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Summary
We detected the D-amino acids forms of Ala, Asn, Asp, Arg, Glu, Gln, His, Ile, Leu, Lys, Ser, Tyr, Val, Phe, and Pro in
141 bottles of sakes using HPLC. We used three individual derivatization methods of HPLC: precolumn & postcolumn

methods of o-phthalaldehyde and N-acetyl-L-cysteine and (+)-1-(9-fluorenyl)ethyl chloroformate/l-aminoadamantane

method. The D-amino acid content of the sakes was increased by using deep-sea water “Kaiyoushinosousui”, “Kimoto yeast

starter”, “Yamahaimoto”, and the long aging process “Choukijukusei”. After three months storage at 25C, the sakes that

were brewed with the adenine auxotroph of sake yeast (“Sekishoku seishu kobo”, Saccharomyces cerevisiae) without pasteuri-

zation (“Hiire”) contained large amount of D-Ala, D-Asp, and D-Glu.
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Table 1 The basic properties of the twenty sakes with the highest amount of D-amino acids

Rank frea O.f MNo. Specific Rice species p .SMV valu F:, .‘ACidit}:, Am\iiixic . lj':_illzh(l;)g ?ii::r?i Remark
production class Nithonsyudo Sands .« Aminosands” * Seimaibual’ )
1 Chiba 4401 unmai” “ Koshibikari -38 8 4.9 50-93 6-15 “ Kimoto yeast starter”
2 Toyama 2903 " Honjozo" - 5] 1.3 1.2 b5 15-16 Deep—sea water
3 Mie 0204 Tunmai Ginjo T " Yamadanishiki’ 2 1.7 1.4 53 16-17 " Kimoto yeast starter
4 Ishikawa 2901 Y Honjozo" “ Gohaykumanzokt’ 2 1.3 - 68 14-15 Deep—sea water
5 Tottori 3303 * funmal’ " Yamadanishikd' 5.5 2.3 - G0 16.2 " Kimoto yeast starter’
) Oita 3403 " Honjozo" - -1 1.2 - 65 15-16 -
7 Ehime 2105 unmai Gingo " " Shizukuhime” 4.5 1.9 - G0 15-16 -
8  Wakayama 4503  TnmaiGinje” " Yamadanishiki' 4 1.7 2.3 55-60 18 “Kyoukai Kobo(No. 9)°
g [baraki 0802 Special Honjozs' " Mivamanishiki’ 5 1.5 - 5E 15.5 Y Choukifkusel”
10 Nagasaki 3502 * funmal’ - 0 1.3 1.2 60 1515  ubscilvater inSags
11 Gifa 1401 “funmai Ginjo 7 " Mivamanishiki’ 10 1.4 1.1 45 15-16 " Choukifkusel”
12 Oita 3402 “ funmal’ - -2 1.4 - 60 15-16 -
13 Wakayama 4502 “funmai Ginjo " “ Bizenomachi’ ol 1.5 2 55-60 18 “Kyoukai Kobo(No. )"
14 Ehime 2104 unimai Gingo " - -81 2 - 33 9.5 " Sekishoku Seishu Kobo"
15 Osaka 4701 " Special unmal’ " Yamadanishili® g 2.1 1.3 o 18-19 " Kimoto yeast starter
16 Yamanashi 2502 * funmal’ * Gyokuel’ 5 1.7 - 60 15-16 -
17 Saitama 1303 * funmal’ " Gohyskumangokd" 5 1.8 - 5E 15-16 Y Choukifkusel”
18 Fukushima 4801 * Junmal’ " Gohyakumangoks” 50 3 2.5 60 3.2 " Sekishoku Seishu Kobo
19 Aomori 2003 “Special junmal " Hanafubuki® 3 1.5 - 55 15-16 -
20 Shimane 2204 Y Junmai Ginjo” * Yamadanishild’ 3 1.6 - 55 15-16 “ Yamahaimoto”




Table 2 The basic properties of the twenty sakes with the lowest amount of D-amino acids

