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Abstract : Winemaking is based on complex microbia interactions. They result in acoholic and malolactic fermentation. In
some cases undesirable micro-organisms pass beyond alimit and become prejudicia towine quality. Itis particularly the case
of Brettanomyces bruxellensiswhich produces volatile phenols.

Most of wine microbia studies have been focused on only one species and that can lead to incomplete and biased results by
neglecting possible interactions between the populations. Theaim of this study wasto obtain agloba survey of wine micro-
floraand its quantitative and quaitative changes during the mal ol actic fermentation, the last microbia intervention before sul-
phur dioxide addition. Theresultswere obtained by chemica wineanadysis, conventional microbiological methodsand molecular
toolsfor microbial identification (PCR-ITS-RFLP, PCR-DGGE). In this study, conducted under cellar scale conditions, seve-
ral oenological parameters were considered: two different cellars, three grape varieties, MLF in tank or in barrels, use of
malolactic sarters or indigenousflora

Interactions appeared, mainly between Oenococcus oeni and B. bruxellend's, but also between O. oeni strains. Some explana-
tions are suggested and further investigations are proposed.

Résumé: L 'daboration du vin rouge nécessite | 'intervention de différentes popul ations microbiennes. Leslevures, principaement
Saccharomyces cerevisiae transforment les sucres en éhanol durant lafermentation acoolique. Puisles bactéries lactiques
décarboxylent I'acide maique en acide lactique durant lafermentation malolactique. Maislesinterventions microbiennesne se
limitent pasaux activitésfermentaireset cest I'ensemble des métabolismes microbiensqui participent aux qualitésaromatiques du
vin. Certains sont préjudiciables et dtérent lesqualitésdu vin. C'est particuliérement le cas de lalevure Brettanomyces bruxellen-
sisqui produit des phénalsvolatilset confére des odeurs désagréables. Lamgjorité des éudes microbiennesen ool ogie sont ciblées
ur uneseuleespéce microbienne laplupart du temps sur Saccharomyces cerevisae ou Oenococcus oeni. Mais|'écosyséme micro-
hien du vin est tres divers et complexe e saffranchir de cette diversité peut conduire ades résultatsincomplets et desinterpréta
tions erronées négligeant lesinteractions possibles entre les espéces. Pour pouvair intégrer cesinteractions, il est fondamental de
considérer I'écosysteme microbien dans saglobalité et dianalyser toutes les populations microbiennes présentes : levurestotales,
levures non-Sacharomyces, bactéries lactiques et bactéries acétiques. Celapermet davoir une vision systémique et exhaustive
desrelationsentrelespopulationsmicrobiennes. L'objectif de cestravaux est dévauer I'impact delafermentation malolactique sur
I'ensemble del'écosystememicrobien. Cestravauix ont éémenésal'échelledu chal sur deux chéteaux du vignobleborddlais (Graves
et Médoc) et plusieurs paramétres aano-techniques ont été considérés : trois cépages différents (Merlot, Cabernet-Sauvignon,
Cabernet-Franc), fermentation conduite en cuvesinox ou en barriques, utilisation delevainsmaolactique ou recoursalafloreindi-
especes ont ééidentifiées par desméthodes mol éculaires (PCR-RFLP-I TS pour leslevures et PCR-DGGE pour lesbactéries). Ces
données microbiologiques ont &é confrontées aux parametres physico-chimiques desvinséudiés (pH, TAV...).
Lafermentation maolactique, derniéreintervention microbienne favorisée par lesvinificateurs avant I'gjout de dioxyde de soufre
et lastahilisation microbienne provoque des changements des parametres chimiques du vin (baisse de l'acidité, modification dela
couleur...) ; dleest apparue comme une &ape particulierement favorable aux interacti onsentrel es popul ations microbiennes. Parmi
les bactéries|actiques, I'espéce O. oeni devient mgoritaire et rédisela conversion del'acide mdique en acide lactique. Lesbacté-
riesacétiquesabsentes|orsdelafermentation a coolique augmentent également alafin delafermentation maolactique. Durant cefte
fermentation, leslevures du genre Saccharomyces disparaissent tandis que leslevures B. bruxdllens's se multiplient et deviennent
mgoritairealafin delafermentation. Levin est plusfavorableau dével oppement de B. bruxdlensislorsdu dével oppement dO. oeni
et laconsommation effectivedacidemdique. Celapeut Sexpliciter soit par desinteractionsdirectesentreles cellulesdes deux espéces
S0it par lamodification des paramétres physicochimiques du vin (augmentation du pH, baissedel'acidemalique. ..). Lesfermenta
tionsmal ol actiques langui ssantes sont apparues particuliérement risquées car plusletemps mis pour consommer I'acide maique
est long pluslaquantité de B. bruxellenss présente est importante. Celasouligne lanécessité des contrdles microbiologiqueslors
delafermentation malolactique et I'intérét du développement de levains malolactiques de plus en plus efficaces afin de réduirele
tempsdelafermentation et déviter le développement des Brettanomyces et I'dtération desvins.
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INTRODUCTION

Winemaking isbased on complex microbia collabo-
ration. After crushing, yeasts, mainly Saccharomyces cere-
visae species, ferment sugars, which are naturaly present
inmugt, to produce ethanol during acoholic fermentation
(AF). Thenlactic acid bacteria(LAB), mainly Oenococcus
oeni, convert malic acid into lactic acid by decarboxyla
tion during the malolactic fermentation (MLF). In addi-
tion to alcohol production and acidity decrease, other
metabolisms produce aromareponsblefor sensorid wine

properties.

