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Research has shown that non-Saccharomyces yeast strains can be detected throughout wine fermentation.
Non-Saccharomyces yeasts can therefore influence the course of fermentation and also the character of the
resultant wine. Previoudly it was shown that four non-Saccharomyces species, i.e. Kloeckera apiculata, Candida
stellata, Candida pulcherrima and Candida colliculosa, predominated in grape must at the start of fermentation. In
this study these four yeasts were used singularly and in combination with an industrial wine yeast (Saccharomyces
cerevisiae strain VIN 13) to ferment must on a laboratory scale. The resultant wine was analysed for ethanal,
volatile acidity, total SO, and glycerol. Results show that, in comparison with the industrial wine yeast, the
non-Saccharomyces yeast strains could not ferment all the sugar. Furthermore, while the individual
non-Saccharomyces-fermented wines had different chemical analyses, the wines fermented by the combinations
were similar to the wine produced by theindustrial yeast only. In subsequent, small-scale winemaking trials some
of the wines produced by combined fermentations were judged to be of better quality than those produced by the
S. cerevisiae only. However, this quality increase could not be linked to increased ester levels.

The yeasts present in grape must at the onsetref fermenta- et al., 2003) we found four different yeast species,Kleeckera
tion can be divided broadly into two groups, i.ee thine yeast  apiculata, Candida stellata, Candida pulcherrima and Candida
Saccharomyces cerevisiae and the norSaccharomyces yeasts. colliculosa, predominant (>50%) before the start of fermentation
The Saccharomyces yeasts are derived primarily from the cellar in eight of 12 Chardonnay musts studied.

equipment (Vaughan-Martini & Martini, 1995; Boulta al.,
1996; Martiniet al., 1996), but are also present on the grapes
albeit in very low numbers. They are carried oeethe must dur-

i“,g E:rushing (Pey-naud & Domercq,_ 195_9; Lonvaud-l_:uI@%; aforementioned species for their effect on winenfemtation and
Torok et al., 1996; Mortimer & Polsm_elll, 1999). A third source wine quality during laboratory and small-scale wiraing trials.
of Saccharomyces yeasts may be the industrial culture added by This knowledge will help realise the predictionsHard (1999)

the winemaker. relating to the use of indigenous yeast speci@apoove the sen-
The second group, the n@aecharomyces yeasts, is found pre-  sory quality of wine. His vision includes the udemixed yeast

dominantly on the grapes (Martietial., 1996), but also in lesser  starter cultures tailored to reflect the charastas of a given

numbers on the cellar equipment. Before inoculatidth an  wine region and the use of indigenous species miitern tech-

industrial S cerevisiae, they are the yeasts present in the highestnology to produce novel wine-based beverages.

numbers in the grape must. Durl_ng the fermentatiieame is a MATERIALS AND METHODS

sequence of dominance by the various Satcharomyces yeasts,

followed byS cerevisiae, which then completes the fermentation Yeast strains

(Fleetet al., 1984; Fleet, 1990; Jackson, 1994; Henick-KIBlg  The five yeast strains used in this study aredigieTable 1. Stock
al., 1998). This is especially evident in spontaneotesignenting cultures of the strains were kept in glycerol a0°@ The non-
grape must, which has a low initi@l cerevisiae concentration. Saccharomyces strains were selected randomly from a collection

Research has shown that néaecharomyces yeast strains can  of natural isolates (Jollgt al., 2003) and their identities were
be detected throughout wine fermentation (Jellgl., 2003 and  confirmed by a commercial laboratory (CBS, Delft, The
the references therein) and their dominance duhiagearly part ~ Netherlands). An industri@. cerevisiae wine yeast strain (strain
of fermentation can leave an imprint on the finaiposition of VIN 13, Anchor Bio-Technologies, Cape Town, South Adjic
the wine (Romanet al., 1997). In a previous investigation (Jolly was used as a reference strain and for co-fermemtat

The aim of this study, which forms part of the coei@nsive
‘and ongoing research programme documented by Rieébal.
(1999), was to evaluate a representative strainach eof the
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TABLE 1
Yeast strains used.

Effect of Non-Saccharomyces on Wine Quality

Species Strain Origin

number
Saccharomyces cerevisiae VIN 13 Industrial yeast from Anchor Bio-Technologi&outh Africa
Candida colliculosa M2/1 Natural isolate from Chardonnay (1998 vintage)
Candida stellata 770 Natural isolate from Chardonnay (1997 vintage)
Kloeckera apiculata 752 Natural isolate from Chardonnay (1997 vintage)
Candida pulcherrima 825 Natural isolate from Chardonnay (1997 vintage)

L aboratory-scale fer mentations
Grape must

Fresh Chardonnay grape must, clarified by pecting3é&g)/hL
Ultrazym, Novazymes, Denmark) at 14°C, was stored2@c
until needed. The thawed juice was thoroughly mixeti
500 mL aliquots were placed in 750 mL glass bot#dter ster-
ilisation (121°C for 15 min), the bottles were cldg@ghtly with
plastic fermentation caps filled with sterile distil water. Three
musts (A, B, C) with different sugar concentrationsrevused.
The chemical analyses were: must A — 21.0°B sug&f) /L
volatile acidity, 1 mg/L total S must B — 21.7°B sugar, 0.50
g/L volatile acidity, 1 mg/L total S§ and must C —24.5°B sugar,
0.50 g/L volatile acidity, 0 mg/L total SO

Yeast inoculum and fermentation procedure

tions, with the exception of th&. cerevisiae, where an active
dried VIN 13 culture was used (0.04 g/L). The fernagiohs
were done in duplicate.

