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. . ' INTRODUCTION

The study of the influence of various ions to the quality '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 considerable interest in the use of ion- selectlve
membranes for the separation of electrolytes from nonelectrolytes or from one
another. The introduction of ion-selective membranes for the electrolytic deionization
of water of high salt content employing multicompartment cells (fifty or more

bmembranes) suggested the use of - these membranes for the stabilization of wine.

However, it must be emphasized that desalting by electrodialysis 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 deac1d1fymg wines. The behavior of some typical
ions in the wine was investigated in the two kmds of membranes produced by the
different manufacturers.

EXPERIMENTAL

1. Materials
1) Wines
The typical samples furnished for this experiment are as follows :
(a) Dry White Wines. Dry white wine (K) made from the Koshu grapes
produced in Katsunuma, Yamanashi Pref., Japan in 1953.
Dry white wine (GQ) made from the Golden Queen grépes produced in
Zenkoji, Yamanashi Pref., Japan in 1955.
(b) Dry Red Wines Dry red wine (BA) made from the Muscat Bailey A
grapes produced in Katsunuma, Yamanashi Pref., Japan in 1954.
Dry red wine (BQ) made from the Black Queen grapes produced in
Katsunuma, Yamanashi Pref., Japan in 1955.

2) Membranes

The ion-seletive membranes use in this experiment were Nalfilm, the anion-
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‘compartment and correspondingly enrich-
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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.

1. Apparatus and Procedure

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 (a)
the ions in the middle compairtment moved '
towards these electrodes, thus lowering

the electrolyte content of the wine in that

. i » * m 7%

ing the electrolyte content in the electrode

compartments. Liquids are prevented from

entering the wrong compartments by

joining together the two membranes T |+

i men ke a . . -
bounding the compariment o mmake Fig. 1. Scematic Representation of an Ap-

watertight joint round the channel. paratus for Removal of Undesirable Compo-

When the cell is in operation, the mnent from Wine in a Three Compartment
Electrodialysis Cell containing Ion-sective-
Membranes.

a, Inert solution ; b, Middle chamber:
and the cations into the adjacent compart- Wine ; m, Anion and Cation permiable

ment on the cathode side. membrane.

The electrode compartments are 8.5 x 7.5 x 1.8 cm. 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 sqg. cm.

anions of the wine are displaced into the
adjacent compartment on the anode side

2) Operation of cell
About 50 ml. of wine are added to wine compartmerit and 100 ml. of 0.02 per
cent sodium chloride solution are placed in each of the electrode compartment.

The initial amperage was about 700 ma. and initial voltage about 40 v. Changes '

in amperage and voltage reading were recorded every 10 min, and the power
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consumption was calculated by measuring the area under 'a Watt-time curve. ‘
3) Analytical methods : , R
The amounts of reducing sugar in the wine were determined before and after {
electrolytic treatments by the method of Bertrand, and ethanol by pycnometer. '
The pH value was measured with the glass :electro‘de, the titratable aCidify by
\ titration with standard sodium hydroxide to the end-point of phenolphthaléin used
externally, and the volatile acid content by the steam-distillation method of the
Association of Official Agricultural CilemistS'i). Calcium and magnesium contgnté
were determined by E. D. T. A. titration with “Eriochrome black. T” and “Dotité
MX” as the indicators and potassium cyanide ». Iron was determined directly in

the wine ®, and copper by the colorimetric method using S. D. D. C. reagent. 4.
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v . . RESULTS AND DISCUSSION -

The changes of acidity during the electrolytlc treatment ‘are shown in a general

dlagram (Fig. 2)

A “The ‘pH values and the total ‘and volatile acid contents were determined .at
regular intervals during the process of  the electrodiaiysis, -and both meémbranes
‘brought about the increase in the pH and decrease in’ the acidities of the wine with

‘considerable improvement in palatability. “The acidity of the wine can be controlled -

at "w’ill by regulating the degree of electrolytic treatment
‘These experimental results were found to occure in almost all expenments when
‘the: membranes were in the system referred to above.

" The effect of concentration in salt cell oh- electrical power consumption has
-also been-shown-in -the present-work by the following experiment.-

TABLE 1 Effect of Sait Cell Concentration on Power Consumption

Experiment No.

1 2 . 3
Final amperage - (ma.) 310 300 320
Total acidity of the Wine @) (g/D) 7.57 7:32 7.81
Power consumption (kw.-hr.) 0.018 0.023 - 0.028
Time of electrodialysis (min.) 45 50 75

“a) As tartaric acid.

