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The contribution by the numerous grape-must-associated non-Saccharomyces yeaststo wine fer mentation has been
debated extensively. These yeasts, naturally present in all wine fermentations, are metabolically active and their
metabolites can impact on wine quality. Although often seen as a source of microbial spoilage, there is substantial
contrary evidence pointing to a positive contribution by these yeasts. Therole of non-Saccharomyces yeastsin wine
fermentation is therefore receiving increasing attention by wine microbiologists in Old and New World wine
producing countries. Species that have been investigated for wine production thus far include those from the
Candida, Kloeckera, Hanseniaspora, Zygosaccharomyces, Schizosaccharomyces, Torulaspora, Brettanomyces,
Saccharomycodes, Pichia and Williopsis genera. In thisreview the use and role of non-Saccharomyces yeast in wine

production is presented and research trends are discussed.

INTRODUCTION

Wine is the product of a complex biological anddbiemical
interaction between grapes (grape juice) and @iffemicroor-
ganisms (fungi, yeasts, lactic acid bacteria and@eetd bacte-
ria) and the mycoviruses and bacteriophages afifpcthem
(Fleet, 2003). The process starts in the vineyardticoes
through fermentation and maturation, and concludgsaekag-
ing. It is affected by the various viticultural andnological prac-
tices available to the grape-grower and winemalespectively

(Regueircet al., 1993). Of the microorganisms involved, it is the

yeasts that play the most important role; they cehdhe alco-
holic fermentation (conversion of grape sugar toeasbl and
CQ,). Furthermore, although wine flavour is directlytetenined

by grape variety, yeasts also affect wine flavour gunality by the
production and excretion of metabolites during ghovand

through autolysis (Fleet, 1993, 2003; Lambrechts &t#us,

2000; Swiegers & Pretorius, 2005; Swiegetsal., 2005). In

some instances, yeasts can also act as spoilageissrgaduring
wine production (including maturation) and afterckeging

(Loureiro & Malfeito-Ferreira, 2003). Yeasts preseduting fer-

mentation are derived from grapes and the vineyar gquip-
ment used in the cellar, cellar surfaces and extsmaces such
as selected cultures that are added to facilitetefearmentation
process.

Since 1866, when Louis Pasteur first elucidatedhtioecon-
version of grape juice into wine, this complex psxand the
role of the yeast therein has been studied extelysivet, more
than 130 years later, there are many areas thagtidiraot well
understood (Pretorius, 2000). This is especiallydhse for the
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roles of the numerous ndaccharomyces yeasts normally asso-
ciated with grape must and wine. These yeasts, albtyresent
in all wine fermentations to a greater or lessdemx are meta-
bolically active and their metabolites can impattane quality.
While they were originally seen as a source of ob@l related
problems in wine production, winemakers, especiatlyQld
World countries, saw indigenous yeasts as integrtie authen-
ticity of their wines as these yeasts impart dettiegional and
other desirable characteristics (Amerieteal., 1972; Jackson,
1994). Evidence supporting this view has been pbbt (Fleet,
1990; Heard, 1999) and the role of the r8aeharomyces yeasts
in wine fermentation is receiving increasingly mat&ention by
wine microbiologists in both Old and New World wipeoducing
countries.

YEAST CLASSIFICATION

Yeasts can be defined as unicellular fungi, eitseomycetous or
basidiomycetous, that have vegetative states wihrietiopninant-
ly reproduce by budding or fission and which do fwitn their
sexual states within or on a fruiting body (Kurtzmé& Fell,
1998a).

Current taxonomies recognise 100 genera comprisioge
than 700 species (Kurtzman & Fell, 1998b), of whigpraxi-
mately 20 are relevant to winemaking (Fleet, 19983st genera,
with those norBaccharomyces yeasts relevant to winemaking
indicated in bold type, are listed in Table 1.

Rules for taxonomy of yeasts fall under the autkioof the
International Code of Botanical Nomenclature (Geewat al.,
1994). Publication of new species must include scdgtion of
essential characteristics, as well as a diagnoatsdiktinguishes
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16 The Role and Use of Non-Saccharomyces Yeasts in Wine Production

the taxon from previously described species. Naofiégsxa must
be given in Latin or modified in such a way thagttollow the
rules of Latin derivation, including appropriate idgstions.

The first level of yeast classification is basedtioa lack of a
sexual phase during the life cycle (Deuteromycotoraaspects
of the sexual phase (Ascomycotina and Basidiomypedti
Further taxonomic subdivisions (orders, families, eyanand
species) are based on morphological, physiologitathemical
and genetic properties (Kreger-van Rij, 1984; Kurtmm8aFell,
1998b) that are elucidated by conducting 55 toesfst Many of
these tests can be used individually to charaeteriselection of
yeasts.

Some yeasts are found as a sexual (teleomorplpie)amd pro-
duce ascospores. A similar form of the same yeatbtel asexual

TABLE 1
A list of yeast genetaaccording to Kurtzman & Fell (1998b).

(anamorphic) type that does not form ascosporesomplicate

matters, the ability to form ascospores can bedosing long-

term storage (Yarrow, 1998; M. Th. Smith, personal camica-

tion, 2000). Sporulation is also difficult to indufte some yeasts.
Whether a newly isolated yeast is subsequentlytifiksh as

teleomorphic or anamorphic can therefore largelyede on the
time lapsed between isolation and identificationvali as adher-
ence to methodology. This can lead to confusionnavgthors
report on isolates as essentially the same yeastesp but refer
to them by different names. If any uncertainty exis determin-
ing sporulation it is therefore preferable to use &namorphic
name where applicable. Some of the more commontplen

tered anamorphic yeasts and their teleomorphic tegparts in

must and wine are given in Table 2.

Teleomor phic
ascomycetous genera
(Ascomycotina)

Anamorphic
ascomycetous genera
(Deuteromycotina)

Teleomor phic
heterobasidio-mycetous genera
(Basidiomycotina)

Anamorphic
heterobasidio-mycetous genera
(Basidiomycotina)

Aciculoconidium
Arxula
Blastobotrys
Botryozyma
Brettanomyces
Candida
Geotrichum
Kloeckera
Lalaria
Myxozyma
Oosporidium
Saitoella
Schizoblastosporion
Sympodiomyces
Trigonopsis

Ambrosiozyma
Arxiozyma
Ascoidea

Babjevia
Cephaloascus
Citeromyces
Clavispora
Coccidiascus
Cyniclomyces
Debaryomyces
Dekkera
Dipodascopsis
Dipodascus
Endomyces
Eremothecium
Galactomyces
Hanseniaspora

I ssatchenkia
Kluyveromyces
Lipomyces
Lodderomyces
Metschnikowia
Nadsonia
Pachysolen

Pichia
Protomyces
Saccharomyces
Saccharomycodes
Saccharomycopsis
Saturnispora
Schizosaccharomyces
Sporopachydermia
Stephanoascus
Torulaspora
Wckerhamia

W ckerhamiella
Williopsis
Yarrowia
Zygoascus
Zygosaccharomyces

Zygozyma

Agaricostilbum Bensingtonia
Bulleromyces Bullera
Chionosphaera Cryptococcus
Cystofilobasidium Fellomyces
Erythrobasidium Hyalodendron
Fibulobasidium Itersonilia
Filobasidiella Kockovaella
Filobasidium Kurtzmanomyces
Holtermannia Malassezia
Leucosporidium Moniliella
Mrakia Phaffia
Rhodosporidium Pseudozyma
Srobasidium Reniforma
Sporidiobolus Rhodotorula
Serigmatosporidium Sporobolomyces
Tilletiaria Serigmatomyces
Tremella Sympodiomycopsis
Trimor phomyces Tilletiopsis

Xanthophyllomyces

Trichosporon
Trichosporonoides
Tsuchiyaea

1 Non-Saccharomyces genera that can be encountevéklyards, on winery surfaces, in grape musts arid/aine are indicated in bold type.
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TABLE 2

17

Anamorphs, teleomorphs and synonyms of some of dmeSaccharomyces yeasts in the Ascomycetous genera encounterednia wi

fermentations (Kurtzman & Fell, 1998b).

Anamorphic form Teleomor phic form Synonymst
Brettanomyces bruxellensis Dekkera bruxellensis

Candida colliculosa Torulaspora delbrueckii Saccharomyces rosei
Candida famata Debaryomyces hansenii

Candida globosa
Candida guilliermondii
Candida hellenica
Candida lambica
Candida pelliculosa
Candida pulcherrima
Candida reukaufii
Candida sorbosa
Candida stellata
Candida valida
Kloeckera africana
Kloeckera apiculata
Kloeckera apis
Kloeckera corticis

Kloeckera javanica
3

-3
-3
3
3
3

Citeromyces matritensis
Pichia guilliermondii
Zygoascus hellenicus
Pichia fermentans

Pichia anomala
Metschnikowia pulcherrima
Metschnikowia reukaufii
Issatchenkia occidentalis

2

Pichia membranifaciens
Hanseniaspora vineae
Hanseniaspora uvarum
Hanseniaspora guilliermondii
Hanseniaspora osmophila
Hanseniaspora occidentalis
Issatchenkia terricola
Kluyveromyces thermotolerans
Saccharomyces kluyveri
Saccharomycodes ludwigii
Zygosaccharomyces bailii
Pichia farinosa

Hansenula anomala
Torulopsis pulcherrima

Torulopsis stellata

Pichia terricola

Saccharomyces bailii

1 Names sometimes found in older literature.
2No teleomorphic form.
3No anamorphic form.

ECOLOGY OF YEASTS

Yeasts are found throughout nature. However, thepatooccur
randomly, but are found in specific habitats wherferknt
species form communities (Lachance & Starmer, 19D&. dif-
ferent species found in a habitat can either bechothonous
(those that are essential components of the contyyuni allo-
chothonous (those that are transient, or there ayad). The com-
ponent species within yeast communities are furtiegined by
niches, i.e. the physical, chemical and biotic atitels required by
the yeast to survive and grow (Lachance & Starn8981L

Yeasts found in many different habitats are considigeneral-
ists (broad niche), while those found in unique tabiare con-
sidered specialists (narrow niche) (Lachance &r¢ar 1998).
Within the winemaking environment (habitat), the esard
(grape surfaces) and cellar (equipment surfacesrarst) can be
considered specialised niches where the wine telgasts can
form communities (Polsinellét al., 1996). These niches differ
broadly. The surface of the grape berry before Bpsmpresents
limitations regarding nutrients. These are alledags berries
ripen and/or are damaged. External factors suflmagcides and
pesticides used in the vineyard will have a negaimpact on
populations. However, it has been reported that spesticides
can stimulate certain yeasts, ekgapiculata, when tested in lab-
oratory fermentations (Cabratal., 1999).

Grape must is a rich nutritive environment, but fgd/and high
osmotic pressure of the must and the use efde@acts from this
otherwise ideal yeast niche. Surfaces of cellaipggent can also
harbour numerous microorganisms due to constartacowith

grape must. Cellar hygiene consequently plays adigin this
niche.

NON-SACCHAROMYCES YEASTS ASSOCIATED WITH
GRAPES, FERMENTING MUST AND WINE

The yeast species found in different niches astatiaith grape
growth (vineyards) and wine production (wineriesamg must,
fermentation and wine) can be arbitrarily dividetbitwo groups,
i.e. theSaccharomyces group and the noBaccharomyces group.

The Saccharomyces group with its primary representative,
Saccharomyces cerevisiae, is present on grape skins in low num-
bers (Van Zyl & Du Plessis, 1961; Rankine, 1972; kéebal.,
1996), and on winery equipment and in fermenting tmos
greater numbers (Peynaud & Domercq, 1959; Vaugharti&
Martini, 1995).S cerevisiae is the most important yeast for wine
production and is responsible for the metabolisrgrape sugar
to alcohol and Ce®(Reed & Peppler, 1973; Fleet, 1993; Pretorius
et al., 1999; Pretorius, 2003; Swiegers & Pretorius, 2005;
Swiegerst al., 2005). It has an equally important role to play i
the formation of secondary metabolites of imporéate wine
(Fleet, 1993; Pretorius, 2003), as well as in the emion of
grape aroma precursors to varietal aromas in vibaerietet al.,
1995; Dubourdieu, 1996; Ribéreau-Gaybial., 2000; Howellet
al., 2004). For these reasoBxerevisiae is often simply referred
to as “the wine yeast”. The knowledge pertaining.tcerevisiae
during wine fermentation can often be applied ton-no
Saccharomyces yeasts under the same conditions and in the same
environment. In addition, as most fields of resean@hfocussed
primarily on S cerevisiae, non-Saccharomyces research can be-
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nefit from the techniques developed by tBe cerevisiae
researchers.

The nonSaccharomyces yeasts contain numerous species,

dominated numerically by the apiculate yeasts, Klgeckera

spp. andCandida spp. that are found predominantly on grapes

and in freshly processed must. Lesser numbersarelfon win-
ery equipment.

The microflora of grapes is affected by a numbefaators.
These include vineyard altitude and aspect, climebicditions
(temperature, rainfall, humidity, maritime influenceglape vari-
ety (cultivar, thickness of grape skin), viticultuadactices (fer-
tilisation, irrigation, canopy management, use of faitgs, use
of elemental sulphur), developmental stage of grapealth of
grapes (physical damage to berries, insect pesi$)wanery
waste-disposal practices (Bisson & Kunkee, 1991;uRig et
al., 1993; Boultonet al., 1996; Epifanicet al., 1999; Pretorius,
2000). The manner in which grapes are sampled tfgegherries
or bunches) and processed (washing vs. crushimgglsa deter-
mine what yeasts are isolated (Marthal., 1980; 1996), as the
number of yeast cells is greater close to the paduhan it is at
the centre and lower part of the bunch (Rosirl., 1982).

