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Summary

We used high-performance liquid chromatography to measure the concentration of D- and L-amino acids in 7 bottles of

black vinegar produced by traditional field fermentation with an Aman pot in Fukuyama-Cho, Kagoshima, Japan. The

data for the traditional black vinegar were compared with the data for bottles of black vinegar and rice vinegar pro-

duced by a modern fermentation method in a plant as well as black vinegar #001 that had been used to pickle 9 different

fruits, such as blueberries, mandarin oranges, and apples, Japanese plums, green umes, persimmons, strawberries, acero-

las, and pineapples. We found that D-Asn, D-Thr, D-Arg, D-Met, D-Trp, D-Ile, D-Lys, and L-Gln were specifically contained in

black vinegar. The D- and L-amino acid concentrations in black vinegar were generally higher than the concentrations in

rice vinegar. The D-amino acids with the highest concentrations in the analyzed traditional black vinegar samples pro-

duced by Fukuyama Kurozu Co. Ltd. were Glu, Ser, His, Ala, Val, and Pro. The use of black vinegar to pickle fruits gen-

erally increased the concentrations of D-amino acids of the vinegar, with Japanese plums providing the largest effect.
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Table 1 D-and L-amino acid content of black vinegar (Kurozu) and rice vinegar (Komezu)

No. Kurozu#001 Kurozu#002 Kurozu#003 Kuroz#004 Kurozu#011 Kurozu#016 Kurozw#017 Kurozu#015 Komezu

ripening period 2years Syears 2years 3years 1~1.5years 1~2years not clear not clear 1month

raw materials brown rice brown rice brown rice, soybeans  brown rice, soybeans brown rice brown rice brown rice brown rice polished rice
AA LAA D-AA LAA D-AA LAA D-AA LAA D-AA LAA D-AA LAA D-AA LAA D-AA LAA D-AA LAA  DAA

(mol) (umol) (wmol) (umol) (mol) (umol) (mol) (umol) (mol)

Asp 186.3 65.3 973.1 193.2 5224 109.5 8372 1877 4982 172.1 815.6 197.8 1790.5 157.0 1463.4 352 178.5 43
Glu 269.1 116.7 821.2  102.0 386.1 116.2 9472 203.1 1091.8  273.4 868.6  146.0 2283.6 717 1706.1  27.6 239.9 3.4
Asn 3239 N.D. 166.7 N.D. 313.8 N.D. 521.1 N.D. 163.4 N.D. 2279 20.7 83.2 N.D. 774.5 13.9 164.8 N.D.
Ser 2934.6  122.5 2339.2  307.2 4200.8  217.6 3971.1  149.2 2655.6  65.6 26052 94.0 2217.6 752 1410.9 1.1 179.9 1.0
Gln N.D. N.D. 32 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 13.4 N.D. 3.8 N.D. N.D. N.D.
Thr 7226.1 N.D. 32944 N.D. 3829.1 N.D. 3515.7 N.D. 2061.9 N.D. 3809.5 N.D. 1767.7  N.D. 9354  N.D. 76.7 N.D.
Gly 6502.0 5950.3 6725.0 5715.7 2823.6 6730.2 4050.0 758.3 12.4
His 284.5 78.9 281.5 40.3 139.1 41.3 281.9  105.1 148.0 61.3 99.0 N.D. 326.6 36.9 365.0 N.D. 44.2 8.5
Ala 7818.0 3376.8 6841.0 2695.4 8188.2 3348.0 8305.5 3237.1 6883.4 2605.5 7788.5 2811.9 59409 887.0 3397.6 27.0 525.5 29
Arg 52.4 1.0 229.1 7.4 36.8 N.D. 72.7 5.5 26.1 N.D. 122.6  N.D. 1705.5 6.5 1556.8  N.D. 616.3  N.D.
Tyr 70.6 N.D. 531.8 233 65.4 18.4 144.0 30.3 119.1 16.1 209.4 N.D. 1664.7 28.1 1065.9 31.8 178.2 0.9
Val 4402.5  79.3 34532 729 4900.6  94.6 5318.7 141.7 3737.0 110.8 3465.1  61.8 2823.0 121.1 1956.2  107.4 227.5 28.4
Met 2523 N.D. 131.1 N.D. 305.4 N.D. 363.7 N.D. 290.4 N.D. 204.6 N.D. 235.4 N.D. 169.7 N.D. 11.0 N.D.
Trp N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Phe 1219.5 109 921.0 21.5 1168.9 9.7 1706.7 8.7 883.5 2.0 833.9 4.6 1928.8 4.6 1276.7 26 2259 5.9
Ile 2690.5 10.8 2062.4 14.4 3131.3 N.D. 3629.5 13.0 2240.9 44.5 2128.2 8.5 1325.9 2.5 1117.4  N.D. 134.3 N.D.
Leu 42209  67.1 3519.3  83.6 4899.6  71.0 5950.1 479 37952 109.0 3556.5  39.8 3898.0 10.2 2466.9 2.6 501.2 0.9
Lys 1816.2 71.2 1686.1 97.3 859.9 63.0 1517.1 68.8 881.8 66.4 1699.4 18.4 914.9 7.4 943.5 8.0 258.3 N.D.
Cys 66.1 27.1 11.3 62.9 24.0 47.0 78.9 15.6
Pro 2605.9 60.4 2251.3  107.2 3492.1 36.9 3776.9  153.7 2238.4 10.8 2634.1 25.5 954.3 39.9 1748.6 59.6 299.0 17.8
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A: Comparison of D-Glu, D-Ser, D-Val, D-His and D-Pro in black vinegar (Kurozu) and rice vinegar (Komezu)
Symbols: [ ], Kurozu#001; . Kurozu#002; B3, Kurozu#003; I, Kurozu#004; [ ], Kurozu#011; [[[]. Kurozu#016;

