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1. AlltechA}¢] chirasil val columng A}£3F carrier gas 3mL/min,
make up gas 30mLe} oven 2% 70CH94 48 FA s 210
C7tA] &% 3C SLFgozx 38F2 olvxilt F 28F<¢ o}
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SUMMARY

I. Title

“A Study on the Separation of Optical Isomer” (The first Report)

I. The Purpose and Importance of the Project

After establishment of methodology for the separation and
quantitation of optical 1somer existed 1n food or biomaterial, the re-
lationship between 1somer and nutrient or biochemical aspect was In-
vestigated. Because one of 1somer reveals much higher physiological
effect, 1t 1s one of important our research goal to get rid of one of
iIsomer generating bad side effects.

Though the technique for the separation of optical isomer 1s not
well established 1n Korea, 1its importance covers the area of physio-
logical aspect and pharmateutical aspect. Inside of biological system,
only the l-form will be synthesized followed by minimal racemization
to d-form amino acids. Therefore we can deduce the age of body or
biological reaction by using this phenomenone. At the same time, for
exact pharmateutical effect, technique for the separation of optical iso-

mer becomes vital.

. Contents of the Research



The target of 1somer during first part of research was about
20 essential ammmo acids composed of our body including internal
standard norleucine. Total 38 amino acids were tested for this pur-
pose. The optical 1somer of standard amimno acids and free amino ac-
1ds were quantitized and the protein were 1solated from the Korean
bean, pasted bean, soy sauce, gochujang, cataract and powdered milk
which was hydrolyzed and clean up through Dowex 50w-x12 followed
by esterification and acylation in order for GLC analysis with chirasil

val column.

IV. Results and Suggestions

1. The optimum condition with chirasil val column was obtained by
adjusting carrier gas 3mL/min and make up gas 30mL/min at
oven temperature of 70C initially, increasing the temperature at
the rate of 3C/min upto 210C for the separation of 28 amino
acids.

2. The area fluctuation after 48 hours since 1ts derivatization was
about less than 3%. In order to reduce error generated from de-
rivatization, sample was introduced to GLC just after 1ts de-
rivatization.

3. Among acylation method with TFA, PFP, HFB, TFA-IPA has
shown the best resolution and the stability, therefore TFA-IPA

derivatization was adopted all through the experiment.
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4. By comparison of FID and TSD, TSD has shown the better sensi-
tivity than that of FID. But due to tailing by TSD and the diffi-
culty for expectation and poor linearity, FID was used as GLC
detector which 1s sufficient at this range of sample.

5. The ratio of racemization of I-form amino acids during the hy-
drolysis and derivatization was neglegible.

6. The amino acids showing the racemization was alanine, aspartic
acid, glutamic acid and phenyl alanine. The sample from veg-
etable contains d-alanine including pasted bean and soy sauce,
whereas sample from the ammal, cataract and powdered milk, did
not contain d-alamine. The most convenient optical 1somer 1n
order to deduce age and biological purpose was aspartic acid
compared to glutamic acid and phenyl alanine showing poor resol-
ution and small quantity.

7. The ratio of d-form amino acids 1n home made pasted bean was
3-6%, for commercial pasted bean was ranged about 3%, for soy
sauce was ranged 2-4%, for bean 1t was ranged about 1%, for
cataract it was 1-2%, for powdered milk the ratio was between
1.0-1.5% showing the racemization by micro organism was signifi-

cant.
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A1 A &

F3tolJ A A= chiral centerE 7FX AME JFAAA KFe
&4 WA ¥oln] enantiomerzt ¥-E=v o]# enantiomer’} 43U
2] & racematezt 3T}

Enantiomer+ ¥, 3t83 Ao Fdste FEs7] ofF
I gxr & FgeldAAgy FxFH F3xAEH HFe IHA
7 ©=2A Ed oy HAel ZFHLeoly  kineticd, X-Ray
crystallographye] g dFoAz AFHI wXGE7 A= HE
S-S Fol Itk 1980de] &0E vix dgdAdS REHW
ALA olAAAE FAAFEZF < 85%7} racemateE UL

Aot WRE AL oAAA SFE F oA VEZWo| oA
o]

AAA e EFEY EA(F3F, B, @Y, viEFLIo2ZAN H
7betARE, B A ALY oAdAAN A2 HE gty 84
< AYI Ygol FHHJUTY old HAAFHAI 7t 1960dd wF
AA FHAZ g 29W thalidomidezA FHALL FE AL
R-(+ )-enantiomero]l} S-(—)-enantiomer& Ax7le] AE7} EL
g Af ZIgest Y& #go L WHE FHRAELEL gl
1979d¢] wrd AT whdo R-form& 7|3ol FAd HAAFAR &
kth  wEkA  Jote A T FFad 2 AdEIFdE
Avsted B AFY F8Ael doew, HFAREES Fise TF
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FEo|JZAAE HEHEF AAT F U Jed FHTLEAM A
M HEo]l HEE seAHo E Y FHoIH.