At harvest, grape temperature, method of harvest (alars.
mechanical), method of transport to the cellar (jpiglcrates/bas-
kets, tipsters), time of transport to the cellar, titapse before
crushing, and sulphite and enzyme addition canftdtyeast

populations (Pretoriugt al., 1999; Pretorius, 2000). Yeasts found

on the surface of grapes are introduced into thst mtucrushing
(Bisson & Kunkee, 1991; Lonvaud-Funel, 1996). Otheaiss
found on the surface of cellar equipment can ats¢rénsferred

to the must (Boultoet al., 1996). Populations are further affect-

ed by the method of crushing, i.e. pressing wholechas vs.
berries, sulphite addition, enzyme addition, cellagibge, type
of equipment used, clarification method and tempeeatontrol
(Regueiroet al., 1993; Epifanioet al., 1999; Pretoriust al.,

1999; Pretorius, 2000).

The specific environmental conditions in the musg, high
osmotic pressure, presence of.Sénd temperature, all play a
role in determining what species can survive anavdRisson &
Kunkee, 1991; Longcet al., 1991). The fermentation rapidly
becomes anaerobic and the alcohol levels incredsehviurther
affects yeast populations.

Despite all the variables in grape harvest and whoeluction,
the yeast species generally found on grapes awthes are sim-
ilar throughout the world (Amerinet al., 1967). However, the
proportion (or population profile) of yeasts in thfferent
regions shows distinct differences (Amergieal., 1967; Longo
etal., 1991).

In areas with high rainfall during harvest the nemsbof non-
Saccharomyces yeasts increase (Queret al., 1990). Pesticides
and other chemical sprays used in the vineyardatsm affect
yeast populations (Monteit al., 1987; Cabrast al., 1999;
Guerraet al., 1999).

The range of norsaccharomyces species isolated often
depends on the place from which, and the stageeimvthemak-
ing process at which, the samples are taken (sdesTab& 4).
The methods of isolation and enumeration can aig@act on the
type of yeasts that are isolated, as evident frobeT&. Such

methods include shaking grape berries in a brotleroshing
whole berries and plating on nutrient agar mediee fechnique
of crushing berries before plating is closer tacpcal winemak-
ing protocols than is shaking in a broth, but thgective of the
investigation will determine which method is chosen

The type of growth medium used can also play aromapt
role by limiting the growth of specific yeasts. Tage of Lysine
Medium, for example, does not allow the growthSo€erevisiae
due to the inability of this yeast to utilise lysias the sole car-
bon source (Fowell, 1965; Heard & Fleet, 1986). Hmvesome
non-Saccharomyces yeasts might also not be able to utilise lysine
and, therefore, will not be detected. On a gener#iient agar
medium, fast-growing yeasts can also overgrow sloowgrs.
For yeasts with similar growth rates, only yeastsspnt in the
same numerical order will be detected, and moreifpeech-
nigues and media are needed to isolate slower ggoyeasts or
yeasts found in low numbers.

The aforementioned limitations can be overcomedegee by
using culture-independent techniques. These inctbhdeuse of
epi-fluorescence microscopy (Du Teital., 2005), PCR (poly-
merase chain reaction) based DGGE (denaturing eymadjel
electrophoreses) (Cocolet al., 2000; Prakitchaiwattanet al.,
2004) and FT-IR (Fourier-transform infrared) spestiopy
(Wenninget al., 2002).

Non-Saccharomyces yeasts in vineyards and on grapes

Low numbers of yeasts (10-1€fu/g) are found on unripe grapes,
but as the grapes ripen the numbers increase a0t @fu/g
(Fleet, 2003). This is due to sugars that leachftusg out from
inner tissue to the grape skin surfaces, providimgition for the
yeasts. Damaged berries increase the leaching.effieerefore,
the maturity of the grapes and/or the degree ofadgo grape
berries will largely determine the population numsbe

Generally, between nine and 15 culturable yeastispeare
found on grapes (Du Plessis, 1959; Van Zyl & Du §iesl961;
Parish & Caroll, 1985; Yanagidet al., 1992; Regueirct al.,
1993; Zahaviet al., 2002; Jollyet al., 2003a; Rementeriat
al., 2003). These includeHanseniaspora/Kloeckera spp.,
Metschnikowia/Candida spp., Rhodotorula spp. andCryptococ-
cusspp. Unfortunately, comparisons between differamndists are
difficult, as different approaches have been usedyfape sam-
pling and yeast isolation (see Table 3). In addjtitve state of
ripeness and berry damage is never given. Furdogorfs that can
influence a yeast population include specific memod micro-
climates in vineyards. Notwithstanding, there is eyah agree-
ment that the most frequently occurring speciegneyards are
usually the apiculate yeasks, apiculata/Hanseniaspora uvarum
(50-75% of isolates) (Van Zyl & Du Plessis, 1961n#¥gidaet
al., 1992; and a recent review by Pretorius, 2000).ak heen
reported that in warm to hot regions the teleomigrgbrm
(H. uvarum) tends to replace the anamorphic foingpiculata),
while the anamorphic form is present in greater loers in cool-
er regions (Bisson & Kunkee, 1991; Jackson, 1994;|tBouet
al., 1996). In moderate climates both types occurgumaé num-
bers. However, this distribution between the telegrhiz and
anamorphic forms might be region dependent. Al&tualso
appears to play a role as it has been reportetbatkera spp.
are found more frequently at high altitudes addnsenia-
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spora spp. more frequently at low altitudes. This migéatlinked

to temperature. Identification dfloeckera vs. Hanseniaspora

yeasts also depends on how long the yeasts hawecbaserved
before identification (Yarrow, 1998; M. Th. Smith, penal com-
munication, 2000).

According to Van Zyl & Du Plessis (1961), the follmg yeasts
occurred in highest frequency in South African viels:
K. apiculata, Rhodotorula glutinis, Candida krusei, Candida pul-
cherrima, Candida laurentii, Cryptococcus albidus, andCandida
stellata (T. bacillaris). In a more recent, but limited, investigation
(Jolly et al., 2003a), K. apiculata, C. pulcherrima and a

Rhodotorula sp. were still found in dominant numbers but

Kluyveromyces thermotolerans and Zygosaccharomyces bailii
were also isolated. Studies by Le Raal. (1973) showed that
Botrytis cinerea infection of grapes influenced the
non-Saccharomyces populations —C. krusei and K. apiculata
increased andR. glutinis decreased. Other ndaccharomyces
yeasts found on grapes and in vineyards are showalile 3.

Non-Saccharomyces yeasts associated with fermenting must

During crushing, the noBaccharomyces yeasts on the grapes, on
cellar equipment and in the cellar environment- (aird insect-
borne) are carried to the must (Peynaud & Domer@&pol
Bisson & Kunkee, 1991; Boultoet al., 1996; Lonvaud-Funel,
1996; Toroket al., 1996; Constantét al., 1997; Mortimer &
Polsinelli, 1999; Fleet, 2003). NdBaccharomyces species that
have been isolated from cellar surfaces inclBihia anomala,
Pichia membranifaciens, Candida spp., Cryptococcus spp. and,
more rarelyRhodotorula spp.,Debaryomyces hansenii, K. apic-
ulata and Metschnikowia pulcherrima (Loureiro & Malfeito-
Ferreira, 2003). However, cellar surfaces play a Emedle than
grapes as a source of nBaecharomyces yeasts, a$. cerevisiae
is the predominant yeast inhabiting such surfadeyrfaud &
Domercq, 1959; Rosini, 1984; Lonvaud-Funel, 1996; d?ias,
2000). Furthermore, hygienic procedures used in mmaxiern
cellars should minimise contamination of must bsident cellar
flora (Jackson, 1994; Pretorius, 2000). It might ¢fere be
expected that the dominant yeasts in must afteshang will be
the same as are found on grapes (Remergeala, 2003).

The specific environmental conditions in grape naustlimit-
ing and hostile to yeasts due to low pH, high sfbayh osmot-
ic pressure), an equimolar mixture of glucose andtérse, pres-

ence of S@and a non-optimal growth temperature during cold

settling (Bisson & Kunkee, 1991; Long al., 1991; Pretorius,
2000). Furthermore, the environment rapidly becoaregerobic,
with increasing levels of ethanol that is toxicytasts. Nitrogen
levels are usually sufficient at the start of fentagion (Bisson &
Kunkee, 1991), but can be limiting towards the enéeahenta-
tion unless supplemented. The clarification of whitust (cen-
trifugation, enzyme treatments, cold settling) casoakduce the
initial population of yeasts (Fleet, 1990; LonvaudhEl, 1996;
Pretorius, 2000).

Non-Saccharomyces yeasts found in grape must and during fer-

mentation (see Table 4) can be divided into threegs:

(i) yeasts that are largely aerobic, ePgchia spp.,Debaryo-
myces sp, Rhodotorula spp, Candida spp. (e.g.C. pul-
cherrima and C. stellata), andCryptococcus albidus;

(ii)

apiculate yeasts with low fermentative activitg.g

19

K. apiculata (H. uvarum), Kloeckera apis, Kloeckera
javanica; and

(iii) yeasts with fermentative metabolism, eikjuyveromyces
marxianus, Torulaspora spp. (e.g. Tglobosa andT. del-
brueckii) andZygosaccharomyces spp. (Fleett al., 1984;
Querolet al., 1990; Bisson & Kunkee, 1991; Longbal .,
1991; Lonvaud-Funel, 1996; Lorenzini, 1999; Torga
al., 2001; Combinat al., 2005).

During fermentation, and especially in spontanearsnénta-
tions, there is a sequential succession of yeastally, species
of Kloeckera (Hanseniaspora), Rhodotorula, Pichia, Candida
(C. stellata, C. pulcherrima [M. pulcherrima], Candida sake) and
Cryptococcus are found at low levels in the fresh must (Parish &
Caroll, 1985; Bisson & Kunkee, 1991; Frezier & Dubdieu,
1992; Jackson, 1994; Granchial., 1998; Fleet, 2003; Combina
et al., 2005). Of these. apiculata is usually present in the high-
est numbers, followed by vario@andida spp.

In a study of South African musts, however, very tewapic-
ulata yeasts were found (Van Zyl & Du Plessis, 1961). Vs
attributed to the addition of large quantities 6,$0 the must to
aid settling. In another study on muscadikgig rotundifolia)
grapes from North Carolind. uvarum (K. apiculata) was absent,
but Hanseniaspora osmophilia andP. membranifaciens predomi-
nated during the initial stages of the fermentat{®arish &
Caroll, 1985). This might be an association for tpatticular
geographic area or grape type. However, viticultymalctices
could have affected the normal n8accharomyces population.
At the start of fermentation an initial proliferati of apiculate
yeasts Kloeckera and Hanseniaspora) normally occurs. This is
usually more apparent in red must than in whitesidg due to
the higher pH of the former.

In the past it was generally believed that all Baoeharomyces
yeasts died soon after the commencement of an @icofer-
mentation due to the increasing ethanol conceotratnd added
SO,.. However,
non-Saccharomyces yeasts can survive to a later stage of fermen-
tation (up to 12 days) than initially believed @let al., 1984;
Heard & Fleet, 1985; Fleet, 1990; Longal., 1991; Todd, 1995;
Gafneret al., 1996; Granchet al., 1998; Zohre & Erten, 2002;
Fleet, 2003; Combinat al., 2005). Other noisaccharomyces
yeasts might be present throughout the fermentatisching
cell densities of 10to 1@ cells/mL (Fleetet al., 1984; Combina
et al., 2005). This sustained growth of n8aecharomyces spp. is
more evident in spontaneous fermentations, whick tlae initial
high density inoculum o&. cerevisiae. Abnormal vintages due,
for example, to excessive rainfall during grapemipg, also con-
tribute to greater numbers of n&aecharomyces yeasts in the
initial stages and later in the fermentation (Quetal., 1990).

Non-Saccharomyces yeasts have also been observed to grow to

levels ofca. 10t cells/mL in red wines during malo-lactic fer-
mentations (Fleedt al., 1984).

