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The role of nonSaccharomycegeasts in wine production has been extensively defled and there is growing
evidence that nonSaccharomycegeasts play an important role in wine quality. It ras been suggested that metabo-
lites formed by some nonSaccharomycespecies may contribute to wine quality. Recently aomprehensive, long-
term research programme was launched by role playerin the South African wine industry, whose aims incade the
isolation, characterisation and preservation of the atural yeast biodiversity of the Western Cape. As art of the
programme, this paper investigates the presence ofon-Saccharomycegyeast species over three vintages in four
vineyards and musts in four distinct areas of the \Wstern Cape. Samples were taken and the n@accharomyces
yeast isolates were characterised by biochemical giiling and pulse field gel electrophoresis. In ta@l 720 yeasts
representing 24 species were isolated. Predominaspecies found in the must samples, i.€Candida stellata,
Kloeckera apiculata, Candida pulcherrimand Candida colliculosa,should have the most impact on subsequent
fermentation.

The role of norSaccharomycegeasts in wine production has
been debated extensively. Earlier schools of thovefierred to
non-Saccharomycegeasts as primarily spoilage organisms
(Amerine & Cruess, 1960; Van Zyl & Du Plessis, 19Bankine,
1972; Le Rowet al, 1973). It was further accepted that they died
during the initial stages of fermentation due te tbxicity of the
rising alcohol concentration from the metabolism S#ccha-
romyces cerevisiagConsequently, they were seen to be of little
significance in wine production. Recently, the woflEleetet al
(1984), Heard & Fleet 1985), Longat al (1991), Todd (1995)
and Gafneet al (1996) showed that ndBdaccharomycegeasts
survived during fermentation and could reach ceflcentrations

of 1% to 1@ cells/mL. These numbers are similar to those
reached bys. cerevisiae

It has been suggested that metabolites formed ke swn-
Saccharomycespecies may contribute to wine quality (Fleet
al., 1984; Gilet al, 1996; Lemaet al, 1996; Sodeewet al, 2000).
An example is glycerol production lyandida stellata(Ferraro
et al, 2000) and ester production bgandida pulcherrima
(Bisson & Kunkee, 1991) that in some wines can lmapesitive
influence on wine quality. Other species, sucKlagckera apic-
ulata, are associated with acetic acid production thatoeadetri-
mental to wine quality. However, large strain vailigbcan be
found among norsaccharomycespecies and not all strains with-

in a particular species form high levels of oen@ally negative
compounds (Romaret al, 1992; Romano & Suzzi, 1993). Some
non-Saccharomycespecies also possesggylycosidase activity
that can hydrolyse glycosically-bound aroma premsr§Todd,
1995). This supports the belief of winemakers, ipeeslly the
Old World wine regions, that indigenous yeasts irhpadistinct
regional and desired characteristic to their widaskson, 1994).

The main sources of indigenous yeast flora in thistrare the
grapes and the equipment used to process the giR@gsaud &
Domercq, 1959; Rosini, 1984; Lonvaud-Funel, 1996). Non
Saccharomycegeasts are the dominant species on the grapes, bt
are found in lesser numbers in the cellar and erc#ilar equip-
ment (Vaughan-Martini & Martini, 1995; Boultoet al, 1996;
Constantiet al, 1997). At crushing, these yeasts can be intro-
duced into the must.

The specific environmental conditions in the mus, high
osmotic pressure, the presence 0t,3ke temperature and cellar
hygiene, all play a role in determining which speaian survive
and grow in the must (Longet al, 1991). However, in order to
exploit the potential benefits and to minimise it spoilage
by undesired noisaccharomycegeasts, the oenologically
important yeast populations on grapes and in mastedl as the
effect of winemaking practices on these yeasts, ldiziknown.
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36 Non-Saccharomyces Yeasts in Vineyards and Must

This knowledge will help realise the predictionsHeard (1999)
concerning the use of mixed yeast starter culttadered to
reflect the characteristics of a given wine region.

