
(Bull. Res. Tnst. Ferm. Yamanashi Dniv., No.6;' Jan. 1959J

,The Electrodialysis of Wine Using

Ion-selective M~ri:Jbra~es

Moto-o KAGAMI

(Received 10 October 1958)

:iJir~~5t~: 7"F>7mO)..-[ ;t:/3'i~~~~.J:~M,~!lH~"J~'-(

, INXRODUCTION

The study of the influence of various ions to the quaiity'of wine has been of

considerable interest for many years. It is now well known that the quality of

wine is markedly influenced by the presence of Some ionic substances.

Recently there has been aroused consider;ble interest in the use of ion-selective. ' ,

membranes for the separation of electrolytes from nonelectrolytes or fwm one

another. The introduction of ion-selective membranes for the electrolytic deionization

l;Jf water of high salt content employing multicompartment cells (fifty or more

membranes) suggested the uS,e of" these, membranes for the stabilization of wine.

However, it must be emphasized that desqlting by ~lectrodialysis using ion-selective

membranes is still in an early stage of development.

The object of this experiment is to determine the usefulness of the ion-selective
. '." ' '," .

memranes for stabilizing and deacidifying wines. The behavior of some typical

ions in the wine was investigated in the two kinds of membranes pro'duced by the

different manufacturers.

EXPERIMENTAL

I. Materials
1) Wines

The typical samples furnished for this experimerit are as follows:

( a) Dry White Wines. Dry white wine (K) made from the Koshu grapes

produced in Katsunuma, Yamanashi Pre£., Japan in 1953.

Dry white wine (GQ) made from the Golden QueeiI gr~pes produced in

Zenkoji, Yamanashi Pre£., Japan in 1955.

( b ) Dry Red Wines Dry red wine (BA) made from the Muscat Bailey A

grapes produced in Katsunuma, Yamanashi Pre£., Japan in 1954.

Dry red wine (BQ) made from the Black Queen grapes produced in

Katsunuma, Yamanashi Pre£., Japan in 1955.

2) Membranes

The ion-seletive membranes use in this experiment were Nalfilm, the anio'n-
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" permeable membrane, and Nalfilm C of the cation-permeable type, manufactured

by the National Aluminate Corporation, and Amberplex A and C which were

made by the Rohm & Hass Company, Philadelphia, Pa. U. S. A.

II. Apparatus and Procedure

.~

m

( a)

m-<'

(a)

Fig. 1. Scematic Representation of an Ap
paratus for Removal of Undesirable Compo
nent from Wine in a Three Compartment
Electrodialysis Cell containing Ion-sective
Membranes.
a, Inert solution ; b, Middle chamber:
Wine ; m, Anion and Cation permiable
membrane.

1) Electrolytic cell

The experiments in the removing undesirable components from wine by)

electrodialysis were carried out in an apparatus having three compartments separated

by ion-selective membranes (Fig. 1).

The wine compartment is separated

from the anode compartment by an anion

permeable membrane and from the cathode

by a cation-permeable membrane. Elec-

trodes were placed in the outer compart-

ments, and on passing an electric current

the ions in the middle comp~rtment moved

towards these electrodes, thus lowering

the electrolyte content of the wine in that

'compartment and correspondingly enrich-
+

ing the electrolyte content in the electrode

compartments. Liquids are prevented from

entering the wrong compartments by

]ommg together the t,wo membranes

bounding the compartment to make a

watertight joint round the channel.

When the cell is in operation, the
anions of the wine are displaced into the

adjacent compartment on the anode side

and the cations into the adjacent compart

ment on the cathode side.

The electrode compartments are 8. 5 x 7.5 x 1. 8 em. and the wine compart

ment is 8.5 x-7. 5 x 0.8 cm. A carbon rod was used as a cathode, and a thin

sheet of platinum foil serves as an adode. The surface area of the cathode· is

about 12 sq. cm. and the anode area is 48 sq. cm.

2) Operation of cell

About 50 m!. of wine are added to wine compartment and 100 m!. of 0.02 per

cent sodium chloride solution are placed in each of the electrode compartment.

The initial amperage was ab~out 700 rna. and initial voltage about 40 v.Changes

in amperage and voLtage reading were recorded every 10 min, and the power
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Fig. 2. Changes in Volatile acidity (A), Total Acidity (B). pH (C), and Electrical Power
(D) during the Electrolytic Treatment with ~alfilin CO-O) and Amberplex (e-e)..

consumption was calculatedbY-.fneasurlng.the ~,rea,under a Watt-time curve.
..3) Ana]ytical methods'

The amounts of reducing sugar in the wine were determined before and after

electrolytic treatments by ·the method of Bert,rapd,and ethanQl by pycnp--llleter.

