OVERALL WINE COMPOSITION AND QUALITY

* Acidity reduction

For each molecule of L-malic acid catabolized to the weaker L-lactic acid through the MLF, there is a stoichiometric loss of
a carboxyl group and corresponding reduction in wine acidity. In addition to the dependency of such effects on the initial
concentration of malic acid, the actual changes in wine acidity and pH attributable to the MLF depend on other factors, includ-
ing the buffering capacity of the wine as well as the initial pH8. In general, the overall decrease in wine acidity resulting from
MLF can vary from 0.19%-0.3%, and pH may rise by 0.1-0.3 pH units 16. Wines produced from grapes cultivated in cool climate
viticultural areas contain a naturally high level of acidity of up to approximately 8 g/L malic acid, and are considered to benefit
from such an acid reduction. On the other hand, wines produced from grapes grown in warm to hot regions have lower acidity
(5.0-6.5 g/L), and a further reduction in acidity from MLF can have a negative impact on wine quality, causing a flat taste and a
greater predisposition to bacterial spoilage48. Nevertheless, MLF can be desired in such wines to confer a degree of biological
stability and/or to impart flavour complexity, necessitating the use of acidulants to adjust wine acidity and pH to acceptable
levels after MLF. The increase in wine pH accompanying MLF can also influence wine colour.
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* Flavour changes

Although there has been conjecture over the contribution of MLF to wine sensory properties 6, more recent research has
provided greater insight into specific sensory changes associated with the growth and metabolic activity of malolactic bacteria
in wine. It is clear that different strains of malolactic bacteria may increase or decrease the intensity of certain wine aroma
and flavour attributes, and that such changes are strain dependent2. In addition to deacidification, flavour attributes imparted
by MLF can be described as buttery, lactic, nutty, yeasty, oaky, sweaty and earthy. MLF may also impact fruity and vegetative
aromas, as well as the mouthfeel of wine24 26, 33. Mechanisms by which malolactic bacteria can influence wine flavour may
include (i) removal of existing flavour compounds by metabolism and adsorption to the cell wall, (i) production of new bacte-
rial-derived flavour compounds from the metabolism of sugars, amino acids and other substrates, and (iii) metabolism and
modification of grape- and yeast-derived secondary metabolites to end-products having greater or lesser sensory impact2.
Importantly, the net impact of MLF on wine sensory properties will depend on factors such as bacterial strain characteristics,
varietal aroma intensity of the wine and vinification techniques employed?2>. The following sections outline some of the impor-
tant flavour compounds and sensory effects associated with the metabolism of malolactic bacteria in wine.

PRODUCTION OF DIACETYL - METABOLISM OF CITRIC ACID

LAB are well known for their ability to produce diacetyl (2,3-butanedione), an intensely aromatic diketone that is characterized
by a buttery, nutty aroma. Although small quantities of diacetyl, 0.2-0.3 mg/L, can be produced by yeast alcoholic fermenta-
tion, subsequent increases in diacetyl content are typically associated with the growth of LAB and MLF33. 38, 16, 3. The aroma
threshold of diacetyl in wine is low, 0.2-2.3 mg/L, and is dependent on wine type38. Depending on the style and type of wine,
the production of low amounts of diacetyl, 1-4 mg/L, contribute a buttery sensory character and are considered desirable. How-
ever, the formation of concentrations in excess of 5-7 mg/L can be detrimental to wine quality and may cause spoilage 49, 16.

Diacetyl is produced by Oenococcus oeni as an intermediate in the metabolism of citric acid. In this pathway, the intermediate,
pyruvic acid, is reductively decarboxylated to diacetyl via a-acetolacate. Since diacetyl is chemically unstable, it can be further
reduced by active cells of Oenococcus oeni or by yeast to less flavour-active end-products, the keto-alcohol acetoin and the
diol, 2,3 butanediol46. 3. 6. In addition to citric acid, the metabolism of diacetyl by LAB is closely associated with the metabolism
of sugars and malic acid as shown in Fig. 2.

Figure 2. Metabolism of heterofermentative lactic acid bacteria 29
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Although wine LAB are unable to grow on citric acid as a sole carbon source3>, the co-metabolism of glucose and citric
acid by such LAB as Oenococcus oeni enhances cell growth and is energetically more favourable than is growth on glucose
alone9 45, In Oenococcus oeni, this has been attributed to increased ATP synthesis by substrate-level phosphorylation and
by the chemiosmotic proton-motive force. Importantly, co-metabolism of citric acid and glucose also shifts the spectrum of
metabolic end-products, including the formation of 2,3 butanediol and a greater production of acetic acid45. The increase in
acetic acid concentration associated with citric acid metabolism is dependent on the initial substrate concentration, but typically
may increase by up to 0.1-0.2 g/L. During the course of MLF, the maximal production of diacetyl generally coincides with the
completion of L-malic acid degradation, and the sequential catabolism of citrate 4 4 3.

The production of diacetyl is influenced by a wide range of microbiological, environmental and winemaking factors. In addition
to the bacterial strain involved, other winemaking factors can also have a significant impact on diacetyl content, including wine
type, contact with yeast and bacterial lees, the time required to complete MLF, contact of wine with air during MLF, addition of
sulphur dioxide, concentrations of citric acid and fermentable sugar, temperature and pH38, 3. Some of the criteria suggested to
obtain a high diacetyl content in wine include using a bacteria strain with a high potential for diacetyl production, lower bacterial
inoculation rates, lower pH and temperature, shorter contact with yeast and bacteria lees, higher redox potential, and stabiliz-
ing wine immediately following the disappearance of malic and citric acids. Conversely, criteria indicated to minimize diacetyl
production include the use of a neutral bacterial strain, higher inoculation rates, extended contact with yeast and bacterial lees
and lower redox potential 38, 4. 3.

EFFECTS ON WINE MOUTHFEEL

Much available evidence indicates that MLF can enhance the mouthfeel or the body of wine26. 4. Indeed, recent research
using trained panel assessments of the mouthfeel effects of MLF in Chardonnay wine30 has shown that MLF not only affects
perceived acidity and acid-mediated tactile sensations, including pucker intensity, but it also increases the perception of such
attributes as velvet, small marshmallow and neutral, while decreasing the cleansing sensation. Significantly, this work has fur-
ther suggested that a specific “mouthfeel profile” can be obtained with respect to the integrated mouthfeel sensations that are
generated by specific LAB strains in wine. Although these observed effects of malolactic bacteria on wine mouthfeel could be
associated with the biosynthesis of exocellular polymers such as polysaccharides, there is a lack of information in this area of
wine LAB metabolism, particularly that of Oenococcus oeni. Such metabolism could be related to the production of glucans,
as exhibited by certain Pediococcus spp., in the formation of ropy wines36. Existing wine polysaccharides may also be metabo-
lized through B-glucanase activity in Oenococcus oeni23, thus potentially further altering wine mouthfeel properties.

Importantly, MLF can also impact on the astringency sensation of red wines. Specifically, MLF can increase anthocyanin and
tannin condensation, which in turn has been shown to reduce the astringency and also affect the colour of red wine 6. Overall,
the metabolic interaction of wine LAB with phenolic compounds and polysaccharides, and the resultant impact on wine mouth-
feel properties, is highly complex and is exceedingly dependent on the bacterial strain as well as prevailing environmental and
wine conditions.

FRUITY AND VEGETATIVE AROMAS

The fruity aroma of wine is not necessarily reduced by MLF, and in some instances it can actually be enhanced. Although there
is some evidence that during MLF, wine LAB can produce certain esters in wine, such as ethyl lactate 19 and isoamyl acetate 33,
it is uncertain whether this capability is associated with observed increases in fruity aromas. On the other hand, esterase activity
in wine LAB 17 could also potentially alter the aroma profile of wine during MLF.
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Interestingly, enhanced fruity aromas from MLF have also been associated with a reduction in vegetative aromas26: 30, Reduc-
tion in several vegetative odours in Chardonnay wine following MLF has been correlated with the removal the urine-like and
cooked garlic odour of 1-octanol and 1-octene-3-ol33.

GLYCOSIDASE ACTION

Grape-derived non-volatile glycosylated precursors are a potential source of wine aroma and flavour compounds. Hydrolysis
of these glycoside precursors by B-glucosidase enzymes can potentially release a range of volatile aglycons, such as noriso-
prenoids, volatile phenols, monoterpenes and aliphatics>. Recent studies have demonstrated that strains of Oenococcus oeni
exhibit glycosidic activity 22,37, 1,5, 15, Furthermore, such glycosidase activity in Oenococcus oeni has also been found to release
glycosidally bound volatiles from authentic grape precursors during MLF, including 3-hydroxydamascone, alpha-terpineol,
vanillin, methyl vanillate, 4-hydroxybenzoic acid and tyrosol from Chardonnay glycosidic extracts>, and the terpenols linalool,
alpha-terpineol, nerol and geraniol from Muscat glycosidic extracts 8. These findings suggest that glycosidic activity of Oeno-
coccus oeni and the associated release of certain glycosidically bound grape-derived flavour compounds during MLF may
potentially alter the sensory characteristics of wine.

ACETALDEHYDE AND OTHER CARBONYLS

Primarily a product of yeast metabolism, acetaldehyde is quantitatively the most abundant aldehyde present in wine and has an
important role in wine aging, colour stability and wine sensory properties4 34. The aromatic sensory properties of acetaldehyde
are typically described as apple- and sherry-like. During MLF, the concentration of acetaldehyde, as well as the concentrations
of other carbonyls, can generally decrease?7. 41. Recent research has demonstrated that certain strains of LAB, particularly
strains of Oenococcus oeni and Lactobacillus, have the capacity to metabolize free and sulphite-bound acetaldehyde to acetic
acid and ethanol42. Importantly, reduction in the acetaldehyde content of wine by wine LAB suggests that such metabolic
activity may also influence wine colour. Further, the bacterial degradation of acetaldehyde-bound sulphur dioxide could suf-
ficiently increase the concentration of free SO; to a level that could inhibit SO,-sensitive malolactic bacteria, possibly leading
to stuck or sluggish MLF42. 4. Other carbonyl compounds may also be potentially metabolized by wine LAB. For example, a
glyoxal/glycoaldehyde redox system has been suggested to cause reduction of the dicarbonyl, glyoxal, by Oenococcus oeni to
yield the aldehyde, glycoaldehyde. Formation of glycoaldehyde is of potential significance to wine quality, particularly in white
wine, as it has been shown to induce browning of (+)-catechin in a model wine system20,

EFFECTS OF MALOLACTIC FERMENTATION ON RED WINE COLOUR

It is generally acknowledged that MLF in red wine can reduce colour intensity, and several factors may be associated with this
phenomenon. For example, the increase in pH that accompanies MLF can impact the pH-dependent equilibria of anthocyanin
pigments, which may result in some loss of red colour8. The glycosidase capacity of malolactic bacteria may also be a potential
source of colour reduction in red wines. Glucosylated anthocyanin pigments can be enzymatically attacked by the glycosidase
(anthocyanase) activity of Oenococcus oeni and the glucose that is released by this reaction may provide a source of energy for
the bacteria, resulting in enhanced growth and MLF. Reduction in red wine colour may subsequently arise because of precipita-
tion of the liberated anthocyanin molecule with polysaccharides 55 4. The occurrence of MLF can also increase anthocyanin and
tannin condensation, which, in turn, has also been shown to have a noticeable affect on red wine colour and astringency 6.
The metabolism of carbonyls, such as acetaldehyde, by LAB may also have some influence on the equilibria and stability of
red wine colour components.
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MALOLACTIC FERMENTATION AND THE INFLUENCE OF OAK

In addition to the metabolism of grape- and yeast-derived substrates, wine LAB have also been shown to metabolically in-
teract with oak compounds. Changes in the concentrations of specific oak flavour compounds have been attributed to MLF
conducted in oak barrels. These changes include increases in oak lactone and vanilla and, in Sauvignon Blanc, decreases in
eugenol 18. Similarly, a lowered concentration of furfural has also been associated with MLF conducted in oak barrels5!. French
studies have revealed that in comparison to MLF performed in stainless steel tanks, MLF conducted in oak barrels will result
in considerable modification of the phenolic profile and colour composition of red wines. In this study, the sensory properties
of the red wines in which MLF was carried out in oak barrels were generally preferred to those in which MLF was undertaken
in stainless steel tanks, even when the wines made in stainless steel were aged in oak barrels. Induction of MLF in oak barrels
resulted in wines that were significantly softer, richer, fuller in flavour and less astringent, and generally exhibited more colour
than wines in which MLF was conducted in stainless steel tanks 6.

AMINO ACIDS

In addition to providing a nutritional role to support the growth requirements of wine LAB, the metabolic end-products of cer-
tain amino acids can also affect wine sensory properties. A noteworthy example of such metabolism is that of the amino acid,
methionine. Wine LAB, including strains of Oenococcus oeni, can metabolize methionine and produce methanethiol, dimeth-
ylsulfide, 3-(methylsulfanyl)propan-1-ol and 3-(methylsulfanyl)proprionic acid, which are all volatile sulphur compounds44.
Interestingly, MLF in Merlot wine significantly increased the concentration of 3-(methylsulfanyl)proprionic acid, which is likened
to chocolate and roasted aromas, yet addition of this compound to Merlot wine at concentrations above its aroma threshold
increased the perception of red fruit and earthy aromas44. In contrast, LAB metabolism of other amino acids, particularly or-
nithine and lysine, is associated with the formation of the N-heterocycles, 2-acetyl-1-pyrroline and 2-acetyltetrahydropyridine,
which cause mousy off-flavour wine spoilage. This is mediated by wine LAB, particularly heterofermentative Lactobacillus
spp.12 1. LAB are capable of producing biogenic amines by the decarboxilation of specific amino acids. For more in-depth dis-
cussion of biogenic amines, refer to the section “The History of Malolactic Bacteria in Wine” and “Organoleptic Defects Caused
by Uncontrolled Malolactic Fermentation.”

OTHER METABOLIC ACTIVITIES OF WINE LACTIC ACID BACTERIA

In addition to the metabolic activities described above, wine LAB exhibit the capacity to metabolize an extensive range of other
compounds that can positively or negatively influence the sensory profile of wine. Polyols, lipids, amino acids and macromol-
ecules, including peptides and proteins, have been implicated 2 4 34. A diversity of wine spoilage reactions are associated with
the metabolic activity of wine LAB, including detrimental increases in fixed and volatile acidity, mannitol taint, over-production
of diacetyl, the formation of acrolein and the synthesis of geranium off-odour>3. Biogenic amine production as well as wine
spoilage reactions are examined in more detail in the section entitled “Organoleptic Defects Caused by Uncontrolled Malolactic
Fermentation.”
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THE MICROBIOLOGY
OF MALOLACTIC
FERMENTATION
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WINE MICROFLORA

Lactic acid bacteria (LAB) are found naturally on grapes, leaves, soil and equipment surfaces and have the ability to grow on a
variety of sources, including grape juice. The most common LAB belong to the genera Lactobacillus, Pediococcus, Leuconostoc
and Oenococcus 1521, These bacteria are generally microaerophillic, require carbohydrates, and must be supplied with amino
acids and vitamins in order to proliferate43, 75.

Typically, LAB identified in grape musts are present at approximately 104 cells per mL. The majority of these bacteria are not
tolerant towards the changing environmental conditions associated with winemaking and disappear during alcoholic fermenta-
tion. However, many species are able to survive, in particular Oenococcus oeni, which can withstand alcoholic fermentation 4
and is often found in wines with a pH below 3.5. Wines exhibiting a pH greater than 3.5 are capable of supporting a broader
range of species including Lactobacillus brevis 73, 20. 60, 13, 70, 17, 26, | actobacillus buchnerii3. 20, €0, 70, [ actobacillus casei,
Lactobacilllus curvatus, Lactobacillus delbrueckii, Lactobacillus fermentum73, Lactobacillus fructivorans3. 26, Lactobacillus
hilgardii73. 20,17, 26, [ actobacillus jensenii, Lactobacillus kunkeei 25, Lactobacillus nagelii24, Lactobacillus plantarum75. 26,7,
Lactobacillus sakei4, Lactobacillus desidiosus, Pediococcus parvulus, Pediococcus damnosus (formerly Pediococcus cerevi-

siae), Pediococcus pentosaceus 75 22,3\ 37,7, Leuconostoc mesenteroides 9. 53, 68, Leuconostoc graciles’ and Oenococcus
0enj49,75,18, 31,68,

Regardless of the species of LAB, the main significance of these organisms in wine production is their ability to conduct ma-
lolactic fermentation (MLF). MLF is characterized as the degradation of L-malic acid to L-lactic acid and CO,, a process which
decreases the amount of acidity in the wine 15 52, 66, However, MLF not only represents a biological deacidification process,
It also exerts a significant impact on the organoleptic aspects of wine. These sensory effects can be positive or negative, de-
pending on the bacterial species, and, more specifically, the strain of LAB employed to conduct the MLF. For more detailed
information, see the review by Liu52. LAB strains that produce particularly favourable characteristics in wine, and hence are
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more desirable to perform the MLF, are often termed “malolactic bacteria” (MLB). LAB strains that negatively influence the
final product may cause a range of undesirable changes to wine sensory properties, altered wine colour, and may even lead
to the generation of biogenic amines 15.

MICROORGANISMS, MALOLACTIC FERMENTATION AND WINE CHARACTERISTICS

Originally, the role of MLF was simply to improve the microbial stability of wine and to convert malic to lactic acid. There has
been an accumulation of evidence to suggest the MLB are also able to contribute to the taste and the aroma of wine. Given
the important role of the organism employed for MLF, it is an increasingly common practice to “seed,” “implant” or “inoculate”
a fermentation with a known MLB strain or a mixture of strains, rather than depend on the naturally occurring flora45. The
advantage of inoculating is that the time and the extent to which MLF occurs can be controlled and the quality of the final

product can be predicted.

As previously described, there are many organisms that are capable of performing MLF in wine. Species of Lactobacillus or
Pediococcus (Fig. 1) may conduct MLF, especially in wine exhibiting a pH higher than 3.5, but usually result in non-acceptable
wines. These genera are poorly tolerant to low pH and produce undesirable flavours as well as high levels of acetic acid. An
exception to this rule is Lactobacillus plantarum, which does not form a significant amount of acetic acid and has been sug-
gested as a suitable candidate for MLF58, However, due to its moderate tolerance to ethanol, it requires inoculation into the
must prior to alcoholic fermentation6!. Other species of Lactobacillus, for example Lactobacillus hilgardii, Lactobacillus casei
and Lactobacillus brevis, are more ethanol tolerant but produce a different balance of metabolic products. Although it is pos-
sible to perform MLF using these strains, they may produce acetic acid, and so their use as commercial starters is limited 46.

Figure 1. Gram-stained Lactobacillus (top left), a mixture of Gram-stained Pediococcus (round cells)
and Lactobacillus (rod-shaped cells, top right), and phase contrast wet mount of Lactobacillus
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Some yeast species are also able to degrade malic acid through an alternative pathway. Such Saccharomyces strains can ca-
tabolize significant amounts of malic acid and convert it to ethanol rather than to lactic acid. This conversion has been termed
the maloethanolic fermentation and implies that a potentially greater reduction of wine acidity may be achieved. Maloethanolic
fermentation is distinct from malolactic fermentation, although the end result is comparable in terms of the degradation of
malic acid. Interestingly, the transformation of a Saccharomyces cerevisiae strain with bacterial malolactic genes to enable it to
perform an enhanced maloethanolic fermentation has also been performed?7. 74, Unfortunately, in these instances the trans-
formed yeast strains were observed to exhibit a low malate catabolic activity. However, complete MLF has been achieved using
Saccharomyces cerevisiae strains co-expressing the genes mles and mael which code for the Lactococcus lactis malolactic
enzyme and the Schizosaccharomyces pombe malate permease, respectively, both of which are under the control of yeast
promoters9. Despite this discovery, the effect of such strains on the flavour profile of the final product has yet to be elucidated.
Furthermore, it is unlikely that these strains will be utilized for commercial production of wine due to the current perception of
consumers towards the use of genetically modified organisms.

Schizosaccharomyces pombe strains have also been employed for MLF8. 32,62, 63, but have been found to produce a number
of undesirable flavours in wine, including hydrogen sulphide8, 32,63, Schizosaccharomyces pombe strains are also sensitive to
ethanol, resulting in a requirement to inoculate prior to alcoholic fermentation.

Oenococcus oeni is currently the preferred bacterial species to conduct MLF, rather than yeast or other lactic acid bacteria, and
the precise reasons for this are described in greater detail in the following section. It is important to note that the reluctance of
the wine industry to employ alternative bacterial species may be in part due to the lack of availability of alternatives. It is likely
that strains of Pediococcus and Lactobacillus may be isolated in the future and prove particularly adept at performing MLF. The
rational for the popularity of Oenococcus oeni is that this organism is particularly adept at withstanding the harsh environment
of wine and is capable of quickly converting malic acid to lactic acid. In addition, despite being genetically homogeneous, there
is a significant degree of phenotypic heterogeneity within strains of Oenococcus oeni. The consequence of this is that different
strains of Oenococcus oeni can have notably different effects on the final product, and it has been demonstrated that some
strains are more beneficial to the properties of wine than others28, 49,

OENOCOCCUS OENI

Despite the potential of many LAB for use in wine production, Oenococcus oeni remains the organism of choice for many wine
producers. Oenococcus oeni, formerly known as Leuconostoc oenos '8, is a facultative anaerobe and can be propagated in a
variety of low pH media (pH 4.2-4.8) supplemented with tomato juice or grape juice. Nutritional requirements are complex and
have been described in detail by Henick-Kling43. A source of carbon (derived from sugars), nitrogen (derived from free amino
acids or short peptides), vitamins (nicotinic acid, thiamine, biotin and pantothenic acid), mineral ions (Mn2+, Mg2+, K+ and
Na+) and purine derivatives (guanine, adenine, xanthine and uracil) are all required for optimum growth. Oenococcus oeni
cells are spherical and occur in chains when grown on solid media (Fig. 2). Growth is generally slow and can take from 5 to 7
days to form visible colonies at incubation temperatures between 20°-30°C72.
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Figure 2. Gram-stained Oenococcus oeni (top) and wet mount of Oenococcus oeni (bottom) as seen
using phase contrast microscopy
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Although previously grouped with the Leuconostoc species, DNA analysis of Oenococcus oeni strains has placed them in a
group that is clearly distinguishable from the Leuconostoc species. As a group, Oenococcus oeni strains are genetically homo-
geneous, as demonstrated by the analysis of soluble cell protein patterns, DNA-DNA hybridization and sequence analysis of
the 165-23S rDNA intergenic spacer region 79, 80, 19, 50, 78, |t has been suggested that this homogeneity may be the result of a
clonal lineage and a specialized relationship with viticulture and wine production over many years80. Genetic homogeneity is
not manifested in the effect of Oenococcus oeni on wine, and the particular strain utilized can have markedly different effects
on the characters of the final product. Phenotypic studies of Oenococcus oeni have shown considerable diversities in terms of
lactate dehydrogenases, carbohydrate fermentation and cellular fatty acids 7% 34 35. Interestingly, Guerrini et al.38 have been
able to highlight phenotypic and genotypic specificity for several wine-producing areas, indicating the natural evolution of
strains from different regions of the world.

It is widely believed that Oenococcus oeni represents the best candidate to conduct MLF because of its resistance to a variety
of environmental stresses 10, in particular the acidic conditions and the high alcohol levels which are typical of wine. Inoculating
wine with carefully selected strains of Oenococcus oeni has the advantage of enabling the producer to have more control over
MLF. In addition, employing a specific strain of Oenococcus oeni allows the winemaker to ensure that particular characteristics
are produced in the final product, thus creating wines that are more distinctive and characteristic (see the section on selection).
Although a single bacterial strain is generally employed, in some instances a mixture of strains may be used in the inoculum.
This procedure can not only produce certain preferred characteristics in the wine, but is also capable of maximizing the chances
of bacterial survival if a bacteriophage is encountered in the wine42.
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INFLUENCE OF YEAST ON LACTIC ACID BACTERIA GROWTH
AND MALOLACTIC FERMENTATION

Although some strains of yeast are capable of contributing to MLF 1, the role of yeast is generally negative, given its main func-
tion of converting nutrients to ethanol. The inhibitory effect of certain yeast strains on MLF has been reported29, 57, 51,76, 36 and
is generally caused by the production of yeast metabolites that can have a negative influence on bacterial growth and survival,
as well as competition for, or depletion of, required nutrients29 5 59, 1. Interestingly, studies of the growth patterns of yeast
and bacteria on agar plates performed in the Lallemand laboratories and elsewhere 16 have indicated that some yeast strains
may actively inhibit the growth of Oenococcus oeni by the production of “antimicrobial” substance(s). Such data supports the
belief that the relationship between yeast and bacteria is complex and matching the appropriate strains of both is the key to
successful MLF.

Given the importance of yeast and bacterial interactions in dictating the success of malolactic fermentation, the precise timing
of the addition of MLF starters to the wine has been the subject of much debate. Those in favour> 4 of inoculating the must
with MLF bacteria at the same time as the fermentation yeast believe that the bacteria have an increased chance of growing
because they have better access to nutrients. They also feel this practice allows the MLF to complete before the termination
of the alcoholic fermentation. Although favourable results have been reported using this regime, poor growth of bacteria and
limited malic acid degradation have been observed by others33, 49, If the alcoholic fermentation is delayed, there is a distinct
possibility that the malolactic bacteria will also metabolize sugars in the grape must. This can result in poor alcohol production
by the fermentation yeast, as well as the production of elevated levels of acetic acid49 in the final product.

Inoculating with malolactic bacteria at the end of alcoholic fermentation creates a different set of problems. The wine at this
stage is often severely depleted in nutrients and the concentration of ethanol is generally high. Both conditions can cause a
significant delay in the completion of MLF5. 49 depending on the characteristics of the MLB strain employed. It should be noted
that, although ethanol generally inhibits the growth of bacteria, MLF can still occur even when cells are not actively dividing, or
dividing at a slower rate. It has been argued that MLB inoculated into the wine after completion of the alcoholic fermentation
benefit from the presence of dead yeast cells. There is significant evidence to suggest that the practice of maintaining the wine
in contact with yeast lees can enhance MLF by furnishing the bacteria with nutrients through the process of yeast autolysis>.
29, The autolytic activity of wine yeast during aging on lees can greatly affect the concentrations of nitrogenous compounds
available to MLB, including amino acids, peptides and proteins 14, 55, 56, 2, 30, Other macromolecules, such as glucans and man-
noproteins, are also released during yeast autolysis 14. 30 and have been observed to stimulate bacterial growth39. In addition,
small amounts of CO, produced by yeast during fermentative metabolism provide an environment favourable for the growth
of LAB. It has been suggested that leaving wine on yeast lees specifically to maintain a higher level of CO, may further encour-
age MLF33. Although protease activities, macromolecule production, autolytic capacity and CO; production can stimulate LAB
growth and MLF, it should be noted that such a dynamic environment is difficult to control and any effects are likely to be
dependent upon both the yeast and the MLB employed.

Regardless of the timing of the inoculation of MLB into wine, a serious concern for many winemakers is the presence of SO,.
In wine, SO, exists in a pH-dependent equilibrium consisting of bound SO,, molecular or free SO, and bisulphite and sulphite
ions. Low levels of SO, can inhibit the growth of LAB in wine, resulting in stuck malolactic fermentation and conversely high
levels of SO, can kill bacterial cells48. 75. Molecular SO is considered to be the most toxic form for LAB and it has been re-
ported that a molecular SO; concentration as low as 0.1-0.15 mg/L may be inhibitory to the growth of some strains. To ensure
that these levels are not reached, a total SO, concentration of below 100 mg/L or a bound SO, concentration of below 50 mg/L
is recommended to ensure successful MLF65, 67 Although SO, concentrations are dependent on the chemistry of the wine,
particularly if the wine was sulphited prior to alcoholic fermentation, they may also be influenced by the yeast strain used to
conduct the alcoholic fermentation 64 27,69, Some yeast strains are capable of producing rather large amounts of SO; during
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the alcoholic fermentation. If MLF is required, it is important to use a yeast strain that produces little, if any, SO,. In addition
to the production of SO,, antibacterial yeast metabolites of a protein nature have been reported by Dick et al. 6, and these
compounds can result in the death of the LAB. In addition, medium-chain length fatty acids arising from the degradation of
yeast cell membranes have been reported to not only inhibit bacterial growth23, but to reduce the ability of bacteria cells to
metabolize malic acid49. 1. These effects are dependent on the type and concentration of fatty acids present in the wine ! and
can be aggravated by low pH.

INHIBITORS OF LACTIC ACID BACTERIA GROWTH AND MALOLACTIC FERMENTATION

During the production of wine, a series of highly dynamic systems are formed and the interaction between components
within this system can influence the success of the fermentation. The composition of the wine, the method of vinification and
the interrelationships between LAB and other microorganisms present can affect the survival and growth of LAB in wine and
therefore influence MLF 15,67, 75, However, environmental conditions such as pH, temperature, alcohol level, nutritional status
and sulphur dioxide (SO;) may also play a significant role.