After MLF, winemakerstry to reduce microbia popu-
lation by sulphating, racking, fining, filtration and ther-
mal treatment in order to avoid any microbial growth.
Indeed, Brettanomyces bruxellend s yeast Species can spoail
wines by devel oping off-odourswhich have been descri-
bed as mousy, wet wool, medicinal, smoky, spicy
(FUGELSANG and ZOECKLEIN 2003; LOUREIRO
and MALFAITO-FERREIRA 2003). Pedioccocus sp.
bacteria can modify wine viscosity by producing exo-
polysaccharides (WALLING et al., 2005). Other micro-
bia metabolismscan have atoxicologicd potentid effect
by producing biogenic amines(COTON et al., 1998) and
ethyl carbamate (UTHURRY et al., 2005). Microbiological
dterationsare the highest winemaker preoccupation during
the aging period.

After it was established that the primary origin of
B. bruxellensis and Pediococcus parvulus wasthe grape
berriesthemselves, conditionsof their growth and detec-
tioninwinehave beenthefocusof severd sudies(DELA-
HERCHE et al., 2004).

Speciesand rainsdiversty isvery important inwine.
Thus studies which focused on only one of them within
such complex mixture should lead to incompleteand bia
sed results. It isfundamental to have asystemic goproach
of thewine microflorain order to integrate the possible
interactions between each species.

MLFisakey step of red wineedaboration. It dlowsa
deacidification (LONVAUD-FUNEL, 1999) and senso-
rial modifications (DE REVEL et al., 1999) and wine-
makerstry hardto doit. They can favour the devel opment
of theindigenousfloraor use commercid maolactic sar-
ters(GINDREAU et al., 1997). Moreover MLFisthelast
desirable microbial intervention in winemaking before
the addition of sulphur dioxidein order to discard micro-
bia population.

The god of thiswork wasto investigate the whole
wine microfloraand to characterize each population: totd
yeasts (TY), non-Saccharomyces yeast (NS), lactic acid
bacteria(LAB) and acetic acid bacteria(AAB) during the
MLF. Different conditionswere considered: grapevariety,
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physicochemicd parametersof thewines (alcohol contert,
pH, colour intengity...), and oenologica practices such
asMLFin barrdsor tank, addition of maolactic starters
or indigenousflora Thisstudy revealed significant inter-
actionsbetween LAB and yeadt populations. It gaveaglo-
bal survey of wine microflora during and after MLF
leading to abetter understanding of microbid interactions.

MATERIALSAND METHODS
| - SAMPLES

Wine samplesfrom different cllarsin various aress
of the Bordeaux region were collected at several wine-
making stages: harvesting, tank filling and homogeniza:
tion, maceration before fermentation, alcoholic
fermentation, post-fermentation maceration, running off,
malolactic fermentation, racking, and sulphur dioxide
addition. Sampleswere collected with sterile materia and
conserved in anisotherm package until their treatment at
the laboratory. In thefirst cellar, named G, we followed
the winemaking of three grape variety plots: Merlot,
Cabernet-Sauvignon and Cabernet-Franc. For thesewines,
AF and MLF were conduced by the indigenous micro-
flora. In the second cellar, named M, we followed two
tanks of Merlot wines (A and B). Alcohalic fermentation
was conducted with commercid active dried yeests. After
fermentation, the wine was transferred into new barrels
which were from a homogenous pool. They wereino-
culated with an O. oeni starter for malolactic fermenta
tion following a direct inoculation protocol. These

Tablel - Chemical analysisof winebefore MLF
for cellar M experiment
(CI: Color Intensity, TPI: Total Polyphenol Index).
Analyses chimiques desvinsavant fermentation
malolactique pour lesexpérimentationsmenéesau chai M.
(CI: Intengité Colorante, TPI: Index des Polyphénols Totaux)

A B
Alcohol % vol 139 13.95
Residua sugarsg/L 0.7 038
Total acidity g/L H2S04 385 387
Volatile acidity g/L H2SO4 0.08 0.08
pH 3.63 359
SO2 freemg/L 7 10
SO2 total mg/L 11 50
Malicacid g/L 185 1.86
Cl 181 184
OD 420 0.53 0.55
OD 520 108 11
TPI 634 69.8
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inoculationswere made 34 days after the harvest. Six dif-
ferent starterswere used: lots|-a, 1-b, 11, 111, 1V and V,
in addition to the indigenous flora (0). It makes 12 dif-
ferent conditions (A-0, A-1-a, A-I-b, A-11, A-111, A-1V,
A-V, B-0, B-I-a, B-I-b, B-1V and B-V) for thetwo tanks
A and B. I-aand I-b wereinoculated by the same O. oeni
srainthat differed by their preparation method. Some of
these strains are till under a selection procedure (1-a, 1-
b, I and 111), and othersare commercia starters(1V and
V). The starters were suspended in room temperature
water and they were added into wine. After theinocula:
tion, thewinewas homogenized by sticking. Each condi-
tion was made in duplicate barrels. Wine analyses
performed, before bacteria inoculation, are reported in
tablel.