The pH value was IIleasured with' the glas~-electrode, the titratable~ciclity by

titration with standardsogium hydrpxicle to the end-point of phenolphthalein used

externally, and the volatile acidcont~nt by the steam-distillation method oJ the

Association of Official Agricultural Chemists i). Calcium and magnesium cont~nts

were determined by E. D.. T. A.titration with "Eriochrome black T" and "Dotite

MX" as the indicators and potassium cyanide 2). Iron was determined directly in

the wine 3), and copper by the colorimetric method using S. D. D. C. reagent~)
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Experiment No.

1 2 3

310 300 320

7.57 7.32 7.81

0.018 0.023 0.028

45 50 75

(kw.-hr. )

(min. )

Power consUlnption

a) As tartaric acid.

Time of electrodialysis

Final amperage (rna.)

Total acidity of the Wine a) (gIl)

:;4

The changes' of acidity during the electrolytic treatment 'are shbV/n in a general
.d:iagrafu cFlg.2):,.,,

'The 'pH value~ 'and the tota,!'and ~olatile ~cid contents were determined' at

regular irrtervals during the process'of the 'electrodialysis, and both membtanes

,brou.ght abou.t the increase. in the' p~. and: decrea~e.;if('the.a~idi.tiesofthe wine with)
consIderable Improvement mpalatabllIty. The aCIdIty of the wme can be controlled r'

at will by r~gulatiIlg the degree of elect;olytic treatment.

. These ex~erimental results were found to'~pccure i~ al~ost all e'xperiments ~hen
:the membranes were in the system referred to above.

The ·effect of concentration in salt cell ;0n' electrical po.wer consun1ption has

"a-lsobeen-shown"in-thepresent-workby thefoHowing experiment··

8Esuvrs ;AND DlSClTS&lON. ", ,

TABLE 1 Jilfeet of Salt Cell Concentration on Power Consumption

Three equal volumes of wine were electrodialyzed without changing the solution

-in the salt cells. The data in TABLE I show that in order to get the same degree

of deacidification, the power requirement win increase in proportion to the salt cell

concentration. For the first volume of wine, 0.Oi8 kw. -hr. was required to reduce

the amperage to 310 rna. Foe the second vO,lume, 0.023 kw. -hr. was require to

give afinal amperage of 300 rna., and for the third volume, 0.028 kw. -hr. was

, required to reduce the amperage to 320 rna. These values for final amperage
. ,

correspond to a total acid content in the wines of 7.57, 7.32, and 7.81 gil, res-

pectively. The times required to obtain. the -final amperage in each case were 45,

50; and 75 min., respectively. Therefore, an economy in time as wellasin·electrical

power is achieved by keeping the salt cell concentration at a minimum value.

The .removal of the main cations in the wine was also studied. The, efficacy

of the membranes in removing these cations was tested by determing the metal

<;ontent of·the wines before and after electrodialysis, and the experimental details

. and' a1'1ahtical results are given ,in TBALE IT and m.
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It TABLE ''IT; Operation ConditionsDnthe!Electrodialysis of Wines

, Volume Amperage Voltage Tot'll Time elec-
Wine ~~ power

t1sed Max. Min. Max. Min. ,consumed trodialY2ed

"~--' ml. rna. v, kw;-hr. min.
~. ,\

{White wine (GQ) 50 560 300 44 42 0.013 40
NaHilm

Red wine (BQ) 53 750 350 44 40 0.015 45

{White wine (GQ) 52 600 370 44 40 0.017 50
Aniberplex

Red wine (BQ) 50 700 420 42 40 0.020 50
>

~, TA-LE ill Analyses of the Wines Obtained by the Electrodialysis '
;: it ~' Using Ion-selective Membranes-
. ,

