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fiE. 1.20- Hydrolysis rate of lwo qualides of metatmladc acid in 2% soludon (r = 1 8-20'C), followed by a decrease
:r lhe eslerificaiion number (Ribereau-cayon erol., 1977)

Dne year to eighteen months at temperatures
varying b€tween 10'C in winter and 18"C in

Three months at 20'C
One month at 25"C
One we€k at 30'C
\ tew hours between 35 and 40"C

was some cause for concern ftar high-temperature
bottling would reduce the effectiveness of metarar-
taric acid, in fact, under the actual conditrons
where it is used, this technique has little or no
negative impacl (Section 12-2.4). Incidenlally, a
\ l ighl  opalescen(e may be ob,e^ed af ief  a wine
has been treated, especially when tbe most ein-
cient products, with high esterificarion numb€ .
have been used. It is thercfore recommended
thal metatarta c acid be added before the final
clarification.

1.7.7 Using Yeast Mannoproteins
Tr i '  qel l  known thar wrne. especial l )  red \  ine.
naturally cofiains macromolecules thar acr as pro-
l fcr i \e col loids rSecl ion q.4.2r.  Ar concenratron\
prcsentin wine. these substances tend to hinder Lar-
trate crysralLization, but do not completely inhiblt tl
(Section 3.6.5). Li[]e research has been done into
i(olal ing $e\e cry,ral l iTar ion rnnibrrors rn uine
and makng use of their stabilizing properries. On
the contraryr for many yea$, major effons werc
rnade to eliminate these colloids, by &astic fin
ing and filtraaion, as they reduce rhe effectiveness

Metatataric acid instability accounrs for ini'
iialty surpdsing observations conceming wines
rreated in this way. One sample, srored ar 0'C
rn a refrigerator. had no precipitation, while cal-
;iuln tartrate pl€cipitation occurred in anorher
lampte storcd at 20 25"C when it was no
l.rnger prolected due to hy&olysis of rhe metarar,
liric acid.

The conditions for using meratarraric acid
depend on its properties. A concenrrated soluiion,

. rr 200 gA, should be prepared in cold water at
lhe time of use. As meiatartaric acid is srrongly
ht€roscopic, it must t'e stored in a dry place.

. Metatartaric acid is added after fining. as ahere
. ii a risk of partial elimination due to floccula-

rion. It is particularly affected by bentonite and
polassium ienocyanide treannenrs. Although there

Itcold h^.



of physical stabitization treatments, especiallv cold
stabilization.

Ir  i .  known. howerer.  (har rhe l radi l ionatpIacr ice
ol barrel-dging whi le sines on leasl  tees fof  s(!
eral months ofren gives them a high level of rarrrate
stabiliry, so that cold srabilization is unnecessary
(Section 12.3.2). Although, in practice, this pbe-
nomenon is very widespread, very little nenrion
of it has been made until now in enology thcory.
Thus. in Bordeaux, most dry white winJs aged on
the lees are nor stable in March after iheir first
winter, but become srable by June or July wirhout
any lutther ireaament. When the same wines are
not aged on rhe lees, they musr be sysrematically
cold-stabilized to protect them from tanrate cry$
tallization. As it was known rhat white wines are
enriched with mannoproteins released by rhe yeasr
dunng agrng on the lees, it was reasonable to sup-
pose that rhese macromolecules contributed ro the
tartrate stabilizarion of wine.

Yeast mannoproteins were firsr found to have
a ceftain inhibiting effect on rartrate crystalliza_
lron In a model medium b) Lubbers pr a/ gct) .
However. these erperimenls used malnoproleins
extracted by heat in alkaline buffers, under very
different conditions fiom those accomparying rhe
(ponraneous en/ymic releae ol mamoprolein:
duflng agng on the lees. Furthermorc, the efi.ec-
tiveness of mannoproteins extracted by physical
processes in prcventing tanrate precipitarion has
not been esrablished in most wines. despite demon-
stratrons rn a model medium

-The 
discovery of the ql,staliization-inhibiting

effecr ol mannoprolein, e\rracred by lhe en/ymrL
!ealmenr of )easr *r t l .  (Dub"urd,",  unJ Moin"
kdoux, 1994) adds a new dimension ro
rhis \ubiecr The mannoprolein prepardrion\ de
obrained b) djSe\rin8 yeast walls wilh an industrial
preparar ion of B ( l -3t .  and d_( |  6tsglucana,es
(Clucane\N). permiired in w'nemakinq a:.  