A WolA HW FEoldAA Y MEAgo] ©l& FHI
Rt} catecholamine2 AlAY AMAE EZA=ZA tyrozineo] AAYA
oJeix AAREHW IUXRFEN} g Fo ZHFE IFE Fi
= F83F ZXHEAY I EEo|t}. catecholamined] AFA w2 FH A
2 2] 2 L-dopa (3-hydroxy-L-tyrosine) 2 A 712 B4 7] 7} ™ o] A
dopamineo] ¥ A&t} parkinson®He XaE ¥tz oz A9 L-

forme] dopamine® FIIAFoRE FYPE  F  Ur. A e e

stereochemistry?2] Z$Q8A & R-(—)-epinephrineco]\} R-(—)-1sopropyl
norepinephrineo] 20v¥] WX 80¥] 4wl ojAHAARY FFo U
FTH=H FHol B & Ut

Feo| AAE st Yol HEx=E FUTE ALE21948
9 HxgEE24 (+),(—)-tartaric acd?] ZAR LS Fv|FFH FHAEL
o] &3l BT olAS HAIFR] YHolA F 23 mechanical
separation©| X9t  S-LHl XM= dYE3d] FAEo Art. sodium am-
monium tartrate 74-$9x 27C oJAdAe o] HHE AT F
sith. 3BToldAA Ele ©E WHF FUE  chiral reagente}
¥ olAdAAL WSEHET AolE o]L3F kinetic WIHIY T olA
Aol Hol AHE dUAIT AHAE HYEFS o]E3F AolH. allene
o] racemate’} optically activedt boraned v}SSuw] Y w24 o]
U+ alleneo] FZHFHo EEHIUT.

EAE oAHEFS 4P Hojd Fuge Y ¥E B
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gt oldAA e AHYHoz wEFYOE racemated: T F UH-

x719 ZZREIHIAHLS IEY <EF
T3 A FsI dutFH o=z §E§3t7le] AFEA XIEAT. wE}
A ZARuEO#HHE o] €% enantiomerd FEHIe B oHE F
= Yusitg. a8y AFHoZ = resolving agenty o] AA Q] &£
T ZRZdol 7ZYFA i ARY &£4dol FHow dub AR A
€8 wWHA dIdEgFHo} oEFHI ARESLS doda U= H
oltp®. ILAF AL olAHAZA EH¥HIA v&E WHe svEA A
2ufEaf e o|dAHA Y AFelY FHIIEEY HAAe EH=R
o] B3FEE o]&F HA9 EAWHoltd. F, &S AEE A
& CAFAAE FEYA olHFEAER FA}A EHE T
3t WoEA AAFT FEL FAEFE ¢ EEZF A HARA
AT

Bl dAAE EIAE £ Ue V72 "EIHE GCH
LC7F 13, chiral compound®] 44 SIAdAM EH o]PIAE
o] & HIlde B+ oAAAE LAl immobilizeA]| HA o
3te WHoE UYEYE F UY AME FHEse EHUWAUSEER
AHREE  AzYEH ZAIFFES o]&F EW, inclusion complexE
o] &% HZWY, X Hydrophobic interactionz Hydrogen bonding
s molecular interactiond] o3 FEEZWHORE UyFo A F Un.
GCel olmx4t EAHELS polargt ofRl7|ef X=4H7]EF  maskingst7|

YA acylation®} esterificationd 3JthS capillary columng A}£-3}

0%

o EIFT £ dt. 7 #B2 AYUBAH /IIEEE o] WHE



Abgtel Bt b8 Aol GCE AMEE WS FHIEA ol
+ Feol Sith. AR FEHstEie AEZ & Z1Fsider Hi, =S
A2 zoAE FEANAZEAAN JFIFEZ9 FHA X (entropy)7t of
=HE  Zol7t oo o E FFAAY L X2 chiralX
Aol racemateE HAA AjZko] Ao wEA o]FFHA Y AMHE
dol gloiAd dEji TRUYH BS o AIRE BFHEIIIF oA
T} o}g3 EAMAE AAe racemization ¥Hgo] dojgd LFE
Atk olHE o2 LCol o4& ALA o A-AAY &7t AIESH
o] #& AL BA FHUH-

LCofl o3t Wi GCo 23 W HT resolutionHolut 7
AHQ HeFAolx EFIIL 70~80% 7] racemateE EI3=U)
AL€% 4 <dt}. Three pomnt interaction2 7|RE 3+ Pirkle typeX
A| 42 reverse phaseo| E¢AF GHE Ado. o/AHUE HA
g AL3T YE  cyclodextrin® 71ZE 3+ columneo] FQ8 A
g4 EZ WA FL2 ZAFE RAFL Az goze AT
T2 Jld7 Reolxxn Ut

Ligand exchange®dl-& A}&3 ZAo=2 F2 reverse phaseZl

o

AFS-3E T F4o 2= Cu?t, NS E2 Al&3¥t. Nimura’s&

Si

picomole2] AAE N-(p-toluenesulfonyl)-L-phenylalanineg % ©]A]
2]3lE 3 Lindner’S& (R,R)-tartaric acid mono-n-octylamide&
Kiniwa’%$&  N,N-dioctyl-L-alanine€  C9 AdFH A  hydrophobic3t
AAE B339 3 Arman'%& L-aminoacylamideE o] YW ojA

