In Focus

Microbiology of winemaking
Once anaerobic conditions are established in the fermenting grape
must, further selectivity is established through the depletion of
nutrients and the increasing concentration of ethanol. The growth
of yeast and bacteria during grape viniﬁcation varies throughout
the process; from harvest, through fermentation to wine matura-
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tion and storage (Figures 1, 2).

Lallemand Australia
PO Box 210
Edwardstown, SA 5039, Australia
Email: ebartowsky@lallemand.com

Wine yeast
Yeasts are the most important microorganisms, catalysing the
conversion of grape sugars to ethanol – without yeast, there would

The production of alcoholic beverages, such as winemaking, has a long history, dating back well over 7000 years. The
winemaking process is not vastly different to that used by

not be wine. Although there are many yeast species associated with
grapes and wine, it is Saccharomyces cerevisiae that is the work
horse of winemaking.

the ancient Greeks and Egyptians. The main difference is

There are numerous yeast genera and species that can be isolated

that modern-day winemakers have much more control over

from grapes and wine, including Brettanomyces, Candida,

the different steps; time and method of grape harvesting,

Kloeckera/Hanseniaspora,

use of selected yeast and bacteria, and maturation techni-

Pichia, Saccharomyces, and Zygosaccharomyces (Figure 1). Many

ques. The various yeast and bacteria involved in winemak-

of these genera do not survive long in wine because of their low

ing originate in the vineyard, on grapes and winemaking

alcohol tolerance; most will die off over 5% ethanol v/v –

equipment. Even though yeast and bacteria can impart

S. cerevisiae strains will then dominate and complete the alcoholic

desirable sensory characteristics to wine, this is not always

fermentation. However, the metabolism of these non-Saccharo-

the case – there are numerous microbes that are unwanted.

myces yeasts in the ﬁrst few days of the fermentation can contribute

This overview of wine microbiology will be limited to yeast

to wine aroma and ﬂavour.

and bacterial fermentations and microbiological spoilage
by these microbes, and will not cover vineyard moulds.

Kluyveromyces,

Metschnikowia,

With tremendous advances and greatly reduced costs of whole
genome sequencing it is now possible to have a much better picture

Even though wine has been made for a very long time and the

of the dynamics of yeast during fermentation. Metagenomic studies

importance of fermentation was known, it was unclear until rela-

of grapes and wine fermentations have provided an insight to the

tively recently (about 150 years ago) that yeast and bacteria were

number of yeast genera/species present3. These types of studies

the vital drivers. Ancient winemakers knew of the signiﬁcance of

have also suggested links between the wine microbiota, fermen-

‘the boiling’ during fermentation (from the Latin fevere, to boil).

tation characteristics and wine characteristics, and even possibly

With the development of the microscope by Antonie van

with wine regions4,5. Additionally, genome sequencing of

Leeuwenhoek, the ﬁrst yeast were observed, albeit in beer wort.

S. cerevisiae strains has provided an insight into genetic relation-

The connection with yeast was ﬁnally conﬁrmed in studies by

ships between wine and other beverage strains; wine strains are

Pasteur in 1866. Bacteria also play an integral role in wine produc-

quite distinct from brewing and other fermentative strains6,7.

tion. Early microbiologists, such as Pasteur and Müller-Thurgau
observed the presence of bacteria in wine, and by early 1900’s their
importance in winemaking was beginning to be understood.

The ability to efﬁciently convert grape sugars (D-glucose and
D-fructose) to ethanol and tolerate relatively higher concentrations
of ethanol has ensured that S. cerevisiae is the main yeast in

Low pH and high sugar content of grape must exert strong selective

winemaking. In the past, winemakers relied solely on the indige-

pressures on the microorganisms, such that only a few yeast and

nous yeast population to grow to sufﬁcient numbers and metabo-

bacterial species can proliferate. Sulphur dioxide, used as both

lise grape sugar to alcohol. In order to have more control of both the

an anti-oxidant and anti-microbial preservative, imposes additional

fermentation and wine aroma and ﬂavor, winemakers mostly

selection, particularly against undesirable oxidative microbes.

