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Changes in chemical and physical components during sparkling wine making

using a traditional in-bottle secondary fermentation method

Takumi ONpA*, Masakazu KoMAaTsu and Tadahiro NAKAYAMA

(Yamanashi Wine Center, Yamanahi Industrial Technology Center,
2517, Katsunuma, Katsunuma-cho, Koshu-shi, Yamanashi 409-1316 JAPAN)

We examined the optimum conditions for making high-quality domestic sparkling wines using a tradi-

tional in-bottle secondary fermentation method. In particular, the test production of sparkling wines was
performed according to a recommended method in the Champagne Region of France. In this study, we in-
vestigated changes in the components of juices, base wines, and sparkling wines during sparkling wine

production by an in-bottle secondary fermentation method. It was clarified that the changes in acid con-

tents in the pressing process of Koshu differed from those of Chardonnay. As for the production of the

champagne, according to the production of wine from juice and the production of sparkling wine from

wine, its acidity gradually declined in this study. Compared to Chardonnay, which is a raw authorized va-

riety for champagne, the production from Koshux had a small decrease in acidity. In summary, it was

shown to be necessary to establish original processing conditions in sparking wine production using Ko-

shu.
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Table1 Chemical and physical compositions of grape juice for sparkling wine making

a) Chemical and physical compositions of Free-run, Cuvée and Taille juices of Koshu and Chardonnay harvested in 2013

b) Juices for
champagne

Juices in
Koshu Koshu Koshu Chardonnay Champagne ®
(harvested on 8/29) (harvested on 9/10) (harvested on 9/24) (harvested on 8/26) (average
2011 ~ 2014)
Freerun® Cuvée © Taille © Free-run Cuvée  Taille Free-run Cuvée  Taille Free-run_Cuvée  Taille Cuvée _ Taille
Specific gravity (15/4C) 106 1.062 1.061 1.065 1.066 1.066 1.069 1.069 1.069 1.076 1076 1.076 10737 10717
ugar 2 (g/L) 1424 1424 1424 150.5 150.5 150.5 161.3 161.3 161.3 1773 1773 1773 167.7 165.5
Sugar (° Brix) 153 15.3 151 16.1 16.1 15.9 16.7 16.6 165 17.7 177 18 o
Sucrose (g/L) 0.6 04 0.2 03 03 02 ND 04 ND 04 04 06
Glucose (g/L) 69.6 684 646 738 737 736 81 79.2 776 87.8 887 89
Fructose (g/L) 704 68 64.1 75.2 751 748 833 814 80 829 829 839
pH 315 311 31 33 3.26 3.26 342 337 337 311 317 34 3.05 319
Total acid as tartaric acid (g/L) 6.8 94 123 5.1 72 88 43 6.1 69 106 94 7 122 104
Tartaric acid (g/L) 52 57 56 4 52 53 38 49 49 44 46 45 76 6
Malic acid (g/L) 21 43 71 1.2 23 35 11 19 22 53 48 38 6.8 6
Citric acid (g/L) 05 08 12 0.5 08 11 03 0.8 09 04 04 04 03 0.3
S/A value¥ 23 32 40 29 21
Potassium (mg/L) 844 1161 1594 945 1200 1522 976 1196 1225 1100 1250 1320 1095 1775
Calcium (mg/L) 83 79 105 71 72 103 63 63 65 60 64 63 93 102
Magnesium (mg/L) 43 54 69 57 58 67 58 55 57 50 50 54 74 74
Iron (mg/L) 02 05 0.2 0.8 05 02 04 0.5 04 0.5 05 0.2 NT NT
Copper. (Lng/L) 204 108 13 87 44 0.8 5 29 1 5 5 4 13 11
YAN® (mg/L) 96 116 129 77 98 113 63 78 99 106 109 104 NT” ~ NT
Alanine (mg/L) 38 52 71 38 45 61 50 60 55 190 187 150
Arginine (mg/L) 128 205 377 105 174 336 104 150 302 50 53 63
y -aminobutanoic acid (mg/L) 27 52 83 35 57 89 49 71 78 59 61 97
Asparagine (mg/L) 8 8 10 4 - 16 22 20 23 20 6 5 4
Aspartic acid (mg/L) 47 51 61 25 20 22 20 17 19 18 21 22
Cysteine (mg/L) ND® ND ND ND ND ND ND ND ND ND ND ND
Glutamine (mg/L) 41 52 72 24 25 33 24 27 30 110 109 97
Glutamic acid {mg/L) 62 45 40 71 38 30 60 37 27 60 61 35
Glycine {mg/L) 1 1 2 1 1 2 1 2 1 5 4 4
Histidine (mg/L) 3 5 8 2 4 7 3 4 6 9 8 8
Isoleucine (mg/L) 1 2 2 2 2 3 3 3 3 9 8 7
Leucine (mg/L) 3 3 5 3 4 6 4 5 5 7 7 7
Lysine (mg/L) 1 2 3 1 2 3 1 2 3 1 1 1
Methionine (mg/L) ND ND ND ND ND ND ND 1 ND 5 4 3
Phenylalanine (mg/L) 1 2 4 1 1 4 1 1 2 6 6 6
Proline (mg/L) 309 320 350 512 520 532 614 643 655 301 309 325
Serine (mg/L) ND 21 27 19 20 25 23 26 23 70 66 64
Threonine (mg/L) 16 19 24 17 18 23 17 20 21 0 46 46
Tryptophan (mg/L) ND 6 ND ND ND ND ND ND ND 1 1 1
Tyrosine (mg/L) 2 3 4 2 2 3 1 2 3 1 1 1
Valine (mg/L) 4 5 6 5 5 7 6 7 6 15 14 13

