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abol| th&F D-o}u) Ak &£ o-phthalaldehyde & F =4 315l o}v|x4Ak2] postcolumn re-
action detectiong X 38}+= column switching systemell 2]} # g 2ic}. Postcolumn de-
tection system®] 718 2]+ chiral crown ether Z ol 2] A=}, o] systemS 7H4
B wEY ¥, 29T ¥ 2& AE Fol sl Dokl el HgHEch ol
achiral / chiral coupled-column system3}oll A= A8 HxgadHo] 2338 UdA =k
Phenylalanine&- A| #-& 7}#F 4ol] 242ppm, A 2] 7+ Eoll & 102ppm, L EE Tl 1g%
8.3d4mg, Foll& 1g2 2.87mge] &-#-5 Ao & vl H ). D-phenylalanined A %8 714 <o
= 0.67%, A2 7l 0.34%, HER Folv 1.81% ulh, Foll & 2.82% vlute] &=
c}.
Abstract : Detectable levels of several free D-amino acids were found in some food. This
was accomplished by using a column switching method. The determination of total amount
of D- and L-amino acids was based on an achiral separation with a Cis column. The level of
D-amino acids to L-amino acids was determined by the column switching system includ-
ing the postcolumn reaction detection of the amino acids derivatized with O-
phthalaldehyde. The chiral separation of the postcolumn detection system was carried
out with chiral crown ether column. This system was applied for the micro-determination
of D-amino acids in food such as soy sauce, fermented soy bean and beans. It turned out
that the sampling process is critical for the trace analysis of D-amino acids under this
achiral/ chiral coupled-column system. It was found that commercial soy sauce contained
242ppm, conventional soy sauce 10Zppm, fermented soy bean 8.34mg per lg and bean
2.87mg per 1g sample for phenylalanine. D-phenylalanine was found 0.67% in commercial .
soy sauce, 0.34% in conventional soy sauce, less than 1.81% in fermented soy bean, and
less than 2.82% in bean.
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S TAEE 8% EAZA, A Wl AlEe
Fx FA, Eol(EL), &4 o, 25 5o 75
gho} ehil A PAsAL Qe A& olvl4b ojw D
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AF Aol B sl D-oluxAtel] @8 d7RE
Gerardo Palla®} 12 3% AF#Ee¢] L-phenyl-
alanine-3-0-trioxaundecanoyl-tetramide(L-Phe-3-0-
TAE 71" ARAAY2E ¥ GCE o] &3l $-frellA
D-alanine 3~4%, D-aspartic acid 2~3%, D-glu-
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tamic acid 2~3%7} A &= P rh SR st}

2 Agdae o) AF Fo o] A ot
& Al® e BHE Fsld e 3 o 94
LCE He)3ld OPAE &V -%8}+ postcolumn de-
tection system &2 AlFo| EAslE D-olv|xA4be
M 7154 S ge3ldr). OPA FEA3E82 28 A
2o} Zhe A]|7Yel] ubg-o] A=A AL 5E A
E 2 Abv}s] Golx| 2 2 precolumn detection system
M= posteolumn detection system S 2 o} o] &
gk 53 £ Y¥BAS ur] o Fol et &Y
FH 27 E ol 4% F ool 2& HEUAE IRz
v] gk gkel] & §}8}c}. Proline®} hydroxyproline 72-&
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(achiral separation)¥}t t}-&- ¥-2|%l z} olv|i Al B9
2] & A8 4 71¢ ¥ (chiral separation)& 3t
HE o2 FJA|A ] AeFstax b A 12} v)
717 el gl frel oluinihg Cp BYPLE
w71g $eld s EFE H7PU(standard ad-
dition method)2- 2 A est3a} &hch el 23} 7
g ¥ g el A& column-switching system-& o]
484 crown ether P22 7|4 ¥e|7} 7}-5% o}
v AbS A3l vigFe] D-oje|iAlg Hkdw,
2 A AW e el A& Aol gl
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2. 1. Z12|&bx]

