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Summary

The aim of this study was to investigate the influence of D-amino acids (D-AAs) on the food flavor profile of fer-
mented foods. First, the content of fifteen D-AAs in eight soy sauces, eight soybean pastes and eight cheeses were
analyzed by the HPLC method using derivatization reagents. Ten D-AAs in the soy sauces, ten D-AAs in the soy-
bean pastes and twelve D-AAs in the cheeses were detected, and the minimum value of total D-AA concentration
among the all foods was 1.3 mM. Second, two sensory evaluations by the Constant stimuli method and the Time-
Intensity method were conducted to evaluate the influence of the D-amino acids at 1 mM concentrations on the pro-
Five basic taste solutions (0.025%
citric acid, 0.075% caffeine, 1% NaCl, 4% sucrose, and 0.5% MSG) were prepared, to which were added 1 mM D-AA.

From the results of the sensory evaluations, we found that D-Asp significantly suppressed sourness and bitterness,

file of the five basic tastes (sourness, bitterness, saltiness, sweetness, and umami).

and that D-Pro strengthened continuity, sweetness, and umami compared with L-enantiomer.

These results suggest

that D-AAs play crucial roles in the fundamental tastes of fermented foods.
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Fig. 1 Comparison of Time Intensity curves
Sourness (citric acid solution by the addition of Asp)

Table 1 D-amino acid concentration in soy sauces, soybean pastes, and cheeses

Number of

D-amino acid concentration (mM)

Sample samples Value Ala Arg Asn Asp GIn Glu TIle Leu Lys Phe Ser Val Thr Tyr Pro Total
Soy sauce 8 Ave. 16 03 00 09 04 10 — 01 03 — O1I 01 — — — 49
sb 07 02 00 03 02 02 — 01 02 — 01 02 — — — 13
Max. 25 07 01 14 09 14 nd 03 05 nd 03 05 nd nd nd 72
Min. 07 nd. nd 05 nd 07 nd nd nd nd nd nd nd nd nd 32
Soybean paste 8 Ave. 07 — 01 02 — 02 01 01 — 01 01 00 — 01 — 17
sb o6 — 00 00 — 00 00 00 — 00 00 01 — 00 — 06
Max. 18 nd. 01 03 nd 02 01 02 nd 02 02 01 nd 02 nd 27
Min. 01 nd 00 02 nd 02 00 01 nd 01 01 nd nd 01 nd 13
Cheese 8 Ave. 58 04 00 44 00 48 01 01 03 — 02 01 — — 03 158
sb 37 03 01 31 00 32 01 01 05 — 03 01 — — 03 108
Max. 126 10 02 98 01 98 02 04 11 nd 07 03 nd nd 10 325
Min. 09 01 nd 01 nd 02 nd nd nd nd nd nd nd nd nd 24

n.d. : not detected
— : not applicable
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Fig. 2 Comparison of Time Intensity curves
Bitterness (caffeine solution by the addition of Asp)
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Fig. 3 Comparison of Time Intensity curves
Saltiness (NaCl solution by the addition of Glu)
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Fig. 4 Comparison of Time Intensity curves
Sweetness (sucrose solution by the addition of Pro)



Table 2 Comparison of PSE concentration
(a) Citric acid solution by the addition of Asp (sourness)

Conc. of pure citric acid ~ The number of =~ The number of ~ r/n  regression o,y Confidence
Sample [A] sample [B] (%) total test (n)  test (B> Al () (%) e’ TOEOO) i erval (%)
0019 16 0 00
Citric acid soln 0.025%) + 0.021 16 7 438
itric acid soln.(0.025%) 0023 16 15 938 Y=975X-207 00213 00207-00219
1 mM D-Asp
0025 16 16 1000
0028 16 16 1000
0019 16 0 00
Cittic acid soln(0.025% ) + 0021 16 1 63
itric acid soln.(0.025% ) 0023 16 9 563 Y=975X-222 00227 0.0222-0.0233
1 mM L-Asp
0025 16 16 1000
0028 16 16 1000

