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Changes in Proteins during Storage of Wines Produced from 1993 to 2003
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Two white table wines and one red wine were produced from Chardonnay, Semillon and Muscat Bailey A grapes over 11
years from 1993 to 2003 and stored at 15°C in a wine cellar. Proteins were obtained by vacuum concentration, ammonium
sulfate precipitation (75% saturation), dialysis, and lyophilization. The protein concentration in Chardonnay wines became
almost constant approximately 1.5 years after completion of fermentation, whereas that in Semillon wines became almost
constant at approximately 4 years. In the white wines, Chardonnay wines, which had low protein concentration immediately
after vinification, showed less turbidity than Semillon wines that had high protein concentration. On the other hand, Muscat
Bailey A red wines, which contained large amounts of tannins, became stable approximately 1.5 years after completion of
fermentation because of the removal of unstable proteins due to the formation of protein-tannin complexes. Semillon white,
Chardonnay white and Muscat Bailey A red wines, which appeared to have reached a stable state due to the lack of turbidity,
had average soluble protein concentrations of 72, 65, and 27 mg/L, respectively. Wine proteins were analyzed by native-PAGE,
SDS-PAGE, and isoelectric focusing (IEF). There were minimal differences in the electrophoretic pattermns of proteins among
white wines produced from the same variety of grapes in different years. The molecular weights of proteins (including
polypeptides) from two white wines made from Chardonnay and Semillon grapes ranged from 6 to 60 kDa, and 24 to 25 kDa
proteins, which are the major components, accounted for approximately 60 to 80% of the total proteins. All of the proteins
obtained from the three wines were separated in the range of pl 3.4 to 6.3. The isoelectric points of 60 to 70% of the proteins
from white wines were in the range of 3.7 to 5.1. The three gel electrophoresis patterns of proteins from Muscat Bailey A
wines gave no sharp or distinct bands. This may be due to the formation of soluble-protein-polysaccharide-tannin complexes.
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Table 1. Alcohol, free SO,, and protein concentrations and pH of two white wines from Semillon and Chardonnay grapes and
one red wine from Muscat Bailey A grapes produced in 1993 to 2003.

Year produced
2003 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993
Semillon
pH 3.2 3.0 — 3.0 3.0 2.7 3.1 33 3.4 3.5 3.1
Alcohol (%, v/v) 1.2 123 — 1.9 120 1.7 136 122 127 122 123
Free SO, (mg/L) 26 13 — 5 4 5 16 8 24 15 5
Protein in wine® 309 172 — 131 62 51 71 58 72 105 85
(4.8)° (23.9) (13.2) (152) (2.75) (9.0) (2.0) (12.8) (30.0) (10.0)
Precipitate with — 96 51 93 61 57 57 67 103 101
(NH,),804 (mg/L) ©
Protein in precipitate (mg/L) ¢ — 62 28 47 40 36 38 50 54 69
Chardonnay
pH 33 3.5 33 3.4 3.2 3.2 3.5 33 33 3.5 3.5
Alcohol (%, v/v) 1.3 129 134 135 124 128 136 13.6 128 13.0 118
Free SO, (mg/L) 30 10 6 8 6 3 10 16 10 10 9
Protein in wine® 244 94 66 72 74 80 54 46 46 52 61
on* @7 19 23 19 @12) (@19 (03) (0.5 (0.1) (0.3)
Precipitate with — 65 78 46 61 61 92 59 60 65 104
(NH,),80, (mg/L) ©
Protein in precipitate (mg/L) ¢ — 42 52 34 36 36 67 38 41 46 48
Muscat Bailey A
pH 3.4 3.5 3.6 3.6 33 33 3.4 33 3.4 3.7 3.4
Alcohol (%, v/v) 109 138 12,0 122 116 11.8 12,0 125 12.0 125 12.0
Free SO, (mg/L) 21 8 3 4 6 3 5 3 6 6 3
Protein in wine * 181 29 32 32 28 29 24 20 23 27 28
(Loy* (04 (04 (05 (02) (<01 (<0.1) (02) (0.1) (03) (0.1)
Precipitate with — 288 473 277 292 479 633 593 250 294 347
(NH,),804 (mg/L) ©
Protein in precipitate (mg/L) ¢ — 26 31 28 37 29 31 18 14 16 25

*Protein concentration in lyophilisate of the retentate after dialyzing wine against water.

bStandard deviation.