!
~. -

Wine T.A.a) V.A;b) R.S.c)Ale. Fe ·Cu Ca, Mg pH

Vol. % gil. mg/1.
~

r'o"
13.8 8.8 0.5 5.5 21. 3 15.1 195.0 80.3 2.5

l
GQ 13. 7 4.8 0.1 5.3 1.5 2.3 58.5 27.5 4.0after

..§ diff; 0; 1 4.0 0.4 0.2 19. :g 12.8 136.5 53.0 0.5 -
S
oj

r'o"
12.2 9.8 0.8 7.8 18.1 35.2 122.8 70.1 3.2

Z

BQ after 12.2 5.2 0.2 7. 7 1.5 6.1 50. 7 23.5 3.8

diff. 0 4.6 0.6 0.1 16.6 29.1 72.1 46.6 0.6

rio"
13.8 8:8 ,0,.5 5.5 21. 3 15.1 i95.0 80.3 3.5

\

GQ after 13.5 4.7- 0.2 5.5 2.0 3.3 68.8 30.7 3.8
><

.y~ <J)

diff. 0.3 4.1 0.3 0 19.3 11.8 126.2 49.9 0.30....
<J)

..0

r""
12.2 9.8 0.8 7.8 . 18.1 . 35. 2 122.8 70.1 3/2a

<C
BQ 8.:7' . 72:8_after 12.0 5.5 0.2 7.5 2.0 37.-0 4.0

diff. 0.2 4.3 0.6 0.3 16.1 26.5 50.0 33.1 0.8

a) Total acids as tartaric, b) Volatile acids as acetic, c) Reducing sugars as
glucose.

Although the membranes all treated similar cell-volumes of wine and produced

similar chemical changes in the wine, the Nalfilm brought about a greater removal

of the cations than the Amberplex, and iron appeared to be removed to a greater

extent than copper. Of the cations, iron was removed in the largest amount (93

percent), followed by copper (85 per cent), and Calcium (70 per cent). The

treated and untreated wines were also analysed for ethanol and reducing sugar,
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but the electrodialysis did not alter the amounts of these constituents, and the

power requirement to deionize 50 m!. of wine was about 0.015 kw.-hr.

In this experiment it has been found that the electrodialysis using the ion

selective membranes is not. detrimental to the flavour-in many cases the wine

appears to have improved in organoleptic characters.

1) Two samples of dry wines (white and red) were treated in the electrodialysis

using the two kinds of ion-selective membranes, Nalfilm and Amberplex.

2) The effects of the treatment were to raise the pH of the wine, to decrease tl1e

tit ratable acidity, and to reduce the amounts of calcium, magnesium, iron, and

copper in the wine.

3) The electrodialysis is not detrimental to the flavour of wine.

4) The economy as well as in electrical power is achieved by keeping the salt

cell concentration at a minimum value.

5) It appeared that Nalfilm ion-selective membrans are more suitable for obtaining

excellent wine.
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Dynamic Aspect of Yeast-flora during. Vinous Fermentation

Part 3.. · Ef:,fect of S~;lfiting or Alcohol Addition

on Yeasts in Grape Musts

By Yuwao OHARA, Hideo NONOMURA, and *Hideo YUNOME

It was found that the wild ytlast groups including Apiculate yeasts (A),

Torulopsis bacillaris type (T) and Kahm yeast group (K) disappeared immediately

after the adqition of 150 ppm of sulfur dioxide (Must No.3), whereas there was

little differanceof the yeast flora between the must sulfited with 75 ppm of sulfur

dioxide (No.2) and the unsulfited must (No.1).

Six volume percent of alcohol added to the fresh juice inhibited the develop

ment of the A-group (Kloeckera apiculata) effectively, but of T-group only slightly

(Fig. 3, No.7).

On the other hand, however, it was a remarkable fact that the number of viable

cells of the true wine yeast (Saccharomyces cerevisiae) decreased according to the

amount of sulfur dioxide added prior to pitching: more than eighty per cent of the

total cells died in the must sulfited with 150 ppm of sulfur dioxide, and more than
• . J

ninety five percent with 200 ppm, though the damage was slight with 75 ppm.
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( i

(6 )

to 128

MiilJ:l~:IJn (MJl3:w)

Starter (Yeast cells)

ml X106per ml
400 (0.8)
400 (0.8)
400 (0.8)
_d) (90)
_d) (80)
_d) (100)
400 (0.8)

6

ppm
o

75

150
75

150
200

o

2 4

19

15

1 I

15

14

13

23

!EiVGMi;fi!f('J't,Il.) BEliifii~U:; 1JO
Alcohol' b) Sulfiting c)
(probable) S02

10 12
days

8

gil vol. %
230 (13.6)
230 (13.6)
230 (13.6)
230 (13.6)
230 (13.6)
230 (13'7)
152 (6.00)+9.0)

