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Progress in Research on the Formation Mechanism and Physiological Functions of D-Amino Acids in Foods

GAO Li, XU Piao, REN Jiaoyan™
(School of Food Science and Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract: Among the 20 proteinogenic amino acids, 19 can exist in two stereoisomeric forms, D- and L-enantiomers except
glycine. According to conventional theory, L-amino acids are the main body involved in life activities, while little attention
has been paid to the existence and physiological activity of D-amino acids in organisms. With the development of analytical
technologies for chiral amino acids, a large number of D-amino acids and bioactive peptides containing D-amino acids have
been found in various organisms, including mammals, plants, microorganisms and humans. D-amino acids possess unique
physiological activities such as neural signal transduction, hormone regulation, antibacterial effect and immune regulation.
Daily diet is an important source of D-amino acids for humans, and the daily average supply of D-amino acids for humans is
about 100 mg. D-amino acids in foods mainly origin from processing conditions such as fermentation, high temperature and
certain pH, along with a small amount from food raw materials. At present, emerging functional foods with D-amino acids
as the major component have begun to appear in the market. D-amino acids hold great potential that deserves to be explored
further and are expected to be an important ingredient for the development of new functional foods in the future.
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Fig.1  Diagram of stereoscopic configuration of L-/D-amino acids
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D-NEM . D-REEMR. D-BREARMN &0 &k
53.8%. 40.3%. 24.2%"". MU, D-ZIERRAE N
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Table1 Contents of D-amino acids in natural foods
D_ﬁgm ﬁﬁﬁ;&: ﬁ%ﬂl LH:%W m*ﬁ{&l i‘,‘%wl ﬁﬁ‘flm ﬁm[?l /i\-mm ﬁﬁm E@Eé%m %a;&[‘ﬂ
DR %l 159mglg 1.3 mg/100 g 2.9 umol/L 437umol/L  40pmol/L 3.6 umol/L 84 pumol/L  12.0 umol/L  14.9 umol/kg
& 22%~6.2% 40.2% 2.9% 27% 0.8% 0.6% 0.9% 0.4% 0.8% 0.9%
Yt AspHIAST: 3 b Soumoll 7Sumol  SSumolL  RimolL  39umolL 162 umoll 8.9 umol/kg
D-FAE® 11.1 mg/100 g ) ' ' ’ ' ' ' ’
MR AspflAsn: 1.7% AspMlAsn: 102%  04% 1.1% 0.5% 1.4% 1.5% 0.5% 0.9%
St 14.6 yumol/L. ~ 24.7 umol/L  15.5 umol/L 33.9 umol/L 23.5 umol/k;
DF A = p p pmi [ umol/kg
Hw 0.7% 47% 0.7% 1.8%
o GluAlIGln:
Q B
DA %l 35mg/l00 g 34umol/L  3.0pumol/L 8.6 umol/L 49pmol/L.  17.1 ymol/L  10.6 pmol/kg
HAE  GlufiGln: 5.9% GufliGIn: 35%  0.5% 0.5% 0.4% 0.5% 2.4%
. VR 85umol/L  1.7umol/L 7.3 umol/L 51.8 pumol/k,
DR . U p p umol/kg
X 0.2% 0.4% 0.3% 1.6%
e, UINE 2.0 mg/100 25umol/. 1.4 pmol/lL
DA . g/100 g p p
X 2.6% 0.5%
o N 0.5 mg/100
DRFEAM ., e e
il 1.0%
BN
DR/ =
Hw 0.1%
DA BN 0.9 mg/100 g 125umol/  55umol/L  6.8umol/L 5.9 umol/L
i
' HR R 21% 04% 0.9% 03%
o AR 1.1 mg/100
DANARE . v e
Hiw & 3.0% 23%
DA Ykt 43mg/100g 3.4 umol/L 12.2 pmol/L 3.1 pmol/L 17.1 pmol/L. 10.8 pmol/kg
- Hiw & 1.5% 8.7% 1.7% 0.9% 0.8% 0.6% 0.7%
L i 1.1 mg/100
D-BEW f‘f‘ erne
Hiw & 25%
A&
D4 ,@Xfi@ 142mglg  1.0mg/100 g 23 umol/L 2.6 ymol/L
Hw & 0.4% 36.5% 1.9% 0.6%
Akt 0.1 mg/100
pagm IR meTe
GiiboEo 0.5%
Yk
D-fER
’ AR 54%
e AN 4,63 mglg
DR , ¢
GiiboEo 13.6%
Gl i GC-MS HPLC HPLC GC-MS GC-MS GC-MS GC-MS GC-MS GC-MS GC-MS GC-MS