Despite the sustained presence of certain Samoharomyces
yeasts, the majority disappear during the earlyestayf a vigor-
ous fermentation (Fleet al., 1984; Jackson, 1994; Henick-Kling
et al., 1998). This might be due to their slow growth amiuibi-
tion by the combined effects of gdbw pH, high ethanol content
and oxygen deficiency (Jackson, 1994; Comlehal., 2005).
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TABLE 3
Non-Saccharomyces yeasts isolated from grapes.
. )
Yeast species 8 Region or
Anamorph / Teleomorph e < Isolation material Brief description of method of isolation Reference
1 5 g country
[Synonym] gL
Candida albicans North Carolina Muscadine Ten berries shaken in peptwuffer and plated on potato dextrose agar Pé&righrroll, 1985
(Vitis rotundifolia)
Candida edax / Stephanoascus smithiae A North Carolina Muscadine Ten berries shaken in peptauffer and plated on potato dextrose agar Pé&righrroll, 1985
(Vitis rotundifolia)
Candida famata / Debaryomyces hansenii A lsrael Muscat d’ Alexandrie Twenty to fifty berrieeaken in sterile distilled water and plated ontedbyeast agar Zahaei al., 2002
A lsrael Cabernet Sauvignon Twenty to fifty berriealgn in sterile distilled water and plated ontodbgeast agar Zahaet al., 2002
Candida glabrata [ Torulopsis glabrata] S  Western Cape Grapes Berries shaken in sterileleiistilater with Tween 80 and plated on grape must ag  Le Rouxet al., 1973
Candida globosa / Citeromyces matritensis T Israel Cabernet Sauvignon, Twenty to fifty berribalen in sterile distilled water and plated ontedbgeast agar Zahaei al., 2002
Colombard
Candida guilliermondii / A Western Cape Grapes Berries shaken in sterileldibtitater with Tween 80 and plated on grape must ag Le Rouxet al., 1973
Pichia guilliermondii or Pichia ohmeri A lsrael Cabernet Sauvignon Twenty to fifty berriealsin in sterile distilled water and plated ontoadbgeast agar Zahaet al., 2002
Candida inconspicua S  Western Cape Grapes Berries shaken in sterilelelistilater with Tween 80 and plated on grape must ag  Le Rouxet al., 1973
[Torulopsis inconspicua]
Candida krusei / Issatchenkia orientalis A Western Cape Grapes Berries incubated in sterilpegnaice until growth observed and then plated on an ¥yl & Du Plessis,
malt extract and grape juice agar medium 1961
Candida lambica / Pichia fermentans T  Western Cape Grapes Berries shaken in sterileldistivater with Tween 80 and plated on grape must ag  Le Rouxet al., 1973
Candida melinii / Pichia canadensis A Western Cape Grapes Berries shaken in sterileldibtivater with Tween 80 and plated on grape must ag Le Rouxet al., 1973
Candida pulcherrima / Metschnikowia A Western Cape Grapes Berries incubated in sterilpegj@ce until growth observed and then plated on an ¥yl & Du Plessis,
pulcherrima [ Torulopsis pulcherrima] malt extract and grape juice agar medium 1961
A lsrael Cabernet Sauvignon Twenty to fifty berriealgn in sterile distilled water and plated ontodbgeast agar Zahaet al., 2002
Candida reukaufi / T lIsrael Muscat d’ Alexandrie Twenty to fifty berriesaken in sterile distilled water and plated ontedbgeast agar Zahaei al., 2002
Metschnikowia reukaufi
Candida sake North Carolina Muscadine Ten berries shaken in pepbuifer and plated on potato dextrose agar Pari€lagoll, 1985
(Mitis rotundifolia)
Candida stellata [ Torulopsis bacillaris] S  Western Cape Grapes Berries incubated in sterifeedgrace until growth observed and then plated on an ¥yl & Du Plessis,
malt extract and grape juice agar medium 1961
S  Western Cape Grapes Berries shaken in sterilelelistilater with Tween 80 and plated on grape must ag Le Rouxet al., 1973
Candida valida / Pichia membranifaciens T  North Carolina Muscadine Ten berries shaken ingrepbuffer and plated on potato dextrose agar Pé&rigarroll, 1985
(Vitis rotundifolia)
Candida vini [ Candida mycoderma] S  Western Cape Grapes Berries shaken in sterilelelistilater with Tween 80 and plated on grape must ag  Le Rouxet al., 1973
Candida zeylanoides Western Cape Grapes Berries shaken in sterile didtillater with Tween 80 and plated on grape must aga Van Zyl & Du Plessis,
1961
Cryptococcus albidus Western Cape Grapes Berries incubated in sterileegape until growth observed and then plated on n X¥gl & Du Plessis,
[Cryptococcus diffluens] malt extract and grape juice agar medium 1961
Japan Zenkoji and Koshu Berries crushed; dilutio Yanagidaet al., 1992
Western Cape Grapes Berries shaken in sterile didtillater with Tween 80 and plated on grape must aga Le Rouxet al., 1973
S  Western Cape Grapes Berries shaken in sterileleiistilater with Tween 80 and plated on grape must ag Le Rouxet al., 1973

0c
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TABLE 3 (continued)

Non-Saccharomyces yeasts isolated from grapes.

)
Yeast species 8 Region or
Anamorph / Teleomor ph e < € I solation material Brief description of method of isolation Reference
1 5 g country
[Synonym] g2
Cryptococcus humicolus Spain Traditional Ten berries washed in saline aatedlon Sabouraud dextrose agar Remerdeala, 2003
[Candida humicola] grape varieties
S North Carolina Muscadine Ten berries shaken in pepbuffer and plated on potato dextrose agar P&rigarroll, 1985
(\itis rotundifolia)
Cryptococcus laurentii Western Cape Grapes Berries incubated in sterileegrape until growth observed and then plated on n Xg & Du Plessis,
malt extract and grape juice agar medium 1961
Japan Chardonnay, Zenkoji Berries crushed; dilutiated Yanagidaet al., 1992
and Koshu
Western Cape Grapes Berries shaken in sterile distillater with Tween 80 and plated on grape must aga Le Rouxet al., 1973
Cryptococcus neoformans / A Western Cape Grapes Berries shaken in sterildldibtivater with Tween 80 and plated on grape mgat a Le Rouxet al., 1973
Filobasidiella neoformans
Kloeckera apiculata / A Western Cape Grapes Berries incubated in sterdpegjuice until growth observed and then plated on Van Zyl & Du Plessis,
Hanseniaspora uvarum malt extract and grape juice agar medium 1961
A Western Cape Grapes Berries shaken in sterileldistivater with Tween 80 and plated on grape must ag Le Rouxet al., 1973
A Japan Niagra, Zenkoji Berries crushed; dilutiongesla Yanagidaet al., 1992
and Koshu
T California Vineyard Fermentations at 13°C and 18&ilijtions plated on WL medium Pallmaehal., 2001
Kloeckera corticis / T  North Carolina Muscadine Ten berries shaken irtgrepbuffer and plated on potato dextrose agar Pé&ri€arroll, 1985
Hanseniaspora osmophila (Vitis rotundifolia)
[K. magna]
Kloeckera javanica / T Japan Niagra Berries crushed; dilutions plated Yanagidaet al., 1992
Hanseniaspora occidentalis
Lodderomyces elongisporus North Carolina Muscadine Ten berries shaken in peptuffer and plated on potato dextrose agar Pé&richrroll, 1985

(\itis rotundifolia)

Rhodotorula aurantiaca

Western Cape

Grapes

Berries shaken in sterile distillater with Tween 80 and plated on grape must aga Le Rouxet al., 1973

Rhodotorula glutinus

North Carolina
Western Cape
Japan
Spain

Western Cape

Muscadine
(Vitis rotundifolia)
Grapes

Chardonnay and
Zenkoji
Traditional grape
varieties

Grapes

Ten berries shaken in peptuffer and plated on potato dextrose agar P&rigarroll, 1985

Berries incubated in sterileegrape until growth observed and then plated on n Xg & Du Plessis,
malt extract and grape juice agar medium 1961
Berries crushed; dilutionsglat Yanagidaet al., 1992
Ten berries washed in salimeplated on Sabouraud dextrose agar Remeetetia 2003

Berries shaken in sterile distillater with Tween 80 and plated on grape must aga Le Rouxet al., 1973

Rhodotorula minuta

North Carolina

Japan

Muscadine
(Vitis rotundifolia)
Zenkoji

Ten berries shaken in peptwrffer and plated on potato dextrose agar Pari€lagoll, 1985

Berries crushed; dilutions plated Yanagidaet al., 1992

Rhodotorula mucilaginosa

Western Cape

Grapes

Berries shaken in sterile ditillater with Tween 80 and plated on grape must aga Le Rouxet al., 1973

1 Where applicable, the anamorph and teleomorph desigs are given, and also the synonym or altematee used in older literature.
Yeast nomenclature according to Kurtzman & Fell9@)9

2 A = anamorph; T = teleomorph; S = synonym.
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This is consistent with their oxidative or weak niemtative
metabolism. Nutrient limitation and size $f cerevisiae inocu-
lum would also have a suppressive effect. Grasthl. (1998)
reported that numbers Bf apiculata declined oncé& cerevisiae
became dominant rather than when the fermentagimpérature
and ethanol concentration reached values knownhibit apicu-
late yeast growth. It has also been reportedTthdei brueckii and
K. thermotolerans are less tolerant to low oxygen levels and it is
this, rather than ethanol toxicity, that affects thgiowth and
leads to their death during fermentation (Hanstead., 2001). It
was also shown that a cell-cell contact mechanistie presence
of high concentrations of viabi cerevisiae yeasts played a role
in the inhibition of these two noBaccharomyces species (Nissen
et al., 2003).

The nonSaccharomyces spp. that survive and are present until
the end of fermentation may also have a higherdoke to
ethanol. It has been documented Bastellata (Torulopsis stel-
lata) can tolerate up to 12% ethanol (Combigtaal., 2005),
which would account for its sustained presencenduigérmenta-
tion. Other species reported throughout fermemntati@Z. bailii
(Saccharomyces acidifaciens) (Peynaud & Domercq, 1959) and
Pichia sp. (Bisson & Kunkee, 1991).

The extent to which different factors affect thenno

The Role and Use of Non-Saccharomyces Yeasts in Wine Production

S cerevisiae, are adapted to the specific environment and are in
an active growth state, giving them a competitiveeedg

Despite a long-held belief among winemakers in @iorld
wine regions that spontaneous fermentations (caimgrimixed
cultures of noraccharomyces and Saccharomyces yeasts) pro-
duce superior wines compared with pure culture éaations,
earlier authors usually refer to the nSsecharomyces yeasts as
spoilage organisms or ‘wild yeasts’ (Amerine & Crsie$960;
Van Zyl & Du Plessis, 1961; Van Kerken, 1963; Rankib@72;

Le Rouxet al., 1973). This was substantiated by their frequent
isolation from stuck fermentations and from spoilaattles of
wine.

Furthermore, although it was known that some non-
Saccharomyces yeasts could form metabolites, e.g. esters, leading
to aromas not always detrimental to wine qualitgagor, 1954;
Amerine & Cruess, 1960; Van Zy al., 1963), this was out-
weighed by the high levels of volatile acids angeotundesirable
compounds produced (Castor, 1954; Amerine & Crue860;1
Van Zyl et al., 1963; Amerineet al., 1967; 1972). Some yeasts,
e.g.Candida, Pichia andHansenula spp. are capable of forming
films on the surface of wine exposed to oxygen.-@iburs,
including acetic acid, ethyl acetate and acetaldehgrk also
associated with their growth (Grbin, 1998y ettanomyces spp.

Saccharomyces yeasts are dependent on the characteristics of théDekkera spp.) can contribute to ‘animal/farmyard/mousy’ tain

individual species. Growth parameters for one sewill not
necessarily be the same for others. Variationsatsm occur for
strains within a species.

Non-Saccharomyces yeasts associated with wine

Non-Saccharomyces yeasts in wine are usually associated with
wines in barrels and post-fermentation spoilagen (r Walt &
Van Kerken, 1958; Amerine & Cruess, 1960; Van Zyl, 2,96
Heresztyn, 1986; Grbin, 1999; and a recent reviewdyréiro &
Malfeito-Ferreira, 2003). However, only a small numbee able

to tolerate the adverse conditions in wine, and iplylt(Van
Kerken, 1963). These includBettanomyces spp. Dekkera spp.),

Z. bailii, P. membranifaciens, C. krusei and C. valida (Van
Kerken, 1963; Fleett al., 1984; Parish & Caroll, 1985; Bisson &
Kunkee, 1991; Grbin, 1999). Some of these species, e.g
Brettanomyces spp. andZygosaccharomyces spp. are as ethanol
tolerant asS. cerevisiae and may be found in bottled wine. Their
presence is influenced by the degree of filtratioat precedes
bottling and cellar hygiene during bottling.

THE ROLE OF NONSACCHAROMYCES YEASTS IN WINE
PRODUCTION

The role of norSaccharomyces yeasts in wine production has
been debated extensively (Castor, 1954; Van efydl., 1963;
Fleetet al., 1984; Heard & Fleet, 1985; Fleet, 1990; Herrgtiz
al., 1990; Longoet al., 1991; Romanet al., 1992; Todd, 1995;
Gafneret al., 1996; Gilet al., 1996; Lemeet al., 1996; Granchi
et al., 1998; Henick-Klinget al., 1998; Lambrechts & Pretorius,
2000; Fleet, 2003; Rementesdial., 2003; Combinat al., 2005).
As already discussed, grape musts contain a mixthigeast
species. Wine fermentation is therefore not a sisglecies fer-
mentation (Fleet, 1990), although the dominanc8. ckrevisiae
(inoculated or indigenous) in the fermentation xpexted and
desired. However, the indigenous n@sccharomyces yeasts,
already present in the must, and often in greatembsus than

in wines (Parish & Caroll, 1985; Grbin, 1999, GrbirH&nschke,
2000; Arvik & Henick-Kling, 2002; Du Toitt al., 2005). It has
also been reported thBtettanomyces bruxellensis can form bio-
genic amines (Carusd al., 2002) that can lead to undesirable
physiological effects in sensitive humans. Othern-no
Saccharomyces yeasts such aSaccharomycodes ludwigii, more
commonly a contaminant of sulphated musts duestoigth resis-
tance to S@ produce large amounts of ethyl acetate and
acetaldehyde that negatively affect wine aromacpradity (Ciani

& Maccarelli, 1998).

Authors of earlier publications also considered -non
Saccharomyces yeasts to be sensitive to Si@ must and added
SG; primarily to control their growth and that of sk bacte-
ria (Amerine & Cruess, 1960; Van Zyl & Du Plessis,619
Amerine et al., 1972). NonSaccharomyces yeasts were also
known to be poor fermenters of grape must and endoit to
ethanol (Castor, 1954), especially in the presenceSof
(Amerineet al., 1972). It was therefore accepted that those non-
Saccharomyces yeasts not initially inhibited by the $S@ied dur-
ing fermentation due to the combined toxicity oé t8Q and
alcohol. Consequently, the n@aecharomyces yeasts were seen
to be of little significance in normal wine prodiact and it was
recommended that only proven strains of the wirest® cere-
visiae be used in commercial fermentations (Amerine & Ggle
1960; Amerineet al., 1972).