All samples were analyzed in triplicate.

1) All juices were collected by traditional pressure method in the Champagne Region. The Cuvée was the juice taken from the first section in continuous presses of
grape. The Taille was the juice from the second section following Cuwée. In champagne making, the Cuvée is the first 2,050 litres of juice from 4,000 kg of grapes and

the Taille is the following 500 litres.

2) calculated values from specific gravity.

3) S/A value: Sugar (g/L) / Total acid (g/L as H,S0,)

4) YAN: Yeast assimilable nitrogen measured by Serensen method.
5) ND: not detected.

6) Onda: Champagne making in the Champagne Region I, Journal of the Brewing Society of JAPAN, 111, 286-301 (2016)

7) Density (20TC)
8) Blank: no information is available.
9) NT: not tested.
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Table 2 Chemical and physical compositions of wines for sparkling wine making

a) Chemical and physical compositions of wines produced from Koshu and Chardonnay harvested in 2013 b) Base wines for
champagne
Wines in
Koshu Koshu Koshu Chardonnay Champagne *
(harvested on 8/29) (harvested on 9/10) (harvested on 9/24) (harvested on 8/26) (average
2011 ~ 2014)
Cuvie® Taitle® M5 Cuvce  Taille  Cuve Teile Cwvie  Taille  Cuvie oo
ock block
Specific gravity (15/4C) 0.993 0.993 0.993 0992 0.993 0.993 0993 0.993 0993 0991 0992
Alcohol (%, v/v) 105 104 105 108 105 106 10.7 105 109 112 11.1
Sucrose (g/L) ND” ND ND ND ND ND ND ND ND m
Glucose (g/L) ND ND ND ND ND ND ND ND ND
Fructose (g/L}) 01 02 01 ND 02 02 0.2 0.2 03 ,
Glycerol (g/L) 7.2 53 7 6.7 6.6 5.7 55 52 48 5.1 53
Sugar (as glucose) ® (g/L) NT? NT NT NT NT NT NT NT NT 09 1
pH 31 311 3 312 314 318 32 331 335 3.05 © 298
Total acid as tartaric acid (g/L) 7.7 75 89 54 65 44 45 56 48 6.9 9
Tartaric acid (g/L) 4 35 42 3 3 3 3 36 35 3 32
Malic acid (g/L) ND ND 33 ND ND ND ND ND ND 02 36
Lactic acid (g/L) 23 35 01 13 17 11 12 2.5 27 33 11
Citric acid (g/L) 08 14 09 08 1 09 11 04 04 02 0.2
Succinic acid (g/L) 1 06 09 07 0.7 07 06 08 08
Acetic acid (g/L) 03 <01 0.3 04 03 03 04 <01 <0l 02 02
Potassium (mg/L) 690 799 760 850 880 870 890 750 701 300 370
Calcium (mg/L) 64 70 60 55 69 47 61 64 61 76 88
Magnesium (mg/L) 59 65 65 77 82 59 89 58 60 71 87
Iron (mg/L) ND ND ND ND ND ND ND ND ND 1 1
Copper (mg/L) 03 ND ND ND ND 0.1 ND ND ND 0.04 0.05
YAN P (mg/L) 17 41 8 31 38 24 16 27 29
Alanine (mg/L) 3 18 5 5 8 12 ND 8 24
Arginine (mg/L) ND ND 3 ND 2 4 ND ND 2
y -aminobutanoic acid (mg/L) 2 14 7 3 24 12 20 14 1
Asparagine (mg/L) 16 12 5 17 5 12 ND 5 16
Aspartic acid (mg/L) 2 8 3 4 5 3 ND 4 14
Cysteine (mg/L) ND ND ND ND ND ND ND ND ND
Glutamine (mg/L) ND ND ND ND ND 1 ND ND 1
Glutarnic acid (mg/L) 3 9 2 4 4 7 ND 4 13
Glycine (mg/L) ND ND 3 2 5 5 ND 3 11
Histidine {mg/L) ND 2 ND ND ND ND ND ND 1
Isoleucine (mg/L) ND 2 5 ND 5 3 1 9 8
Leucine (mg/L) 2 12 2 8 12 10 1 3 22
Lysine (mg/L) 1 6 2 4 10 6 2 5 12
Methionine (mg/L) ND 2 ND 1 2 2 1 2 5
Phenylalanine (mg/L) ND 5 4 9 4 9 2 8 20
Proline (mg/L) 301 325 330 509 501 625 629 290 301
Serine (mg/L) ND 1 1 1 2 1 ND 1 3
‘Threonine (mg/L) ND 1 1 1 2 2 1 1 3
Tryptophan (mg/L) ND ND ND 3 2 2 ND ND ND
Tyrosine (mg/L) ND 2 2 ND 3 4 1 5 8
Valine (mg/L) ND 2 1 3 2 3 ND 2 8
Optical density (420 nm) NT NT NT NT NT NT NT NT NT 0.074 0075
(430 nm) 0057 0.058 0.046 0.048 0071 0.052 0.074 0.039 0.057
(520 nm) NT NT NT NT NT NT NT NT NT 0.025 0032
(530 nm) ___0.028 0.028 0.018 0.02 0.03 0.026 0.035 0.018 0.016
L* value 98 982 98.92 98.66 97.96 98.25 976 99 98.98 9846 98.13
a* value | .39 0.65 0.25 0.16 04 073 0.84 0.38 -062 <0115 0.24
b* value 393 417 2.74 3.57 5.26 377 5.36 393 441 492 467
Total polyphenol 7 (mg/L) 197 286 200 164 320 180 256 178 218
Alcoholic fermentation period 2  (days) 14 11 14 14 12 13 12 21 20
Whole fermentation period ¥ (days) 34 37 (14) 31 33 27 28 36 34