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 will increase in proportion to the salt cell

! concentration. For the first volume of wine, 0.018 kw.-hr. was required to reduce

the amperage to 310 ma. For the second volume, 0.023 kw.-hr. was require to
give a final amperage of 300 mé., and for the third volume, 0.028 kw.-hr. was
required to reduce the amperage to 320_ ma. These values for final amperage
correspond to a total acid content in the wines of 7.57, 7.32, and 7.81 g/l, 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 well as in-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, efficac;f
of -the membranes in removing these cations was tested by determing the metal
content of the wines before and after electrodialysis, and the experimental details

“and analytical results are given in TBaLe Il and II.
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TasLe T+ Operation: Conditions on the :Electrodialysis of Wines -

) ; Volume  Amperage Voltage Total Time elec-
Wine : - power
: .used Max. Min. Max. Min. consumed trodialyzed

<

ml. - : ma V. kw:-hr. min.
White wine (GQ) 50 560 300 44 42  0.013 40
Nalfilm { ' ,
Red wine (BQ) 53 750 350 44 40 0.015 45
White wine (GQ) 52 600 370 44 40  0.017 50
Amberplex : P . i 3
Red wine (BQ) 50 - 700 420 42 40  0.020 50

TaLE Il Analyses of the Wines Obtained by the Electrodialysis
. 'Us‘ing Ion-selective Membranes = |

Wine Ale. T.A.® V.A.» R.S.© Fe :Cu '~ Ca- Mg - pH

Vol. % g/l. ) mg/l.
— 1
before = 13.8 8.8 0.5 55 21.3 151 195.0 80.3 2.5 ;’

GQ (after 13.7 4.8 - ‘O..l 5.3 1.5 2.3 58.5 27.5 4.0 i

g diff. 0.1 4.0 0.4 0.2 198 128 136.5 53.0° 0.5 -
c before 122 9.8 0.8 7.8 181 352 1228 70.1 3.2
BQ lafter 122 52 0.2 7.7 15 61 50.7 2.5 3.8
diff. 0 46 06 01 166 201 721 46.6 0.6 |
before  13.8 88 05 55 2.3 151 195.0 80.3 3.5 b
GQ lafter  13.5 4.7 0.2 55 20 3.3 688 307 3.8
i;i dGiff. 0.3 41 03 0 193 1.8 1%6.2 49.9 0.3 |
2 before 122 9.8 0.8 7.8 <181 35.2 122.8 - 70.L 3.2 !
4 !

\BQ lafter - 120 5.5 0.2 7.5 2.0 8.7 - T2:8, '37:0- 4.0 -’ ;
diff. 0.2 4.3 0.6 0.3 16.1 265 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
per -cent), 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 tiie
power requirement to deionize 50 ml. 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.

SUMMARY

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 the
titratable acidity, and to reduce the amounts of calcium, magnesium, iron, and
copper in the wine.

3) The electrqdia]ysis 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. Effect of Sulfiting or Alcohol Addition
on Yeasts in Grape Musts :

By Yuwao Ouara, Hideo NoNoMURA, and *Hideo YuNoME

It was found that the wild yeast groups including Apiculate yeasts (A),
Torulopsis bacillaris type (T) and Kahm yeast group (K) disappeared immediately
after the addition of 150 bpm of sulfur dioxide (Must No. 3), whereas there was
little differance of 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

ninety five percent with 200 ppm, though the damage was slight with 75 ppm.
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i WCRRL, BRI RERNCHLIES 51k SO, 130 ppm PLEA T B2 &
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EEDITEER Y &R E 4L SO, 0~200 ppm »7n L A£G, MEiEEH0E
B D AR B A HIE U CHBERD 7" F v {ER R K OB AR 3 2GR B2 g
RIR Lo I BEAERTOEMEA HH T 2O —RFTh 5 7 1 = — 1 A BEEEIE RN IR
LB BT oW T EER L FRMKER LcD T, Thb OfEEYET 5,
g R R B
BEAn 32 47 (1957) BEUIBURBREOCHMMES Fvr 10 FacERL, BEC Ik
BRERE L7, BLEMLUELh B2 XEML, #0200 %i% Tase | o k 5
7RG L THAZRER Uiz,
TABLE I 3AX 4% Vinification Records

X % ®; o O AR (TR)  WEREEER N WERM (BRI
L ‘1 a 3] iti c -
No. GV e Al CUMHHNED  Starter (Yeast cells)
i g/t vok: % tpm mi X10%per mi
1 20 230 (13.6) 0 400 (0.8)
2 20 230 (13.6) 75 400 (0.8)
3 20 230 (13.6) 150 400 (0.8)
4 20 230 (13.6) 75 —a) (90)
5 20 230 (13.6) 150 —a) (80)
6 20 230 13°7) 200 —a) (100)
7 20 152 (6.0949.0) 0 400 (0.8)

a) Koshu (Katsunuma) ; b) After BENVEGNIN et al. ; ¢) With Ky,S,0.; d) All
yeasts obtained from the must No. 1~3 was reused respectively ; e) Added to the
fresh juice.

Degree of refractometer
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o
2. 20t (2)
a 19f (1)
& (7)
(3]
= oist (3)

1
10 12

of
=
(o)}
o«

2 4 6 8 10 12
days

Fig. 1. Changes in Degree of Refractometer and Temperature during Fermentation
of Musts.
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Fig. 3. Effect of sulfiting or Alcohol Addition on Various Wild Yeast Groups in
Fermenting Musts. i, T ; [], A ; 3% K ; [, other non-Sacch. yeast group (0).
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Fig.4. Effect of Sulfiting on True Wine Yeasts in Musts.
W, dead; ¥, survived; [], newly propagated cells.
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