Dansyl AAE Feibush!'s& N-w-(dimethylsiloxyl)-undecanoyl-L-valine
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2 Lepage?%-& diethylene-triamineg W o]A] Takeuchi®HT 2 f-cyclo-
dextring o] Wolx Gilson“%& L-aspartylcyclohexylamide® 37}
3l 4 Lam'®& L-proline®} & F7lste Fo|dEAA ofrm x4t
& EE3Ath olFAd FoEelAdF HIIEES ¥We WH olfdx
three point interactiong 3} Pirkled gl AHAAL o]&F = 3l
=Hdl Pirkle®5e @43 HAZez FilolJAA S v IFg AW
HE AE3d93 Hyun'® I[Tacidic® IT-basic HEL Ze AAA
<  MEstH ALE3E L Hara®F2  ojAdAA  ofmfol=E m-
mobilized¥  AHA|AAE  Bank®F2  pirkled] AEH  AAYES
Pochapsky®%& n-(3,5-dinitrobenzoyl) -g-amino2F &%= #HE Yamashita
‘%2 binaphthalene FE=AE AA Ao Salvadori®*s 2 L-lactic acid
2 AXAHo=z Fld SaAE AAE Finn?5L pirkled AHR|AO
&2 arylalkyl carbinolg 3G Y. Cyclodextring ARA|AFe]] IILAHA]
e H: FHIZd =gtged*® JExIAE2E FAHTOEA  Guest
-Hosti#-2te] A3 z§o02 FAAo <tAHsHEAM EEwol $+3
H HEH7F pirkle typeRY FHASA Eg GHeol U ©E
AARAAo 2 Al AYo]ZF AR trnacetyl cellulcose®, Riboflavingx Al§
3ta1 YA, SFCP¥.  olfFHe ZB$E A3 Mass: Fdo H
A At GCe ¥ AFE Foo|dAAE FEEsh=

Hol v F=r {FEAHE TEY AR HILHE =Y O
of Alg3AT. FE FEAZ ¥ Ae= ofPiZIe ¢FE, XAVF
2871 & o] 8- 5} polar group<= masking 3} A AR =2

acylation®} esterificationg& 3d}A Hr}y. GCojA| acylation ¥EEE 9]
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£3l= AL 2-chloroisovaleryl chloride®™®, (s)-2-metoxy-2-trifluoro
methyl phenyl acetyl chloride®® (—)methyl chloro-formate®F 2] A]<f
S A}E3Y I esterificatione] ¥FEE o]&3 AL  2-phenyl pro-
pionyl chloride®®, 2-phenyl butyryl chloride®, o-acetyl lactic chloride®**
2-alkanol®, (+) 4-methyl-2-pentyl amine™g A}&3tg¥tt. LCE Al&
g uje] acylation® N-carboxy-anhydride”~"%, N-TFA-prolyl chloride®,
(—)-1-methoxy-1-methyl-1-(2-naphthyl) acetic acid”E A8 3 4 t}.

LColA]  esterification ®F&& MTPA-CI®", 1-(4-nitrophenyl) ethyl

amine’®, methyl phenyl alaninate” %o XHi It
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AM12 EF =4 32 A

1. & olulxAt 4222 Sigma Chem. Co. (USA)AZ 50mgsS A
83 H3 Y& 02N HCIl2 *=o 100mL Volumetric flaske] 7]
3 100mLEA A& o] £LAF 50mL IHAsH ALGsIFH o
Y2 BF E3Z<Q L-norleucine® 126mgg o & (0.2N HCIE
=o  100mL Volumetric flaskel] &7]x 100mL HA AL oS 2.

OmL st ARGt T

N (O)-trifluoroacetic anhydeide (TFA), pentafluoropropionic anhy-
dride (PFP), heptafluoro butylic anhydride (HFB)2 Alltech associates,
INC. (U.S.A)A o] ¥ isopropyl alcohol®&  Burdick & Jackson, acetyl
chloride=  Aldrich chemical company Inc., DOWEX 50w-x12 1on
exchange resin H*form (200~400mesh)& REGIS Chem. Co., HCl =

NHOH £aL2 JT. Baker Chemical Co., ethyl chloroformated Fluka

AE AHESHA S
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A2Ad 47171 2 BA

GLCt Varian Vista 6000 (US. A2 ZAd=7]v flame 1onization
detector (FID)2}  thermionic specific detector (TSD T+ NPD)H
Vista 402 chromatograph data systmeg A}&3td JEA A8 HE
chromatogram<S itk FdolAAAS amino acidE E3d7] H
gl GC column& o] 20m W7 0.53mm chirasil Val (Alltech
associates, INC.)€& Al&3¢tt clean up columng teflon stopcock”}

B2y 30cm X 10mm id pyre X column (Arthur H. Thomas Co., U.S.A.)