2 AYA A2 345 dAl a2vtE 2y
(HPLC)ol)| A 38X+ Shimadzu 10 LC Model2] H 3
2} Varian LC 5000 Modei2] 3, OPA$- Eldex Lab.
Inc. PCR ¥ =& A48 1 Varian LC 5000 Model2)
H271(210nm)2} 34} 7HE~71Q) Varian Fluori-
chrom(A : 340nm, A ; 4550m) & AFE-F ). A E7)
2= Spectra-Physics Chromjet 47|, ]l A &7]
£ A1) A8 F9]2 Rheodyne 7125 injector&,
2] 32 switching valve:= Rheodyne 7000-& AH&-3
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o} ¥ o Fel) A-4%F BY-L Varian Micro Pack SP
C13(150mm X 2mm i. d., 5zm), Chiral Crown Ether
CR(+) HYE o] 4} o] 544 pHy DMS digi-
tal pH /ion meter Model DP-2158 A}-8-8} =43}
Ak

2.2. Alg}

A2 ARG A ES AlgE e st AelA] w
AR b, o, F Eolw] A AL AlLstn
BT A)Fo M F]]Eke ALgslsich REEAZ o) &
g 7+ olulAl R olmx4l f XA 3| eH(OPA)S
Sigma Co.(St. Louis, MO. USA) 5] Fq]3}o] 4}
48 © v 2-mercaptoethanol Junsei Chemical Co.
Ltdol A #qisled Al43sir). 8ol g 4123 meth-
anol-2 Merck 2 %8 T-4% LC graded Al8-3 2.9,
FZo} A7) acetonitrile 15 A)2F-& A Al s A A}
€87, diethyl ether& 15 A|2f2 22 212§l
OPA A&4-d-& wHE7] 98 4183 H;BOsw Merck
23e glstgl e, KOHE Junsei Chemical Co.
Ltd=25e 29)sled AMEsich 2 12 $HTE
ELGA Co.{U.K.)2] water purification system o 2
Yol £8hA) A Agshalct.

2, 3. ofm| ‘Al =g O A& FA

Algoll A F]1RE b o oluleAbg Feld)r]
e 4 Alme] AAe o] dasiet 7habe
A ojulxAbe) MAElE A& 10ui71A] B2 FY
% 0.5.m2] membrane filter 2 M 2& W& Al4-3}
et

o9} Foll A olw|iAl A el W52t F& 2t
B & oF 6.7370g% F 1010925 2t B
500m/ell 48417t |7} F Foll fre ofn|xAlE &3]
7] $1#) 0.5.me] membrane filter 2 21 500m/ <]
acetonitrile$ ©]4-3lo] bl AAYcl
AA F 3 filter 2 AZ 3 28A)7] F ethylether
& o4l AW AlA) FURAIA Eol o)
T filter 2 A8 10m/2 §3-& 24 F 71714 &
2 & st

2.4. 4EE 8 olojAle] REMH U
2.4.1. OPA REAHIBUIR

ol

HAEE 98- 25M2] HiBO, 4ol KOHE
ksl pHE 1042 2H30] 2h3-4-0g 9HE3, Sm/
o) MeOHo| 04ge] OPAS = % 03m/e 2-
mercaptoethanol-$ H71%t ¥ £ul§F ¢h34-dq
813 (500m/) OPA 49§ Th=td], o] &L Yo
ol AgtEln g ZHWo g Al &3tHch(Fig. 1).
E3} o] FEAFN-EE 2F H L] FE Ate] &
o] AAEAT YR FEAEL] kAo 5F A
27 Ag3d] "Bojx =& postcolumn detection sys-
tem& o]-43lr} =g OPA 442 Hobysluz 4}
£-817] 2 Ao 9HEl et

CHO

H O
1
@ + HS—CH,C H;-OH + HzN-—(f‘,——C—OH
CHO R
OPA 2-Mercaptoethanol amino acid
(l:H-CZ H;'OH

9
——— N—-(|)—C ~QOH
R

Fig. 1. OPA derivatization of amino acids

2. 4. 2. Postcolumn detection system

Postcolumn detection-$ $1 3 4] ©]54H(0.03M per-
chloric acid) 06m//mine 2 YAEA £24 3t
I OPA WHgAke &% 05m//min22 YA 3
27 ot AP AL £2AL ‘teecll A OPA
uh-g-Alobst Ao} 600cme) 7! ¥h§ 342(0.5mm id)&
AAHA BpH o2 AR

