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Gel Electrophoresis Analysis of Behaviors of Soluble Proteins during Clarification of White and Red Wines
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1. Two white wines (Semillon and Chardonnay) and one red wine (Muscat Bailey A) were clarified by racking with
diatomaceous earth, fining with bentonite, PVPP, or activated carbon, cooling at — 4°C for 7 days, or heating at 60°C for 30
minutes, and all the above treatments were followed by filtration. The wines were also subjected to successive and combined
treatment that included racking with diatomaceous earth, fining with bentonite, heating, and cooling, and all those treatments
were followed by filtration. Then, soluble proteins were isolated from the untreated and the clarified wines.

2. Compared with the soluble proteins in the original (untreated) wines, approximately 60 to 70% of soluble proteins
disappeared by fining with bentonite or heating, and approximately 80 to 90% of the proteins were lost by clarification with
the successive and combined treatment. Furthermore, appreciable quantities of soluble proteins were removed even by the
other less severe clarification methods.

3. Soluble proteins were isolated from the untreated wines and the wines after the various treatments by ammonium sulfate
precipitation (0.75 saturation), and were subjected to native-PAGE (polyacrylamide gel electrophoresis), sodium dodecyl
sulfate (SDS)-PAGE or isoelectric focusing (IEF). Based on the protein band patterns and the relative proportions of
individual bands on each gel, it was found that such properties as relative mobilities of protein bands on native-PAGE,
molecular weights, and isoelectric points did not differ remarkably among the wines. As a whole, the number of protein bands
and the properties of soluble proteins from the untreated wines greatly differed from those of soluble proteins from the wines
after heating, treatment with bentonite, or the successive and combined treatment, but were similar to those of soluble proteins
from the wines after the other treatments including treatment with diatomaceous earth, PVPP, or activated carbon, or cooling.

4. The amount of clarification agent and the treatment conditions should be strictly controlled in order not to excessively
lose soluble proteins that give thickness to wine and reduce astringency and bitterness of tannins in wine, because an
appreciable amount of soluble proteins was removed by injudicious clarification by racking and fining, even without fining
agents. '
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Table 1  Effect of clarification on soluble protein contents in Semillon and Chardonnay white table wines and
Muscat Bailey A red table wine.
Clarification Semillon Chardonnay Muscat Bailey A
operation Mean (SD*) R M SD) R M SD) R
ean ecovery ean ecovery ean ecovery
(mg/L) (%) (mg/s~) (%) (mg/L) (%)

No treatment 309 (6.8) 100 244 (13.7) 100 181 (1.7) 100
Diatomaceous earth ® 278 (0.4) 90 209 (12.7) 86 131 (3.6) 72

(0.05%, wrv, X2)
Bentonite 104 (17.3) 34 94 (0.8) 39 53 (14.1) 29
puppt o % X2 242

10.0 78 191 (1.5 78 139 (1.

bl vy, 12 (10.0) (1.5) 9(1.5) 77

ctivated carbon 228 (38.3 74 198 (16.6 81 1.

(0.02%, w/v, X2) (38.3) (166) a3 “
Cof(())lm dat—éi C 201 (12.3) 65 228(1.2) 93 72 (1.6) 40

r 7 days

Heating at 60°C 68.7 (0.85) 22 66 (1.2) 27 54 (0.8) 30

for 30 minutes ©
Successive and 34.9 (0.07 11 49 (0.6
combined treatment ¢ .00 ©.6) 20 25(08) 14

a

) Standard deviation (n = 3).

bentonite, PVPP, or activated carbon.

c

Successive and combine
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i Filtration through a ﬂlterdpaper 5C (185 c¢m, Advantec

Filtration through a filter paper 5C (185 cm, Advantec) was conducted after the treatment with diatomaceous earth,

, c) was conducted after coolin%_or heating.
\ d comr treatment consisted of racking with diatomaceous earth, fi
and heating. Filtration was conducted after each clarification operation.