2 AFEEAH-.

1. GLCe =4

GLCe HA<&7|+= FIDeF TSDo] chirasil val capillary column
g A3l carmer gas(He)= % 3mL, make-up gas(He)<=
B2 30mL¥ EHI fuel gas® FIDIA A= F4& 30mL/min, 7]
300mL/min, TSDdlA&= 44 45mL/min &7 175mL/minE® X#&
&ted A} R-3¥N T oven& kv 70CoA 48 $A3 210C7HA &
T 3Cos&std 2587 HFAANZAGY. oo =& Table 19 g

W AT
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Table 1. Gas Chromatographic Condition for the Determination of Amino Acid
after Derivatization.

L i e L L L i Sl L

Gas Chromatograph Varian vista 6000
Data system vista 402

Column Capillary column 20m x 0.53mm

Chirasil val
Oven temperature 210°C

25min
3°C/min
70°C —

4min

Detector Flame Ionization Detector(FID)

Temperature ; 270°C

Injector Direct injector
Temperature ; 230°C

Gas flow rate Carnier gas He ; 3ml/min
make-up gas 30ml/min
H, 30ml/min
Air 300ml/min
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2. BEo =AY fxA
FFolr| =22 GC9 chromatogramolA] HXA v HHAY
o] 5] 27§¢] group (A :29%, B:BZ, Table2)Z uy¥o] bmL (2%}
0.25mg)¥X Hst WEEFEZA 2mL(0.252mg)e FHst 100mL H
4 ultg Eeiiad E¥FE 40C EF A FF FE7AA
A3 FE-L AASFZ acetyl chloride/isopropyl alcohol (2:8, v/v)
0.5mLE 7}3t &  ultrasonic cleanerol A 8.3 Al 71 =
teflon capl.Z I o]U= test tubeo] 27tk o]AL 110C ovendl
AIAZE §Eg AZIFE Loz YWZAAAH FHA JFEE FdY A
okg. gl Btk orle]  0.3mL methylene chloride®}  per-
fluorocarboxylic anhydride (TFA, PFP, HFB) 0.2mL& 7}std H#4E
e & 110C ovenolx 308 wrg¥FE WZAAZIY. o|lAE TA
Ax7t22 #HYge A%e I3 BJIFE histidined ®¥$AI7] H
3td  0.2mL benzene®} 0.ImL ethyl chloroformateg 7}3t3 110C
ovenoll A1 308 ¥FSAIZl F AHeom YHAAA AAVIEE HYY
Aeke dad BIAZXE ethyl acetate 0.2mLE = GCd 05uf F

AA1 .

3. AEel AN

NEE Agd #wH"z e ¥8%, i, 2%, AFEH
ARAA ARNoz Az B, a2, BFL AL G
4 @A fold wold wuwAR o} F dentines AEEZ 4

of ofmx=4te]l FotolHdAA EEE s EE, 2ZFE, FIFS
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Table 2. Two Groups of Amino Acids

I. A Group (29 Amino Acids)

d, 1- Alamine, d,1- Valine, Glycine, d,1- Isoleucine, d,l- Leucine, d,1- Cystein,
d,1- Asparuc Acid, d,1- Tryptophan, d,1- Proline, d,1- Hydroxy Proline (Cis),

d, ] - Methionine, d,]- Glutamic Acid, 1- Phenyl Alanine, d, ] ~Tyrosine, d, 1 - Ornithine,

d, I - Lysine

2. B Group (8 Amino Acids)

d, I - Threonine, d,l- Senne, 1- Proline, d - Phenyl Alanine, d,1- Hisudine
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Az3to wlAEA shsle] AfPgen I 2o AL FEe] 3l
= AHlA] XHBstErE. AEE protenlE 25mg A X goliA v}
M7 A+ 15mL test tubed) ¥ i 6N HCl 10mLE WL ©2 3
r7V22 FU1E dERUI AAVAE 3T g w9 E "o}

| AE Aeoz YWZAHA

O

A 110C ovendlA 24A17F EEjA AT
o7}ste] 50mL wWaZgaze H$T 1% 10mLE  Hstd YR
FFEd 2mLEL H7IsE T DOWEX 50W-X12 =ZIAlZI  # (resin
10cm)el] ¥ EIHAL F oA AFHFSF SmL¥ 28 {IYAA
BE&ES AASZ 7N NHOH 10mLet #AFHFS4 10mLE AEHE
-2 AlA 100mL WHulx Zgdxzd £3d9 wol Y w53
ool =it A Z2 FHF2=2 AHISAH-.

Fotul =4t FA v AIRE s B Fslg HAE

£
i

Le kg ¥ 100C EEwolA 3087

AL

>
H
9
ol
]
ofN
i
D
&S
=3

FE94¢ ZAAHeE Rox A FHF
30mL2  AFEsty FZ4sty FHFF 100m= A I AR
HAE FIIALE F2dQoz JFgr., o LA tnmfluoroacetic acid
5SmLE& 7ItE QARSI HAEES AASZ UdF EFEEFS
Yol Y =3t resmg Tt FEAE THEUY. Figurel
did AlER RBEH  JIEHI clean updlA 0 FEAE THE

A

GCz EAse #FL& =43 Aolx, Figure2t free AAE
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[_Samplc 30mg ‘