-clarifying enzyme for improving the fih;biliry of
wmes made from botrytized grapes (Sections 3.7.2
and 11.5.2). These preparations inhibit tarrare
crystallization in white, rcd and ros6 wircs,
wh€reat the same dose (25 g,4rl) of heal-extracted
mannoproteins does not have this srabilizing effect
(Moine Ledoux and Dubourdieu, 1995).
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The inhibiting effect of mannoproteins extracred

trom yeast on tartrare crystallization is nor
due to compound Mp32. the invertase frasmenr
responsible for pforern stabi l izar ion in \r i re
(Section 5.6.4) (Dubourdieu and Moine-Ledoux,
1996). The mannoproteins in question are more
highly glycosylated, wirh an average molecular
weight of approximately 40 kDa. They have been
purified (Moin€-tfdoux €rdl., 1997) from rhe
same mannoprotein prepaErions, obtained by me
enzymic treaiment of yeast walls,

Fu(hermore. ii has be€n demonsrrared thar
these mannoproteins share covalent bonds with
glucane (Moine-Ledoux and Dubourdieu, 1999).
They remain in the cell walls rreated simulrane-
ously with sodium dodecyt sulfate (SDS) (which
cuts the hydrogen bonds) and p-nercapto€thanol
(Figure 1.21), which do not affecr osidic bonos.

The prc.ence of peak 2. corespondinq ro
elulion ol rhe mannoprotern re.ponoibli tor rairare
stabilizarion, confirms thar rhe bond is covdem
Some of the mannoproteins that share coval€nt
bonds wirh glucane also have a special rype of
Bl lco.yldr ion. leadjng (o a Ct lcosyl .pho.phal idyt_
inositol (cPl). The use of a muranr srrain (myD.
deicient in cPl-anchored mannoproteins when
cultured at 37"C (FBYlt 3?), showed that the
mannoprotens responsibte for ta$rare stabilization
had this type of glycosylatjon. Two rypes of
mannopfoteln extracts werc obtained by enzyme
hydrolysis of yeast ceu walls (FBYII). cutrured at
24"C or 31'A

d
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Fi8. 1,21. HPLC analysis of moleculacscreened nann-
oproLein e racr obrd'ned by en/yne diqe\rron oI
cell w6ll\ reared .imutlaneousty w h -SDS 
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Fig. 1.22. HPLC analysis of nolecular-scrcened mdn-
(rpiotern extrsct obtained by enzyme di8€srion of
in) FBYII-24 and (b) FBYI!3T yeasr cell walls,
cuhured at 24'C and 37'C, resp€ctively

HPLC anaiysis of these two extracts (Figure 1.22)
lhowed that peat 2 was absent when the cell watls
eame from yeast cr tured at 37'C, i.e. defictent
in GPl'anchored mannoproteins. These resuhsl
{ } ) show that the mannoForeins responsible for tar-
rale stabilization are GPl-anchorcd and (2) explain
qhy lhe) ore onl) ertralrible by en,/yme digesuon.

An industrial preparation (Mannostabw) has
been purified from yeast-wall mannoprotein. Ir
is a pedectly soluble, odorless, flavorless, wmc
powder. This producr has been quite effective
rTable I .20r in prevenlrng ranrale precrpi tat ion in

white win€ sampies taken before the nomal cold
stabilization prior io bottling. Initial results show
ihat MannostabrM inlibits potassium bitatrate
crystallization at doses berweer 15 and 25 g/hl.
However, in certain wines in Table 1.13 (1996
white Bordeaux and 1996 white craves), larger
quantiries apparently r€duced the srabilizing efTecl.
A similar phenomenon has been reporred with
a protective colloid used to prevenl protein
precipilation (Pellerin erdl., 1994). The dose of
MannostabrM necessary to stabilize a wine must be
determined by preliminafy tesring. Ir js very ctear
lhal  lhe u\c of e(ces\ amounl\  ot  rhis addi l i \e is