A critical parameter for successful MLF is pH, and the minimum pH at which bacterial growth can occur in wine is approxi-
mately 2.9-3.067. Bacterial growth is faster and MLF is completed earlier as the pH increases above 3.0. Although a pH of 6.3 is
optimum for the activity of the malolactic enzyme, degradation of malic acid by non-growing cells of Oenococcus oeni is most
rapid at lower pH values47 due to an increase in intracellular pH40. It is widely accepted that in terms of initiation and comple-
tion of MLF, a pH of approximately 3.4 is the most desirable.

As previously described, alcohol tolerance is an important characteristic of many LAB, and resistance to alcohol varies among
them. Most strains are not capable of proliferating in wines with an ethanol concentration greater than 15% but some have
been observed to grow in the presence of 20% ethanol 75.

The optimum growth temperature for LAB is between 25° and 35°C6, 43 and the rate of malate degradation by non-growing
cells is highest at approximately the same temperatures4”. The rate of growth of malolactic bacteria and the speed of the MLF
are inhibited by low temperatures. This can be problematic, particularly during the production of white wines, which tend to
be fermented at lower temperatures.

The presence of bacteriophage, a virus able to kil bacteria, can also inhibit malolactic fermentation in wines 12. 15, 41, Strains of
bacteriophage that can resist adverse conditions#' and induce cell lysis of MLB have been isolated, and they are capable of
disrupting the population dynamics of MLF. To counter the action of bacteriophage, strains of Oenococcus resistant to certain
bacteriophage can be selected. Alternatively, a mixture of bacterial strains may be employed as malolactic fermentation starters
to maximize the potential for the culture to survive. Although the presence of bacteriophage can seriously affect the quality of
wine, they tend to be inhibited during active growth of MLB and their potential effect can be minimized by ensuring conditions
that favour the growth of the desirable malolactic organism43.
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As explained previously, relying on the indigenous bacterial microflora to complete a timely and desirable malolactic fermenta-
tion can be precarious. When desirable malolactic acid bacteria are established in a winery, the onset of the malolactic fermen-
tation (MLF) may take several months and may occur in some barrels and tanks but not in others. For this reason, induction of

the MLF by the use of selected bacte-

but not all strains of this bacterium are
good candidates for use as starters.
Selecting the strains of Oenococcus
| oeni with the best performance and
SCREENING that are the most interesting in terms
of flavour production is a multifaceted
[R;;‘)j;?;_‘;i;‘r’nvi“c‘:f] Metabole ][ et ][prgf&;z;:ri‘tﬁ:ger] and challenging task. The protoFol
orm that Lallemand uses to accomplish

rial starter cultures is quickly becom-
] ing the preferred option. Oenococcus
oeni is the MLF organism of choice,

[ Genetic profiling ]

Biogenic amines
production

parameters

\ ¥ this is comprised of several defined
scientific steps, which are outlined in
] Fig. 1, and will be discussed in detail

low
- - Figure 1. Procedure for selecting

new malolactic bacteria strains
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MALOLACTIC BACTERIA STRAIN SELECTION PROTOCOL
Step 1: Selection of wines to supply bacterial isolates

Lallemand maintains an active worldwide network of collaborations with research institutes, universities and wineries, and this
allows bacterial selection programs to be conducted in all wine-producing countries. It is imperative to isolate and domesticate
only naturally occurring malolactic bacterial strains. The protocol used to accomplish this dictates that strains are to be isolated
from wines that have undergone spontaneous MLF. For a myriad of reasons, including wine chemistry as well as bacterial
strain expression, not all spontaneous MLFs will impart positive characters to wine. Therefore, wines that employ the natural
selective pressures of low pH, low cellar temperature, high alcohol and high SO, are used to supply isolates of malolactic bac-
teria. In order to have the highest probability of isolating the dominant bacterial strain(s) present, wine samples are collected
when approximately 0.66% — 0.75% of the L-malic acid has been converted into L-lactic acid. At this point in the MLF, wine is
transferred to sterile bottles, and microbiological isolation procedures are begun. If the isolates found are able to survive the
rigours of the remainder of the screening process, they may become available to the winemaking community as tools that will
induce a reliable and superior MLF.

Step 2: Strain collection, isolation and purification

Isolating malolactic bacterial strains begins with the use of conventional microbiological plating techniques to separate the
bacteria from the wine environment. At the time of plating, the wine will contain between 5 x 105 and 5 x 107 malolactic bacte-
ria/mL. The media used to support bacterial growth on isolation plates is generally highly nutritious in specific components, as
ML bacteria are unable to synthesize all the compounds they require for growth. At the time isolations are performed, the wine
also contains a significant number of viable yeast cells in addition to bacteria, so a substance used to prevent yeast growth on
the plates may be added to the growth media. The wine is diluted 1,000 (10-3) to 1,000,000 (10-6) times prior to plating, and
this functions to ensure that the isolates are well separated and defined on the isolation plates. A schematic representation of
the isolation procedure is shown in Fig. 2.

Figure 2. Bacterial strain isolation protocol
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Isolation plates are incubated at 30°C for 7 days in a microbiological incubator. Cells are grown in a CO; enriched atmosphere
as the growth and recovery of Oenococcus oeni on solid media is enhanced by exposure to this gaseous environment. When
individual, well isolated colonies become visible, they are separated according to their microscopic morphology and Gram
reaction. Microscopically, Oenococcus oeni cells appear as round cells that occur in pairs or in long chains. The Gram reaction,
which is a method to separate bacteria into two groups based on cell wall composition, is also determined. The cells that exhibit
a Gram-positive reaction, determined by the retention of a specific dye, are retained and further purified. Upon verification of
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the purity of the isolates, their genetic profiles are then determined. The isolates are stored at -80°C in the presence of glycerol,
a procedure that ensures the stability of the strains while they are in storage. This process is shown in Fig. 3.

Figure 3. Characterization and storage of isolates

Step 3: Genetic profiling

Once a new strain has been isolated, a rigorous genetic analysis is performed to ensure that the new strain is distinct from
competitors and also from isolates within the Lallemand collection. Genomic analysis also functions to ensure that the genetic
stability of the isolated strain is of high quality. Unfortunately, due to the genetic homogeneity of Oenococcus oeni, many com-
mon DNA-based techniques are not appropriate for the discrimination of strains. Restriction Fragment Length Polymorphism
(RFLP)-based methods, commonly used for the differentiation of a wide range of bacteria strains, cannot be employed as
intra-specific variability, particularly in the 165-23s region of rDNA, is low.

Currently, the most reliable technique for strain differentiation and for the determination of genetic stability is Contour-clamped
Homogenous Electric Field (CHEF), a specific type of Pulsed Field Gel Electrophoresis (PFGE). For Oenococcus strains, the
entire genomic DNA is cut using restriction enzymes to produce a number of fragments of various lengths. These fragments
can be separated according to size using the CHEF apparatus, producing a DNA fingerprint that is specific for individual strains.
Fig. 4 shows typical results, where DNA was cut using a single restriction enzyme. It can be seen that each strain exhibits a
unique fingerprint, allowing for easy discrimination. CHEF fingerprints differ according to variations within the genome, and
hence this method is particularly suitable for determining the stability of an organism, as gene translocation can be readily
detected. CHEF can also be used to differentiate strains and, for increased specificity, a number of different restriction enzymes
can be employed. Although CHEF is widely believed to be the best method currently available for strain differentiation, the time
required (approximately 3 days) means that PFGE is not always amenable to routine laboratory Quality Control.
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Figure 4. Differentiation of 5 Oenococcus oeni strains by CHEF gel electrophoresis

Random Amplified Polymorphic DNA (RAPD) is a Polymerase Chain Reaction (PCR)-based technique that offers a quick and
sensitive alternative for the discrimination of strains. In a fashion similar to CHEF, the entire genome is used as the basis for
generating a DNA profile or “fingerprint.” However the similarity ends there. RAPD-PCR differs in that it relies on the PCR ampli-
fication of “random” segments of the genome. Short oligonucleotide “primers” are employed to stick to complimentary sites in
the genome. These act to replicate fragments of DNA during the PCR reaction, as shown in Fig. 5. In this figure, the small arrows
represent sites of primer annealing. If primers attach on opposing DNA strands and are in close proximity, a PCR product is
formed. Generally, given the length of the genomic DNA, multiple products of a variety of sizes are formed, resulting in a DNA
fingerprint. Consequently, the size and the number of fragments amplified are dependent upon the precise site at which the
primers attach, as well as the length of the intermediate DNA. Fig. 6 shows a typical gel obtained using RAPD-PCR. A reference
DNA ladder can be seen on the extreme left of the photograph (Lane 1) and an individual fingerprint may be observed for
each strain examined (Lanes 2-6), enabling each strain to be rapidly discriminated. For greater specificity, a number of different
primers can be used independently to produce a series of fingerprints that are specific to each strain.

Figure 5. Principles of RAPD-PCR
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Figure 6. RAPD fingerprint of 5 Oenococcus oeni strains

Currently at Lallemand, all newly selected Oenococcus oeni strains are genetically profiled using both CHEF and RAPD to
complement our knowledge of the phenotypic and fermentative characteristics of each strain. Routine genetic analysis also
ensures that a culture of each strain comprises genetically identical individuals that are capable of fermenting in a predictable
and characteristic manner. RAPD and CHEF techniques are widely believed to be the most appropriate genetic methods for the
evaluation of Oenococcus oeni strains in a Quality Assurance capacity. However there are many other DNA-based techniques
available. Many of these are not currently suitable for routine use, but continual developments and improvements to tech-
niques such as DNA sequencing, Amplified Fragment Length Polymorphism (AFLP), ribotyping, species specific and multiplex
PCR may result in additional methods becoming incorporated into Quality Assurance laboratories.

Step 4: Screening techniques used on the bacterial isolates

The physiology and the genetic profiles of new and interesting strains are determined in the laboratory. In addition, the
selected bacterial isolate must be able to withstand the rigours of the MBR® production scenario. This process prepares the
bacteria for use as a direct inoculum to wine, but not all strains are able to survive this production technique. Microvinifica-
tions are performed to determine their ability to function in a wine environment, their growth kinetics in wine, and their
sensory impact on the wine. Lastly, comparative microvinifications are conducted using existing, commercially available
strains, both MBR® and conventional, as controls. As the malolactic fermentation can be pivotal to the quality of a fine wine,
the following considerations are of paramount importance at Lallemand:

« The isolates must be able to grow and proliferate in the harsh physio-chemical parameters of wine;

« The metabolism of the strains and their specific nutrient requirements must be thoroughly understood;

* The selected strains must exert a positive influence on the sensory profile of wine.

The commitment to quality at Lallemand is exemplified by the company's involvement with the European research program
(FAIR-CT98-9640) from 1999 to 2001. The objective of this program was to select and develop new malolactic bacteria strains,
and to characterize them based on oenological criteria. Several European institutes, universities and wineries worked with Lal-
lemand on this project, which culminated in a collection of about 100 new strains.
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The newly isolated strains are screened for the following features:

* Tolerance towards the physio-chemical parameters of wine

Such important factors as pH, alcohol, temperature and SO, are known to affect bacterial growth and survival.. 3, 4. 5,6, 7,
14,15 Strains destined to be commercial MLF starter cultures are selected for their increased tolerance of these factors. In the
laboratory, these examinations are performed in a model solution designed to mimic the chemical and physical conditions
regarding the pH, temperature, alcohol and SO, that would be found in wine. All the performance parameters are compared
to a reference strain, which is an existing, commercially available strain of malolactic bacteria. If they are not able to tolerate
any of the conditions mentioned above, or if the time required to complete the MLF is excessive, the newly isolated strains will
be eliminated from further scrutiny. The data collected will define the ability of the strains to withstand the harsh conditions to
which they will be exposed when placed into a wine environment.

* Metabolic properties

The main biochemical effects of malolactic fermentation include the following:
* Reduction in pH and acidity due to the decarboxylation of malic acid to lactic acid by the malolactic enzyme;
« The catabolism of citric acid resulting in the production of acetic acid, lactic acid, diacetyl and other C4 compounds;
« Sugar utilization with the production of lactic acid, ethanol and acetic acid;
« Change in concentration of some other minor compounds, such as amino acids, other organic acids and vitamins;
« Change in concentration of other, mostly unidentified flavour compounds.9. 14

The specific metabolic properties for which strains are screened are as follows:

« Citric acid catabolism

Characterization of the citric acid metabolism profile of Oenococcus strains is important because citric acid can be degraded
to pyruvic acid. Pyruvic acid can act as a precursor (both directly and indirectly) for a variety of compounds, including lactic
acid, acetic acid, ethanol, diacetyl and other C4 compounds. Diacetyl (2,3-butanedione) is a particularly important flavour
compound produced during MLF, and can impart a buttery characteristic to the wine. 212 Performing malolactic fermenta-
tion with different strains of Oenococcus oeni can thus result in varying quantities of diacetyl in wine, according to individual
citric acid metabolism profiles. If the concentration of diacetyl is high, levels of acetoin and 2,3 butanediol may also rise as
a result of diacetyl reduction 10,

« Sugar utilization

Glucose and fructose constitute the majority of the sugars in grape juice and wine. In addition to glucose and fructose,
the only other hexoses present in wines are mannose and galactose. However, several pentoses, a constituent of plant
pectins, are found at low concentrations. These include arabinose, xylose, ribose and rhamnose. The saccharides maltose,
meliobiose, raffinose, melezitose and stachyose have also been identified9. The catabolism of these sugars, both hexose
and pentose, differs widely among bacterial strains. Not only can they exhibit different growth rates on the same sugar,
different sugars are degraded by some strains but not by others. The ability of strains to degrade various carbohydrates and
to form certain metabolic end products is crucial to their survival in wine and will affect wine quality. Therefore, a thorough
understanding of sugar utilization is essential and is conducted in @ model solution containing glucose and fructose in con-
junction with various pentoses, as well as tartaric, malic and citric acids at concentrations reflecting the chemistry of wine.
High Performance Liquid Chromatography (HPLC) is used to analyze for the disappearance of the above compounds, and
for the appearance of such metabolic by-products as mannitol, acetic acid, lactic acid, ethanol and glycerol. The ability of
the strains to degrade the carbohydrates to which they are exposed is equally as important as their ability, or inability, to
form metabolic by-products.
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« Biogenic amine production

Biogenic amines occur in a variety of foods and beverages, including fish, cheese, dry sausage, wine, beer and other fer-
mented products, and are formed by the enzymatic decarboxylation of specific amino acids. 13 As these compounds have
been associated with some health and safety issues, it is imperative that commercial MLF starter cultures do not have the
ability to produce them. Lallemand evaluates the isolates by growing them in model solutions containing the biogenic
amine precursors histidine, tyrosine, ornithine and arginine. The bacteria are grown in these solutions for 7 days at 30°C at
which time the supernatants are analyzed for the presence of biogenic amines. 1 Alternatively, genetic techniques are used
to determine if the genes coding for the enzymes histidine carboxylase or ornithine decarboxylase, which are responsible
for the formation of biogenic amines, are expressed (non-published results, Dr. Martin Sievers, Hochschule Wédenswil,
Switzerland). Isolates that are capable of producing biogenic amines are eliminated from further consideration.

* Polysaccharide production
The amounts, as well as the types, of polysaccharides the malolactic bacteria can produce are categorized by HPLC.

* Ability to be produced in the direct inoculation MBR® form

The MBR® form of commercially available malolactic bacteria represents a procedure that subjects the cells to various environ-
mental and chemical stresses, which make them better able to withstand the rigors of direct addition to wines. Not all strains
are able to withstand this procedure. In fact, only very few LAB isolates can be produced using this protocol. Strains may be
eliminated from this program because of weak growth, low or no malolactic enzyme expression or an inability to survive the
process. The strains which survive are robust, possess the ability to conduct a reliable MLF and are able to produce a high
quality product.

« Wine production and sensory aspects

Finally, and most importantly, all strains are examined for their ability to produce a wine of exemplary quality and finesse. In
order to verify the efficacy of new isolates, vinification trials must be performed. These trials explore their susceptibility and
adaptability to the varying effects exerted by vintage, country and region of use, grape variety selected and the physio-chemical
properties of the wine produced. In addition to deacidifying the wine during MLF, the bacteria affect the final aroma and taste
of wine by modifying fruit-derived aromas and producing flavour-active compounds. Differences in aroma, body (mouthfeel)
and length of aftertaste of wines made with MLF and without MLF have been described. In addition, flavour characteristics
of individual strains of lactic acid bacteria are described. Some strains produce strong buttery, yeasty and nutty aromas, while
others strains do not contribute such strong flavours.9

Not all of the strains isolated during earlier stages of selection will be carried through to commercial production and distribu-
tion. If they are able to survive all of the metabolic, physiological and genetic screenings, but are incapable of producing wines
of exemplary quality, they are eliminated from further consideration.
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ORGANOLEPTIC DEFECTS
CAUSED BY UNCONTROLLED
MALOLACTIC FERMENTATION

DR. ANTONIO PALACIOS

While the acidity of wine is being reduced during the malolactic fermentation (MLF), growth of the lactic acid bacteria (LAB)
leads to the production of other metabolically-derived compounds. Some of these compounds, such as ethyl lactate and
diacetyl, can exert a positive influence on wine by adding sensory complexity when their concentrations are appropriate. As a
consequence of the MLF, LAB can reduce vegetal notes and astringency and bitterness, while contributing to roundness and
positive tannin expression. These contributions are dependent on the specific strain of LAB employed, which reinforces the use
of known, specific strains of LAB to conduct the malolactic fermentation.

Wines that have successfully completed MLF are generally categorized by the following positive descriptors:
* Butter

* Nutty

* Yeast

* Honey

* Vanilla

* Leather

* Spices

« Earthy and toasty

* More body and roundness
« Silky tannins

« Greater length on the palate.
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Uncontrolled MLF, especially one that occurs at a pH greater than 3.5, will often generate the following negative descriptors:
* Intense lactic aromas

« Rancid yogurt

* Sweaty notes

* Acetic

« Intense bitterness on the finish

* Animal notes

* Wet leather

* Burnt match

* Rotten fruit.

The potentially undesirable alterations that may appear in wines as a result of uncontrolled MLF are discussed below and
summarized in Fig. 1.

TARTARIC ACID DECOMPOSITION

This condition is usually encountered in wines with low total acidity and is the result of the partial or total decomposition of
tartaric acid by LAB, particularly Pediococcus spp. and Lactobacillus spp. In wines exhibiting a pH greater than 3.5, certain LAB
may attack tartaric acid with the resulting formation of lactic acid, acetic acid and CO,. Of 78 LAB strains examined, Radler and
Yannissis! found that only four strains of Lactobacillus plantarum and one strain of Lactobacillus brevis possess tartrate-
decomposing ability. When this occurs, total acidity decreases and volatile acidity and succinic acid increase. The wine becomes
insipid and weak, red pigments become less intense and the hue tends toward purple. In addition, microbial growth will cause
cloudiness in the wine. In extreme conditions, the aroma becomes unpleasant and may resemble that of acetamide, said to
be reminiscent of mouse urine2. When succinic acid exceeds 0.5 g/L, the wine takes on a sour and salty character. Succinic
acid exhibits a strong acidic character and lingers on the palate, causing the wine to become unbalanced and acquire a dirty
aftertaste.

GLYCERINE DECOMPOSITION

Bacterial decomposition of glycerine results in the formation of acrolein, which causes bitterness in wine. Traditionally, acrolein
was observed in low alcohol wines, especially press wines and wines aged with prolonged lees contact. Pasteur? first men-
tioned the bitterness associated with the presence of rod-shaped bacteria and the loss of glycerol. Acrolein itself is not bitter
but it reacts with the phenolic groups of anthocyanins to produce bitter flavours. Margalith4 reported that concentrations of
acrolein as low as 10 ppm are sufficient to cause this taint. A further corollary to the decomposition of glycerine is the forma-
tion of lactic acid and acetic acid when glucose is present>. The causative organisms in wine are mainly strains of Lactobacillus
casei, Lactobacillus fructivorans and Lactobacillus hilgardii.

FERMENTATION OF SUGARS IN WINES
THAT HAVE NOT COMPLETED THE ALCOHOLIC FERMENTATION

This condition is usually observed in wines where the alcoholic fermentation has experienced problems and become stuck,
but the MLF has begun. Because the alcoholic fermentation is not complete, these wines will usually contain large amounts
of fermentable sugars. Most of the heterofermentative LAB are able to ferment these sugars to lactic and acetic acids through
the heterolactic metabolic pathway. When this occurs, an increase in volatile acidity as well as a significant increase in total
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acidity will be seen, resulting in a loss of complexity and balance. D-lactic acid is of concern in these cases, rather than L-lactic
acid which is formed during MLF. In addition, mannitol may be formed from fructose, resulting in cloudiness and a bittersweet
taste6. When acetic acid and mannitol are both present, mannitol contributes the sweet character and acetic acid the bitter
one.

FERMENTATION OF SUGARS IN WINES
THAT HAVE COMPLETED THE ALCOHOLIC FERMENTATION

This condition is usually observed in “dry” wines, where the alcoholic fermentation has not experienced problems and has
proceeded to completion. However, the term “dry” may be a misnomer because upon completion of the alcoholic fermenta-
tion all red wines retain approximately 1.5 to 2 g/L of sugar. Arabinose and xylose — pentoses that are not fermentable by yeast
- account for approximately 1 g/L and the remainder is composed of the hexoses glucose and fructose. In fact, during wine
storage, the concentration of glucose may actually increase because of the hydrolysis of wine glycosides. During the MLF, LAB
will consume a portion of these sugars, resulting in the production of volatile acidity. For example, under conditions of high
wine pH, the bacterial decomposition of 1 g/L of sugar can be responsible for the production of approximately 0.6 g/L of vola-
tile acidity. For this reason, a wine should be stabilized immediately upon completion of the MLF. The higher the wine pH, the
earlier the wine should be stabilized after completion of the MLF. This is normally accomplished by filtration, addition of SO,
or by use of the enzyme lysozyme, to immediately terminate bacterial activity. Homofermentative species of Lactobacillus spp.
and Pediococcus spp. can produce D-lactic acid from hexoses without producing acetic acid. However, these homofermenta-
tive species can ferment residual pentose sugars to both acetic and lactic acids.

ROPINESS (OILY WINE)

Ropiness is caused by the glucose-derived production of the exocellular polysaccharides glucan or dextran, resulting in an in-
crease in the viscosity of wine. The synthesis of exocellular polysaccharides by LAB is a very widespread characteristic, with the
dextran produced by Leuconostoc mesenteroides being the best-known example. Van Vurren and Dicks 7 reported that some
Oenococcus oeni strains have a “slimy” layer around their cells. Pediococcus damnosus8, as well as other Pediococcus spp.,
Streptococcus mucilaginosus and Lactobacillus pasturianus have all been implicated as causative organisms. Ropiness usually
occurs in white wines and is very rare in reds because the organisms do not grow well in the presence of tannins. Ropiness
normally begins when the wine is stored on yeast lees, because as the yeast begins the process of autolysis, the nutrients which
are released support strong bacterial growth, especially in high pH wines.

PRODUCTION OF VOLATILE PHENOLS

In the case of red wines, 4-vinylphenol, 4-vinylguaiacol, 4-ethylphenol and 4-ethylguaiacol have been implicated in the produc-
tion of odours reminiscent of a horse stable or horse sweat. Sensory-active 4-ethylphenols had been found in mousy wines.
The appearance of these compounds is associated with the growth of certain Pediococcus and Lactobacillus strains, although
the microorganisms mainly responsible for these defects are Brettanomyces and Dekkera yeast. Chatonnet? found that Lac-
tobacillus brevis, Lactobacillus plantarum, Pediococcus spp., as well as some Oenococcus oeni strains were able to degrade
p-coumaric acid to 4-ethylguaiacol and 4-ethylphenol. The sum-total of these compounds in solution will affect the aroma of
wine. It is conceivable that amounts produced by bacteria, when coupled with levels produced by Brettanomyces, may exceed
the perception threshold and be evident in the aroma of the wine. It is therefore possible that this defect may be found even
when Brettanomyces populations are low.
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MOUSINESS

Certain strains of heterofermentative LAB may degrade amino acids as well as certain sugars, leading to the production of
undesired aromas. The metabolism of ornithine and lysine is associated with the formation of the N-heterocycles, 2-acetyl-
1-pyrroline and 2-acetyltetrahydropyridine, which cause mousy off-flavour wine spoilage. This condition is caused by sugar
decomposition by heterofermentative Lactobacillus spp.10. 11, some strains of Oenococcus oeni, and the yeast Brettanomyces
and Dekkera. Wines with this fault have a nauseating character reminiscent of mouse urine or acetamide which is particularly
evident in the aftertaste of the wine.

MASKING OF VARIETAL AROMAS

The modification of varietal wine aromas may be due in part to the formation of ethyl lactate, ethyl acetate or diacetyl during
MLF. The typical malolactic aromas of butter, sauerkraut and sweat can negatively affect wine quality if they are not in balance
with primary fruit aromas. Increased concentrations of diacetyl by the LAB are a major contribution to wine aroma. At high
concentrations, diacetyl has a strong buttery, even sweaty, aroma. Henick-Kling states, “Yet the production of diacetyl, acetoin,
2, 3-butandiol, 2-acetolactate, and 2-acetohydroxybutyrate cannot describe the range of flavors produced during MLF" 12, His
group found significant changes in vegetative odours, depending on the bacterial strain used to conduct the MLF.

ETHYL CARBAMATE AND BIOGENIC AMINES

Arginine decomposition by LAB leads to the production of citrulline and carbamyl-phosphate. If these compounds react with
urea produced by certain yeast during the alcoholic fermentation, ethyl carbamate may result. The decarboxylation of certain
amino acids leads to the formation of biogenic amines such as histamine, putrescine and cadaverine. Putrescine and cadaver-
ine impart putrefaction odours to affected wine.

Figure 1: Summary of potential problems associated with uncontrolled malolactic fermentation

Problem Condition for  Microorganisms Compound Compound Resulting effect
occurrence implicated modified created on wine
Tartaric acid Reds or whites with | Pediococcus, Tartaric acid Lactic acid, acetic | Acidity decrease,
degradation pH >3.5, Lactobacillus, acid, CO,, VA, colour loss,
low total acidity | Oenococcus cloudiness
Acetamide (rare) | Mouse urine
aroma (rare)
Glycerine Reds or whites L. case, Glycerine Acrolein Bitterness
decomposition with low alcohol, | L. fructivorans,
high pH wines L. hilgardii
(especially press Glycerine Lactic and VA
wines and wines (in the presence | acetic acids
with prolonged of glucose)
lees aging)
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Problem Condition for  Microorganisms Compound Compound Resulting effect
occurrence implicated modified created on wine
Stuck alcoholic Red or whites with | Most LAB Fermentable Lactic and Increase total
fermentation sugar available for sugars acetic acids acidity, VA,
LAB metabolism loss complexity
such as found in and balance,
stuck alcoholic cloudiness
fermentations Fructose Mannitol Bittersweet taste
Metabolism of “Dry” wines, Most LAB Arabinose, xylose, | Acetic acid VA
nonfermentable | especially high pH glucose, fructose
sugars in “dry” reds
wines
Volatile phenol High pH red wines | Some Pediococcus | Coumaric acid 4-\IP, 4-\/G, 4-EP, |Includes
production and Lactobacillus 4-EG horse sweat,
(mainly from yeast horse stable,
Brettanomyces leather, asphalt,
and Dekkera) mould, medicine,
smoke
Mousiness High pH oxidation |Lactobacillus, AA acids (lysine, | Pyridines Mousiness
Oenococcus ornithine), sugars
oeni (possibly
also the yeast
Brettanomyces
and Dekkera)
Masking of Red and white Certain ML strains | Organic acids, Ethyl lactate, At lower levels

varietal aromas

Wines

sugars, amino
acids

ethyl acetate

Diacetyl

masks fruit
character,

at higher levels
nutty, caramel,
yeasty and wet fur
aromas

Ethyl carbamate | High alcohol, high | LAB Arginine in the Ethyl carbamate | Human health
development pH wines presence of yeast- concerns
produced urea
Biogenic amine | High pH wines LAB Certain amino Histidine Human health
development acids concerns
Putrecine, Putrefaction,
cadaverine meaty, vinegar,

dirty aromas
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PRACTICAL IMPACT OF UNCONTROLLED MLF

The formation of biogenic amines in an uncontrolled MLF, as well as the production of ethyl carbamate by the combined ef-
forts of yeast and LAB, can cause defects that are significant to, and detectable by, the consumer. This was demonstrated by
work conducted at the Universidad de La Rioja, Spain. In this study, the following compounds were added to a wine:

* Diacetyl (white wine, at 0.1 ppm, 5 ppm, 10 ppm; and red wine, at 0.1 ppm, 10 ppm, 30 ppm);

« \lolatile biogenic amines (putrescine and cadaverine in red wine at concentrations of 1 ppm, 10 ppm, 50 ppm and
100 ppm);

« Ethylphenols (ethylphenol and ethylguaiacol in red wine at concentrations of 425 mg/L, 800 mg/L and 1000 mg/L).