Rank Area Qf MNo. Epecific Rice species “SMV value s iAcidity” Amiz;:idd T’Ziiisoh(i;? cAiiil;ITtl Remark
production class Nihonsyudo™ " Sando “ Aminosands”  * Seimaibual )

121 Ibarali 4101 * funmal’ “ Hitachinishiki’ 4 1.4 1.2 60 15-16  Subsoilwater in Tsukuba

125 Hokkaido 0701 “ Daiginjo” “ Ginpu” 5 1.2 1.1 40 15-18 -

124 Mie 0207 hunmai Ginjo” " Vamadanishiki” 3 1.4 1.1 55 16-17 -

125 Tochiai 4301 “funmai Ginjo " " Wakamizu" 4 1.4 0.9 55 16-17 -

126 Tottori 3302 “ Junmal’ " Gourik” 9.5 2.1 1.3 30 N.D. -

127 Tokyo 1102 “unmaiGinjo” ﬁﬁ;‘;‘;’fjjﬁo}m 1 L6-1.6 1.2-1.4 55 15-16 -

128 Siga 0601 " junmaiDaiginfp ™~ Yamadanishiki’ 5 1.4 1 50 16-17 " Sekfshoku Seishu Kobo”

129 MNagano 0303 “ Ginjo" ﬁ;ﬁ;ﬁfﬁf‘”m% -2 1.6 1.1 55 13 "Kyoukai Kobo(No. T)”

130 Gifu 1402 " funmai Daiginfo " " Yamadanishiki’ 13 1.5 0.8 40 15-18 -

131  Fukushima 0901 ° funmai Daiging” 2 1.3 1.1 50 15 “ Kimoto yeast starter’

132 Tochigi 4302 “ Daiginjo” " Yamadanishiki’ 3 1.3 0.8 35 17-18 -

133 Hiroshima 0603 “ Futur” " Hattannishiki’ 1.5 1.2 1.2 - 15-16 Barreled sake

134 Mie 0202 “ Daiginjo” - 3 1.2 0.9 40 16-17 -

135 Hiroshima 0602 “ Ginjo" - 2 1.3 1.2 60 15-18 -

136 Hiroshima 0601 “Daigini” . gjﬁﬁﬁﬁi 3.5 1.2 1 38 16-17 -

137 Hyoge 0101 “unmaiGinjo” }\fﬁ iﬁ‘;’f’?ﬂﬂ” 4.5 L5 1.2 60 16 -

138 Ibaragi 0803 “ Honjozo™ - 3 1.4 1.4 70 16-16 -

139 Siga 0503 " Junmai’ Ancient blackrice 5 1.4 1.1 70 15-16 -

140 Saltama 1301 “unmai Ginjo ” " Yamadanishiki’ 6 1.6 - 50 16-17 “Kyoukai Kobo(No. 7)"

141 Hiroshima 0604 " Honjozo " Hattannishitd’ 3 1.3 1.2 69 14-15 " Namasake'

Table 3 Amino acid content of various in sakes brewed with “Kimoto yeast starter”, “Yamahaimoto™, and “Chokizyukusei”

No. 4401 0204 3303 4701 2204 0802 1401 1303
AN L-Af D-AA %D L-AA D-AA %D L-AA D-AA %D L-AA D-AA %D L-AA D-AA %D L-AA D-AA %D L-AA D-AA %D L-AA D-AA %D

wmoel/l pmol/] wmol/1 wmol/1 wmol/1 pmol/1 wmol/1 pmel/] wmoel/l pmel/l pmol/1 pmol/l wmol/l pmol/l pmol/1 pmol/l

Asp 695 181 2.5 490 669 12.0 650 6.8 1.0 906 7.7 0.8 298 33 10.0 bbb 33.8 574 278 21 7.02 619 9.4 1.50