e AR D-EEERR 5 D-B IR M L-F AR T s R A GC-MS.SUMH (-7 i

(high performance liquid chromatography, HPLC) .

D-RAGHTE (0.8%) "9, AbeZ5"WlIE T 60 Fl & 1% i %
PGS D- R R, B D-Z I ND-TH AR
D- KA RMD-R 18, T LD- N2 R & & e
ERERNE, ZHD-HER (BRD-HEMRMD-K %
RSN BATRIvR, X F R EE A A 1 Rk B AT AURE 1
TURR! 2, B R B R M D-E R S B
F2MRIFIR.
12 IRFEFpHIE

B T TEAH G 1 AL R AT R S D-E R IR AN, iR
pHAEL AN/ BN G A 0] 5 5 6 AR I L- S 2 R R AR AT
BEARTT T BeD-ZA PR -

(gas chromatography mass spectrometry) ; HPLC. /= 2B e i

AR R A AR 5 1 H AR R 3 A D- T =R
D-RERAM. D-BRAMKR D-HIE . D-F %R .
D-ZENA. D-24% /. D-SE . D-FSE ML B
ERKE S D-HERR (21%~15.1%) « D-REXREIR
(0.3%~10.9%)  D-BEIE (0.4%~54.2%) W1
SE AT REERCKRED . SR EM, #8K
WAL I AR bR SRR S S, RIS AR RpHAE 2 BEE
AT A RE KT BRI, D- R AR 1) & b 52 pHAE 1 52
Wi D-RAZIRAEpH 4.00F (1) 5 EE (11.3%) =T pH 5.6
(5.1%) o BRAFECK A D-Z 5 R & 285 T #e 2 H
AR pHAE N & BB R ARSI 1Y . 2B f8 e B
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Table2  Contents of D-amino acids in dairy products
D-F MM RN AREmT R it g 45! FLiE & E KR! TRFL (kefir) 1 e g
DA %) i 0.54 mg/L 0.21 mg/L 0.31 mg/L 66.4 nglg 3.1 pglg 97.5 umol/L
A T 3.61% 1.38% 1.54% 16.1%~48.1%
L YN AspfllAsn: 3.5 pg/ 19.6 umol/L
D-RAZAR o p uglg p
AR 13.9%~46.3%
. 265 Gluf1Gln: 5.0ug/ 32.7 umol/L
D4R i~ ug/e p
AN 10.9%~26.6%
DR FAGRORs 1.08 mg/L 1.43 mg/L 3.6 mg/L 143.3 pglg 1.1 pglg
AR s 12.2% 36.4% 33.3%
. 2%} 4.1 nglg
D-RE=E S
v R R -
) 2% 60.6 pug/g
D-JiZ R o
AR
HAGROR 72.3 pglg 4.7 umol/L
D-FE B o
: AT
Q g =N
DR /ﬁﬁf 0.72 mg/L 0.75 mg/L 0.14 mg/L 0.2 nglg 4.0 pmol/L
ARXS 1.78% 1.73% 0.35%
P %) i 0.18 mg/L 0.25 mg/L 0.72 mg/L
D-RYERR . ¢ ¢ ¢
ARXS & 4.76% 10.9% 12.9%
2kt 39.2 pg/ 0.3 pg/!
DA Tf pele pele
AR
FAGRORs 25.7 uglg
D-H R o
AN
RNy 129.3 pglg 0.9 ng/g
D- AR o
AR
2%} 13.9 ng/g
D-HRiA R
FBR 2 R IR
n HAGROR 4.32 mg/L 4.05 mg/L 2.70 mg/L
D-t/A - ne me me
AHXS 44.4% 47.4% 42.8%
250} 10 ng/g
D-J5 3R o
AF
[sRlpsRPR HPLC HPLC HPLC LC-MS/MS GC-MS LC-TOE-MS HPLC