These wines were tasted by Spanish wine connoisseurs and the results clearly indicated that the added compounds were eas-
ily detectable. They recognized a high frequency of defects, identified by using descriptors of their own choosing as shown
below:

* Diacetyl: In white wine, diacetyl was obvious as a butter or cheese aroma, with a similarity to oxidation, making the wine
appear aged. Diacetyl was also identifiable in the red wine, contributing characters associated with butter and almond. The
frequency of perception increased as the concentration of the added material increased. This trend was more prevalent in
white wine than in red wine.

« \lolatile biogenic amines: The tasters were relatively less sensitive to the added biogenic amines. Increasing the concentration
of putrescine did not enhance identification of the defects caused by this compound. However, this molecule was described
as causing rotten fruit odours, a sensation of fermentation as well as rancid and dirty perceptions. Cadaverine was identified
more readily at higher concentrations, causing meaty, vinegary and dirty aromas.

« Ethyl phenols: As in the case of diacetyl, the frequency of perception of these compounds increased as the concentration of
the added material increased, more so for white wine than red. Ethylphenol was described as leathery, animal, cow manure,
horse and asphalt. Ethylguaiacol was described as mould, medicine and smoke.

These wines were tasted by an expert wine taster who was unaware of the compounds that were added. This taster was able
to detect defects in all of the submitted samples and his descriptors were similar to those generated in the above study.

The causative organisms are primarily Lactobacillus spp. and Pediococcus spp., which means that managing the malolactic fer-
mentation in wine is crucial. This can be achieved by complete and thorough cellar sanitation, and by using selected malolactic
bacteria to conduct the malolactic fermentation.

TASTING IS BELIEVING

Lallemand has developed a kit to help winemakers evaluate the impact of some potential spoilage compounds that can be
caused by uncontrolled MLF. Putrescine, cadaverine, diacetyl, ethylphenol, ethylguaiacol, acetaldehyde, ethyl lactate,
4-hydropridine, and 2-ethoxy-3, 5-hexadiene are undesirable compounds that may be produced during uncontrolled malo-
lactic fermentation. Smelling and even tasting these compounds helps the winemaker realize the importance of preventing
microbial contamination of the wine by always using controlled MLF. This is possible, by maintaining good cellar sanitation, and
by always conducting the MLF by inoculation with the proper, selected bacteria. These simple measures prevent the presence
of microbial contaminants in the wine and, consequently, prevent deterioration and even complete spoilage.
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THE NUTRITIONAL
REQUIREMENTS OF
MALOLACTIC BACTERIA

DR. SIBYLLE KRIEGER

For a long time, the degradation of malic acid to lactic acid was believed to be the source of energy for the growth of the
malolactic bacteria in wine 1. Radler? refuted this theory, proving that in a synthetic medium the growth of lactic acid bacteria
(LAB) depends on the presence of fermentable carbohydrates. Generally, wine LAB are known to be particularly fastidious
microorganisms with complex nutrient requirements. The following section gives an overview of the diverse nutritional require-
ments of wine LAB in general and of Oenococcus oeni in particular.

CARBOHYDRATES

Growth conditions during the malolactic fermentation (MLF) in wine are very difficult for LAB. During the malolactic fermenta-
tion, 0.4-0.8 g/L of sugar is degraded, the bulk of which is represented by glucose and fructose, which are the most impor-
tant sources of energy for bacterial growth3. Radler# calculated that 1 g/L of malic acid will be degraded by approximately
0.01 grams of bacteria, and that 0.1 g of glucose will provide sufficient energy to produce this amount of biomass. Nearly all
wines contain adequate amounts of these sugars to sustain sufficient bacterial growth to ensure a complete MLF, but it has
been shown that the MLF may be inhibited in wines in which the sum of the concentrations of glucose and fructose is less than
0.2 g/L5. Oenococcus oeni is heterofermentative and converts glucose to equal amounts of D-lactic acid, CO, and acetic acid
(or ethanol). Almost all strains of malolactic bacteria (MLB) ferment glucose and fructose, and most of them prefer fructose to
glucose, i.e., they are fructophyllic. When they grow on fructose as their sole carbon source, part of this sugar is converted to
mannitol, which yields an additional mole of ATP, and low levels of acetic acid. However, if excess mannitol is present in wine,
a condition known as mannitol spoilage can occur. It is characterized by an increase in acetic acid production and a sweet-
bitter taste. This phenomenon is discussed in more detail in the section entitled “Organoleptic Defects Caused by Uncontrolled
Malolactic Fermentation.”

——
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Most of the wine LAB are able to degrade the pentoses - arabinose and xylose — during growth6. Oligosaccharides, polysac-
charides and glycosidic compounds present in wine can all be substrates for the growth LAB, and Rosi et al.8 showed the
positive effect of yeast-produced polysaccharides (mannoproteins) on the onset and speed of MLF. Most strains of the desired
MLB, Oenococcus oeni, are capable of producing B-glycosidases’ and they can be distinguished from other strains of LAB by
their inability to ferment sucrose, lactose and maltose.

NITROGENOUS COMPOUNDS

LAB require an extensive complement of amino acids, purines, pyrimidines, vitamins and minerals9, which means the nitrogen
content of wine will be significantly altered during the MLF 10, The requirements for specific amino acids vary between strains of
LAB. Oenococcus oeni and Pediococcus pentosaceus isolated from wine may require up to 16 different amino acids 11, but they
cannot use inorganic nitrogen sources, such as diammonium phosphate. Oenococcus oeni, as demonstrated by Fourcassie et
al. 13, exhibits an absolute requirement for the amino acids arginine, glutamic acid, tryptophan and isoleucine, while six other
amino acids are required for optimum growth of this organism. The nitrogen requirements of four commercial LAB strains
and one laboratory LAB strain of Oenococcus oeni were studied by Lallemand in collaboration with the group of Jean Guzzo
(internal report), and the results were compared to two other studies described in the literature 12, 13. Seven out of 13 amino
acids were essential for growth, with glutamic acid being essential for all strains in all three studies, and methionine, serine,
phenylalanine and tyrosine being essential for most of the strains. Alanine, glycine and proline exert a minor effect on the
growth of Oenococcus oeni, while valine, leucine, tryptophan, isoleucine, histidine and arginine can be described as somewhat
essential, since they are required for most Oenococcus oeni strains and are necessary, but not essential, for the others 14. The
quantitative requirements for each amino acid have been confirmed and the equivalent of less than 2 mg N/L is sufficient to
ensure the growth of MLB. During development of the bacteria in wine, the concentration of several amino acids may decrease
strongly, while that of others may increase>. The availability of amino acids has not been found to be growth limiting2, since
proteins and peptides in wine can also be used as a source of amino acids 1. It has been shown that bacterial growth and
MLF are stimulated by the presence of yeast-derived nitrogenous compounds, such as peptides and cell wall mannoproteins.
All non-synthetic media for the cultivation of MLB must furnish yeast extract or yeast autolysate to the organisms6. In order
to use these types of complex nitrogen sources for growth, the bacteria must be able to hydrolyze them to their subunits and
transport them into the cell. Sequencing studies of the Oenococcus oeni genome by Guzzo's group and the Genome Express
Company has revealed the presence of genes that could potentially code for proteases and peptidases, as well as for peptide
and amino acid transporters. Recently Remize et al. 7 have shown that two different sources of yeast-derived nitrogen have a
different, but strain-dependant, impact on the growth of Oenococcus oeni.

VITAMINS, MINERALS AND OTHER GROWTH FACTORS

In addition to amino nitrogen, the LAB of wine must be supplied with purines and pyrimidines, or their derivatives. Adenine,
xanthine, guanine and uracil have a stimulating effect on the growth of MLB4. Several B-group vitamins are essential for growth
and all strains apparently require folic acid and nicotinic acid2. The requirement for biotin, riboflavin, pantothenic acid and pyri-
doxine is strain dependant. During the commercial production of strains of Oenococcus oeni, biomass yield can be increased
by the addition of 1 mg/L each of calcium pantothenate, thiamine and pyridoxine 8. The discovery of bacterial contamination
of tomato ketchup led to the use of tomato juice as a nutrient in the formulation of growth media for LAB19. Amachi20 de-
scribed a “tomato-juice factor” as being a derivative of pantothenic acid and demonstrated that it was stimulatory to the growth
of Leuconostoc oenos [Oenococcus oeni]. Zickler2! showed that potassium, sodium, magnesium and relatively high amounts
of manganese ions were required for the growth of the malolactic bacterium known as Bacterium gracile. Manganese also
plays an essential role as a co-factor in the enzymology of the MLF as performed by MLB2. The concentrations of all of these
ions in wine are generally sufficient to support the growth and metabolism of LAB2.
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ORGANIC ACIDS

Although malic acid is the most important acid metabolized by LAB in wine, other organic acids are also metabolized and will
be discussed below.

* Tartaric acid

Small decreases in the concentration of tartaric acid are sometimes observed during the MLF. These changes are most likely
due to changes in the solubility of tartaric acid rather than to actual microbial degradation 16. Only some strains of Lactobacillus
plantarum, Lactobacillus brevis and Lactobacillus arabinosus have been found to degrade tartaric acid22. The degradation of
tartaric acid is always associated with wine spoilage.

 Malic acid

Tartaric and malic acids are the two major organic acids in wine, especially in wines from cool climates. Malic acid is naturally
present in the L- form. D-malic acid is not naturally present in grape juice and is not metabolized by wine LAB. Several studies
have shown that L-malic acid stimulates growth and biomass production of Oenococcus oeni?3, 24, During growth at low pH,
MLB degrade malic acid at a high rate, whereas carbohydrate is degraded at a low rate. This phenomenon results in an overall
increase in pH, which, in itself, allows for an increase in carbohydrate utilization, thus explaining the observation of malic acid-
induced growth25. Although the conversion of L-malic acid to L-lactic acid and CO, was considered to not yield energy26,
recent research indicates that intact cells of Oenococcus oeni generate more ATP when they are grown in the presence of
L-malic acid27.

* Citric acid

Citric acid is a major compound in grape must and wine and can be found in concentrations ranging from 0.1 to 0.7 g/L. Citric
acid metabolism by Oenococcus oeni has been correlated with the synthesis of acetic acid, diacetyl and acetoin 28. Oenococcus
oeni is not able to grow on citric acid as a sole carbon and energy source, but in the presence of an energy source such as
glucose, the specific growth rate and biomass production of Oenococcus oeni are both enhanced29. Enhancement of growth
in the presence of citric acid is, in part, due to an increase in the yield of ATP arising from substrate-level phosphorlation dur-
ing co-metabolism of glucose with citric acid30. Citric acid is completely metabolized in some wines, but to a lesser extent in
others. Production of diacetyl and acetoin by Oenococcus oeni is stimulated by increased citric acid concentrations3! and the
maximum concentration of diacetyl is found upon completion of malic acid degradation32. During the MLF, degradation of
citric acid is delayed as compared to the degradation of malic acid.

NUTRIENT AVAILABILITY AS DICTATED BY WINERY PRACTICES

Clarification of juice and wine not only can physically remove a large portion of LAB, it can reduce the amount of bacterial
growth obtainable, thus impacting wine quality 19. In addition, clarification will remove nutrients and suspended particles stimu-
latory to bacterial growth, further impacting the MLF. Similarly, wines made using the process of thermovinification have been
reported as being less able to support MLF. Timing of the inoculation of MLB (treated in a different section) will also influence
the kinetics of MLF.

The availability of nutrients will be affected by interactions among wine microorganisms. It is common to expect that mixed
cultures of microorganisms will introduce the possibility of antagonistic and synergistic relationships but, in some minor cases,
they exert little or no influence over each other. In winemaking, there is always the possibility of interactions occurring among
LAB and yeast, fungi, acetic acid bacteria and even bacteriophage. Moreover, there also may be interactions among different
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species and strains of LAB20. The antagonistic effect of yeast on MLB has been explained through competition for nutrients
and the production of substances that inhibit bacterial growth, such as SO, or medium-chain length fatty acids. Conversely,
yeast may support the growth of LAB in wine and stimulate the progress of MLF. During the process of yeast autolysis, vitamins
and amino acids are released into wine, and the associated extended lees contact enriches the wine with micronutrients that
stimulate MLF. Costello2! reported that a rapid cell death of Oenococcus oeni supported the growth of Pediococcus ssp. In
high pH conditions, the early growth of Lactobacillus brevis will completely inhibit the growth of Oenococcus oeni. Recently,
Gerbaux (personal communication) showed that wine conditions which stimulate the MLF may inhibit the development of
Brettanomyces spoilage yeast.

MALOLACTIC NUTRIENT FORMULATION

Extensive research has contributed toward a better knowledge of the nutritional needs of malolactic starter cultures, the inter-
actions of yeast with these cultures, and the impact of the wine environment on bacterial growth and yeast nutrition during
alcoholic fermentation. For example, it is known that if yeast with high nutrient demands conduct the alcoholic fermentation,
the juice is rapidly depleted of factors necessary to support the growth of LAB. Under this condition, a bacterial nutrient must
be added33. Similarly, the addition of a bacterial nutrient is critical in juices with naturally low nutrient levels because some
yeast may produce excessive levels of SO,, which will strongly inhibit the MLB. Suffice it to say that proper nutrition of both
yeast and MLB is always essential.

Under the difficult pH, SO, alcohol and nitrogen conditions found in wine, the use of supplemental nutrients will make it
possible for Oenococcus oeni to survive and multiply. Careful preparation of malolactic (ML) starter cultures and proper use
of the nutrient preparations designed for those cultures will ensure the rapid start of the MLF. This is illustrated in Fig. 1, which
shows the results obtained by inoculating an ML starter culture into a Chardonnay wine in the presence of, or in the absence
of, an ML nutrient preparation. The kinetics of malic acid degradation for all three starter cultures are much faster when the
nutrient has been used, whereas only a maximum of 1 g/L of malic acid was degraded when the bacteria were added in the
absence of nutrient support.

Figure 1. Kinetics of malic acid degradation in a 2003 Chardonnay wine
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The proper nutritional supplementation of ML starter cultures is recommended, and similar recommendations are in place
for yeast. The nutrition of LAB is different from that of yeast and must be carefully controlled. In cases of nutrient limitation in
wine, the proper feeding of the ML starter culture can be crucial for successful MLF. In the words of the immortal Shakespeare,
“To be, or not to be...”
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ENVIRONMENTAL FACTORS
AFFECTING MALOLACTIC
FERMENTATION

PIET LOUBSER

Malolactic fermentation (MLF) is generally considered to be simply the breakdown of malic acid in red wines and in some
white wines, with the accompanying release of CO,, the formation of lactic acid and a reduction in the total acid content of the
wine. In fact, this is exactly what happens, but if that were all that occurred, this description would be an oversimplification of
the process.

The breakdown of malic acid to lactic acid imparts microbiological stability, while the formation of various components also has
a sensorial impact. It is also possible that the overall reduction in acid, together with the accompanying increase in pH, result
in better, “softer” and “rounder” wines, with more body.2 4 9,10, 15,19

In the past, MLF was conducted, to a great extent, by an indigenous bacterial population, or populations, not always with the
desired results. In recent years, very reliable commercial bacterial cultures to induce MLF have become available to winemak-
ers. These cultures not only offer more reliable and less risky MLF, they also make a huge impact on the sensory aspect of
wines. These commercial bacterial cultures are selected according to very strict criteria and are able to function under extremely
harsh conditions. They have a positive impact on the sensory profile of wines, and contribute to increased mouthfeel and
complexity.2.4.7.9,15,19

A number of factors, some well known and some lesser known, play a role in the successful course of MLF, and will be dis-
cussed in detail to better understand the process and the management of MLF.

WELL-KNOWN FACTORS THAT AFFECT MALOLACTIC FERMENTATION

The best understood factors governing successful MLF include SO,, pH, alcohol and temperature. For the MLF to be successful,
the values of these chemical parameters must correspond to those which allow the bacterial cultures to function successfully.
It is important to remember that these factors function synergistically, i.e., their actions together have a greater total effect than
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the sum of their individual actions. Similarly, a favourable level of one component may compensate for an unfavourable level
of one or several of the other components. Although assigning exact values to each component is difficult, abiding by the pa-
rameters as defined by the different producers of commercial cultures is imperative.2 4. 17, 18 Adherence to this rule is perhaps
the most important consideration to ensure successful MLF.

In some cases, it can be very difficult to produce a wine whose analyses conform to these general parameters. Red wines from
the New World that are harvested at very high maturity and with subsequent high alcohol levels are a typical example. In these
cases It is important to select the proper yeast strain to produce the wine, as well as the correct bacterial strain to conduct the
MLF. Subsequent sections give more detailed discussions on specific strains that may be used when confronted with such harsh
conditions. Even when all chemical factors fall within the desired parameters, the course of MLF will occasionally be problem-
atic. 13 Possible causes of these anomalies will be discussed below.

LESSER-KNOWN FACTORS THAT AFFECT MALOLACTIC FERMENTATION

A number of lesser-known factors can influence the course of MLF. The fact that they are lesser known does not mean that their
impact is less significant. These factors include the following:

e Tannins

Recent research has shown that certain grape tannins can have a negative influence on malolactic bacteria, and consequently
on the course of MLF. In fact, some research has indicated that certain red cultivars, such as Merlot, can have great difficulty
undergoing a successful MLF. 12,18

Latest results at Lallemand indicate that phenolic acids influence the growth of certain bacterial strains in laboratory growth
media. The effect on growth stimulation can be either positive or negative, depending on the bacterial species, the specific
phenolic acid used and its concentration. For instance, caffeic acid at 50 mg/L and 100 mg/L elicited a positive effect on bacte-
rial growth and degradation of malic acid. On the other hand, ferulic acid can affect bacterial growth and malic acid degradation
detrimentally, but is strain dependent. The inhibitory effect of p-coumaric acid was the greatest and increased with concentra-
tion. These results agree, in essence, with those reported previously by other researchers. 9. 10 A nutrient to support the course
of MLF under these limiting circumstances might be considered.

« Selection of yeast strain

It has been known for some time that certain yeast strains selected to conduct the alcoholic fermentation interact better with
certain bacteria for the successful achievement of MLF. Under specific conditions, certain yeast strains may produce high con-
centrations of SO, which has a negative influence on the growth and survival of the malolactic bacteria. Similarly, yeast strains
that exhibit an inordinate need for nutrients could exhaust the medium to such an extent that no reserve nutrients are available
for the bacteria. Implementing a specific nutrition strategy for the particular yeast in the early stages of alcoholic fermentation
can largely surmount this problem. 10, 13, 16, 77

* Nutrient deficiencies

In order to successfully complete the MLF, sufficient nutrition for the bacteria is of the utmost importance. The critical role of
nutrition for MLF is illustrated by the following example:
Pinotage, a well-known South African variety, was inoculated with a commercial malolactic culture following the comple-
tion of alcoholic fermentation; 110 days later, only 40% of the original concentration of malic acid was metabolized. The
“health status” of the wine was examined by a microscopic analysis, and a volatile acidity determination was performed.
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A good and healthy population of Oenococcus oeni was found, which in fact was a confirmation of the initial culture
inoculated. Volatile acidity levels were also reasonably low. On the basis of these analyses, a specific malolactic bacteria
nutrient was added. Eleven days later, the MLF was completed. 11, 14

The concept of nutrient addition is not simple. The importance of good sanitation practices and the addition of selected ma-
lolactic cultures are fundamentally linked and vital to the concept of providing the inoculated bacteria with critical nutrients.
Ensuring that the MLF is always conducted under hygienic conditions, and that sufficient SO; is present in the wine to control
indigenous bacterial populations is important. Also important is ensuring that the wine is inoculated with the recommended
level of a defined, commercial culture in order that sufficient “good” bacteria are present for the MLF to be completed success-
fully when the nutrient is added. In fact, the addition of nutrients is never recommended when spontaneous, naturally occur-
ring populations of malolactic bacteria are relied on to conduct the MLF. For more information refer to the section “Nutritional
Requirements of Malolactic Bacteria.”

* Lees compaction

As a result of hydrostatic pressure, the lees found at the bottom of a tank can be compacted to such an extent that yeast, bacteria
and nutrients are “captured” and cannot function properly.> It has recently been observed that larger tank sizes may correlate
with increasing delays in the initiation of the MLF. The inhibition of the start of the MLF in larger tanks can be overcome by
pumping over either on the day of inoculation or on the second day after inoculation with the bacteria.8 A general recommen-
dation would be to stir the lees regularly (at least weekly) to ensure that bacteria and nutrients are kept in suspension. 8. 14

* Residual lysozyme activity

If lysozyme is used during the production of wine, residual levels of this enzyme may impact the time required for the onset of MLF.
Care must be taken to follow the supplier's recommendations with regard to the required time between the addition of lysozyme
and the inoculation of the commercial MLF culture. 10 In most cases, racking the wine off of the gross lees is recommended.

* Excessive amounts of oxygen

Malolactic bacteria have been shown to be sensitive to excessive amounts of oxygen. This means that exposure of the bacteria
to undue amounts of oxygen after the completion of alcoholic fermentation should be avoided. Although it has been noted
that even low concentrations of oxygen may detrimentally influence MLF, micro-oxygenation may have a positive effect on MLF
due to the gentle stirring action associated with the micro-oxygenation process itself .8, 77

* Fungicide residues

Certain fungicide and pesticide residues, especially the former, may have a detrimental effect on the functioning of malolactic
bacteria. Most effective, in a negative sense, are residues of the systemic compounds often used in humid years to control the
botrytis fungus. Careful precautions should be taken in years with high incidence of botrytis contamination. Wine producers
must be familiar with the spraying programs and products used, and they must adhere to the prescribed withholding periods
required for the various antifungal products.2. 3

« Initial malic acid concentration

Malic acid concentrations differ among grape cultivars and may also differ from year to year in the same cultivar. For this
reason, along with other factors, the duration of an MLF may differ from one year to the next.13. 14 It is especially difficult to
induce an MLF in wines with malic acid levels below 0.8 g/L.8, 10, 13, 14 |n this case, using ML starter cultures with a high malate
permease activity is recommended.
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* Fatty acids

Successful MLF depends to a great extent on the ability of the malolactic starter culture to reach and maintain high cell viability
in the wine. To ensure this happens, sufficient levels of oleic acid in the medium are necessary. In fact, the success of MLF is
influenced by the ability of the bacterial strain to assimilate oleic acid. Certain practices, such as must clarification, can lead to a
wine deficient in oleic acid. In these instances, the success of MLF will depend largely on the levels of oleic acid (C18:1A9) and
cyclic lactobacillic acid (C19:0cyA9) present in the bacterial strain itself. If the MLF was induced using very high cell numbers,
this phenomenon may not be observed.?2

Medium-chain length fatty acids can have a negative impact on the course of MLF. Alexandre et al. (2004) and Edwards et al.
(1990) indicated that the antagonism between yeast and lactic acid bacteria could be explained by the production of certain
medium-chain length fatty acids (Cg to Cy) derived from yeast metabolism. 1. 6
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OVERVIEW-
UNDERSTANDING

THE PRACTICE OF
MALOLACTIC FERMENTATION

DIDIER THEODORE

Part Two of Malolactic Fermentation in Wine represents the practical utilization of the scientific information presented in Part
One. Oenococcus oeni, as has been reported in Part One, is the malolactic bacteria (MLB) that has been recognized as the spe-
cies responsible for conducting the malolactic fermentation (MLF) in wine and for making marked contributions to improve-
ments in wine quality. Even under ideal conditions, MLB exhibit fastidious nutritional requirements and grow very slowly. It is
not surprising, then, that the unfavourable growth conditions of wine can make the MLF extremely difficult to initiate and to
complete. To initiate MLF, bacterial populations must reach or exceed 106 CFU/mL, and the physical conditions present within
a wine may make this requirement difficult to achieve.

MANAGING THE MALOLACTIC FERMENTATION IN THE WINERY

The principal factors influencing bacterial growth in wine are alcohol, SO,, temperature and pH. Bacteria will begin to exhibit
signs of growth inhibition at approximately 10% alcohol. Free SO; should be maintained as low as possible, so as to not further
inhibit the growth and survival of the malolactic bacteria. MLB flourish at temperatures between 18°-20°C, but their growth is
severely restricted at lower temperatures. The bacteria will grow at pHs between 3 and 4, with more luxuriant growth being
observed at a pH of 4 than at a pH of 3. The MLF will occur more easily at a higher pH than at a lower pH, but the presence
of a higher pH can favour the growth of strains of lactic acid bacteria that may have a pronounced negative impact on wine
quality. The effect of each of these parameters on malolactic fermentation must be considered in relation to the others, as their
influence is not exerted individually, but as the sum of all factors.

Wine, therefore, can be viewed as a medium not conducive to the effortless growth of microorganisms. To overcome the
natural stresses of the wine medium, to ensure growth of MLB and a complete MLF in wine, the addition of a bacterial starter
culture is recommended. The bacteria Oenococcus oeni is the organism of choice, and the addition of a concentrated amount
of this organism is preferable. When the organism is added in sufficiently large amounts, it is not forced to grow and multiply
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under wine conditions, which means that the MLF will begin without waiting for the development of a sufficiently large num-
ber of cells. Commercial malolactic bacterial cultures are available for use as an inoculum. These cultures are available in the
frozen, liquid or freeze-dried states. A number of the freeze-dried cultures have been biophysically adapted to withstand the
rigours of the wine media, and can be added directly to wine without an activation step. The other types of starter cultures
require activation and multiplication steps prior to their introduction to wine. This process involves several planned steps and is
labour intensive. When properly executed, it will normally ensure a complete MLF, even in the most difficult of wines, because
malolactic starter cultures have been selected for their resistance to adverse wine conditions. When using cultures that can be
inoculated directly into wine, or those that use a growth step, the intention is to inoculate the wine with a minimum bacterial
population of 106 CFU/mL without relying on MLB growth in the wine to reach that level.

Research has provided better knowledge of bacterial nutrition, and of the influence of the wine environment on MLB growth
and yeast nutrition during alcoholic fermentation. It has been demonstrated that yeast with high nutrition demands during the
alcoholic fermentation will rapidly deplete the must of growth factors that may be necessary for the growth of lactic acid bac-
teria (LAB) when the MLF is desired. This phenomenon can occur in all grape musts, but is especially problematic with grape
varieties that possess a naturally low nutrient level. This research has led to a recommendation for the addition of bacterial
nutrients after the alcoholic fermentation to aid in the initiation and completion of the MLF. Proper and sufficient nutrition of
fermentative yeast as well as MLB is essential.

TIMING OF THE INOCULATION

It is imperative that wine be inoculated with a malolactic starter culture exhibiting a population of 106 CFU/mL to ensure there
will be sufficient bacterial cells present to degrade malic acid. When alcoholic fermentation initiates and completes promptly,
malic acid degradation by MLB is usually not responsible for extreme volatile acidity (VA) production. When excessive amounts
of VA are seen, they are usually caused by the presence and growth of indigenous bacteria that most likely were introduced
into the wine by poor sanitary conditions coupled with high wine pH. These indigenous bacteria will grow in wine using sugar
as an energy source, producing acetic acid.

Research has shown that when the interactions between the fermentation yeast and the MLB are understood, inoculation with
a malolactic starter culture at different times during the alcoholic fermentation can be successful. However, depending on the
type of winemaking processes used — micro-oxygenation, thermovinification or long maceration — the MLF may be delayed
until the end of the alcoholic fermentation. In these instances, the SO, addition, wine clarification and cooling regimes may
be responsible.

When high wine pH conditions are encountered, the early addition of lysozyme, an enzyme specifically targeting Gram+
bacteria, may be of benefit. If the time of addition is strictly controlled, the subsequent addition of a desired malolactic starter
culture can be performed at a later time.

The introduction of commercial malolactic starter cultures has allowed the winemaking community to better integrate their
vinification processes with the management of the MLF.

PROBLEMS THAT MAY BE ENCOUNTERED

Instead of improving the wine, LAB can sometimes carry out undesirable changes. During naturally occurring, uncontrolled
MLF carried out by indigenous Lactobacillus and Pediococcus strains, sensory deterioration of the product can occur. In par-
ticular, excessive VA or diacetyl can be formed. These compounds are not only likely to mask the primary fruit flavours of the
wine, they can contribute undesirable characters to the bouquet. For example, VA is irritating to the nose and causes a sour
taste. Diacetyl can contribute a nutty flavour or characteristics that can resemble caramel, yeast and even wet animal fur. The
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undesirable aromas and flavours generated by the growth of spoilage organisms can produce characteristics similar to acid
yogurt, rancid butter and sweat. In red wines, volatile phenols can produce odours resembling a horse stable, and in whites
the same compounds can lead to the production of antiseptic odours. These odours can be accompanied by bitterness and
metallic tannins on the palate. The uncontrolled growth of undesirable microorganisms may generate secondary compounds,
including such allergens as biogenic amines (histamine, putrescine and cadaverine), and such potentially carcinogenic com-
pounds as ethyl carbamate and ochratoxin A.