Glu 771 132.0 14.6 927 383 4.0 7156 114 1.6 §09 333 4.0 612 16 2.5 1232 ND - b88 9 1.61 736 11.7 1.56
Asn 12868 6.0 05 316 ND 663 74 1.1 204 39 1.9 762 7.5 1.0 536 2.8 0.52 468 ND - 218 ND -
Ser 1228 11.6 0.8 1bk4 ND 1183 ND - 815 0.7 01 465 1 0.z 775 ND - 493 ND - 730  ND -
Gln 958 ND - 26 ND 42 ND - 176 7.2 39 106 ND - 40 ND - 23 ND - -3 ND -
Thr %966 ND - 907 ND - 1011 ND - 895 ND - 183 ND - 906 ND - 405 ND - 958 ND -
Gly 406 - - 607 - b8 - - bl4 0.0 338 - - 771 - - 467 - - 344 - -
His 527 ND - 152 ND 449  ND - 438 ND - 87 ND - 131 ND - 220 ND - 324 6.5 1.95

Ala 1228 367.1 23.0 1554 3151 169 1183 782 6.2 1328 838 59 1016 7.8 08 1807 179 9.01 1046 133.6 11.33 1452 107.7 6.91

Arg 1877 499 2.6 166 ND - 862 133.1 13.4 1287 11.5 0.9 246 40.0 16.6 1636 10.3 0.63 35b ND - b4 ND -
Tyr 504 314 59 5103 1.4 0.3 4b44 175 3.7 4684 121 26 3329 13 3.8 4266 ND - 3022 9.6 206 267 104 276
Val 340 ND - 1089 29.1 2.6 2l ND - 75 ND - 460 137 2.9 189 ND - 510 18,8 376 802 223 271
Met 33 ND - 57 ND - 45 ND - g1 ND - 28 ND - 871 ND - 51 ND - 29 ND -
Trp 1345 ND - 907 ND - 123 ND - 753 ND - 345 ND - 414 ND - bb4 ND - 183 ND -
Phe 984 ND - 363 ND 581 ND - 500 189 36 234 315 11.9 388 ND - 208 133 6.01 304 82 2.63
[le 660 ND - 209 ND 341 ND - 832 83 1.0 346 3.8 1.1 196 ND - 250 3.2 1.26 528 7.1 1.32
Leu 0.5 ND - 836 ND - 1045 ND - 624 ND - 270 ND - 1042 ND - 500 ND - 1141 155 1.34
Lys 410 ND - 366 0.8 0.2 45 2.0 04 ND 528 - 20 2.2 9.9 670 ND - 267 2.8 1.04 431 4.9 1.16
Cys 157 - - 75 - 147 - - 1683 - 1350 - ND - - ND - - 3 - -
Pro 3808 2.4 0.06 1292 0.8 0.06 1788 0.2 0.01 232 - - 56 - - 1216 ND - log4 0.5 005 1691 0.3 0.02




Table 4 Amino acid content of various sakes brewed with deep-sea water

No 2903 2905 3601 3901 4002 4001
Af L-AA D-AA %D L-AA D-AA BD O L-AA D-AA %D L-AA D-AA %D L-AA D-AA %D L-AA D-AA %D
“mol/1 ¢ mal/] “mol/1 ¢ mal/] “mol/l i mol/1 “mol/1 ¢ mol/l “mol/1 ¢ mal/] tmol/1 g mol/]

Asp 275 469 146 178 4.2 2.3 116 1.7 1.4 375 15.1 3.9 195 2.3 1.2 196 2.2 1.1
Glu heg 209 3.5 395 3.1 0.8 231 ND - 5785 9.8 1.4 466 1.6 0.3 549 2.6 0.5
Asn 27h 5.9 2.1 297 9.8 3.2 293 ND - 1770 b2 0.3 386 3.5 0.9 457 5.5 1.4
Ser 375 6.6 1.7 253 ND - 235 ND - 726 3.2 0.4 522 0.7 0.1 560 5.9 1.2
Gln 10 MD - 21 MD - 11 oy 5.9 69 0.8 1.1 161 4.4 2.7 308 ND -