VE: LC-MS.A (il A (liquid chromatography-mass spectrometry) ; LC-TOF-MS A (i~ "% A7 I (A S HE A (liquid chromatography time-of-

flight mass spectrometry)

Amadori EHE - WIERRVE SR AT EEEN1,2-EAL, 1
SR R R B2, 3- MRS, AT MR (1,2-A0
2,3-0 ) AT LA S BB S 7, #Inoue s > i
PR AN i 7085 - 2 1] F 5 A0 22 S 2 52 ) 28 6 R ) A1 9 e
J¥ . Taniguchi®F ™R FE 1 1A 7] fif R 5 R 1A 960 58 i
BD-ZIEME BN, 12 FiD-EIHER (D-HER .
D-RARAMR. D-BAM . D-2 %W D-=&K. D-57
SRR D-RABNG. D-AER. D-FHNER. D-K
AR D-BE R MR D- IR L) A & B A i i (7]
KT, HAE25 CTRMABIIR4 CRE, JLHRETE
25 CFD-NEMR . D-HERMD-FEZIR ) &t oyl mik
22.2%-. 23.4%H34.3%.

T — 72 U5 P AN p L I £ i 0 AR 38 AR i P Bl o 2 o il
SR A, L= () Amadorifb & 9 2 D- 2 22 1R