[l - ISOLATION OF MICROBIAL POPULATION
AND CELL COUNTS

Serid dilutions of each sample were used to inocu-
lateintriplicate plates of four different nutritive medium.
The yeast were cultivated on Y PG medium containing
glucose 20 g/L, bactotryptone 10 g/L, yeast extract 10
g/L and agar 25 g/L , pH adjusted to 5.0 using ortho-
phosphoric acid. To count total yeast population (TY),
after sterilization, the medium was supplemented with
biphenyl (Fluka) (0.015 %w/v) and chloramphenicol
(0.01 %wiv) (SigmaAldrich) to repectively inhibit mould
development and bacteria growth. Theaddition of 0.1 %
(w/v) cycloheximide (SigmaAldrich) eliminated the
Saccharomyces sp. and allowed for the numeration of
non-Saccharomyces (NS) yeast population. At 25 °C,
incubation lasted 5 daysto count the TY and 10 daysfor
the NS. The Saccharomyces population was estimated
by subtractingtheNSfromthe TY populaion. LAB were
isolated on MRS plates. Lactobacilli MRS broth (Difco)
55¢, D-L mdic acid (Prolabo) 10 g, agar 20 g, pH 4.8
with NaOH 10N. Growth of yeast wasinhibited by adding
50 mg/L of pimaricine (Delvocid, DSM Food Specidties)
and growth of AAB wasinhibited by incubation under
anaerobic conditions using an anaerobic systemwith pal-
ladium catalyst (BBL). LAB plateswere incubated at
25 °Cfor 10 days. AAB were grown on MRS plates
containing 200 mg/L of pimaricineand 20 mg/L of peni-
cillin (SgmaAldrich) to inhibit the growth of yeast and
gram positive bacteria, respectively. AAB plates were
incubated in aerobic conditions at 25 °C for 5 days.

Inorder to estimate thetotd different microbia popu-
lations present in the wines, we cal cul ated theintegral of
the curve representing the dynamic evolution of themicro-
bial population. These sumswere made by weighting
of the surface delimited by the population curve plotted
onalinear graphic and thetimeaxisfor the studied inter-
val.
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[11 - YEAST IDENTIFICATION
1) DNA extraction

Two different protocolsfor DNA extraction wereused
according to the material considered: isolated colony or
whole complex biomass.

2) DNA extraction from whole biomass on plates

After 5daysof incubation, the biomass collected from
TY platesweresugpendedin2mL of Tris10mM -EDTA
1 mM (TE) and were centrifuged at 10000 g at 4 °C
for 20 min. Then, the supernatant was discarded. DNA
extraction from the pelleted cellswas made according to
classic phenol/ chloroform method as described by
AUSUBEL et al. (1995). After precipitation, DNAswere
rehydrated with 100 puL of PPl (Pour Préparation
Injectable, Cooper) water containing 2 uL of RNAse
solution (Qiagen) at 4 °C overnight. The DNAswere
conserved at -20 °C until PCR analysis.

3) Analysis of isolated yeast colony

Thefollowing identification experimentswere made
on Petri dishes carrying between 30 and 300 colonies.
For each plate, 20 % of the colonieswere tested and the
results were given in species percentage (tablelll1).

The PCRswere performed directly on the colonies
isolated from the plates. Colony biomass was collected
with agteriletip and suspended in 20 pL of PPl water.
5 pL of the cell suspension were deposited on aFTA®
card (Whatman). The cards were impregnated with a
solution which alowed cell lysisand protein denatura-
tion, enabling adirect DNA extraction (HANSEN and
BLAKESLEY, 1998). DNAswere stahilized andimmo-
bilized at room temperature. Punches from FTA card
containing the DNA were placed in clean PCR micro-
tubes and washed by two successive solutions. Firstly,
witha100 pL Reagent buffer (Whatman) for 5min, the-
reafter with 200 pL of TE buffer for 5min. The TE buf-
fer was carefully removed by pipetting and the microtube
containing the FTA patch wasdried a 50 °C for 10 min
in the microtube.

4) PCR-ITSRFLP

Yeast identification was done by RFLP analysis of
the 5.8SrRNA gene and the two ribosomal internd trans-
cribed spacers (ITSLand ITS2) (GUILLAMON et al.
1998). The PCR was performed with theforward primer
ITSL (5- TCCGTAGGTGAACCTGCGG- 3) and the
reverseprimer ITSA (5-TCCTCCGCTTATTGATATGC-
3). Amplification was donein a50 pL reaction mix-
turecontaining 4 pL of commercid PCR mix (QBiogene),
each primer & aconcentration of 0.5 uM and aFTA paich
containing the DNA template or 2 uL of DNA prepara-
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tion solution. PCR conditions were as follows: initial
denaturation at 95 °C for 10 min; 40 cyclesof denaturing
at 94 °Cfor 1 min, annealing at 55.5 °C for 2 min and
extensona 72 °Cfor 2minand afind extensona 72°C
for 10 min. Thereaction was conducted in aBio-Rad ther-
mocycler. 10 uL of PCR products were deposited on a
2 % agarose (Eurobio) gel. When whole biomass was
anayzed, different bands were shown on electrophore-
sisgd. Then, theinteresting bands were carefully exci-
sed with agterilized razor blade, and the block of agarose
containing the DNA was put in sterile 1.5 mL micro-
centrifuge tube. 100 pL TE buffer was added and the
DNA was alowed to diffuse out of the gel overnight at
4°C. 2L of TE buffer containing the DNA were used
for the re-amplification with the same primers. 5 pL of
the re-amplified DNA were analyzed ina 1.5 % aga-
rosegd to confirm there-amplification. 45 uL of thispro-
duct were purified (Qiaguick, Qiagen) and used to
enzymatic digestions. 10 UL of PCR product were diges-
ted separately with Cfol, Hael Il and Hinfl, respectively.