The composition of vineyard and wine microflora South
Africa received attention in earlier work done by [Plessis
(1959), Van Zyl & Du Plessis (1961) and Van Kerkd®9g3);
however, it is unclear if any of these isolates hawived to the
present. Recently, the distribution of indigendsis cerevisiae
yeasts in vineyards in the cooler, coastal and taemer, inland
regions of South Africa has been covered extensivglVan der
Westhuizeret al. (2000a, 2000b) and Khaat al (2000), respec-
tively. These studies formed part of a comprehenaid ongoing
long-term, collaborative research programme by ARftultec-
Nietvoorbij and Stellenbosch University. The prograeOs nine
objectives were detailed by Pretorietsal (1999). They include
the isolation, characterisation and preservatiomatfiral yeast
biodiversity from the 350-year-old wine-produciragions of the
Western Cape of South Africa; an investigation itite occur-
rence of area-specific indigenous yeasts and wigeasts that
impart a distinctive characteristic to wines frdmttarea; and the
evaluation of yeast isolates for continuous winasyeselection
and strain development programmes which have tireate aim
of providing an appropriate yeast per cultivar, pera, per wine
type. While the aforementioned is a daunting talsis, $tudy is
the first to concentrate on the n8accharomycegroup of
yeasts. The aim of this study, as part of the almogationed pro-
gramme, was to obtain an oenologically biased ciiie®f non-

Saccharomycegeasts that could be used in future selection pro-

grammes for use in wine production. Concurrentlybraad
overview of some of the noBaccharomycegeast species pre-
dominantly found in commercial vineyards and grapgsts of
the Western Cape, South Africa, could be obtained.

MATERIALS AND METHODS
Areas sampled

One Chardonnay vineyard and accompanying commegelklr
in each of four production areas was selected &onping in
three vintages, i.e. 1997, 1998 and 2000. The faweyards and
their respective cellars were in Constantia (cotdéenperature
zone), Stellenbosch and Slanghoek (intermediate ¢emtyre
zone) and Robertson (warmer zone) (Fig. 1). These &reas
were selected according to the climate classificatif Le Roux
(1974), as adapted by De Villiers (1997).

Sample collection and yeast isolation

Whole bunches of healthy Chardonnay grapes (1-gekgsam-
pling point) were aseptically gathered over the haneyard
from 10-15 vines (both the shaded and unshaded)side day
before commercial harvesting, dropped directly istigrile plas-
tic bags and transported to the laboratory in bagis. At the lab-
oratory the grapes were crushed by hand in theddeigs. After
thorough shaking, the bags were opened and the [(béfmL)

was poured into a sterile closed beaker and miftdbdspeed on
magnetic stirrer for 1 min). One mL of juice wakea and a dilu-
tion series made in sterile NaCl (0.85%) solutiod plated onto
YPD agar (1% yeast extract, 2% peptone, 2% glucoih)ohlo-

ramphenicol (0.1 mg/L). Incubation was at 30;C fodd&ys to
allow colony formation. From count plates presegptietween 30
and 300 colonies, 30 colonies were randomly seleS8etéctive

lysine medium (Biolab, Merck), promoting the growthyeasts
other tharS. cerevisiaewas used to ensure that 8ocerevisiae
had been selected (Heard & Fleet, 1986). The selaxikonies
were purified and stored at 4jC until further ars#édy Stock cul-
tures were kept in glycerol at -80;C.

After commercial harvesting and processing of thegppgs by
the respective cellars, 500 mL samples of sedimemigst were
collected in sterile bottles. Isolation of the yigthen followed the
same protocol as already described for the vinegantples.

Characterisation of yeast isolates

The yeast isolates were characterised on the bikischemical
profiles and pulse field gel electrophoresis.