TE R — P T AR S 2, Paatzold 255" I AL Tk b o vl i
AT O HY (180 W 3 minE{700 W. 1 min) 4bRE
JG, D-BERGEEERN, HRHD-RELAR. D-N
HIR D-K R IRAND-7 2 R T ATE A4 5 v 4 4 0 10 175
G R . Patzold %542 H 1 AMH BEMLALEI Jy: 4
18 S Amadori EHE =T UG, SRR &0 I R
NAETFUGH . Amadori EH =Y 5 KA, JREEAL
A FITF N E R SR 1 a- T SR T R BUR 7, TR (R
Pesp’ F AL B B 1o X2k S BB AT R B4 T A
HITE o Y THI Bk G708 7 PR A O AT % 26 B R AL R B, AL
T 72 A BB 40 AT e B R FE R o 17 AP BE AR BT Bk T &
i ) Pty 22 ) A R Y A AT T A AN T R
W, D-FAEER G R AR m g . — R m e
R F U R A GAE150 'C RS 2 hig, D-ZIERRI
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Table 3  Contents of D-amino acids in other fermented foods
DEER ARAE WY ABERRET BERE AEEAURY R BRAERY BT [ BEY  pEGEY  oEEEY g we®  Eae g
o . 150~ 47~
g 12 2~ I~ 4 3 ~324 ~] o I~ o
DGR HittE 12935 umollL 12~50 umollL, 30~390 ymol/L 2033 moll. 1496 pmolL 34 4pmolL 411 pmollL 261 ol 7.8~5243 umollL 1~2 nmollg 0.72~7.69 pmollg
finta 2GA8% B~IS% 23%~42% 134% 34% 03% 08%~34%  04%~39%  29%~106%  11%~15% 2% LI6%~1410%
ST 10mol ~0moll ~0mol B4l D4mol @omoll 2 L~ 02~30 moll 002175 ol
DR ’ ' N 973 pmol/L ' ' ’ 106.0 pmol/L 6690 pmollL e 5L 1o pmotg
h 5 N 0 10l < < . e AswlAs AspfAs: AspfAsn: -
T e 23%~05%  03%~109%  25%~34% 35% 57% 04% L A A A 105%  0.03%~2120%
e 02> 9 umoll, QomaL T gyt
DFARE 52,0 pmollL ' . lo8umoll. ™ 7
ikl 09%~2.8% 13.1% 0.5% 03%~32%
5 4~ 160~132.00
ArE 403 umolL  4~26pmolL 14~60umoll 317~620umoll  O.dpmoll  TOpmolL 647 pmolL 92 4moll ol 5~12nmollg (.10~1.33 pmolg
L ~ "y - Y GluflGln: GlufIGin: GlufiGin: >
il LOB~14%  04%~542%  14%~23% 2% 24% 02% L v T 032%~705%
e MR 07~72 pmollL 6~24 nmollg
11— i s
il L1%~59%
DR SRE NSmmoll  3~29umoll  4~55umoll  126umollL 44~96umoll 155 umollL
T ime 06%~18%  02%~35% 03% 134% 3%
L. HnE 03~24 pmollL
DERE !
fitE 002%~010%  01%~07%  01%~02%  0.1%~09%
ponr HE 109moll  2umoll  2~9umolll 26~628 umollL
DSFER L
il 003 04%~08%
o DR 48 ymoll 15.7 pmollL 107 pmolL 30~107 pmolL
D-faR: o
il 06% 0.7%
DATER g 9~17pmolL  4~62umol.  82~29.5 ymollL SI~TTpmolL  82~315 ymollL
e 19%~45%  07%~124%  06%~12% 2R~ 0%  02%~43%  02%~10% 1% 23%
- HHE  150mmoll  6~22pmolL  8~89 umollL 18.9~645 umollL 164~295umolL ~ 0.7~116pmollL
e LO%~16%  03%~85%  10%~21% 01%~17%  07%~115%
- &g [Bumoll  15~19 pmollL 1950 pmolL,
T e 6% 30%~30%
- &g Bumoll  3~8 mollL 31~09.1 pmollL
il W% 02%~06% 26%~193% 09%
. ENE 04~4.9 ymollL
DEER .. .
il 01%~99%  03%~21%  05%~06%  06%
EEY 50~7.0 ol
= R
e
L BHE  60umoll 13~5.7 mollL
DTREE . R
iE 23%
&g 66~7.3 pmollL
DRER ..
e
Bl LCTORMS — HPLC HpLC UPLC UPLC UPLC UPLC LC-TOR-MS HPLC GCMS GCMS GC-MS HPLC  UPLC  HPLC

7E: UPLCBmRGH A (43 (ultra performance liquid chromatography) o

XS BT (D-IEER37.0%. D-RHE#R17.0% -
D-FEER11.7% D-REZTIRAD- KA E11.1% .
D-FREIRT.9% . D-22F1%5.8% D-=RA154.8% . D-HP
TIRA 3N FID-8HEIR1.2%) PV, PitzoldZEP Ml o] Af
D2 B TR A 95y 4 N ) Amadori P TE . IR A
BT SRR - L -2 T &R A B - D- 2R TR &R N ABRAIE, K5 —
FHAE200 C RN S5~60 minj, BT 11.7% D-HRHN AR