2. 5. ojojicite] HAstel % HYWH

olu) Al f M 37 A @al Cy AR 2 £
8}7] o) Soll th-E-9} ojp]icAle we] £&€ct. Cis
#% 7} crown ether AR L AEA 0.2 AL43)7] o &
o o] FAe] AL #71 4ol 2Ao) 10%E dA
oA viEtS Fedg ALgg o, ol e F&5&
1.0mi /min2. & skt AA Al Bell A ofu]iite] A
A Eele Algel EF ofliAbe AVMYE o A7}
¥ BA Hart AMNZ AAE A& B3 ®UAHA
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o, ke BFE  #H7PY(standard addition
method) 2.2 3}rl.

2. 6. Column-switching systemi O| &8 D-Ojo| At
o gy

Fig. 2 opvjiitel A4 o|4AAE Felsl7]
213 column-switching system& X4]% g ¥
FohH 28 (1) Ciy ¥, A (11)5= chiral crown
ether Z#& AR &dl, A” (DelAl2] o] FAHe =
A F42 99 2. 543 Zow, A (Dl o
2 7}A] A& matrixZ2YE {2 o}v]ite] Fe5 o
vt 283 49 (DA e Fol2 78 ofle|it
o] 7&+4 olAA A i Eel=oh Load $13 <A
ol B4 ()& AAHZ (D)ol 28 AP (& E743)
o F&7] (D2 324 Ak A&§ Fdsid 2™
(el A o8] 7}A] A& matrix@ 3¢ o}w]ile] ¥
g5l A&7 (DA olujxAt 2§27t A=
HFE 7P o2 olulmile] Akt

Injector Pusp(1)

e [ncsor | | 1
Detector{I1) wm)] Cotum(1) | | solvent (1)
Fluor Cire.achiral MeOH-Hz0

Post Colusn ———J

Pump b

|
Heageat
2-ME, OPA

Column(11} cromn ether
Chiral separation

Detector(l) —Yaste
w

Fig. 2. Schematic diagram of column-switching sys-
tem of post detection system

Switching valve

Solvent(11}
Perchloric acid (0.03M)

HZ7) (el A 7+ ofm|eAbe] W a7} Az HAd
& u) switching valve® injection $]*| 2 switching

oz A (DM #% olulxAbe o]F4
(IDo 2]3] switching valve2] 100, ¥Z& A} A
g (12 2274 Aok 27 (IDME A7 (DA
Bel® oju|iate] zhzh A4 o)A A 2 FelErth
7127 (ID)elA azrtEad e D-o}r)xAtst L-o}
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vlxAte] =2 WAL B % D-AAE F3le Doo}
vl Ak A ekslgich

3.34= 9 3@

3. 1. ofojicAle) atQl 3 MY

3. 1. 1. ojo|‘cAte] &tol

Fig. 3& 6714 BF f2] olvxAlg S84 £
(isocratic elution) ZH3s}tel A B2lgl azvte 7
olth B oluxAlS WA F2T g F2 7
¥7] 4% (gradient elution) & ®o] o]-&3l&d), 71&
7] Sele AhAe] A ol B AYdMde F
o) g2 2 Felstgch opv|mate wiwgtd Relr) A
gtqrt. Fig. 4, 55 AA AEANA 323 o) AlS
BE Fe] opv|xAls}l 22 Szt A B2t 2
Zulgigio)ch AA ARl A olmlAle] ¥Hel-e 4]
Roll Eobr| At AZIS o H7)1E E4) 9=z
7} AAE o2 A3l AA A8 Sl R
2] opvlicate] ®hE Az BElHo] H=mrt AH
v}23= 713} phenylalanineo] ¥2l= o] 182 818
7 1] tryptophan EA)8}2) 8- HAYct

Tre

Het

Trp
Met

Leu
Leu Tyr

Tyr

Gin

| L\

§ n) PR A P
nin ain

{a) (b)
Fig. 3. Chromatograms of the standard free amino

T

acids
Mobile phases : (a) 3% MeOH and 97% aque-
ous solution
(b) 10% MeOH and
aqueous solution
Flow rates : (a) 0.5m//min (b) 1.0m//min
Column : Cis column

9%
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Phe

J )

| !