Three grape musts were used, i.e. Chardonnay (227288)/L
total acidity, pH 3.37), Sauvignon blanc (22.9°B, 6.4 ggtal
acidity, pH 3.52) and Chenin blanc (21.7°B, 6.7 g/latetcidity,
pH 3.71). Di-ammonium phosphate (0.50 g/L) and &0 mg/L)
were added and the fermentation was conducted atrdoient
temperature of 15°C in 20 L stainless steel contaifited with
fermentation caps. After fermentation the winesemexcked off
the yeast lees and the free Sfdjusted to 35 mg/L. Bentonite
(0.75 g/L) was added and the wine was cold stalil{§&C) for
one week, filtered and transferred to ten bottlesating to stan-
dard practices for white-wine production. The wimesge stored
at 15°C until evaluated.

Yeast starter cultures were grown for 24 h in YPD liquid medium Chemical analyses

(1% yeast extract, 2% peptone, 2% glucose). Totdlcmelnts

were carried out in a Neubauer improved brightdimeunting

chamber (1 mm depth) and all inoculations were dahe
1 x 10 cells/mL per yeast strain.

The four nonSaccharomyces yeasts were inoculated individu-
ally and in combination with th8. cerevisiae yeast strain. In the
combined fermentations ttf8accharomyces yeast was inoculated
one hour after the noBaccharomyces yeast. A reference fermen-
tation was inoculated witB. cerevisiae only. All fermentations
were conducted in triplicate and the fermentatiessels were
placed on an orbital shaker at an ambient temperafu20°C.

The fermentations were monitored by £C®eight loss and
were allowed to proceed until the reference fersum was dry
(14 days). Completion of fermentation (no furthegight loss)
was confirmed by use of glucose test strips (GixiBayer). The
progression of COweight loss was used to plot a fermentation
curve.

During the course of the combined fermentations RQO
aliquots were removed from the relevant bottles stniu only)
and streaked onto lysine medium (Biolab, Merck)heak for the
presence of the noBaccharomyces yeast component.

Small-scale wine production

The four nonSaccharomyces yeasts (Table 1) were each investi-
gated in combination with & cerevisiae (strain VIN 13) yeast
for small-scale production of wine in 18 L of freglprepared
must from the 2000 vintage. The yeast cultures \pespagated
and inoculated in the same way as the laborataledermenta-

The wines (laboratory and small-scale) were andlysealcohol
(infralyser technique — SGS Wine & Spirit LaborgoBtellen-
bosch) and for residual sugar (Rebelein), volatidity and SQ
as described by llanet al. (2000). Testing for glycerol (must B
only) was done with enzymatic test kits (Boehrinlymnheim,
Roche, Germany). Analyses for esters (volatile camepbanaly-
ses — Research Chemistry, Distell, Stellenbosch) wamied out
at the time of the five-month sensory evaluatidise ester val-
ues were analysed by the ANOVA method.

Sensory evaluation of small-scale wines

The duplicate wines were evaluated individuallyefiand 18
months after production, according to the multi-wpreference
tasting method (McCloskest al., 1995) by two different panels
of seven trained wine tasters. The wines were gogfe num-
bers, chilled to 15°C and presented in internatioviak-tasting
glasses. The individual scores of the duplicateewiwere aver-
aged.

RESULTS AND DISCUSSION
Yeast strains used

In a previous investigation four yeast species vievad to pre-
dominate in samples of clarified Chardonnay grapstrbefore
the onset of fermentation (Jolst al., 2003). As predominant
species would be in the best position to influenoee fermenta-
tion, four representative strains were randomlyctetfrom the
aforementioned isolates and used in this study.offgh the
teleomorphic forms may originally have been isalatstorage
before identification could have led to the lossthud ability to
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sporulate. For this reason they were identifiethasanamorphic
forms (M. Th. Smith, personal communication, 2000).

L aboratory-scale fermentations

The laboratory-scale fermentations were done toionmmmer-
cial-scale fermentations as much as possible. Hexvéve must
had to be sterilised so that Socerevisiae inherent in the must
could overgrow the slow-growing inoculated nSasecharomyces
yeasts. The placement of the fermentation vesselsnoorbital
shaker copied the natural turbulence found in léegmentations
as a result of the generation of g®enschke, 1990). The tight-
ly sealed fermentation caps ensured that no oxggeered the
fermentation vessels. The one-hour lapse betwesniation of
the nonSaccharomyces yeasts and th&. cerevisiae yeast was
chosen for practical reasons. Normal winemakingtires do
not call for inoculating a wine tank twice due imé constraints
on the winemaker during a busy harvest. In additoodelayed
start in alcoholic fermentation can lead to oxidatof the wine
and subsequent drop in quality. In order to maxentlie effect of
the nonSaccharomyces yeasts and to minimise any delay in the
start of alcoholic fermentation Iy cerevisiae, a high inoculum
of non-Saccharomyces and the short time delay before the inocu-
lation of theS. cerevisiae wine yeast, was chosen.