ning with bentonite, cooling,
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Fig. 1 Polyacrylamide gel electrophoresis of soluble proteins
obtained by ammonium sulfate precipitation from two white wines
(Semillon and Chardonnay) and one red wine (Muscat Bailey A)
before and after various treatments for racking and fining. Lanes A to
H visualized by CBB staining; bands designated by numbers 1 to 8.
Lane A, untreated wine; lane B, racking with diatomaceous earth;
lane C, successive and combined treatment of racking with
diatomaceous earth, fining with bentonite, cooling, and heating; lane
D, fining with bentonite; lane E, fining with PVPP; lane F, fining
with activated carbon; lane G, cooling; and lane H, heating.
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Table 2 Relative proportions of individual protein bands separated by PAGE of soluble proteins isolated by ammonium sulfate precipitation after clarification
of Semillon white, Chardonnay white, or Muscat Bailey A red wines.

Relative proportions (%) of individual protein bands found

_{S_

Protein Relative (A) (B) ©) Fining with
fraction mobility  Original Racking with Successive (D) E) ¥) (&) .
band wine diatomaceous  and combined Bentonite * PVPP? Activated Cooling® .~ Heating
earth ? treatment * carbon ?
Semillon
1 0.24 27.8 26.1 nd.® 33.6 28.0 28.9 25.1 0
2. 0.30 7.3 8.2 n.d. 214 8.1 7.2 5.8 15.6
3 0.34 19.8 189 n.d. 19.0 19.0 16.5 15.0 0
4 0.39 27.4 25.2 n.d. 16.3 254 26.1 274 29.0
5 0.45 f.b. 26.0 n.d. 21.0 20.0 4.6 44 14.5
6 0.56 15.9 16.8 n.d. 5.4 15.1 34 18.6 43.2
7 0.63 1.9 22.0 n.d. 2.3 24.0 3.2 3.7 23.7
100 100 100 100 100 100 100
Chardonnay
1 0.28 236 26.4 n.d. 0 25.7 26.3 25.6 0
2 0.32 8.1 8.3 n.d. 46.1 8.5 103 43 60.5
-3 0.36 4.0 35 n.d. 0 35 29 1.7 0
4 0.42 40.8 38.0 n.d. 15.5 37.6 32,6 42.0 34
5 0.44 5.5 5.4 n.d. 19.6 5.0 7.0 7.1 0
6 0.49 6.8 7.0 n.d. 18.8 7.9 11.2 6.4 0
7 0.55 9.8 8.4 n.d. 0 9.2 8.1 11.7 27.6
8 0.63 1.5 3.0 n.d. 0 2.7 1.7 1.1 84
100 100 100 100 100 100 100
Muscat Bailey A
1 0.27 20.4 16.0 nd.® n.d. 15.4 20.0 18.7 0
2 0.35 35 20.1 n.d. n.d. 18.8 16.1 14.5 54.2
3 0.41 26.4 16.3 n.d. n.d. 15.2 18.0 24.5 0
4 0.45 34.6 32.0 n.d. n.d. 39.8 316 31.2 16.7
5 0.48 4.5 11.8 n.d. n.d. 5.7 10.5 5.5 0
6 0.54 10.6 3.8 n.d. n.d. 5.1 3.7 5.5 29.0
100 100 100 100 100 100

2 See the footnotes in Table 1.
® not detected.
¢ faintish band.
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Fig. 2 SDS-polyacrylamide gel electrophoresis of soluble proteins
obtained by ammonium sulfate precipitation from two white wines
(Semillon and Chardonnay) and one red wine (Muscat Bailey A)
before and after various treatments for racking and fining. Lanes Ato H
visualized by CBB staining; bands designated by numbers 1 to 12.
Lane M, molecular weight marker; lanes A to H, see descriptions listed
in Fig, 1.
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Table 3 Relative proportions of individual protein bands separated by SDS-PAGE of soluble proteins isolated by ammonium sulfate precipitation after
clarification of Semillon white, Chardonnay white and Muscat Bailey A red wines.