Biochemical profiles

Biochemical profiles of each of the isolates wesaarated using
the ID 32C AUX system (BioMZrieux, France). Profilere
read after 48 h and the identity supplied by thealtmse was used
as a preliminary identity. If no identity could bssigned, a code
number linked to the biochemical profile was giterthe isolate.

Preparation of intact chromosomal DNA and pulse ffiegel
electrophoresis

Samples were prepared according to the embeddedsagaro-
cedure of Carle & Olson (1985). Intact chromosoD&IA was

separated using contour clamped homogenous elefiglit

(CHEF) electrophoresis (CHEF-DR I, Bio-Rad Laboras,

Richmond, USA). All separations were carried out¥ agarose
gels (90 sec pulse for 15 h; 120 sec pulse for 20 WBE buffer

at 10;C). Gels were stained with ethidium bromidé (ng/L),

viewed on a trans-illuminator and then photographed

A standard reference yea$t (cerevisiastrain Vin 13, Anchor
Bio-Technologies, South Africa) was used on each Elgél, as
three gels were needed to characterise the 3Qt@sofeer sam-
pling point. The banding pattern of each yeastaisoivas digi-
tised and compared to the others using a custonziseguter
program (CHEF vl.4 © T. Potgieter, ARC Infruitec-Niebrbij).
This program allows DNA banding patterns to betdigd and
stored in a database. Bands can then be comparedpecific
pattern or all the patterns in the database.

Grouping and identification of isolates

The computer program, visual data (chromosomal lbangdat-
terns) and the biochemical profiles (identity odeonumber)
were used to group yeasts. ldentities suppliedheyD 32 C sys-
tem were noted. Subsequently, one representatiw freen each
group was sent to a commercial laboratory (CBS, tD@lhe
Netherlands) for identification. That identificatiovas then used
as the identification for the other yeasts in thaug.

Meteorological data

The monthly rainfall and average monthly maximumperature
(1996 to 2000) for the Constantia, Stellenbosch, gflaek and
Robertson areas were obtained from Agromet (R. Xégnper-
sonal communication, 2001).

RESULTS AND DISCUSSION

Sample areas and climatic conditions

The four areas chosen for sampling represent fofarent cli-

matic zones (Fig. 1). The Constantia area, the sqdias a mean
February temperature (MFT) (February being the é&trinonth)
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FIGURE 1
Mean February temperature (MFT) for the producticeas sampled in the Western Cape, South Africa.

of 19 to 21iC and is close to the Atlantic Oceathviis cooling Sample collection and yeast isolation

sea breezes. The next area, Stellenbosch, is slightiyer, with Aseptic harvesting of the grapes and laboratorganation of the
a MFT of 21 to 23iC, but also has an open aspedarisvthe sea.  myst avoided contamination of samples by yeastpresient on
The_ Slanghoek area has a similar MFT to Steller‘rhdma:_t_hes the grapes. The must preparation technique usethéosubse-
behind a range of mountains that blocks most ofniiaeitime  guent isolation of indigenous n@eccharomycegeasts from the
influence. The last area, Robertson, is the furtidahd and is vineyard samples was considered adequate for the seasons
the warmest area, with a MFT of 23 to 25iC. as laid out by Van der Westhuizeh al (2000a) and Bisson &

From heat summation data and rainfall figures, @vislent that ~ Kunkee (1991). They argued that the more aggresgbast
the growing and pre-1997 harvest period (December 1996recovery techniques, i.e. sonification of grapedaiiswed by
January-February 1997) had more rain than usualltirgs in a Martini et al (1980, 1996), while resulting in larger quantitgds
cooler season (V. Bonnardot, personal communica®91). yeasts, did not lead to identification of any nawgjanisms, com-
The pre-harvest period for 1998 showed less raimfiadl was pared to milder sample preparation techniques. &yoroach
therefore warmer than normal. The pre-harvest gefido 2000 would furthermore clearly bias results towards yelaat would
was also warm and dry. potentially have some oenological use.
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38 Non-Saccharomyces Yeasts in Vineyards and Must