The digestion mixture contained 10 pL of the purified
PCR product, 1 L of commercia enzymesolution, 2 L
of buffer provided by Boehringer, for Cfol, also 2 uL of
10X BSA and up to atota volume of 20 uL with ditil-
led water. The digestion occurred at 37 °C for 5 h. The
restriction fragments were separated on a 3 % agarose
gel. After migration, the PCR products and the restric-
tion fragments on their gel were visualized under UV
light after ethidium bromide staining (Invitrogen). Sizes
of DNA fragments were estimated by comparison with
aDNA length standard (100 bp ladder, Invitrogen). The
length of PCR products and restriction fragments alo-
wed for yeast identification (table1l). For each ITS pat-
tern, DNA, from FTA patch for theisolated colonies or
recuperated after band excision from agarose gel for the
whole biomasses, was re-amplified, purified (Qiaguick
PCR puirification Kit, Qiagen) and sent for sequencing
(Millegen, France).

Tablell - Sizein bp of PCR productsand restriction fragments of identified yeast species
Taillesen pb desproduits PCR et desfragmentsderestriction des espécesdelevuresidentifiées.

Length of the PCR products (pb) Length of the restriction fragments
Cfol Haelll Hinfl
Saccharomyces cerevisiae 850 390+380 320+230+170+130 380+160
Brettanomyces bruxellensis 490 250+150+90 390+90 270+220
Candida cantarelli 700 310+310+80 440+180+80 360+170+170
e - r AL
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Devatting SO, Devatting SO, Devatting SO,

Time between harvest and devatting = 20 d

Time between devatting and the end of MLF=35d

pH=3.79

Alcohol (%vol) =13.74

Free SO, 10 days after the post-fermenting sulphur

dioxide addition = 25 mg/L

Total SO, 10 days after the post-fermenting sulphur
dioxide addition = 36 mg/L

Time between harvest and devatting = 16 d

Time between devatting and the end of MLF= 28 d
pH=3.80

Alcohol (%vol) =12.61

Free SO, 10 days after the post-fermenting sulphur
dioxide addition = 25 mg/L

Total SO, 10 days after the post-fermenting sulphur
dioxide addition = 67 mg/L

Time between harvest and devatting = 17 d

Time between devatting and the end of MLF= 20 d
pH=3.79

Alcohol (%vol) = 12.41

Free SO, 10 days after the post-fermenting sulphur
dioxide addition = 25 mg/L

Total SO, 10 days after the post-fermenting sulphur
dioxide addition = 60 mg/L

Figure 1 - Time cour se of microbial population sincethe devatting operation and until several daysafter sulphur
dioxide addition and chemical analysisjust after theend of MLF for thethreestudied winesin cellar G

(¢=TY population, 0 = NS population, A = LAB population and I = AAB population).
Evolution des populations microbiennes

(¢ = population delevurestotales, [1 = NS population de levures non-Saccharomyces, A = population de bactérieslactiqueset [1 = population de bactéries
acétiques) depuis|'écoulage et jusqu'a plusieursjours apres e sulfitage post-fermentaire et analyses chimiques destroisvinsdu chai G réaliséesjuste apresla

fin delafermentation malolactique
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IV - LAB POPULATION ANALY SIS
1) LAB speciesidentification

Anayseswere made on thewhole biomassfrom the
LAB plates. After 10 days of incubation, biomassesfrom
LAB plateswere callected with 2 mL of TE buffer. After
15 min centrifugation (15 °C, 10 000 g, 4 °C) the super-
natant was discarded. Then DNA wasextracted and ana-
lyzed by PCR-DGGE targeting the rpoB gene according
to RENOUF et al. (2006a) protocol.

2) Implantation control

Implantation controls were made as previoudy des-
cribed by GINDREAU et al. (1997), using pulse-field
gel electrophoresis method to separate Notl -restricted
bacterial DNA fragments.

V - CHEMICAL ANALYSIS

Conventional analysis: totd acidity, volatile acidity,
acohal content, freeand total SO, reducing sugars, colour
intengty (Cl), total polyphenal index (TPI), werecarried
out by the officia methods or the usua methods recom-
mended by the International Organization of the Vineand
Wine (OIV) (1990). Anadlyseswere carried out after the
MLF was completed, just after sulphur addition. Malic
acid concentration was measured by the enzymatic method
(Boehringer-Mannheim).