inoculate grape juice with a selected S. cerevisiae strain.
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Figure 1. Overall schematic of the winemaking process, from grape picking through fermentation and wine storage. Saccharomyces cerevisiae is
the main yeast conducting alcoholic fermentation and Oenococcus oeni is the main bacterium conducting malolactic fermentation. Other grape
and wine associated yeast and bacteria genera are shown.

which is reminiscent of box tree and blackcurrant. There is
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Figure 2. Growth dynamics of yeast and bacteria during winemaking.
Yeast encompasses all wine associated genera which are shown in
Figure 1. AF, alcoholic fermentation; MLF, malolactic fermentation.
Adapted from Wibowo et al.1.

wine are members of the lactic acid bacteria (LAB) family and
speciﬁcally conduct malolactic fermentation (MLF); the decarboxylation of L- malic acid to L-lactic acid9. This beneﬁts wine threefold: it provides microbial stability through the removal of a
fermentable carbon source from the wine, reduces acidity by

Yeast offer much more to wine than just the production of alcohol –
through their metabolism of grape compounds they are able to
greatly inﬂuence wine aroma and ﬂavor, including higher alcohols,
esters, monterpenes, norisoprenoids and sulphur-containing compounds8. For example, several compounds which provide characteristic aromas to Sauvignon blanc are due to yeast enzymatic

increasing wine pH 0.2–0.5 units, and due to bacterial metabolism
there are various sensory changes that can occur to the wine9. The
major sensory impacting metabolite produced by LAB is diacetyl;
it imparts butter characters to wine10. Other MLF sensory impacts
include enhancing fruity-berry aromas and ﬂavours and reduction
in vegetative/green characters9.

activity to release the compounds from its precursor. One such

Virtually all red wines undergo MLF and a range of white and

aroma compound is 4-mercapto-4-methylpentan-2-one (4MMP),

sparkling-base wines will beneﬁt from this bacterial driven
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Figure 3. Release of 4MMP from its cysteine precursor. The volatile thiol 4-mercapto-4-methylpentan-2-one (4MMP) is bound to cysteine as a
non-volatile compound and requires the action of yeast during fermentation to release the aroma active thiol. Release of 4MMP is dependent on
yeast strain (graph adapted from Howell et al.2).

fermentation. The preferred LAB species used in winemaking is

MLF in order to stabilise wines as soon as possible. Even though

Oenococcus oeni (formerly Leuconostoc oenos), speciﬁcally be-

Lactobacillus sp are not usually desired in winemaking, however,

cause of its ability to grow and perform in the low pH (>2.9) wine

through careful selection there are examples of Lb. plantarum

environment and capacity to survive in high ethanol (up to 16%),

strains that are used as starter cultures for conducting MLF in

SO2, scarcity of nutrients and low temperature (>168C)9,11. Species

red wine17.

of Lactobacillus and Pediococcus (including Lb. plantarum,
Lb. casei, Lb. brevis, Lb. hilgardii, Lb. kunkeei, P. damnosus and
P. pentosaceus) have the ability to conduct MLF, however, they
are usually more associated with wine spoilage12,13. Fortunately,
members of these two genera are not very pH tolerant (>3.5),
thus their numbers can usually be managed by ensuring pH 3.5
or lower12.

The less pleasant yeast and bacteria
There are numerous yeast and bacteria that are naturally associated
with grapes and wine, however, for some their presence is not
desired8,12. Although these species are usually capable of alcoholic
or malolactic fermentations, it is the production of various secondary metabolites with undesirable sensory qualities that places them

Oenococcus oeni has a small compact genome (1.84 Mb) that most

into the ‘spoilage’ category. The more prevalent microbial spoilage

probably has resulted from specialisation to the ecological niche

examples will be described – for more information see8,12,18.

of wine14. The genome sequences of over 200 O. oeni strains has

Wine spoilage can usually be managed through good winemaking

shown an enormous genetic diversity in this species15,16.

practices.