The cellar sample was taken after sedimentatiobtain a rep-
resentation of vineyard yeasts carried over torthst, as well as
yeasts resident on the cellar equipment and sug;face exclud-
ing any yeasts that normally would be removed duninust clar-
ification. The yeast population can change durnig ihitial wine
production phase (Mora & Mulet, 1991). However, tamaining
yeasts would be more tolerant to sulphur and osnm#ssure
and would be the yeasts that play the biggestimtbe subse-
guent fermentation phase.

The use of YPD agar plates incubated for five dmmured that
slow-growing nonSaccharomycegeasts could also grow, while
the added antibiotic prevented any bacterial groWtie use of
lysine media at this early stage could have suppreslow-grow-
ing nonSaccharomycegeasts, as well €. cerevisiae-However,
once the isolates had been selected, theSamtharomycesta-
tus was confirmed by the ability to grow on lysimedium and
from electrophoretic karyotyping. Random selectioh 30
colonies from the count plates (between 30 andc8@thies) rep-
resents from 100% to only 10% of the possible teslawhile it
is obvious that some minor species may have beeromked on
the plates with higher cell counts, the random selecnsured
that predominant species were selected.

Yeast characterisation and identification

The use of the biochemical profiles and chromosobealding
patterns proved adequate for the grouping of simslzecies.
However, the preliminary identification supplied the ID 32 C
database was often incorrect. This was to be exgeas the sys-
tem was designed for the identification of yeastsclmical
importance. However, correct identifications werdaaied for
K. apiculata, Candida colliculosa Candida pelliculosa
Candida guilliermondiji Candida albicansandRhodotorulaspp.
While not in the databas€,. stellatagave a consistent profile,
which was correlated to the identification supplBsdCBS.

The yeasts identified by CBS were, where applicablend to
be the anamorphic form. Although the teleomorploierf may
have been isolated originally, the yeasts had beenik storage
for some time before identification. This can résala loss of
sporulation (Yarrow, 1998; M. Th. Smith, personal coumica-
tion, 2000).

Non-Saccharomycegeasts in vineyard samples

The four vineyards that were investigated overdhviatages rep-
resent 12 sampling points (samples). While thidystuas not an
exhaustive survey, and one vineyard cannot be elaatgal to the
whole area, it does give us some indication of yjpe bf popula-
tion dynamics that occurred. Grape microflora dfected by
factors such as temperature, rainfall, humidity, varelyaltitude,
insect vectors, vineyard spray regimes, nitrogerliation prac-

tices, winery waste practices and the health of the grapes
(Boultonet al, 1996). It therefore should be expected that diffe

ent regions will show differences in the proportioh yeasts
(Amerineet al, 1967; Longeet al, 1991). Varietal factors, e.g.
thickness of grape skins, can also play a role (Biss Kunkee,
1991). However, as only one cultivar was investidaggape skin
thickness can be disregarded in this investigation.

The total cell counts (Table 1) range from 1.6 Xtb0L.2 x 16
cells/mL and b apart from a slight reduction irrage cell counts
in 1998 (by a factor of 10) B showed no apparemelation to

weather patterns or climate. However, prior to tB87Lharvest,
there was a severe outbreak of fungal diseaseiwineyards
due to the cooler weather and rainfall. To combbiég, theavy
applications of chemical sprays were applied dutirggrowing
season. In the 1998 vintage chemical sprays wem again due
to the high fungal spore load from the previousseaaThis has
been suggested as a possible cause for reducedoyesence on
grapes (Parish & Carroll, 1985; Van der Westhuiznal,
2000a). However, preliminary work done by Stueiral (2002)
showed that yeast species biodiversity was nateémited by pest
and disease management practices (integrated pestg@ment,
organic farming, application of antagonistic baeteand copper
applications). In contrast, Cabreisal.(1999) showed that certain
pesticides can stimulate yeasts sucK.aapiculata