The coefficient of variation for all analyzed values of each samples was less than 1. All samples were analyzed in triplicate.
1) YAN: Yeast assimilable nitrogen measured by Serensen method.

2) measured by Folin-Ciocalteu method.

3) wine produced from Cuvée juice.

4) wine produced from Taille juice.

5) wine from Cuwée juice without malo-lactic fermentation.

6) ND: not detected.

7) NT: not tested.

8) values mesuared by the enzymatic method.

9) wines after assamblage and cold stabilization of tartarete. Onda: Champagne making in the Champagne Region II, Journal of the Brewing Socity of JAPAN,
111, 713727 (2016)

10) Density (20T).

11) Blank: no information is available.

12) duration from the addition of yeast until the end of the alcoholic fermentation.

13) duration from the addition of yeast until the end of maro-lactic fermentation.
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Holboo, HH EHTIE 03~04 mg/lH
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SHOEERICBIT B RN REEET, 45~ 58 HHE
TERT LI ERER L, T2, ZREBOERE
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7, BAZREBOER BEH71 V2568 13%
BOT NI — NV OBEMPHER S Nz BT Ok
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RSB RRAT ORI, RN kBB OB
844
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Table3 Chemical and physical compositions of sparkling wines produced from wines of Koshu and Chardon-
nay brewed in 2013