AI11.8% L-EHREIR™. 52 M3, . 565,

KR GEE. SR B A, 2D MEMIEAEY) (2
PIEDIE . FHSEMR. HRE. M5 L™, Zims
FES T e AN 28 228 S 4 s S 7 7 A P D- B R TR

FE— 2 MIBRE 26 AT, 5T SRR B AN o Pk it
TR BRI B OB BRI TS
JRF G, B ER R R AR R I D-FIL- XA (55
50% ) 2%, PRI B b0 T e R v R A A T 2
BEL-RIE IR U ID-E IR . WL Fokfo-FLis B A
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B-AFRE A o-BEE ¥ B A4 13 B 8 DA TR
A B R EMRAPH 9. 83 CHIREL F X M0.5~24 h
596 hjg K, K2 & IR R AT e A6 [ B M AR BR
D-R R, HrpERraEik. L&A KD M i
@Y WS aRERN, s aEiR, 2o
T R R LN SE AR IE I 10%, AN etk 1) 32 BEOR S H
MR TR ) CRERRRAL) o X T4E8
R, HAMH IR Z M EE AR 5 E A E AR
FA IR 2R DL BB 2 i BP0 RIONS B S D-'
B, HEEIL18.6~38.2mg/100 g, FEMD-EHIEMR N
D-REEWR . D-BEIE. D-2LZRAD-55 ™. ik
18, MR B A SRR E R (pH 8.3~10.3) Hr#ivibii
(121 °C) B HIAME HEFE B B 516, G UAL- 22 & i An
L-TN BRI e AR B i N B iR . 121 °C R In#435 min
J& BB T IR Ui B D- 22 SRR AL D- T &R 7 L 43 il 40
20%F11% . BEESEpHIEKI N, L-2%K. L-NER
T FI1L- R A T Jie 1) 0V e A Bl 2 386 o, 1T L- R 4 SRR 1
SMETEAERS A N, L- BB IMEREZ A K I
FLiR K B T2t 2 SR T 4 S L R (0 A 3 e A
ChangZ5 "' 53 1 FE35% A1 BR 3% w10 056 I8 1 B M 4% 1R Ak
N R ERE AL, R B TP S R BT e A AR Ik
N FIR>READIR > VAR > FHNAR > ZAR>
WiE g > A=A E W GHRERE RIS , T
R IR IV BB BT AR s REARR > B
B > KRR > 5o 2R > AR, 3 4e H R ANY
JiAk a5 M AV . pHAR RN AL BRI T 35 ) AH 56

2 RAPD-FERIIRN T B

FT ity D= IR FROASE I AT g7 ) o ot £ 5
Bk 7 R YR NE D- 2 S IR (¥ 8 IR A L2 A B D RESE 5 T )t
FEIEPEATT BRI (5 2
2.1 (e OO T/ e U E A

HPLCH J5U B AR Y A R 4t Il DR A R ARk
ISR N B [ R A 0 A v T 20 B A o A
IRy, B Ja e I & 58 A . 7 8 i D- 28 ZE IR X A
e, AN [R] R AS I 5 2 SR HPLC B UPLC A N EL
Ee P ICTES 2P

FLARIE AR I T T ] A AR T AT A2 R 1 5
V£, SRJETET PR E AH BN AR L 5 B S R R KT A
Sardella%" ML A6 T — B3 T T P 0 44 58 #0344 4
AN S S TR AR ) T ik, Y AT A Y 7 BIE2F T
PP D-INEIR . D-RZEIRAND-A &R I & A2 .
T 5 FH R I 5 ST e MY G R R o FRE e MRV P e
2, WA S FTHPLCH A AR (8 50l 2R