(b) Caffeine solution by the addition of Asp (bitterness)

Conc. of pure caffeine ~ The number of ~ The number of r/n regression PSE Confidence

Sample [A] sample [B] (%) total test (n)  test [B> Al () (%) line? (%) interval (%)
0.056 16 0 00
Caffeine <ol 0075%) + 0.062 16 5 313
affeine soln(0.075%) 0.068 16 15 938 Y=352X-224 00635 0.0618-0.0652
1 mM D-Asp
0075 16 16 100.0
0083 16 16 100.0
0.056 16 0 00
Caffeine <ol 0075% ) + 0.062 16 1 6.3
affeine soln.(0.075% ) 0.068 16 5 313 Y=202X-201 00686 0.0668-0.0709
1 mM L-Asp
0075 16 16 1000
0083 16 16 1000

(¢) NaCl solution by the addition of Glu (saltiness)

Conc. of pure NaCl The number of  The number of r/n regression PSE Confidence

Sample [A] sample [B] (%) total test (n)  test [B>A] (1) (%) line® (%) interval(%)
086 16 0 00
Nl a1 + 091 16 1 6.3
aCl soln(1%) 095 16 11 688 Y=514X-483 0940  0929-0953
1 mM D-Glu
1.00 16 16 100.0
1.05 16 16 100.0
086 16 0 00
N . 091 16 1 6.3
aCl soln(1%) + 095 16 5 313 Y=425X-407 0955  0943-0971
1 mM L-Glu
1.00 16 16 100.0
105 16 16 100.0

VY = Probit, X = Conc. of pure citric acid sample (%)
?Y = Probit, X = Conc. of pure caffeine sample (%)
?Y = Probit, X = Conc. of pure NaCl sample (%)
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Fig. 5 Comparison of Time Intensity curves
Umami (MSG solution by the addition of Pro)



z =

TR RE RO D- 7 3 7 BEIZD W Tl Mori 5 %Y D-
To=Y, D-UVY I VBOFEEREL TS Y, #
DM D-7 I JBIZOWTIE, ST OEEN WD,
ARG X D P72, Wi D-79=>, D-7
VE I VERUNDSHED D- 7 I JBIFHELTWS S
LSRR S Nz B, HRIEB L OF— X ITBW T4 &
D-7 XV BHAEE NS F 2 BRI FEEE TRk TR
W BEY DT~ —VICLrEBLEEZON, $727
I BREOEVIIE L ICAT ST v —EOIE R
I Ebhs, —fl& LTl kg, F—Xi3dk
BMLTCL- AL = UPHFEAETHICD DS T D- AL
T U EN TV, BEOHRETH D- AL 4=
YOSMEERBLTCVAERETA VY, 2O afiE?, B
BEY, HAMWE " I2BWCTD- ALt = Vi3IBS TES
F, R RIETIHEBWTAL =258 3bT55E
< —EBOEGMENZ EHENE NS,

BTN, BRI, F— Ao D- 7 3 BOGHE R
XV, 1 mMIZBUISD-7 3 BEEAROREIZ KT
THEEZFN L7z TOME, 1 mM D D-T AT X
WEASHER & EIRIZ, D- 7V ¥ 3 YEAEERIC, D- 71
VY ATHIRE D FRISH LIRBEBHiRI R 2§ 5 Z & 2%k
RENTz. BREIRE X OWREIRICBIT S D- 7 AT
FUBRRMEEE L- 7 A8T X 2 BRI O S 1% o 72
F130.0014% & 00051% TH H, ZHZENILHEEEOWEREE
Ak N o 7228 (BRI (7 = ¥ BRI 1 0.002 ~