The number of noisaccharomycespecies isolated in each
sample ranged from one to four, with the exceptidn o
Stellenbosch, where eight species were isolate@9i {Table 2).
There appears to be no pattern relating to weathédrclimatic
conditions. In total, 15 species were isolated is 8tudy. In a
comparative study, regarding method of yeast ismtatvanigida
et al (1992) isolated 12 species. Direct comparisom wiher
studies is difficult as different approaches foasteisolation were
followed. In the previous South African investigetiof 1961
(Van Zyl & Du Plessis, 1961) 15 species of reeecharomyces
were also isolated. However, their approach entailedbating
berries in sterile grape juice until growth wasered. Studies in
other parts of the world found between nine andsp2cies
(Parish & Carroll, 1985; Yanagidzt al, 1992).

Single species predominance (>50% of isolates)roedun 11
of the samples. No single species predominatedhéntwelfth
sample. The species that had the highest incidehpeedomi-
nance wag. apiculata,although in only five of the 12 samples.
This scenario was also reported by Yanagital (1992), who
found K. apiculatapredominance in only six of 11 sites. In the
earlier study of South African vineyards (Van Zyl3u Plessis,
1961),K. apiculatawas listed as the most frequent; however, as
already mentioned, their methodology would have gidbg role.
Smaller numbers dk. apiculatawere isolated in a further three
samples in this study. However, it was absent in tlalee
Robertson samples. In Constantia there appeareé totenden-
cy towards declining numbers Kf apiculataover the three vin-

TABLE 1

Total cell counts of nosaccharomycegeasts over three vintages
in four Chardonnay vineyards in the Western CapattSafrica.

Vineyard Total cell count (cells/mL)
Vintage

1997 1998 2000 Average
Constantia 12x® 80x1¢ 89x16 36x106
Stellenbosch 12x%0 58x10¢ 1.6x16 4.2x16
Slanghoek 14x® 86x10 14x16 12x106
Robertson 87x¥ 11x16 17x16¢ 7.1x10@
Average total cell count
(cells/mL) for each vintage 3.9x 16 8.4x1¢ 26x10 b
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tages studied, while in Stellenbosch and Slanghloetetwas an
initial decline followed by an increase in cell nipens.

In three of the remaining six sampl€s pulcherrimawas the
most frequently found yeast. This yeast was refddsteVan Zyl
& Du Plessis (1961) to be the fourth most frequernhbeir study.

Other yeasts that dominated in single samples ovdye
Kluyveromyces thermotolergresRhodotorulasp. andZygosaccha-
romyces bailii K. thermotoleranshas been isolated from grape
must sampled in the cellar (Torgaal, 2001), but not from vine-
yards. Rhodotorulaspp. were also reported by Van Zyl & Du
Plessis (1961) and Parish & Carroll (1985) in verels and on
grape berry surfaces, but not in predominant numizerbailii
has been reported (Peynaud & Domercq, 1959), batusually
associated with wine spoilage (Sponholz, 1993). Heweas far
as the authors can ascertain, this yeast has notreperted as
predominant in vineyards.

The emergence and disappearance of some of theespeer
the four years may be coupled to the colonisatiobunches by
specific yeasts (Peynaud & Domercq, 1959; TSe$hal, 1996).
During randomised sampling colonised bunches nfighe been
missed. Vineyard practices with resultant physicad micro-cli-
matic changes could also have played a role.

In the Robertson sample of 2000 a large percer(@fps) of
the pathogenic yeaét albicanswas isolated. This is not the first

time thatC. albicanshas been isolated from grapes (Parish &

Carroll, 1985). However, due to taxonomic changesstgesuch

asCandida stellatoideapreviously reported in vineyards (grape

vine flowers) have been reclassified to thealbicansspecies
(Meyeret al, 1998).