TABLE 2

57

Individual yeast fermentations

The nonSaccharomyces yeasts were slower fermenters than the
reference yeast( cerevisiae strain VIN 13) in each of the three
musts investigated (data for must B only is preseim Fig. 1).
Furthermore, none of them could complete the feratemt with-

in 14 days, as also indicated by high values ofdedi sugar
(Table 2). In decreasing order of fermentationigbithe yeasts
wereC. colliculosa, C. stellata, K. apiculata andC. pulcherrima.

C. colliculosa can tolerate 10 to 12% (v/v) ethanol (Fleetl.,
1984) and, as the most fermentative species inrhéstigation,

it was able to produce between 9.7 and 12.6% (afedhol
(Table 2). It has been reported that the teleomorpttim of

C. colliculosa (Torulaspora delbrueckii) can produce high levels
of acetic acid (Fleett al., 1984), but the strain used in this study
had a volatile acidity production comparable tot thBS. cere-
visiae.

Elevated levels of SO(47 to 60 mg/L) were formed by the
C. calliculosa strain. They were nearly double those of the refer-
ence and other yeasts investigated. This couldetr@mental to
wine fermentation and quality by inhibiting sengtiwine yeasts
and/or malolactic bacteria. The final SiBvels in the wine may
also be close to or exceed the legal limits, espgca SQ is

Standard wine chemical analyses of single and coedbyeast laboratory-scale fermentations in thitéerent Chardonnay musts.

Yeast strain Chemical analyses®
Residual sugar Ethanol Glycerol?
(gL) (% viv) (giL)
Must A Must B Must C Must A Must B Must C Must B
S cerevisiae (reference) 1.9+0.2 25+14 1.9+0 125+0.1 126 +0.1 145+0.1 8.53+0.76
C. colliculosa 248+28 476 5.0 39.8+75 11.2+0.1 9.7+0.9 126 +0.4 7.76 £0.99
C. stellata 855+0 108.8 +4.0 107.6 2.2 7.7+0 59+0.2 8.4+0.1 11.11+1.11
K. apiculata 135.0£9.3 1349 +4.1 141.0+1.0 54+05 43+0.1 6.5%0.2 833x124
C. pulcherrima 158.9+4.4 159.0+1.4 166.7 £ 1.7 35+£0.1 2701 46+0.1 5.79+2.04
C. colliculosa/ S cerevisiae 19+0.1 25+x11 22+0.3 124 +0.1 1260 146 +0 6.89 + 0.08
C. stellata/ S. cerevisiae 1.7+0.1 3.1+£0.9 21+0.2 124 +0.1 126 £0.1 146 +0.1 7.52 £0.53
K. apiculata/ S cerevisiae 1.9+0.2 4.4+0.6 21+0 125+0.1 12.7+0.1 146+0 7.94 +£0.10
C. pulcherrima / S cerevisiae 19+0.1 3.1+£09 26+0.2 1240 1270 146 +0.1 747 £1.20
Yeast strain Volatile acidity Total SO,
(gL) (mg/L)
Must A Must B Must C Must A Must B Must C
S cerevisiae (reference) 0.22 +0.05 0.12+0.04 0.36 + 0.03 26+1 35+6 34+2
C. colliculosa 0.24 £0.01 0.10 £ 0.02 0.30 £0.02 50+2 60+1 47+1
C. stellata 0.80+0 0.61 +£0.04 1.10 £ 0.03 20+0 25+3 23+1
K. apiculata 0.89 +0.04 0.71 £0.02 1.06 £ 0.04 23+1 241 22+2
C. pulcherrima 0.24 £0.01 0.20 £0.03 0.27 £0.02 211 211 21+3
C. colliculosa/ S cerevisiae 0.14 £0.01 0.13 £0.03 0.22 +0.03 28+2 38+2 32+1
C. stellata/ S. cerevisiae 0.19 £0.03 0.17 £0.05 0.35+0.03 271 39+2 34+1
K. apiculata/ S cerevisiae 0.18 £ 0.02 0.10 £ 0.04 0.31£0.02 27+1 39+3 33+x1
C. pulcherrima/ S cerevisiae 0.21 +0.01 0.33+0.17 0.34 £ 0.02 28+2 37+0 37+3

1 Average value of three fermentations + standardatiewi. Original sugar: must A=21.0°B; must B=21.7&Bd must C=24.5°B.

2 Glycerol analyses done on must B only.
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FIGURE 1
Fermentation curves of ndgaccharomyces yeasts in a Chardonnay must (must B) comparedéfesence yeast( cerevisiae strain VIN 13).