RESULTS

| - EVOLUTION OF YEAST AND BACTERIA
AFTER THE AF IN THREE DIFFERENT VARIE-
TIESOF WINES

In the three cases, LAB population increased pro-
gressively after devatting but a different ratetoreach a
maximum concentration of 107 CFU/mL (figure 1). The

time necessary to complete MLF differed significantly
(figure 2). After devatting, the malic acid concentration
was close for the three wines however in the Cabernet-
Sauvignon wine MLF wasfaster. O. oeni wasthe only
LAB speciesdetected by PCR/DGGE-rpoB after devat-
ting, during MLF and a so after sulphur dioxide addition
(datanot shown). During the growth of LAB population
and MLF, the AAB population remained at low level.
It grew in Merlot and Cabernet-Sauvignon wines a the
end of MLF even while LAB population was maxima.
Then sulphur addition stopped the AAB increase. For
Caberng-Franc, the AAB population started to grow after
sulphur dioxide addition. Findly, a theend of the moni-
toring, AAB population was between 102 and 103
CFU/mL according to thewine. Regarding yeests, after

25

[Mal. Ac.] g/L
- &
i
F;

0

) x X:x\&\g
30 35 40 45 50 55

20 25
Days after harvest

Figure2- L-malic acid consumption for thethree
winesof cdlar G (O = Merlot, A= Caber net-Franc

and [ = Caber net-Sauvignon).
Cinétique de consommation del'acide L-malique
pour lestroisvinsdu chai G (L =Merlat,
A = Cabernet-Franc and L1 = Caber net-Sauvignon).

Tablelll - Yeast species between the devatting and the end of malolactic fermentation identified
by PCR-ITSRFLP analysison isolated coloniesrandomly picked on TY plates.
Espécesdelevuresidentifiéespar PCR-ITS-RFLP réalisée sur un échantillon de coloniesisolées sur lesmilieux de cultures
delevurestotalesentrel'écoulage et lafin delafermentation malolactique.

Merlot Cabernet-Franc Cabernet-Sauvignon
Devatting S cerevisae 100% 90% 100%
B. bruxdllensis 5% -
C. cantardli 5%
Beginning of MLF S cerevisae 100% 100% 100%
B. bruxdllensis 0% -
[Malicacid] =1g/L S cerevisiae 60% 85% 100%
B. bruxdllensis 40% 15% -
End of MLF S cerevisae 30% 5% 65%
B. bruxdlensis 70% 95% 35%
J. Int. ci. Vigne Vin, 2005, 39, n°4, 179-190
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devatting, TY population decreased regularly during MLF.
TheNS populaionwhich previoudy stayed at alow level
since the beginning of the alcoholic fermentation, rea-
ched the same number as TY population at the end of
MLF, just before sulphur addition. Thus TY wasactudly
NS and this was confirmed by molecular identification
of isolated yeasts (tablel11). After devetting S cerevisae
was the predominant species present in wine. For
Cabernet-Franc, two non-Saccharomyces species were
detected a aminor level: B. bruxellensis and Candida
cantarelli. Then, B. bruxellensis was the only non-
Saccharomyces speciesdetected. Thereforethe NS popu-
lation could be assmilated to B. bruxellensis popul ation.
At mid-MLF, B. bruxellensis was detected in the three
wines. When MLF was completed, B. bruxellensishas
becomethemgjor speciesin Merlot and Cabernet-Franc
wines. After the sulphur dioxide addition, B. bruxellen-
sswastheonly yeest speciesdetected by PCR-ITSRFLP
in the threewines (figure 3).

TableV showsthe time between the devatting and
the end of MLF, and the NS population and LAB popu-
lation integrals during this period for the three wines.
Significant differences of thetime necessary to consume
al malic acid were found. On the contrary there was no
sgnificant difference between LAB populationintegras
between the devatting and the sulphur dioxide addition.
In the three cases, asum of 108 CFU.At/mL LAB was
necessary to consume all malic acid. In addition arela-
tionship appeared between the NS population integral
and thetime required for MLF completion. Indeed, the
morethe MLF waslong, the morethe NS population inte-
grd was high: in Merlot, MLF wasthe longest and NS
population was the highest as was the proportion of
B. bruxellensis species at theend of MLF (table V)

[1- EVOLUTION OF POPULATIONSIN WINES
INOCULATED BY MALOLACTIC STARTERS

Fird, theefficiency of inoculation was checked. Thirty
minutes after inoculation, the LAB popul ation was num-
bered. Indigenous microflorawas at very low leve, indi-

cating aprobably long lag phase before the beginning of
spontaneous MLF. For starters, LAB populations were
in range of 105-106 C FU/mL which are normal values
for direct-inoculation starters, except for A-111 whichwas
found at only 10 CFU/mL., anon acceptable valuefor a
correct inoculation. Inthis case, the bacteriapresent in
the preparation were unable to survive after direct wine
inoculation. Then, three different cases could be distin-
guished (an example of each caseisgiveninfigure 4).
First, for the indigenous microfloraand the previoudy
mentioned starter failed experiment, LAB populations
increased gradually to reach an optimum of 107 CFU/mL
after more than 70 days. In asecond case, cell concen-
trationsat theinoculation were correct, but the LAB popu-
lation decreased until to 103 CFU/mL, then it followed
the same evolution as the indigenous microflorawith
an increasing step. The viable bacteria present in the

M A B C DM

490 pb

Figure3- PCR-ITSon DNA extracted
from wholebiomassfrom TY platesand samples
taken 7 daysafter sulphur dioxide addition.
LaneA =B. bruxellenssspeciescontrol FOEBL 0417 strain, lane
B =Merlat wine, lane C = Cabernet-Franc wine, lane D = Cabernet-
Sauvignon wine, LanesM = 100 bp ladder (Promega).
PCR-ITSréaliséessur I'ADN extrait desbiomassestotales
collectéessur lesboitesde Pétri delevurestotales 7 jours
apreéslesulfitage post-fermentaire.
Puit A = B. bruxellenss contr6le positif souche FOEBL 0417, puit B =vin

de Merlot, puit C=vin de Cabernet-Franc et puit D = vin de Cabernet-
Sauvignon, puitsM = marqueur de 100 pb (Promega).