~ iii:
Sugar
added

6

TABLE I {±~IK7t Vinification Records

2 4

20
20
20
20
20
20
20

'* ¥t
Fresh a)
juice

""-
OJ

Q)

E
0 23
u

'"""- 19
Q)

""-

'0 15

Q)

OJ II""-
0.0
OJ

0

21

0
0 20~

0. 19
E
~ /8

0,

1
2

3
4
5
6
7

8

a) Koshu (Katsunuma); b) After BENVEGNIN et al. ; c) With K2S20,; d) All
yeasts obtained from the must No. 1-3 was reused respectively ; e) Added to the
fresh juice.
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IJrT L tc.~..g-v;::, ":)\" -C .<b !lElit~ c. j'i¥]:I*J:tiliRli>t~ L t..: 0) -C:'. ~;M, GO)fif~"1:'~:15'-t' Q 0

Fig. 1. Changes in Degree of Refractometer' and Temperature during Fermentation
of Musts.



2. I1EWIt~~ t.:f_.t tlv ~ ~ IviffiiJu c. :J:I!:1mi=f=t 6')lf~lW-ro:
~~:!ttm(N.o: 1,2,3,7) tC":)\,,-c!mMM:i@ii=f=tiVJ¥al). c. Jj'ij~t:::'VClW-ro:~?a'.L, _t;fl,

G~ Saccharomyces (S), Apiculate yeasts-(A), Kahm yeasts (K), Torulopsis_.bacillaris '
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.fflLt.:o TO. 1, 2, 3 6')3~tcf_.tIlE1itme~, No.7 ~tcf_.t7Iv~":'""lv~iffijmLtd~2:.,·~

~rd'l~K.ng-Ea:c. L "(iffijmL, _t6')~?ill];tlf1l!f~EJ.~?t-Ea:6')ffl~~t&~ Lt.:o No.4, 5, 6 6')3
~ftIlEWltme~iJux.t.:'k,c.fg;llirl.~ (5°C) tCJlT~L No.1, 2, 6')±'~MiJ;*tTLt.:~, tt[~
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. . '\ ·t . .:. . ~ . . '.) ~
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6')~~:l7\a:z. Fig, 2 tC~ffiLt.:o

S02 150 ppm :&.lf7lv ~ ~
-' 100.------------=------,

Iv 6 vol. % ~iffiiJu L t.:::!f!:lmf_.t E

!mMM:i@iiJ; 1 BfTI:~ <tL:o iJ;, Q;
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...::5

~B)_t6'):i:r\'ij~m~t:::.~L, \"
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"(\"t.: 7b 6') c.1W~tL:oo ~ t.:;:. Fig. 2. Eff~ct of Suliting or Alcohol Addition on the
6')::!f!:1m (No.7) -ef_.t, :fR:rEJ~m Viable Cell Co.unts during Fermentation of Musts.
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, .
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Fig. 3. Effect of sulfiting or Alcohol Addition on Various Wild Yeast Groups III

Fermenting Musts.•,T ; D. A ;~~, K ; ., other non-Sacch:yeast gr0tp (0).
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BE1it~~~;lJOO)~o) (No. 1) l:v;t-f±~~3 S §Ij& (M51'l°) ~CJf~M£l:O)~*I;o;J!ljt

l.§fjrc~L~1507i/ml c.t.r.'01.: 0 :t-O)Vg~v;tTlf'O)~O)i);J!ljt~~<, 1?\\"l:, A. Klf'~

~:U:ff<ij'C~!i(rcmML, Olf'v;til!lmu..,-U,t.r.\"o A S~~cf;tK, Olf*rc1P.1MLAlf~*

51't.rnct.r. '0 "n, Q O)~c:.M L Tlfv;t~:i c. A, C:'~iil\GL"t\, ,t.r.\"o

502 75 ppm ~iJIlO)~o) (No. 2) --c:,v;tJf~M£l:o)~?Il.iJ;~~Iill..J:~tL"t\"QiJ;, 0.1

c.f<ijt*rc-f±~3 S ~rc~i'i'ijrctJ::: ~ *Jf~M:Ptlf~~?jil L "(,\" Qo,'4 El ~rcv;t OlfO) ~ O)v;t.,
~ML~~ IJ TlfiJ;3i!QiJ;, '5t-fRKI3: c. .l:GfRi' Q c. A.lfiJ;lf!- <1P.1ML "t\" Q -:: c. iJ;biJ' 00-