TABLE 2

39

Non-Saccharomycegeasts in must

Non-Saccharomycegeasts found on grapes and cellar equipment
are carried over to the must during crushing (Pegin&
Domercq, 1959; Bisson & Kunkee, 1991; Lonvaud-Funel, 1996).
The specific must environment, i.e. low pH, high sugantent
(high osmotic pressure), the presence of 8@led at crushing
and temperature, plays a role in determining whigbcies of
yeasts can survive and grow (Bisson & Kunkee, 19%iigb et

al., 1991). In addition, the method of harvesting (hargd
mechanical), grape temperature, method and timean§port to
cellar, time lapse before crushing, method of prdogsgvhole
bunches vs. crushing) and methods of clarificatitso play an
important role in determining what yeast will beegent in the
clarified must (Fleet, 1990; Mora & Mulet, 1991; Egifoet al,
1999; Pretorius 2000). From a winemaking point & it is
important to know what noBaccharomycegeasts can survive
and grow in must, as they are the ones that wileh&e most
influence on wine quality.

In this study the vineyards were all commerciack®with dif-
fering methods of harvest beyond the control ofatthors. The
Constantia, Stellenbosch and Robertson vineyards havest-
ed by hand, while the Slanghoek vineyard was madhameest-
ed. These differences and the time taken to prabesgapes can
allow the yeast population to increase (Peynaud @mBrcq,
1959). This makes actual comparisons between nfiusts the
different cellars difficult.

The total number of cells in each must sample #affem
8.6 x 10to 5.2 x 10 cells/mL (Table 3). On average the cell counts
were higher in the cellar samples than in the \anggamples. This

Seasonal variation in ndBaccharomycegeasts over three vintages in four Chardonnay rdsyin the Western Cape, South Africa.

Yeast straint

Percentage isolates (%)

Constantia

Stellenbosch

Slanghoek Robertson

1997 1998 2000 1997

1998

200! 1997 1998 20 1997 1998 2000

Candida albicans

Candida guilliermondii

Candida hellenica 7
Candida oleophila 10
Candida pelliculosa

Candida pulcherrima a7 57

Candida stellata 13 23 3
Candida valida

Cryptococcus albidus

Kloeckera apiculata 87 53 13 60
Kluyveromyces thermotolerans

Pichia farinosa

Rhodotorulasp.

Zygosaccharomyces bailii

Zygosaccharomyces sp. 7

47

20

30 54 93 10 a7

13
27
73 63 10 40
63 6

100 27

57 3

Number of species 2 2 4 8

1Dominant yeast (>50%) indicated in bold type.
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may be due to the longer time that the yeasts wgresed to the
nutrients in the must. It is also an indicationt tame of the non-
Saccharomycegeasts are not as sensitive t0,86 is generally
assumed. The diversity of yeasts was very similadh¢ vineyard
samples (three to eight species per sample) (TablEhé excep-
tion was Robertson (1998), where only one group isalated.

This is comparable to other studies, where the totmhber of

species isolated varied from two to 27 (PeynaudofnBrcq, 1959;

TABLE 3

Total cell counts of nosaccharomycegeasts over three vintages
in four Chardonnay musts in the Western Cape, S&iiita.

Vineyard Total cell count (cells/mL)
Vintage

1997 1998 2000 Average
Constantia 26x¥ 7.8x16 52x16 29x16
Stellenbosch 16xP0 42x10 86x1¢ 7.0x10
Slanghoek 15x® 83x16 3.0x16 43x16
Robertson 95xH 33x16 21x16¢ 1.1x16
Average total cell count
(cells/mL) for each vintage 7.3 x1¢ 1.2x16¢ 14x16 b

TABLE 4

Non-Saccharomyces Yeasts in Vineyards and Must

Fleetet al, 1984; Parish & Carroll, 1985; Mora & Mulet, 1991,
Longoet al, 1991; SchYtz & Gafner, 1993; Constantal., 1997).