L_ Hydr01y51s

1

Filtration

B _
B

l Evaporatlon

Esterification

Acylation

Evaporation

I Dernvatization '

vaporation

Dissolve

6N HCl
110°C 24hrs

Dowax-50 W-x12
7N NH,OH

HCl-IPA
110°C 1hr

TFA
110°C 10min

Chloroethylformate
110°C 30min

Ethylacetate

Figure 1. Flow Chart of Sample Preparation from Protein.
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I— Sample | Addition of 30mL Distilled Water

V. 100 °C Water bath for 10 min.
rCenmfugaﬁon

| Supemlatant@

Addition of 30 mL Distilled Water

| Centrifugation
: _ |
Supernatant(2) |

l Addition of 30 mL Distilled Water

Centrifugation

Supematan?(é)—] ] Residue (Discard)

‘ Collection of Supernatant l

l Addition of 5 mL trifluoroacetic acid

' Centrifugation |
I Supcrnata,;ﬂ | Precipitate (Discard) l

Clean up with Dowex S0W-x12
Dernvatization & GC Analysis

Figure 2. Separation of Free Amino Acids from the sample.
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A3 Az g9 &

1. Columne] A" W GC¢ %A
obuEl =it FetolPAA EeE Y GC columnd AjUFHI
A+ chirasil-val I NON-PAKD (Alltech Co., US.A.)E& Fd A}L3}
AT
olu|x=AF D, LAE olAZZY oAH =33 F  trifluoro acetic
anhydride®t WA {FEAE EHs7] fste GCol =1L car-
rier gas(He) 3mL, make up gas(He) 30mL$} ovene &%5& 70C
AX  4FIF FAFEL 210C7AA £F 3CH2Ho=2ZHA 38F9 of
et F 28Fe olmxAbE EE3edH s L& 2T
0.25mme} Zo] 25m, <URXE 053

GC columng o] 50m, <UARE

met HXFP S FFed Aole ALl fiuTh

2. Area?] AAA

olm -t FEAY AHAHELE BRI HASA oM AT H
3 (0, 24, 48A17H)d wWE JYUFEFEZDHS peakdFH H&EE o]
ZAEFE o (Figure 3, Table3) 38&9 olnmxi F 2922 AU EFE
HZL7) 3% ©o]3teje D,L-methionine, L-glutamic acid, D,L-tryp-
tophan& AP FFHz7} 3.2~4.7% ol o} D,L-tyrosine 8.9%
2 AZko] ZARedsF HF peak WEFo] HAL®E & o+ UUTH
53] D,L-histidine® 155%, 106% 2 A7t 7230 wWE peak W
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1.0@

Area ratio

oc.o et ceee
9 12 24 36 48 60
Time (hr)

Figure 3. Stability of selected TFA-IPA derivatives in enantiomeric amino acids.
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Table 3. Reproducibility of Area at different Time with FID

el e p——

.

Time Passed( Hrs)

Amino Acid Enantomer O 24 48 Mean RSD(%)
Alanine d 0.720 0.724 0.709 0.718 1.08
] 0.966 0.984 0.968 0.973 1.01
Threonine d 0.816 0.811 (0.820 0.816 0.55
] 0.930 0.919 0.933 0.927 0.79
Valine d 0.909 0.919 0.908 0.912 0.67
] 0.828 0.832 0.834 0.831 0.37
Glycine 1.106 1.094 1.108 1.103 (.69
Isoleucine d 0.508 0.505 0.503 0.505 0.50
i 0.711 0.712 0.704 0.709 0.61
Serine d 0.824 0.807 0.791 0.807 2.04
] 1.010 0.989 0.975 0.991 1.78
Leucine d 1.118 1.117 1.121 1.116 0.19
] 1.253 1.253 1.253 1.253 0
Norleucine ] 1.000 1.0C0 1.000 1.000 0
Proline d 1.119 1.112 1.111 1.114 0.39
| 1.182 1.177 1.171 1.177 0.47
Cysteine d 0.500 0.494 0.491 0.495 0.93
] 0.924 0917 0.912 0.918 0.66
H. Proline ] 1.282 1.271 1.218 1.257 2.72
(Trans)
Aspartic A. d 0.877 0.840 0.862 0.860 2.16
| 0.905 0916 0.920 0.914 0.89
H.Proline d
(Cis) ] 1.768 1.724 1.726 1.739 1.43
Methionine d 0.713 0.671 0.658 0.681 4.22
] 0.938 0.866 0.866 (0.890 4.67
Glutamic A. d 0.766 0.749 0.753 0.756 1.18
l 1.143 1.071 1.092 1.102 3.36
P. Alanine d 1.490 1.487 1.458 1.478 1.20
l 1.175 1.208 1.168 1.184 1.80
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Table 3. (continued)