502 150 ppm ~:i.J1l0)~0) (No. 3) --c:'v;tJbv;t~\"ftLO)Jf~Ilj:£l:lfvc~±tiMv;t~GtLt.r.

iJ' '0 t.: o

.Jlv::z ~lv~ 6 vol. % ~:i.JIlLk. ~ O){No. 7) --C:'v;t7mi51'rcMi' QiIDttO)%t\"T~O)<b
o)iJ;{iiJ'~C~Mi' QiJ;Alf~ Olf~ 3 S ~rcv;t.7,.. GtLt.r.!.J' '0 t.: o
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Fig.4. Effect of Sulfiting on True Wine Yeasts in Musts.

_, dead; •. survived; D, newly propagated cells.

, '"'""' I- O'--:--...:..;....:..;.------..£1i7a5L-...;.-2£:l~ft~O·~~r.a·2

Fermentation period (days)

i

fliJ~jtH'1± c. L"(%1lll:f*~;::' J:: :Qmiftt~~ c. .:t (7j?t:1tT*~tJ'i?, ~@O) flora c. £z- "?Vf
:Q~;::'~'1 502 .130 ppm tJ-i:~~:!Jirt-:Q;:' c. tJ;,~,~'"{5-~0 5 c.;J'!Ii5E Lt-:tJ;4-[EiJO) ~~'"{5-U

S02 150'ppm'~:!JU*-ki 0) (No.i3) '"{5-~'1,Jt~M-m:iJ;~~~c~J;i~:fi,"(,,-,t-:o
J .-

4-[EiJ0)~0) A:l¥fv'1-Kloeckera apiculata~!iJ' f) -C-~ ,.:,td-::6b A'Mv'1!JE@[~1>z ..(Pj\f~;::' 7

Ji--::t --::'Jq;::.)itL "(TJ!'J:: f) ~L <~~'-.bVf'"{5-~ :QiJ;, :::l&L 1[.1. magna ~i.J;j}VftLviAff'

i -:. 0)~1?Il f) <b j} <.~~~:Q t 0) c.~.*:. i?tL:Q 0 tJ:U S~ c. L t-: i 0).\ *~;::'~;l:: SaC

charomyces rosei OJft!!. Sacch.oviforiiiis 't *'!;('"fliJ5/fv'1~mt;:;,~%O)i!l!l'"{5-t¥tE L4 B~

iJ' i? J!i? tLtJ: <tJ: .-;,t-:iJ; S02 150 ppm 7m:!JU:!'I~dm"'Cv'1~;fjjiJ~ i?5t1lll~ tLtJ:iJ' "? t-: o ~5/fv'1
±1liMO)~ "? td~iJ'i?%1lll~ tL:Q i.J;~~3::mM~;::'l: O)~§(OO1J- L "("':Q iJ'v'1F..~M~-;l;;; :Q 0

;jjJ!t L "(~ .*:.vi Torulopsis" bacillaris, Apiculateyeasts,. Kilhm yeasts, Sacch. rosei ~iJ;

~:mg£'l1::<:;J;;,:Q ;0;;' ';:c- O)i!l!l15:J;]:,"Sacch.cerefJisiaeO)~?iio).7;..i.J;)±ftUI3"J'"{5-~:Q t-:6b, +tL

t;::'J:Gtl'i:-ttLvi~O)-ft!iO)iO)O)±~?mn~6b'"(j;-tJ:<, SOz- ~ 150 ppm ~g[~tt~;::':!JI:T*-tL~i

.~J:, ~:miJ' i? .Sacch.cerevisiae· (7@W::&Lf~.mJ:: f) 0)) It--;fi~;::' J:: "? "(~lW~tL:Q J::

5 ~;::.tJ::Qo
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3. ~@iEm:0)7-- F '7~M£t~c:.M-t~~W

1*~~~ No. 4., 5, ? If-t;h;..f:tL N(). 1,2,- 3, O)±&mMq9*t-,? tdn£t~4:~~;f)I!;t:t::j'I}

~ffl L, ~miJ'0~Jl:0)lWrBJ:J:(0. 7:-1ffl./ml)~.im;f)l!:Lt,;: 't O):t:-;,l;j.Qo .:.t-iZ)M£tlfv~"2::.