TablelV - Integral of NSyeast and L AB population and the time between the devatting
and theend of theFML in cellar G. Integral representsthetotal CFU/mL during thetimeAt.

Intégraledela population delevur es non-Saccharomyces et de bactérieslactiquesentrel’écoulage
et lafin delafermentation malolactique au chai G. Cesintégralesreprésentent latotalité descellules
(en UFC/mL) qui se sont développéesdanslevin durant I'intervalle detempsAt considéré.

Wines Daysbetween devatting Integral of NSpopulation Integral of LAB
and theend of FML (CFUAt/mML) population (CFU.At/mL)

Merlot 35 78+0.1x 103 11+0.2x108

Cabernet-Franc 28 127+0.04x 103 1.03+0.02x 108

Cabernet-Sauvignon 20 82+0.2x 1 1.05+0.05x 108
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Figure4 - Evolution of LAB populations

incelar M experiment.

Arrows show the end of MLF and sulphur dioxide addition.
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durant lessuivisréalisésau chateau M.
Les fléches représentent la fin de la fermentation malolactique
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and convex (¢) acid-L -malic consumption.
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-185 -

freeze-dried preparation were unable to survive and to
grow after being stressed by theinoculaioninto thewine.
Finaly in the other experiments, the LAB population
stayed at high level during al the ML process (above
108 CFU/mL). Concerning malic acid consumption, two
kinds of kineticswere observed (figure 5). Winesino-
culated with the strain V' presented a concave evolution
and thetimeafter inocul ation necessary to complete MLF
was respectively 25 and 37 days. The other experiments
presented a convex evolution and the end of MLF was
delayed. Implantations were positive for strains 1V and
V inal wines. Concerning I-aand I-b starters prepara-
tions, result was positive for wine A and negativefor B.
In the other wines, wherethe LAB populationsand malic
acid consumption were similar to the indigenous assay
theresult was negétive. In additionin the caseswherethe
darters could not be detected the time needed for MLF
completion was even longer than with the indigenous
microflora. Concerning AAB populaion al experiments
showed the sameresults. An exampleisgiveninfigure®6.
During MLF, AAB populaionswerelow and they increa:
sed just after the end of ML and sulphur dioxide addi-
tion. At the end of the experiment, they reached alevel
of 104 CFU/mL.

At the beginning of the MLF, TY population pro-
gressively decreased and NS population remained low.
Then, when malic acid consumption became significant,
the NS population increased to the samelevel asthe TY
population. At the end of MLF, Saccharomyces species
were negligibleand all numbered yeast were NS species
(figure 7). Thefigure 8 shows PCR-ITS-RFLP results
obtained during MLF. The same evolution was observed
inall cases. At the beginning of MLF, only S cerevisae
was detected. Then, at the middle of MLF, S cerevisae
and B. bruxellens's specieswere both detected and finally
only B. bruxellensis band could be seen onthegel. The

AAB population A-V

1E+05
1E+04 /g‘f—@

g E+03 T

E |

U 1E+02 l /
1E+01

\

TE+00

30 40 50 60 7O 80 90 100 110 120 13Q)

Days after harvest

Figure6- AAB population in amalolactic sarter
experiment. Thearrow showstheend of MLF.
Evolution dela population en bactéries acétiques obser vée

danslecasd'utilisation d'un levain malolactique. L afléche
représentelafin delafermentation malolactique.
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Figure7 - Yeast population evolution during MLF
in two experimentsof cdlar M. Saccharomyces
population isestimated by subtracting NS population from TY population.
End of MLFisindicated by an arrow. Ten days after the sulphur dioxide addition, thewine B-V contained 22 mg/L of free SO2 and 66 mg/L
of total SO2, and the wine B-I-acontained 23 mg/L of free SO2 and 88 mg/L of total SO2.
Evolution des populations delevures durant une fermentation rapide et une fer mentation languissante au chai M.
Lapopulation delevuresdu genre Saccharomyces est estimée par soustraction dela population delevur es non-Saccharomyces
alapopulation delevurestotales.

Lafin delafermentation malolactique est indiquée par unefleche. 10 jours apres e sulfitage postfermentaire, levin B-V contenait 22 mg/L de SO2 libre et
66 mg/L de SO2totd, et levin B-1-acontenait 23 mg/L de SO2 libre et 88 mg/L de SO2 total.

figure 9 showsthe rel ationship between theintegra of B.
bruxellensis population and the duration of MLF. The
longer MLF was, the higher was the sum of B. bruxel-
lens's. Therefore an exponential correl ation between the
B. bruxdllensispopulation integral and thetime between
inoculation and the end of MLF was evidenced.

