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Abstract: Theacoholic fermentationisacrucia winemaking step. Itsfailureisproblematic. In spite of severd sudiesto unders-
tand and el ucidate these problems wine globa microbia ecology has never been considered. Using conventional microbiolo-
gica methodsand sensitive molecular toolswe monitored the a coholic fermentations of different red grape varietiesin severa
cellarslocated in Bordeaux area. These observationswere made during three successive vintagesin different oenological condi-
tions. The effect of the addition of commercia active dried yeast and of initid cold maceration was sudied. All these factors
were compiled and their effects on microbia changes were investigated. Some of them acted directly on the microbia popu-
lation of berries surface at the harvest time and should have impact on acohalic fermentation. They could modify the micro-
bia changeswhich in some cases could lead to duggish fermentation. In these cases, we focused on the Brettanomycesbruxellenss
spoailage problem. Therisk of further contamination was discussed according to the acohalic fermentation devel opment.

Résumé Lafermentation acoolique est une éape déterminante delavinification. Son échecaing que sesfinsdifficileset lan-
guissantes sont problématiques. Pour comprendre et élucider ces problémes, de nombreuses éudes ont &€ rédisées. Maisjamais
I'écologie microbienne du raisin et du mo(it n'avait réellement été prise en compte. L'objectif de cetravail est dedémontrer I'im-
portance deladiversité microbienne, et, notamment du nombre et des espécesdelevures présentessur labaie deraisins et dans
lemot, sur le déroulement delafermentation acoolique. En utilisant des méthodes classiques de microbiologie : dénombre-
ment des différentes popul ations microbiennes sur des milieux de culture sélectifs et des méthodes mol éculaires d'identifica-
tion des espéces et des souches microbiennes, nous avons suivi les fermentations al cooliques de plusieurs lots de différents
cépages et dans différents domaines de larégion bordelaise. Ces suivis ont été réalisés durant trois millésimes successifs. Ils
ont permis d'éudier plusieurs pratiques canotechniques comme la dose de SO2 goutée dansle moit lors de la.cuvaison, I'uti-
lisation de souches delevures commercidesou lerecoursalafloreindigéne et lamise en cauvre de macérationsinitidesafroid.
Tous ces facteurs ont éé comparés et leurs effets sur e consortium microbien éudiés. Certains agissent directement sur les
popul ations microbiennes présentes sur labaie de raisin au moment des vendanges et se répercutent sur le déroulement dela
fermentation acoolique. Certains parametres de la diversité microbienne peuvent conduire a des cas de fermentations a coo-
liques languissantes. Dans ce cas, nous nous sommes concentrés sur |'espéce d'altération : Brettanomyces bruxellensis. Les
risques de contamination par cette espéce ont éé soulevés et discutés selon le déroulement de lafermentation acodlique.
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INTRODUCTION

During thewinemaking, thefirst microbia interven-
tion isthe glucose and fructose conversion into ethanol
and carbon dioxide during the alcoholic fermentation
(AF) by yeasts. The main speciesresponsiblefor the AF
is Saccharomyces cerevisiae (S cerevisiae). Thisyeast
isnaturally present on the grape berry surface however
inminority compared to the other micro-organisms. bac-
teria, fungi, non-Saccharomycesyeasts (MARTINI etal.,
1996, RENOUF et al.., 2005). Nevertheless S cerevisiae
isby far themost dominant yeast species colonizing sur-
facesinwineries (PRETORIUS 2000) on tank (PETRUC-
CIOLI etal., 2002) and barrels surface (RENOUF et al.,
2006). Thispool of S cerevisiae strains congtitutes the
indigenous microflora of each cellar (SANTAMARIA
etal., 2005).

After the berries crushing, the beginning of the AF
can befavoured by addition of commercia activedried
strainsof S cerevisae which are selected according to
their fermenting abilitiesand their sensoria contribution
(NIKOLAOQU &t al., 2006). It can be preceded by anini-
tid cold maceration which favoursthe polyphenolsextra-
ction. Thewinemaker can o let acting theindigenous
microflora. In al cases, the AF must be fast and com-
plete: the S cerevisiae growth must be efficient enough
to consume al sugars and to monopolize the microbial
ecosystem in order to limit the growth of other micro-
organism, notably the spoilage agents like the yeast
Brettanomycesbruxdlends(B. bruxellenss) and thelac-
ticacid bacteria(LAB).

However, the use of commercia active dried strains
isnot always satisfactory. It isquite common to encoun-
ter inoculation failure. Nevertheless, evenif theinocula:
tionispogtive, theend of thefermentation can beduggish
and difficult. In some other cases, residua sugar remains
inwine (BISSON, 1999). Stuck and duggish AF area
great oenologica problem. In addition to the extended
processing times, it often leadsto off-taste and off flavors
of thefinal product due to the microbial ingtability. The
understanding of these phenomenaispoor and it isdiffi-
cult to havearapid and correct diagnosisin order to pro-
vide efficient treatment to the winemaker.

Several factors of stuck and sluggish fermentation
have dready beenreveded. Firdt, some parametersof the
must are suspected such asnitrogen (BELY et al., 1990)
and vitamins deficiency (ALFENORE et al., 2002) or
the presence of residual pesticides (DOIGNON and
ROZES, 1992). Then, even if fermentation isan anaero-
bic microbiad process, the yeast required oxygen in order
to favour the synthesis of sterols and unsaturated fatty
acidswhich are crucia for plasmamembrane fluidity
(SALMON et al., 1998). Thisfactor isinvolved in pre-
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serving the activity and viability when ethanol concen-
tration has become high (IMENEZ and BENITEZ,
1987). However, in practica fermentation it is difficult
to precisely control the amount of oxygen transferred
to the must and the lack of oxygen (STREHAIANO,
1990; BLATEYRON and SABLAY ROLLES, 2001) can
aso be acommon cause of duggish fermentation. The
fermentation by-productsare dso conddered as AF inhi-
bitor, particularly decanoic, acetic acid (EDWARDS et
al., 1990, 1999) and thefina fermentation product, etha-
nol, which affects the cell viability (INGRAM and
BUTTKE, 1984; D'’AMORE and GRAHAM, 1987).
Statigtical studies of numerous musts had led to kinetic
model and inhibitory effect estimation (BOVEE et al.,
1990: DUBOIS et al., 1996). Theses studies have been
focused only on S cerevisaesingle growth and the other
microbia specieswhichinredity arepresentinthemugt,
werenever congdered. Experimentswere performed on
thelaboratory scaleand never inthereal cellar condition.
That probably biased the results.