As already mentioned, ndBaccharomyces yeasts can survive
and reach high cell densities, similarSocerevisiae (10° to 1C
cells/mL), during fermentation. More recently regatthigher
numbers of norgaccharomyces yeasts might be the result of
improved cellar technology and hygiene in moderars that
has led to a reduction in $@Qsage, presumably resulting in the
survival of a greater number and diversity of r@weeharomyces
yeasts. Coupled to this is the use of modern laboréechniques
that makes the detection of n8aecharomyces yeasts easier.

S. Afr. J. Enal. Vitic,, Val. 27, No. 1, 2006
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TABLE 4

Non-Saccharomyces yeasts isolated from grape must.

) %
Yeast species 8= . :
Anamorph / Teleomorph e gro;mtirgn I(ﬁbastt'?/r;r?q;t?'al Brief description of method of isolation Reference
[Synonym]? 58 ore y
Brettanomyces bruxellensis / Dekkera T Tenerife White Listan Random harvesting; furtheradlstnot given De Cost al., 1999
bruxellensis [ Brettanomyces vini]
A Bordeaux Red variety Not given Peynaud & Domercq, 1959
T Spain Ribeiro Dilution and plating on YPD Cansaa@bal., 1989
Candida sp. Spain Ribeiro Dilution and plating on YPD Cansadabal., 1989
Candida colliculosa /
Torulaspora delbrueckii [ Torulaspora rosei]
[ Saccharomyces fermentati] A Australia Hermitage (red) Spread inoculation on nealract and Lysine agar Heard & Fleet, 1985
A Catalonia Macabeo (white) and Grenache (red) Dituaiad plating on YPD Torijat al., 2001
T Bordeaux White variety Not given Peynaud & Domercq, 1959
T ltaly Variety not given Not given Castelli, 1955
T Tenerife White Listan Random harvesting; furthetads not given De Cost al., 1999
S Bordeaux Merlot Dilutions plated on malt extract agar & grape jubcgr Fleett al., 1984
T Bordeaux White variety Not given Peynaud & Domercq, 1959
Candida famata / T Tenerife White Listan Random harvesting; furthetads not given De Cost al., 1999
Debaryomyces hansenii
A lsrael Muscat d’ Alexandrie Twenty to fifty berriebaken in sterile distilled
water and plated on basal yeast agar Zadtaali, 2002
T Spain Abarino, Godello (white) and Mencia (red) Didunt plated on juice-agar medium Longwal., 1991
T Bordeaux Red variety Not given Peynaud & Domercq, 1959
Candida glabrata Spain Abarino, Godello (white) and Mencia (red) Ditutiplated on juice-agar medium Longal., 1991
Candida glucosophila Spain White and red (traditional varieties) Samplesed on Sabouraud dextrose agar Remengesh, 2003
Candida guilliermondii / A Spain Abarino, Godello(white) and Mencia (red) Didutt plated on juice-agar medium Longoal., 1991
Pichia guilliermondii or Pichia ohmeri
Candida hellenica / Zygoascus
hellenicus [ Candida steatolytica] S Majorca Prensal blanc (white) Dilutions plated orikd and lysine agar Mora & Mulet, 1991
Candida kefyr / Kluyveromyces marxianus T Spain Abarino, Godello (white) and Mencia (red) uDibn plated on juice-agar medium Lonetcal., 1991
Candida krusei / Issatchenkia orientalis A Bordeaux Semillon Dilutions plated on malt extragaaand grape juice agar Fletal., 1984
[ Saccharomyces krusei] S  Bordeaux Merlot Dilutions plated on malt extract agar and grapegjgar Fleett al., 1984
T Argentina Malbec Plated on malt extract agar Combietal., 2005
Candida lambica / Pichia fermentans T Bordeaux Red and white varieties Not given Peynaud & Domercq, 1959
Candida lusitaneae / Clavispora lusitaneae A Spain Abarino, Godello (white) and Mencia (red) Ditutt plated on juice-agar medium Longial., 1991
Candida pelliculosa / Pichia anomala
[Hansenula anomala] S Australia Hermitage (red) Spread inoculation ontregiract and lysine agar Heard & Fleet, 1985
S Bordeaux Red variety Not given Peynaud & Domercq, 1959
S Majorca Chenin blanc Dilutions plated on YM andngsagar Mora & Mulet, 1991
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TABLE 4 (continued)
Non-Saccharomyces yeasts isolated from grape must.

. %
X?asltﬂz?;ﬂ?Teleomorph g '<:< Countlry I solation material Brief description of method of isolation Reference
[Synonym] 5 g or region (must variety)
Candida pulcherrima / Metschnikowia
pulcherrima [ Torulopsis pulcherrima] A  Spain Abarino, Godello (white) and Mencia (red) Didutt plated on juice-agar medium Longpal., 1991
T Catalonia Macabeo (white) and Grenache (red) Difuéind plating on YPD Torijat al., 2001
A Australia Riesling (white) and Malbec (red) Spreéadculation on malt extract and lysine agar HearHBl&et, 1985
A Bordeaux Red grape variety Not given Peynaud & Domercq, 1959
T Bordeaux Semillon Dilutions plated on malt extragar and grape juice agar Fleeal., 1984
A Majorca Prensal blanc (white) Dilutions plated okl and lysine agar Mora & Mulet. 1991
T ltaly Nebbiola (red) Dilutions plated on Phytone geextract agar Schiitz & Gafner, 1993
T Germany Pinot noir (red) Dilutions plated on Phytgeast extract agar Schiitz & Gafner, 1993
S  Switzerland Pinot noir (red) Dilutions plated ory®Ime yeast extract agar Schiitz & Gafner, 1993
T ltaly Variety not given Details not given Castelli, 1955
A Argentina Malbec Plated on malt extract agar Combgtal., 2005
Candida rugosa Spain Abarino, Godello (white) and Mencia (red) Dot plated on juice-agar medium Longal., 1991
Candida stellata [ Torulopsis stellata; Australia Riesling, Semillon (white),
Torulopsis bacillaris] Malbec and Hermitage (red) Spread inoculation ort extact and lysine agar Heard & Fleet, 1985
Catalonia Garnatxa Dilutions plated on malt extesgzr Constantt al., 1997
Alicante Monastrell (red) Dilutions plated on mattract agar Queradt al., 1990
S  Bordeaux Merlot Dilutions plated on malt extract agar and grapegjigar Fleett al., 1984
S Bordeaux Semillon Dilutions plated on malt extragar Fleett al., 1984

Catalonia Macabeo (white) & Grenache (red) Dilutéord plating on YPD Torijat al., 2001
S  Bordeaux Red & white variety Not given Peynaud & Domercq, 1959
Majorca Chenin blanc & Prensal blanc Dilutions platedYM and lysine agar Mora & Mulet, 1991
Argentina Malbec Plated on malt extract agar Combeial., 2005
Candida valida / Pichia membranifaciens T Tenerife White Listan Random harvesting; furthetade not given. De Cost al., 1999
T Spain Abarino, Godello (white) and Mencia (red) uDibn plated on juice-agar medium Lonecal., 1991
T  North Carolina Muscadin@Vitis rotundifolia) Direct plating on potato dextrose agar Parish & @lBri985
T Alicante Monastrell (red) Dilutions plated on melktract agar Querad al., 1990
T Majorca Prensal blanc Dilutions plated on YM ansire agar Mora & Mulet, 1991
T Bordeaux Red and white varieties Not given Peynaud & Domercq, 1959
T Argentina Malbec Plated on malt extract agar Combgtal., 2005
Candida vini Argentina Malbec Plated on malt extract agar Combeial., 2005

Debaryomyces etchellsii [ Pichia etchelsii] S  Spain

Abarino, Godello (white) and Mencia (red)  ubdn plated on juice-agar medium

Lonecal., 1991

Issatchenkia terricola Majorca

Chenin blanc Dilutions plated on YM and hesiagar

Mora & Mulet, 1991

Kloeckera sp. Spain

Ribeiro Dilution and plating on YPD

Cansadbal., 1989

14
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TABLE 4 (continued)
Non-Saccharomyces yeasts isolated from grape must.

) %
Yeast species 8= . :
Anamorph / Teleomorph e gro;mtirgn I(ﬁbastt'?/r;r?q;t?'al Brief description of method of isolation Reference
[Synonym]? 58 ore y
Kloeckera africana / Hanseniaspora vineae A Bordeaux Red grape variety Not given Peynaud & Domercq, 1959
A ltaly Variety not given Not given Castelli, 1955
T Tenerife White Listan Random harvesting; furtheradstnot given De Cost al., 1999
Kloeckera apiculata / Hanseniaspora uvarum A Spain Abarino, Godello (white) and Mencia (red) wibn plated on juice-agar medium Longal., 1991
A Alicante Monastrell (red) Dilutions plated on maktract agar Querat al., 1990
T Catalonia Macabeo (white) and Grenache (red) Ditueind plating on YPD Torijet al., 2001
T Catalonia Garnatxa Dilutions plated on malt exteegar Torijaet al., 2001
A Majorca Chenin blanc & Prensal blanc Dilutions ptabnto YM and lysine agar Mora & Mulet, 1991
A Australia Riesling, Semillon (white), Malbec and Spadenoculation on malt extract and lysine agar Heafdeet, 1985
Hermitage (red)
T Bordeaux Semillon Dilutions plated on malt extragar and grape juice agar Fleeal., 1984
A Bordeaux Merlot Dilutions plated on malt extract agar and grapegj@gar Fleett al., 1984
A Bordeaux Red & white varieties Not given Peynaud & Domercq, 1959
T ltaly Nebbiola (red) Dilutions plated on Phytone geextract agar Schiitz & Gafner, 1993
T Germany Pinot noir Dilutions plated on yeast exteyar Schitz & Gafner, 1993
Bordeaux Red varieties Not given Peynaud & Domercq, 1959
T Switzerland Pinot noir Dilutions plated on Phytoreast extract agar Schiitz & Gafner, 1993
T  Switzerland Pinot noir Details not given Lorenzini, 1999
A ltaly Different varieties Details not given Castelli, 1955
A Argentina Malbec Plated on malt extract agar Combgetal., 2005
Kloeckera apis/ A Spain Abarino, Godello (white) and Mencia (red) udibn plated on juice-agar medium Lonefcal., 1991
Hanseniaspora guilliermondii
Kloeckera corticis/ T ltaly Variety not given Details not given Castelli, 1955
Hanseniaspora osmophila [K. magna]
Kloeckera javanica / Hanseniaspora S  Bordeaux Red variety Not given Peynaud & Domercq, 1959
occidentalis [ Kloeckera jensenii]
A  Spain Abarino, Godello (white) and Mencia (red) Didin plated on juice-agar medium Longmal., 1991
A Alicante Monastrell (red) Dilutions plated on maktract agar Querat al., 1990
T  North Carolina Muscadin@Vitis rotundifolia) Direct plating on potato dextrose agar Parish & @krt985
T Tenerife White Listan Random harvesting; furthetade not given De Cost al., 1999
Kluyveromyces thermotolerans Catalonia Macabeo (white) & Grenache (red) Dilutzord plating on YPD Torijat al., 2001
Tenerife White Listan Random harvesting; furthermdstnot given De Cost al., 1999
Pichia farinosa Spain Abarino, Godello (white) and Mencia (red) Bdu plated on juice-agar medium Longwal., 1991
Pichia kluyveri Bordeaux Merlot Dilutions plated on malt extract agar and grapegj@gar Fleett al., 1984
Pichia terricola / Issatchenkia terricola A Bordeaux Merlot Dilutions plated on malt extract agar and grapegugar Fleett al., 1984
Rhodotorula sp. Bordeaux Merlot Dilutions plated on malt extract agar and grapegugar Fleett al., 1984
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TABLE 4 (continued)

Non-Saccharomyces yeasts isolated from grape must.

) %

Yeast species B e . .

Anamorph / Teleomorph e go;mtirg/n I(ibasttl?/r;ﬁ;t()enal Brief description of method of isolation Reference

[Synonym]? 28 e y

Rhodotorula glutinis Bordeaux Merlot Dilutions plated on malt extract agar and grapegugar Fleett al., 1984
Tenerife White Listan Random harvesting; furthermdstnot given De Cost al., 1999
Spain White and red (traditional varieties) Samplesegl on Sabouraud dextrose agar Remengerh, 2003

Rhodotorula graminis Bordeaux Semillon Dilutions plated on malt extracha§ grape juice agar Fleetal., 1984

Rhodotorula minuta Alicante Monastrell (red) Dilutions plated on mattract agar Queradt al., 1990

Rhodotorula mucilaginosa Spain Abarino, Godello (white) and Mencia (red) Dt plated on juice-agar medium Longial., 1991

Saccharomycodes sp. Spain Ribeiro Dilution and plating on YPD Cansatial., 1989

Saccharomycodes ludwigii

[ Saccharomyces ludwigii] S Tenerife White Listan Random harvesting; no furteails. De Cost al., 1999

Schizosaccharomyces spp. Catalonia Macabeo (white) and Grenache (red) Dituéind plating on YPD Torijat al., 2001

Torulaspora sp. Spain Ribeiro Dilution and plating on YPD Cansatlal., 1989
Bordeaux Red & white varieties Not given Peynaud & Domercq, 1959

Torulaspora globosa Spain Abarino, Godello (white) and Mencia (red) Dt plated on juice-agar medium Longmal., 1991

Torulopsis famata Bordeaux Red variety Not given Peynaud & Domercq, 1959

Zygosaccharomyces bailii Spain White and red varieties Samples of must dilatedi plated Regueirg al., 1993

on agar malt and Sabouraud plates
Zygosaccharomyces florentinus Spain Abarino, Godello (white) and Mencia (red) Dt plated on juice-agar medium Longial., 1991
Zygosaccharomyces rouxii Argentina Malbec Plated on malt extract agar Combetal., 2005

1 Where applicable, the anamorph and teleomorph desiigns are given, and also the synonym or altematee used in older literature.