DISCUSSION

When MLF was conduced by indigenous LAB in
tank, the LAB population, composed by O. oeni
(WIBOWO et al., 1985; RENOUF et al., 2006a), increa-
sed progressively indl grape varietieswines after devat-
ting. Despite the sameinitial level (103 CFU/mL), the
delay necessary to achieve MLF differed according the
wine probably becausethe acohol content was different.
Indeed, MLF wasmoredifficultin Merlot (13.74 % Vi)
than in Cabernet-Sauvignon (12.41 % v/v). Ethanol is
consdered asoneof themaininhibitor factor for O. oeni
growth (RIBEREAU-GAY ON et al., 1998). The pesk of
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LAB population was obtained 8 days after devatting for
Cabernet-Sauvignon, wheressit took 30 daysfor themer-
lot wine. Also when malolactic starters were used, the
wine which had the highest acohol content presented
also thelongest MLF. Animportant observation made
from this study isthat despite the variability of thetime
necessary to achieve MLF in the different wines, maxi-
mal populations were similar, and interestingly, calcu-
lated integrals of population, from devatting to the end
of MLF, were dso the same (table | V). That meansthat
thetotal O. oeni biomassinvolved in acomplete MLF
process should be constant. Some of our resultsstrongly
suggest interactions between O. oeni strains, probably
involvedin MLF duration. Indeed, in some Sartersexpe-
riment O. oeni population was highjust after inoculation
but after a stationary phase, it decreased and the evolu-
tionwas similar to that of indigenous flora. Moreover,
controlsmade during ML F showed implantation failure.
It seemsthat the O. oeni inoculated strainswere ableto
survive in wine after direct inoculation, but they were
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unable neither to grow nor to perform MLF. Therefore,
after probableinteractions between indigenous and star-
ter srains, theindigenous microfloragot the upper hand
but MLF was delayed by comparison with indigenous
floraexperiment. Similar observationsweremadein other
experimentswherethe delay necessary to complete MLF
with some malolactic starter waslonger than for indige-
nous flora (data not shown). Interactions between the
O. oeni gtrains should have occurred. Interactions bet-
ween O. oeni and other common LAB species such as
Lactobacillus sp. and Pediococcus 9. had been previoudy
studied (LONVAUD-FUNEL and JOYEUX, 1993;
EDWARDS et al., 1994), but study of interactions bet-
ween gtrains of the same species are more complicated.
It needs heavy methods to describe the growth of each
grain. Toresolvethisproblem ALBAS e al. (2002) deve-
loped a bioreactor in order to perform mixed cultures
by keeping microbial populations separated by a mem-
branewhich dlowed subgtrates and productsto flow fredy.
Further investigations using similar process should be
madeto understand O. oeni Srainsinteractions.

After theend of MLF, in the sametime of thefall of
LAB population, the AAB population increased. That
confirms previoudly studies according them the AAB
became dominant during thelater sages of fermentation
andinwine (JOYEUX et al., 1984; DRY SDALE AND
FLEET, 1985). At this stage of the wine el aboration the
AAB species should be Acetobacter specieswhich pre-
fer ethanol ascarbon source (DE LEY et al., 1984) whe-
reas the other main oenologica AAB species,
Gluconobacter oxydans, prefersasugary rich environ-
ment (DU TOIT and LAMBRECHTS, 2002). The
increases of the AAB popul ation after the sulphur dioxide
addition may be explained by the relative tolerance of
Acetobacter aceti speciesto SOz (DU TOIT et al., 2005).
Theincomplete elimination of Acetobacter speciesby
sulphur dioxide addition is problematic for the winema:
kers because these species may affect the sensory pro-
perties of the end product. Winemakers should combine
the SO2 with other winemaking procedures: racking
(RENOUF and LONVAUD-FUNEL, 2004), high cellar
hygiene and good barrels management (LONVAUD-
FUNEL, 2001), low temperature and oxygen levels
(MILLET, 2001).

Concerning yesst popul ation, important changeswere
observed. After devatting, TY population, mainly com-
posed by S cerevisiae, decreased. That should be
explained by low residud fermentable sugarsand thelimi-
ted ethanol tolerance of Saccharomyces species
(ALEXANDRE et al., 1993). When MLF started,
B. bruxellensiswas detected and became the mgjor yeast
species at theend of MLF. No detection at earlier stage
does not mean that B. bruxellensis was absent. Indeed
results of molecular methods for specific species detec-
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Experiment B-0

Experiment B-V
Figure8- PCR-ITSgde on DNAsextracted on whole

biomassfrom TY platesfor two cellar M experiments.
LanesM = 100 bp ladder (Promega), Lanes A = Beginning of
the MLF follow, Lanes B = Beginning of malic acid degrada-
tion, Lanes C = Middle of the MLF (acid malic=1g/L), Lanes
D =end of MLF before sulphur dioxide addition, LanesE=S cere-
visiae species positive control, Lane F = B. bruxellensis species
positive control and Lane G = negative control.

Gel dePCR-ITSréalistessur lesADN extraits
desbhiomassestotales collectées sur lesboitesdelevurestotales
lorsde expérimentations menéesau chai
M. M = marqueur de 100 pb, A= début du suivi, B= début dela consom-
metion del'acidemdique, C=milieu delafermentation malolactique (acide
maigue=1g/L), D=fin delafermentation ma olactique avant le sulfitage
post-fermentaire, E= S cerevisiae controle positif, F= B. bruxellensis

contréle positif et G= contrdle négatif de PCR.
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Figure9- Correation between theintegral of theNS
population and the delay necessary to complete ML F.