normally added during the winemaking process. Tieegol lev-
els were very similar to that & cerevisiae (Table 2)

In contrast,C. stellata did not form excessive SOwhile pro-
ducing between 5.9 and 8.4% (v/v) alcohol (TableT)is is
lower than the 10% (v/v) alcohol that is acceptetha maximum
produced byC. stellata (Gao & Fleet, 1998; Jackson, 1994). High
levels of glycerol (11.11 g/L) were produced by tkigain of
C. stellata, compared t@&. cerevisiae (8.53 g/L) (Table 2). This
could positively benefit the mouth-feel (smoothnessd com-
plexity of a wine (Scanest al., 1998; Prioret al., 2000).
However, increased glycerol production is usuallyrgzh with
higher acetic acid production due to the cell hgmim maintain
its redox balances (Priet al., 2000). Production of volatile acid-
ity by C. stellata is well known (Jackson, 1994). In this study
volatile acidity levels were close to and, for musekceeded the
sensory threshold (approximately 0.8 g/L) and walddiously
have a negative effect on the sensory charactemone.

K. apiculata is generally known as a high producer of volatile
acidity (Van Zylet al., 1963) and can have a significant negative
effect on the chemical composition and therefoee ghality of

ta can also produce high concentrations of esterss@Bis&
Kunkee, 1991). These all have potential importaoncénfiparting
flavour to the wine.

C. pulcherrima was the yeast that was the least able to ferment

the grape must (Fig. 1 and Table 2). This was to pe&®d from

a yeast known to have an oxidative metabolism (boetgal.,
1991). During its limited growth, only low levels ethanol were
produced, while high levels of volatile acidity o©Swere not
noted. This species can form relatively high cotregions of
esters and some fusel oils (Bisson & Kunkee, 199hjchvmay
make a positive contribution to wine flavour.

Combined yeast fermentations

The combined yeast fermentation curves (data fostrBuonly
are shown in Fig. 2) were very similar to that af 8icerevisiae
reference and all the fermentations proceededytoeds (< 4 g/L
residual sugar) (Table 2). The other chemical a®alyi.e. alco-
hol and volatile acidity (Table 2), for the combirfedmentations
are similar to the reference fermentation, with ¢éxeeption of
the glycerol concentrations, which were lower. Howgethe
characteristic chemical parameters due to the grofvthe indi-

wine (Gil et al., 1996). However, this is strain dependent and vidual nhonSaccharomyces yeasts were absent. This scenario was
Romanoet al. (1992) showed that some strains produced lessalso reported by Morenet al. (1991), whenS. cerevisiae and

than 1 g/L volatile acidity, which is comparable e tproduction

T. delbrueckii (teleomorph ofC. colliculosa) yeasts were utilised

by S cerevisiae. As was expected, the strain used in this studyin single and mixed-culture fermentations. This bardue to the

produced high levels of volatile acidity (0.71 t®@ g/L) (Table
2). Ethanol production was between 4.3 and 6.5%).(Whis is
similar to that documented by Jackson (1994). # &lso been
reported thaK. apiculata differs fromS cerevisiae in the levels
of higher alcohols (n-propanol, iso-butanol, iso-amdgbhol, and
active amyl alcohol) produced (Romagtal., 1992) K. apicula-

suppression of the ndBaccharomyces yeasts by theSaccha-
romyces yeasts during the fermentation, or the utilisatidrine
non-Saccharomyces metabolites byS cerevisiae. In the com-
bined fermentations in this study the nsaecharomyces yeasts
could be detected until the fifth day of fermerdati(data not
shown). The exception w& pulcherrima, the least fermentative

S. Afr. J. Enal. Vitic., Val. 24, No. 2, 2003
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FIGURE 2
Fermentation curves of combined nBeecharomyces/S. cerevisiae yeasts in a Chardonnay must (must B) comparedéefeesence yeas§(cerevisiae strain VIN 13 only).

of the four species investigated, which could bected until day
9. This yeast, with preferred aerobic growth, woulvé been
expected to die off earlier in the fermentation.

In contrast, Ciani & Ferraro (1998) and Ferratcal. (2000)
reported an improvement in the analytical chemualfile of
small-scale Pinot grigio and pilot-scale Trebiarmscano wines,
respectively. They used immobilis€dstellata cells in conjunction
with S cerevisiae in a sequential fermentation and found that the
interaction of theC. stellata and S. cerevisiae metabolisms led to
wines having not only higher glycerol levels, bigcalower acetic
acid levels. Their inoculation and fermentatioratstgy, however,
differed in that a higher inoculum @f gellata (5 x 1Gto 1 x 10
cells/mL) was allowed to grow for three days befm@culation
with S cerevisiae at 1 to 5 x 10cells/mL. The growth of indige-
nous nonSaccharomyces yeasts, but not indigenos cerevisiae,
was controlled by the use of S@uring the three-day period. The
authors did not report on the sensory characesisfi the wines.