During three successive vintages (2003, 2004, 2005),
weinvestigated different casesof winemaking & redl cdl-
lar scdle. We chooseto have agloba survey of themicro-
flora by the use of both conventional microbiological
methods and molecular toolsfor gpeciesand strainsiden-
tification. The objective of thiswork wasto haveamicro-
bid systemic approachintegrating the possbleinteractions
between species on the grape berries surface at the har-
vest time, in the must and during the winemaking.
Different oenologica practices were monitored. These
observations have given some coherent explanations
about stuck and duggish fermentations which are often
described but not yet understood. We aso studied the
impact onthe AF on the growth of the most dreaded poi-
lage agent, B. bruxellensis.

MATERIALSAND METHODS
| - GRAPE AND WINE SAMPLES

We collected grape and wine samples from severa
chateaux localized in different areas of Bordeaux appel-
letion: Libournais (A), Graves (B) and Médoc (C). The
sampling was done according to RENOUF et al. (2005)
recommendations for the grape berry analyses and
RENOUF et al. (2006) for thewine.

Concerning the grape berry microbid analyses, we
studied several plots of different red grape varieties:
Merlot, Cabernet-Sauvignon, Cabernet Franc and Petit
Verdot at the harvest. These analyses were made during
the three successive vintages: 2003, 2004 and 2005. In
2005, winemaking included different practiceslisted in
tablel.
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[l - MICROBIOLOGICAL ANALY SES
1) Colony isolation and count

The grape berry washing solution, the must and the
wine were subjected to conventiona microbia analysis
to determine the Total Yeast (TY'), non-Saccharomyces
(NS), Lactic Acid Bacteria (LAB) and acetic acid bacte-
ria (AAB) populations. We also studied the anaerobic
Gram negative bacteria (AGN) population. For eech ana:
lysis, 100 pL of undiluted sample and serid dilutions
(101 to 104) were plated out by spreading using sterile
micro-marbleon four selective nutritive media. For yeed!,
the medium contained yeast extract 10 g.L-1, bactotryp-
tone 10g.L"1, glucose 20 g.L-1 and agar 20g.L"L. The
pH was adjusted to 5.0 with orthophosphoric acid. For
TY cultivation, this medium was supplemented with
bipheny! (0.015 % wi/v) (Fluka) and chloramphenicol
(0.01 % wiv) (SigmaAldrich) to inhibit mould devel op-
ment and bacteria growth. The addition of 0.05 % (w/v
in acetone) of cycloheximide (Sigma-Aldrich) preven-
ted the Saccharomyces spp. growth and alowed the nume-
ration of the NSyeast population. At 25 °C, incubation
lasted 5 daysfor the TY and 10 daysfor the NS. For bac-
teria, the medium consisted of commercid red grapejuice
250 mL.L"1, yeast extract 5g.L"1, Tween 80 1 mL.L"1
and agar 209.L 1. The pH was adjusted to 5.0 with KOH
10N. The yeast and mould development was inhibited
by adding 50 mg.L 1 of pimaricine (Delvocid, DSM Food
specidities). For numbering LAB population, the AAB
growth was inhibited by anaerobic incubation using an
anaerohic system envelope with paladium catalyst (BBL)
during 7 daysat 25 °C. For the AAB population num-
bering, the similar medium was supplemented with
30 mg.L1 of penicillin (SigmaAldrich) to prevent the
growth of Gram positive bacteria. Theincubation lasted
3daysat 25°C. Anaerobic Gram negative bacteriagrew
for 5daysat 25 °C on Zymomonas pimaricine penicillin
(ZPP) medium : glucose20g.L 1, peptone5g.L -1, yeast
extract 3 g.L-1, malt extract 3g.L-1, agar 20 g.L1 and
pH adjusted to 5.0 with orthophosphoric acid (COTON
and COTON, 2003). Thegrowth of yeast and Gram posi-
tive bacteria were, respectively, inhibited by adding
100 mg.L 1 of pimaricine and 50 mg.L"1 of penicillin.
The ZPP plates were incubated in anaerobic condition
using similar equipment asfor LAB plates. Each coun-
ting wasdonein triplicate.

[l - MICRO-ORGANISM IDENTIFICATION
1) Yeast study

The yeast speciesidentification was performed by
molecular tools. The yeast DNA was directly extracted
from the biomass collected fromthe TY or NS plates
according to RENOUF et al. (2006) and DNA extraction
protocol of AUSUBEL (1995). Then, the identification
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was based on sequence anaysis of D1/D2 domains of
therRNA 26S gene by PCR-DGGE (COCOLIN et al.,
2000). From the acrylamide gel each interesting band
wasexcisedin order to proceed to sequencing. Theiden-
tification of unknown sequence was made by aignment
and phylogenetic comparison (SAITOU and NEI, 1987)
with the sequences available in the data bank.

In order to add quantitative data to the qualitative
information provided by the PCR-DGGE, we a so used
the RFLP analysis of the 5.8SrRNA gene and the two
ribosoma internal transcribed spacers (ITS1and ITS2)
(ESTEVE-ZARZOSO et al., 1999) onisolated colonies.
Thismethod allowed estimating the percentage of each
species (CLEMENTE-JMENEZ et al., 2004)

2) Bacteriaanalyss

Analyseswere made on thewhole biomassfrom the
LAB plates. After 7 days of incubation, biomass from
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Figurel- Averageof theTotal Yeast (TY) population
counted on the TY medium, and of the Total Bacteria
(TB) population counted on theLAB, AAB and ZPP
medium for three successive vintagesfor about twenty
plotsand four red varieties Merlot, Caber net-
Sauvignon, Caber net-Franc and Petit-Verdot.
The errorsbars are the standard deviation.