(a) (

6(hlin & 15
b)

Fig. 4. Chromatograms of the phenylalanine in Food
Mobile phases : 5% MeOH and 95% aqueous
solution
Samples : (a) Bean (b) Soy sauce 1
Flow rate : 1.0m/ /min
Column : Cys column

3.1.2. HE-B/ AjZin mjaese] HEN

Tuble 12 EF o}v)cAl-g U8 Fgl8le] v & 4|
7r3 sz e APAE Auje Aol BF o}
o) Ahe 7h olul e AHE 1 X107°ME FesiA] A
dglr}. obmlicate] W F-F A2k "@AaAG(C.V) 7}
0.01%90 A 3.22%2 W& 7HA19 BF 1.53%E
ehllgla B2 otviicite] #aHR-E #HabA 7] 0.
01%0 A 6.15%¢] W& 7119 HF 2.76%F et
W) vl & o] Agt WA Sl AR A
A 77} Qe Ao Azse,

3. 1. 3. ojo| ‘e Ale) gk

Tuble 23z A F-oll £ olv| x4l 5 Fe] 71sd
phenylalanine-® {2} 7} matrix®] A& s18}&}e]
BEFE Aoz A gloldh 2 A Fel &3

M| Bl

Phe
Phe

y y

S T

(a) (b)

Elomn

Fig. 5. Chromatograms of the phenylalanine in food
Mobile phases : 10% MeOH and 90% aque-
ous solution
Samples : (a) Fermented soy bean (b) Soy
sauce 2
Flow rate : 1.0m/ / min
Column : Cj3 column

+ phenylalanine?] %2 A|@8 7hAbolA] 435.04ppm
22 b @ol AEHd e FolAe 1gd 28Tmg e
271 AA AEEHAt AR A E 2T 38 F4Y
EZ g FlolAwt Mx FA Fol AgAe]d o=} 7}
7} o} & gle] gt

3. 1. 4. ofo| i tte) HTFop HH S

AlE Axe] A B ol it SA AEE U
ol 7| $8] ®ZF o}v|xiH phenylalanine)& 0.66
mg /100m/ell 4] 49.56mg/ 100m/ 1 & | x38}o] 3]
&8 A8k A8 B 87.8% A 102.7%-2)
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Tuble 1. Reproducibility of Retention Times and Peak Area of Free Amino Acids

Peak Areas
Retention Times(N* = 3)
Standard(N* = 3)

Amino Acids

Mean S.D. C.V. Mean S.D. C.V.

(min) (mill) (%) (x10°) (%)
Alanine 3.72 003 0.81 0.34 002 588
Threonine 397 005 001 0.16 004 6.25
Asparagine 4.09 012 293 206 0.01 049
Serine 416 009 217 0.60 0.02 333
Glutamine 419 010 2.39 0.65 0.04 6.15
Valine 466 0.15 322 024 0.03 417
Isoleucine 6.11 0.14 2.29 034 0.02 5.88
Methionine 6.46 0.07 1.08 044 0.01 083
Leucine 6.72 0.08 1.64 121 0.01 2.27
Tyrosine 7.08 0.09 1.27 1037 0.04 0.39
Phenylalanine 1268 0.08 0.63 29.58 0.02 007
Histidine 2763 019 0.69 0.32 0.03 0.11
Tryptophane 3231 023 071 364.98 0.03 0.01

* Number of data
Table 2. Reproducibility of Retention Time and Peak Area of Phenylalanine in Foods
Retention Time(N =4) Peak Area(N=4)
Sample Mean SD CV Mean S.D CV Concentration
(min) (min) (%) (x10%) (%)

St. Phe 9.82 007 0.00 2663 015 0.00 165.20ppm
soy Sauce 1 947 024 251 70.13 052 0.00 435.04ppm
Soy Sauce 2 951 016 0.02 11.78 043 0.04 73.12ppm
Fermented
Soy Bean 950 018 0.02 823 018 0.02 8.34mg/ 1g
Bean 950 020 0.02 440 016 0.03 2.87mg/ 1g

Fermented soy bean : 6.7370g
Bean : 10.1092g

A 9% F2 &g veplich ® A0
$E Yoburl s EE obxAE 0.66mg/
100m/ell A 132.16mg / 100mi7} =] 5] ZAbs] ¥k
th AT A @A 09999 gh-& 7HAH
F& Adzhe-& deblch o] A¥AFA2RE o] A
gupjo] AA A& ol Bk otu]xAle] ARE
Aol A gsicta Aok 223 {7 ofvlieAly
AW A% A 67t 2d d2 Agsaed,
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0.0066g / 100m/2] gt-& “eldc).