Small-scale wine production
Chemical analyses

Similar to the laboratory-scale fermentations, thenical analy-
ses of the wines (Table 3) showed basically nedifice between
the reference fermentation and the 8aneharomyces combina-
tions. The higher total S®f the wines is a reflection of the 5O
added during the winemaking process. All the wareientations
proceeded to dryness.

As some norBaccharomyces yeasts are reported to be high
ester producers, the wines were all analysed fat &sters at the
time of the five-month sensory evaluation. In thka@onnay
wines (Table 4), the combined fermentations showedtdgher

concentration of total esters than the referenecewhowever, it
was only significant for th&. apiculata and C. stellata combi-
nations. The values remain higher even after thyd etetate and
ethyl lactate values are subtracted. In contrastidtal esters of
the Sauvignon blanc wines (Table 5) were generallet for the
combined fermentations, but only of significancetfeK. apic-
ulata combination. TheC. colliculosa combination produced a
similar amount of total esters as the referenceewirhe total
esters in the Chenin blanc wine showed no sigmifiadiffer-
ences; however, th€. apiculata combination was higher due to
the ethyl acetate component (Table 6).

Sensory analyses

Very little is reported in the literature on thensery results of
wines produced with the use of n8aecharomyces yeasts.
However, in a report by Sodenal. (2000)C. stellata was used
sequentially withs. cerevisiaeto produce Chardonnay wines with
an aroma profile derived from the metabolism ofhbgéasts.
Their strategy involved fermentation Wy, stellata for fifteen
days before inoculation with cerevisiae. The resultant wine was
not judged for overall quality, but a descriptivensery analyses
shows that in comparison toSa cerevisiae reference wine, the
intensities for “floral”, “banana”, “lime” and “tropi@l fruit”
aroma nuances were lower and “honey”, “sauerkraut”“athyl
acetate” were higher. The last two aroma nuancesionedl are
grouped under “microbiological” and “oxidised” accorg to the
Wine Aroma Wheel (Noblat al., 1987) and, as negative aroma
nuances, they would detract from an increased qualtipg. A
co-inoculated (5 x 10cells/mL) wine produced with the same
two yeasts appeared to produce a wine with leskeohegative
aroma nuances. Based on these results, Seid#n(2000) sug-

S. Afr. J. Enol. Vitic., Vol. 24, No. 2, 2003
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TABLE 3
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Chemical analyses of small-scale wines producedobySaccharomyces'S. cerevisiae combinations.

Yeast species combination

Analysest

Chardonnay

Ethanol
(% viv)

Volatile acidity
(gL)

Total SO»
(mg/L)

Residual sugar
(gL)

Glycerol
(gL)

S cerevisiae (reference)

C. colliculosa/S. cerevisiae
C. stellata/S. cerevisiae

K. apiculata/S. cerevisiae
C. pulcherrima/S. cerevisiae

13.3 (13.2-13.3)

13.3 (13.2-13.3)
13.6 (13.5-13.6)
13.4 (13.4-13.4)
13.4 (13.4-13.4)

0.26 (0.26-0.26)

0.26 (0.25-0.27)
0.25 (0.24-0.26)
0.28 (0.28-0.28)
0.26 (0.25-0.26)

61 (57-6

61 (59-62)
61 (53-69)
57 (55-58)
64 (61-66)

1.6 (1.4-1.8)

1.9 (1.8-1.9)
1.7 (1.5-1.8)
1.8 (1.8-1.8)
1.8 (1.4-2.1)

5.55 (5.45-5.65)

5.65 (5.48-5.82)
5.88 (5.73-6.03)
5.65 (5.57-5.73)
5.89 (5.65-6.14)

Yeast species combination

Sauvignon blanc

Ethanol
(% viv)

Volatile acidity
(gL)

Total SO»
(mg/L)

Residual sugar

glL)

Glycerol
(gL)

S cerevisiae (reference)

C. colliculosa/S. cerevisiae
C. stellata/S. cerevisiae

K. apiculata/S. cerevisiae
C. pulcherrima/S. cerevisiae

13.7 (13.7-13.7)

13.7 (13.7-13.7)
13.3 (13.0-13.6)
13.7 (13.7-13.7)
13.7 (13.6-13.7)

0.23 (0.23-0.23)

0.21 (0.20-0.22)
0.25 0.23-0.26)
0.26 (0.25-0.26)
0.24 (0.23-0.24)

82 (8p-8

74 (72-75)
82 (75-88)
79 (70-88)
78 (77-78)

0.5 (0.4-0.6)

1.2 (0.2-2.2)
1.0 (0.9-1.1)
1.5 (1.5-1.5)
1.3 (1.2-1.3)

6.06 (6.06-6.06)

6.08 (6.02-6.14)
6.10 (5.94-6.25)
5.95 (5.86-6.04)
6.15 (6.07-6.23)

Yeast species combination

Chenin blanc

Ethanol
(% viv)

Volatile acidity
(gL)

Total SO»
(mg/L)

Residual sugar
(9L)

Glycerol
(gL)

S cerevisiae (reference)

