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Contents of D-alanine Found in Seedlings Used for Food
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Seedlings (sprouts) of various plants are marketed as food items. Especially the pea sprout
(garden pea seedling) is easy to obtain and is eaten daily by many people. D-amino acids are
included in many foods, though in low concentrations. For example, in alkali-treated corn, and
cooked meat and bread D-amino acids are formed by racemization during the processing.
In fermented foods such as cheese, wine, soy sauce and miso D-amino acids are produced by
microorganisms. Other than food, natural plants and aquatic animals contain D-amino acids,
which seem to be intrinsic in them. It has been clarified early that pea seedlings contain D-Ala
compounds.

Mammals possess D-amino acid oxidase for high activity, though they have little opportunity
for taking in D-amino acids. Accordingly, small amounts of D-amino acids consumed may be
metabolized rapidly, and the effect of D-amino acids on the body may be small. Recently, the
possibility for D-amino acids to fulfill some positive role in the brain and neural transmission
function of mammals has been found. Therefore, it is necessary to clarify the amount of D-amino
acids found in foods.

In this study, D-Ala in sprouts used for food was determined. Samples used were soybean,
garden pea, alfalfa, mung bean (green gram), daikon radish, “sango” daikon radish, “rubi” daikon
radish, garden cress, broccoli, red cabbage, rocket (rucola), leaf mustard, sun flower, ao-shiso,
white sesame and buckwheat. Sprouts found on the market or sprouted in our laboratory were
used. One gram of seeds, after soaked in water overnight, and 10g of sprouts from which had
unnecessary seeds removed, were juiced using a juicer. The fluids were centrifuged, 50 1t/ of the
supernatants was derivatized with FDLA (N - (5-Fluoro-2, 4-dinitrophenyl) -L-leucin-amide) and
applied to HPLC. The column was ODS-3, and the mobile phase was 20mM ammonium acetate/
MeOH (45/55).

All the sprouts of legumes (soybean, garden pea, alfalfa, mung bean (green gram)) measured
contained D-Ala in some extent; over 0.5mg/100g wet weight. Crucifer radish sprouts and
buckwheat sprouts of Polygonaceae contained slight amounts; 0.1 mg/100g wet weight. The D-Ala
content of the rest of the sprouts was fractional or under the detection limits (0.01 mg/100 g wet
weight). In the seeds, D-Ala was found fractionally, except in soybean (65mg/100g dry weight).
L-Ala was found universally in all the sprouts and seeds assayed. Especially in soybean (500 mg/
100 g dry weight).
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Table 1. Samples of seeds and sprouts
. o . Seeds Sprouts
English name Scientific name Family - - - -
production | supplier production supplier
soybean Glycine max China sprouting at our laboratory
garden pea Pisum sativum Australia Sanwa nourin Inc. )
supermarket in
. . Nakatsugawa sarada :
alfalfa Medicago sativa Fabaceae U.S.A. s Saitama prefecture
nouen
mung bean, green . . . .
s 0 8 Vigna radiata Chinas prouting at our laboratory
gram
. . Raphanus sativus . supermarket in
daikon radish p. . U.S.A. Murakami nouen p
longipinnatus Saitama prefecture
“sango” daikon .
. Raphanus sativus Ttal
radish P Y .
- - sprouting at our laboratory
“rubi” daikon .
. Raphanus sativus U.S.A. Nakahara
radish . S
Brassicaceae saishujou,
garden cress Lepidium sativum Denmark | 1.
broccoli Brassica oleracea U.S.A.
. . supermarket in
red cabbage Brassica oleracea U.S.A. Fueki nouenn, Inc. P
Saitama prefecture
rocket, rucola Eruca vesicaria Ttaly
leaf mustard Brassica juncea Italy
sun flower Helianthus annuus Asteraceae Ttaly
. . . Fukuoka .
ao-shiso Perilla frutescens Lamiaceae sprouting at our laboratory
Prefecture
white sesame Sesamum orientale Pedaliaceae | Guatemala
Fagopyrum esculentum Nagano . supermarket in
buckwheat Polygonaceae Fueki nouenn, Inc. .
Moench Prefecture Saitama prefecture