M oyenne des populationsdelevurestotales(TY)
dénombréessur lemilieu TY, et bactériestotales (TB)
dénombréessur lesmilieux LAB, AAB et ZPP
pour lestroismillésimes successifs pour vingt parcelles
et quatre cépagesderaisinsrouges: Merlot, Cabernet-

Sauvignon, Cabernet Franc et Petit Verdot.
Lesbarresderreurs représentent les écart-types.
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LAB plateswere collected with 2 mL of deionised sterile
water. After centrifugation (15 min, 10,000 g, 4 °C) the
supernatant was discarded. Then DNA wasextracted and
andyzed by PCR-DGGE targeting therpoB gene accor-
ding to RENOUF et al., (2006) protocol. Then, wefocu-
sed on O. oeni species. Colonieswereisolated on LAB
plates and tested by using aspecies-specific PCR method
for O. oeni (DIVOL et al., 2003). That gave the percen-
tage of the O. oeni speciesin the LAB population. The
percentages of the other specieswere estimated by the
frequency of the detection of their specific band on DGGE
gd.

IV - IDENTIFICATION OF SACCHAROMYCES
CEREVISAE STRAINS

Theidentification of S cerevisae at the strain level
was done by PCR according to the method devel oped by
LEGRAS and KARST (2003) by using the primers 812
(5-TCAACAATGGAATCCCAAC-3) and 621 (5-CAT-
CATTAACACCGTATATGA-3). The PCR 812/821 can
be performed directly on DNA extracted from the total
biomasscollectedon TY plates, but dso onisolated colo-
niesin order to evaluate the proportion of each strain.

V - IDENTIFICATION OF OENOCOCCUSOENI
STRAINS

Thetypication of isolated O. oeni was based on mul-
tiplex RAPD-PCR method using two primers. On2 and
Coc determined by ZAPPAROL | et al. (1998) and COC-
CONCELLI et al. (1995) respectively and used by
REGUANT et al. (2005).

VI - IDENTIFICATION OF BRETTANOMYCES
BRUXELLENS SSTRAINS

Based on coloniesisolated from NS plates, B. bruxel-
lensis species was identified by using specific-species
nested-PCR method developed by IBEAS et al. (1996).
Thetypication of the B. bruxdlensisat the samelevel was
made by REA-PFGE according to the MIOT-SERTIER
and LONVAUD-FUNEL (2006) protocol.

VI - CHEMICAL ANALYSIS

Conventiona anadysis. pH, tota acidity, volatile aci-
dity, alcohol content, free and total SOz, and total poly-
phenol index (TPI), were carried out by the official
methods or the usual methods recommended by the
International Organization of the Vine and Wine (O1V)
(1990). Malic acid, glucose and fructose concentrations
were measured by the enzymatic method (Boehringer-
Mannheim). Vol atile phenols were extracted by dichlo-
romethane from a50 mL sample and they were separated
by collecting the organic phase of the mixture. The quan-
tification was achieved by gas chromatography (CHA-
TONNET and BOIDRON, 1988).

- 105 -

VIl - STATISTICAL ANALYSS

Theeffect of different factors: vintage, grape variety,
pH and SOz added after the press on total yeast popula-
tion on the grape berry surface and in the correspon-
ding fresh must were analysed by using Sigmastat
software (two way ANOVA test). When the probability
(p) waslessthan 0.05, it was accepted thet the variable
under cons deration had asignificant effect on the popu-
lation number.

RESULTS

| - MICROBIAL POPULATION ON THE GRAPE
BERRIESSURFACE AT THEHARVEST AND IN
MUST BEFORE THE BEGINNING OF THE
ALCOHOLIC FERMENTATION

Onthefigure 1, the total yeast population per berry
at harvest hasbeen counted on TY platesduring thethree
successive vintages: 2003, 2004 and 2005. TY popula
tion changed according to theyear. In 2005, it was Signi-
ficantly greater than 2003. This effect was statically
confirmed by the analysisof dataintablelll. Therewas
adatigticaly sgnificant difference of themedian values
between thevintage and the yeast population on the ber-
ries(p<0.001). Thetota bacteriapopulation per berry was
aso function of the year and varied at the opposite. In
2005 bacteriawerelessimportant than in 2004 and 2003.
Thediversty of yeast species aso depended onthe year.
Indeed, in 2003 and 2004, the large major yeast species
detected on berries surface bel onged to the non-fermen-
tative (BARNETT et al., 1983) yeast with aclear domi-
netion of Cryptococcusgenerum (tablell). In 2005, there
was equilibrium between these non-fermentative yeasts
and fermentative yeasts. The Pichia and Metschnikowia
genera were more represented on berries at harvestin
2005.

After crushing the sulphite was currently added tothe
must. The quantities of SO, generally used are compri-
sed between 3g.hL-1and 8 g.hL-1 (tablel). But after sta
tistical tet, the differencein the median val ues between
the quantities of SO, and the ratio of yeast must popu-
lations and berries populationsis not great enough and
therewasno satisticaly significant difference (p=0.365).
These quantities of SO, did not affect also the species
diversity. Indeed, despitethe addition of 8 g.hL-1 of SO,
into thefresh must smilar D1/D2 DGGE profiles could
be seen on grape berries surface, in must just after the
crushing, just after the sulphiting and three days after,
during initia cold maceration (figure 2).

In the case of the cellar B wines, where no macera
tion occurred, yeast increased after crushing, it wassimi-
lar for LAB and AAB contrary to AGN bacteria
population which significantly fell down. Themain spe-
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Pichia anomala
Pichia fermentans

Hanseniaspora sp.

Candida steliata
Metschrikowia fructicola

Figure2 - DGGE profilesof yeast biomass
collected from TY plateat four initial stages

of thewinemaking process.
I: on grape berries surface a the harvest, 11 in must just after the
crushing, 111: inmust just after the addition of SOz at thetank homo-
genization and IV: a the middle of initia cold maceration. The
quantity of SO2 added was 8 g.hL-1 and the pH of the must was
3.38.