ANALYTICAL PROCEDURES

Decarboxylation of the malic acid in wine is the most obvious action of the MLF, and it always results in a decrease in total acid-
ity and an increase in pH. The easiest way to monitor the progress of the MLF is to chemically analyze for the disappearance
of malic acid. Two of the most common methods are given below.

« Paper chromatography

This is a quantitative chromatographic technique used to visually follow the disappearance of malic acid. It is not precise, but
is easily used in the winery. The method will be described in a subsequent section of this publication.

* Enzymatic techniques

This technique is more complex and more costly, but is very precise. It makes use of chemical analysis to determine the ab-
solute concentration of any desired organic acid in the wine matrix. During the MLF, L-malic acid is specifically converted into
L-lactic acid, and measurement of the level of L-lactic acid can be used as an indicator of the beginning of the MLF. Generally,
when the level of L-lactic acid reaches 200-300 mg/L, it may be safely assumed that the MLF has begun. Usually, the MLF is
felt to be complete when the concentration of malic acid drops to between 100-200 mg/L. The method will be described in a
subsequent section of this publication.

* Microbiological plate counts

This technique isolates and counts the number of viable MLB in the wine. Their growth rate is very slow, so it can take as many
as seven days to obtain the number of viable Oenococcus oeni. The growth rate of undesirable bacteria, such as Lactobacillus
and Pediococcus, is higher, so the numbers of these organisms can be obtained within two days. The method will be described
in a subsequent section of this publication.

* Microscopic observation

This method relies on the direct observation of a wine with a good quality microscope. It is not quantitative, but when con-
ducted by an experienced technician, gives a fast and valuable evaluation of the microflora present in the wine. The method
will be described in a subsequent section of this publication.
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GORDON SPECHT

As biotechnology progresses, the wine industry acquires a better understanding of the winemaking process. Control of malo-
lactic fermentation (MLF), an integral part of the winemaking process, was often ignored until commercially available malolactic
(ML) starter cultures became available. Liquid ML cultures were available and used for decades until the early 1980s, when
frozen and freeze-dried malolactic bacteria (MLB) starter cultures were developed. The 1990s saw the development of direct-
inoculation, freeze-dried ML starter cultures and their use has virtually revolutionized the control and predictability of MLF in
wine.

Most commercially available starter cultures benefit from storage under refrigerated and/or frozen conditions in their original,
unopened package, and the container should not be opened until just before use. In addition, the freeze-dried bacteria should
avoid contact with oxygen, excess moisture and high temperature as these conditions will be detrimental to survival of the
bacteria. In order to obtain the maximum effect from commercial starter cultures of MLB, always follow the manufacturers’
recommendations for handling and storage.

All types of ML starter cultures which require a starter preparation step will benefit from the following considerations:

« The containers used in the preparation of malolactic starters must be clean and sanitary, because most of the microorganisms
found in a winery will grow faster than Oenococcus oeni, the usual bacterium present in ML starters.

* An ML-friendly yeast strain can be added to the ML starter preparation. This will help adapt the bacteria to an alcohol environ-
ment and will aid in the control of spoilage organisms.

« The presence of yeast will cause the production of foam. Allow sufficient headspace in the ML starter container to accom-
modate the foam, and install a fermentation lock on the container.

——
/ >
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* Monitoring the progress of the ML starter by microscopy will show how well the cells are growing. When viewed under the
microscope, healthy Oenococcus oeni cells will appear as pairs of cells, or as short chains of individual cells. The starter is
ready to use when 50%-100% of the L-malic acid has been degraded. Please refer to the Monitoring Malolactic Fermentation
section of this guide for more details.

Table 1 is a summary of the parameters applicable to the different types of ML starters commercially available. The information
presented is for illustration purposes only and was obtained directly from the various manufacturers’ technical data sheets. For
specific information, consult the appropriate manufacturer directly.

Table 1: Properties of commercial malolactic bacterial cultures

PROPERTY TYPE OF MALOLACTIC BACTERIAL CULTURE

LIQUID DIRECT TRADITIONAL
FROZEN SUSPENSION INOCULATION FREEZE-DRIED
(MBR®) (STANDARD)
Up to 120 days at Up to 2 days at room | Up to 18 months Up to 18 months
STORAGE -26°Corup to temperature or up to | at 4°C or up to at 4°C or up to
TEMPERATURE 1yearat-29°Cina 2 weeks at 4°C 30 months at -18°C 30 months at -18°C
AND SHELF LIFE non-defrosting freezer
Once thawed USE IMMEDIATELY USE IMMEDIATELY USE IMMEDIATELY
OPEN CONTAINER | USE IMMEDIATELY
do not re-freeze
TIME FOR 48 hours before 10-fold expansion in | 0-15 minutes 3-14 days
STARTER inoculation 3-7 days
PREPARATION
30 g yeast extract to ~1 g yeast extract per | Proprietary MLB nu- | Proprietary MLB nu-
NUTRITIONAL activation media litre growth medium | trients recommended | trients recommended
SUPPLEMENTS under more challeng- | under more challeng-
ing MLF conditions. ing MLF conditions.
Red wine 2-5% inoculation ~1g/hL ~1g/hL
~1g/hL volume or when
White wine using finished wine
USAGE RATES ~3-85g/hL to prepare the starter,
then 5-10% inocula-
tion volume.

Continued on next page
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FROZEN

LIQUID
SUSPENSION

DIRECT
INOCULATION
(MBR®)

TRADITIONAL
FREEZE-DRIED
(STANDARD)

STARTER
PREPARATION

Thaw in room tem-
perature water, not in
refrigerator. Mix 3 L
water, 3 L grape juice
and 30 g yeast extract.
Adjust pH to 4.0 with
calcium carbonate or
other permitted buffer
and mix thoroughly.
Add 170 g of thawed
culture, seal carboy
and mix thoroughly.
Hold at 18°-24°C for
48 hours before inocu-
lation.

Clean settled juice
with no added SO.

If possible, heat juice
to 60°C. Adjust sugar
level to 18° Brix with
water. If juice is not
available, substitute
with a mix of 50%
finished wine

(<10 ppm free SO,
and low total SO,),
25% water and 25%
apple juice). Adjust pH
to 3.5-3.6 with calcium
carbonate. If inoculat-
ing wine at <pH 3.2,
adjust pH again to 3.4
as an intermediate
step. Add culture and
maintain temperature
at 22°-26°C. Monitor
to 100% malic acid
degradation then
expand again as a
10% inoculum at each
build-up stage or inoc-
ulate. If finished wine
was used to prepare
the starter, expand cul-
ture by doubling the
starter volume with
wine until the starter
volume is 5%-10%

of the amount to be
inoculated.

NOT REQUIRED but
may be suspended

in clean chlorine-free
warm water to help in
handling.

Rehydrate in a 50:50
water:wine mix.
Wine should be

pH >33 and

total SO, <30 mg/L.
Monitor malic acid
drop and when ~2/3
is converted to lactic
acid, expand as a 5%
inoculum into wine.
Make sure pH >3.3
and alcohol <12.5%.
Monitor malic acid
drop and when ~2/3
is converted to lactic
acid, expand as a 4%
inoculum into wine.

WINE LIMITING
CONDITIONS

Alcohol tolerance
<14%

pH tolerance >3.2
Total SO, tolerance
<75 ppm
Temperature tolerance
>18°C.

Avoid racking.

NONE if pre-acclima-
tized during expan-
sions.

Dependant on the
Oenococcus oeni
strain, but in general:
Alcohol tolerance
<15%

pH tolerance >3.1
Total SO, tolerance
<60 ppm
Temperature tolerance
>12°C.

Alcohol tolerance
<15%-16%

pH tolerance >3.1
Total SO, tolerance
<75 ppm
Temperature tolerance
>10°C.
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DETERMINING
WHEN TO ADD
MALOLACTIC BACTERIA

DR. SIBYLLE KRIEGER

Malolactic fermentation (MLF) occurs in wine as the result of the metabolic activity of certain adapted strains of lactic acid
bacteria (LAB). The reduction of wine acidity and the modification of wine flavour due to this secondary bacterial fermentation
are often considered to benefit wine quality. The advantages of induction of MLF by inoculation with selected strains of LAB
are twofold. First, to have better control over the time and speed of malic acid conversion, and, second, to have a positive
influence on wine flavour and quality. Sensory studies show that flavour compounds produced by LAB impart recognizable
changes to the flavour characteristics of the wine 1. Several studies show that different strains of malolactic bacteria (MLB) will
have different sensory effects in wines . 2,3, 4.5, but the influence of the timing of bacterial addition and the level of inoculation
is not well understood.

SIMULTANEOUS INOCULATION WITH YEAST AND BACTERIA

The general view in France is to recommend MLB inoculation after completion of the alcoholic fermentation, to avoid the
risk of producing acetic acid and D-lactic acid, which is referred to as “piqdire lactique”6. MLF that occurs during the alcoholic
fermentation may occasionally result in a stuck alcoholic fermentation. Not all research has agreed with the French findings
of increased acetic acid production, yeast antagonism or stuck alcoholic fermentations when early growth of LAB is seen.
Inoculation with MLB at the same time as the yeast has been advocated, because it was felt the bacteria have a better chance
of growing and acclimatizing in the absence of ethanol. The bacteria will not suffer from a shortage of nutrients nor will they
be exposed to the toxic effects of alcohol. Beelman and Kunkee? showed that MLF in the presence of fermentable sugars
does not necessarily lead to the production of excessive amounts of acetic acid by the bacteria, as long as yeast fermentation
starts promptly and goes to completion!. In contrast, King and Beelman8 suggested that the growth of Oenococcus oeni
PSU-1 during alcoholic fermentation in a model grape juice system may be delayed by the production of yeast-derived toxic
compounds other than ethanol and sulphur dioxide. When they compared bacterial growth curves in pure culture as well as in
mixed culture with yeast, they found that the presence of rapidly growing yeast was antagonistic toward bacterial development
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(Fig. 1). They attributed the inhibition of bacterial growth to the presence of yeast metabolites and/or the removal by yeast of
substances important to bacterial nutrition. The data in Fig. 1 show that the point at which bacteria transition from the lag to
the logarithmic phase of growth in mixed culture with yeast is coincident with the death phase of the yeast growth cycle. This
phenomenon may result from the return of essential bacterial nutrients to the system as a result of yeast death and autolysis.
When comparing yeast growth curves in pure and mixed cultures, they could demonstrate that yeast growth through the
stationary phase was unaffected by the presence of bacteria. However, an accelerated death rate of the yeast in mixed culture
was observed when rapid bacterial growth occurred.

Figure 1. Growth of wine yeast and bacteria in pure and mixed culture

O W,
4~ =——fll— yeast
(pure culture)
3 =l yeast

(mixed culture)

log viable cell counts (CFU/mL)

24—t 1T T T leeees Y S bacteria
(pure culture)
L s e e B B p o -=-== bacteria
(mixed culture)
0 T T T T T T T I f ‘
0 2 3 5 8 10 15 20 30 35 40 50

time (days)

20° Brix Grape Juice/Wine System8

Strong bacterial growth can inhibit yeast growth and this will subsequently lead to the production of excessive amounts of
volatile acidity9. In Fig. 2, Radler22 reported sugar consumption of 0.2-2 g during growth in the three phases shown below.
During growth in Phase |, small amounts of acetic acid and D-lactic acid can be produced. When cell numbers in excess of
5x106 CFU/mL are reached in Phase II, malic acid degradation begins, but no acetic acid is produced during the degradation
of malic acid. Phase Il is characterized by the degradation of citric acid and sugars, accompanied by an increase in acetic acid.
However, the bacteria will begin to consume sugars only when the degradation of organic acids is complete. Malic acid will
be the first to be consumed, followed by citric, fumaric and others10. The degradation of sugars at this point will result in a
significant increase in volatile acidity.

OCTOBER 2005



OCTOBER 2005

DETERMINING WHEN TO ADD MALOLACTIC BACTERIA 1233

Figure 2. Metabolism of sugars and organic acids during malolactic fermentation in wine

sugars (fructose) biomass

malate

citrate
CELL GROWTH STATIONARY PHASE STATIONARY PHASEII
sugar catabolism no sugar catabolism no sugar catabolism
no malate catabolism malate catabolism no malate catabolism
no citrate catabolism no citrate catabolism citrate catabolism
slight acetate production no acetate production acetate production
slight lactate production lactate production no lactate production

Experiments conducted by the Lallemand research group confirmed that acetic acid will not be produced during growth of
MLB and active MLF. In these experiments, acetic acid production was observed only when half of the malic acid was degraded
and the bacteria began to utilize citric acid. Trials conducted using simultaneous bacterial and yeast inoculation vs. bacterial
inoculation upon completion of the alcohol fermentation showed no significant difference in the final acetic acid concentra-
tion, but a direct relationship between citric acid degradation and an increase in acetic acid concentration was demonstrated 1.
Depending on the availability of oxygen and the oxidation-reduction potential of the medium, citric acid can either be used
as an electron acceptor, which will result in acetic acid production, or it can be degraded to diacetyl. The subsequent reduc-
tion of diacetyl to acetoin and 2,3-butandiol is also dependent upon the oxidation-reduction potential of the wine. Diacetyl is
considered to be a major flavour compound and at concentrations between 0.02 and 2 mg/L it can give the wine a distinct
buttery aroma. The taste threshold for acetoin and 2,3-butandiol is much higher than the concentrations at which they are
typically found in wine. Thus, they do not contribute to the wine flavour. Further studies are necessary to define more precisely
the effect of oxygen and oxidation-reduction potential on the final diacetyl and acetic acid concentrations in wine. MLF in the
presence of lees will always results in lower diacetyl levels, because the reductive power of viable yeast will convert diacetyl to
less flavourful compounds. Consequently, co-inoculation of wine with yeast and bacteria will result in less lactic and buttery
flavours, which will result in a fruit-driven wine style.

Lallemand, in collaboration with Massey University in New Zealand, made wine using one yeast strain and two MLB strains.
For each yeast/bacterium combination, MLB were inoculated either together with the yeast (simultaneous AF/MLF) or upon
completion of the alcoholic fermentation (sequential AF/MLF). The wine was made from Chardonnay grapes from a commer-
cial vineyard in the Fernhill area of the Hawke's Bay region of New Zealand. The fruit was pressed, no SO, was added and the
must was cold settled at 4°C for 24 hours, at which time 300 mg/L of diammonium phosphate was added. Vinifications were
carried out in triplicate in 25-litre carboys, and initial must analysis was as follows: 20.7° Brix, pH 3.28 and 10 g/L total acidity
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calculated as tartaric acid. The results presented in Table 1 show that sequential AF/MLF always resulted in a prolonged MLF
when compared to simultaneous AF/MLF.

Table 1. Malolactic fermentation vs. inoculation sequence

Simultaneous AF/MLF Sequential AF/MLF

ML starter culture A 26 days 74 days (malic acid remained)
ML starter culture B 19.5 days 68 days

Malic acid, at an initial concentration of 5 g/L, was degraded in approximately three weeks, the identical time period required
for the conversion of sugar to alcohol during simultaneous AF/MLF. If MLB were inoculated into the wine after the alcoholic fer-
mentation, MLF was difficult and took considerably longer. The sequential treatment using malolactic starter culture A resulted
in an incomplete MLF, and 100 mg/L malic acid remained in the wine (Table 1).

In the first two weeks of the experiment, no significant differences in the degradation of glucose and fructose were seen when
the simultaneous and sequential AF/MLF inoculations were compared. However, 20 days after completion of the simultaneous
AF/MLF, glucose and fructose were not detectable in the co-inoculation protocol, whereas glucose and fructose at a combined
concentration of 700 mg/L remained in the sequential inoculations. Since glucose and fructose can serve as carbon and energy
sources for many microorganisms, the complete absence of these two sugars will increase microbiological stability.

Degradation of citric acid was different in the treatments using simultaneous or sequential AF/MLF inoculations. In the simulta-
neous treatments, citric acid was degraded faster and slightly more acetic acid was produced. However, the differences in final
acetic acid concentrations were small and statistically insignificant (Table 2).

Table 2. Acetic acid production (g/L) vs. inoculation protocol

Simultaneous AF/MLF Sequential AF/MLF

ML starter culture A 0.195 0.147
ML starter culture B 0.187 0.168

Sensory evaluation of the wines produced in this experiment showed there were differences between wines made using the
different stages of inoculation, but little or no differences were attributable to the ML strain used. Wines made using co-inocula-
tion were more fruity than wines made with simultaneous inoculation.

In collaboration with the German research stations at Neustadt and Trier, Lallemand investigated the simultaneous inoculation
of yeast and bacteria into Riesling wine. This experiment was designed to determine the impact of simultaneous yeast and MLB
addition on varietal grape aromas and the bacterial production of excess acetic acid. The results presented in Fig. 3 show the
simultaneous inoculation of yeast and bacteria had no influence on the yeast fermentation, and no acetic acid was formed.
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Figure 3. Simultaneous addition of yeast and bacteria vs. alcoholic fermentation
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Early inoculation of the malolactic starter culture resulted in a much faster MLF, and malic acid was degraded within 23 days as
compared to more than 50 days with inoculation after AF (Fig. 4). The timing of inoculation had an important impact on the
sensory profile of the wine. In the case of simultaneous inoculation, the rapid onset of MLF allowed for malic acid degradation
under the reductive conditions generated by the still active yeast cells. In the co-inoculation experiment, this reductive environ-
ment prevented the formation of buttery or lactic aromas, and the wine retained the flavours and aromas typical of Riesling
fruit. Wines inoculated after the alcoholic fermentation showed the typical buttery and nutty flavours typical of an MLF, and the

flavours and aromas of the Riesling fruit were absent.

Figure 4. Time of inoculation vs. malic acid decomposition
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These results show that the simultaneous induction of AF/MLF will result in wines that complete the MLF earlier. Wines made
in this manner will be more microbiologically stable because sulphur dioxide can be added earlier in the production scenario
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and the sugars glucose and fructose will be absent. The technique of inducing AF and MLF simultaneously in wines is never
recommended in pHs above 3.5.

Recently, French literature mentions the possibility of simultaneous inoculation2 of yeast and bacteria into grape must. A
variation of this technique has been used in the Champagne region for acclimatizing MLB cultures during the initial stages of
the “pied-de-cuve” process. The procedure, as used in this region, occurs in two steps and involves the addition of yeast to
avoid the growth of Lactobacillus contaminants during the acclimatization of the desired MLB. The bacterial cultures used in
the Champagne region are not acclimatized during their manufacture and therefore are not suitable for direct inoculation into
wine. During the two-step acclimatization process, reactivation step1 is followed by the “pied de cuve malo” step 2 in which the
MLB are slowly acclimatized to harsh wine conditions. The “pied de cuve malo” procedure was difficult and time consuming,
because the first step had to be performed in the laboratory.

In 1993, Michel Valade et al. 13 proposed an easier protocol for bacterial reactivation. They adapted the bacteria to increasing
concentrations of ethanol by growing them in diluted grape must supplemented with ML bacteria nutrient and active dry yeast,
while controlling the pH between 3.2-3.5. This procedure was a welcome simplification of the “pied de cuve malo” step. The
authors found no excessive production of acetic and lactic acids (“piqdre lactique”), but warned that this reactivation procedure
was not comparable with co-inoculation of the wine. Today, French researchers recognize the advantages of simultaneous
inoculation of bacteria and yeast in the production of “Primeur” wines, which are designed to be consumed two months after
the harvest. This process allows the ML bacteria to acquire tolerance to alcohol during the alcoholic fermentation, while allow-
ing the MLF to commence during the last third of the alcoholic fermentation 14 and to finish quickly at the end of the alcoholic
fermentation. Use of this method promotes early stabilization of the wines, renders them saleable at an earlier date, and
minimizes the possibility of the development of spoilage organisms, such as acetic acid bacteria and Brettanomyces yeast. This
technique, coupled with satisfactory yeast nutrition, will ensure healthy yeast fermentation with good kinetics, and will allow
for the use of a yeast strain that will support the MLF. It is critical to control must pH to approximately 3.5, because above this
value, sugars are more easily degraded. However, it must be remembered that Oenococcus oeni will not degrade sugars until
all the malic acid has been consumed.

INOCULATION OF MALOLACTIC BACTERIA STARTER CULTURES
DURING ALCOHOLIC FERMENTATION

The advantage of inoculating the bacteria during the alcoholic fermentation can be explained by the fact that, at this stage,
most free SO, is bound by carbonyl compounds produced during yeast growth, and that the alcohol concentration has not yet
reached toxic levels. However, the most intense levels of yeast-induced antagonism by metabolites like decanoic acid may be
encountered at this stage 15. Rosi et al. 16 reported a reduction of bacterial viability when inoculation was performed at the mid-
point of the alcoholic fermentation. They attributed this decrease to such factors as nutrient depletion, production of ethanol
and a drop in pH as caused by acid production. Their results further indicate that inoculation at this point in the fermentation
will subject the bacteria to a strong yeast antagonism which may be insurmountable. Research at Lallemand confirmed these
findings, and reinforced the fact that inoculation at the midpoint of the alcoholic fermentation will always result in a marked
reduction of bacterial viability and activity. (Fig. 5).
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Figure 5. Survival of malolactic bacteria after inoculation at different stages of alcoholic fermentation
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INOCULATION OF MALOLACTIC BACTERIA STARTER CULTURES
AFTER ALCOHOLIC FERMENTATION

Inoculation at the end of alcoholic fermentation does not pose the risk of the heterofermentative bacterial decomposition of
sugars and the resultant increase in volatile acidity. This type of delayed inoculation avoids much of the toxicity of produced
carboxylic acids, as their concentration declines after alcoholic fermentation 7. The merit of inoculation at the end of the alco-
holic fermentation can also be related to the availability of bacterial nutrients that have arisen from yeast death and subsequent
autolysis 8. However, exposure to the high levels of ethanol present at the time of late inoculation may result in delayed MLF,
especially in wines produced in hot climates. Normally, bacteria added after the alcoholic fermentation are able to achieve cell
concentrations comparable to those inoculated into must, if wine conditions are not limiting. In cases of nutrient limitation (see
The Nutritional Requirements of Malolactic Bacteria) or when wine chemical parameters are limiting, the addition of a bacterial
nutrient system will support MLF. In instances where alcohol levels exceed 15.5% (v/v), most bacterial starter cultures must be
acclimatized before inoculation into the wine. Specialized acclimatization protocols are available in the Guidelines for Using
Commercial Strains section of this publication.

DELAYED INDUCTION OF MALOLACTIC FERMENTATION

In the past 15 years, the quality of malolactic starter cultures has been drastically improved. The starter cultures available for
direct inoculation into wine are easy to handle and allow for better control over the MLF. Using this new generation of ML
starter cultures permits the early onset as well as the rapid completion of MLF. In the Burgundy region of France, or in other
wine regions that produce mainly Pinot Noir wines, the rapid development of MLF is contrary to their traditional winemaking
techniques, which have traditionally relied on a spontaneous MLF in the spring. The increasing use of active, direct inoculation
MLF starter cultures has led to a more rapid MLF, but has also resulted in a significant reduction in pigmentation. Gerbaux 19
showed the influence of rapid onset and speed of completion of the MLF on the colour intensity and clarity of Pinot Noir wines
in Fig. 6.
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Figure 6. Influence of the kinetics of malolactic fermentation on the colour of Pinot Noir wine
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He was able to achieve increased colour stabilization when the following conditions were met:
« The time between “décuvage”, or elimination of the gross fermentation lees, and the start of MLF was increased;
* The speed of MLF was decreased;
* SO, addition was delayed until after completion of MLF.

Generally speaking, all winemaking techniques that inhibit or delay the MLF (higher SO, levels, temperatures below 10°C, or
the addition of lysozyme at any stage of wine production) will help stabilize colour loss in lightly pigmented wines, such as
Pinot Noir or Sangiovese.

Wine consumers worldwide demand wines with stable colour, and this has led to the increasing use of the micro-oxygenation
technigue in winemaking. Micro-oxygenation causes small amounts of ethanal (acetaldehyde) to be formed, enhancing the
polymerization of polyphenols and resulting in colour stabilization. Therefore, upon completion of micro-oxygenation, red
wine colour is stabilized and this minimizes the colour loss attributed to MLF. It is known that micro-oxygenation will delay
the onset of MLF, which means that inoculation with MLB should be attempted only after micro-oxygenation is terminated.
The malolactic bacterium, Oenococcus oeni, will consume acetaldehyde, making it capable of scavenging residual amounts
of this compound from wine. Therefore, inducing MLF after micro-oxygenation will have the additional advantage of reducing
acetaldehyde levels.

When micro-oxygenation is used in hot climates to produce high pH red wines, delayed induction of the MLF is recommended.
In order to accomplish this, the use of lysozyme20 or a combination of lysozyme and SO, is recommended.

In conclusion, there is most likely no universal approach for inducing MLF by inoculation. As indicated by Silver and Madej?,
the most desirable time for inoculation depends on many vinification factors, the most important of which are juice chemistry,
the yeast strain used to produce the wine, and winemaking techniques.
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TROUBLESHOOTING GUIDE
- A PRACTICAL APPLICATION

ANNAMARIE KYNE AND SIGRID GERTSEN-BRIAND

There are many physical and environmental parameters to consider when choosing to conduct malolactic fermentation (MLF).
Of these parameters the Big Four of pH, alcohol, temperature and SO, are the most significant. It is imperative to keep these
four conditions in mind when preparing to inoculate with malolactic bacteria (MLB), as they act synergistically. For example,
at the time of inoculation, if the alcohol is high and the pH is low, the combined effect will result in conditions that may be
unable to sustain the growth and metabolism of the inoculated bacteria. As a generality, if the following conditions are present
simultaneously in wine, the MLF will usually occur with relative ease:

* pH greater than 3.2;

* Free SO, (FSO;) under 10 ppm 1;

« Temperature greater than 18°C (64°F);
* Alcohol less than 13% (v/v).

Fig. 1 illustrates the interrelated effects of the Big Four
parameters upon the ease (or difficulty) of MLF. It

Is important to consider these factors when

deciding on the timing of bacteria

Alcohol = 1 1

Figure 1. Factors affecting the relative
pH ease of malolactic fermentation

addition, the strain of MLB to be

used, and the type of culture (build-

up or direct inoculum) to be utilized. Un-
derstanding the effect of the total environment

on the bacteria will permit informed decisions to be
made with respect to these variables.

# Temperature

Total SO,

1 Measure the existing FSO, but monitor the total SO; as well because Oenococcus oeni is capable of liberating FSO; from bound SO,.
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The guide to Troubleshooting Malolactic Fermentation below will help demystify MLF in wine production scenarios. The
guide is designed to itemize the necessary considerations associated with conducting malolactic fermentation. It is also in-
tended to help in the diagnosis and possible rectification of unruly malolactic fermentations. It has been constructed in a Yes or
No tree format. For example, if an MLF is desired, begin at A and proceed accordingly. If the MLF is proceeding, but problems
are encountered, begin at B, and if an MLF is not desired, begin at C.

TROUBLESHOOTING MALOLACTIC FERMENTATION

A. Malolactic Fermentation is Desired
a. MLF to be conducted by inoculation
i. At the beginning of the alcoholic fermentation

1. Use an ML-friendly yeast strain.

2. Choose a build-up bacterial culture or direct inoculation culture depending on the conditions outlined in
Fig. 1.

3. Consider adding complex yeast nutrients to reduce the risk of a stuck alcoholic fermentation.

4. Note that the amount of SO, added at the crusher will affect the timing of bacterial starter addition:

e Less than 50 mg/L — Inoculate the bacteria immediately after yeast inoculation
* 50 - 65 mg/L — Wait 12 hours after yeast addition before adding the bacteria
* Greater than 65 mg/L — Co-inoculation of yeast and bacteria is not recommended.

5. Note the pH — pH greater than 3.5 is conducive to growth of spoilage organisms; below this pH, Oenococ-
cus oeni are dominant.

6. Monitor the temperature — 18-22°C (64-72°F) is optimal, with the avoidance of heat spikes during fermen-
tation, because alcohol becomes increasingly toxic to the bacteria as the temperature increases. At very low
temperatures, both the alcoholic fermentation and the MLF will be delayed.

7. Monitor changes in the aromatic profile of the wine during MLF by routine tasting. Aromas can become
muted and off-flavours can develop if the alcoholic fermentation sticks or if unwanted bacteria or yeast are
allowed to develop.

8. Monitor sugar, L-malic acid and volatile acidity because under high pH conditions Oenococcus oeni may
produce volatile acid from sugars upon depletion of malic acid. In this instance, monitoring by analysis is
preferable to tasting.

ii. At the midpoint of the alcoholic fermentation
1. Addition of MLB is not recommended at this point in the fermentation. The active alcoholic fer-
mentation will exert an undue amount of stress upon the bacteria.
iiii. At the end of the alcoholic fermentation
1. Consider wine style, which will be affected by the timing of the MLF:

e Fruit-driven style with no buttery notes:
Accomplish this by simultaneous inoculation of bacteria with the yeast or by adding the bacteria right
at the end of primary fermentation when there is a large yeast population available to degrade any
diacetyl that is produced.