C. colliculosa/S. cerevisiae
C. stellata/S cerevisiae

K. apiculata/S. cerevisiae
C. pulcherrima/S. cerevisiae

13.2 (13.1-13.2)

13.0 (13.0-13.1)
13.0 (13.0-13.)
13.1 (13.1-13.1)
13.0 (12.9-13.0)

0.19 (0.18-0.19)

0.18 (0.18-0.18)
0.20 (0.19-0.20)
0.21 (0.20-0.21)
0.19 (0.18-0.19)

104 {104)

98 (96-99)
95 (91-99)
95 (94-96)
98 (94-101)

1.2 (1.0-1.4)

1.3 (1.2-1.4)
1.3 (1.1-1.5)
1.6 (1.5-1.6)
0.9 (0.2-1.6)

5.55 (5.49-5.61)

5.51 (5.42-5.59)
5.82 (5.75-5.88)
6.10 (6.10-6.10)
5.53 (5.50-5.56)

1 Average value of two fermentations. Range indicateorackets.

TABLE 4

GC analyses of small-scale Chardonnay wines o2@®® vintage produced by n@aecharomyces'S. cerevisiae combinations.

Yeast combination Total esters Ethyl acetate Total esters Ethyl lactate Total esters
(mg/L) (mg/L) - ethyl acetate (mg/L) - ethyl acetate

(mg/L) - ethyl lactate
(mg/L)

S cerevisiae (reference) 346.69b 299.14b 47.56b 12.99a 34.57b

C. colliculosa/S. cerevisiae 376.40ab 324.04ab 52.36ab 13.77a 38.59ab

C. stellata/ S cerevisiae 402.42a 346.02a 56.41a 14.83a 41.58a

K. apiculata/ S. cerevisiae 398.70a 341.08a 57.62a 14.00a 43.62a

C. pulcherrima/ S. cerevisiae 382.67ab 324.45ab 58.22a 14.86a 43.37a

1 values within columns followed by the same lettemmt differ significantly (p< 0.05).

gested that the controlled use of r@atcharomyces yeasts, such  method of McCloskeyt al. (1995). Overall, the different combi-
as C. stellata, could lead to wines of greater complexity and nations of yeasts produced wines with differentrage relative
flavour diversity. Strain selection obviously woudd very impor- qualities (Table 7). For the Chardonnay all the -Baccha-
tant. No sensory data were given on the wines mediby  romyces combinations produced wines with a lesser quaignt
Ferraroet al. (2000). the reference wine when judged at five and 18 morehsn
In this study the wines were judged for qualityading to the  though the wines differed from each other. The Higlels of
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TABLE 5

GC analyses of small-scale Sauvignon blanc wingeeo2000 vintage produced by n8ascharomyces/S. cerevisiae combinations.

Yeast combination Total esters Ethyl acetate Total esters Ethyl lactate Total esters
(mg/L) (mg/L) - ethyl acetate (mg/L) - ethyl acetate

(mg/L) - ethyl lactate
(mg/L)

S cerevisiae (reference) 384.2%a 331.60a 52.67a 14.10a 38.56a

C. colliculosa/S. cerevisiae 384.00a 331.82a 52.18ab 14.06a 38.12a

C. stellata/ S cerevisiae 371.42ab 320.95a 50.47b 13.51a 36.97b

K. apiculata/ S cerevisiae 349.92b 299.08a 50.85ab 12.71a 38.13a

C. pulcherrima/ S. cerevisiae 373.26ab 321.24a 52.02ab 14.73a 37.30b

1values within columns followed by the same lettembt differ significantly (p< 0.05).

TABLE 6
GC analyses of small-scale Chenin blanc wines®P000 vintage produced by n8aecharomyces/S. cerevisiae combinations.
Yeast combination Total esters Ethyl acetate Total esters Ethyl lactate Total esters
(mg/L) (mg/L) - ethyl acetate (mg/L) - ethyl acetate
(mg/L) - ethyl lactate
(mg/L)
S cerevisiae (reference) 216.06a 176.35a 39.71a 11.41a 28.30a
C. colliculosa/S. cerevisiae 213.17a 174.27a 38.90a 10.32a 28.58a
C. stellata/ S. cerevisiae 205.65a 168.65a 36.99a 9.66a 27.33a
K. apiculata/ S cerevisiae 250.74a 209.42a 41.32a 13.23a 28.09a
C. pulcherrima/ S cerevisiae 231.62a 188.32a 43.31a 13.97a 29.64a

1 values within columns followed by the same lettermit differ significantly (p<0.05).

TABLE 7

Relative score of small-scale wines produced bySsooharomyces/S. cerevisiae combinations and evaluated by the multi-wine pesfee
method.

Yeast combination Cultivar / Time of evaluation / Relative scor€?