Yeast nomenclature given according to Kurtzman & @998).
2 A = anamorph; T = teleomorph; S = synonym.

9%
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The high numbers and sustained presence of non- Apiculate yeastsK. apiculata and Hanseniaspora guillier-

Saccharomyces yeasts in modern wine fermentations have result-

ed in wine microbiologists revisiting the role ¢fese yeasts in
wine fermentation. Spontaneously fermented winethoagh
carrying a higher risk of spoilage, are generaltyarded as hav-
ing improved complexity, mouth-feel (texture) antegration of
flavours relative to inoculated wines (Heard & FJe2985;
Bisson & Kunkee, 1991; Gikt al., 1996; Lemaet al., 1996;
Grbin, 1999; Sodest al., 2000). This is due to specific metabol-
ic end products.

Documented cases include the study by Letra. (1996) on
Albarifio wine aroma components. These authors oded that
the predominance of inoculate8 cerevisiae, along with a
notable growth rate of indigenous n8ascharomycesyeasts dur-
ing the first days of the wine fermentation, conitéd signifi-
cantly to the desirable aromatic properties ofitliges. Herraiz
et al. (1990) and Gilet al. (1996) also reported that wines pro-
duced by pure and mixed culturesSfcerevisiae and apiculate
yeasts K. apiculata and H. uvarum) differ regarding their aro-
matic compounds. The low frequency Kibeckera spp. during
fermentation has also been suggested as a reastireftack of
aroma complexity of Folle blanche wines in the Bestegion in
Spain (Rementeriet al., 2003).

The range of flavour compounds produced by diffeyeasts
is well documented (Castor, 1954; Suomalainen & hedn,
1979; Solet al., 1982; Nykénen, 1986; Rauhut, 1993; Romano
& Suzzi, 1993a; Lambrechts & Pretorius, 2000; Ragasl.,
2003; Romancet al., 2003; Moreiraet al., 2005; Swiegers &
Pretorius, 2005; Swiegert al., 2005). The metabolic products
resulting from norBaccharomyces growth include glycerol,
acetaldehyde, acetic acid, succinic acid, higher alisoéind fatty
acid esters (Fleet al., 1984; Bisson & Kunkee, 1991; Jackson,
1994; Boultonet al., 1996; Lonvaud-Funel, 1996; Heard, 1999;
Zohre & Erten, 2002; Clemente-Jimeretal., 2004).

Glycerol, after ethanol, is the next major yeast inelite pro-
duced during wine fermentation and is importantéast metabo-
lism for regulating the redox potential in the d8lcanet al.,
1998; Prioret al., 2000). Glycerol contributes to smoothness
(mouth-feel), sweetness and complexity in wines Ci&
Maccarelli, 1998), but the grape variety and windestyill deter-
mine the extent to which glycerol impacts on thpsperties. It
appears that the quality of Chardonnay, Sauvign@mdoland
Chenin blanc is not improved by increased glyceoolcentrations
(Nieuwoudtet al., 2002). However, as all wine sensory profiles are
unique, some wines might benefit from increasedegtyicevels.

Spontaneously fermented wines have higher glyclendls,
indicating a possible contribution by n&aecharomyces yeasts
(Romancet al., 1997; Henick-Klinget al., 1998). It is known that
C. stellata produces elevated glycerol concentrations of betwee
10 and 14 g/L (Ciani & Picciotti, 1995; Ciani & Faro, 1998),
compared with 4 to 10.4 g/L b§ cerevisiae (Radler & Schitz,
1982; Ciani & Maccarelli, 1998; Prioret al., 2000).
Unfortunately, increased glycerol production is ulyulinked to
increased acetic acid production (Pebal., 2000), which can be
detrimental to wine quality. This makes the growfiC. stellata
during fermentation problematic, unless a balance be
achieved between glycerol and acetic acid prodagctidich will
not detract from wine quality.

mondii) have also been implicated in glycerol productibnese
yeasts can generally be divided into two groupshigh-glycerol
(8 g/L), low ethanol (0.9%/,) producers, and low- glycerol
(1 g/L), high-ethanol (2.4%),) producers (Romanet al., 1997).
Apiculate yeasts are also known as high produdeasetic acid,
making them undesirable for wine production (Ci@rRicciotti,
1995). However, it has been reported that largénsuaiability
exists and that not all strains léfoeckera spp. form high levels
of acetic acid (Romanet al., 1992). Some strains form less than
1 g/L and are comparable ® cerevisiae. If these strains also
form higher levels of glycerol, their use can benafiwine for
which higher glycerol levels are needed.

The primary flavour of wine is derived from the pes.
However, secondary flavours are derived from ester formation by
yeasts during wine fermentation (Nykanen, 1986; Liaciits &
Pretorius, 2000). Over 160 esters have been dissihgd in wine
(Jackson, 2000). These esters can have a positee eh wine
quality, especially in wine from varieties with neltflavours
that are consumed shortly after production, e.g.es@henin
blanc wines (Lambrechts & Pretorius, 2000). Ngaccha-
romyces yeasts isolated from South African musts during1196
could be divided into two groups, viz. neutral ysagrroducing
little or no flavour compounds) and flavour prochgispecies
(both desired and undesired) (Van &yhl., 1963). Flavour pro-
ducing yeasts include® anomala (Hansenula anomala) and
K. apiculata. C. pulcherrima is also known to be a high producer
of esters (Bisson & Kunkee, 1991; Clemente-Jimeeteal.,
2004). HoweverC. pulcherrima has an antagonistic effect on
several yeasts, including cerevisiae (Panon, 1997; Nguyen &
Panon, 1998). When aerobic growth@fpulcherrima cultures
was followed by inoculation witB. cerevisiae, delays in fermen-
tation occurred. This was due to a killer effect, ibuwvas not the
same as the classic8l cerevisiae killer phenomenon; it was
linked to pulcherrimin pigment produced I8 pulcherrima.
Contrary reports (Jollgt al., 2003b, 2003c) indicate that when
using aC. pulcherrima isolate for wine production there was no
effect on fermentation. This contradiction mightches to differ-
ent distinct biotypes within th@. pulcherrima species (Pallmann
et al., 2001), but this still needs to be investigatedHfer.

Other yeasts that can play a role in wine prodacéire those
of the genusBrettanomyces (Dekkera). Different Brettanomyces
strains can develop flavours ranging from pleagaintlity and
toffee, to volatile and unpleasant (Eschenbruch &gyd 993).
The ‘mousy’ and ‘medicinal-like’ character in winen@wn as
“Brett”), is linked to the growth oBrettanomyces spp. and is due
to the formation of tetrahydropyridines and 4-ettphenol,
respectively (Grbiret al., 1995; Grbin & Henschke, 2000; Arvik
& Henick-Kling, 2002). This 'Brett' character is csidered to be
an off-flavour. However, anecdotal evidence indisatieat the
'‘Brett’ character, at low levels in a red wine with averall com-
plex aroma, can be a positive addition.

Some norSaccharomyces yeasts, e.g.T. delbrueckii and
C. stellata are able to form succinic acid (Ciani & Maccarelli,
1998; Ferraret al., 2000). This correlates with high ethanol pro-
duction and ethanol tolerance. Succinic acid prédnccould
positively influence the analytical profile of wimdy contribut-
ing to the total acidity in wines with insufficieatidity. However,
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succinic acid has a salty/bitter-acid taste (Anmesdnal., 1972)
and excessive levels will negatively influence winality.

Different nonSaccharomyces yeasts produce different levels of
higher alcohols (n-propanol, isobutanol, isoamyl htdpactive
amyl alcohol) (Romanat al., 1992; Lambrechts & Pretorius,
2000). This is important during wine productionhégh concen-
trations of higher alcohols are generally not aekitbut lower
values can add to wine complexity (Romano & Suz@h3b).

Non-Saccharomyces yeasts often form lower levels of these alco-

hols thanS cerevisiae, but there is great strain variability
(Romanoet al., 1992, 1993; Zironét al., 1993).

Other nonSaccharomyces metabolites can act as intermediates

in aroma metabolic pathways. Romast@l. (1993) showed that
H. guilliermondii andK. apiculata strains produced 50.3 to 258.1
mg/L and 55.8 to 187.4 mg/L acetoin, respectivelgrape must.
Acetoin is considered a relatively odourless conmgbun wine,
with a threshold value of approximately 150 mg/L fRmo &
Suzzi, 1996). However, diacetyl and 2,3-butanedioltéptially
off-flavours in wine) can be derived from acetoin ¢hemical
oxidation and yeast-mediated reduction, respectivdlys indi-
cates that acetoin can play a role in off-flavoarnfation in
wines. High concentrations of acetoin produced kpn-n
Saccharomyces yeasts can also be utilised Bycerevisiae. This
was shown by Zirongt al. (1993) in their chemical analysis
results of wines fermented from pure cultures, camgbato
mixed and sequential culture fermentations. Theydcoat, how-
ever, confirm what metabolites were formed from aicety
S cerevisiae.

These, and other compounds not discussed in thédeafe.g.
volatile fatty acids, carbonyl and sulphur compoyndee known
to play a role in the sensory quality of wine (Nyka, 1986;
Lambrechts & Pretorius, 2000; Morekgal., 2005). However, as
stated by Guth (1997), there are over 680 documeotea-
pounds in wine and a large number of these can,ndiapg on
their concentrations, contribute either positivefynegatively to
wine aroma and flavour. It is not known how thesenpounds
relate to the metabolism of the different yeastcegsefound in
fermentation.

Certain flavour and aroma compounds are presegiapes as
glycosidic precursors with no sensory propertiesd(l 1995;
Pretorius, 2003). These compounds may be hydrolpsethe
enzymef-glucosidase to form free volatiles that can imprtdve
flavour and aroma of wine, but this enzyme is natoeled by the
S cerevisiae genome (Ubeda-lranab al., 1998; Van Rensbuig
al., 2005). However, certain ndaccharomyces yeasts belong-
ing to the generdebaryomyces, Hansenula, Candida, Pichia
andKloeckera possess various degreesfeglucosidase activity
(Rosiet al., 1994; Todd, 1995; Spagmhal., 2002; Fernandez-
Gonzélest al., 2003; Rodrigueet al., 2004) and can play a role
in releasing volatile compounds from non-volatiteqursors. An

esters in wine is determined by the balance betweeryeast's
ester-synthesising enzymes and esterases (resjeofwilcleav-
age and, in some cases, formation of ester bondsg@srs &
Pretorius, 2005). Although extracellular esterageskaown to
occur inS cerevisiae (Ubeda-lranzcet al., 1998), the situation
for non-Saccharomyces needs further investigation.

Other nonSaccharomyces extracellular enzymatic activity (e.qg.
proteolytic, polygalacturonase) might also be of ins@inemak-
ing. For example, proteolytic activity of some n8aecharomyces
yeasts could lead to a reduction in protein lewgi) an accom-
panying increase in protein stability. However, Di&yBisson
(2000) reported to the contrary, namely that in@dasast prote-
olytic activity did not lead to a reduction in hdpemation. Some
extracellular enzymes produced by r&atcharomyces species
are shown in Table 5. Species found to producgrbatest num-
ber of extracellular enzymes ate stellata, H. uvarunvK. apicu-
lata andM. pulcherrima/C. pulcherrima.

New research by Carratial. (2005) on the formation of aroma
compounds by yeasts suggests thaterevisiae can synthesise
monoterpenes (floral aroma in wine), compounds presly
thought to be solely derived from grapes. They halge pro-
posed a new metabolic pathway (MCC pathway). linknown
whether any norgaccharomyces yeasts have these capabilities.
However, considering the large variety of réaccharomyces
yeast species found in grape must, it is likely thatre will be
some.

FACTORS AFFECTING GROWTH OF NOISACCHARO-
MYCES YEASTS DURING WINE FERMENTATION

The contribution by norsaccharomyces yeasts to wine flavour
will depend on the concentration of metabolitesnfed.
Therefore, any factors affecting the growth ratendfvidual non-
Saccharomyces species will determine the extent of their contri-
bution to flavour development (Heard, 1999). Theaetdrs
include intrinsic components of grape juice (pH,augoncen-
tration and clarity), processing methods (methodlafification,
use of preservatives and/or $§Cfermentation conditions (tem-
perature, oxygen content/aeration) and the effe& oérevisiae
yeast, e.g. amount of ethanol formed.

Non-Saccharomyces yeasts have poor tolerance to low oxygen
availability, especially compared witB cerevisiae (Hansenet
al.,, 2001). The removal of oxygen by vigorously fermimn
S cerevisiae can contribute to an early death of some non-
Saccharomyces yeasts.

For some norgaccharomyces yeasts, i.eC. stellata, C. col-
liculosa andC. pulcherrima, it has been shown that the pH of the
medium or must does not have a large effect on tjroate (Gao
& Fleet, 1988; Heard & Fleet, 1988), however, it hasodbeen
reported that higher pH increases the fermentadbitity of
C. pulcherrima (Jolly et al., 2003c). The effect of pH on other
non-Saccharomyces yeasts is not well defined. An increase in

intracellular B-glucosidase has also been isolated and purifiedsugar concentration, however, does have an effecham

from Debaryomyces hansenii. This enzyme, which is not inhibit-
ed by glucose and ethanol, was used during fernmentaif
Muscat grape juice, resulting in an increase in eatration of
monoterpenols in the wine (Yanai & Sato, 1999).