0.003%, FWHREW (77 =4 ) 10006 ~ 0.008%),

B8RV & D) BAINX OB GRIE DB S N5 1
EOFEVEESNZ, 270 VRN O Time
Intensity Curve £ 0, D- 710 YiZBWTHRAI-H
B L0 FHROFHIL, BRRKEE (K—20/%) ~0
WEINEWZ LS, D-70Y) YORICIZAZ a—
AR MSG OREE FIF 72356 DWRDOZAL & 1358 7% 258
W B T EHIRE I NI,
TN, 141 FEH O 0 AR OH R EEMRS 5 & &
D-7 I/ BEROEWSHENICLY, D-TF=>, D-
TFTANGSEUE D-7 Vs I VBOGERNFHARBED
strong taste ICEEEEZ 5.2 5 LML TWb, T2 HAM
NDL-T7I7=vEDL-7TI5=VvORMAELY, L-7
FZEDBD-TIT= VI FREM EEELRRSD
% LIRRT W5 o REFFEDFEARMIEIN BT 5 HReaHifi &
ZN 5 O HARIEIZ B 2 F RGN E-AMi 2558 % % 720
HAICHBIZTE WS, WEIZHLTD-7ARTF
BBIUD- VI VBBIKLAOT I VLR L%
Ba 52 DRERSE LN T, RFEIZZIN S Onf3E
WRE LT AIMEL 2o TWD, — TREMPIHAAET
LIREEICBIT S D- 7u Y v OMEBHIR T 5
o F o, RUFEAWDTTH %, Shiffman 5
OH}ETIED- 71y Y ORMEIX 604 mM TH 5L Lh

5 Y SNfER SN D-7aY v OWEIEHIR) LT
TORMPEZRIE L 720

SEHE L7z 24 BEOAENRAHIETD-7 I VRO
WEHBRP 1 mM Z2BZTBY, F2D-TANRTF U
DEHEN 1T mM 22 TV S EREA 10 (G 3 i,
F—XTH), D-Z V¥ I VBOGHERERN L mM %82
TWhRE 128 (a6 fl, +—X6fE), D- 71
COGHBNF I MM EBATWER1HE (F7—X)
BHolzo HIGHT L7z, W, F—XDANCD, FEE
HE VR Nut 3 afif Ve SRk e SRR, PURANT
I mM %22 D-73/BrAHENTwi, BmD%
B TAR, Bl TR CIRIMAED BRI X 2 B LM UG
RRXA T — FRIBR EDILERIGIZ L ) _RTF R 920 %
AL G — RRTH A4 FL2DHp gl LIRE IS 5 2 Tw
HIEREPMONTELD, RUFEICLD IS DA
B & FRRIC, D-7 3 7 BR O IRIL < FEREE S, PO
DOWHEIHE L TV AW REMEAVR S N7

AW TIE—H & D D- 7 3/ BOWHIBH)F %
AR L 722, WRESEIZIRE AT S D- 7 3 BIGESTh
WCHBAAAET 5 EEETICREIER T2 2 & 2R L C
W E, —flE LT, D-TANTE U, D-7 V¥ 3
VB, D-7u) Y BIXUOD-TIZvERMNLEZED
Wik, WMLTLAWZIE2wRe& LAEZRML 21T
OWEN YL, —REDOHBIARLHhERDWICRLI LR
R LTV h AMOFREE TR TN - &40
BWLEZED, BOEPZZAEANT2OICIERFICERE
RIHRTHY, AFEICL)INLOTREFIZAERT S
D-7 3 VBOWHE~NOBHGARBEINTZ Lh 5, 514,
BEWZRER S & D- 7 3 7 BOWESH O FEETE I
DWTHIBEZ HED TV & 72,

SEW

D M2 Psad, BT (2006) FF3dB L OR
oo D-7 3V BROERGI EHMIZBE TS D-7
I B oA R Trace Nutrients Research
23 1 1-4.

2) Palla G, Marchelli R, Dossena A, Casnati G(1989)
Occurrence of D-amino acids in food. Detection by
capillary gas chromatography and by reversed-
phase high-performance liquid chromatography
with L- phenylalaninamides as chiral selectors. ]
Chromatogr 475: 45-53.