Profil de DGGE levurer éalisée sur lesbiomasses collectées
sur lesboites TY durant quatre premier es étapes
delavinification.
| : sur lesbaiesderaisinsau moment desvendanges, 11 : danslemo(t gpreés
lefoulage, 111 : dansle molit apres|'addition de SO2 et le premier remon-
tage dhomogénéisation et IV : au milieu delamacération initidle afroid.
Laquantité de sulfitage vendange est de 8 g.hL "1 et le pH du mo(it est de

3.38.
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LE+00 . . . —
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D after havest

Figure 3 - Example of theroutine microbial popula-

tionschangesduring thefirst daysof thewinemaking.
+: total yeast population, d : non-Saccharomyces, ¢: Acetic Acid
Bacteria population, A: Lactic Acid Bacteria, and ® : Gram
Negative Anaerobic population. ThisexamplewasaMerlot plot,
its main characteristics were: pH=3.74, Total acidity 2.1 g.L-1
H,S0,, [glucose + fructose] =232 mg.L L.

Exemple des changements microbiens obser vés classique-
ment durant lespremiersjoursdelavinification.
@ : levurestotales, [ : levures non-Saccharomyces, ¢: bactéries acétiques,
A : bectéries|ectiques, @ : bactériesaGram négatif anaérobiques. L'exemple
est unlot de merlot dont les principa es caractéristiques éaient : pH=3.74,
aciditétotale=2.1 g.L "1 deH,S0y, [glucose + fructose] =232 mg.L-L,

Tablell - Yeast speciesidentified by PCR-RFL P-I TSand changesin the per centages of the different species
on berriessurfaceat harvest during thethreevintagesfrom all samplesin the different vineyards.
Espécesdelevuresidentifiéespar PCR-RFL P-1TS et leschangements de pour centage des espéces détectées

sur lesbaiesderaisinsau moment desvendanges au cour sdestroismillésmes
et pour I'ensemble des échantillons prélevés sur lesdifférentsvignobles.

Family

Genera

2003 2004 2005

Sporiodicbolaceae

Rhodosporidium

sp.

12% 8% 4%

Rhodotorula sp.

6% 6%

Sporabalomyces

sp.

6% -

Non-fermentative
yeasts

Tremellaceae

Cryplococcus sp.

44% 34% 38%

Bulleramyces sp.

10% 4% 4%

0% 62% 52%

Aur

pulivlans

Candidacae

Candida sp.

6% 22% 2%

Dipodascaceae

Yarrowia sp.

2% 2% -

Lipomycetacae

Lipamyces sp.

2% -

Debaryomyees sp.

6% 2% 4%

Fermentative yeasts

Issatchenkia sp.

2% - -

20% 3R% 48%

Saccharomycetaceae

Pichia sp.

6% 16%

Saccharomycodaceae

Saccharomyces sp. ud
Kiuyveramyces sp. - - -

Hansenispora sp.

2% 2%

4% 2% 6%
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ciesof thisbecterid population, identified by PCR-DGGE-
rpoB analysiswere Burkholderia viethamiensisand spe-
ciescosad tothe L eifsoniaand Enterobecter genera These
bacteriawnhich represent gpproximately 10 % of thetotal
bacteria population on berries surface gradually disap-
pearedinmugt, whilethe LAB and AAB populaion over-
came 104 CFU.mL"1 (figure 3).

[l - MICROBIAL CHANGESDURING ALCOHO-
LIC FERMENTATION

1) Microbia dynamicsduring classical acoholicfer-
mentation

Thefigure 4 showsthe microbia changes observed
during aroutine acoholic fermentation performed after
addition of commercid activedried yeast for thewine B-
| inthe cellar B. Similar changes were aso observed for
the Cabernet-Sauvignon wine (B-I1) inthiscellar. The
commercid strain hasbeen added just after thetank filling
and the homogenization on the second day after the har-
vest. The TY population increased to reach amaximum
concentration of 3.107 CFU.mL-1. At thismoment, the
dengity hasbeguntofdl. During thegrowthof TY popu-
Iation, the other microbia population decreased. At the
end of the fermentation, the LAB and the NS were
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Figure 4 - Changesof the microbial populations

(m: Total Yeast population, A : non-Saccharomyces population,
+: Lactic Acid Bacteriapopulation and O: Acetic Acid Bacteria
population, the errors bars show the standard deviations) during the
alcoholic fermentation (x: density of the must) of aMerlot wine
of acdlar inthe Graves gppdlation. The chemica dataof thewine
after dcohalic fermentation were: pH=3.59, Totd Acidity=4.3g.L-
1 of H2S04, Volatile Acidity=0.21 g.L -1 H2S04, Alcohol content=
14.89 % (v/v), malic acid concentration= 1.25 g.L-1 and TPI=64.

Changements des populations microbiennes

(M: levurestotales, A: levures non-Saccharomyces popul ation, ¢: bacté-
rieslactiques and bactéries acétiques, les barres d'erreurs représentent les
écart-types) durant lafermentation a coolique (x: densité du modt) dunvin
deMerlot dansun chai del'appellation des Graves. Les données chimiques
duvin alafin delafermentation alcoolique étaient : pH=3.59, acidité
totale=4.3 g.L "1 of H2S04, aciditévolatile=0.21 g.L "1 of H2S04, TAV =
14.89 % (v/v), concentration en acide malique= 1.25 g.L "1 et TPI=64.
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approximately at the samelevel (102 CFU.mL"1). There
was also an evolution of the proportion of the species
among these populations (table V). The species O. oeni
and B. bruxellensiswhich werein minor proportionin
the must became the predominant speciesamong, res-
pectively, the LAB and the NS yeast population.
Nevertheless, despitethefdl of the LAB and NS popu-
lationsduring the AF, theindividud levelsof O. oeni and
B. bruxellensis, estimated by considering the proportion
of these species among their respective population and
thetotd level of them, were quite congtant during the AF.

Within, the speciestherewas a so an evolution of the
grains. Infreshmugt, ten RAPD profiles could been seen
onasample of twenty coloniesof O. oeni, but only two
major RAPD profiles at the end of AF (figure 5).
Concerning the B. bruxellensis strains only two REA-
PFGE profilescould be seenin fresh must beforethe AF
(figure 6). At the end, only profile |1l was observable.
Concerning S. cerevisiae, the PCR reveded apositive
implantation of the commercia drainsal dongthe AF.
Thisgtrain wasthe only one detected.