* Diacetyl and buttery notes desired:
Stabilize the wine through filtration or an SO, addition right at the end of MLF at the time the malic is
depleted, or wait a few weeks after primary fermentation for the yeast cells to die off so the diacetyl
produced won't be consumed by living yeast cells.
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2. Choose a bacteria strain that can tolerate the alcohol, SO,, and pH of the wine to be inoculated.

3. Note that temperatures of 18-22°C (64-72°F) are optimal. In cooler climates, low temperatures may ef-
fectively inhibit the MLF.

4. Monitor the FSO, after the alcoholic fermentation and ensure a level under 10 ppm. FSO; after the alco-
holic fermentation may be high if the yeast is capable of producing SO.

5. Determine the alcohol level of the wine. High alcohol levels are increasingly toxic and adaptation of the
bacteria may be required by using a build-up culture rather than a direct inoculation culture.

b. MLF to be conducted by indigenous bacteria — NOT RECOMMENDED!

iv.

Monitor the bacterial population at least once a week by using a microscope or viable plating techniques. Pre-
vention of the development of spoilage LAB is of paramount importance.

Maintain an ideal temperature of 18-22°C (64-72°F). This will increase the possibility the MLF will be conducted
by favourable indigenous bacteria.

Adjust and maintain a pH of less than 3.5. Values in excess of this will increase the risk of spoilage organisms
growing in the wine.

Monitor sugar, L-malic acid and volatile acidity. Under high pH conditions, Oenococcus oeni may produce
volatile acid from sugars. In this instance, monitoring by analysis is preferable to tasting.

Monitor weekly by tasting to be aware of changes in the aromatic profile of the wine and any off-flavours that
may be developing.

B. Malolactic Fermentation is Proceeding

a. Slowly

iv.

Determine if prior vineyard practices, such as changes in the types or concentrations of applied vineyard sprays,
could be affecting the MLF. Systemic sprays applied at the end of the growing season are specifically toxic to-
ward Oenococcus oeni.

Remember that the grape variety and processing techniques employed may affect the malolactic fermentation.
Chardonnay, Merlot and Tannat are often difficult wines in which to complete an MLF, and highly clarified juices
are difficult as well.

Consider the Big Four parameters shown in Fig. 1. Have they interacted to create a harsh environment for the
bacteria? If so, choose the appropriate bacteria strain to withstand these conditions.

Consider the addition of a nutrient supplement because this may be critical and necessary. If the MLF has be-
gun, but then slowed or stopped, a nutrient limitation may be indicated. Often the lack of a specific nutrient, or
nutrients, will prevent proper implantation of the bacteria into the wine and will lead to a reduction in bacterial
viability.

Medium-chain length fatty acids may be present in the wine and could inhibit growth of the inoculated bacteria.
Addition of a complete nutrient package will help reduce the toxic effect of these medium-chain length fatty
acids.

b. Has begun, but not completed

Verify that critical winemaking parameters, such as temperature, volatile acidity and SO, have not changed.

ii. Analyze for residual sugar, volatile acidity, malic acid levels and bacterial viability.

fii.
iv.

Verify that the bacteria were inoculated at the level recommended by the manufacturer.
Confirm the method of preparation of the bacterial starter.
1. Standard build-up of growing cells
« Vlerify that the inoculum was prepared correctly. Be objective and check whether all required pro-
cesses and procedures were followed.
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* Determine the material used in the preparation of the starter. Do not use grape concentrate as exces-

sive levels of FSO, may be present and responsible for inhibition of the bacteria.
2, Direct inoculation

« Vlerify that the sachets containing the bacteria were stored in the proper manner by referencing
Guidelines for Using Commercial Strains in this publication. If the sachets were overheated, the
bacteria may have died.

* Be certain the packet used remained sealed and was opened immediately prior to use.

« Ensure the correct amount of cells were used for the inoculation. If not enough bacteria were added
for the correct dosage level, add more.

v. Determine if a bacteriophage, a virus that kills bacteria, could be responsible for the incomplete MLF. Microbio-
logical plating of the culture will help determine if this has occurred.

C. Malolactic fermentation is not desired.
i. Maintain wine temperature at 10°C (50°F).
ii. Add lysozyme at a level of 300-500 ppm. Lysozyme is a naturally occurring enzyme toxic to most MLB, but some
strains are not sensitive to it.
iiii. Add 30-50 ppm of SO,. The actual amount to add depends on the pH of the wine.
iv. Remove the bacteria with membrane filtration. Filtration through 0.45p membranes will remove the bacteria.
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MONITORING
MALOLACTIC
FERMENTATION

SAMANTHA KOLLAR AND DR. NEIL BROWN

Malolactic fermentation (MLF) is a biological phenomenon influenced by a myriad of environmental and physical factors. Dur-
ing the course of the winemaking process, it is vital that the progress of the MLF be monitored for its primary chemical action,
the conversion of L-malic acid into L-lactic acid, and also for the microbial flora present in the wine during the conversion.
Historically, winemakers have relied on the physical senses of sight, smell, taste and, in some instances, sound to inform them
as to the progress of the MLF. The industry now recognizes that these parameters, although important, are not sufficient to ad-
equately define the progress of the malolactic fermentation. The highly refined and skilled senses of an experienced winemaker
will always be the backbone of quality wine production, but can be reinforced and assisted by analytical laboratory techniques.
It is known that the physical senses mentioned above can become fatigued when they must analyze and categorize a large
number of samples in a short period of time. In this situation, the winemaker's palate can be overloaded and no longer able to
detect sub-threshold levels of certain compounds, or to perceive the subtle changes that occur during a wine’s development.
An emergent problem may not become evident until it has progressed too far, leaving the winemaker with no timely or clear
solution. In this context, the sciences of chemistry and microbiology can be of immeasurable assistance to the oenologist.

CHEMISTRY

Monitoring the progress of the malolactic fermentation is one of the most critical aspects of a winery’s Quality Control program.
Many chemical changes occur in a wine during MLF. The cumulative effects of CO, production, the decrease in malic acid,
the increase in lactic acid and volatile acidity (VA), as well as the changes in pH and titratable acidity (TA), all lead to dramatic
effects on a wine's sensory properties. The two most important chemical parameters to monitor during the course of MLF are
the depletion of malic acid and the rise in VA. VA is a very strong indicator of bacterial activity and, when produced in large
amounts, is generally attributed to the growth of spoilage bacteria. Small amounts of VA are a natural by-product of the growth
of the malolactic bacteria (MLB) and are to be expected, but rapid increases would signal a warning that large amounts of
unwanted bacteria are growing in the wine. In any event, routine and careful monitoring of the volatile acidity throughout the
history of a wine is of paramount importance. The level of VA is easily measured by common laboratory analyses.

ot
/ >



14:2 UNDERSTANDING THE PRACTICE

MLF is defined as the conversion of one organic acid, L-malic acid, into another organic acid, L-lactic acid, along with the pro-
duction of carbon dioxide (CO,). The progress of the MLF can easily be determined by analyzing the organic acids mentioned
above or by determining the amount of liberated CO,. Typical methods used for organic acid analysis include paper chro-
matography, thin layer chromatography, enzymatic analysis, reflectance, capillary electrophoresis (CE) and high performance
liquid chromatography (HPLC). CO, can be determined either by sensory evaluation, or by use of spectrophotometric analysis.
For most wineries, the onsite costs associated with HPLC and CE analyses are prohibitive, so this discussion will be limited to
the other methods. CE and HPLC will be included only in summary for the purposes of comparing relative costs, accuracy,
speed, and the level of technical expertise required. The techniques will be discussed in detail below. Table 1 shows a compari-
son of the methods on a relative scale, with #1 being lower, and #4 being higher.

Table 1. Comparison of organic acid analytical methods

Method Cost Accuracy Speed Technical Capability
Paper Chromatography 1 1 1 1

Thin Layer Chromatography 1
Reflectance 2
Enzymatic Analysis 3
CE 4
HPLC 4

A~ BN B W=

3 1
4 2
3 3
3 4
2 4

PAPER CHROMATOGRAPHY

Paper chromatography is a technique used for separating the chemical compounds in liquid mixtures by utilizing their dif-
ferential affinities for a stationary phase (paper) and a mobile phase (solvent). The technique is used in the wine industry
primarily for the separation of the common organic acids tartaric, citric, malic, lactic and succinic. The technique is relatively
easy, and is described below.

« A small volume of juice or wine is drawn into a capillary tube. The volume contained in the tube should be sufficient
to deliver a spot which is =<1cm in diameter when delivered to the chromatography paper.

« The sample spots should be placed on a line approximately 2 cm from the lower edge of the chromatography paper
and at least 2.5 cm apart.

« After the spots are completely dry, the paper is stapled or clipped into a cylindrical shape and is placed spots-down
into an airtight chromatography jar containing a developing solvent consisting of butanol/formic acid/water and dye
to an approximate depth of 0.5 cm.

« The developing solvent travels up the chromatography paper by capillary action, dissolving the sample and separat-
ing the acids as it goes.

« After 6-8 hours of development, or before the solvent reaches the top, the paper is removed and hung to dry in a
well-ventilated area for several hours or overnight.

« After the drying period, the paper will appear blue, with a series of yellow spots in a vertical ladder-like arrangement.
The specific organic acids are seen as yellow spots against the blue background of the chromatography paper.

It is highly recommended that malic and lactic acid standards be incorporated into each chromatographic run. This will be very
useful when interpreting the results because it will show the location of each acid on the chromatography paper. The acids will
appear in the following order, tartaric (at the bottom of the paper), citric, malic, lactic and succinic (at the top of the paper).
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Paper chromatography is a simple, affordable and reliable technique for use in the winery, and is a useful tool for tracking the
MLF status of wines. However, some precautionary considerations are indicated. The paper must be kept clean and dry and
be handled only by the edges. The developing solvent is described as hazardous and may degrade with time. It may be stored
for 3-6 months, but will absorb atmospheric moisture during that time. When this happens, the quality of the chromatograms
will seriously degrade.

THIN LAYER CHROMATOGRAPHY

Thin layer chromatography (TLC) is an analytical technique chemically similar to paper chromatography. It requires a different
solvent and uses TLC plates rather than paper, but the remainder of the procedure is the same. This technique allows for results
to be obtained in approximately one hour - considerably faster than using paper chromatography.

Neither of these chromatographic techniques is specific for L-malic acid, the form of malic acid metabolized by MLB during the
course of the MLF. The commercially available malic acid commonly used for acid adjustments in winery operations is often a
mixture of both the L and the D forms. If a wine were to receive an acid adjustment using this type of malic acid then undergo
an MLF, it would be possible to observe a malic acid spot even upon completion of the MLF. This is because D-malic acid will
not be used by the MLB and will remain in the wine upon completion of the MLF. These techniques for monitoring MLF are
strictly qualitative; they only demonstrate the progression of the MLF, but do not verify its completion. To obtain that type of
information, quantitative analytical tools must be employed.

REFLECTANCE

A newer technique which has become available to the wine industry is the Reflectoquant® system, or RQFlex® meter (Fig. 1).
This instrument is based upon reflectance photometry, uses reactive test strips to analyze for various wine components and is
available at a fraction of the cost of a spectrophotometer. The L-malic acid test strips used by this instrument are approximately
half the cost of the kits used for enzymatic analyses. The instrument is capable of measuring multiple wine parameters to a rela-
tive accuracy of 10% after calibration with a known reference method. For L-malic acid, the reference method is the traditional
enzymatic determination by spectrophotometer. The RQFlex® is useful for monitoring malic acid levels as a measure of the
progress of MLF, but the absolute levels of malic acid should be confirmed by more accurate methods at critical points during
the MLF. The operating range for this instrument is between 1 and 60 mg/L of malic acid, and some samples may require
dilution and/or decolourization. This method is the fastest currently available for testing an individual sample as results are
available by direct readout in 5 minutes. It is not capable of analyzing multiple samples, and the test strips have a finite shelf
life despite refrigerated storage.

Figure 1. Reflectoquant® system

RQflex 2

EM SCIENCE
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ENZYMATIC ANALYSIS

The most commonly used quantitative analytical method for monitoring MLF is the enzymatic determination of L-malic acid
(Fig. 2). This method uses an enzyme that specifically reacts with L-malic acid and a UV-visible spectrophotometer to moni-
tor the progress of the analytical reaction. Kits from manufacturers that contain all the reagents, enzymes and procedures
required for L-malic acid determinations are readily available. They offer excellent precision and accuracy, but are somewhat
expensive and have a relatively short shelf life once the reagents have been activated. The procedure for this test varies by kit
manufacturer, but all of the methods require the use of a range of accurate micro-pipettes. The enzymatic technique is capable
of quantifying L-malic acid to very low levels and in most instances no sample dilution is necessary. If a sample is excessively
turbid, it must be clarified by centrifugation or filtration prior to analysis. Depending upon the number of samples being ana-
lyzed, results are typically available within 30 minutes. Calculations for this test can be tedious, but can easily be performed by
a computer spreadsheet. The reagents must be refrigerated and returned to room temperature prior to use.

As mentioned previously, in addition to using organic acid analysis to monitor the progress of MLF, spectrophotometric meth-
ods can be used to analyze for the CO; produced during the malolactic fermentation. Table 2 below summarizes the chemical
parameters commonly used to determine the progress of MLF and lists the analytical techniques used to determine those
parameters.

Table 2. Chemical analyses of malolactic fermentation

MLF PARAMETER
ANALYTICAL METHOD VA (Acetic Acid) Malic Acid (o1} Lactic Acid
Sensory Evaluation [ ([ [ [
Cash Still {
Spectrophotometer [ ([ [ [ )
Reflectance [ J (]
Paper Chromatography/ TLC [ [ )

Figure 2. Typical enzymatic analysis apparatus
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Successful strategies for monitoring MLF always involve the observation of the wine’s appearance, smell and taste by an experi-
enced and talented winemaker. The winemakers' decisions and considerations should be supported by thorough and accurate
laboratory monitoring of the progression of MLF itself, by paper chromatography, TLC or reflectance, during the course of the
MLF. When these methods indicate the completeness of the MLF, they should be followed by more accurate confirmatory
methods. Routine chemical monitoring is important during all phases of a wine's life in the cellar, but no strategy for monitor-
ing MLF is complete without microbiological analyses as well, the subject of the next section.

MICROBIOLOGY
Direct microscopic observation

The simplest way microbiology is used to monitor MLF is by making direct observations of the wine through a light microscope.
Because of their very small size and their refractive index, a phase contrast microscope or a very good brightfield microscope
capable of 1000X magnification is required to differentiate between wine bacteria (Fig. 3). The only other supplies required are
microscope slides, cover slips, immersion oil and pipettes. The microscope is a very powerful aid to the winemaker because,
with a good microscope and a little experience, it is possible to instantaneously detect any substantial population of bacteria
in the wine. Fortunately, few bacteria can grow in wine, and because of their relatively distinct cellular appearance under the
microscope, Oenococcus, Pediococcus, Lactobacillus and Acetobacter species are identifiable and their relative abundance can
be estimated. Different strains of Oenococcus oeni are used extensively to inoculate wines in which an MLF is desired, and
the health of the population as well as the abundance of the bacterium can be estimated by direct microscopic observation. In
this instance, the organism forms a distinct chain composed of individual cells linked together, and the longer the chains, the
healthier the population, in most cases. When only single cells and pairs of Oenococcus cells are visible after scanning 20 or so
fields of view, the culture is probably no longer viable (an exception is immediately after the addition of a freeze-dried culture,
where all the chains have been broken up in the drying process). Similarly, the denser the population in each field of view, the
larger the population present in the wine.

Figure 3. Phase contrast microscope and required supplies

The digital camera mounted on this microscope is an additional enhancement.

Oenococcus cells are usually the smallest cells observed in wine, with diameters of less than 1 micrometre. They can be round
or elongate, and sometimes form long rods. While they vary in length, they typically have fairly rounded ends and appear in
chains due to the fact that they divide transversely (Fig. 4).
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Although there are several species of Pediococcus and Lactobacillus that can grow in wine, the microscopic appearance of the
different species in each genus is very similar. Pediococcus cells are almost completely round (coccoid), and appear singly, in
pairs, in tetrads or small bunches. Since they divide in all planes, they do not form chains; this, and the fact that they tend to
appear bright white (they refract light differently) in phase contrast, make them easily distinguishable from Oenococcus cells.
Lactobacillus cells are true rods: their diameter is relatively constant along their length, at least for any given strain. Lactobacil-
lus cells are usually observed singly or in pairs in wine, except in rare cases where the infestation is so bad that they form mats.
The fact that they usually appear bright white, like Pediococcus cells, under phase contrast, illustrates the value of a good phase
microscope (Fig. 5).

Several species of Acetobacter, an aerobic organism, can also grow in wine when there is enough oxygen present. Acetobacter
cells, like Lactobacillus cells, are short to long rod-shaped cells, but their diameter can vary considerably along their length.
Acetobacter cells are also typically found as single cells or in pairs in wine, they tend to have more rounded or pointed ends,
and are more likely to be confused with relatively large Oenococcus cells than with Lactobacillus cells. While none of the wine
bacteria have flagella for propulsion, they are so small and light they move or tumble around in an aqueous medium due
to Brownian motion (heat-induced random molecular motion). For this reason bacterial cells are difficult to photograph, but
fortunately the human eye is a much better instrument than the camera, and the true shape of these cells can be determined
in a few seconds.

Figure 4. A dense culture of Oenococcus oeni (left) and Gram-stain of Oenococcus oeni (right)
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Figure 5. Gram-stain of Lactobacillus (left) and a Gram-stain of Lactobacillus and Pediococcus (right)
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The microscope is a powerful tool, but when dealing with MLB its use is qualitative only, since bacterial viability cannot be
determined with an ordinary light microscope as these small cells may remain in suspension long after larger objects in the
wine have settled. If quantitative information regarding viable bacterial populations is desired, culturing techniques must be
employed.

VIABLE CULTURING TECHNIQUES

Contrary to direct microscopic observation, where the cells can actually be observed, viable culture plating relies on the ability
of cells to reproduce, resulting in a visible colony on the surface of the nutrient media after a few days. Wine bacteria are usu-
ally cultured on relatively low pH agar media containing apple juice, tomato juice, V8 juice, or something similar to stimulate
the growth of the LAB. Cycloheximide (Actidione) may be added to inhibit the growth of wine yeast and make the detection
of the (smaller) bacterial colonies easier. The recommended incubation time is usually a week or more at 30°C, since some
LAB may be slow to form visible colonies.

Enumerating microorganisms in wine requires the use of the appropriate sterile media, as well as knowledge of aseptic tech-
niques (laboratory procedures that ensure the technician does not contaminate the media with anything not present in the
wine). The number of visible colonies that form gives an indication of the population of viable bacteria within the sample. Two
commonly used procedures are the spread plate technique and membrane filtration.

e Membrane filtration technique

Membrane filtration is useful when dealing with wines that have a very low level of viable microorganisms. This method uses
a vacuum to pull a large volume of wine through a small membrane filter that retains the cells, thus concentrating the bacteria.
The wine bottle is inverted several times to mix the contents, and the neck of the bottle is immersed in a 70% isopropy! alco-
hol solution. The alcohol on the bottle is flamed to effectively sterilize the neck. The cork is then pulled with a cork puller that
has been rinsed with the same alcohol solution. The filter is aseptically transferred to an agar plate after the wine has passed
through the filter.

* Spread plate technique

Spread plating is useful if there is a high microbial population. Aseptically pipette 0.2 mL of the wine onto a 100 mm culture
plate containing the nutrient media described above, and use an alcohol-flamed bent-glass rod to spread it uniformly over the
surface of the agar. After seven days incubation at 30°C, colonies can be counted from the 0.2 mL spread plate and multiplied
by five to give an estimate of the viable population, expressed in CFU/mL (colony-forming units per millilitre). Wines with very
low level populations may show no growth on the spread plate, but may form colonies on the membrane-filtered plate. Since
colonies of different LAB often look alike, microscopic confirmation is imperative. Several of each type of colony has to be
picked, spread on a microscope slide in a drop of water and observed at 1000X to confirm the identify of the organism.
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Figure 6. Viable culturing of malolactic bacteria

Acetobacter and Oenococcus (the small white colonies) on Apple Rogosa medium

The small white colonies are Oenococcus. The colonies themselves, however, can be confused with those of Pediococcus or
Lactobacillus as they are not visually distinguishable.

If there is a very high microbial load, serial dilution plating can be used to enumerate the viable LAB. One such procedure is to
dilute 1 mL of the bacterial culture in 9 mL of sterile broth or saline (a 10-fold dilution), mix and then take 1 mL of this solution
and add it to another 9 mL of the sterile solution (now a 100-fold dilution), and so forth. If 0.1 mL of each dilution is then plated
(in essence another 10-fold dilution, since the result is expressed in CFU/mL), the number of colonies can be counted and
the viable population can be estimated by multiplying by the dilution factor. In a serial dilution, the dilution plate that contains
between 30 and 300 colonies for enumeration is considered the most statistically significant.
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DR. SIBYLLE KRIEGER

Wine is a product of a complex microbial fermentation of grape juice involving the sequential development of various species
of yeast and lactic acid bacteria (LAB). The task of the winemaker is to ensure that the desired fermentative yeasts and malo-
lactic bacteria (MLB) strains predominate in the juice and wine and carry out the fermentations. During the last two decades,
research on malolactic starter cultures has provided a wealth of new information, leading to the development of several com-
mercial and experimental starter cultures for the induction of malolactic fermentation (MLF) in wine. The first commercial
starter cultures have been available since the 1980s and Oenococcus oeni is the most common starter culture. Considerable
research has been conducted and progress made in understanding the factors that affect MLF and the impact MLF has on the
final wine quality. In some minor cases, induction of MLF may fail because of difficult wine conditions or negative interactions
between wine microorganisms.

YEAST AND BACTERIA COMBINATIONS

In some cases, MLF starter culture failure may be attributed to the antagonistic interactions between yeast and bacteria . King
and Beelman? have suggested that the growth of Oenococcus oeni during alcoholic fermentation may be delayed by yeast-
derived production of toxic compounds other than ethanol and sulphur dioxide. Furthermore, wines produced from the same
must may differ in their ability to undergo MLF, a phenomenon that has been correlated with the yeast strain used to conduct
the alcoholic fermentation. This inhibition is correlated with the offending yeasts’ ability to produce high levels of SO, during
the early stage of alcoholic fermentation or their excessive depletion of micronutrients during alcoholic fermentation. Recent
investigations strive to better understand these interactions, to quantify the nutrient demands of wine yeast and wine LAB,
and to determine if other synergistic interactions exist between Saccharomyces cerevisiae and Oenococcus oeni in the wine
environment. A better understanding of these aspects of the physiology of wine microorganisms will allow us to offer better
combinations of yeast and bacteria starter cultures, and to make cultures appropriate for specific grape varieties.

——
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TEST TO DETERMINE THE ABILITY OF A WINE
TO SUPPORT MALOLACTIC FERMENTATION

As mentioned above, in a small number of cases, induction of MLF may fail. In these instances, even though selected starter
cultures are used, difficult wine conditions (nutrient deficiency) or inhibitory compounds in the wine (pesticides, medium-chain
length fatty acids, lysozyme residues, etc.) can be problematic. The knowledge that ML strains tolerate difficult wine conditions
differently, exhibit specific nutritional demands, and display varying degrees of resistance to inhibitory factors has led to a pos-
sible test to determine how well a wine will support MLF. This test is currently under development in the Lallemand laboratories
and, when perfected, will identify the best ML strain to use in a specific wine. Alternatively, it will show that the wine in question
contains inhibitory compounds and must be treated before inoculation with ML starter cultures (Lallemand internal R&D).

DIFFERENT STRAINS FOR DIFFERENT WINE TYPES

MLF plays an important role in determining the final quality of most red wines and certain white wines. For years, malolactic
fermentation was recognized only for the simple decarboxylation of L-malic to L-lactic acid and CO,. Henick-Kling3 described
the metabolic activity of MLB and their influence on the aroma compounds of wine, and Richardson4 reported the specific
flavour contributions of individual strains of MLB to wine. Some strains produced characteristic buttery, yeasty and nutty aro-
mas, while others imparted fruity flavours and reduced vegetative aroma compounds. In the future, ML starter cultures will be
characterized for their sensory contributions to the global wine aroma profile, and precise ML starter cultures will be available
to aid in the production of specific wine types.

IMMOBILIZED BACTERIA ON BEADS AND IN BIOREACTORS

The use of high cell numbers of Oenococcus oeni in the industry has been studied for quite some time8. In wine, the use of an
ML starter culture employing a large concentration (107-108 CFU/mL) of active MLB is helpful, because pH, alcohol and SO,
growth inhibition will not be a factor, as further bacterial growth is not required to complete the MLF. Hammes et al. 9 employed
a fluidized-bed reactor to conduct an MLF, in which cells of Oenococcus oeni were immobilized in an alginate matrix and wine
was circulated through the reactor. The best results were observed with small diameter beads (1.2 mm) and it was found that
the pellets were able to be stored frozen in liquid nitrogen at -85°C. It is now known that immobilization in a ceramic matrix
will increase the mechanical stability of the beads and will also improve regeneration. A reactor using Oenococcus oeni immo-
bilized by absorption on oak chips was proposed by Janssen et al. 10. The half-life of this reactor was 11 days when operated at
21°C and supplied with wine at pH 3.45 containing 13% (v/v) ethanol. Maicas et al. 1" reported the adsorption of Oenococcus
oeni on positively charged cellulose sponges.

BIOREACTORS BASED ON HIGH BIOMASS OF FREE CELLS

High cell density fermentations using bioreactors have been studied by Maicas 2. Cell-recycle bioreactors use a tangential flow
or hollow-fibre filter to separate the cells from the wine. As Bauer stated in his review Control of malolactic fermentation in
wine 13, “Cells remain in the vessel and reach high cell densities, with the wine being constantly removed to prevent inhibition
of cell growth by lactic acid production and low pH. Limitations include stress on the cells entering the filtration unit, difficulties
in the up-scaling, and a drastic decrease in malolactic activity after only a few days.” Maicas 14 also used high concentrations of
free Oenococcus oeni cells in a continuous stirred tank reactor to conduct continuous MLF over two to three weeks in which
no inhibition by lactic acid was reported.

Although these techniques proved to be successful in decreasing L-malic acid, they were rejected by the wine industry because
of concerns regarding equipment, management, pre-fermentation preparation of the juice or mechanical and/or microbiologi-
cal instability.
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BIOREACTORS BASED ON ENZYMES AND DEGRADATION
OF MALIC ACID BY SCHIZOSACCHAROMYCES POMBE

Formisyn et al. 1> developed a cell-free bioreactor consisting of a free malolactic enzyme from Oenococcus oeni and the cofac-
tors required for enzymatic activity. The efficiency of the conversation of L-malic acid to L-lactic acid is very much dependant
on pH and ethanol, and complete MLF was not achieved.

Efficient degradation of malic acid by Schizosaccharomyces pombe is accomplished under anaerobic conditions 6. Taillander 17
attempted to induce malic acid degradation in fruit-driven white wines. She encapsulated Schizosaccharomyces pombe in
double-layered alginate beads packed into large bags, but was unable to achieve complete MLF. Since Talliander's work in
2001, this technology has progressed and in fact there are encapsulated Schizosaccharomyces pombe products commercially
available that are quite efficient.

MALIC ACID DEGRADATION BY RECOMBINANT STRAINS
OF SACCHAROMYCES CEREVISIAE

Indigenous strains of Saccharomyces cerevisiae metabolize insignificant amounts of malic acid during alcoholic fermenta-
tion18. Volschenk et al. 19 constructed an ML yeast strain by co-expressing the Schizosaccharomyces pombe gene coding for
malate permease (mae1) with the Lactococcus lactis malolactic gene (mleS) and expressed them in Saccharomyces cerevi-
siae. This recombinant yeast strain conducted the alcoholic fermentation as well as the MLF and was tolerant to very low pHs.
According to the authors, this strain of yeast was capable of completing the MLF within three to seven days post inoculation,
which was prior to completion of the alcoholic fermentation. This organism did not pose the risk of producing biogenic amines
or off-flavours associated with a spontaneous MLF, but aromatic compounds and increases in mouthfeel sensations derived
from bacterial metabolism were missing. As Bauer commented, “Replacement of malolactic bacteria by genetically engineered
yeast in all cases is thus doubtful.” 13

NON-OENOCOCCUS OENI LACTIC ACID BACTERIA STARTER CULTURES

Bacteria are present in wine at all stages of processing and storage. The surface of the grape berry, the stems, the leaves, the
soil and the winery equipment are all sources capable of injecting an assortment of LAB into grape juice and wine. However,
because of strong growth-restricting conditions, only a few groups of specialized bacteria are able to grow and thrive in grape
juice or wine> 6 and LAB predominate under the anaerobic conditions of winemaking. The LAB of wine belong to four gen-
era: Oenococcus, Leuconostoc, Lactobacillus and Pediococcus. Oenococcus oeni, formerly Leuconostoc oenos, is capable of
growth in most wines. Three species of Pediococcus and seven species of Lactobacillus are also commonly found in wine. As
discussed in previous sections, the low pH of wine determines the type of organisms which will be present. In wines of pH
below 3.5, strains of Oenococcus oeni will generally predominate, and in wines of pH above 3.5, various strains of Lactobacillus
and Pediococcus will predominate. Due to its excellent tolerance to the limiting conditions of low pH, high alcohol, high SO,
and low temperatures, coupled with its good organoleptic properties, most ML cultures employ Oenococcus oeni. However,
one starter culture was introduced using Lactobacillus plantarum. This culture was employed at the juice stage because it was
inhibited by alcohol levels in excess of 5% (v/v) and was not recoverable after the first third of alcoholic fermentation.