The addition of this producr could replace cur
Ient shbilization methods (Moine l,edoux er d/.,
1997). With this in mind, irs effecriveness has
been compared to that of two other rartrate sta-
bilization methods: conlinuous conract cold sta-
bilization and the addition of metatanaric acid
(Table 1.21). This comparison was canied our
by measuring spontaneous crystallization aller
(he addition of KHT (Section 1.6-4). The values
obtained indicate the effectiveness of protecrive
colloids. even if they do not necessarily cone,
spond to the insrabiliry tempemrures. The addition
of 15 g,4rl of Manno$abry to wine 2 and 25 g/hl

E
: r

=l
a;

P2, ,10 KDa

Table 1.20. Tartrate sBbilizatioD of various wines by adding MannostabrM. Visual
obsonation of lotassium crystallization after 6 dnys al -.1"C (Moine Ledoux er dt., 1997)

15 3010
1996 Blanc de Blanc

1996 Entre Deux Me6

A(K+) (mg/l)

^(K') 
(mgi)

A(K') (ms/l)

^(K*) 
{m8n)

A(K') (mc,4)

a(K+) (ns/l)

52

104

62

155

5l

0
12

0
53

0
2l

52

05t

000
1700

000
3300

000
0021

000
0062

000
000

000
0 0 1l

' p@ipilationt 0. no precipirarion,
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Table 1.21. bffecl ot ditrercnr treJments on rhe spon,
lancuu. cr)5r3l i1dr ion temperaLure of
(Moine,Ledoux eral., 1997)
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Table 1.22. Influence of keepins a whire wine supple-
mented \rirh meBla.uric acid or ManrostabtM at 30"C
lor l0 qeek. on rhe lanGre \rab, l i rv.  e\ Imared by
lne decrea\e in pola.sium.oncenlrahon aftF' 6 dals 1(
-4"C (Moino-Ledoux er dl., 1997)

A(K+) mg/],
afler 6 days at -4'C

Merahndic acid (10 g/hl)
Man,ostabrM (25 8,/bl)

Mannos€bft (15 s/hl)
Mannostabrr (25 s/hl)
Continuous conlact cold
Metatarlaric acid (10 g,hl)

-10'c
2l 'c

-28'C
-:10'c

-11"C
-18'c

i3 'c

-40'c
200
260

0Winc 1, 1996 Entre Denx Mer6iWine2, 1996 whit€ Bo.dau^.

io wine I produced the same spontaneous crys-
tallization iemperature, i.e. a stabiliry comparabte
to ftat obiained by conrinuous cold stabilizaton
(Table 1.21). The addirion of metararraric acid,
however. considerably reduced the crystallization

However, metatar.taric acid is hydrolyzed in
wine, and loses irs effectiveness, while adding tar-
taric acid may even facilitare potassium bitanrare
crystallization. Under rhe same condirions, manno-
proteins are stable and have a durable protecrive
ellbct on tartmte crysiallization. To demonsrrac
this difference, white wines rreated wirh metauF
taric acid or MannostabrM and kept at 30'C for l0
weeks were ihen subjected ro a cold rest. Crys-
tallization occuned in the sample treared wrth
meiatartaric acid, while the MannostabrM sample
remained stable (Table 1.22).

This new h€atment process ro pmte€t wnes
from tartrate precipitarion has been used exper-
imentally in France sin€e 1997 (Moine-t €doux
and Dubourdieu, 2002). Mannoprotein preparation
treatment of white wine is registered in the OIV

Intemational Code of Oenological Pracrice. Their
lindings are litrely to lead to rhe authorization of
this type of treatment in rhe near future.

1.7.8 The Use of
Carboxymethylcellulose

Carboxymethylcellulose (CMC) is a polysaccha-
r ide. Li le meratdnaric acid dnd mannoprocin..
1ts polymer structure gives it "prorective colloid"
chdracrerisric\. lr i\ obrained by priorir) etheri
fication of fte primary alcohol functions of the
glucopyranose unirs (FiguLe L23) linked by p-q,pe
stereochemical I 4 etheroxide bonds. A CMC is,
therefore, characterized parrly by rhe degree of
etherification of its alcohol funcrions, known as
the degree of substitution (DS), and parrly by
its degree of polymerization (DP), i.e. the aver-
age number of glucopyranose unirs p€r polymer
nolecule. This mean number indicates rhat a given
CMC. such as metatartaric acid, is a polymer with
a dispe ed molecular weight.

A DS of 0.65 means that, out of 100 glucopy-
ranose unir \ .65 ha\e bern elheri f ied by sodium

H

Fig. 1.23. Sructure of a cdboxymethylcellulose (CMC) chain