Time Passed

Amino Acid Enantomer 0 24 48 Mean RSD(%)
Tyrosine d 0.769 0.738 0.646 0.718 8.91

| 0.797 0.770 0.671 0.746 8.89
Omithine d 0.572 0.576 0.566 0.571 0.38

l 0.561 0.554 0.563 0.559 0.85
Lysine d 0.768 0.736 0.779 0.761 2.94

| 0.601 0.583 (0.582 0.589 1.82
Histudine d 0.675 0.536 0.509 0.573 15.54

1 0.853 0.691 0.803 0.782 10.60
Tryptophan d 0.492 0.456 0498  0.482 471

1 0.471 0.444 0.467 0.461 3.61

32



3. #=AE EIHes HE

olujx=4te] D, L forme {FEAE EIF5S B7|H3IH  1sopro-
pyl odlXH EZd N(O)-trifluoroacetic anhydride (TFA), N (O)-pen-
tafluoropropionic anhydride (PFP), N (O) -heptafluorobutylic anhydride=
acylation€ A]}#H retention timed EelFL2 FALSY W (Fig. 4,5,
Table4) 42=2] o}v|xAtx D,L-arginine®} D,L-cystine<  3}-3-9]
ZIA %ot FEAE UHE T 8. TFA-IPA {EA A<= (Fig. 6)
proline3} hydroxyproline2 D, L formo| &3] HH /1< peakZz
U el 9wl D-threonine®} D-valine, L-isoleucine®} D-serine, D-leu-
cine®} D-serinex A2 ©E oloxA7g HHTY. D formd L
form2] resolution number& alaninee] 3.56¢2. = 7}A =Av histidine
o] 066c=2 ZIF AL @& YHEHAR §2 AZE 503 &
853U PFP-IPAf = Ao 4% (Fig.7) D-leucined} L-serine, D-pro-
lined?} L-proline, D-hydroxyproline®# L-hydroxyprolinee] J2A 3&}L}2]
peak® UElton TFA-IPARTY ZF #3it}. HFA-IPASEA=
(Fig.8) #g%° AL FA Zsifed £HAS 481F o=
PFP-IPAs} Bl<sddd. 379 HfEAFdA TFA-IPASFE=A7 713
Fo T € UEHUNLH AlgF ofrixd B4 FEA=

TFA-IPAZ FL3H .
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SO :]50
' e ; (IPA-PFP) = 0.958(IPA-TFA)-0.343 /
r = 0.9992 . o’
X ; (IPA-HFP) = 0.928(IPA-TFA)+1.29
r = 00,9992
40 — 40
<
=30 - 30
‘:: |
jo P
T
P
[ry
2
=
';20[" = 20
|
1ol- 10
|
0
0 10 20 30 S0

Time (TFA-IPA, main)

Figure 4. Correlation between TFA-IPA and PFP-IPA, and HFB-IPA derivatives of I-Amino

Acids.

®: TFA-IPA vs. PFP-IPA, B : TFA-IPA vs. HFB-IPA.
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Figure 5. Effect of perfluoroacyl substituents on resolution of several enantiomeric amino
acids.
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Figure 6. Chromatogram of TFA-IPA derivatves of d,I-Amino Acids mixture with FID.

Peak Identty: 1. d-alanine, 2. l-alanine, 3. d-threonine, 4. d-valine, 5. l-valine, 6. i-threonine,

7. glycine, 8. d-isoleucine, 9. l-isoleucine, 10. d-serine, 11. d-leucine, 12. 1-serine, 13. l-leucine,
14. l-norleucine(1S), 15. d-proline, 16. l-proline, 17. d-cysteine, 18. l-cysteine, 19. d-aspartc
acid, 20. l-aspartic acid, 21. d-hydroxy proline(cis), 22. }-hydroxy proline(cis), 23. d-
methionine, 24. l-methionine, 25. d-glutamic acid, 26. d-phenyl alanine, 27. l-giutamic acid,

28. l-phenyl alanine, 29. d-tyrosine, 30. l-tyrosine, 31. d-ornithine, 32. l-omithine, 33. d-lysine,
34, I-lysine, 35. d-histidine, 36. l-histidine, 37. d-tryptophan, 38. l-tryptophan.
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Figure 7. Chromatogram of PFP-IPA denvatves of d,l-Amino Acids mixture with FID.

Peak Identity: 1. d-alanine, 2. 1-alanine, 3. d-threonine, 4. d-valine, 5. I-valine, 6. I-threonine,

7. glycine; 8. d-isoleucine, 9. l-isoleucine, 10. d-serine, 11. d-leucine, 12. I-serine, 13. l-leucine,
14. l-norleucine(IS), 15. d-proline, 16. I-proline, 17. d-cysteine, 18. l-cysteine, 19. d-aspartic
acid, 20. l-aspartic acid, 21. d-hydroxy proline(cis), 22. l-hydroxy proline(cis), 23. d-
methionine, 24. l-methionine, 25. d-glutamic acid, 26. d-phenyl alanine, 27. 1-glutamic acid,

28. l-phenyl alanine, 29. d-tyrosine, 30. l-tyrosine, 31. d-omithine, 32. l-omithine, 33. d-lysine,
34. l-lysine, 35. d-histidine, 36. l-histidine, 37. d-tryptophan, 38. I-tryptophan.
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Figure 8. Chromatogram of HFB-IPA denvatives of d,l-Amino Acids mixture with FID.