“Precipitate (as lyophilisate) obtained by salting out one liter of wine with ammonium sulfate (0.75 sat.).
dprotein concentration in Iyophilisate of the retentate after dialyzing the precipitate against water, which was obtained by

ammonium sulfate precipitation of one liter of wine.
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Fig. 1. Changes during storage of soluble protein concentrations in
Semillon and Chardonnay white wines and Muscat Bailey A
red wine produced in 1993 to 2003. Soluble protein
concentrations in all the wines were determined between
December, 2003 and January, 2004.
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Fig. 2. Polyacrylamide gel electrophoresis of soluble proteins obtained by
ammonium sulfate precipitation of two white (Semillon and
Chardonnay) wines and one red (Muscat Bailey A) wine.
Lanes (corresponding to nine protein samples isolated from wines
produced in 1993 to 2002) were visualized by CBB staining, and
bands were designated by numbers 1 to 8 in (a), and 1 to 9 in (b).
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Table 2. Relative proportions of protein bands separated by native-PAGE of proteins from Semillon and
Chardonnay white wines, obtained by ammonium sulfate precipitation.

Protein Year produced
band Relative
mobility 2002 2001 2000 1999 1998 1997 1996 1995 1994 1993

Relative proportion (%) of protein band

Semillon
1 0.37 16 nd.? nd 9 8 7 7 5 4
2 0.44 26 n.d. n.d. 25 25 25 26 25 22
3 0.52 18 n.d. n.d. 21 18 18 18 18 17
4 0.58 20 — n.d. n.d. 15 17 19 22 16 20
5 0.64 9 — n.d. n.d. 14 15 15 12 17 17
6 0.69 5 — n.d. n.d. 9 9 10 7 11 12
7 0.77 4 — n.d. n.d. 4 7 6 9 8 8
8 0.87 2 n.d. n.d. 3 0 0 0 0 0
100 100 99 100 101 100 100
Chardonnay
1 0.25 15 12 9 10 10 8 11 9 9 8
2 0.34 19 13 11 10 12 14 19 19 20 12
3 0.42 16 20 17 16 14 15 14 16 10 17
4 0.44 15 9 0 0 0 0 0 0 0 0
5 0.48 19 21 32 25 26 30 23 20 26 23
6 0.53 13 20 15 18 15 19 14 13 16 19
7 0.60 0 0 5 10 12 5 13 15 11 16
8 0.67 3 5 5 5 5 4 4 6 5 6
9 0.74 1 0 6 5 5 4 3 3 3 0

101 100 100 99 99 99 101 101 100 101
®not detected.

Table 3. Relative proportions of protein bands separated by SDS-PAGE of soluble proteins obtained by
ammonium sulfate precipitation after storage for a period of 1.5 to 11.5 years of Semillon and
Chardonnay white wines produced in 1993 to 2002.

Protein M.W. Year produced
band (kDa)

2002 2001 2000 1999 1998 1997 1996 1995 1994 1993

Relative proportion (%) of protein band

Semillon

1 56 11 — 2 2 11 10 4 5 7 4
2 24 62 — 66 42 64 77 76 78 59 65
3 16 1 — 11 13 4 5 6 5 3 7
4 12 15 — 0 12 17 3 4 4 4 1
5 8.9 9 — 21 24 2 3 6 4 25 20
6 7.2 3 — 0 5 1 1 1 1 1 1
7 6.0 0 — 0 2 1 1 3 3 1 2