2) Atypicd dcoholic fermentation
a) Inoculation problem

In chateau C, an initial maceration for three days at
10 °C occurred. Then, the must was inoculated in tank
C-1l with strain 522D and tank C-111 with astrain pre-
vioudy isolated in the cellar. Tank C-I was not inocula:
ted (tablel)

The dominant strain during AF was checked by
PCR 612/521 profile. Inwine C-l11, the implantation

Gel I

GelIl

Figure5 - Changesof RAPD prdfilesof O. oeni strains
beforeand after thealcoholic fermentation.
G |: O. oeni coloniesisolated from musgt, Gel |1: O. oeni colonies
isolated a the end of AF.
Changement des profiles RAPD des souchesd'O. oeni

avant et apréslafermentation alcoolique.
G | : coloniesd'O. oeni isolées dansle mo(it, Gel 11 : colonies d'O. oeni
isoléesalafin delafermentation acoolique.
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Figure 6 - REA-PFGE of B. bruxellenssstrains

isolated from B-1 wine.
I=S. cerevisiee profile used asladder, |1: 1st profile of B. bruxel-
lensis, I11: 2nd profile of B. bruxellensis.

Discrimination des souchesdeB. bruxellensisisolées

duvin B-l par REA-PFGE.
I=profilede S cerevisiae utilisées comme marqueur, |1 : 1 profile de
B. bruxellensiset |11 : 2nd profile de B. bruxellensis.

of the sdlected strain was stisfactory during thefirst step
of the AF: the population of TY reached more than
108 CFU.mL"1 (figure 7) and only a812/321 PCR pro-
file corresponding to the commercia strainwasnoticed.
Sinceday 10 of fermentation the TY population began
tofdl and therate of fermentation decreesed. Atthisstage,
the 612/621 PCR profile changed. Other profiles appea:
red. At this moment, the density was abouit 1, the aco-
hol content closed to 12 % vol/vol andthe TY population
was closed tothe TY population numbered in the tank
C-1. By comparison in wine C-11 the implantation was
postiveal dong the AF and the density rapidly decrea-
sed. For thewine C-111 theend of fermentation wasdug-
gishand at thistimethe NS population grew and reached
t02.103 CFU.mL " & theend of AF. Thispopulation was
even higher than for the wine C-1. At this moment, the
species detected, in thewine C-111, were Candida stel-
lata, Torulaspora delbrueckii and B. bruxellensis. The
|atter represented morethan 75 % of NS pecies. Theche-
mical data of the threewines at the end of AF arelisted
intable V. The ethanol content waslower inthe non-ino-
culated wine, aswell asthe pH. At, contrary the vola-
tile phenols concentrations were dightly higher thanin
inoculated wines. But al these differenceswerenot redly
significant.
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Figure7 - Evolution of Total Yeast and non-
Saccharomycesyeast population and thedensity in the

threewinesstudied at thecellar C.
#: noninoculated wine (C-1), A: inoculated wine with positive
implantation &l aong the fermentation (C-11), @: inoculated wine
with ashift of S cerevisae strains (C-l11).

Evolution deladensité, despopulationsdelevurestotales
et deslevur esnon-Saccharomyces
danslestroisvinséudiéesau chéteau C.

#: vin non-inoculé (C-1), A: vin inocul é dont I'implantation est positive
durant toute |afermentation alcoolique (C-11), @: vin inoculé dont I'im-
plantation n'a éé positive que durant les premiéres étapes de lafermenta

tion (C-111).

3) Fermentation with indigenous yeast

Inthecellar A, after the berries crushing, the begin-
ning of the AF was preceded by aninitial cold macera-
tion for five days. During this period, the tank cooling
was operated by addition of dry iceand circulation of cold
water. For the three wines studied, the yeast population
dightly decreased intank | while despitein tank 11 and
[11,the TY population was multiplied by 100 until rea-
ched 108 CFU.mL 1. Only NS composed the population.
Figure 8 showsa phylogenetic tree of D1/D2 domain of
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Vincent RENOUF et al.

TablelV - NSyeast and L AB speciesand changesin percentages beforeand after the alcoholic fermentation.

Espéces de levuresnon-Saccharomyces et de bactérieslactiques
et variationsdeleur pourcentagelorsd,elafermentation alcoolique

Non-SaccharomycesYeast | Beginning of the AF : density | End of the AF: density =0.99
species identified by PCR- | =1.08
RFLP-ITS % of Concentrations of | % of Concentrations of
each each species each each species
species | (CFU.mL™) species | (CFU.mL™)
Brettanomyces bruxellensis 02 1.1x107 80 0.8x10°
Candida cantarelli 12 6.7x10° 8 0.08x10°
Candida stellata 12 6.7x10° 4 0.04x107
Debaryomyces hansenii 14 7.7x10° - -
Hanseniaspora uvarum 22 12.2x107 - -
Metschnikowia pulcherrima 12 6.7x10% - -
Pichia anomala 18 10.0x10° 8 0.08x107
Pichia fermentans 08 4.4x10% - -
TOTAL 100 5.55x10° 100 1x10>
Lactic acid bacteria Beginning of the AF : density End of the AF: density =0.99
species identified by | =1.08
PCR- rpoB % of Concentrations of % of Concentrations of
each each species each each species
species (CFU.mL™) species (CFU.mL™Y
Bacillus sp. 8 2.5x10° - -
Lactobacillus casei 4 1.2x10° - -
Lactobacillus 40 12.4x10° 12 0.8x10°
plantarum
Lactobacillus sp. 4 1.2x10° - -
Leuconostoc 12 3.7x10% - -
mesenteroides
Oenococcus oeni 20 6.2x10° 80 5.6x10"
Pediococcus 4 1.2x10% - -
damnosus
Pediococcus parvulus 4 1.2x10° 8 0.6x10%
Pediococcus 4 1.2 x107 - -
pentosaceus
TOTAL 100 3.1x10° 100 7x10
o™ oM AF AP AF AF
n RE] =112 d=1.08 | d=1.03 d-a 99,

o o 75
Saccharamyees covevisive 10% i o

58 o - 200 o
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Figure8 - Neighbour-joining tree of all yeast sequences obtained by PCR-DGGE NL /L S2 analysis
and their per centage estimated by PCR-ITSat different time of the fer mentation process.
The numbers given in the branches are the bootstrap va ues after 1000 repetitions; only significant values higher than 50% are shown. 0.05
represents the scae for the phylogenetic brancheslength. CIM= Cold Initial Maceration, AF= Alcoholic Fermentation., d= density.