Peak Identity: 1. d-alanine, 2. l-alanine, 3. d-threonine, 4. d-valine, 5. 1-valine, 6. l-threonine,

7. glycine, 8. d-isoleucine, 9. l-isoleucine, 10. d-serine, 11. d-leucine, 12. l-serine, 13. l-leucine,
14. I-norleucine(IS), 15. d-proline, 16. I-proline, 17. d-cysteine, 18. I-cysteine, 19. d-aspartic
acid, 20. l-aspartic acid, 21. d-hydroxy proline(cis), 22. I-hydroxy proline(cis), 23. d-
methionine, 24. I-methionine, 25. d-glutamic acid, 26. d-phenyl alanine, 27. l-glutamic acid,

28. l-phenyl alanine, 29. d-tyrosine, 30. l-tyrosine, 31. d-omithine, 32. l-ornithine, 33. d-lysine,
34. l-lysine, 35. d-histidine, 36. l-histidine, 37. d-tryptophan, 38. l-oryptophan.
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Table 4. Retention Time(RT) and Resolution Number(RIN) N(O)-perfluoroacyl amino Acid
1sopropyl ester

o

HEFP-IPA

TFA-IPA ____PFP-IPA

Amino Acid Enantom RT oL RN RT (mmn) o« RN RT o RN
Alanine d 13.40 0.85 12.57 0.58 13.60 0.60

| 14.61 .63 356 13.51 062 276 1449 0.64 0.26
Valine d 16.43 0.71 15.32 0.70 16.33 0.72

1 17.19 0.74 2.25 1592 0.73 1.77 16.86 0.75 1.56
Threonine d 16.43 (.71 15.32 0.70 16.86 0.75

| 17.37 0.75 2.75 1564 072 095 17.30 0.77 1.31
Glycine - 17.97 077 - 17.36 0.79 - 18.45 0.82 -
Isoleucine d 19.52 (.84 1826 0.83 19.14 0.85

| 20.35 0.87 244 18.86 0.86 2.02 19.68 0.87 1.79
Serine d 20.35 0.87 19.51 0.89 2091 0.93

1 21.17 091 2.38 1994 091 143 2123 094 1.08
Leucine d 21.17 0.91 1994 (.91 20.70 092

| 22.44 096 3.11 21.04 096 3.67 21.82 097 3.73
Norleucine i 2328 1.00 - 21.87 100 - 22.60 1.00 -
Proline d 24.69 1.06 23.60 1.08 24728 1.07

] 24.69 1.06 NM 2360 108 NM 2428 1.07 NM
Cystein d 27.16 1.17 26.02 1.19 27.39 1.21

] 27.65 1.19 1.65 26.35 121 1.11 2773 123 1.14
Aspartic A. d 2925 1.26 2820 1.29 28.90 1.28

] 2050 1.27 0.85 28.36 1.30 0.51 28900 128 NM
H. Proline d 30.91 1.33 29.17 1.33 2994 1.32

] 3091 133 NM 2923 134 036 2999 1.33 0.20
Methionine d 32.13 1.38 30.69 1.40 31.23 1.38

] 1.41 2.47 31.31 143 205 31.80 141 1.89

52.87
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Table 4. (continued)

—

TFA-IPA PFP-IPA
RN

ekl

Amino Acid Enantomer RT «

NP

Glutamic A.

Phenyl Alanine

Tyrosine

Ornithine

Lysine

Histidine

Tryptophan

d
I

d
1

d
l

[

[

pamstmead

34.70
35.25

34 .86
35.39

39.69
40.14

43.09
43.61

45.79
46.15

49.33
49.53

50.07
50.32

1.49
1.51

1.50
1.52

1.70
1.72

1.85
1.87

1.97
1.98

2.12
2.13

2.15
2.12

1.85

1.73

1.50

1.72

1.21

0.66

0.84

RT
33.27
33.76

33.51
33.96

37.80
38.18

39.97
40.46

42.68
44 01

47.34
47.55

47.83
48.04

o

1.52
1.54

1.53
1.55

1.73
1.75

1.83
1.85

1.95
1.97

2.16
2.17

2.19
2.20

it . g

RN RT

HEB-IPA
RN

0

33.66
1.61 34.13

33.95
1.51 34.42

38.92
1.26 39.30

40.50
1.63 40.95

43.14
1.10 43.45

47.22

1.49
1.51

1.50
1.52

1.72
1.74

1.79
1.81

1.91
1.92

2.09

1.57

1.54

1.25

1.48

1.03

0.683 47.42 210 0.65

47.89
0.61 48.08

40
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4. FIDe} NPD(TSD)dl <23t oluAilfEdNES FAEZHS

Flame iomzation detector (FID)$} Nitrogen phosphorous Detec-
tor (NPD) 3-& Thermionic specific detector (TSD)& A}&3le B %+
3487t & 927 dEd ZxdA AAFH2LE  Rolrt 1A
€t} (Fig.6,9) CN3# P9 radical Aol dsix Zx7t Fvhste
TSDe ofv|x=itFel otdlr]e] EAZE  olmxite]  FAO oA
Zdx7F F7HA B4, ol¥A TxIL Fotske ¥ TSDe 3%
TE FHA IS TASEZ dNFHA FAEY FIBFE dS5d
7] ol¥7] WEd EESZHY Hmrt AFAAM FLFI L
stAIHOl 1709l R EEEZES o&std AHAE AF}e H 5
Joirx uFASA EIAHIT FEo wgE AMAPE HolA7
HEol W2 H9 Txe A ol&I7t F OHEA o