NEEE), Y132 (FrdhVbhkiR, 7755
B, FEERNTHE), ¥13> ObE—nWbitkiR,
T I IFR, EENTIHE), a>avvyy (I—75
SOVA, 7R, () JIFER), Jovay—
(hwbhJoyay—, 77508, B 7TFER),
LATZHFFr XY (Ly RFLXY, 7T IFE, (#F)
JIFEE), FNFZAX>o (ary b Obyag),
7ITIFEL ) TIFRE), AT F (XY —R,
7ITIFR, ) JIFEE), exTU (X7,
FOR, RBNTHIE), 7420V (FLZOHE, >V
B, BFFERANTHZE), I< (Ad~, IYEL BE=EN
THIE), VN (UNDHE, & FFL, HRENTHE) T
Hb, BTIRTHEEMEE B GEMT »HoA
L7z (Table 1), WFFE=E TOFRIFIL, T OOEITHIEK
LTHDEBDIATY, BEFEUIRREIZ oMicl L
7zo
1.2 #=HE

L-FDLA (N¢- (5-Fluoro-2,4-dinitrophenyl) -L-leucin-
amide) |IHE{LAR T3 Z Wz,
1. 3 #2RBLUHPLC BIE &4

Va—H -3t T R a L T8 B (e & R
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2. 2 L-FDLA i {x{t

1, A7 hEBITYa—ADERL EIFE0 11T
IM NaHCOs 20 pl Z A % H#&M T CAFERLE L7,
ZRITAK 100 7, 1% (w/v) L-FDLA 100 ! ZjNZ,
37°C, 1hr L7z, Z3UZ IN HCL 20l ZiNA, &
51250% (v/iv) CH3CN 24 &2 1 mlIZ7/25 K DT
Alce TNZEHPLCH 7 4 J)LF—THE#L, ZO 100unl
Z HPLCIZHEA L, £, EMAEEKREL T, L-
Ala 5nmol, D-Ala 1nmol % & DR, B X HPLC
DE— 7 WERARMERELT, Pa— 20k EE
50 117 12 L-Ala 5 nmol, D-Ala 1 nmol & Il Z 7&K I D
WTHFRRRICIRIEL 7=,

B O L-B LU D-Ala F &3, ERHEEROE—
r g EREI O E— 7 il 5RO 7z, 1Bz DN
THIHMEIEIR 1 [, FHEAIE 2 RFITTV, FERK
ZNZNIZDWT HPLC 1 2 ~ 4 [alf7\y, £ O E
&, INMERITHBIT 2 EINERIT83~103% T, A
HEDOBEMIIZ TRIREETH > 7.

HEREIUVER

IV RORTST MaH&ED HPLC 4O S A
L-Ala DE—2713K25%r, D-Ala O —2713K75 %

garden pea extract
+ L-Ala 5 nmol
+ D-Ala 1 nmol

Fig. 1. HPLC of L-FDLA derivatives of garden pea extract

Chromatographic conditions: column, GL science Ltd., ODS-3 (4.6 i.d.X250mm); buffer, 20mM ammonium acetate

/methanol (45/55); flow rate, 1.0m{/min.
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RSNz, T OE—2IFIRIMERT EAL T
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Table 2. D-Ala content in sprouts

& A4 ZFHEE L7 FZ O N TERRD, EyHic
D-Ala 23E > T&no 7z (656mg/100g # IR EE), 4
A XSO T-TIEH T2 F120.5mg/100g Fi R EERK
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(Fig. 2),
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BHE B L Y 1 O 212 100mg/100 g 745 & Hi1%, Z
DOHFENLAN I TH o7z (Fig. 2),
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D-Ala, D-7 Z/)NTF >, D-£1) 272 E10fiD D-7 2
JWEER L. D-Ala BELUD-t U JIZHEEL A
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re L —TF2a2—20.05, OFTA > 0.06, £ 0.02,
g+ v NP2 —26.39 (BLEmg/dl), F—X (7
L>F JLAR F—X) 878, % 0.07 (LL Lk mg/
100g) 9, ARBIEOFER, Y AROBHLLHD D-Ala &