3. 2. Column-switching system# O| &8} D- Ojo|'r4t
o Hyuy

EZ §u olu)xAlg Fig. 59 sl 4] 24E ol

23l u)7IE ¥E H3tn 2 olvlit E-121

H 1 o)A column-switching®led 0.03M perchloric

acid & o] E A2 2 &} crown ether P2 7| E-
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Tuble 3. Chromatographic Parameters of Free Amino Acids.
Amino Acids k’ @ Rs Amino Acids k’ a Rs
D 0.44 D 3.76
Gln 4.68 141 Tyr 1.52 6.47
L 2.06 L 5.70
D 1.00 D 4.66
Met 3.73 1.56 Phe 1.58 6.35
L 3.73 L 7.38
D 2.83 D 23.28
Leu 2.21 3.70 Trp 1.16 5.89
L 6.25 L 27.06
Mobile phases : 0.03M perchloric acid aqueous solution
Column : crown ether column(150 X 2.0mm i. d.)
Flow rate : 0.6m//min
2]ald et
PN &1 21 A7} Fig. 63 Tuble 30l vhebt 9ok 25 670
HE I i ofulmAte) #elsh AAsaigedl, 2 FolA gluta:
=" mine$ #] 9% T} oju] AR 25 Rsgho] 15 o] 4}
Qv Felzt st e ng, A AE &4
- — | ) 3H= wiake] D-olu|xAbg At Ao 2 ekl L-o}
* e & e T e wene v g, Aee) 2beE Aoz 44,
(Ei 3.3 A& ol D-ojalidtel £2| W
AA A 8ol ARSI obliabE RE A B ZS
wo g y|g $2lE pYstgch Fig. 7, 8& AA A
2ol Q& zmznrE Yot} Postcolumn detec-
: tion system& F3f A4 2} Aag M, o,
. s & F Z.oj4 D-phenylalaninec] £ gl o2 #al
ol =g},
| A2otE 2Pl Vet D-opu|xAta) L-ojn]iit
u W o) Madyg B3 % D-AAE AAES D-ovlx
8 g Ahe AeFstgit). 2 Am7) Thble 40l vhebt Sich A
L a ) J K #}& B9 A@4 7ZhAe=  D-phenylalanineo]
— — 0.67%, M4 Z+Arell+= D-phenylalanineo] 0.34%;7}
S S S L = P S So] ol AeE vehdch oFeh T 2zt

Fig. 6. Chromatogram of free amino acids by a
coupled-column switching method
Mobile phase : 0.03M perchloric acid
Columns : C13(150%2.0mm i. d.), crown ether

1.81%, 2.82% wigte] B¢ sl H2Z el A
Zo] gt ¥ D-olu)Ale] HE7)9) HE AR} o
A2 okl7}E FAME}] 918 BF olu]iAbe 3] o]

column
Flow rate : 0.6m/ / min.

< ® AEel vl FU3] HE A %E TS
Algg ZhAs AR A gl A B e okl
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[]

L-Phe
L-Phe

D-Phe

-Phe

D

¥

1 § 1
{ % l&nin !)
Soy Sauce 1 Soy Sauce 2

Fig. 7. Chromatogram of amino acid in soy sauce 1,
2 by a coupled-column switching method