As already mentioned, ester formation by yeast pdaysnpor-
tant role in secondary flavours. However, the netiawlation of

Saccharomyces yeasts due to their generally poor osmotolerance
(Heard, 1999).

Temperature and S@re possibly the two factors that have the
greatest effect on noBaccharomyces yeasts. Some non-
Saccharomyces yeasts are inhibited at temperatures above 25°C
(Sharf & Margalith, 1983; Fleet, 1990; Boultah al., 1996).
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TABLE 5
Extracellular hydrolytic enzymes found in n8aecharomyces yeasts.

Extracellular enzyme activity

[} [}
) %] [S]
Species § % 8 % .'r'; % % b 2 % ® o
(teleomor ph / anamor ph) = Qo ] S <} = c g £5 3 2
3 2 5 S 3 o) g IS 53 % x
o o 10) 5 o (6] X < n o
[«
Zygoascus hellenicus / Candida hellenica + + + S
Brettanomyces clausenii + F
Kluyveromyces thermotolerans + F
Pichia fermentans / Candida lambica + + S
-2 | Candida oleophila + + + S
Issatchenkia occidentalis / Candida sorbosa + + S
2/ Candida stellata + + + + + + + + + C,FS
Pichia membranifaciens / Candida valida + + + + , S
Debaryomyces hansenii / Candida famata + + + RS, B
Hanseniaspora uvarum/ Kloeckera apiculata + + + + + + + + + R, C,S, R4
Issatchenkia orientalis / Candida krusei + C
Metschnikowia pulcherrima / Candida pulcherrima + + + + + + + + + + C,F S, Ro
Pichia anomala / Candida pelliculosa + + + R, C,F S, Sp
Torulaspora delbrueckii / Candida colliculosa + C
Pichia farinosa / + S
Debaryomyces castellii / 3 + R
Debaryomyces polymorphus / -3 + R
Pichia kluyveri / 3 + S
Pichia guilliermondii / Candida guilliermondii + Rd*

1R = Rosiet al., 1994; C = Charoenchad al., 1997; F = Fernandet al., 2000; S = Strausa al., 2001; Sp = Spagret al., 2002 ; Ro = Rodrigue# al., 2004, and
B = Bolumaret al., 2005.

2No teleomorph.
3No anamorph.
40nly screened foB-glucosidase activity.

Therefore, reducing the temperature can lead taereantribu- of non-Saccharomyces yeasts present in the first place. Results of
tion by nonSaccharomyces speciesK. apiculata, for example, is  Fleet (1990) and Granckt al. (1998) support this. They found
able to ferment better at 10°C than at 25°C (Hé&aFdeet, 1988; that SQ in the range 50 to 100 mg/L did not prevent growith o
Bilbao et al., 1997). The ethanol tolerance of some non- non-Saccharomyces yeasts in red wine fermentations, but these
Saccharomyces yeasts, e.gC. stellata and K. apiculata, is also concentrations are normally effective in white wifggmenta-
improved at lower temperatures (e.g. 10°C compuaidd 25°C) tions. Suppression of sensitive yeasts by &{@ws more toler-
(Gao & Fleet, 1988). Other ndBaccharomyces yeasts, e.g. antyeasts, present in lower numbers, to proliferéte.judicious

H. guilliermondii already have an ethanol tolerance very similar use of S@can therefore alter the n@accharomyces population

to S cerevisiae, however, this is influenced by prior growth con- profile in some instances. In other instances, tditian of SQ
ditions (Pinaet al., 2004). Reducing the fermentation tempera- will decrease some populations, but not the spediesrsity
ture, with its synergistic effect on ethanol tolereywill therefore (Rementeriat al., 2003).

lead to an increased presence of Saccharomyces yeasts. This Other factors that can impact on the presence anitly of
change in the ecology of the fermentation will atesult in @ non.Saccharomyces yeasts are yeast-yeast and yeast-bacteria
change in the concentration of aroma and flavoutabwites  interactions, including neutralism, commensalism, ralismn/
formed by the norgaccharomyces yeasts, with a consequential - synergism, amensalism or antagonism and compe(ioddy &
impact on wine quality. Wimpenny, 1992; Boultost al., 1996; Henick-Klinget al., 1998;
While it has generally been accepted that &@ed to wine  Fleet, 2003). The utilisation of specific nutrieresy. amino acids
suppresses nosaccharomyces yeasts, the work of Henick-Kling  and vitamins, by one species may make the environihess
et al. (1998), Constantéet al. (1998), Egliet al. (1998) and  favourable to other species. In addition, metabsljpeoduced,
Rementeriat al. (2003) challenges this belief. Low sulphur addi- such as ethanol, inhibitory peptides, proteins agdaproteins,
tion (20 mg/L) does not suppress nsaecharomyces yeasts, can inhibit or destroy other species by lysis dirttcell walls.
higher levels (50 mg/L) do suppress some, but otleegsC. guil- Specifically, zymocidal strains & cerevisiae (killer yeasts) can
liermondii and Zygosaccharomyces spp., can survive. The effec- affect other species. Other metabolites can, in,tlead to
tiveness of S@also depends on the type of must and the numbernhanced growth. Autolysis, with the subsequenasglef cellu-
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lar material, can also encourage yeast growth (@Emaigret al.,
1986; Fleet, 2003).

Growth of nonSaccharomyces yeasts can also be limited by the
S cerevisiae starter culture (Constardf al., 1998; Henick-Kling
et al., 1998). High concentrations &f cerevisiae appear to inhib-
it some nonSaccharomyces yeasts by means of a cell-cell mediat-
ed mechanism (Nissehal., 2003). Subsequently, different starter
cultures will have different effects on the nSscharomyces pop-
ulations. Therefore, by controlling the parametéiaaculum, i.e.
S cerevisiae strain and inoculum concentration, the non-
Saccharomyces contribution can also be controlled. This is illus-
trated by the experiments of Egli al. (1998). They compared
three types of fermentation, i.e. fermentations wittigenous
microflora (spontaneous), a vigorous yeast staBecefevisiae
strain EC1118) and a slowly fermenting yeast std8ecerevisi-
ae strain Assmanshausen). The sensory profiles ofdkeltant
wines differed from each other. The faster grovi@1118 strain
limited the growth of the noBaccharomyces component more
strongly than the slow growing Assmanshausen. Growetild be
further suppressed by the addition of,SO

It has also been suggested that the use of furgi@dd pesti-
cides results in a reduced yeast presence on g(®eesh &
Caroll, 1985; Regueiret al., 1993; Guerrat al., 1999). It has
been shown that yeast populations are higher whexgrochem-
icals have been applied for some time (Reneuél., 2005).
Higher levels of norBaccharomyces yeasts can impact on the
resultant fermentation and wine quality. In cortfr&€abrast al.
(1999) showed that certain pesticides could stiteulgeasts
(especiallyK. apiculata) to produce more ethanol. This increased
vigour would, by implication, also extend to othertaimlites. As
pesticides are used to a greater or lesser extest vineyards
(with a few possible exceptions where natural psees are fol-
lowed), there might be instances where certain gdst can
stimulate norsaccharomyces growth on the grapes. The resultant
higher levels of such yeasts might also have akdooceffect in
the subsequent wine fermentation.

Non-Saccharomyces populations might also be affected by
‘quorum sensing’, the mechanism whereby microbidils cgan
communicate with each other and cause a popultditollow a
specific growth pattern (Bisson, 1999; Fleet, 200arsEk &
Greenberg, 2005). Bicarbonate, ammonia and farnes@ been
suggested as cell communication molecules for y&ast effect
of quorum sensing and its significance to wine patidn is not
known.

THE USE OF NONSACCHAROMYCES YEASTS IN WINE
PRODUCTION

A number of authors have reported that the useeleiced and
cultured nonSaccharomyces yeasts, including Candida,
Kloeckera, Brettanomyces and Zygosaccharomyces species, is
beneficial in wine production. As these yeasts ategoor fer-
mentersS. cerevisiae (either indigenous or inoculated) is always
needed to complete wine fermentation. Typically, non

The Role and Use of Non-Saccharomyces Yeasts in Wine Production

some authors only report on experiments conduateldlmrato-
ry-scale, utilising small volumes of grape juicee€$h results are
not necessarily the same as what could be expecltedjer com-
mercial fermentations. Factors such as small ansoonftair
which can enter small-volume fermentations during. sam-
pling, and the rapid sedimentation of yeast whiotluoes fer-
mentation rate, can affect the final results (Hekscth990).

Candida stellata

C. stellata is known as a high glycerol producer and Ciani &
Picciotti (1995) suggested that it be used as @estaulture to
increase glycerol levels in wine. Values of up 1076 g/L have
been reported (Ciani & Maccarelli, 1998), which igler than
the sensory threshold level for glycerol sweetness,5.2 g/L
(Noble & Bursick, 1984). Glycerol is also thoughtdontribute

to the mouth-feel and complexity of wine flavourJ@wer levels
(Scanest al., 1998; Prioret al., 2000). This yeast is therefore a
prime candidate for investigating a positive ri&aecharomyces
contribution to wine quality.

Ciani & Ferraro (1998) used @ stellata strain (strain 3827,
Industrial Yeast Collection, University of Perugta)improve the
analytical profile of small-scale (500 mL) Pinotgid wines dur-
ing batch fermentations. The Pinot grigio grapesewarvested
at 18.5°B and sweetened to 27°B with sucrose. Iniiset
C. stellata cells at concentrations of 1 x 4€ells/mL were used
in three fermentation types: a simultaneous inomnawith
S cerevisiae; a sequential fermentation wheBecerevisiae was
added three days aft€x stellata; and a substituted fermentation
whereC. stellata was replaced witls. cerevisiae after three days.
The S. cerevisiae inoculum was 1 x 10cells/mL for all treat-
ments. Results showed that in comparison toSheerevisiae
control fermentations, the combined fermentatiorcioed more
rapidly with increased glycerol content. This was@npanied
by a decrease in acetic acid and higher alcohasaanncrease
in succinic acid. Other by-products were similatitose found in
the S. cerevisiae control fermentation. Despite the high initial
sugar content, all of the sugar was consumed dtleetocomple-
mentary utilisation of fructose and glucose by estellata
(fructophilic yeast) and. cerevisiae (glucophilic yeast). It was
concluded that of all three treatments, the seqaldietimentation
was the best combination for improving the anabftjgrofile of
the wines. It was further noted that acetoin preduloyC. stel-
lata was utilised byS. cerevisiae to form 2,3-butanediol that can
lead to off-flavour in wine. As no sensory analysese carried
out it is not clear what impact this had on th&dlar of the wine.

In a subsequent study, Ferratal. (2000) confirmed the above
findings in the pilot-scale (100 L) production ofnei They used
Trebbiano Toscano grape juice at 19°B, pH 2.94 dnB2lmg/L
free SQ. The inoculum of immobilisedC. stellata
(5 x 1@ cells/mL) was followed after three days by an iroou
of S cerevisiae (5 x 1C cells/mL). High glycerol production was
evident on the fourth day of fermentation, while #ieohol was
still lower than 5%. Thereafter, the glycerol protioe was slow-

Saccharomyces yeasts have been used in sequential fermentatiorer and the ethanol concentration increased dueetabulism by

where these yeasts are allowed to grow or fermambétween
one hour and fifteen days before inoculation v@ttcerevisiae
(Herraizet al., 1990; Zironiet al., 1993; Ciani & Ferraro, 1998;
Ferraroet al., 2000; Jollyet al., 2003b; 2003c). Unfortunately,

S cerevisiae. The final wine had a 70% higher glycerol concen-
tration than the contro§( cerevisiae only), while the ethanol con-
centration was 10.6% compared with the 12.24% efcintrol.
The acetic acid was 0.05 g/L lower than the corigohentation.
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Apart from the increase in glycerol, the reductinraicohol as
reported above could be beneficial for the productf wines
from grapes with high sugar content (as often foimgrapes
from warm regions). Reduction in acetic acid comeion will
always be beneficial. However, while the analytyadfile of the
wine was improved, a shortcoming of the work of Beyet al.
(2000) is that they did not report on the sensanfile of the
wine. During the three-day lag before inoculatiothvs. cere-
visiae, oxidation of the must might have occurred. However,
spontaneous fermentation would have started asdrtight have
offset the oxidation risk.

In another investigation Sodehal. (1998; 2000) use@. stel-
lata in combination withS. cerevisiae for the production of
Chardonnay wines. They used two different inocafatproto-
cols, viz. co-inoculation and sequential inoculatistarting with

the C. stellata, and these were compared with the two yeasts inChardonnay

separate monoculture ferments. The yeasts werelated at a
concentration of 5 x Hxells/mL, except in the co-inoculated fer-
mentation where th&. cerevisiae was inoculated at a lower cell
count (5 x 10 cells/mL). In the sequential fermentati@ cere-
visiae was inoculated 15 days aft€r stellata. At this point the

C. stellata had depleted the fructose, but not the glucose, atid ha
stopped fermenting. All the wines except tbestellata mono-
culture fermented dry.