As mentioned above, indigenous, feral strains of Oenococcus oeni usually dominate spontaneous MLFs. However, in many
spontaneous MLFs, Pediococcus damnosus and certain Lactobacillus strains may dominate if the MLF is carried out in wines
exhibiting a pH in excess of 3.5. The application of proper microbiological selection criteria to wines in this category may lead to
the isolation of bacterial strains capable of inducing a quality MLF in high pH wines. The group from Maria Fumi7 has reported
that certain alcohol tolerant strains of Lactobacillus plantarum may reduce ochratoxin A levels in wine by 90%. This property
Is gaining interest, because in March 2005 the OIV introduced a limit for ochratoxin A in wine of 1 pg/L.
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CONTROLLING MALOLACTIC FERMENTATION
BY BACTERIOCINS AND OTHER COMPOUNDS

Historically, the use of SO, was the only means available to control or inhibit microbial growth in wine. However, concerns re-
garding possible health risks associated with SO, as well as the wine-labelling requirement to list SO, levels on the bottle, have
led to the search for alternative compounds. In 2001, the OIV authorized the use of lysozyme in wine for this purpose. Lysozyme
is an antimicrobial compound isolated from egg whites and has seen considerable use in the cheese industry. Lysozyme is only
active against Gram-positive bacteria, such as LAB, and not against Gram-negative bacteria, such as Acetobacter. It has no effect
whatsoever on yeast of any type. The activity of lysozyme is not affected by alcohol or SO, and its activity is greater at high pH.
The high cost of using lysozyme, coupled with issues regarding protein instability, is not conducive to its general use.

Bacteriocins are antimicrobial peptides or proteins that are synthesized on bacterial ribosomes. They exhibit toxicity toward
other organisms, particularly to strains closely related to the producing organism. This phenomenon effectively confers an
environmental competitive advantage on the organism. In contrast to lysozyme, bacteriocins are very specific and target
only a small group of microorganisms. They are odourless, colourless and non toxic to humans. Nisin, which is isolated from
Lactococcus lactis, is the only purified bacteriocin currently allowed for food application22. LAB isolated from wine have been
reported as being capable of producing bacteriocins and may be responsible for some of the antagonistic effects observed
among LAB in wine 19, 20, Bauer?! states “Bacteriocin production in grape must or wine may have a significant impact on the
completion of MLF." He has also shown that grape musts do not contain the required growth factors for the production of
pediocin PD-1, a bacteriocin produced by Pediococcus damnosus 2, stating, “Whether this is true for other bacteriocins has to
be assessed on an individual basis.” These peptides are stable under winemaking conditions, they do not affect yeast growth,
but they are antagonistic toward Lactobacillus, Leuconostoc and Oenococcus sp.24 The addition of nisin23 and pediocin
PD-121 to wine has been shown to prevent the growth of LAB. Nisin is inhibitory toward pediococci, Plantaricin 423 has been
reported to be very active against Oenococcus oeni25 and pediocin PA-126, a bacteriocin produced by Pediococcus acidilac-
tici, is active against most wine spoilage LAB, with the exception of Oenococcus oeni. pediocin PA-1, states Bauer, “...would
therefore be ideal as a preservative in wine where MLF, conducted by Oenococcus oeni, is wanted.” 13 Schoeman et al.26 have
cloned this gene into Saccharomyces cerevisiae. Yeast strains expressing these bacteriocins would be useful in wines where
MLF is undesired, or where undesired LAB must be inhibited. In the future, MLF conducted by bacteriocin-producing ML starter
cultures are imaginable, but the conditions and timing of inoculation have yet to be defined. In the words of Bauer, “These
‘natural” inhibitors that will improve preservation strategies, with advantages in product quality and safety, will be an important
part of future research.” 13
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Lallemand North America

Gordon Specht Sigrid Gertsen-Briand
Phone: 707 526-9809 Phone: 707 303-6333
Email: gspecht@lallemand.com Email: sigrid@lallemand.com

For more recommendations suited for North American winemaking applications, please visit us at www.lallemandwine.us

In North America, Lallemand distributes its products to the professional winemaker through the best suppliers in the wine
industry. To purchase our products, please contact one of the following:

Scott Laboratories

United States Canada

Petaluma, CA Pickering, ON

Scott Laboratories Inc. Scott Laboratories Ltd.
Phone: 707 765-6666 Phone: 905 839-9463

Fax: 707 765-6674 Fax: 905 839-0738

Email: info@scottlab.com Email: info@scottlabsltd.com
www.scottlab.com

Vinquiry
United States
Windsor, CA Napa, CA Santa Maria, CA
Phone: 707 838-6312 Phone: 707 259-0740 Phone: 805 922-6321
Fax: 707 838-1765 Fax: 707 259-0760 Fax: 805 922-1751

Email: info@vinquiry.com
WWW.vinquiry.com
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LALLEMAND
MALOLACTIC BACTERIA,
MALOLACTIC NUTRIENTS
AND LYSOZYME

MBR® OENOCOCCUS OENI CULTURES

Available through Scott Laboratories (SL) or Vinquiry (VQ)

LALVIN 31™ (SL): Enhances polyphenolic content and fruit character. Adapted to low pH and low temperature wines.
LALVIN 31™ was selected by the Institut Technique du Vin (ITV), France, and performs well under such stressful conditions as
low pH (>3.1) or low temperature (>14°C/ 57°F). Final colour intensity depends on the duration of malolactic fermentation
(MLF). By being able to carry out MLF at low temperature, LALVIN 31™ gives the winemaker control to obtain wine with higher
colour intensity and stability. LALVIN 31™ is noted for its good sensory balance in red and white wines and low production of
biogenic amines. LALVIN 31™ benefits from the addition of a malolactic nutrient such as OPTI'MALO® PLUS.

ENOFERM® ALPHA (VQ): Security and mouthfeel. Adapted to high alcohol wines.

ENOFERM® ALPHA was selected by the Institut Technique du Vin (ITV), France, from spontaneous malolactic fermentations
showing good fermentation activity and sensory contribution. ENOFERM® ALPHA is a dominant strain and has the capacity to
achieve reliable MLF and improve wine complexity. Moreover, its low production of biogenic amines respects health concerns
and regulatory limits on biogenic amines. Contrary to spontaneous MLF, the contribution of ENOFERM® ALPHA to white wine
is usually described as enhancing the mouthfeel while respecting the wine’s varietal character. The lower perception of green
and vegetative flavours is the result of the very positive impact of ENOFERM® ALPHA on wine complexity.

/>
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ENOFERM® BETA (VQ): Activity and varietal aroma. Adapted to high SO, wines.

ENOFERM® BETA was isolated in Italy and is best used to enhance tannin structure and red berry varietal character in reds.
The name “Beta” comes from its capacity to increase levels of beta-damascenone and beta-ionone, which contribute floral
notes, especially in Merlot, as shown in trials conducted near Bordeaux on a Buzet Merlot. The strain is pH tolerant to 3.2, SO,
tolerant to 60 ppm, temperature tolerant to 14°C (57°F) and alcohol tolerant to 14.5%. ENOFERM® BETA benefits from the
addition of a malolactic nutrient such as ACTI-ML.

LALVIN® ELIOS 1 (SL): Contributing tannic intensity and mouthfeel. Adapted to high alcohol wines.

LALVIN® ELIOS 1 was isolated by the Institut Coopératif du Vin (ICV) in Montpellier, France, from spontaneous malolactic
fermentations showing very good fermentation performance as well as a positive sensory profile. The ICV evaluated and com-
pared LALVIN® ELIOS 1 to several other Oenococcus oeni isolates over several years in their research winery and pilot plant.
LALVIN® ELIOS 1 consistently demonstrated good fermentation kinetics under such difficult MLF conditions as high alcohol
(15.5%). This malolactic bacteria culture enhances the perception of overall tannin intensity while avoiding green and vegeta-
tive character development.

ENOFERM® ProVino (VQ)

ENOFERM® ProVino was formerly produced by Condimenta and sold as Bitec ProVino or Bitec D. This strain of malolactic
bacteria can be used either as a direct inoculum (at much higher rates than other MBR® cultures) or as a standard culture with
a simple build-up protocol. Good when a neutral sensory effect is desired.

LALVIN VP 41™ (SL): Enhances complexity and mouthfeel. Adapted to high alcohol wines.

LALVIN VP 41™ was isolated in Italy during an extensive European Union collaboration to research natural Oenococcus oeni
strains. Numerous wineries and oenological institutes participated in this four-year effort to isolate, study and select malolactic
bacteria with unique winemaking properties. The positive mouthfeel contribution of LALVIN VP 41™ stood out in tastings when
compared to other ML bacteria strains. In temperatures below 16°C (61°F), LALVIN VP 41™ is a slow starter, but will complete
fermentation. The very good implantation, high alcohol and SO, tolerance, plus the steady fermentation kinetics of LALVIN VP 41™
make it a very reliable malolactic fermentation culture to use when a significant impact on wine structure is desired.

MALOLACTIC BACTERIA NUTRIENTS

ACTI-ML (VQ)

ACTI-ML was developed by the Lallemand R&D team led by Dr. Sibylle Krieger. For MLF in difficult wines, add ACTI-ML to
the bacteria culture’s rehydration water. ACTI-ML is a specific blend of inactive yeasts rich in amino acids, mineral cofactors,
and vitamins. These inactive yeasts are blended together with cellulose to provide more surface area to help keep bacteria in
suspension.

OPTI'MALO® PLUS (SL)

OPTI'MALO® PLUS was formulated to help support MLF in difficult wines. Add OPTI'MALO® PLUS directly to the wine before
inoculation with the malolactic bacteria culture. Do not use OPTI'MALO® PLUS during bacteria rehydration. OPTI'MALO®
PLUS is a unique blend of special inactive yeasts rich in amino acids, mineral cofactors, vitamins and polysaccharides. These
inactive yeasts are mixed together with cellulose to provide surface area to help keep bacteria in suspension and to help absorb
potential malolactic bacteria inhibitors.
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LYSOZYME FOR THE INHIBITION OF UNWANTED LACTIC ACID BACTERIA

LALLZYME® LYSO (VQ): Concentrated Lysozyme Powder.

LALLZYME® LYSO is a purified natural enzyme preparation extracted from egg whites and is specific for inhibiting Gram-
positive bacteria. LALLZYME® LYSO works by lysing the protective outer membrane of Gram-positive bacteria (See Fig. 1). It
does not inhibit yeast or Gram-negative bacteria such as Acetobacter.

Figure 1. Effect of lysozyme on Lactobacillus spp.

Before lysozyme treatment

IMAGES COURTESY OF INOVATECH

To reduce the risk of spoilage lactic acid bacteria, use LALLZYME® LYSO during:
+ Cold soak
* Spontaneous fermentations
« Sluggish or stuck alcoholic fermentations
« Extended maceration
* Micro oxygenation.

LALLZYME® LYSO-EASY (VQ): Ready-to-Use Solution of Lysozyme.

LALLZYME® LYSO-EASY is the user-friendly version of LALLZYME® LYSO that can be added directly to the must, juice or wine.
It is a very efficient lysozyme solution (22% solution, no preservatives, stable at room temperature for 12 months or longer
when refrigerated).

Lallemand’s MBR® bacteria cultures, malolactic nutrients and lysozyme enzyme preparations listed above
are available through Scott Laboratories (SL) or Vinquiry (VQ)

www.scottlab.com WWW.vinquiry.com

For more information, visit www.lallemandwine.us

Compiled by Lallemand North America in 2005. The information herein is true and accurate to the best of our knowledge; however, this commercial information is
not to be considered as an expressed or implied guarantee, or as a condition of sale of any Lallemand product.
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GUIDELINES FOR SELECTING THE APPROPRIATE LALLEMAND MBR® CULTURE

Available through Scott Laboratories or Vinquiry

There are two basic considerations when selecting an MBR® culture:
1. SECURITY - The culture’s compatibility to the wine environment
2. SENSORY - The desired contributions of the different cultures.

SECURITY: Determine the best culture suited to the wine environment

Table 1: Tolerance to difficult wine conditions

Maximum Performance Limits

MBR Culture Alcohol (%) pH Minimum o150,
temperature
LALVIN 31™ 14% >3.1 13°C (55°F) <30 ppm
ENOFERM® ALPHA 15.500 >3 14°C (57°F) <50 ppm
ENOFERM® BETA 14.5% >32 14°C (57°F) <60 ppm
LALVIN® ELIOS 1 15.5% >34 18°C (64°F) <50 ppm
ENOFERM® ProVino 13% >32 18°C (64°F) <20 ppm
LALVIN VP 41™ 15.5% >3) 16°C (61°F) <60 ppm

Note: These are not the preferred conditions for successful MLF. The levels listed above are the limits the cultures can
normally tolerate. These stressful factors are cumulative and should be considered together.

Table 2: Guide for selecting bacteria under difficult conditions

Difficult Condition Best Choice

High alcohol LALVIN VP 41™, LALVIN® ELIOS 1, ENOFERM® ALPHA

Low pH LALVIN 31™, ENOFERM® ALPHA

Low temperature LALVIN 31™, ENOFERM® ALPHA, ENOFERM® BETA

High SO ENOFERM® ALPHA, ENOFERM® BETA, LALVIN VP 41™, LALVIN® ELIOS 1

Note: The recommendations above are not listed in order of preference. The four main limiting conditions (alcohol, pH,
temperature and SO,) have a cumulative stress effect on the cultures.
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SENSORY CONTRIBUTIONS: Select a culture based on typical sensory contributions
White and rosé wines
Varietal
aromas
Beta
? /
Structure ——
\/ Mouthfeel
Fermentative
aromas
Red
fruit
Strong '.
tannins i
Soft
\/tannins
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Mouthfeel
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Wine Style... Techniques for Success

GOAL: Ultra Premium

Cabernet Sauvignon
Sycamore Vineyard, Napa Valley

from nase,,

" D

Grape Handling

Source:

Expertise provided by Tim Bell, Freemark Abbey Winery, California
Interview courtesy of Scott Laboratories www.scottlab.com

Tim has an Oenology degree from the University of California, Davis and has worked at wineries in Napa,
Sonoma and Monterey counties before becoming the winemaker at Freemark Abbey Winery in St. Helena,

California.

ULTRA PREMIUM CABERNET SAUVIGNON

Juice or Must Treatment

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

OCTOBER 2005

Wine Stabilization

Handpick in half-ton bins in
early AM

Vineyard is located
~10 minutes from winery

Incoming fruit temperature
~18°C (65°F)

Harvest parameters:

24.5-26° Brix; 3.6-3.8 pH
(adjust to 3.65 pH);

0.60-0.65 g/100 mL TA in must
Sort clusters and destem

Sort berries and remove leaves
and stems

Add 40 ppm of SO, at crusher
Add macerating enzymes

Cold soak at 16-18°C (60-65°F)
for 24-48 hours

Ferment in 8-ton open-top
fermenters

Add properly hydrated LALVIN
ICV D21™ and FERMAID® K to
the must

Adjust Yeast Available Nitrogen
(YAN) with DAP 1-2 days after
yeast addition

Add Opti-Red® at
2.5 1b/1000 gal (31g/hL)

Set temperature to 29°C (85°F)
and eventually let fermentation
increase to 31°C (88°F)

Add additional FERMAID® K at
third to half sugar depletion

Pumpover with aeration in early
fermentation, twice per day for
20-30 minutes each

Extended maceration on third to
half fruit for 8-10 days

Extended maceration on remain-

der of fruit for 25-28 days

Inoculation

Add LALVIN VP 41™ during
extended maceration when AF
is complete

Add OPTI'MALO® PLUS

Management

Ambient temperature 18-21°C
(65-70°F)

Drain, press to stainless steel
tank

Enzymatically verify whether
MLF is complete before going
to barrel

Adjust total SO, to 40 ppm

Rack once or twice in tank for clarification prior
to going to barrel

Top barrels regularly

Caution:
Avoid temperature shock to
the yeast!

Caution:
Wait until AF is complete
before adding bacteria!

Caution:
Complete MLF before sending
to barrel

Caution:
Monitor VA, SO, and taste frequently

Recommended selections for
primary fermentation:

Yeast:
LALVIN ICV D21™

Nutrients:
FERMAID® K,
DAP (if needed)

Other:
Macerating enzymes,
Opti-Red®

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN VP 41™

Nutrient: OPT'MALO® PLUS







Wine Style... Techniques for Success

GOAL: High Alcohol Red

from nase,,

" D

Grape Handling

Juice or Must Treatment

Source:

Expertise provided by Miro Tcholakov, Trentadue Winery, California
Interview courtesy of Vinquiry www.vinquiry.com
Miro is the winemaker at Trentadue Winery in the Alexander Valley and a consultant in the United States
and his native land, Bulgaria. He also has his own label of Ultra Premium Reds. Miro has over 15 years of
winemaking experience in Sonoma County and specializes in Zinfandel and Petite Sirah.

HIGH ALCOHOL RED

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

OCTOBER 2005

Watch out for:
* Potential alcohol
* Brettanomyces spoilage

Malolactic Fermentation

Wine Stabilization

Grape maturity parameters:
even ripening within cluster,
sensory evaluation, colour

Harvest at night when tempera-
tures are cooler

Assess incoming fruit integrity.
Depending on status, add up to
40 ppm of SO,

If bacterial loads are high,

Cold soak at ~13°C (55°F) for 3-

4 days then re-evaluate potential
alcohol for yeast strain selection

Check for Yeast Available Nitro-
gen (YAN)
Target: 350-400 ppm of Ny

Add macerating enzymes and
tannins for extraction and colour
stabilization

Adjust Yeast Available Nitrogen
(YAN) with complex yeast
nutrient and DAP; add half at
inoculation, half before 12° Brix
point or upon HaS formation

Add 2 Ib/1000 gal (25 g/hL)
properly rehydrated LALVIN®
12056 or LALVIN ICV D254™

Maintain active starter culture

Set fermenter temperature
control to 24-26°C (76-78°F)

Perform aerative pumpovers
twice a day (a third of fermenter
volume) until end of AF

When alcohol reaches ~ 149,
inoculate with starter (up to
50% volume) of UVAFERM® 43
or LALVIN® DV10 to ensure

Inoculation
Delay MLF until AF is complete

Drop temperature to 20-21°C
(68-70°F)

Tank fermentation preferred
due to temperature control
(space dependent)

Inoculate with ENOFERM®
ALPHA

Maintain temperature at
~20-21°C (68-70°F)

Stir/mix once daily

Post MLF, rack with aeration and add 40-50
ppm of SO

Adjust pH and acidity by taste

After settling, rack to barrels and adjust free
SO; to 25-30 ppm depending upon pH

monitor temperature, watch for
H,S production

freeze-dried cultures

) . of UVAFERM® 43 or LALVIN® | completion of fermentation
consider using lysozyme DvIo
Evaluate potential alcohol and Drain/press at dryness
hydrate as necessary Post pressing, check residual
sugar. If not dry, continue fer-
mentation
Use yeast hulls if sluggish
Caution: Caution: Caution: Caution: Caution:
Avoid temperature shock! Keep checking potential alcohol, | Practise proper rehydration of | Avoid air exposure Monitor wines for VA

Recommended selections for
primary fermentation:

Initial Yeast:
LALVIN® [ 2056 or LALVIN ICV
D254™

Finishing Yeast: Uvaferm® 43
or Lalvin® DV10

Nutrients: GO-FERM®,
Complex yeast nutrient such as
FERMAID® K or ACTIFERM 1
and 2, DAP (as needed)

Other: Macerating enzymes,
oenological tannins, lysozyme
if needed

Recommended selections for
secondary fermentation:

Bacteria:
ENOFERM® ALPHA

Nutrients:
ACTI-ML







Wine Style... Techniques for Success

GOAL: Bordeaux-Style Red

Rutherford estate-grown Cabernet sauvignon, Merlot,
Cabernet franc, Petit verdot and Carmenére

from nase,,

" D

Grape Handling

Juice or Must Treatment

Source:

Expertise provided by Aaron Pott, Quintessa, California

Interview courtesy of Scott Laboratories www.scottlab.com

Aaron has an Oenology degree from the University of California, Davis, and a master's degree in Viticulture
from the Université de Bourgogne, in Dijon, France. He began his winemaking career in the Napa Valley
and then spent five years winemaking in France. He acted as a consulting winemaker for Beringer Vine-
yards from 1999-2003, primarily for overseas projects. In 2004, he joined Quintessa as winemaker.

BORDEAUX-STYLE RED

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

OCTOBER 2005

Wine Stabilization

3.9 pH; 0.4-0.8 g/100 mL TA

No adjustment made to must
or wines

Hand harvest early AM
Cluster sort at destemmer

Berry, leaf and stem sort then
crush

Harvest data: 24-29° Brix; 3.4-

Add 40-80 ppm of SO, at crush

Cold soak at 10°C (50°F) for
2-10 days

Add properly rehydrated
LALVIN ICV D254™

Add 2 Ib/1000 gal (25 g/hL)
FERMAID® 2133 at start of
ferment

Add DAP as needed to adjust
nitrogen

Add 2.5 1b/1000 gal (31 g/hL)
Opti-Red® ~1/4 sugar
depletion add an additional
2 1b/1000 gal (25 g/hL)
FERMAID® 2133

Practise pumpovers and
délestage (rack and return)

- frequency depends on grape
variety

Start fermentation at 32° (90°F)
and ramp up to 35°C (95°F)

Practise extended maceration for
3-8 weeks depending on variety

Post AF extended maceration,
drain and press directly to barrels

Inoculation

Inoculate in barrel with
LALVIN® ELIOS 1

Management
Stir lees once per week

MLF is complete mid-late
December

Rack to tank, clean barrels, adjust SO and
return wine to barrel

Rack to clarify every 3-4 months

All clarification is done by settling in barrels or
after blending in tank

No filtration or clarification prior to bottling

Caution:
Avoid temperature shock to
the yeast!

Recommended selections for
primary fermentation:

Yeast:
LALVIN ICV D254™

Nutrients:
FERMAID® 2133,
DAP (if needed)

Other:
Opti-Red®

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN® ELIOS 1







Wine Style... Techniques for Success
GOAL: Ultra Premium
Napa Valley Merlot

Grape Handling

Source:

Expertise provided by Kenn Vigoda, Raymond Vineyard and Cellar, California

Interview courtesy of Scott Laboratories www.scottlab.com

Before using his winemaking degree in organic chemistry to make ultra premium wines, Kenn worked as
an analytical chemist at a wine laboratory in Napa. He has been the winemaker at Raymond Vineyard and

Cellar since 1983.

ULTRA PREMIUM NAPA VALLEY MERLOT

Juice or Must Treatment

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

OCTOBER 2005

Wine Stabilization

Harvest parameters: 4-6 tons/

In healthy fruit, no SO; is added

Add properly rehydrated

10-15 ton fermenters

Inoculation

Add malolactic nutrient and

ML is completed in tank usually

After MLF, add SO5 to 60 ppm total

Wait until AF is complete
before inoculating with MLB

S IYAIEC Rriye - . ™ ™ N 9-
gc;i’) ?g?]%OBn:ty ?Air?r?ﬁgs'-tl If fruit is compromised, add LAVIN'ICV D254 Target fermentation temperature g:reen defoinLr\]/;N VP4 in 2-4 weeks Rack off lees to barrels (all new oak, 60%
o 40 ppm of free SO, Add complex yeast nutrient at | 24-25°C (75-77°F) Y American, 40% French)
Hand harvested If fruit is herbaceous/vegetative, the beginning of fe(menta—l Pumpover twice daily for ~30-40 No lees stirring
. . - tion and once or twice during .
All vineyards are 5-20 minutes | add macerating enzymes } minutes ' .
¢ k fermentation Rack once during 12-18 month barrel aging
fom winery Make 1-2 small oenological tan- Aerate during pumpovers for
. o g Adjust Yeast Available Nitrogen | .. g pump Cold stabilize in barrel
Destem and crush gently nin additions . : first 3 days
(YAN) in must using DAP Blend wine in stainless steel tank. no fini
209 whole berries No cold soak Press at ~4-5° Brix (usually 5 end wine In stainiess steet tank, no fining
Add lysozyme iffruit has rot days) DE and sheet filter prior to bottling
and/or microscope indicates lactic Complete AF in stainless steel
acid bacteria tank
Caution: Caution:

Check VA, SO levels

Taste and top barrels on a regular basis

Recommended selections for
primary fermentation:

Yeast: LALVIN ICV D254™

Nutrients:

Complex yeast nutrient such as
FERMAID® K,

DAP (if needed)

Other: Oenological tannins,
macerating enzymes, lysozyme
(if needed)

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN VP 41™

Malolactic nutrient such as
OPTI'MALO® PLUS







Wine Style... Techniques for Success

GOAL: Ultra Premium Barrel-Aged Red

Napa and Sonoma Counties, California
(Suggested retail: ~$70/bottle)

ULTRA PREMIUM BARREL-AGED RED

from nase,,

" D

Grape Handling

Juice or Must Treatment

Source:

Interview courtesy of Vinquiry www.vinquiry.com

Yeast Inoculation

Yeast Fermentation

Expertise provided by an award-winning winemaker with experience in ultra-premium Bordeaux varietal
production in Napa and Sonoma Counties

Malolactic Bacteria

OCTOBER 2005

Watch out for:

* HyS production

« Nutrient deficiencies
* High pH
« Potential alcohol

Malolactic Fermentation

Wine Stabilization

Grape maturity parameters for
harvest:
(1) By analysis: °Brix, pH, TA

Cold soak for ~2 days

Sample for Yeast Available

Hydrate 2 1b/1000 gal
(25 g/hL) LALVIN® 12226
with 2.4 b/1000 gal (30 g/hL)

Set the tank jackets to 29°C
(85°F)

Inoculation

Inoculate with ENOFERM®
ALPHA at the end of AF during
or after pressing

Monitor malic acid degradation
and VA

Check for completion of MLF (barrel compos-
ite or tank sample) by enzymatic testing for
L-malic acid

SO; for volume increase

. . Nitrogen (YAN) ) ® Perform aerative pumpovers
g?tgrzisxpaerzje?l;s;)tjhreo?tl?rcizls GO-FERM during the first 2 days of active Adjust temperature to ~21°C Rack-off lees to tank and retest for L-malic acid
8 ! Add 11b/1000 gal (125 g/hL) | fermentation (70°F) at ML inoculation N .
seed colour and texture Upon confirmation of MLF completion, add
FERMAID® K and 2 Ib/1000 gal . . .
. Press when AF is complete Perform MLF in barrel with between 0.4-0.5 molecular SO; and return
Crush and destem (25 g/hL) DAP (if necessary) o ; -
- ; . cave temperature of 14°C wine to barrels for aging
. prior to inoculation N -
Measure for potential alcohol (58°F) or ferment in tank Separate and retain lees for volume recover
and hydrate as needed Add 1 1b/1000 gal (12.5 g/hL) (as space allows) for better P y
) . FERMAID® K and (if neces- temperature control
Adjust SO, based on adjusted sary) additional DAP at a third
volume .
sugar depletion
Caution: Caution: Caution: Caution: Caution:
Recheck °Brix after overnight Warm must to 18-21°C Watch for H,S formation Monitor for spoilage organisms; | Watch for spoilage organisms
soak; add more Hy0 and adjust | (65-70°F) prior to inoculation check VA weekly

Recommended selections for
primary fermentation:

Yeast:
LALVIN® [2226

Nutrients:
GO-FERM®, FERMAID® K and
DAP (if needed)

Recommended selections for
secondary fermentation:

Bacteria:
ENOFERM® ALPHA

Nutrients:
ACTI-ML







Wine Style... Techniques for Success

GOAL: Premium Syrah

“EXP" Label (Suggested retail $10-15)
Bright fruit, round mouthfeel, not overly extracted

Grape Handling

Juice or Must Treatment

Source:

Expertise provided by David Sorokowsky, Research Oenologist and Viticulturist, The RH. Phillips Vineyard,

California. Interview provided courtesy of Scott Laboratories www.scottlab.com

David has a degree in Biochemistry from the University of Toronto and a degree in Oenology and Viticul-

Watch out for:

« Stuck fermentations due to high alcohol

* HyS production

ture from Brock University. A native of Quebec, he previously worked at Hillebrand Estates and Lakeview
Cellars in Ontario. The R.H. Phillips Vineyard strives to combine the best of analytical technology with
human talent to achieve the maximum potential from their wines.