Chardonnay Sauvignon blanc Chenin blanc
5 months 18 months 5 months 18 months 5 months 18 months
S cerevisiae (reference) 3(3, 3) 2(1,3) -1(-1,-1) -3 (-3,-3) -2(-5,1) -1(-5,3)
C. colliculosa/S cerevisiae 2(1,3) 0(1,1) 3(1,5) 1(-1,3) -1(-1,-1) 3(3,3)
C. stellata/ S cerevisiae -1 (-2, 0) -1(-5,3) -3 (-5, -1) -1(-1,-1) 1(-1,3) -5(-3)
K. apiculata/ S cerevisiae 1(0, 2) 0(-3,3) 0(-3,3) 3(3,3) 0(-3,3) -3 (-5, -1)
C. pulcherrima/ S. cerevisiae 0(-1,1) 0(1,1) 1(-1,3) 0(1,1) 2(1,3) 5(,5)

1 McCloskeyet al., 1995.
2 Average values of two wines (seven judges). Ramgjedted in brackets. Only values within a colummralated to each other. Highest score withinlanan is indicated
in bold type.

ethyl acetate formed by the n@aecharomyces yeasts (Table 4)
would have played a role in this regard.

For the Sauvignon blanc wines (Table 7) judgedvatrhonths,
theK. apiculata, C. pulcherrima andC. colliculosa combinations
were all judged to be of better quality than tHemnce wine. At
18 months all four of the noBaccharomyces combination

months only theC. pulcherrima andC. colliculosa combinations
were judged to be of better quality than the rafeee

It thus would appear that specific n8aecharomyces/S. cere-
visiae combinations produce wines with increased qualioynf
different grape varieties. Obviously, a large numifervinemak-
ing factors, including temperature, $@evels, S. cerevisiae

Sauvignon blanc wines were judged better, showirag the
wine’s flavour was still developing.

In the Chenin blanc wine (Table 7) all the rsaecharomyces
combinations were judged to be better at five manttowever,
this could not be supported by the ester analysdsd 6). At 18

strain, time of inoculation and inoculum concentmfican all
play a role in the contribution made by nS&sccharomyces
yeasts. Lower fermentation temperatures (below P5¢én
enhance the ethanol tolerance of yeasts su&h agiculata and

C. stellata (Fleet, 1990; Bisson & Kunkee, 1991), and their sus-
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tained growth may allow sensorially positive melédbs to
become evident. The opposite can also be true ensbsgally
negative metabolites can detract from wine qualétgan be seen
in the sensory results of Sodatal. (2000). This underlines the
importance of a thorough screening and selectiogramme to
choose the most appropriate ngaecharomyces strains.

The random selection of four isolates in this stddyresult in
some incidences of increased wine quality. Whileerekevels
could not be linked to increased quality, numerougotom-
pounds also play a role in wine flavour. More irptteanalyses
of the wines could in future elucidate the compautttht may
have a subtle impact on wine flavour. Subsequetitty,desired
indigenous yeast species could be screened fatitigy to pro-
duce the compounds linked to increased wine quality

The growth rate of individual species will also efetine the
extent of their contribution to flavour developméreard, 1999).
Slower-growing yeasts would need a longer periodnifindered
growth before inoculation witls. cerevisiae. The nutrient com-
position of individual musts, which can vary oventages and
geographical areas and be influenced by viticultpractices,
can also impact on the ability of n@echaromyces yeasts to
contribute to the fermentation. Furthermore, thermttions of
the metabolism of the different yeasts with ea¢teoshould also
not be overlooked.

CONCLUSIONS
An improvement in wine quality was achieved by tise of four
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Henschke, P.A., 1990. Evaluating wine yeasts for awpd wine quality. In:
Williams, P.J., Davidson, D.M. & Lee, T.H. (eds). Pr@th Aust. Wine Ind. Tech.
Conf., 13-17 August 1989, Adelaide, Australia. pp. -1BB.

lland, P., Ewart, A., Sitter, J., Maskides, A. & Bruer, I12000. Techniques for
chemical analysis and quality monitoring during erimaking. Patrick lland
Promotions, Cambelltown, Australia.

Jackson, R.S., 1994. Wine science — principles aptcapions. Academic Press,
San Diego.

Jolly, N.P., Augustyn, O.P.H. & Pretorius, I.S., 200%€eToccurrence of non-
Saccharomyces yeast species over three vintages in four vineyarus grape
musts from four production regions of the Westeap&; South Africa. S. Afr. J.
Enol. Vitic. 24. 35-42.

Longo, E., Cansado, J., Agrelo, D. & Villa, T.G., 1991fd€t of climatic condi-
tions on yeast diversity in grape musts from NogkiSpain. Am. J. Enol. Vitic.
42,141-144.

Lonvaud-Funel, A., 1996. Microorganisms of winemaki@grevisia: Belgian J.
Brew. Biotechnol. 21, 55-58.

Martini, A., Ciani, M. & Scorzetti, G., 1996. Direct emeration and isolation of
wine yeasts from grape surfaces. Am. J. Enol. Vit 435-440.