V. Kurozu#017: [ ], Kurozu#015; \N. Komezu

B: Comparison of D-Ala in black vinegar (Kurozu) and rice vinegar (Komezu)
Symbols: [ ], Kurozu#001; [, Kurozu#002; EH, Kurozu#003; . Kurozu#004; [], Kurozu#011; [[[]. Kurozu#016;

V. Kurozu#017; [ ], Kurozu#015; N, Komezu
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Table 2 D- and L-Amino acid content of black vinegar pickled with various fruits

blueberry mandarin orange apple Jjapanese plum green ume persimmon strawberry acerola pineapple
AA L-AA D-AA L-AA D-AA L-AA D-AA L-AA D-AA D-AA L-AA D-AA L-AA D-AA L-AA D-AA L-AA D-AA
(umoll) (umol/l) (umol/l (umoll) (umol/l) (umol/l) (umol/h (umoll) (umol/l)

Asp 237.6 102.9 638.4 88.5 1021.5 97.8 279.9 93.6 69.2 330.3 76.6 419.0 71.1 445.1 80.7 262.6 94.4
Glu 317.1 56.0 436.2 52.7 3222 54.1 298.1 62.7 41.0 2158 51.1 284.9 50.2 269.0 454 4342 54.6
Asn 1233.6 N.D. 3192.0 N.D. 1449.8 N.D. 1765.8 N.D. 9756.9 N.D. 158.4 N.D. 4832.0 N.D. 2304.2 N.D. 2842.6 N.D.
Ser 1178.5 46.8 1625.1 44.8 1157.1 36.5 1237.8 51.7 40.2 980.4 43.0 1371.1 419 1193.4 44.0 1500.4 40.0
Gln 5.1 N.D. 522 N.D. 178.8 N.D. 20.0 N.D. N.D. 296.4 N.D. 2788.9 N.D. 13.2 N.D. 20.1 N.D.
Thr 2836.7 N.D. 1718.0 N.D. 1386.6 N.D. 1161.3 N.D. N.D. 813.8 N.D. 967.3 N.D. 990.8 N.D. 832.8 N.D
Gly 1633.9 26183 2480.7 2215.7 540.6 1472.7 1040.8 917.9

His 180.6 N.D. 182.9 N.D. 157.5 N.D. 211.0 N.D. N.D. 182.7 N.D. 180.3 N.D. 142.7 N.D. 310.8 N.D.
Ala 3075.8 10333 3433.5 838.8 3034.1 972.7 32935 1151.0 33483  1074.1 31253 1001.4 4229.8 923.6 42248 12273 41962 1016.4
Arg 1563.2 N.D. 2866.9 N.D. 2780.5 N.D. 2442.8 N.D. 25.76 533.1 45.0 309.4 N.D. 1092.0 N.D. 1030.4 N.D.
Tyr 79.8 N.D. 129.4 4.5 67.5 N.D. 92.8 N.D. 8.2 88.3 11.0 182.5 N.D. 47.4 N.D. 238.7 N.D.
Val 1411.2 10.8 1513.6 26.7 1407.8 26.6 1649.7 47.6 55.4 1585.2 67.6 1412.7 52 1677.0 59.2 1706.8 92.3
Met 107.4 N.D. 86.7 N.D. 76.7 N.D. 83.1 N.D. N.D. 82.6 N.D. 44.6 N.D. 63.6 N.D. 94.5 N.D
Trp N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 78.3 N.D. N.D. N.D. N.D. N.D
Phe 434.0 3.0 458.0 2.8 428.1 3.1 4373 35 7.4 4333 1.8 4355 0.9 401.4 N.D. 554.9 N.D.
Tle 905.2 39 948.7 5.1 914.5 39 1052.2 5.1 4.5 999.3 4.8 878.5 39 1058.3 39 1093.2 4.7
Leu 1423.2 10.7 1528.8 213 14142 11.4 1632.6 15.8 19.6 1566.9 11.3 1307.3 0.1 1765.2 10.0 1771.7 15.8
Lys 168.4 3.4 117.2 1.9 626.4 5.4 462.4 39 32 99.2 12.0 1149 399 655.6 13.6 7483 14.3
Cys 74 384 30.2 452 48.5 415 15.7 17.9

Pro 1130.5 1.1 1890.6 18.1 1159.2 1.1 1571.8 1.5 1.6 1170.1 1.6 1665.3 36.5 2923.8 19.6 27193 19.3
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