a) Chemical and physical compositions of wines produced from Kosku and Chardonnay harvested in 2013 b) Cahampagne
Koshu Koshu Koshu Chardonnay Ch Commegf:zgll};ra e
(harvested on 8/29) (harvested on 9/10)  (harvested on 9/24)  (harvested on 8/26) a;g)lig‘f 2015‘; &
Cuvée®  C/T” _MLFbck” ~Cuvée /T Cuvée /T Cuvée c/T Cuvée  MLF block
Pression (bar at 10C) 59 6.1 6 6 59 6.1 6 6 ] 6.1 6.7
Specific gravity (15/4C) 0.992 0992 0.992 0.991 0992 0.992 0992 0.992 0.992 0.992 0992
Alcohol (%, v/v) 11.7 117 118 12 118 119 118 119 12 125 124
Sucrose (g/L) ND ¥ ND ND ND ND ND ND ND ND K
Glucose (g/L) ND ND ND ND ND ND ND ND ND
Fructose (g/L) ND ND ND ND ND ND ND ND ND
Glycerol (g/L) 72 65 72 6.8 638 6.6 6.3 54 54 54 54
Glucose + Fructose (g/L) ND ND ND ND ND ND ND ND ND 84 6.6
pH 315 31 3.05 313 315 319 32 313 332 319 31
Total acid as tartaric acid  (g/L) 6.7 6.4 83 47 49 4 4 49 42 59 6.6
Tartaric acid (g/L) 2 2 25 15 16 15 15 14 1 22 26
Malic acid (g/L) ND ND 22 ND ND ND ND ND ND 02 28
Lactic acid (g/L) 22 26 03 13 14 11 11 24 22 29 14
Citric acid (g/L) 08 1 09 0.8 09 09 09 0.2 0.3 01 02
Succinic acid (g/L) 038 038 0.8 0.7 0.7 0.7 06 06 0.7
Acetic acid (g/L) 0.3 03 03 03 0.3 03 0.3 <01 <01 03 0.2
Potassium (mg/L) 351 384 360 454 451 493 487 459 501 366 352
Calcium (mg/L) 54 61 58 48 56 41 48 60 53 75 54
Magnesium (mg/L) 55 58 55 76 78 73 78 53 53 58 61
Iron (mg/L) ND ND ND ND ND ND ND ND ND 11 09
Copper (mg/L) ND ND ND ND 0.1 ND ND ND ND 0.03 0.06
Alanine (mg/L) 5 7 4 8 10 [ 10 5 8
Arginine (mg/L) 3 4 2 3 3 3 2 2 3
y -aminobutanoic acid (mg/L) 15 13 13 16 15 11 12 5 8
Asparagine {mg/L) 7 9 11 11 11 11 11 9 10
Aspartic acid (mg/L) 2 2 2 3 3 2 3 3 3
Cysteine (mg/L) ND ND ND ND ND ND ND ND ND
Glutamine (mg/L) ND ND 2 2 1 1 1 1 1
Glutamic acid (mg/L) 3 3 2 5 6 3 5 3 5
Glycine (mg/L) 5 5 4 5 6 4 6 5 7
Histidine (mg/L) ND ND ND ND 1 ND 1 ND 1
Isoleucine (mg/L) ND 1 ND 1 2 1 5 1 1
Leucine (mg/L) 2 3 2 3 5 3 5 3 4
Lysine (mg/L) 5 5 3 4 5 5 6 4 4
Methionine (mg/L) ND 1 ND ND 1 ND 1 ND 1
Phenylalanine (mg/L) 2 3 ND 5 6 4 6 2 4
Proline {mg/L) 275 287 300 496 499 609 619 360 366
Serine (mg/L) 1 1 1 1 1 1 1 1 2
Threonine (mg/L) 1 1 ND 1 1 1 1 1 2
Tryptophan (mg/L) ND ND ND ND ND ND ND ND ND
Tyrosine (mg/L) 3 4 2 4 5 3 5 3 4
Valine (mg/L) 1 2 1 3 4 2 4 2 3
Optical density (420 nm) NT NT NT NT NT NT NT NT NT 0.131 0.106
(430 nm) 0.041 0.039 0.031 0.04 0.043 0.04 0.044 0.047 0.046
(520 nm) NT NT NT NT NT NT NT NT NT 0.035 0.024
(530 nm) 0.013 0012 0.008 0.012 0.012 0.011 0012 0.011 0.011
L* value 99.13 99.22 9947 99.2 99.18 99.24 99.19 99.21 99.22 97.83 9845
a’ value 017 0.27 -0.29 -0.32 -0.38 -0.39 -043 -0.69 -0.7 -0.28 -0.75
b* value 34 331 269 3.35 3.56 34 37 376 372 871 74
Total polyphenol” (mg/L} 200 259 230 160 282 170 250 162 155
2nd fermentation period® _ (days) 55 58 52 57 53 55 66 49 45
Sensory evaluation score ” 29 2.8 3 3 32 29 29 32 32

The coefficient of variation for all analyzed values of each samples were less than 1. All samples were analyzed in triplicate.
1) measured by Folin-Ciocalteu method.

2) sparkling wine produced from wine from Cuvée.

3) sparkling wine produced from wine assamblaged wine from Cuvée juice and Taille juice (7:3) .

4) suparkling wine from wine from Cuwée juice without malo-lactic fermentation.

5) ND: not detected.

6) Onda: Champagne making in the Champagne Region III, Journal of the Brewing Socity of JAPAN, in preparation.

7) Blank: no information is available.

8) duration of in-bottle secondary fermentation.

9) The scores are the average of a 5-point evaluation (n = 51) .
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