Sprouts mg/100g wet weight B3I —TYa—X, otBUA 2 oKI0E, F—ZXD
soybean 1.21 #1100 TH> Tz,
garcen pea s Fukuda 512 &% &, AT S 8T K OBLT
mung bean, green gram 0.57 L, JEHF & & BIT r-L-Glu-D-Ala, N-< 1O Z)L-D-
daikon radish 0.17 Ala ZFFE L, J82F 6 HHITIZmE I 1.0, BHEITH
“sango” daikon radish 0.10 - . - _ -
“rubi” daikon radish 0.11 0.1 pmollg TH > 7z, 7, ihE D-Ala 13 4 10HC
garden cress 0.00 D75 TH0.05 1 mol/g (=04 mg/100 g) Tho7?,
b?ma gﬁ S 5127, Ogawa HIFHF L RYFIZD-VI /7 2
red cabbage . =~ = N N - - -~
rocket, rucola 0.00 JRNTIRT 2 T—ED ﬁiﬁﬁﬁ‘é;&éﬁﬂbﬁikb‘
leaf mustard 0.00 7o 23U, D-Ala Y Ala YISO DEIY 2 /1 (Bl 213
Sun}?‘)wer 88(1) D-Asp7/2 &) EEIEVEMSERT SulfEtz R
ao-shiso . - e -
i e 001 TW3, %72, Ono 5IITIVT 7V T7 7 —HEXMS,
buckwheat 0.05 Ala 7Y —EZKEEL 3, ZHid, D-Ala ' L-Ala
600 100

L-,D-Ala content in seeds

500 - L-, D-Ala content in sprouts El-Ala  mD-Ala

mg/100g dry weight
w
o
o

Bl-Ala mD-Ala

mg/100g dry weight

Fig. 2.

L-, D-Ala content in sprouts and seeds

L- and D-Ala were assayed as L-FDLA derivatives with HPLC. Chromatographic conditions are described in Fig. 1.



MSERT B ZRL Tnd, UL, ZTN5HEY
M ZWIRITPBWT D-Ala 2T 5 EHITH S H
WEINTNRWV, AEBRTHSNZLDIZ, D-Ala 8
ARDAT T N BIEYA ZHEFITEL N EOFHIZ
THATH S, UL, DFEMEYB K TKEESYH D Ala
T —tEBIV Asp T —ENRL EEHREINT
B0 FEYOWESMICE ST, D-7 3 B
WEWETHDEELEZBND,

WABYIID-7 2 JBAF ¥ —FY [EC.1.433.]%8
BELUD-Asp FF ¥ —Ft [EC.1.4.3.1.]1%) 7 &G
WAL TWS, AIEIEEIR CRICIEED S <, RS HE
37 I BICE o THRRD D-Ala I3HE W, BHIZT v
FOBBIUOHFICHEEL, BIEY IV BEaREE LTS,
INSFF L —FBICLDREEDHEND-7 2/
X, KN THSNICHIET D e NBERDZTH S D,
ROREE OBV, HWIIHEERSRWD-7 2/ #iT
RECHEES N 2%, b RHEELL 72 D-Ala 13#E 70
WY 2 /b eZ 3 CEINE B ERDEZEZAS5ND,

AHETIIHFEBEETZREEOH LA T T hHD
WEEER D-Ala ZERB L7z, Y AR (¥ X, TR,
LAoHFuIVY, YIFU) OZXTI77 ME, D
TIIFR, FOR, VR, YR, YTROZAT S
T hEDEZL<DD-Ala ZEH LTz (0.5mg/100g {7
FEMUE), YIIFROF 1Oy, FTFRDOVYNDZ
T MICHLEFEL (0.1mg/100g HEHR), £
PSS (0.01mg/100 g JRE &) & 2 Wi R 5L
TTholz. BTHITIE, F1 XEFRWTHA EiliEHER
D-Ala Z2E5H L TWaN> /. Y ARMEMNFEEE B
IZD-Ala 24K L TWD ZEWREBINS, £z, 1
ADFET DEEFEN S D-Ala 25 H L TW5D Z LI Hk
HHIETHS,