REAFBRANB ARG HAb R 72 4 X 70 JF, BRI
TEm T IRAE 73R & 70 [)AH-HPLC (B4 7%
FOGHEHIN ) AT/ BRI . Xu YusE" 5T HPLC-
VU AR AF AT I 8] BT 3% L 1 — B A X AR i D- S B R
BRI 790, K 28 SR U0 e B 1 A2 B [ AR S U 4R
J&i, FIFEC & FPEAE T HPLC 7 B8 & HE B AT Wfk, B J5 A
FH 173 H 2 DUARAT QAT IS 1) 5 1% 1 AT o R 465 7€
L AR 5 T TR A A ar AT A= 07 v, il
W EE R kS T R BEAT AT AR R B, PR e
TE AR XS Wk, SR 5 Rl (o plk gk oy AR I, B A
LR = I 1 TN VA Eo A S R |
H 4 (o-phthalaldehyde, OPA) T4 32 HEH77 %F
B A I R I AT A AR TR . OPATE BB PE A Joit LA R -
ML S YWAFAE IR B, 5 U R R X WA S B A= B
ARG Y AR X B 3 A A, HRE 8 R T IRC 4 %< Ol
AP 25 ITHPLCHEAT 20 BT Inoue 5K K OPA R
N-J T M dE-L- 2 B AT AL b ¥ 5, R )R 1sf HPLC
BEAT 0T, R T K L- R &R REFRF LR 2
LB [N e ND-R AR . Csapo§ ™M AIRFA
[F 7K filt S A3 B A E A E R R, KA E
FIK R4 OPARI2,3,4,6-0- 10 2.1 5~ 1- T AR -B-D- i &
B (2,3,4,6-tetra-O-acetyl-1-thio-B-D-glucopyranoside,
TATG) fiEf)a, EARREGHSIFHE, HitT
HPLCZ#7. Casados "™ 7E £ F0 A 7] Bl Jin L 2% A1 6 ik
Birh D-Z FE R Y R FE M I, RO R I R IR &
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A4k, FRHEATHPLC M. 1-9-2-4- hHE IR L -5-L-T
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FDAAFFEAN R AEANE B B O T, 5 L-MD-Z 5
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Manabe'" K Fl # )2 €4 3% FTHPLCAH 25 & ¥ 77 72 4 BT 44
SR R D-2 R AN, R g RS o S A
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E, PR BRI A I HPLCE — 2 0, 45
REWHPEERD-ZIER ND-BAR . D-HNRARM
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40 & R SR EL ) 2 2 R 5 DBD-M-ProfE60 C 60 min
JG, ZBEH C #ER S H720 min B a) 58 skl s 4 A
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HMIDIL-ZIR) AT J5 e A 3 5 91.65~3.50, Far
MIFRI%E0.25~2.50 pmol, P[4 486.65%~118.70%«
22 AAHEE- R E

A L 5 T AR R T O B B e ) R U
RV RS AR AT AR, BEIEA T o AR
BRI EEA . FI I GC-MS A I 2 5 R ) e 4 i
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SR . ALZEPH GC-MSTE 26 5 5 1 I I X R i
125 Fh BRI SRS Fifr AL g A B Ui 5 L- D5 R 1
i, DARFOA R ERE 5 D- 2 TR . ik
o R SRR R A I B B A e R Al i A, A
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K 23 (I GC-MSHEAT 0 M o Abe 1 37 7 — Flkd 1 1
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Xof AR SR AR B AK A 0T b 5 B S A, PSR R
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%ot LRI FEAS [ b vl 52 v e S R s, K bl 5 R
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A A IR IS EKIE B TR AT A s VAR (R
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23 BANEHKIL

BYIE IR —F 4G T BRI A GRS BRI
Jiik, HRILE DT ARG, 50T R 2SR T R ok
Tz b R FH T R S R RN WA R Ao e
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isothiocyanate, FITC) I 454 Fi i 5k fill B 3l 0 i
(micellar electrokinetic chromatography, MEKC) %t
FPREIAy BT, Sanchez-Hernandez 2 4k 1 3 T Lk -
ER DR R 58 AR K R R S RN AR T v . B
(1307 B8 S SE IR R FITCATAE A AL B, — T THI (¥ S S R 7
W5 %5 B B - T A I b R S ) R 0T, &
BEIR (AT AR AL T8 4 5 BORIRG 7= AR A4 MM AR B B Bh T
Sy BT RE I P . FEFRMIRS VR 9 T Mk B0 1Ak R o
T G H K- R R TR S VR s K R AR IR T
Ui E SR AME EREE . fE PR R T LO A IR A
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PRIy B8, T R F T4 K A B 1 ROk 2l Y
BRI K- R U v O B A R IR I B 1 DL R T DA
W o R E e DR e R s, (RO TP
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5 v R B 5 By e o D-/L- R BRI T 0. SR
MR IERAFITCHT A )5, e FEMEKC-LIFFE 715 LA
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DN I PRI SR, % RO AR I VA A E A
Wi AL 5 ST, a0 T A AR R B D- 2 B R I
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KLk, D-2 5% (AL BRI RE R 15 2 7840 R0k,
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ORD-22% ¥ (30 mg/ (kg my»d) ) , HBFINFE
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D-RAZR AT EANMDA 52 14 W 3 () 2% ik /K 7 9 24
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o I A b i g e wT 9 M SRR S B 2 Y. Bk
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