Arbre phylogénétique constr uit slon la méthode des plus prochesvoisins pour toutesles séquencesde levur es obtenues

par laPCR-DGGE NL 1/L S2 et leur poucentage estimé par la PCR- I TSa différentstemps dela fermentation.
Les nombres donnés sur les branches sont les valeurs de boostrap obtenues aprées 1000 répétitions, seules les vaeurs supérieures a 50 % sont retenues. 0,05
représente I'échelle de lalongueur phylogénétique.
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TableV - Chemical analysisof winesl, 11 and 111
at theend of AF for cellar C experiment
(TPI: Total Polyphenal Index).

Analyseschimiquesdesvinsl, Il et 111 alafindela
fermentation alcoolique pour lesexpériencesdu
chéteau C. (TPI : Index des polyphénalstotaux).

Wine C-1 C-1I | C-III
Ethanol content (% vol/vol) 12.34 | 12.55 [ 12.47
Glucose + freutose (g.L ™) 2 <1.7 | <1.7
pH 3.55 |3.58 |3.61

Total acidity (2L d’'H,80,) [ 4.75 [4.45 [4.15
Volatile acidity (g.L T d'H,S04) [ <0.1 [ <0.1 [0.14

Malic acid (g.L™") 2.5 2.4 2.1
T.P.L 64 62 60
4-ethylphenol (ug.L™ 61 [2+1 | 9+1
4-ethylguaiacol (ng.L ™) 0 0 0
4-vinylphenol (ug.L™") 103£2 | 96+7 | 78+4
4-vinylguaiacol (pg.L ™) 9+1 T2 | 642

rRNA 26S gene of the speciesand their percentage. The
main speciesat the end of the maceration was Pichiaano-
mala. The TY and the NS popul ationswere Smilar even
after theincrease of temperature (28.5 °C) and the begin-
ning of the sugar consumption. Then, a themiddleof the
AF, NS species till represented more than two third of
theTY population. The high percentage of Candida stel-
lata (40%) and Pichia anomala (20%) was remarkable
by comparison with S cerevisiae (30%) at this stage of
the fermentation. In previous vintages (2003 and 2004),
in the same cdllar and the must of the similar parcel, the
NS decreased from the beginning of sugar consumption
and at the middle of AF (density = 1.05) the NS popula
tion represented lessthan 1 % of the TY population. In
2005, thelevel of NSand TY populaionswasclearly dif-
ferent only after the 20th day of fermentation (figure 9)
withthe S cerevisaedomination. Theanadysisof S cere-
visiae strains by PCR 012/621 revealed a change of the
grainsall aong the fermentation. The profile | wasthe
only detectable during thefirg sep of AR, Fromthemiddle
of AF (density=1.05) four other profiles(I1, 111, 1V and
1V) were appeared (figure 10).

DISCUSSION

According to the year, the quantity and the quality
of the yeasts on berries surface change. These changes
should be dueto theinteractionsregulating the microbia
community on berries surface (RENOUF et al., 2005).
They include environmental factors such as agrochemi-
cal gpplicationsand physical and chemica properties of
the berry surface liable for the microbia adhesion. The
climatic conditionsshould dso play acrucid roleonmicro-
bia population (LONGO et al., 1991). All these para-
meters can explain the differences observed in the
successive vintages mainly when the climatic conditions

1E+08 g
[ . -
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1E406 g : '\.\‘ — ¢
L e . I
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o 1E 7y
g T
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TE+00 T - - v T T )
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Figure9- Evolution of Total Yeast () and
non-Saccharomyces () yeast populations
during thefermentation of thewine A-1.

Evolution despopulationsdelevurestotales (#) et delevures
non-Saccharomyces ((J) durant la fermentation du vin A-1.

during the graperipening were so different asfor the stu-
died vintages. In 2005 climatic conditions|led to overri-
pening of fruit that has favoured water fruit loss trough
trangpiration (HAMILTON and COOMBE, 1992) and
modified the sem and pellicle of the berries (ROGERS
et al., 2004). That should directly affect the microbial
popul ations by modifying the adhes on and growth condi-
tion. During the ripening the concentration of sugars,
of malic acid, of tartaric acid and available nitrogen are
the main componentsinfluenced by climatic conditions.
In 2005, the malic acid and tartaric acid concentrations

Figure10- Thefives(l, I1, 11,1V, and V) PCR 812/8621
profilesof thedifferent S. cerevisaeisolated during A-l
winefermentation. M:100 pb ladder.

Lescing (I, I1,111,1V, et V) profilesPCR 612/821 des diffé-

rentessouchesdeS. cerevisaeisoléesdurant lafermentation
duvin A-1.M : 100 pb marqueur.
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were dightly lower than in the previous vintages, while
the nitrogen content was closed to that of 2004 and note
bly higher thanin 2003. Therewasasignificant effect of
thevintage and pH on the yeast populationin fresh must
(p<0.001) and dl these parameterswere strongly depen-
dent ontheplot, the grape variety and also on theterroir.
However it isnot possible to establish any correlation
between these dataand the microbial population. Further
investigations at larger scale and for several vintages
should be necessary.

After crushing, themicrobid populationsfind amore
favourable medium. Thefermentativeyeas, particularly
the S cerevisae Speciesarethe best adapted to fresh mud.
Theaddition of commercid activedried strainof S cere-
visiae hasto favour the S. cerevisiae predominance. In
aroutineacohalic fermentation, the S cerevisiae popu-
| ation reached 107 CFU.mL "1 and stayed at thishigh level
during the fermentation whereas the nutrients were not
limiting. Thearrest of growth for S cerevisaeaswell as
itslimitation for the other yeast species could in part be
explained by the high cell density and cell-cell contact
inhibitory mechanism (NISSON et al., 2003). The S cere-
visiae monopolized the microbia ecosystem.