X ik

1) Katz, S.H., Hekiger, M.L., Valleroy, L.A.: Traditional
Maize Processing Techniques in the New World. Science,
184, 765-773 (1974)

2) Hayase, F., Kato, H., Fujimaki, M.: Racemization of
amino acid residues in proteins and poly (L-amino acids)
during roasting. J Agric Food Chem, 23, 491-494 (1975)

3) Liardon, R., Hurrell, R.F.: Amino acid racemization in
heated and alkali-treated proteins. J Agric Food Chem, 31,
432-437 (1983)

4) Tovar, L.R., Schwass, D.E.: D-amino acids in processed
proteins: their nutritional consequences. A.C.S. Symposiurm
Series, 243, 169-185 (1983)

5) Man, E.H., Bada, J.L.: Dietary D-amino acids. Annu Rev
Nutr, 7, 209-225 (1987)

6) Petrucelli, L., Fisher, G.H.: D-aspartate and D-glutamate
in microwaved versus conventionally heated milk. J Am
Coll Nutr, 13, 209-210 (1994)

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

8) Bruckner, H., Hausch, M.: D-Amino acids as ubiquitous

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

23

consituents in fermented foods., Amino acids-Chemistry,
Biology and Medicine, (Lubec, G., Rosenthal, G.A. ed.),
pl172-1182, ESCOM Science Publishers, Leiden, The
Netherlands (1990)

Gandolfi, I., Palla, G., Delprato, L., De Nisco, F., Marchelli,
R., Slvadori, C.: D-amino acids in milk as related to heat
treatments and bacterial activity. J Food Science, 57, 377-
379 (1992)

Rundlett, K.L., Armstrong, D.W.: Evaluation of free D-
glutamate in processed foods. Chirality, 6, 277-282 (1994)
Kato, M., Fukushima, T., Santa, T., Homma, H., Imai,
K.: Determination of D-amino acids, derivatized with
(NBD-F), in wine
samples by high-performance liquid
Biomed Chromatogr, 9, 193-194 (1995)
Patzold, R., Bruckner, H.: Gas chromatographic determina-

4-fluoro-7-nitro-2,1,3-benzoxadiazole

chromatography.

tion and mechanism of formation of D-amino acids occurr-
ing in fermented and roasted cocoa beans, cocoa powder,
chocolate and cocoa shell. Amino Acids, 31, 63-72 (2006)
Bruckner, H., Westhauser, T.: Chromatographic determina-
tion of D-amino acids as native constituents of vegetables
and fruits. Chromatographia, 39, 419-426 (1994)

Bruckner, H., Langer, M., Lupke, M., Westhauser, T., Godel,
H.: Liquid chromatographic determination of amino acid
enantiomers by derivatization with o-phthaldialdehyde
and chiral thiols-Applications with reference to food
science. J Chromatography A, 697, 229-245 (1995)

Simo, C., Martin-Alvarez, P.J., Barbas, C., Cifuentes, A.:
Application of stepwise discriminant analysis to classify
commercial orange juices using chiral micellar electrokinetic
chromatography-laser induced fluorescence data of amino
acids. Electrophoresis, 25, 2885-2891 (2004)

Patzold, R., Bruckner, H.: Mass spectrometric detection
and formation of D-amino acids in processed plant saps,
syrups, and fruit juice concentrates. J Agric Food Chem,
53, 9722-9729 (2005)