101 100 100 100 100 100 100 100 100

Chardonnay

1 62 2 4 3 4 4 2 1 1 3 5
2 39 1 0 0 0 1 0 0 1 1 1
3 25 652 88 83 84 70 78 71 80 83 81
4 21 1 1 0 0 6 1 1 8 0 0
5 16 8 0 5 3 0 2 3 3 0 1
6 12 1 3 1 1 5 2 4 5 8 7
7 9.4 18 3 6 7 13 15 18 2 5 6
8 8.0 1 0 0 0 1 0 1 0 0 0
9 6.8 4 1 2 1 1 1 0 0 0

101 100 100 100 101 101 100 100 100 101

IE—EIC LIZD T, RNMEHZRUKEY S R LS B NRIBLUSNOIAFT D (B DWTRE L TND) K

Mot=0 . BHAHNKITE AL R TEZh - 57\ (FethE, i, HAOWTIRY 7=/ —V5) @
2o IIALATA DR NI EES L~ AT BT X 5T CBB YeadH3lc/z Sniginoi- &
v ke RU—AFRTA DT RTOEGOLGEIL, bbb,
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Fig. 3. SDS-polyacrylamide gel electrophoresis of soluble proteins obtained by
ammonium sulfate precipitation of two white (Semillon and Chardonnay)
wines and one red (Muscat Bailey A) wine produced in 1993 to 2003.
Lanes (corresponding to nine protein samples isolated from wines produced
in 1993 to 2002) were visualized by CBB staining, and bands were
designated by numbers 1 to 7 in (a), and 1 to 9 in (b).
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Wiz, V¥V RRU A OBA SRR
T, 2001 4F & 2002 AR ZHLE U7 bR
FNT A NS DH 87 G OYKE N
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ROPFEES LI L THEBLL T,
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Table 4. Relative proportions of protein bands separated by IEF of soluble proteins obtained by ammonium sulfate
precipitation of two white wines from Semillon and Chardonnay grapes and one red wine from Muscat

Bailey A grapes.
pl of protein Year produced
band
2002 2001 2000 1999 1998 1997 1996 1995 1994 1993
Relative proportion (%) of protein band
Semillon
3.4 5 — 5 3 6 6 7 4 6 4
3.6 8 — 3 3 3 3 3 3 4 4
3.7-5.0 59 — 59 56 52 51 57 58 52 63
5.1 10 — 11 12 12 12 13 14 9 9
5.4 1 — 1 2 3 2 1 4 2
5.5 1 — 1 1 2 2 1 3 3 2
5.6 1 — 2 1 2 2 4 3 2
5.7 — 2 5 6 3 3 3 2 3
5.8 1 — 4 7 4 4 3
5.9 — 1 5 7 1 3 3
6.0 1 — 3 7 4 6 5 2 3 2
6.2 1 — 1 4 1 2
6.3 12 — 9 7 8 5 3 5 4
100 — 100 100 100 100 100 101 100 101
Chardonnay
3.4 10 7 7 7 8 7 7 8 10 8
3.6 5 7 8 5 7 5 6 6 6 7
3.7-4.6 46 54 55 55 51 53 48 53 48 44
4.7-4.9 11 12 13 12 13 15 14 13 14 14
5.1 8 7 5 7 7 7 8 8 8 8
5.2 3 4 6 5 4 5 5 4 5 6
5.5 3 2 3 3
5.6 5 2 1 2 3
5.7 3 2 3 2 4 7 11
5.8 2 2 4 9
5.9 4 5 5 7
6.0 4
6.1 3
6.2 2 2

100 100 100 101
Muscat Bailey A

3.4 9

3.5 22 21
3.6 10 14 13

3.7 11 16 27 36
3.8 10 22 13

3.9 10 11 15

4.1 23 18

4.2

4.4

4.5 13 19

4.6

4.7 14 10 14
5.4

101 100 99 101 101 101

(3.9-4.4)"

(4.1-4.7)° ‘
(4.2-4.9)f

100 100 100 100

Proteins were observed as large band with pl ranges of approximately 3.9 to 4.4 (a), 4.1 to 4.7 (b), 4.6 to 5.8 (¢), 4.0
t0 5.0 (d), 4.3 to 4.9 (e), and 4.2 to 4.9 (f). See also Fig.1Bc
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