Theincrease of ethanol leadsto severd cellular and
molecular disorders, mainly a theleve of themembrane
integrity (JONES, 1989). A sdection of themost resis-
tant gpeciestook place among the bacteriaand the yeast
populations. The AAB and AGN bacteria populations
wereinnumerableat theend of the AF. Beforethat, PCR-
DGGE-rpoB andysesreved ed that the major species of
these groups were respectively Gluconobacter oxydans
and Bukholderia viethamiensis. Thefirst isableto use
sugar asorganic carbon source but did not resist to etha:
nol (DU TOIT and LAMBRECHTS, 2002). The second
isonethe maor species detected on berries surface during
the grape development (RENOUF et al., 2005). It should
play asgnificant roleinthemicrobia community on ber-
ries by producing protective exopolysaccharide film.
Moreover its ability to grow on berries surface on dried
and poor environment could be higher than survival a
the hyper-osmolarity of the must.

Concerning the NS yeast and the LAB populations
after afirgt sage of growth they decreased duringthe AF.
That coincided with afal of the speciesdiversity. At the
end of the fermentation these popul ationswere congtitu-
ted by two major species, which was respectively
B. bruxellensisand O. oeni. Their resistanceto the etha-
nol dressarewell known and these phenomenawere pre-
viously described (RENOUF et al., 2006). In addition
the strain diversity within these species also decreased
showing a selection phenomenon. The tolerance to the
AF conditions should be based on strain dependent cha
racters.

J. Int. &ci. Vigne Vin, 2006, 40, n°2, 101-116
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Neverthel ess the predominance of the S cerevisiae
since the beginning of the AF was not always observed
indl cases. During the 2005 vintage, the high level popu-
lation of NS yeast on berries could be a possible cause
of failuresin yeast starter implantation. The manufac-
turers recommend adding the commercia active dried
yeast in order to obtain a population of 106 CFU.mL"L,
Thisisenough toimposearatio of 103104 between the
commercia srainsand theindigenousyeastin classica
vintage. However that was not the casein 2005, since
someNS specieswere higher than 106 CFU.mL-Linfresh
must. Competitions between the commercia strainsand
theindigenous species should have occurred. These com-
petitions should beinfluenced by the qudity of the com-
mercid strains and dso by the nature of the indigenous
species and the proportion of the fermentative non-
Saccharomyces species. It could be the case of
Metschnikowia fructicola and Zygosaccharomyces flo-
rentinus, which have been suspected to act in re-fer-
mentation phenomenain white winemaking (DIVOL
2004). In addition, most of theidentified speciesin 2005,
are known to be well adapted to environmental stress
such as sugars and ethanol concentration, low pH and
low temperature (FREDLUND et al., 2002). Then, the
morethe composition of grape must such as sugar concen+
trations (LAFON-LAFOURCADE et al., 1979), phe-
nolics compounds content and the pH
(LAFON-LAFOURCADE and RIBEREAU-GAYON
1983) isaypicd, the more theseindigenous speciesshould
be favoured. The increase of SOz added after crushing
cannot be considered as an dternative for reducing the
indigenous population. Its effect was insignificant.
Moreover it isimportant not to use excessively SOo.
Indeed, some S cerevisiae strains are able to produce
significant quantities of SOz and that canlead to problem
for the further step of the winemaking notably for the
implantation of O. oeni starter (HENICK-KLING and
PARK, 1994).

Theinitial cold maceration should also favour the
indigenous non-Saccharomyces yeast adaptation to the
must by cross tolerance mechanism. Low temperature
should boost ametabolism of defence and synthesis of
preservative agents astrehaose (THEVELEIN, 1984),
glycogen (FRANCOISet al., 1997) and chaperonesHsp
proteins (SALESet al., 2000). Low temperature and ethar
nol lead to similar cell disorders. membranefluidity,
decrease of water activity. Then, cross tolerance should
be effective. After cold maceration, when the tempera
ture increased, the yeast could grow and began the AF.
They had areserve of protective molecules previoudy
used againgt the cold conditionswhich may alow agrea:
ter ethanol tolerance. Moreover some previous studies
have shown that certain NS species have amoreintrin-
scrobustnesstolow temperaturethan S cerevisiae pe-
cies(HEARD and FLEET, 1988). Hence, it was observed
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that NS speciesweremorelikely to make stronger contri-
bution to fermentation conducted at low temperature
(NOVO et al., 2003). Crosstolerance phenomenacould
al s0 been effectivewhen the must was highly concentra-
ted in sugars. Indeed, the high sugar content of the must
and the ethanol produced during the fermentation led to
an osmotic stress (QUEROL et al., 2003) and the pro-
tective response of the cllsare similar.

The preservation of high non-Saccharomyces popu-
lation levels at the beginning of the AF should affect the
duration of the alcoholic fermentation. Indeed, the AF
rateisdirectly dependent on two main parameters. the
totd viable biomass and the specific rate of sugar consump-
tion of theindividua cells. According to severa authors,
the second parameter isthe most important, because a
duggish fermentation occurswhen the specific rate of fer-
mentation decreases even though viable biomassremains
high (ALEXANDRE and CHARPENTIER 1998). The
fermentative capacities of the NS speciesare lower than
that of S cerevisiae species. In non-inoculated wine, a
dowing down of the fermentation rate and a stagnation
of the NS population was observable when the density
reached 1.0 and the kinetic of sugar consumption has
decreased. At thismoment, S cerevisiae was predomi-
nant. But its population, estimated by subtracting NSto
TY population, and the fermentation rate were still lower
than for usud fermentation. Theimplantation of S cere-
visiaewasdifficult when the AF has started by NSyesst.
Thetoxin production by NS yeast could explain these
phenomena(COMINTINI et al., 2004). Pichiaanomala,
which isone of the major speciesidentified during the
first sepsof the AF, isknown for itssignificant killer acti-
vity on S cerevisae (YAPet al., 2000). But interactions
between the declining NS and the active S cerevisiae
should dso act. When the NS specieswas dominant, only
onedrainof S cerevisae wasidentified. Afterwards, at
theend of thefermentationthe S cerevisae strain diver-
sity washigher. They overcamethe NS popul ation whe-
resstheinitia srain wasunableto impose upon NSyesd.