3) Gogami Y, Ito K, Kamitani Y, Matsushima Y,
Oikawa T(2009) Occurrence of D-serine in rice and
characterization of rice serine racemase.
Phytochemistry 70:380-387.

4) Briickner H, Hausch M(1989) Gas Chromatographic
detection of D-amino acids as common constituents
of fermented foods. Chromatographia 28:487-492.



5)

6)

7)

8)

9)

10)

11)

12)

Erbe T, Brickner H(1998) Chiral amino acid
analysis of vinegars using gas chromatography -
selected ion monitoring mass spectrometry. Z
Lebensm Unters F A 207: 400-409.

MH2 B0, B TR, 23k (2011)
HEE R OOKEEF O D- RO L- 7 X/ B O & = Y g7
Trace Nutrients Research 29 : 62-66.

Gogami Y, Okada K, Oikawa T(2011) High-
performance liquid chromatography analysis of
naturally occurring D-amino acids in sake. ]
Chromatogr B 879: 3259-3267.

MR ME2BY, HUEM, #EONEZ, &)
K (2012) Afr, FLRRNANINARL, HEEHE D © HA
HEEE TP O D-7 3 7 o EmIEN. Trace
Nutrients Research 29 : 1-6.

Schiffman S, Sennewald K, Gagnon J(1981)
Comparison of taste qualities and thresholds of D-
and L- amino acids. Physiol behav 27: 51-59.
Kawai M, Sekine-Hayakawa Y. Okiyama A,
Ninomiya Y(2012) Gustatory sensation of L-and
D-amino acids in humans. Amino Acids 43: 2349-
2358.

Okada K, Gogami Y, Oikawa T(2013) Principal
component analysis of the relationship between
the D-amino acid concentrations and the taste of
the sake. Amino Acids 44: 489-498.

Briickner H, Haasmann S, Langer M, Westhauser T,
Wittner R(1994) Liquid chromatographic
determination of D- and L-amino acids by
derivatization with o-phthaldialdehyde and chiral
thiols: Applications with reference to biosciences. ]
chromatogr A 666: 259-273.

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

Einarsson S, Josefsson B, Moeller P, Sanchez
D(1987) Separation of amino acid enantiomers and
chiral amines using precolumn derivatization with
( + )-1<(9-fluorenyl)ethyl chloroformate and reversed-
phase liquid chromatography. Anal chem 59: 1191-
1195.

HAERERHE= 2 (1999)
#t, WL pp.52-53.
ANHRFLF, AR, ILAREHE (1974) FrHURE T
AN T = BIZDWT. BT RAE ARSI SErT
3 418 ¢ 8-21.

WINFET (20000 BWL S 2L AMHERERAEDT
B, sEdBE, A pp.69-T1.

AIRvaRE, PEAECE, TCECE, SHET (1994)
EITNT ¥ OBEFKIFERT F FOHERRII LT TR
HAZBUARRE 45 1 797-801.

Mori M, Ito Y, Nagasawa T(2010) Content of free
D-Ala and D-Glu in traditional Asian fermented
seasonings. ] Nutr Sci Vitaminol 56:428-435.
HEFE, CPHPIBA, R EWEL NS (1996) 7
XY NR—NF = XA BT B 5 28y B R. H
ARE iR LAaEk 43 1 703-711

PEAHRIE (2003) EMOERBIKIZBITEXTF FO
&, HAWHER SRS 36 1 52-62.

A (2004) RO LK HARKEHW
FAE 11 1 165-174.

Ogasawara M, Yamada Y, Egi M(2006) Taste
enhancer from the long-term ripening of miso
(soybean paste). Food Chem 99:736-741.

I, MR, HIBH T (2013) D-7 3 /BRI
HHL7: [ SBREIRMAE PD-400, MD-400]) @ Z#isr.
H¥7 =T IH)v 341 : 18-21.

FERFAL T F 2 b, AL