The wines underwent descriptive sensory analyseghenref-
erencesS. cerevisiae wine was judged to have ‘tropical fruit’, ‘flo-
ral’, ‘lime’ and ‘banana’ aromas of a typical ChardagynThe
monocultureC. stellata wine had significantly more ‘apricot’,
‘honey’ and ‘sauerkraut’ aromas and significantlyslééme’,
‘tropical fruit’, ‘banana’ and ‘floral’ aromas. The daoculated
wine had aromas similar to wine resulting from oftheS. cere-
visiae monoculture, but was scored lower for ‘floral’ and
‘banana’. The sequential fermentations producedne signifi-
cantly different from theS cerevisiae reference wine regarding
‘banana’, ‘floral’ and ‘lime’ aromas, but the wine wasnilar in
the ‘honey’, ‘apricot’ and ‘sauerkraut’ aromas atttidd to the
C. stellata yeast. The wine also had a high ‘ethyl acetate’ asom
had the highest concentration of glycerol and siceicid, and a
lower concentration of ethanol. On the negative sghuerkraut’
and ‘ethyl acetate’ nuances could be considerecetact from
wine quality as they are listed under ‘microbioksdi and ‘oxi-
dised’ according to wine evaluation terminology (Mokt al.,
1987). The long time lapse of 15 days before tbedutation with
S cerevisiae in the sequential fermentation would have con-
tributed to the ‘oxidised’ aroma of the wine. A steordelay
before inoculation withS. cerevisiae could have given a better
wine. Soderet al. (2000) concluded that, with selection of the
appropriate strains and the establishment of éffeatoculation
protocols, greater flavour diversity and complexidguld be
obtained in wine during commercial winemaking.

In another study wher€. stellata andS. cerevisiae were used
in sequential fermentations for the production ofal-scale
Chardonnay wines, the time lapse between inoculatainthe
two species was only one hour (Jadtyal., 2003b). No increases
in glycerol levels were noted, as was the case vine@. stella-
ta isolate was used on its own in laboratory-scalméstations.
For the small-scale Chardonnay wine, the total est@s signif-
icantly higher for theC. stellata sequential wine in comparison to
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the S cerevisiae only reference wine. However, during a compar-
ative sensory evaluation the reference wine wafepesl. No
descriptive sensory analysis was performed.

Candida pulcherrima

C. pulcherrima, which produces high concentrations of esters
(Bisson & Kunkee, 1991), especially the pear-assediaster
ethyl caprylate (Lambrechts & Pretorius, 2000; Cletaglimenez

et al., 2004), can occur in high numbers in grape mughij&c&
Gafner, 1993; Jollet al., 2003a). Furthermore, it was shown by
Zohre & Erten (2002) that production of undesiraftatile com-
pounds did not occur during mixed culture fermeotet of this
yeast andS. cerevisiae. C. pulcherrima might therefore make a
positive sensory contribution to wine. In anothtedy, a random-

ly selectedC. pulcherrima isolate was used in sequential fermen-
tations with S. cerevisiae, for small-scale production of
Sauvignon blanc and Chenin blanc widely (et

al., 2003b). A sensory evaluation of the wines showleat
Sauvignon blanc and Chenin blanc were better theefemence
wine (S cerevisiae only) five and 18 months after production. The
Chardonnay wine was judged to be of an inferiodityudt thus
appears that there are specific r&geharomyces/grape variety
combinations that lead to improved quality.

In a subsequent study, the effect of winemaking tfres
(namely the use of diammonium phosphate [DAP] a@g),Ser-
mentation temperatures and must pH on the perfaenad
C. pulcherrima during fermentation was investigated (Jayl.,
2003c). It was reported that DAP addition, higheryatues and
increased temperatures all resulted in a slightease in fermen-
tation ability. The fermentation ability was nofeafted by S@
concentrations normally used in wine fermentati3@ mg/L).
Elevated levels (60 mg/L) of S@id have a negative effect, how-
ever, this is a much higher concentration than wogldnally be
used in a commercial fermentation. A Chenin blaimevproduc-
tion trial showed that a select€d pulcherrima strain had a pos-
itive influence on wine quality (as measured byasery panel).
No difference in standard chemical analyses wasdhand the
improvement was not linked to ester levels; thdaugt implicat-
ed other metabolites, but further chemical analyses suitable
methodology were required to identify them.

Kloeckera and Hanseniaspora spp.

The apiculate yeasti. apiculata and H. uvarum, the non-
Saccharomyces yeasts found in the highest numbers in grape
must, are in the best position to make a contrilputbowine qual-

ity. These yeasts, with low fermentative power, angartant in
the production of volatile compounds in wine, and ghemical
composition of wines made witkloeckera spp/S. cerevisiae
combinations differ from reference wines (Herrdizl., 1990;
Mateoet al., 1991; Zironiet al., 1993; Gilet al., 1996).

Caridi & Ramondino (1999) evaluated a range of 20
Hanseniaspora spp. Kloeckera spp.) of oenological origin for
their ability to ferment a must (17.9°B; pH 3.8Ihey found that
the ethanol produced ranged from 5.02 to 8.72%pmparison
to the 11.17% of the contro&(cerevisiae), but volatile acidity
was higher (0.75g/L to 2.25¢g/L) than the controb8g/L). These
results indicate that although some strainslafiseniaspora are
able to produce higher levels of ethanol than o#teins, the
high levels of volatile acidity would be detrimehnta the senso-
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ry characteristics of the wine. However, Romatal. (1992) and
Ciani & Maccarelli (1998) showed that not Klloeckera strains
formed high levels of volatile acidity and that somere similar
to S cerevisiae in this regardThe production of other secondary
metabolites, i.e. glycerol, acetaldehyde, ethyl aeedaid hydro-
gen sulphide, also differed between strains (Ronetalb, 1997).
Selected strains of apiculate yeasts might thezefforour aroma
and flavour enhancement in wines.

Most authors working with these yeasts only utilisgoeckera
spp. in small-scale laboratory trials and subsetiyeonly
analysed the wines chemically. Their approachethéouse of
Kloeckera also differed. Zironiet al. (1993), in their sequential
fermentations, allowed l&l oeckera/Hanseniaspora ferment to go
for six days before inoculating witB cerevisiae, while Herraiz
et al. (1990) waited eight days. Differences in chemicallgses
of the wines were noted. Of more concern was thatinitial

The Role and Use of Non-Saccharomyces Yeasts in Wine Production

and sparkling wines (Amerine & Cruess, 1960; Loure&
Malfeito-Ferreira, 2003). Notwithstandingygosaccharomyces
spp. have been investigated by Romano & Suzzi @988 pos-
itive contributors to wine fermentation. The spscistudied
included aZ. fermentati strain (strain F42), which produced low
levels of acetic acid, ¥ and S@and had high fermentation
vigour. Another specieg&, bailii (strain F37), showed malic acid
degradation and generally lows$iproduction. In addition, both
species flocculated. The authors suggested thse ttlearacteris-
tics could benefit wine production during, for exdeype-fer-
mentation of wine.

Most of the literature recognis@ggosaccharomyces yeasts as
spoilage organisms producing high quantities oftiacacid.
However, Romano & Suzzi (1993a) suggested that dabetic
acid production might be due to yeasts bearingoaeckesem-
blance taZygosaccharomyces. In older literature, acetic acid-pro-

growth of Kloeckera had a retarding effect on the subsequent ducing yeasts were wrongly identified @ggosaccharomyces

growth of S cerevisiae. This phenomenon could have further
implications as a cause for lagging or stuck feraons.
Therefore, a cautionary approach would have to kentavhen
considering usingloeckera spp. in wine productiork. apicula-

ta has also been implicated in the formation of sonogdnic
amines (Caruset al., 2002).

Sensory evaluations on wines producebyeckera spp. were
carried out by Owuama & Saunders (1990). They #segicula-

species.

Selected strains afygosaccharomyces spp. might be useful
especially for the production of alternate bevesage bailii is
also, in contrast to many other n8aecharomyces yeasts and
S cerevisiae, fructophilic. This could be beneficial in grape stsi
from riper grapes (high Balling), where the fructasmcentra-
tion can exceed that of glucose at the start ofnéetation
(Margalith, 1981).

ta/S cerevisiae combinations for the fermentation of cashew apple Schizosaccharomyces spp.

juice (25°B). Inoculation of the two species wasigdtaneous and
9.3% ethanol was produced with 4.2% residual s&garsory eval-
uation (colour, aroma and taste) of the wines shawatalthough

the Saccharomyces reference wine was the best, the product of the

combined fermentation was also acceptable for copsan.

A K. apiculata isolate was also used wih cerevisiae for the
production of small-scale Chardonnay, Sauvignon dland
Chenin blanc wines (Jollet al., 2003b). Inoculation of the
S cerevisiae was one hour after that of the apiculata andca.
13% ethanol was produced with less than 2 g/L residugar.

Sensory evaluation of the wines five and 18 months after produc

tion showed that the Sauvignon blanc wine was predeby the
judges. All the other wines were judged to be ifeto a refer-
ence wine produced [ cerevisiae only.

The production of 2-phenyl-ethyl acetate by thecalpie yeast

H. guilliermondii has been investigated in laboratory fermentations

(Rojaset al., 2003). This acetate ester contributes to ‘rokeheéy’,
fruity’ and ‘flowery’ aroma nuances (Lambrechts & eRurius,
2000; Swiegers & Pretorius, 2005; Swiegersl., 2005), and is
formed to a greater or lesser extent by most yeastpart of the
‘fermentation bouquet’, it can contribute to the meflavour of a
young wine. However, the high level of ethyl acefaieduced by
the strain investigated by Rojetsal. (2003) was a serious handicap.

Another role that has been suggested Kdoeckera and
Hanseniaspora spp. is that of the production of wine destined for
vinegar manufacture (Ciani & Picciotti, 1995). THghproduc-
tion of acetoin and ethyl acetate will favourabhfluence the
quality of vinegar.

Zygosaccharomyces spp.

Zygosaccharomyces spp. are considered to be winery contami-
nants and are especially a problem in wineries yriod) sweet

Schizosaccharomyces spp. have been used for the production of
mango Magnifera indida L.) wine without addition ofS. cere-
visiae (Obisanyaet al., 1987). Two strains ofschizosaccha-
romyces spp. isolated from palm wine were found to be suitable
for the production of sweet mango table wine wittween 8 and
9% alcohol. Reference wines produced $ycerevisiae were,
however, found to be superior in flavour and tasthilevfer-
menting dry (approximately 4 g/L sugar).

Another characteristic ofchizosaccharomyces spp. is their
ability to degrade malic acid; it has been shovat ttigh-density
cell suspensions dfchizosaccharomyces yeasts could degrade
95-99% of malic acid in a buffered assay systeno(&d-leet,
1995). However, none of the yeasts could metabatiskc acid
fast enough to be of use in a reactor system fitrémtment of
grape juice. Increasing the cell density had norawed effect.

In another trial, aSchizosaccharomyces malidevorans mutant
that could utilise malic acid more rapidly than thid-type strain
was used for commercial-scale (1000 to 2500 L) difezztion
of grape juice (Thornton & Rodriguez, 1996). Theietes treat-
ed were Chardonnay, Semillon and Cabernet Sauvighbe.
temperature and SQevels were those normally applied in wine
production, i.e. 15-25°C and 30 mg/L (free), respetyi No sen-
sory defects were noted in the finished wines, whiehe used
for blending, before being sold as varietal wines.

Torulaspora delbrueckii

T. delbrueckii (teleomorph ofC. colliculosa), formerly classified
as Saccharomyces rosei, was previously suggested for vinifica-
tion of musts low in sugar and acid (Castelli, 1936jvas sub-
sequently used for the commercial production of aed rosé
wines in Italy (Castelli, 1955). In more recent exypents carried
out by Morenoet al. (1991) it was found thak. delbrueckii in
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pure culture produced lower levels of volatile #gidhan the
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Sauvignon, Merlot, Shiraz and Pinot noir) grape \&ge

S cerevisiae strains tested. Furthermore, in mixed fermentations According to the product information sheet, the obthis yeast

(indigenous population plus pure cultures Tofdelbrueckii or

S cerevisiae) the volatile acidity increased with the ripene$s
the grapes, however, these increases were genenadliyes for

the T. delbrueckii than theS. cerevisiae strains.

In another investigation, the anamorphic form ofstlyeast
(C. colliculosa) was used together with cerevisiae for the pro-
duction of small-scale Chardonnay, Sauvignon blartt@henin
blanc wines (Jollyet al., 2003b). The Sauvignon blanc and
Chenin blanc wines were both judged to be bettan ttheir
respectiveS. cerevisiae reference wines five and 18 months after
production. However, standard wine chemical andr estalyses
did not differ from the reference wines.

Brettanomyces spp.

The contribution oBrettanomyces spp. to wine aroma has been
likened to a ‘Bordeaux-like’ character. Apart frohretpreviously
mentioned negative aroma nuances imparted by ttessts, pos-
itive aromas such as ‘smoky’, ‘spicy’ and ‘toffee’ aabso cited
(Eschenbruch & Wong, 1993; Arvik & Henick-Kling, 2002

in simultaneous inoculations can lead to the enéraent of flo-
ral and tropical fruit aromas, and more complex amdnded
flavours in white and red wine, respectively. Altigbuthe ratio of
the K. thermotolerans to S. cerevisiae is not specified, it appears
to be in the region of 1:30 (Jolly, unpublished d2@05).

Other non-Saccharomyces spp.

Other nonSaccharomyces yeasts that have also been investigated
for their potential contribution to wine includBichia and
Williopsis spp.

The production of 2-phenylethanol I®ichia fermentans has
been investigated under optimised culture condition Huanget
al. (2001). This alcohol, contributing to an aromaasfe petals, is
formed to a greater or lesser extent by most yeastsas part of
the ‘fermentation bouquet’ can contribute to theralidlavour of
a young wine. It was found that the productionhi$ tompound
increased with an increase in biomass during flielistage of fer-
mentation. A maximum concentration was reached adours.