PREMIUM SYRAH

Yeast Inoculation

Yeast Fermentation
Management

Malolactic Bacteria
Inoculation

Malolactic Fermentation
Management

« Over-extraction of tannins

Wine Stabilization

OCTOBER 2005

Harvest parameters are based on
flavour - looking for “ripe, jammy”
fruit, typically at ~27° Brix when
grape begins to shrivel

Crush and destem

Add 50 ppm of SO and 2 g/L
tartaric acid at crusher

Minimum 24-hour cold soak at 13°C

(55°F)

If fruit has harsh or astringent tannins,

cold soak is extended to 72 hours

Add macerating enzyme (light dose)
depending on fruit maturity, vineyard
history and tannin content

Adjust pH/TA with tartaric acid if
needed

Add 2Ib/1000gal (25 g/hL) complete
yeast nutrient, 2 [b/1000 gal
(25 g/hL) DAP and micronutrients

Inoculate with
2 1b/1000 gal (25 g/hL) properly
rehydrated yeast

Yeast selection is determined by
sensory goals, alcohol tolerance,
fermentation kinetics

~50% fermented with LALVIN ICV
D254™ (“workhorse,” fruit expres-
sion, alcohol tolerance, mouthfeel)

Remainder fermented with a
combination of LALVIN ICV D80™
(bright fruit), LALVIN ICV D21™
(richness), and LALVIN® 12056 or
LALVIN ICV GRE™ (soft wines with
bright fruit)

Watch for H,S or sluggish fermenta-
tions and add additional nutrients if
needed and increase pumpovers with
aeration

Begin ferment at 18°C (65°F) and
increase temperature to 24°C (75°F)

Some lots are fermented to 27°C
(80°F) to increase phenolic extraction

Pumpover using venturi to add Oy
twice a day, full tank volume

Add 2 1b/1000 gal (25 g/hL) complete
yeast nutrient and 2 1b/1000 gal
(25 g/hL) DAP at ~20° Brix

Analytically monitor phenolics daily
and reduce to one pumpover per day
if extraction is high

Press based on sensory and target
phenolic numbers, not residual sugar

Keep free-run and press fractions in
separate tanks

After AF is complete, inoculate with
MLB in stainless steel tank

Add ML nutrients

Maximum temperature at inocula-
tion is 23°C (74°F)

If tank gets too cold, heat exchange
to 21°C (70°F)

Analytically monitor malate every
other day

As malate starts to decrease, wines
are often moved to barrel to finish
MLF

SO, additions are delayed if diacetyl
is detected, to allow for it to be
re-metabolized

Rack off lees after MLF is complete

Rack wines before sending to barrel
Maintain SO, at ~30 ppm

Additions and topping done monthly
Rack to tank quarterly

Fine with gelatin if needed

Age in barrel ~18 months

Crossflow and sterile filtration prior to bottling

Caution:
Practise proper yeast rehydration

Caution:

For lower H;S formation, keep fer-
ment temperature cool (~24°C/75°F)
and aerate during pumpovers
(especially during growth phase)

Caution:
Wait until alcohol ferment is com-
plete before inoculating MLF

Caution:
Monitor temperature

Cold temperatures are a problem
later in the season

Caution:

Monitor VA and sulphites before all rackings

Recommended selections for
primary fermentation:

Yeast:

LALVIN ICV-D254™,

LALVIN ICV-D80™, LALVIN
ICV-D21™, LALVIN ICV-GRE™ or
LALVIN® 12056

Nutrients:

Complex yeast nutrient such as
FERMAID® K, vitamin complex,
DAP

Other:
Macerating enzymes (fruit
dependant)

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN 31™, LALVIN VP 41™

Nutrients: Malolactic bacteria nutri-
ent such as OPTI'MALO® PLUS







Wine Style... Techniques for Success

GOAL: Quick-to-Market Reds

from nase,,
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Grape Handling

QUICK-TO-MARKET REDS

Juice or Must Treatment

Source:

Expertise by Tom Westberg, Echelon Vineyards, California
Interview courtesy of Scott Laboratories www.scottlab.com
Before joining Echelon in mid-2001, Tom was the winemaker at Peachy Canyon Winery in Paso Robles,

OCTOBER 2005

Watch out for:
« Winery sanitation
* Excess sulphur compounds in the vineyard

California. His long experience with Central Coast grapes and growers is a significant asset for Echelon,
known for sourcing exceptional fruit from emerging areas. Echelon creates award-winning reds that are
ready-to-drink upon release.

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

« Oxidation

Wine Stabilization

Harvest grapes to taste
(~24-26° Brix)

Destem
Add 40 ppm of SO; at crusher
Retain 35-40% whole berries

Hydrate as needed to achieve
alcohol potential of 13-14%

Add tannins at crusher

Adjust acid to 0.6-0.7 g/100 mL
and 3.5 pH

Cold soak 36 hours at 15.5°C
(60°F)

Pumpover 2-3 times per day with

aeration through a screen

Add

2 1b/1000 gal (25 g/hL) of
properly hydrated yeast at first
pumpover

Add all nutrients at same time
as yeast

Yeast selection is based on
wine style as well as tempera-
ture and alcohol tolerance

Ferment at 27°C (80°F) (maxi-
mum temperature under the cap
29-30°C / 85-86°F)

Press at 0° Brix, with no press
fractions

Extended maceration for wines
needing more colour extraction

Settle and rack off lees

Inoculation

Inoculate with LALVIN 31™ or
LALVIN VP 41™ in tank with
staves

Use ML nutrients only if MLF
is sluggish

Keep wine at 18°C (65°F) and
pH 3.45-3.55

Twice per week, monitor
temperature, TA and taste

Roll tanks every 10 days

After MLF is complete, rack off lees and send
wine to barrels or stave tanks

Add 50 ppm of SO, and maintain at 30 ppm
of free SO,

Top barrels every 6-8 weeks

Roll tanks once a month

Prior to bottling DE/Pad or crossflow filter
Al wine is bottled within 6-12 months

Caution:
Watch temperatures closely

Caution:
Monitor VA weekly

Recommended selections for
primary fermentation:

Yeast:

LALVIN ICV D254™  LALVIN
ICV D80™, LALVIN ICV D21™
or LALVIN ICV GRE™

Nutrients:
Complex yeast nutrient such as
FERMAID® K, DAP, yeast hulls

Other:
Macerating enzyme, oenologi-
cal tannins, oak products

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN 31™ or LALVIN VP 41™

Nutrients:
Not used unless MLF is
sluggish







Wine Style... Techniques for Success
GOAL: Grenache Rhdne Blend

Light Fruity Red

Grape Handling

Source:

Expertise provided by Don Brady, Robert Hall Winery, California

Interview courtesy of Scott Laboratories www.scottlab.com

Watch out for:
* Adequate maturity from the vineyard
« Over aeration at any point

Texas born and bred, Don Brady began his successful career in his home state. He relocated to California
and is Director of Winemaking at Robert Hall Winery, an ultra premium winery in Paso Robles, California.

GRENACHE RHONE BLEND

Juice or Must Treatment

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

Wine Stabilization

OCTOBER 2005

Harvest parameters:
Field tasting for maturity
25-27° Brix

Hand harvest

Add 50 ppm of SO, at the
winery

Crush with very tight rollers

Add macerating enzymes at
crusher

If must/juice is hot, chill before
fermentation

Adjust pH/TA on second day as
needed

If needed, bleed juice for more
intense colour

Rehydrate 2 Ib/1000 gal
(25 g/hL) of yeast with
GO-FERM® and add when
crushing

Add complex yeast nutrient at
36 hours

Add DAP at 60 hours

Add 2 Ib/1000 gal (25 g/hL) of
Opti-Red® at first pumpover

Cool ferment early (maximum
temperature 29°C (85°F) and
allow to warm up at the end

Pumpover 3 times per day with
75% volume

Inject air during all pumpovers

Press ~day 8 when colour to
tannin ratio is 2:1

Settle for 36-48 hours

Rack to barrels

Inoculation

Inoculate with LALVIN® ELIOS 1
in tank when AF complete

Rack to barrels

Management
Check ML status weekly

Confirm completion twice then
add 75 ppm of SO,

Rack in spring
Maintain SO, at 25-32 ppm

Top barrels monthly

Following spring, rack, filter through DE, and

bottle

Caution:
Practise good yeast rehydration!

Caution:
Inoculate MLF when AF is
complete

Recommended selections for
primary fermentation:

Yeast:
LALVIN ICV GRE™

Nutrients:

GO-FERM®,

Complex yeast nutrient such as
FERMAID® K,

DAP

Other:
Macerating enzyme,
Opti-Red®

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN® ELIOS 1







Wine Style... Techniques for Success

GOAL: Ultra Premium Barrel-
Fermented Chardonnay

California Central Coast

Grape Handling

Juice or Must Treatment

Source:

Expertise provided by Kirby Anderson, Gainey Vineyard, California
Interview courtesy of Vinquiry www.vinquiry.com
Kirby has been the winemaker for Gainey Vineyard in Santa Ynez, California, since 1997. He is also developing
the winestyles of Gainey's new Santa Rita Hills vineyard, Evans Ranch. He studied Viticulture at the University
of California, Davis, and has held a variety of positions in many of California’s prime viticultural regions.

ULTRA PREMIUM BARREL-FERMENTED CHARDONNAY

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

OCTOBER 2005

Watch out for:
« H,S formation

Malolactic Fermentation

Wine Stabilization

Assess grape maturity by °Brix,
pH, TA as well as observing
plant health, seed and stem
maturity and tasting crushed
vineyard samples for flavour
development

Target less than 1% solids after
settling

Inoculate with LALVIN ICV
D254™, ENOFERM® T306, or
ENOFERM ICV D47™ in tank
before racking to barrels

Make 2 additions of CEREVIT®,
FERMAID® K and DAP

(if needed) to bring Yeast Avail-
able Nitrogen (YAN) to at least
250 ppm

Inoculation
Delay MLF to end of AF

Inoculate with rehydrated
ENOFERM® ALPHA directly
in barrel

Maintain barrel room at 20°C

Stir barrels once per week until
completion of MLF

Monitor L-malic acid levels;
MLF considered complete
when at or below

Post MLF, add 30 ppm of SO,. General target
is about 25 ppm of free SOy, but adjustments
are made for pH

Post MLF, barrel room maintained at 13°C
(55°F) for “cold hold”

Sparge tanks with CO; to avoid ;:reStl:; l{if:]:st:ent wddton fe (68°F) 20 mg/100 L Wine remains in lees contact until racked for
i bottling
Oz pickep Second half nutrient addition at o )
Whole cluster pressing with around 18° Brix Remaining lees is further settled for volume
cold settling overnight at Barrel room ambient temperature o
~13°C (55°F) ~18°C (65°) P Filtration for bottling ranges from unfiltered
After pressing, add ~50 ppm to 0.45 pm. Factors: price point, partial ML,
of SOP & PP Fermentation temperature peaks microbial history
2 ~76-79°F (24-26°C)
fineeded, adust aidy Retain solids post fermentation
for extended lees contact
Caution: Caution: Caution:
Acclimatize yeast to must NO oxygen! Avoid oxygen!

temperature

Recommended selections for
primary fermentation:

Yeast:

LALVIN ICV D254™,
ENOFERM® T306, ENOFERM
ICV D47™

Nutrients: CEREVIT®,
FERMAID® K, DAP

Recommended selections for
secondary fermentation:

Bacteria:
ENOFERM® ALPHA







Wine Style... Techniques for Success
GOAL: Ultra Premium Pinot Noir

California Central Coast

from nase,,

" D

Grape Handling

Juice or Must Treatment

Source:

Expertise provided by Brett Escalera, Fess Parker Winery, California

Interview courtesy of Scott Laboratories www.scottlab.com
Brett began his winemaking career in the cellar at Santa Barbara Winery then moved to Byron as an
oenologist after obtaining his master's degree from Fresno State University. He has been at Fess Parker

OCTOBER 2005

Watch out for:
« Suspect fruit. Vigilant sorting needed to eliminate
undesirable fruit, leaves and stems

Winery in Los Olivos since 1996 and has moved up in the ranks to become the Director of Winemaking
and Vineyard Operations.

ULTRA PREMIUM PINOT NOIR

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

* HyS production, especially when fruit is from low
vigour sites and stressed vines

Wine Stabilization

Destem 100%
Retain 30-35% whole berries

Typical grape maturity
parameters:
24.5-25.5° Brix
3.5-3.45 pH

0.60-0.80 g/100 mL TA

Target alcohol potential 14-15%
Add 50 ppm of SO; to crusher

Cold soak for 48-96 hours
depending on tank availability

Add macerating enzyme 24 hours
post crush

Ferment 50% of volume
in closed top fermenters
(pumpover)

Ferment 50% of volume in open
top fermenters (punchdown)

Punchdown or pumpover tank 1-
2 times during 24-hour cold soak

Gas headspace with CO, or add
dry ice if temperature drop is
desired

Inoculate with 2 1b/1000 gal
(25 g/hL) of properly hydrated
yeast

In difficult fermentation
conditions, rehydrate with
GO-FERM®

Yeast selection based on grape
compatibility and desired wine
style

Closed top fermenters: pumpover
to submerge cap 2-3 times per
day through a stainless steel
sump cart with screen to aerate
wine and remove seeds (if
desired)

Open top fermenters: punch-
down cap 2-3 times a day until
cap completely submerges

Target fermentation temperature:
31°-32°C (88°-90°F)

Consider additional nutrients if
fermentation becomes sluggish

Press within 24 hours of dryness

Inoculation

Consider 1.5 1b/1000 gal
(19 g/hL) of OPTIMALO® PLUS
if needed

Target temperatu re:
~21°C (70°F)

Inoculate with LALVIN VP 41™
in stainless steel tanks just prior
to or immediately after pressing

48 hours after pressing, rack
settled wine to barrels

Management

Target temperature:
~18°-20°C (66°-69°F) during
MLF

Do not stir or move wine until
MLF is complete

Add SO, as soon as MLF is complete
Rack wine twice prior to blending and bottling
Wash barrels at each racking

Consider light egg white fining for excessively
tannic wines

Crossflow filter ~24 hours prior to bottling

Caution:
Consider chilling if fruit arrives
hot and must is excessively warm

Caution:
Rehydrate yeast properly
- avoid temperature shock!

Caution:
Watch for HyS production

Caution:
Do not inoculate MLF until AF
is complete

Caution:
Monitor wine temperature

Caution:
Maintain adequate free SO, levels (~30 ppm)
post MLF and during barrel aging

Recommended selections for
primary fermentation:

Yeast: LALVIN® RC212,
LALVIN® RA17,
or LALVIN® W15

Nutrients:
FERMAID® K and/or
GO-FERM®

DAP (if needed)

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN VP 41™

Nutrients:
Add OPTI'MALO® PLUS only if
AF is problematic







Wine Style... Techniques for Success

GOAL: Ultra Premium

Cabernet Sauvignon
Domain Saint Hilaire, Montagnac, Languedoc, France

from nase,,

" D

Grape Handling

Juice or Must Treatment

Source:

Expertise provided by Sam Harrop of Harrop Wine Consultancy
www.hweonsultancy.com

Sam is consulting winemaker for a number of Domaines throughout the world. He is also a partner in a win-
ery in the Roussillon region of France. Prior to establishing his consultancy, he was wine buyer/winemaker

for Marks and Spencer in the United Kingdom. He is a Master of Wine.

ULTRA PREMIUM CABERNET SAUVIGNON

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

OCTOBER 2005

Watch out for:
« Formation of excessive volatile aromas before, during
and after fermentation - work towards absolute purity

Malolactic Fermentation

and enhanced flavour definition
* Excessive dryness - work towards a supple, balanced
texture

Wine Stabilization

Thin shoots early to expose
developing berries to sunlight,
accelerating phenolic and
flavour ripeness

Hand pick grapes at flavour and
phenolic ripeness

Yield: 1.5 tons/acre

Potential alcohol between

Add acid (if needed) to keep pre-
ferment pH between 3.4-3.5

Add LALLZYME® EX macerating
enzyme

Gently plunge to mix enzymes
and acid

Cold soak at temperature of
incoming fruit, at ~7-10°C

After cold soak, add 25 g/hL

(2 Ib/1000 gal) properly
hydrated LALVIN ICV D254™ or
LALVIN ICV D80™

After yeast inoculation, add
25 g/hL (2 1b/1000 gal)
FERMAID® K

Add 10 g/hL (0.8 Ib/1000 gal)
DAP at ~14° Brix

If fruit has good phenolic and
flavour ripeness, ferment cool
at ~22-25°C (72-77°F) to retain
fruit intensity and definition

Gently hand plunge in open top
vessel twice a day

Small batch fermentations are
easier to handle, but watch for
sulphides and take corrective

Inoculation

Batch 1: Post AF, inoculate
with ENOFERM® BETA directly
in 500 L oak barrel

Add ACTI-ML to wine

Batch 2: Post AF, rack to
tank for inoculation with
ENOFERM® BETA

Add ACTI-ML to wine

Management

Maintain temperature between
18-20°C (64-68°F)

Stir wines every 2 weeks

Regularly monitor MLF
progress

When MLF is complete, add
30 ppm of SO (ideal target
for microbe control is 0.5

Batch 1: Rack off gross lees, clean barrels and
return wine to barrels

Batch 2: Rack off gross lees and send this
batch to older barrels

Total barrel mix for both batches is 35% new
French oak, 35% 1-year French oak, and 35%
2-year French oak

Monitor SO; every 4 weeks and maintain 0.5
molecular SO; to control Brettanomyces

Practise good hygiene

Do not add DAP during yeast
rehydration

Monitor VA and microbes

If sulphides develop, plunge ex-
cessively more than once per day
and délestage (rack and return)
at mid-fermentation

-149 -50° A

13-14% (45-50°F) for 24 hours action if needed Rack wine to barrels o com- molecular SO7) ree i bl with o

Hand sort before destemming . I plete MLF No lees stirring after MLF ge for 12-14 months in barrel with only 2
Split fermentations into 2 rackings. At first racking, blend the batches to

30 ppm of SO; added to tank volumes: Maintain aging temperature homogenize flavour, texture and microbial

before and after destemming Batch 1 (25% vol): Drain off at below 15°C (59°F) stability

. 10 g/L residual d rack t . .

Do not crush! Whole berries 5%5/ L [:Z‘SAI’ ;Jr aenScLllwg(a);lf T)arrraecl fo(r) Regularly top barrels, monitor VA, volatile

foernf[rlglt sgtneizs(let)\(/t,rgftfig?‘tlon and MLF — Keep pressings separate phenols and sulphides

g to avoid excessive bitterness and After aging, rack and adjust SO; then, if
green flavours needed, gently fine wine with egg whites
Batch 2 (75% vol): Drain off . o
after 5-10 days extended macera- Prior to bottling, filter lightly and settle for
tion (70°F) 30 days at 10°C (50°F)

Caution: Caution: Caution: Caution: Caution:

Monitor VA levels and un-
wanted microbes, especially if
off-flavours develop

Avoid Brettanomyces by maintaining good
SO, levels especially over holidays and during
warm months

Recommended selections for
primary fermentation:

Yeast:
LALVIN ICV D80™, LALVIN ICV
D254™

Nutrients:
FERMAID® K, DAP

Other:
LALLZYME® EX

Recommended selections for
secondary fermentation:

Bacteria:
Enoferm® Beta

Nutrients:
ACTI-ML







Wine Style... Techniques for Success
GOAL: Ultra Premium Merlot

MLF in barrel with yeast biomass stirring

from nase,,
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Grape Handling

ULTRA PREMIUM MERLOT

Juice or Must Treatment

Source:

Expertise provided by Dominique Delteil

Dominique is the former scientific director of ICV and has been a winemaking consultant in more than
10 countries during the last 10 years. To contact him, please email dominique.delteil@wanadoo.fr

Yeast Inoculation

Yeast Fermentation

OCTOBER 2005

Watch out for:
« Formation of oxidized characters and sulphur-derived

Malolactic Bacteria

odours and flavours
« Growth of undesirable organisms

« Oak and alcohol-induced formation of bitterness and
mouthfeel dryness

Malolactic Fermentation

Wine Stabilization

Harvest grapes when pulp
and polyphenolic maturity is
optimal

Alcohol potential should be
13-15%

Add 30 ppm of SO; just before
destemming

Destem and crush berries
gently

Add maceration enzymes

Add tartaric acid to achieve a pH
of 3.5-3.6

Ferment with

LALVIN ICV D254™,
LALVIN ICV D80™, or
LALVIN ICV D21™

Yeast dosage: 25 g/hL below
13.5% alcohol potential and
30 g/hL for alcohol potential
above 13.5%

Rehydrate yeast with
GO-FERM®

Management
Add FERMAID® K at inoculation

Note: DAP addition is not recom-
mended

Add additional FERMAID® K at
1/3 sugar depletion

Follow good fermentation prac-
tices, especially in high potential
alcohol must, including aeration,
temperature management and
good cap management

Macerate longer than 21 days

As needed:
Add BoosterRouge to taste

Eliminate heavy lees at the end of
maceration:

« drain to tank

* settle 24 hours

« barrel down off heavy lees

Inoculation

Adjust wine temperature to
18°C (65°F)

Rehydrate LALVIN® ELIOS 1 as
instructed

Use ML nutrient, OPT'MALO®
PLUS as instructed

Inoculate with rehydrated
LALVIN® ELIOS 1 directly into
barrels

|deally maintain the
wine temperature at
18°C (65°F)

Stir lees weekly

As soon as MLF is complete, add SO, and
tartaric acid during a stirring

Target a pH of 3.6-3.7 and add 15-25 ppm SO,
to reach a minimum of 0.5-0.7 molecular SO;

Stir lees every day for 2 to 3 days then pump
wine and lees to tank

Readjust SO; to 15-25 ppm free SO, (target
0.5-0.7 ppm molecular SO7)

Adjust wine temperature to 15°C and leave in
tank for 24 hours

Rack off heavy lees and return to barrels

Stir lees once a week for the first month, then
twice a month for 2 to 4 months

Top regularly to control headspace

Upon completion of aging, blend, adjust SO,
and allow wine to rest 15 days before bottling

Caution:
Practice good hygiene!

Caution:
Monitor for unwanted microbes

Caution:

Routinely analyze for undesir-
able microbes, off-aromas and
off-flavours

Caution:

Monitor for sulphur off-aromas and off-fla-
vours. Take corrective action as needed (refer
to flash intros at www.icv.fr)

Recommended selections for
primary fermentation:

Yeast: LALVIN ICV D254™,
LALVIN ICvV D80™, or LALVIN
ICvD21™

Nutrients: GO-FERM®,
FERMAID® K

Other: BoosterRouge,
macerating enzymes

Recommended selections for
secondary fermentation:

Bacteria: LALVIN® ELIOS 1
Nutrient: OPT'MALO® PLUS







Wine Style... Techniques for Success

GOAL: Washington Zinfandel

Proprietor's Reserve (Suggested retail: $32/bottle)

from nase,,
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Grape Handling

Source:

Expertise provided by John Haw of Maryhill Winery, Washington
Interview provided courtesy of Scott Laboratories www.scottlab.com
John Haw began his winemaking career in Dundee, Oregon before moving to a much warmer climate in
Geyserville, California. John is currently the winemaker at Maryhill Winery in Goldendale, Washington.

WASHINGTON ZINFANDEL

Juice or Must Treatment

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

OCTOBER 2005

Watch out for:
* Bunch rot
* Problems associated with high potential alcohol

Malolactic Fermentation

Wine Stabilization

Harvest parameters determined
by flavour, not sugar

Typically harvested at 28-30°
Brix

Harvest as cool as possible

Light sorting at receiving
hopper

Destem
Retain 30-50% whole berries
Add 50 ppm of SO; to crusher

Macerating enzymes and
oenological tannins added at
crusher

Ferment in 5-7 ton lots

Process as quickly as possible
Modified cold soak - chill while
filling

Pumpover the following morning
and shut off chiller

Analyze must (pH/TA, NOPA) and
make necessary adjustments

Adjust nitrogen to 300 ppm
during second pumpover

Add additional oenological tan-
nins during second pumpover

After a 2-3 day cold soak,
inoculate with yeast

Rehydrate 2.5 b/1000 gal
(31 g/hL) LALVIN® BRLY7
or LALVIN ICV D254™ with
GO-FERM® and add during
pumpover

Pumpover with irrigator and flex-
ible impeller pump 3 times a day
(as evenly spaced as possible)
pulling from racking valve to
avoid seeds

First 2 days pumpover using
venturi to inject O

Add nutrients at 5-10° Brix drop
(~13° Brix) or if off-odours occur

Target peak temperature 32-33°C
(90-92°F), heat if necessary

Press at ~3° Brix to stainless
steel tank

Inoculation

Inoculate with LALVIN® ELIOS 1
directly into tank at 21°C (70°F)

Next day, rack off heavy lees
and send to barrel

Do not move wine until MLF is
complete

Rack after ML is complete
Maintain 30 ppm of free SO; after MLF
Use lysozyme only if needed

Acceptable to have as much as 0.5% residual
sugar

Prior to bottling, filter through pad and
membrane

Caution:
Avoid bunch rot - no touching
clusters in the vineyard

Caution:
Monitor wine parameters
before inoculation

Recommended selections for
primary fermentation:

Yeast:
LALVIN® BRL97, LALVIN ICV
D254™

Nutrients: GO-FERM®,
Complex yeast nutrient such as
FERMAID® K

Other:
Macerating enzymes,
oenological tannins

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN® ELIOS 1







Wine Style... Techniques for Success

GOAL: Premium Washington Merlot

Rattlesnake Hills District in Yakima Valley

Grape Handling

Juice or Must Treatment

Source:

is known for "hands-on Northwest winemaking”

PREMIUM WASHINGTON MERLOT

Yeast Inoculation

Yeast Fermentation

Expertise provided by Greg Chappell of Hyatt Vineyards Winery, Washington
Interview courtesy of Scott Laboratories www.scottlab.com

Greg began his 25-year career in the wine industry in California, spending his formative years at Sebastiani
and Mondavi before moving to Washington State. He has been at Hyatt Vineyards Winery since 1998 and

Malolactic Bacteria

OCTOBER 2005

Watch out for:
* Overall balance - focus on black-cherry fruit intensity
« Green, astringent tannins

Malolactic Fermentation

* Extended maceration is NOT an option
« Nutrient deficiencies

Wine Stabilization

Mostly machine harvested
except for reserve lots

Harvest parameters:
Combination of flavour and
sugar, seed maturity, condition
of fruit, condition of vine

Sugar at harvest is varied
(ideally target 23.8-24.5° Brix)
but sometimes lower due to
Northwestern climate

50 ppm of SO in tank

Lysozyme used only when
necessary

No cold soak

Inoculate with yeast 24 hours
after crush

Check analysis and make adjust-
ments after yeast inoculation

Always rehydrate yeast with
GO-FERM®

Inoculate with at least
2 b/1000 gal (25 g/hL) of
selected yeast

Increase inoculation rate when
temperatures are cold

Pumpover with air

Target ideal temperature of 27°C
(80°F) (range 24-33°C/75-92°F)

Pumpover once per day

Oxygenate in AM and PM to keep
cap wet

Tasting is critical after half sugar
depletion

Add FERMAID® K at around
17° Brix

Press when dry

Inoculation

Inoculate when wine is still
warm from primary fermenta-
tion

Add LALVIN VP 41™ at last
pumpover prior to pressing

Rack wine to barrels with small
amount (1-2 L/barrel) of clean
lees

No stirring

Top monthly

After MLF is completed, adjust and maintain
SO; levels

Rack within one month of MLF completion (as
time allows)

No filtration
Add lysozyme only when needed

Barrel age for 18-24 months prior to bottling

Caution:
Historically indigenous Lacto-
bacillus problems

Caution:
Check numbers daily

Caution:
Watch temperature

Watch for off odours

Monitor fermentation parameters

Caution:
Complete primary fermentation
before MLB inoculation

Recommended selections for
primary fermentation:

Yeast:

Lalvin® EC-1118 for half of
grapes to express fruit;
LALVIN ICV D80™ for colour
enhancement and structure;
LALVIN ICV GRE™ to accentu-
ate mid-plate fruit

Nutrients:
GO-FERM®, FERMAID® K

Other: Lysozyme (if needed)

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN VP 41™

Nutrients:
Used only for stuck MLF







Wine Style... Techniques for Success

GOAL: Ultra Premium
Oregon Pinot Noir

Grape Handling

Source:

Expertise provided by a highly awarded small producer of Oregon Pinot Noir handcrafted from

vineyard to bottle.

Interview courtesy of Vinquiry www.vinquiry.com
A real-life situation where this Oregon winery was finally able to get their stuck MLF to complete.