Mobile phase : 0.03M perchloric acid

Column : crown ether column

Flow rate : 0.6m/ / min

]
l&-in

- Ake] ofo) W) wiiEell 0.2% o]Ake} D-oln|icAte]
5o glow D-ojn|iate] HEol it 2y
o HF2 FollE AW Eo] = obvlnAle] ofo] H]
A 2ot o] olniicAle] pEdtel M wFel A=
1.81% wlulol| A, Fol A 2.82% ©v]ute] D-ojle] At
& o] Br153sith Thble 40l t}E ATAHE0]
A1gg e el ol 233 vl ms) Y 2% F
8} A5zt A2 oF B el F& FURE sk 4
FEolAwt HEH & ofu)xAle] ofo] Ao]7} Wel FE&
ot 4= it o)el gt abol7} v by & o)l f ¥A
g A g7 AR oL E B ol B8 ARE HE AF
o Az APL T opu)ite] FFpe] E42 A
o} E, 4, D, H7IR B oF ol wet 4
235) o é-“}"ﬁ b 8zt 5% £ o ol
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L-Phe

L-Phe

D-Phe

g D-rhe

}
fo-m

L ] -1 I i
g E l&)nln t) 5
Fermented Soy bean Bean
Fig. 8. Chromatogram of amino acid in fermented

soy bean and bean by a coupled-column switching
method

Mobile phase : 0.03M perchloric acid

Column : crown ether column

Flow rate : 0.6m//min

2 A2 A whdely fxM3 uhyl 9] Aolx

A& T lekaL 4 2gict
4.4 B

AA AEd o e olvixats FY % 299y
AT A FE-E o] &7 1A oAl FEubH-E
o] &84 &8l W o} Fe o)Al Abefoll 4] Cyg
AYPo 2 13 w717 E2l € A REE APz
AeFsteich 22 717 ¥ @A Z column-switching
system-& ©]-8-81 4] chiral crown ether WY& o] g%
7% ZAAPYE $3 OPAR FEAI3E post-
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Table 4. Content of D-amino Acid in Foods.
‘ D/L *25 D-Amino acid
Food Amino Acid . ,
Amino Acid Sample(N®=4) Data Ref.
So Ph 435.04;
y ¢ ppm 0.67+012
Sauce 1 Trp 5.1%
Soy Phe 73.12ppm 034+0.06 (11mg /100g)
Sauce 2 Trp -4 +0.
Fermented Phe 8.34mg/1g <1.81 P
Soy Bean Trp nd
Phe 2.87mg/1 <2.82
Bean 8/le 4
Trp nd

2% D-AA=D—-AA/(D—-AA+L-—-AA) X100
® Number of data

‘Data ref. was taken from ref 25.

“Data ref. was taken from ref 26.

nd : Not Detected

column detection system® 2 3slgc). o)|EAro
0.03M perchloric acid-§ A3} 7|1¢ ®=elsleq D-
olu] xx4h-g A gFast )

12} W]7]& §-2] Ao A phenylalanine® A2
48  gleden 7} 4Fo Eo] 3l& phenyla-
lanine®} & AH 29 Alg§ 2ol 242ppm,
e A A A e 102ppm, WSl & g9 8.34mg,
FollAl 1g9 287mge] Eof dche e AP 5
At dlFeh Fol Axie) w-& zhzb HF 94%]
g8 vehf o, B A vhehd 2h A Sl 4]y
L-phenylalanine §2] % ¥ E& D-oju]Ale] &
Ao 7hssled ). zt ghel 2ol 2t A8 o], AR
o & Alx Ao o], AAe] Y x| H o
aHe]7t 1 14l AR HF3Hr) o|Ake AR 94
E A2 239 S5 Aed Botou A e
phenylalanine 52| % F& A]7}e] 71 olu|A4be] 7
257 dske b AR ghgo AL
matrix?} Bel &l o8l gol vk 2t oy
AlgolAle] AP sli= AR v)Fo o AR
o] u] 5§ X|7ko] 7 #3 eluicAte] of-g vl F4]
Bl7)ol At Ao Yzie} aepy o g A8
e A go] 7lgd Aoz Ygic) & Adgel A
g deg o] e AFA e D-opuAl A7)

S o] Soi2 A e ARVAS} ALY R o
g2 22wl AFe) AREAd B8] S
A} sk vhal € 7hA o)

HAtel 2

2 g7 1992 =343 KOSEF 921-0300-
013-2) 2] A-7ul AW 23} Ao, o]e Fhat=
o}
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