At the end of the duggish fermentation the evolution
of the NS population seemed to depend on the use of com-
mercia starter srain or of the indigenous strain require-
ment. When a commercial strain was used, the NS
population decreased just after theinoculation. The star-
ter should have inhibited the indigenous species (VAN
VUUREN and JACOBS, 1992). When the fermentation
was duggish, the TY population decreased, the shift of
PCR 012/521 profile was effective and showed that the
NS population has started to growth. The mgjor species
responsiblefor thisgrowth wasB. bruxellenss. B. bruxe-
lensisis not very demanding from nutritional point of
view by comparison with S cerevisae (USCANGA et
al., 2000) and itsresistance againgt high ethanol concen-
tration and the conditionsa theend of AF areremarkable
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(HOLLOWAY etal., 1992; RENOUF et al., 2006). This
specieswas neither previoudly detected on the berries
surface nor inthe grape must by the molecular toolsused.
But that did not mean that B. bruxellensiswastotally
absent. It should be present but in great minority. Indeed,
the molecular methods used to detect yeast speciesin
wine are not enough efficient to identify the great minor
yeast species. If the minor species of yeast are morethan
100 times lower than the mgjor species, asit isthe case
onthesurface of grape barries, they are not detected (PRA-
KITCHAIWATTANA et al., 2004).

For the non-inoculated wines, the NS species were
not inhibited at the beginning of AF by the massive sup-
ply of exogenous S. cerevisae. Their population was -
hilized until the ethanol content wastoo high. At theend
of AF theresidual NS species: Candida sp., Pichia p.
remained closeto 103 UFC.mL-1 but without B. bruxel-
lensis appearance. B. bruxdllensis should be present but
a avery low level and the preservation of high totd active
yeadt populaion dl dong thefermentation did not allow
itsgrowth. That could be explained by the occupation of
the microbid ecosystem and the killer toxins production,
for instance by the Pichia sp. generawhich could have
killer effect on S cerevisiae asit was previoudy men-
tioned and which had also aremarkable inhibitory on
B. bruxellenssgrowth (YAPet al., 2000; COMITINI et
al., 2004). Intheinocul ated wine, the sarter should inhi-
bit the major NS species present in the fresh must. The
NS population remained at avery low leve dl dongthe
fermentation. However when theinoculated strain failed
to achievethefermentation, the S cerevisiae population
declined, the microbia ecosystem became vacant. The
B. bruxellensis which should be previously present at
undetectable level and was probably the more resistant
speciesto the conditions of the fermentation’s end, took
advantage of thissituationto grow. It reached the critical
leve for spoilageat 103 CFU.mL "1 (RENOUF and LON-
VAUD-FUNEL, 2005). Evenif, the quantity of volatile
phenols produced was not yet important, the spoilage
could be suspected during the further steps of the wine-
making notably after the mal ol actic fermentation when
thewinewasmorefavourableto B. bruxellensisgrowth
(RENOUF &t al., 2005). However, the vinylphenol and
vinylguiacol measured may have been produced by the
S cerevisae (CHATONNET et al., 1989; SHINOHARA
et al., 2000). In order to avoid the growth of B. bruxel-
lensisat the end of duggish fermentationiitiscrucia to
increasethe robustness of the selected strain to the condi-
tionsof theend of the fermentation in the selection Sar-
ter process. Further investigations should be made to
favour those inhibiting which would significantly inhi-
hit B. bruxdllengssrainsby the production of killer toxins
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CONCLUSION

The acohoalic fermentation isacrucia step of the
winemaking. Its success depends on oenological prac-
tices but dso on properties of the must and the qualities
of themicrobia species. During certain vintages must
aremoredifficult to convert intowine. Tridsof stuck and
sluggish explanations and predictions were not satis-
factory mainly becausethe previousworkswerefocused
on biochemical must parameters and the single culture
of the S. cerevisiae. Our work has given anew view of
these phenomena by considering the globa microbia
consortium. The most common wild yeasts on grapes
were non-Saccharomyces species. After crushing, micro-
bial consortium was modified by several environmen-
tal stresses. high sugar, low pH, addition of SOz, low
temperature. The survival, adaptation and the fermen-
tation performance depends on the severity of the stresses
which isfunction of the must (sugars, nitrogen) and the
oenologica practices (oxygen, temperature), and thelevel
of the population and its qudity. According to the level
of population and the intrinsic robustness and genetic
potential of the species, the non-Saccharomyces spe-
ciescould grow during the early stages of fermentation.
Themost part of must bacteriawereinhibited, only cer-
tain O. oeni strainswere ableto survive. When yeast star-
ters were used, they took advantage to the indigenous
yeast speciesin the most cases. When the end of fer-
mentation was suggish, the S. cerevisiae strainswere
morediversfied and different than a the beginning. These
srainsshould resist to dl the inhibitory compounds by
al theyeastswhich have grown previoudy. Thischange
of S cerevisae dominant srainshascoincided with afall
of total yeast population and dowing down of fermentar
tionrate. Ininoculated wines, this phenomenonwasaso
associated with a significant growth of non-
Saccharomyces growth, mainly the B. bruxellensis spe-
cie. B. bruxdlensisiswell adapted to the condition of end
of fermentation. It was able to take advantage of the
declineof S. cerevisiae. In non-inoculated wines, equili-
brium between indigenous S cerevisiae strains and the
initid NS species (Pichia sp., Candida sp.) was establi-
shed. This ecosystem was never vacant and B. bruxel-
lengscould not grow even at the end of the fermentation.
Even the sum of volatile phenolswas not yet high, the
risk of B. bruxellensis contamination should be more
important in sluggish inoculated fermentation than in
indigenous fermentation.
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