The use ofP. fermentans was also investigated by Clemente-

Brettanomyces spp. have also been implicated in Belgian acidic jjnenezet al. (2005) in microvinifications (250 mL). It was

ale production where it is found in the final 202#% month stage
in the fermentation casks (Martegtsal., 1997). While the delib-
erate inoculation oBrettanomyces in must or wine for commer-
cial production has not been reported, some winersakee
working with the indigenous populationsBrfettanomyces found
in their cellars to make more complex wines, some/luith are
highly regarded because of their aromas and flavQArvik &
Henick-Kling, 2002). This topic is being investigatey different
research groups (Grbin & Henschke, 2000; Arvik & ldkn
Kling, 2002) and a favourablBrettanomyces strain or protocol
for the beneficial use d@rettanomyces spp. for wine production
might still be found. However, the formation of ‘meyd and
‘medicinal’ off-flavour compounds will have to be rtoolled.
Strain selection will also have to ensure that imgd&nic amines
are produced (Carusb al., 2002).

Saccharomycodes ludwigii

found that mixed fermentations wifh cerevisiae resulted in an
increase in some aromatic compounds such as ackyald,
ethyl acetate, 1-propanol, n-butanol, 1-hexanol, ettagrylate,
2,3-butanediol and glycerol.

Other Pichia spp., i.e.P. anomala, P. membranifaciens and
P. subpelliculosa, together withWilliopsis saturnus have also
been suggested for the production of low-alcohahesi ¢a.
3%'/,) in an aerated vessel (Erten & Camphill, 2001)tHis
method stirring and agitation resulted in more yd@smass
being formed and decreased ethanol production feomentable
sugars. The wines, made Bysubpelliculosa andW. saturnus in
particular, were acceptable to a small tasting parteés method
of low-alcohol wine production eliminates the néedcostly and
complex post-production removal of alcohol from &snpro-
duced during normal fermentations. The higher Ewélflavour
compounds, especially esters, produced by these iagreasts

S ludwigii is a lesser known, lemon-shaped yeast, typically with appeared to counteract the loss of flavour enhgrmioperties of

a large cell size, frequently isolated from winehet end of fer-
mentation or from wine in storage (Romamb al., 1999).
Secondary metabolites produced at high levels liy yeast
include isobutyl alcohol, acetoin and ethyl acetdteis also
known to be highly resistant to $@nd tolerant to ethanol. A
selected strain &. ludwigii was used to ferment feijoa or pineap-
ple guava Feijoa sellowiana) juice. The resultant beverage was
evaluated for aroma, flavour and taste by a consupaeel.
Despite the high levels of acetic acid, the beversag described
as “fresh” with a “fruity flavour”, akin to apple aridwi, and sim-
ilar to apple juice in taste, but with more acid.nRmoet al.
(21999) concluded that this beverage had poterdial @efreshing
summer drink.

Kluyveromyces thermotolerans

A commercial active dried yeast blendkafthermotolerans and

S cerevisiae (Viniflora® SYMPHONY.nsac) has recently been
released (Anon., 2004a). This combination has beseldped
for the enhancement of aroma and flavour in wi@teafdonnay,
Pinot blanc, Pinot gris and Riesling) and red (Cabéer

alcohol. The “body” of the wine normally attributéd ethanol
also appeared to have been replaced by the higineentration
of esters.

The demand by the beverage industry for new aretdsting
products and the well-developed flavour producedabyobic
non-Saccharomyces yeasts makes this technology attractive.
However, problems envisioned are the need for nanestrd fer-
mentation equipment and the reluctance of wine laackrage
producers to deliberately cultivate organisms ndimeonsid-
ered as contaminants.

The early death of some n@aecharomyces yeasts during fer-
mentation can also be a source of specific nusiémtsS. cere-
visiae, enabling it to ferment optimally. These nutriemntslude
cellular constituents such as cell wall polysacicies (manno-
proteins). For this method of nutrient supply todfkective, any
killer or other inhibitory effects by the ndsaccharomyces yeasts
againstS cerevisiae should be known (Herraiet al., 1990;
Panon, 1997; Nguyen & Panon, 1998; Fleet, 2003) sbtliea
subsequens. cerevisiae fermentation is not adversely affected.
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Combinations of non-Saccharomyces yeasts

Eschenbruch & Wong (1993) inoculated a red grapeetya
(Blauburger) with a combination of the n&aecharomyces
yeastsKloeckera sp. andBrettanomyces sp. This was followed
after 24 hours with &. cerevisiae pure culture These authors
reported that the wine developed an overall flaxandg complex-
ity that they termed a “Brettanomyces” characteis Tharacter,
they maintained, was a direct result of the contitlouof the
Kloeckera sp. andBrettanomyces sp. They reported further that a
lower cell concentration should be used as highkrconcentra-
tions (10 cells/mL) resulted in off-characters. Their contie-
mentations showed an indigenous populatiorKiaieckera and
Candida yeasts, but the numbers of these declined and édsent
ly disappeared as the fermentation proceededrsttanomyces
yeasts were detected. After inoculation of the mntheS. cere-
visiae yeast quickly became the predominant species. Whis
also noted in the no8accharomyces inoculated fermentations.

The Role and Use of Non-Saccharomyces Yeasts in Wine Production

It has also been shown tt&icerevisiae can initiate biofilm for-
mation (Reynolds & Fink, 2001), a characteristic pryasly
thought to be restricted to bacteria (Parsek & Givesy, 2005).
This has implications for wine fermentation and gterage of
wines. The ability of wine-related ndaccharomyces to form
biofilms is not well researched, but it has beergsested that yeast
cells on the surfaces of grape berries may intémacbiofilm sys-
tem (Renoukt al., 2005). It is also known thé& albicans, previ-
ously isolated from grapes (Parish & Caroll, 1988)nfs biofilms
which contribute to its pathogenesis (Douglas, 200&8an there-
fore be speculated that other nSaecharomyces yeasts, even if
unable to initiate biofilms themselves, may becoomsttuents of
a S cerevisiae or C. albicans biofilm and, in so doing, contribute
positively or negatively to wine production.

As S cerevisiae is glucophilic (a preference for glucose above
fructose) (Ough & Amerine, 1963; Margalith, 1981; Bets et
al., 2004), the use of fructophilic ndsaccharomyces yeasts has

The numbers ofandida sp. once again decreased as the fermen-also been suggested for the remediation of sonestypsluggish

tation proceeded. However, the cell

densities of theor stuck fermentations (Gafnetal., 2000). Should the glucose

Brettanomyces and Kloeckera (represented by the added yeasts be utilised faster than the fructose during a ‘ralifermentation,

and indigenous yeasts already present) decreadgdslaghtly
during the fermentation. These yeasts thereforédamontribute
towards the fermentation metabolism, resulting goatribution
to taste and flavour differences.

In another
Saccharomyces yeasts,T. delbrueckii was used in sequential fer-
mentations withK. apiculata. The K. apiculata was inoculated
first, followed three days later by. delbrueckii, and finally

S cerevisiae was inoculated after eight days. The wines produced

had volatile compositions different from tecerevisiae wines,
but were not subjected to sensory evaluation (lieetal., 1990).

Another commercial active dried wine yeast culiiMiaiflora®
HARMONY.nsac) combines the ndBaccharomyces yeasts
T. delbrueckii and K. thermotolerans with S. cerevisiae (Anon.,
2004b). According to the technical data sheet toisibination
(simultaneous inoculation) leads to wines with eher and
rounder flavour with enhanced fruity notes. Impmeats in
wine quality have been observed for a number oftevhi
(Chardonnay, Pinot blanc, Pinot gris, Riesling) and geape
varieties (Cabernet Sauvignon, Pinot noir, Shiraz,|MerThe
proportion of the three different yeasts to eadienis not dis-
closed, but the noSaccharomyces to S. cerevisiae ratio appears
to be in the region of 1:14 (Jolly, unpublished da@05).

RESEARCH TRENDS IN RELATION TO NONACCHARO-
MYCESYEASTS

The utilisation of noraccharomyces yeasts such as. stellata,

investigation with combinations of non-

then a glucose-fructose imbalance can occurSacdrevisiae is
unable to ferment further. Under these circumstaificestophilic
yeasts, e.gC. stellata andZ. bailii, which have a preference for
fructose, can be used to metabolise the fructostte(8i et al.,
2004). Once the glucose-fructose balance is rektSreerevisi-
ae should start fermenting again. An active dried eixpentalZ.
bailii strain has already been produced and is curremtygb
evaluated by commercial wine cellars (P. Loubsellebzand,
South Africa, personal communication, 2006). Thishtedogy
holds great potential as sluggish and stuck feratiemts are a
common occurrence in all wine industries.

In another study, killer toxins fromP. anomala and
Kluyveromyces wickerhamii have been investigated as antimicro-
bial agents against the spoilage yeBskkera/Brettanomyces
(Comitini et al., 2004). This has a potential application during
wine maturation and storage.

Apart from the investigations and experimentatiothvwnon-
Saccharomyces yeasts in wine production, other uses for non-
Saccharomyces yeasts and their metabolites are being sought.
These include the use Bfchia pastoris for the biomodification
of citrus aroma oil to improve and add value to #ssence
(Goodrich et al., 1998). A protease enzyme isolated from
D. hansenii has also been suggested for hydrolysis of musole pr
teins during meat processing (Boluneaal., 2005).

Another application for nosaccharomycesyeasts is the use of
Zygocin, a protein toxin produced and secreted bgrlstrains of
Z. bailii (Weiler & Schmitt, 2003) Purified forms of the toxin

T. delbrueckii and others to improve the analytical profile and have potential as an antimycotic for a variety @fnlan and phy-

flavour of wines has already been discussed. Coewtly with
the envisioned use of these new “wine yeasts”, reméntation
techniques could be implemented and alternativehalic bever-
ages produced (Ciani & Maccarelli, 1998). It hazaily been
shown that norgaccharomyces yeasts normally found during
wine fermentation are also responsible for the &ration of
Kombucha, a traditional beverage produced by feringstveet-
ened black tea (Teoét al., 2004). NonSaccharomyces isolates
from wine could therefore be screened for improstdins for
Kombucha production.

topathogenic fungi (Schmitt & Breinig, 2002). Thesusf non-
Saccharomyces as bio-control alternatives to chemicals has also
been investigated. A “sister” speciesNb pulcherrima (teleo-
morph of C. pulcherrima), Metschnikowia fructicola isolated
from grapes, shows activity against botrytis rotstored grapes
(Kurtzman & Droby, 2001), whilén vitro experiments show that

P. membranifaciens is antagonistic towards the causative agent,
Botrytiscinerea (Masihet al., 2001). Table grape storage and post
harvest damage due to botrytis is a major problegrape-pro-
ducing regions that lie far from their respectiverreestic and
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international markets. The possible usePihia guilliermondii
for copper uptake in bio-remediation of sewage gdutas also
been suggested (De Silérezal., 2002). Considering the wide
biodiversity of yeasts found on grapes and in mihst,potential
for finding yeasts benefiting mankind outside theapzeters of
wine production is large.

FINAL COMMENTS

It is generally accepted that the wealth of ye#sdibersity with
hidden potential, especially for oenology, is largeiytapped
(Pretorius, 2000). However, in order to exploit tietgmtial ben-
efits of nonSaccharomycesyeasts in wine production and to min-
imise potential spoilage, the yeast populations @pes and in
must, as well as the effect of wine making practioasthese
yeasts, must be known, as must the metabolic chaistie of
non-Saccharomyces yeasts (Romanet al., 2003). This knowl-
edge will help realise the predictions of Heardd@Pconcerning
the use of mixed starter cultures. His vision idelsi the use of
mixed yeast starter cultures tailored to refleet tharacteristics
of a given wine region and the use of indigenoussyspecies
with modern technology to produce novel wine-basederages.

Strain selection will be very important, as notsathins within
a species will necessarily show the same desichialeacteristics.
For example, significant variability is found in th@mation of
undesirable biogenic amines amongst strains wibime non-
Saccharomyces yeast species (Carusbal., 2002).

Whatever the outcome of the search for Saceharomyces
yeasts for use in wine production, the acceptedofigtesirable
characteristics as pertaining to the wine y&aserevisiae (Yap,
1987; Henschke, 1997; Pretorius, 2000) will not neasgly
apply to nonSaccharomyces yeasts. High fermentation efficien-
¢y, high sulphite tolerance and zymocidal (killerpjperties, for
example, might not be needed in the new technoldgyire pro-
duction. The new nofaccharomyces wine yeasts will necessar-
ily have a different list of desired characteristiEurthermore, the
already mentioned problems envisioned by Erten 8nflzell
(2001) regarding the need for non-standard ferntientaquip-
ment and the reluctance of wine producers to @tkiand use, on
a large-scale, microorganisms generally considesedpailage
organisms (Loureiro & Malfeito-Ferreira, 2003), shebbke noted.
Intensive education will have to accompany any neen-
Saccharomyces technology in wine production. However, the
goals as set out by Pretorius (2000; 2003) reggrdifficient
sugar utilisation, enhanced production of desirablatile esters,
enhanced liberation of grape terpenoids and pramuact glyc-
erol to improve wine flavour and other sensory prtips can be
met by selected no8accharomyces wine yeasts. This path will
bypass current controversies regarding the genadidification
of the workhorse of wine production, i.e. the “wieast’S. cere-
visiae. After the acceptance of genetically modified oigens
(GMO) by wine consumers and industries, genetic figadion
of selected norgaccharomyces yeasts can further enhance their
performance and role in wine production.
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