Felbeck, H., Wiley, S.: Free D-amino acids in the tissues
of merine bivales. Biol Bull, 173, 252-259 (1987)
Rubio-Barroso, S., Santos-Delgado, M.J., Martin-Olivar,
C., Polo-Diez, L.M.: Indirect chiral HPLC determination
and fluorimetric detection of D-amino acids in milk and
oyster samples. J Dairy Sci, 89, 82-89 (2006)

Rosa, N., Neish, A.C.: Formation and occurrence of N-
malonylphenylalanine and related compounds in plants.
Can J Biochem, 46, 799-806 (1968)

Aldag, R.W., Young, J.L., Yamamoto, M.: An enzymatic
chromatographic procedure for the determination of D-
amino acids in plant and soil extracts. Phytochemistry, 10,
267-274 (1971)

Bruckner, H., Westhauser, T.: Chromatographic determina-
tion of L- and D-amino acids in plants. Amino Acids, 24,
43-55 (2003)

Fukuda, M., Ogawa, T., Sasaoka, K.: Optical configuration
of -glutamylalanine in pea seedlings. Biochim Biophys Acta,
304, 363-366 (1973)

Fukuda, M., Tokumura, A., Ogawa, T., Sasaoka, K.: D-
Alanine in germinating Pisum sativum seedlings. Phytoche-
mistry, 12, 2593-2595 (1973)

Ogawa, T., Fukuda, M., Sasaoka, K.: Occurrence of N-



24

25)

26)

27)

28)

29)

30)

31)

malonyl-D-alanine in pea seedlings. Biochim Biophys Acta,
297, 60-69 (1973)

NI TE, el % RRICBIT 2 D-7 2/ ik — ik
BiFEMEPLELUT LAY, 14, 610-616 (1976)
Pollegioni, L., Piubelli, L., Sacchi, S., Pilone, M.S., Molla,
G.: Physiological functions of D-amino acid oxidases: from
yeast to humans. Review. Cell Mol Life Sci, 64, 1373-1394
(2007)

TEAFET  WHEICB T 5 D-7 2/ 04 A
LPRAERFHE, 38, 7-14 (2007)

) A, AR i KR D-7 X BEIE S X T LD
—a1—/)\A1 F4 10— : Frontier Science in amino acid and
Protein Research. 4 {l%%, 80, 267-351

Ogawa, T., Fukuda, M., Sasaoka, K.: Occurrence of D-
amino acid aminotransferase in pea seedlings. Biochem
Biophys Res Commun, 52, 998-1002 (1973)

Ono, K., Yanagida, K., Oikawa, T., Ogawa, T., Soda, K.:

Alanine racemase of alfalfa seedlings (Medicago sativa

L.): first evidence for the presence of an amino acid
racemase in plants. Phytochemistry, 67, 856-860 (2006)
Shibata, K., Shirasuna, K., Motegi, K., Kera, Y., Abe,

32)

33)

34)

35)

36)

H., Yamada, R.: Purification and properties of alanine
racemase from crayfish Procambarus clarkii. Comp Biochem
Physiol B Biochem Mol Biol, 126, 599-608 (2000)

Nomura, T., Yamamoto, I., Morishita, F., Furukawa, Y.,
Matsushima, O.: Purification and some properties of alanine
racemase from a bivalve mollusc Corbicula japonica. J
Exp Zool, 289, 1-9 (2001)

Abe, H., Yoshikawa, N., M.G., Okada, S.:
Physiological function and metabolism of free D-alanine
in aquatic animals. Biol Pharm Bull, 28, 1571-1577 (2005)
Yamada, R.H., Kera, Y., Takahashi, S.: Occurrence and
functions of free D-aspartate and its metabolizing enzymes.
Chem Rec, 6, 259-266 (2006)

D’Aniello, A., Vetere, A., Petrucelli, L.: Further study on

the specificity of D-amino acid oxidase and D-aspartate

Sarower,

oxidase and time course for complete oxidation of D-amino
acids. Comp Biochem Physiol B, 105, 731-734 (1993)

B EET: Ty MBI A DET I BOREDR K
WP DEY ZNTF UG R LTRERFE LR OF
Jk 16 4 )