Thr 165 ND - 106 ND - 533 ND - 504 ND» - 353 ND - 831 ND -

Gly 308 - - 231 - - 250 0.0 332 0.0 253 0.0 140 -

His 2185 MD - 179 MD - 221 ND - 431 MD - 177 7.2 3.9 223 ND -

Ala 1000 5243 344 922 TBG 7.6 T80 Th.3 8.6 1130 1v1.8 13.2 1048 843 7.4 1122 93.5 7.7
Arg 933 4.9 0.b 301 21.8 2.6 743 16.9 2.2 268 54.7 195 724 247 3.3 894 10.2 1.1
Tyr 1864 549 2238 1485 581 285 127.1 355 21.8 391.3 234 5.6 1324 106.8 44.6 177.5 443 20.0
Val 13 3.1 19.3 24 ND - z20 ND - 9 ND» - 25 ND - 55 ND -

Met 35 MD - 40 MD - 8 ND - 28 MD - 7 ND - 23 ND -

Trp 32.1 MD - 15.9 MD - 17.9 ND - 15.9 MD - 36.1 ND - 55.1 ND -

Fhe 133 ND - 111 ND - 77 ND - 382 ND» - 114 ND - 166 ND -

lle 80 ND - 27 ND - 13 ND - 220 ND» - 38 ND - 32 ND -

Leu 10 MND - ND MND - MND ND - ND MD - ND ND - ND ND -

Lys 187 0.4 0.2 165 1.4 0.9 11 ND - 445 0.6 0.1 41 ND - 9 1.0 10.0
Cys ND - - ND - - MND - ND - 18 - 26 -

Pro 961 ND - 508 ND - 560 ND - 1020 1.1 0.1 709 ND - 871 ND -

Table 5 Basic properties of the twenty sakes that contained the highest amounts of D-amino acids after three months storage at 25C

Area of Specific . : SMV value  Acidity Amino ackl PGIL.ShmE Aleshol
Rank g No. cluss Rice species Nikonsyudo” * Sande” value ratio (%) content Remark
P ki " Aminosando” " Seimaibuai’ (%)
1 Ehime 2104 * funmai’ ~ -61 2 = 65 9.5 " Sekishoku Seishu Kobo"
2 Shimane 5101 " Futuu” - -13.5 2.3 N 70 14-15 " Sekishoku Seishu Kobo"
3 Yamaguchi 1002 “unmai Ginjo " “Yamadanishiki" 6 1.2 - 50 15-16
" Okayama Hakutou
4 Okayama 5001 “ funmaf" “Akebone” =50 3.2 1.4 65 13 Kobao"
" Sekishoku Seishu Kobo"

5  Wakayama 4501 “funmai Ginjo " - -3 1.4 1.4 55 19 -

6 Toyama 2604 * funmal” = 5 1.3 1.2 50 15-16 -

7  Fukushima 4901 " funmal" “Gohyakumangoky” -50 8 2.5 60 8.2 " Sekishoku Seishu Koba"
8  Wakayama 4502 Junmai Ginjo " “Bizenomachi’ ] 1.5 2 55,60 18 “Kyoukai Kobo(No. 9)"
9 Shimane 2201 " Junmai Daiginjo™ “Yamadanishiki” 4 1.6 - 45 16~17 o

10 Shizuoka 4602 funmai Ginjo " “Homarefui' 1.3 - 55 16-17 -

11 Gifu 1403 * Junmai Daiginjo” “Miyamanishiki® 11 - 45 15-16 -

12 Tochigi 4301 “funmai Ginjo " “Wakamizu" 4 1.4 0.9 55 16-17 -

13 Kanagawa 2302 " funmai” “Yamadanishiki® 16 2.14 = 70 19-20 =

14 Hyogo 0105 " Honjozo" - 3.5 1.4 - 70 15 -

s “Mivamanishiki"80%

15 MNagano 0303 Ginjo Hitogokochl 20% 2 1.6 1.1 b5 18

16 Hyogo 0103 * Futuu” - 1 1 0.8 78 12.5 =

17 MNagano 3501 " Honjozo" - 1 21 1.4 60 14 =

18 Chiba 4401 “ funmas" Organic rice -38 8 4.9 90-93 6-15 -

19  Tokushima 3203 " Ginjo" o 5 1.7 ] 58 18.5 =
20 Tochigi 4303 funmai Gingo " “Bizenomachi” 4 1.4 0.9 50 16-17 -
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