Iv C'J\lfJ]iJ' i? Sacch. cerevisiae. '"(-;J;;, '? k .. iJ; No.4 (S02 75 ppm) :t:-If,.. -to)*"-125% iJ;,

No.5 (S02 150:ppm) :t:-If 80% .l;J,J:iJ;, No.6 (S02200 ppm) :-c;-~i 95% .l;J,J:iJ;!!I!iiitE

.. ~!il1J!!O)t-:IJb~~L.t..;, .ll.Pi?1lff"~M£J:~~JRJ:ffl~.~"!tQ S020)iJJ;f1t (150ppm) -C-If
m-#J;c. L -Cf£'~ Lk Saccharomyces i-tO)!!I!~O)klJb, ~9Hc:.$-~~~-tQ;:' c. iJ;~1j

a,ijL.t~.(Fig. 4)0 .~

tJ::Jo~fiM£tIJ.)~ii~O):$-\" i 0) (No; 4) c. &tJ: t''b 0) (No;5) c. -C·vf. :.to)~~~c:.

J:: '? LJIJ~ L t-:~fci~ii~ (1.5ffl./ml, ite,iml)" ~c:.li~iJ;~1Jbi?;(iQ iJ;, ~~ i:p~~ i? L.
<~~Lt-:M£t~~c:.lf*zd);~IJbi?·;f1t-f, -to):l:i. Q. 9ffl./rnl 11I:'"(-, m£tim;f)I!::!i:O)&tJ:\"

~-g. (No. 1-3) c. *1*fiij C~f1t:1:;l;;, ~Qll.nt>'llfi~Jl~:~*l.'~~-t QM£tO)J\l~ ~ i~ln&

If. -to)f£'tm:::!i:; !!I!.@ffm:, M~, 7/1.;' ~ ~lvimlJl! (~%), ~~*t-:M~c:.:J,;vtQ tlv ~ ~lv

iAlf1t~K J:: IJ ±f!I~-t Q;:' c. If~ IJ ~1Jbi?tLtJ:iJ''? k o

~i't~c:.!!I!W1E~~ tdf 7 Iv ~ ~ Iv~i:f.:lJI!L. -to)~Mi:pO)M£t~Jt)5IJtc:.~Lt-:;J;;,c., -t
tL.f'tL4HW;~c:.-::>\" L -t O)ffl*~llI.~L k o

1) !!I!W1E~~ S02 150 ppm ~f1t:IJI!*- t-:~~l.'~f" Torulopsis bacillaris,Apiculate

yeasts, Kahm yeasts, Saccharomyces rosei ~O)~£jH;::-ati'1tj;*JtIU.,-rhJh.~%

4:~c:.~ii ~tL, ±~~ L tJ:iJ' '? t-: o S02 75 ppm '"(-If Apiculate yeasts iJ;$-&~&-tQ
iJ;, 4:~~~c:.!!I!W1E~4I!f;im;f)I!O)MP.~1Z: c. *'ifE.iJ;:Jj.. i?tLtJ:1J' '? t-: o

2) 7 Iv ~ ~ IV~ 6 vol. % .i'm;f)I!Lt-:~·f?iU Apiculate yeasts O)~i,ilfo/G4::l.';J;;, '? kiJ;

~orulopsis bacillaris IfiJ,tJ: IJ'~~~;~'?k o

. 3) !!I!1it~~ S02 150 ppm im;f)I!Lk~-g., jjif~'Mfl:I:~fo/G1t~c:.~m~tLQiJ" fiij~~c:.m
£tc. LLf£'~Lk Saccharomyces cerevisisae O)~m~i*r\J (80%tJ;:..!:) ~c:.~&L,'

S02 200 ppm -C'~f 95% t)'J:iJ;~~1ili:1:j'~*:tJ: '? t-: o

4) m£t c. L LffHi L kM£tiJ;~~i:p'"(-~i? k~c:.~~-t Q::!i: (M£t~) ~f, l:f!I%l*t-l1:::M
~ l.'~C~~ ~tLt-: 7 Iv ~ ~ Ivlllf1t. M~:I:, m£trm:IJI!::!i:~c:.J:: '? Llfi1[f£'~tg~~vttJ:iJ'-:>

1) lJ'I*fft jjif.kt.t~7<:: 7' F''7m~~i:pO)M£t~c:.-::>\''L(~2*) 5H~rm5Ec.B~"*I3':J
'!'1W, :l#k1t., 30, 524 (1956)

2) BENVEGNIN, L., E. CAPT ·~t G. PIGUET : Traite de vinijication... 2 ed. Payot,
Lausanne (1951)
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