Corrédation entrel'intégraledela population delevures
non-Saccharomyces et le temps nécessairea I'achévement
delafermentation malolactique.

tionwithin acomplex microbia mixture depend in some
extent on theratio species. B. bruxdlenssshould be pre-
sent at very low level but they were masked by predo-
minant Saccharomyces species. After post-fermentation
sulphur dioxide addition, B. bruxellensiswas the only
yeast species detected in al studied wines, even where
S cerevisae was il present at the end of MLF. That
confirmed other cellars observation which suggested that
B. bruxellensisismore tolerant to low sugar concentra-
tion, ethanol gtress, and SOz than S cerevisiae (RENOUF
et al., 2006b) Inthe dowest MLF, B. bruxellensis popu-
|ation overcame the threshold of 103 CFU/mL whichis
considered by severd authorsasacritical population for
volatile phenols production (RENOUF and
LONVAUD, 2005).
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Thecdculaion of theintegrd of B. bruxelends popu-
lation during thetime necessary to achieve ML F showed
an opposite relation between the sum of B. bruxellensis
andthe MLF rate. Suggish MLF promoted the B. bruxel-
lensis devel opment. This phenomenon was aways obser-
vedinthese experiments. Then MLF should modify wine
propertiesfavouring B. bruxellensis growth when wines
arenot yet protected by SO2. Therefore, we suggest that
any factor that inhibits LAB growth or surviva and delays
the MLF, asa consequence may favor B. bruxellensis
growth. Among thesefactors, thedcohol content isimpor-
tant and B. bruxellensis ethanal toleranceis particularly
remarkable. MEDAWAR et al. (2003) show that
B. bruxellensis can grow in synthetic medium containing
upto 12 % (v/v) of ethanol, whereasfor CAPUCHO and
SAN ROMANO (1994), 4 % (v/v) has been reported to
reduce the growth rate of LAB. The higher the alcohol
content was, the higher therisk of MLF starter culture
falure and unsuccessful MLF was. Another factor which
may explain differencein MLF duration isthe acetalde-
hyde-bound SO2 degradation by LAB species.
Acetaldehyde is mainly formed during alcoholic fer-
mentation by the Saccharomyces species metabolism
(L1U and PILONE, 2000). Inwine, acetdl dehyde bounds
SO2 and decreases free SO2 and its antimicrobial role.
During MLF the sum of free SO2 released by O. oeni
depends of the strain ability to degrade acetaldehyde-
bound SO2. When free SO2 rleased ishigh, it may cause
stuck and duggish MLF, dueto the very sensitive SO2
effect on O. oeni (HENICK-KLING and PARK 1994;
CARRETE et al., 2002; REGUANT et al., 2005), whe-
reas B. bruxdlengswhich ismoreresstant to SO2, should
be less affected in its growth. The pH isalso animpor-
tant wine parameter that can influence O. oeni growth
(BRITZ et al., 1990). Progressive deacidification of wine
during MLF may explicatetheessier B. bruxdlendsdeve-
lopment at the end of MLF. In this study, the highest
B. bruxellensislevel was found in the wineswith the
highest pH. The pH effect on theratio of active molecu-
lar sulphur H2S04 and inactive sulphateion (MACRIS
and MARKAKIS, 1974) iswell known (RIBEREAU-
GAYON et al., 2000) and the maintenance of alower pH
isimportant to have ahigher percentage of the SO2 free
molecular form.

Infact, B. bruxellensis seemed be characterized by
poor homeostatic requirement. It supports high degree of
acohol (MEDAWAR et al., 2003). Itsnutrition require-
ment is low (ROSE and HARRISON, 1971;
AGUILAR-USCANDA et al., 2000). Thetotal use up
of glucose and fructose at the end of acoholic fermenta-
tionislimiting (RENOUF et al., 2006b). Whereas the
phenolic acidsinhibit the most part of wine micro-orga-
nism (WAUTERS et al., 2001; CAMPOS et al., 2003),
B. bruxellensis can consume them. Its growth is stimu-
lated as soon asthey wineis aerated, but it can also per-
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fectly survivein an anaerobic environment asitisthe case
inthelees (RENOUF and LONVAUD-FUNEL, 2004).
All thosemake B. bruxellensis particularly resistant spe-
ciesagaing the environmenta stresseswhereasthe other
wineyeast and bacteriaspeciesare more senstive. That
should lead to the selection of B. bruxellensisdl along
the winemaking procedure.

CONCLUSION

In order to understand microbia phenomenaduring
winemakingitiscrucia to haveagloba approach of the
system. For that, the combined use of conventiona micro-
biologica methods such as numbering and isolating on
selective nutritive media, and molecular methods of spe-
ciesidentification and physicochemica analyssalow to
get aglobd view. Thesefollowings during winemaking
revealed quantitative and qualitative dynamic micro-
bial changes. Interactions between each population may
occur and should influence further winetaste. In addition
tothedassca interpretation of population curve, wehave
suggested to cdculatetheintegral of the population curves
to estimate the sum of cells present during aconsidered
delay.

Themaolactic fermentation appeared likeakey stage
of the winemaking. During this step, crucial modifica
tions appeared concerning acetic acid bacteriaand yeast
population more particularly concerning the growth of
the spoilage yeast B. bruxdllenss. Infact, B. bruxellen-
sisgrowthinwinewaseasier after the growth of O. oeni,
when malic acid consumption was effective. This phe-
nomenon was observed for different cellars, grapevarie-
ties, and different oenological practices and may be
explained by direct cdll interactionsor by changesof wine
properties resulting from O. oeni growth and MLF.
Sluggish MLF promoted B. bruxellensis multiplication
and the population could overcome the threshold of
103 CFU/mL, whichissufficient for volatile phenols pro-
duction. That underlinesthe necessity of MLF manage-
ment and theinterest of efficient O. oeni Sartersto prevent
the growth B. bruxellensis and wine alteration.
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