McCloskey, L., Arrhenius, S.P. & Sylvan, M., 1995. Newetinod to assess wine

non-Saccharomyces yeasts, even though they were not specifically quality. Practical Winery Vineyard 16, 30-33.

selected. These improvements were coupled to geafivar.
Furthermore, the increase in quality was achievegitiethe inoc-
ulation protocol that primarily addressed cellaagtices and not
optimal contribution by the noSaccharomyces yeasts. Improved
quality could not be linked to standard chemicallgses of the
wine. Further research is now necessary to idemt#yker compo-
nents that can be used in turn for selection of $ameharomyces
yeasts. This selection, comprising grape cultivaciz non-
Saccharomyces/S. cerevisiae-combinations, coupled to a specific
inoculation protocol (i.e. time between inoculatioh the non-
Saccharomyces and S. cerevisiae), could be successfully used to
develop new wine styles, improve aroma of wines wittistory of
mediocrity, or enhance specific ‘terroir’-relatecachcteristics.

LITERATURE CITED

Boulton, R.B., Singleton, V.L., Bisson, L.F. & Kunkee BR.1996. Principles and
practices of winemaking. Chapman & Hall, New York.

Bisson, L.F. & Kunkee, R.E., 1991. Microbial interacts during wine produc-
tion. In: Zeikus, J.G. & Johnson, E.A. (eds). Mixedtares in biotechnology,
McGraw-Hill, Inc., New York. pp. 39-68.

Ciani, M. & Ferraro, L., 1998. Combined use of immatgtl Candida stellata
cells andSaccharomyces cerevisiae to improve the quality of wines. J. Appl.
Microbiol. 85, 247-54.

Ferraro, L., Fatichenti, F. & Ciani, M., 2000. Pilot Eeainification process using
immobilized Candida stellata cells and Saccharomyces cerevisiae. Process
Biochem. 35, 1125-1129.

Fleet, G.H., 1990. Which yeast species really corgltice fermentation? In:
Williams, P.J., Davidson, D.M. & Lee, T.H (eds). Pr@th Aust. Wine Ind. Tech.
Conf., 13-17 August 1989, Adelaide, Australia. pp. -158.

Fleet, G.H., Lafon-Lafourcade, S. & Ribéreau-Gayon, B84l Evolution of
yeasts and lactic acid bacteria during fermentaimhstorage of Bordeaux wines.
Appl. Environ. Microbiol. 48, 1034-1038.

Moreno, J.J., Millan, C., Ortega, J.M. & Medina, M., 19%nhalytical differenti-
ation of wine fermentations using pure and mixedsyecultures. J. Ind.
Microbiol. 7, 181-190.

Mortimer, R. & Polsinelli, M., 1999. On the origins wine yeast. Res. Microbiol.
150, 199-204.

Noble, A.C., Arnold, R.A., Buechsenstein, J., Leach, Edhmidt, J.O. & Stern,
P.M., 1987. Modification of a standardized systenwarfe aroma terminology.
Am. J. Enol. Vitic. 38, 134-146.

Peynaud, E. & Domercq, S., 1959. A review of microbgital problems in wine-
making in France. Am. J. Enol. Vitic. 10, 69-77.

Pretorius, 1.S., Van der Westhuizen, T.J. & AugustyrR.B., 1999. Yeast biodi-
versity in vineyards and wineries and its importamne the South African wine
industry - a review. S. Afr. J. Enol. Vitic. 20, 62-7

Prior, B.A., Toh, T.H., Jolly, N., Baccari, C.L. & MortimeR.K., 2000. Impact of
yeast breeding for elevated glycerol productionfermentation activity and
metabolite formation in Chardonnay. S. Afr. J. Endlic. 21, 92-99.

Romano, P., Suzzi, G., Comi, G. & Zironi, R., 1992. High&ohol and acetic
acid production by apiculate wine yeasts. J. Apglcteriol. 73, 126-130.

Romano, P., Suzzi, G., Comi, G, Zironi, R. & Maifreni, NI997. Glycerol and other
fermentation products of apiculate wine yeast&pgl. Microbiol. 82, 625-618.

Scanes, K.T., Hohmann, S. & Prior, B.A., 1998. Glycen@duction by the yeast
Saccharomyces cerevisiae and its relevance to wine: a review. S. Afr. J. Enol.
Vitic. 19, 15-21.

Soden, A., Francis, I.L., Oakey, H. & Henschke, P.A., 20Bffects of co-fer-
mentation withCandida stellata and Saccharomyces cerevisiae on the aroma and
composition of Chardonnay wine. Aust. J. Grape \WRes. 6, 21-30.

Torok, T., Mortimer, R.K., Romano, P., Suzzi, G. & Polsinelll., 1996. Quest
for wine yeasts — an old story revisited. J. Ind\trobiol. 17, 303-313.

Van Zyl, J.A., de Vries, M.J. & Zeeman, A.S., 1963. Thierobiology of South
African winemaking Ill. The effect of different ys@ on the composition of fer-
mented musts. S. Afr. Agric. Sci. 6, 165-179.

Vaughan-Martini, A. & Martini, A., 1995. Facts, mythadilegends on the prime
industrial microorganism. J. Indust. Microbiol. B4,4-522.

S. Afr. J. Enal. Vitic., Val. 24, No. 2, 2003