Predominance by four yeast species was found int eigm-
ples. They wer€. stellata(four samples)K. apiculata(two sam-
ples),C. colliculosa(one sample) an@. pulcherrima(one sam-
ple). Another species found in high numbers Wasguillier-
mondii (43%) in Robertson 2000.

C. stellata (Constantiet al, 1997; Torijaet al, 2001) and
K. apiculata(Constantiet al., 1997) have previously been report-
ed as predominant at the start of wine fermentationvever, Van
Zyl & Du Plessis (1961) found low numbersikibeckerasp. dur-
ing their investigation. They attributed this tethigh levels of
SO, used to aid settling. Modern cellars tend to uss I8Q,
enabling a higher proportion of n@accharomycegeasts to
survive.C. colliculosahas also previously been reported as pre-
dominant in grape must (Heard & Fleet, 1985; Tatjal., 2001)
but notC. pulcherrima(Bisson & Kunkee, 1991; Longet al,
1991; Torijaet al, 2001).

The isolation oRhodotorulasp. (7%) in Stellenbosch (2000) is
unusual and is not in accordance to its non-feratet metabo-
lism (Longoet al, 1991). HoweveriRhodotorulaspp. grow very
slowly on normal YPD agar and its presence mayh\ehsiover-
looked due to the rapid growth of other yeastswdiuld be
expected that its numbers would decline very qyickice fer-
mentation commenced, as this yeast is very sensdie¢hanol.

Distribution of nonSaccharomycegeasts in four Chardonnay musts over three vintirgesfour cellars in the Western Cape, South Africa

Yeast straint

Percentage (%) isolates (out of 30)

Constantia Stellenbosch Slanghoek Robertson

1997 1998 2000 1997 1998 200! 1997 1998 20 1997 1998 2000
Candida albicans 3
Candida boidinii 3
Candida colliculosa 7 3 3 3 100 7
Candida guilliermondii 3 43
Candida hellenica 13 3 10
Candida lambica 3 3
Candida oleophila 3 10
Candida pulcherrima 7 67 a7 7 23 17
Candida sorbosa 3 3 20
Candida stellata 13 67 18 30 63 67 67 50 20
Candida valida 3 3 13 7 7
Debaryomyces hansenii 7
Debaryomyces vanrijiae
Kloeckera apiculata 73 24 42 13 77 40 27 7 10
Kloeckera apis 3
Kluyveromyces thermotolerans 3 3
Pichia kluyveri 7
Rhodotorulasp. 7
Zygosaccharomyces bailii 3 3
Number of species 4 5 7 6 6 4 5 3 4 8 1 6

1Dominant yeast (>50%) indicated in bold type.
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General comparison of vineyard and cellar isolates

Geographic location and weather patterns, while alsly
impacting on norBaccharomycegopulations, are difficult to
correlate with specific patterns in yeast poputatieurthermore,
the cellar processes and environment play an iraporble in
determining the norsaccharomycespopulation in must.
Variations did occur in species diversity and nurapand a small
number of norBaccharomycegeasts tended to dominate in vine-
yards and must, but not in all the samples studied.

Generally there was a greater diversity of yeaststhe
processed must than from the vineyard samples €3abl& 4).
While in some instances the must population costhipeasts
also found in the vineyard, this was not always thee (e.g.
Robertson in 1997 and 1998). The broader diverdityeasts in
the must may be due to yeasts obtained from thduptimn
equipment during grape processing. The yeastseimihst may
also have been on the surface of the grapes inlearypumbers
and therefore were not isolated. During the subseigorushing
and settling, they could have multiplied to suctegtent that they

41

These species could therefore be expected to avbiggest
impact on wine quality and their contribution shibutceive fur-
ther attention. In addition, the affect of differemtnemaking
parameters on these yeasts should also be investiga that
conditions favouring their growth can be maintained
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