MLF can be unpredictable when reliant on the natural bacterial

Brettanomyces bruxellensis readily proliferates and can survive in

microﬂora. As spontaneous MLF frequently follows the alcoholic

wine for long periods, particularly following alcoholic fermentation

fermentation, it often is not complete until late autumn or the

and during wine ageing in oak barrels19. This yeast can cause

following spring, when temperatures warm up enabling bacterial

numerous wine faults, including turbidity in unfortiﬁed wines,

growth again. An efﬁcient MLF is desirable so that the wine can be

excessive volatile acidity in sherry, mousy taint and rancid isovaleric

protected with SO2 to ensure no undesirable yeast or bacteria take

acid. However, its greatest impact is through the production of

hold and spoil the wine (examples are given below). As described

4-ethylphenol and 4-ethylguaiacol which impart bandaid, pheno-

above for alcoholic fermentation, it is common for winemakers

lic, medicinal, barnyard and earthy aromas to the wine; often

to inoculate with a selected O. oeni strain to ensure an efﬁcient

affectionately referred to as ‘Brett’ character20.
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Zygosaccharomyces bailii has a unique combination of properties
that contribute to its role as a spoilage microorganism; high
tolerance to ethanol, growth at low pH and high sugar, and
resistance to preservatives used in winemaking (including SO2

11. Bartowsky, E.J. (2005) Oenococcus oeni and malolactic fermentation – moving
into the molecular arena. Aust. J. Grape Wine Res. 11, 174–187. doi:10.1111/
j.1755-0238.2005.tb00286.x
12. Bartowsky, E.J. (2009) Bacterial spoilage of wine and approaches to minimize it.
Lett. Appl. Microbiol. 48, 149–156. doi:10.1111/j.1472-765X.2008.02505.x

and sorbic acid)18.

13. Bartowsky, E.J. et al. (2015) Emerging trends in the application of malolactic
fermentation. Aust. J. Grape Wine Res. 21, 663–669. doi:10.1111/ajgw.12185

Pediococcus species in wine is undesirable as these bacteria are

14. Gibbons, J.G. and Rinker, D.C. (2015) The genomics of microbial domestication
in the fermented food environment. Curr. Opin. Genet. Dev. 35, 1–8.
doi:10.1016/j.gde.2015.07.003

able to produce excessive amounts of exopolysaccharides (such
as b-D-glucans) which make wines viscous with a thick texture –
referred to as ‘ropy wine’ . This type of spoilage tends to occur in
21

15. Sternes, P.R. and Borneman, A.R. (2016) Consensus pan-genome assembly of the
specialised wine bacterium Oenococcus oeni. BMC Genomics 17, 1–15.

low acid (high pH) wines.

16. Borneman, A. et al. (2015) Unravelling the capricious nature of Oenococcus oeni.
Wine Vitic. J. 30, 34–37.

Acetobacter and Gluconobacter species, members of the acetic

17. du Toit, M. et al. (2011) Lactobacillus: the next generation of malolactic
fermentation starter cultures—an overview. Food Bioprocess. Technol. 4,
876–906. doi:10.1007/s11947-010-0448-8

acid bacteria family (AAB), are responsible for the conversion of
ethanol through acetaldehyde to acetic acid (i.e. vinegar). Wines
spoiled by AAB species will smell like vinegar, bruised apples and
sherry-like (acetaldehyde) or nail polish remover (ethyl acetate).
As these bacteria are aerobic, their numbers can be managed
through ensuring barrels are topped up regularly, SO2 concentrations are maintained and minimising the presence of oxygen
during the storage of wine22.
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and oversees winemaking trials. Previously, Eveline was a Senior
Research Microbiologist at The Australian Wine Research Institute
Collection. She has over 23 years’ experience in wine microbiology
fermentation, wine aroma and ﬂavour, yeast and polyphenolics
interactions and minimising wine spoilage by lactic acid and acetic
acid bacteria. Following a PhD in microbiology from The University
of Adelaide, Eveline undertook postdoctoral studies in Sweden
(Umeå University, Umeå), USA (Washington University Medical
School, St Louis) and University of Adelaide. She has wide experience with a diverse group of bacteria: Vibrio cholerae, Citrobacter freundii, and wine-associated lactic acid bacteria and acetic
acid bacteria.
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