Relative proportions (%) of individual protein bands found

Protein M.W. (A) (B) (C) Fining with
fraction (kDa)  Original Racking with Successive (D) (E) (F) Q) (H)
band wine diatomaceous  and combined Bentonite * PVPP? Activated Cooling ? Heating
earth * treatment carbon *
Semillon
1 66.0 53 53 nd?® n.d. 6.2 6.5 4.5 8.9
2 325 0.1 0.9 n.d. n.d. 0.5 0.5 0.5 0
3 28.0 10.9 11.3 n.d. n.d. 7.5 7.2 7.8 0
4 240 9.6 11.3 | n.d. n.d. 10.3 82 : 10.1 4.7
5 21.2 209 19.5 n.d. n.d. 17.5 15.2 15.0 52
6 20.1 24.0 19.2 n.d. n.d. 422 34.1 325 0
7 17.2 1.0 11.0 n.d. n.d. 2.8 0.5 0.8 0
8 15.2 5.1 2.1 n.d. n.d. 1.0 10.5 11.8 0
9 13.2 23.1 194 n.d. n.d 12.0 17.3 17.0 81.2
100 100 100 100 100 100
Chardonnay
1 58.0 42 6.2 8.4 18.4 5.7 52 6.2 17.2
2 34.0 35 4.0 0 6.9 5.0 53 1.1 0
3 28.9 6.8 5.7 5.5 10.4 6.2 4.2 2.2 24
4 26.0 3.2 2.9 7.6 8.7 33 2.6 3.3 2.7
5 224 549 48.9 63.8 43.8 50.3 55.2 54.8 23.2
6 19.0 0.2 1.1 0 0 2.3 0.2 0.5 0
7 17.0 0.8 0.6 0 0 20 0.2 0.9 0
8 15.1 0.8 0.8 0 0 0.7 0.3 0.5 0
9 143 12.3 10.2 6.1 4.7 10.6 11.5 12.4 12.6
10 13.0 12.0 15.5 8.6 7.1 139 15.2 18.1 36.3
11 12.2 0.7 2.2 0 0 0 0.1 0 3.0
12 10.2 0.6 1.9 0 0 0 0 0 2.6
100 100 100 100 100 100 100 100
Muscat Bailey A
1 60.0 2.6 2.8 n.d. n.d. 3.7 7.2 39 9.5
2 34.8 1.3 1.6 n.d. n.d. 0.4 5.0 1.2 0
3 25.1 12.3 36.8 n.d. n.d. 41.2 37.1 19.5 8.8
4 20.7 41.2 18.8 n.d. n.d. 24.0 28.1 46.3 0
5 16.0 0.8 0.8 n.d. n.d. 2.6 0.9 1.5 0
6 14.9 3.2 33 n.d. n.d. 7.6 33 23 35
7 13.0 38.6 35.9 n.d. n.d. 20.3 18.4 25.3 78.2
100 100 100 100 100 100

2 See the footnotes in Table 1.
® not detected.
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Fig. 3 Isoelectric focusing (IEF) of
soluble proteins obtained by ammonium
sulfate precipitation from two white wines
35— (Semillon and Chardonnay) and one red
wine (Muscat Bailey A) before and after
various treatments for racking and fining,

Lanes A to H visualized by staining with

f45— T T 2 IEF Gel Staining Solution (Bio-Rad); bands
52— @ 3 g designated by numbers 1 to 12. Lanes A to
i i H, see descriptions listed in Fig, 1.
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Table 4 Relative proportions of individual protein bands separated by IEF of soluble proteins isolated by ammonium sulfate precipitation after clarification

of Semillon white, Chardonnay white and Muscat Bailey A red wines.

Relative proportions (%) of individual protein bands found
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