OCTOBER 2005

Watch out for:

To help prevent stuck MLFs in the future, the winery will

hydrate musts to avoid high alcohol

ULTRA PREMIUM OREGON PINOT NOIR

Juice or Must Treatment

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

Wine Stabilization

Harvest parameters include:
°Brix, pH, TA as well as visual
and flavour ripeness

Hand sort and destem
Add 50 ppm of SO; at crush

Add dry ice to bins to cool
must to ~13°C (56°F)

Cold soak at ~13°C (56°F) for
5 days with two punchdowns
per day

Check °Brix, TA, pH

Hydrate if needed and
readjust SO

Allow must to warm naturally

Note: A mistake was made in

Properly hydrate with

2 1b/1000 gal (25 g/hL) selected
yeast with 2.4 1b/1000 gal

(30 g/hL) GO-FERM®

Slowly pre-adapt rehydrated
yeast to must temperature

Mix yeast/GO-FERM® slurry
into must bins by punchdown

Management
Punchdown twice daily

Add 2 Ib/1000 gal (25 g/hL)
FERMAID® K at third sugar
depletion

Monitor °Brix and temperature
daily and pH as often as possible

Press to barrels at ~2° Brix

Confirm “dry" by Clinitest before

Inoculation

Attempted MLF 3 times over a
1-year period without success!

Finally, sample sent to VQ for
"Quick MLF Assay”

Results indicate alcohol needed
adjustment from ~16% to
~14.4%

ENOFERM® ALPHA was the
best MBR® culture to use

Cellar temperature at 20-23°C
(68-73°F)

Stir weekly
Rack once

Monitor MLF progress by paper
chromatography or enzymatic
analysis

MLF completed!
SO, added post MLF

Monitor for Brettanomyces during aging

this wine - potential alcohol was inoculating for MLF

calculated at 13.8%. As a result, After alcohol adjustment,

the must was not hydrated and inoculated with ENOFERM®

the final alcohol ended up at ALPHA

~ 16%!
Caution: Caution: Caution: Caution: Caution: Caution:
Watch for bird damage and Properly check potential alcohol! | Don't temperature shock the Watch for HpS and monitor Don't feed Brettanomyces Avoid air contact and routinely
dehydrated skins yeast temperatures monitor VA

Recommended selections for
primary fermentation:

Yeast:
LALVIN® BM45, ENOFERM®
AMH or ENOFERM® T306

Nutrients:
GO-FERM®,
FERMAID® K

Recommended selections for
secondary fermentation:

Bacteria:
ENOFERM® ALPHA







Wine Style... Techniques for Success
GOAL: Chambourcin

Medium- to full-bodied red wine from a

French-American hybrid bottled within one year of harvest

from nase,,
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Grape Handling

Juice or Must Treatment

Source:

Expertise provided by Christine Lawlor-White, Galena Cellars Vineyard and Winery, lllinois
Interview courtesy of Scott Laboratories www.scottlab.com

Christine’s father began the family business from his love for home winemaking. After graduating in Oenol-

mainly rely on other growers in southern lllinois to secure high quality Chambourcin.

CHAMBOURCIN

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

ogy from Fresno State in 1976, Christine joined the family business as winemaker. Their winery is located
in Galena, lllinois, on the Mississippi River. Galena Cellars Vineyard and Winery grow their own grapes, but

Malolactic Fermentation

OCTOBER 2005

Wine Stabilization

Harvest parameters:
3-4 tons/acre; 23.5° Brix;
3.28 pH; 0.81 g/100 mL

Hand harvest during early AM

Vineyard ~5.5 hours from
winery

Destem and crush
Add SO; at crusher

Cool must in stainless steel
tanks overnight to ~13-16°C
(~55-60°F)

Early next morning, add

2 Ib/1000 gal (25 g/hL)
LALVIN® BM45 properly
rehydrated with 2.5 1b/1000 gal
(31 g/hL) GO-FERM®

Add 3 1b/1000 gal (38 g/hL)
Opti-Red® and oenological
tannins

Maintain fermentation tempera-
ture ~21-24°C (70-75°F)

Stir gently with paddle twice
per day

AF is usually complete in 7 days

Drain and press to tank

Inoculation

Allow wine to settle for 24-48
hours and rack off gross lees
to barrels

Add LALVIN VP 41™ to barrels

MLF takes ~1 month to
complete

After MLF, rack from barrels to tank
Adjust total SO; to 50 ppm

Rack to clean barrels

Add oenological tannins to taste

Wines micro-oxygenated with immersion rod,
one week of treatments

Adjust SO, once during micro-oxygenation
Barrel aged for 9-10 months
Cold stabilized, treated with gum arabic

Sheet and membrane filtered (0.6 micron) at
bottling

Caution:
Avoid temperature shock to
yeast!

Caution:
Add LALVIN VP 41™ only after
AF is complete

Caution:
This variety is low in tannin, add oenological
tannins to barrels post MLF

Recommended selections for
primary fermentation:

Yeast:
LALVIN® BM45

Nutrients:
GO-FERM®

Other:
Opti-Red®,
oenological tannins

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN VP 41™







Wine Style... Techniques for Success

GOAL: Rhone-Style Red

Longhorn Red

Soft, light, fruit-driven, medium-bodied dry red wine

from nase,,
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Grape Handling

Juice or Must Treatment

Source:

Expertise provided by Gary Elliot, Driftwood Vineyards, Texas

Interview courtesy of Scott Laboratories www.scottlab.com

In 1996, Gary, a native Californian, moved to west Texas and planted his first Texan grapes in 1998. Prior to
the birth of his winery, Driftwood Vineyards, Gary sold his grapes to other wineries in the Texas Hill Country
viticultural area. In 2003, Driftwood's Longhorn Red (50/50 Cabernet/Syrah blend) won the Best of Class
Rhone-style blend in a Texan competition and a Silver medal at the Houston International Competition.

RHONE-STYLE RED

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

OCTOBER 2005

Wine Stabilization

Syrah harvest parameters:
4.5-5.8 tons/acre; average

23° Brix; 3.6 pH; 0.66 g/100 mL
TA

Mechanically harvest very
early AM

Destem and crush

Goal is 209% whole cluster, but
limited by equipment

Add 50 ppm of total SO,

Add macerating enzymes while
filling tank

No cold soak

Properly rehydrate LALVIN®
BM45 with GO-FERM®

Add DAP on second day

At a third sugar depletion, add
FERMAID® K

Ferment in 1000 gal (3,785 L)
stainless steel tanks - 2 tanks set
at 29°C (85°F) and one at 32°C
(90°F) to give different flavours

Add oenological tannins 24 hours
after yeast

Pumpover twice daily for
~20 minutes

No seed removal

Drain and press when dry
(~6-7 days)

Inoculation

Add LALVIN 31™ to wine in
stainless steel tank

Management
Ambient cellar temperature
~18°C (65°F)

Confirm ML completion
using paper chromatography
(~4 weeks)

After MLF is complete, add 30 ppm of free
SO,

Rack to tank 2 or 3 times until almost clear

Rack half of Syrah to new American oak
barrels and 6 months later, remove this wine
to tank

(lean the barrels and rack the other 50% of
Syrah to barrels

Top regularly and check SO and VA

Oenological tannins are added by taste to
barrels

No cold stabilization or fining

Prior to bottling, wine is settled and filtered
several times through pads

Caution:
Rehydrate and acclimatize yeast
properly

Caution:
Wait until AF is complete
before adding bacteria!

Caution:
Clean barrels between rackings

Recommended selections for
primary fermentation:

Yeast:
LALVIN® BM45

Nutrients:
GO-FERM®,
FERMAID® K,
DAP

Other:
Oenological tannins,
macerating enzymes

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN 31™







Wine Style... Techniques for Success

GOAL: Hot Climate

Cabernet Sauvignon
Fruit-driven red with low tannin

HOT CLIMATE CABERNET SAUVIGNON

from nase,,

" D

Grape Handling

Juice or Must Treatment

Source:

Expertise provided by Florent Lescombes, St. Clair Vineyards, New Mexico

Interview courtesy of Scott Laboratories www.scottlab.com

Florent is from the 6th generation of a Burgundian winemaking family. Prior to becoming winemaker in
1989 at St. Clair Vineyards in Deming, New Mexico, Florent practised winemaking in Burgundy and Chablis.

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

OCTOBER 2005

Wine Stabilization

Harvest parameters:

TA

Incoming fruit temperature
18-21°C (65-70°F)

Destem and crush

24° Brix; 3.7 pH; 0.58 /100 mL

Add 40 ppm of free SO, at
crusher

Add macerating enzyme

Add oenological tannins at first
pumpover

Add 2.5 1b/1000 gal (31 g/hL)
Opti-Red®

No cold soak

Temperature of must ~20°C

(68°F)

Add 2 1b/1000 gal (25 g/hL)
properly rehydrated LALVIN
ICV D254™

Add FERMAID® K, at start of
fermentation and again at a
third to half sugar depletion

Set temperature at 24°C (75°F)
for entire fermentation

2-3 days after fermentation starts,
measure Yeast Available Nitrogen
(YAN) and adjust with DAP if
needed

Pumpover daily through screen
for aeration and seed removal

Fermenter sizes, 20 and 50 tons

Ferment for 7-9 days and press
under 3° Brix

Keep press fractions separate

Inoculation

After AF is complete, rack wine
to stainless steel tank and
inoculate with LALVIN 31™

Rack to barrels before MLF is
complete

MLF usually completes in 2-6
weeks depending on cellar
temperature

Confirm MLF is complete with paper chroma-
tography

Adjust to 40 ppm of free SO, and rack to
clean barrels

Age 60-70% of wine for ~9 months

Age remaining 30-40% wine for 18 months
No lees stirring

Top every 2-3 weeks

Prior to bottling, cold stabilize, DE and sheet
filter

Caution:
Inoculate with bacteria after AF
is complete!

Caution:
Clean barrels between each racking

Recommended selections for
primary fermentation:

Yeast:
LALVIN ICV D254™

Nutrients:
FERMAID® K
DAP (if needed)

Other:

Macerating enzymes,
Oenological tannins,
Opti-Red®

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN 31™







Wine Style... Techniques for Success
GOAL: Cool Region Chardonnay

Proprietor’s Reserve

Light, delicate fruit without buttery taste

from nase,,
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Grape Handling

Juice or Must Treatment

Source:

Expertise provided by Mark Johnson, Chateau Chantal, Michigan

Interview courtesy of Scott Laboratories www.scottlab.com

Watch out for:
« Temperature shock to the yeast!
« Cold cellar temperatures during MLF

After graduating from the Technical University and Research Station in Geisenheim, Germany, in 1978,
Mark had a two-year apprenticeship at the German Palatinate Winery. From 1983 to 1993, he was the
winemaker at Chateau Grand Traverse in Michigan. Since 1994, he has been winemaker and a partner at
Chateau Chantal and, beginning in 2005, at a sister winery in Argentina.

COOL REGION CHARDONNAY

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

Wine Stabilization

OCTOBER 2005

Inoculation

temperature before inoculation!

complete!

Proprietor's Reserve is from Add darification enzymes Ferment 80% of juice with 2-3 days after yeast inoculation, | Add LALVIN 31™ to barrels Cellar temperature increased to | After MLF is complete, rack and adjust to 0.8
. ® . .

older‘(l986) v1neyardsland Add 30 ppm of SO, (more if rot properly rehydrated LALVIN add 2 1b/1000 gal (25 g/hL) ensure MLF completion by mid | molecular SO,
only in very good quality years | . CY3079 FERMAID® K to late December .

is present) Return wine to clean barrels
Thin crop from 4 tons/acre to . Ferment remaining 20% juice | 100% barrel ferment in new MLF completion verified by .

Tank press directly to barrels . Rack in February
1.8 tons/acre with properly rehydrated French oak paper chromatography

. No settling LALVIN® EC-1118 (sometimes Age in barrel 7-8 months
Harvest parameters: LALVIN® BAIT) Barrel ferment temperature
Average 24.5° Brix; 3.3-3.4 pH; | Juice temperature 4-7°C ~12.8-18°C (55-65°F) Create Proprietor's Reserve blend and adjust
0.8 g/100 mL TA (40-45°F) AF usually completes in 8-9 days SO, to 0.8 molecular
Usually harvest in early Heat and cold stabilize
N b . . o
ovember Prior to bottling, sheet and sterile filter

Destem and crush
Caution: Caution: Caution:
Limit yield! Acclimatize yeast to COLD juice Only add bacteria after AF is

Recommended selections for
primary fermentation:

Yeast:

LALVIN® CY3079 (80% of
juice)

LALVIN® EC-1118 (~20% of
juice)

Some LALVIN® BAT1
Nutrients:

FERMAID® K

Other:
Clarification enzymes

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN 31™







Wine Style... Techniques for Success

GOAL: Rhone-Style Red Blend

"Signature Red” - A blend of mostly Carignane
with Syrah, Mourvédre and Grenache

from nase,,
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Grape Handling

Juice or Must Treatment

Source:

Expertise provided by Greg Bruni, Llano Estacado Winery, Texas

Interview courtesy of Scott Laboratories www.scottlab.com

OCTOBER 2005

Watch out for:
« Contamination from unwanted lactic acid bacteria
« Over-extraction of tannins

Greg comes from a third-generation winemaking family. He began his own winemaking career at the age
of 12, took a brief break to get his oenology degree from the University of California, Davis, and went back
to work for the family winery in San Martin, California. He was a winemaker in Sonoma, Monterey and
Santa Cruz counties before moving to Llano Estacado in Lubbock, Texas, in 1993.

RHONE-STYLE RED BLEND

Yeast Inoculation

Yeast Fermentation

Malolactic Bacteria

Malolactic Fermentation

Wine Stabilization

Harsh west Texas vineyard
conditions dictate harvest

Day temperature in vineyard
can be over 38° (100°F) for
15 days, delaying ripening

Harvest parameters:
2.5-3 tons/acre; 23.5-24° Brix;
3.9 pH; 0.52-0.60 g/100 mL TA

Mechanical harvest at night

Vineyard is ~5.5 hours from
winery

Temperature of grapes at win-
ery typically 24-27° (75-80°F)

Destem and crush

SO; not added unless poor fruit
or detectable VA

Add macerating enzymes on way
to fermenter

Cool must overnight in 10 ton
fermenters, target 24° (75°F)

Observe juice under microscope
for lactic acid bacteria; if found,
use lysozyme

Add 2 1b/1000 gal (25 g/hL)
properly hydrated LALVIN ICV
D254™

Add FERMAID® K after yeast
addition and DAP as needed to
boost nitrogen

Add additional FERMAID® K at
a third to a half sugar depletion

Set fermenters to 24° (75°F)

Start fermentation at 24° (75°F)
then increase to 29° (85°F) after
first pumpover

At yeast inoculation, perform first
pumpover with head spray

Pumpover twice daily with the
goal of turning over tank volume
once per day

Until third day, drain tank through
screen to remove seeds during
pumpover

Adjust acid to 0.8 g/100 mL after
first irrigation

Check pH daily, sudden increase
could indicate lactic contamina-
tion

Add some Viognier skins to Cari-
gnane fermentation at ~ 18° Brix
for co-pigmentation

Drain and press at dryness

Inoculation

Add LALVIN 31™ when wine
is still warm from alcohol
fermentation

Add ML nutrient to the wine

Normally MLF is complete in
5-7 days

Confirm MLF is complete by
paper chromatography

After MLF is complete, add SO to 30 ppm of
free and readjust after 48 hours

Set tank temperature to 13° (55°F)

Rack tank-to-tank and adjust SO; to 0.5
molecular

Rack again if needed to achieve clarity before
sending to barrels

Age in 2-to-3-year-old French oak barrels for
~6 months

Blend lots 2-3 weeks prior to bottling
Cold stabilize, DE and pad filter before bottling

Caution:
Look under microscope for
unwanted lactic acid bacteria

Caution:
Fruit is fragile - avoid over-
extraction

Caution:
Routinely check free and total SO, VA and
taste

Recommended selections for
primary fermentation:

Yeast:
LALVIN ICV D254™

Nutrients:
FERMAID® K
DAP (if needed)

Other:
Lysozyme (if needed),
macerating enzymes

Recommended selections for
secondary fermentation:

Bacteria:
LALVIN 31™

Malolactic nutrient such as
OPTI'MALO® PLUS
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19:1

RESTARTING
STUCK MALOLACTIC
FERMENTATIONS

RECOMMENDATIONS FROM LALLEMAND NORTH AMERICA

Winemakers are aware that Oenococcus oeni bacteria, responsible for malolactic fermentation (MLF), are successful only if
they can adapt to the harsh environment of a fermenting must or finished wine. The usual factors influencing the success of
MLF include pH, temperature, alcohol and SO, (both free and total). Problems can arise when pHs are low (under 3.4), alco-
hols are high (greater than 14.5%), the temperature of the wine is low (less than 18°C/ 65°F), or the total SO, is high (greater
than 30 ppm). In addition, these four conditions have a combined cumulative effect, making life truly difficult for the malolactic
bacteria (MLB) if several stressful conditions coincide.

Lallemand produces fast and efficient direct-addition MLB strains that have been selected both for their positive sensory con-
tributions and their ability to perform under the difficult situations described above. During production, MLB cells undergo a
biophysical conditioning that induces the formation of a protective protein. In this physiological state, the cells are harvested
and then freeze dried. As a result, they are able to develop a natural resistance to wine conditions and can therefore be added
directly to the wine without a significant loss of viability.

Sometimes, to complete a stuck MLF, it is simply enough to add a freshly rehydrated direct-addition MBR® malolactic bac-
teria culture, such as ENOFERM® ALPHA or LALVIN VP 41™. Other times a more extensive adaptation of the MLB is needed
to achieve completion. This adaptation can be critical in reducing the effect of an unfavourable wine matrix on the bacteria,
favouring successful completion of the MLF.

Lallemand Australia has worked in conjunction with the MLF R&D team headed by Dr. Sibylle Krieger to develop a MLB ac-
climatization strategy for finishing wines with stuck malolactic fermentations.

Voma %e
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19:2 TOOLS FOR CONTROLLED MALOLACTIC FERMENTATION

ADAPTATION PROTOCOL FOR HANDLING STUCK MALOLACTIC FERMENTATIONS

STAGE 1

Pretreat wine and adjust temperature

Prepare the stuck-MLF wine by removing any lees, potential inhibitory toxins, and inhibiting spoilage organisms. A small
amount of SO, and/or lysozyme (or filtration) may be necessary to control undesirable Lactobacillus or Pediococcus bacteria.
Lysozyme is very effective at inhibiting spoilage lactic acid bacteria, especially when the wine is above pH 3.5. If using lysozyme,
be sure that no residual activity remains in the treated wine before inoculation with the malolactic bacteria.

In a wine with a stuck MLF suspected of containing substances toxic to malolactic bacteria, Lallemand recommends a pre-
treatment with Inactive Yeast Residues (yeast hulls) at 6.25 g to 12.5 g/hL (0.5-1 Ib/1000 U.S. gallons). Prepare the yeast hull
suspension in water or wine, and then add it to the stuck wine while mixing.

Finally, adjust the temperature of the MLF-stuck wine to 18° to 22°C (65° to 72°F).

STAGE 2

Acclimatize the MBR® bacteria culture in three steps:
Step 1: Prepare medium
Step 2: Rehydrate culture
Step 3: Add rehydrated culture to medium to acclimatize.

Note: The volumes below are based on restarting 10,000 L (2,642 U.S. gallons) of stuck-MLF wine.

Step 1: Preparation of the acclimatization medium
Combine:

* 10 L of grape juice (free of SO,)

* 10 L of water (free of chlorine)

* 20 L of stuck-MLF wine.

« After adding all ingredients, adjust the pH to between 3.6 and 4.0.
« Adjust temperature to 25° to 30°C (77° to 86°F).

Step 2: Rehydration of MBR® starter culture

« Adjust the temperature of 5 L of tap water (free of chlorine) to 22° to 25°C (73° to 77°F).

« Suspend 1 kg of ACTI-ML nutrient into the 5 L of tap water.

« Rehydrate 100 g of MBR® ENOFERM® ALPHA or LALVIN VP 41™ malolactic bacteria in the 5 L of tap water/ACTI-ML suspen-
sion. Allow bacterial suspension to stand for 15 minutes.

Step 3: Acclimatization of malolactic bacteria

* Mix acclimatization medium (from Step 1) with the rehydrated malolactic bacteria (from Step 2).

« Allow the malolactic bacteria to acclimate at 22° to 25°C (73° to 77°F) for at least two hours and no more than four hours.

« After this first acclimatization step, double the volume of the acclimatization culture with the stuck wine (e.g., 50 L culture and
50 L wine). If on-site malic acid analysis is not available to monitor the MLF progress, it can be assumed that the inoculation
culture will be ready in 4 to 6 hours. CO, evolution should be evident and/or a slight lactic smell detected. If rapid malic acid
analysis is available, 50% to 70% of the malic acid should be converted before proceeding to Stage 3.
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STAGE 3

Add ML nutrient and then acclimatized culture from Stage 2 to the stuck wine.

Add 1 kg OPTI'MALO® PLUS nutrient to the wine prior to inoculation. The aim is to overcome any nutrient shortages and
minimize the risk of residual nutrients in the wine.

With gentle stirring to avoid excessive aeration, transfer the active acclimatized malolactic culture to 10,000 L (2,642 U.S. gal-
lons) of stuck-MLF wine.

Regular analysis for malic acid (every two weeks) and volatile acidity (weekly) is recommended.

Please note that unfavourable wine matrix conditions are not always known. Since different malolactic cultures work well
in some wines and not in others, Lallemand, in collaboration with Vinquiry, has developed a quick MLF assay to determine
which strains of direct-addition MLB will be most successful in restarting your stuck MLF. For more information, please contact

Vinquiry. www.vinquiry.com

For more information on handling stuck MLF or for information on products offered through our distributors in North
America, please contact:

Lallemand

Phone: 707 526-9809

gspecht@lallemand.com or sigrid@lallemand.com

www.lallemandwine.us

Compiled by Lallemand North America in 2005. The information herein is true and accurate to the best of our knowledge; however, this commercial information is
not to be considered as an expressed or implied guarantee, or as a condition of sale of any Lallemand product.
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20:1

CALCULATIONS
AND CONVERSIONS

WILFRIED DIETERICH

TEMPERATURE CONVERSIONS MASS CONVERSIONS

C° = Degree Celsius 1 kg = 1000 g
F° = Degree Fahrenheit 1kg = 2205Ib
Fo => C° = (F° - 32)%(5/9) 1g = 1000 mg
C=>F=(C"*9/5) +32 1lb =  4536¢g
C°|-18|-15|-10| 10| 16| 21| 27| 32| 38| 49 11b = 04536 kg
1 metricton = 1000 kg
1 metricton = 22051b
1 USton = 20001Ib
1 USton = 907 kg
1mlL = 0035USfloz | |1kg/hL=1000g/hL=10,000mg/L=10g/L=10mg/mL
1USfloz = 30 mL 11b /1000 US gal = 454 g /1000 US gal = 0.454 kg /1000 US gal = 120 mg/L = 0.120 g/L
1L = 1000 mL 1 ppm=1mg/L
1L = 02642USgal | |1ppb=1mg/1000L
1USgal = 3785 mL 1° Brix = 1% sugar (wt/vol)
1USgal = 3.785L 1 Vol.% =1 mL/100 mL
1hL = 100L | |1Gew%=1g/100g
1hL = 26.4 US gal
e
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20:2 TOOLS FOR CONTROLLED MALOLACTIC FERMENTATION

WINE PHYSIOLOGY

When calculating the physiological energy value of wine and food, the following values are generally useful:
1 g ethanol 7cl or 30k

1 g digestible carbon hydrates 4ca or 17k

1 g digestible protein 4cal or 17Kk

1 g digestible fat 9cal or 38k

1 g organic acid (tartaric acid or malic acid) 3cal or 13Kk

12 g glucose 1 bread unit

The following table is meant as an aid to help the user to calculate density data in any of the three worldwide units:
Balling / Brix, Beaumé and Oechsle.

COMPARISON OF DIFFERENT DENSITY DATA

Gew. Degree Degree Degree Gew. Degree Degree Degree
Verh. Balling  Beaumé Oechsle Verh. Balling Beaumé Oechsle

20°/20° / Brix 20°/20° / Brix

1.00000 0.0 0 0 1.08733 21.0 11.7 87
1.00078 0.2 0.1 1 1.08823 21.2 11.8 88
1.00155 0.4 02 2 1.08913 214 11.9 89
1.00233 0.6 0.3 2 1.09003 21.6 12.0 90
1.00311 0.8 0.45 3 1.09093 21.8 12.1 91
1.00389 1.0 0.55 4 1.09183 22.0 12.2 92
1.00779 2.0 1.1 8 1.09273 222 12.3 93
1.01172 3.0 1.7 12 1.09364 224 12.45 94
1.01567 4.0 22 16 1.09454 22.6 12.55 95
1.01965 5.0 2.8 20 1.09545 22.8 12.7 95
1.02366 6.0 33 24 1.09636 23.0 12.8 96
1.02770 7.0 39 28 1.09727 23.2 129 97
1.03176 8.0 4.4 32 1.09818 23.4 13.0 98
1.03586 9.0 5.0 36 1.09909 23.6 13.1 99
1.03998 10.0 5.6 40 1.10000 23.8 13.2 100
1.04413 11.0 6.1 44 1.10092 24.0 13.3 101
1.04831 12.0 6.7 48 1.10193 242 13.45 102
1.05252 13.0 72 53 1.10275 24.4 13.55 103
1.05667 14.0 7.8 57 1.10367 24.6 13.7 104
1.06104 15.0 8.3 61 1.10459 24.8 13.8 104
1.06534 16.0 8.9 65 1.10551 25.0 13.9 106
1.06968 17.0 9.4 70 1.10643 25.2 14.0 106
1.07142 17.4 9.7 71 1.10736 254 14.1 107
1.07404 18.0 10.0 74 1.10828 25.6 14.2 108
1.07580 18.4 10.2 76 1.10921 25.8 14.3 109
1.07844 19.0 10.55 78 1.11014 26.0 14.45 110
1.07932 19.2 10.65 79 1.11106 26.2 14.55 111
1.08021 19.4 10.8 80 1.11200 26.4 14.65 112
1.08110 19.6 10.9 81 1.11293 26.6 14.8 113
1.08198 19.8 11.0 82 1.11386 26.8 14.9 114
1.08287 20.0 11.1 83 1.11480 270 15.0 115
1.08376 20.2 1.2 84 1.11573 27.2 15.1 116
1.08465 20.4 11.35 85 1.11667 274 15.2 117
1.08554 20.6 11.45 86 1.11761 276 15.3 118
1.08644 20.8 11.55 86 1.11855 27.8 15.45 119
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The following table converts gram alcohol to percent by volume.

CALCULATION TABLE OF THE ALCOHOL CONTENT

Gram alcohol Gram alcohol in 1 litre one step
in one litre
Hundred | Decimal 0 1 2 3 4 5 6 7 8 9
Vol.%

0 0 0.13 0.25 0.38 0.51 0.63 0.76 0.89 1.01 1.14
1 1.27 1.39 1.52 1.65 1.77 1.90 2.03 2.15 2.28 2.41
2 2.53 2.66 2.79 2.91 3.04 3.17 3.29 3.42 3.55 3.67
3 3.80 3.93 4.05 4.18 431 443 4.56 4.69 4.81 494
4 5.07 5.19 5.32 5.45 5.57 5.70 5.83 5.95 6.08 6.21
5 6.33 6.46 6.59 6.71 6.84 6.97 7.09 722 735 749
6 7.60 773 7.85 798 8.11 8.23 8.36 8.49 8.61 8.74
7 8.87 8.99 9.12 9.25 9.37 9.50 9.63 9.75 9.88 10.01
8 10.13 1026 1039  10.51 10.64 10.77 1089 11.02 11.15 11.27
9 11.40 1153 11.65 11.78 1191 1203 12,16 1229 1241 12.54

1 0 1267 1279 1292 1305 13.17 1330 1343 1355 13.68 13.81

1 1 13.93 1406 14.19 1431 14.44 1457 1469 1482 1495 15.07

1 2 1520 1533 1545 1558 15.71 15.83 1596 16.09 16.21 16.34

1 3 16.47 1659 16.72 16.85 16.97 17.10 17.32 17.35 1748 1761

1 4 17.73 17.86 1799 18.11 1824 1837 1849 1862 1875 18.87

1 5 19.00 19.13 19.25 1938 1951 19.63 19.76 19.89 20.01 20.14

EVALUATION OF THE TITRATABLE TOTAL ACID

In such countries as Switzerland and Germany, the titratable acids of wine are calculated as tartaric acid and are indicated as a
decimal in grams per litre. In France and in other Roman countries, the titratable total acid is calculated as sulphuric acid. For
fruit and berry juices the titratable total acid is often calculated and indicated as citric acid and malic acid. In order to perform
the appropriate conversions, multiply the titratable acid by the factors given in the following table.

The total acid The total acid is to be expresed as

was titrated and Wine Apple Citric Lactic Sulphuric Acetic
calculated as acid acid acid acid acid acid
Wine acid — 0.893 0.853 1.2 0.653 0.8
Apple acid 1.119 - 0.955 1.343 0.731 8.896
Citric acid 1.172 1.047 - 1.406 0.766 0.938
Lactic acid 0.833 0.744 0.711 — 0.544 0.667
Sulphuric acid 1.531 1.367 1.306 1.837 - 1.225
Acetic acid 1.25 1.117 1.067 15 0.817 -