Phosphorous9] 7%= 423¥=Ed Bee #HEIF 2~4¥] F
d FFHA PEAE 7Fe=2 ¥4 Hix%d FAXE IR
Ee #HFE7l CNo 2z FA¢Zd oL d2 %L o
. & A293gd Ak AY FRDIFC P Jg o

e waznxoes = TSDY #xe ArE

O O Q
| I i
CH3;N(R); ) CH3;N = CH:-R ) CH3*N(CR); > Ar-ND; > NH.CR > NH (CR),
7 7
o &Mz zasA Hrh CR - (CR),

FIDe} TSDe Zr & v 2FIYL W Histidine(29.19]), Trans

-H-proline (21.74}), Glycine(15.88)), Ormthine(7.58)% ZA X7} o]
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Z7}tsle=Aol d=vFH Threonine (1.94v]), Valine (2.8¥]), Tyrosine (1.
suf) e ol Fxe FrF  dER FAE U FHIgTFR
gol Az g=A gxod dFe UL ¥ + Uk

otul kit A ZA=ZTF FIlete SAWHE RASIGE hydroxyl
groupe| Eojol AXYARIZF Fod= A%  (Threonine, Tyrosine)
7} oAlYd ZAxJ7F "olxl3r t}L-o] hydrocarbon chaino] Qlo] flexi-
bility7} <J)+=A (valine, alanine, 1soleucine, leucine)¢] 7}IX =9 =A}&5
o2 Tool o X7} quenching® .24 Zxrl Bo] HolA i
acetic group©] <+ aspartic acid, glutamic acidse] ©lo2 %
7} ¢F SuiAE F7)stgEtt sulfur® ET5=  cystemno] 115812
A7 FU718H 3 AAE EFSE olujx=Al, 2= ornithine, lycine,
tryptophane] 15¥] o]JAlo g Zert Z7}3¥Y 312 nitrogenS X FEH
ME rngS FASE 2+ histidine®¢ (trans)-H-prolinee] 203} o]
Aol w7t Z75g3m Q. wElA  radicald]l QAR 7o 3=
rnngoly HARE F= groupe] oW AEIJF Frtee ¥E H=AL
& DI+ A4y wibrationol] 23 YA E A3HA]F]= hydrocarbon
chaine] U&W HE7F FHd HAEdes Aol ¥ A (Fig-

ure 9, Table 5)

5. d, FEFoPI=A fEAle R

TFA-IPAE A&3lod [EAZGE F 38F9 HFToo| =4S
GCE2 E2stH Figure63 22 chromatogrameo] <QojZt}. o]uj
HA=2 1270 A3 26719 oln|xite FL2& S BHF
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Figure 9. Chromatogram of TFA-IPA dernivatives of d, l-Amino Acids mixture with TSD.
Peak Idenaty: 1. d-alanine, 2. l-alanine, 3. d-threonine, 4. d-valine, 5. l-valine, 6. I-threonine,

7. glycine, 8. d-isoleucine, 9. l-isoleucine, 10. d-serine, 11. d-leucine, 12. {-serine, 13. l-leucine,
14. l-norleucine(1S), 15. d-proline, 16. l-proline, 17. d-cysteine, 18. I-cysteine, 19. d-aspartic
acid, 20. l-asparuc acid, 21. d-hydroxy proline(cis), 22. 1-hydroxy proline(cis), 23. d-
methionine, 24. l-methionine, 235. d-glutamic acid, 26. d-phenyl alanine, 27. 1-glutamic acid,

28. I-phenyl alanine, 29. d-tyrosine, 30. I-tyrosine, 31. d-omithine, 32. I-omithine, 33. d-lysine,
34. l-lysine, 35. d-histidine, 36. l-histdine, 37. d-tryptophan, 38. I-tryptophan.
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Table 5. Molar Response of Amino Acid with FID and NPD at GLC

(Unit : Area/imole)

p— e e PP —— PR — I

Amino Acid Enantiomer FID(x10") NPD( x10") NPD/FID

o— ol P — r PO A a— il gk

Alanine 1 2.50 7.5 3.00
Valine d 2.93 8.00 2.73
| 2.64 7.50 2.84
Threonine d 2.73 5.30 1.94
1 2.78 5.40 1.94
Glycine 1.86 294 15.8
[soleucine d 2.31 6.70 2.90
1 2.64 8.00 3.03
Serine d 2.07 16.9 8.16
! 2.34 17.5 7.48
Leucine d 4.20 16.2 3.86
] 4.13 16.8 4.07
Proline d 3.09 31.6 10.22
] 3.48 34.7 9.97
Cysteine d 5.15 58.7 11.40
l 2.54 30.3 11.92
Aspartic d 4.06 22.1 5.44
Acid ] 3.38 26.1 7.72
H. Proline d 3.50 28.7 8.20
(Ci1s) ] 3.61 19.8 548
Methionine d 2.12 22.8 10.75
l 1.97 194 9.85
Glutamic Acid © 4 3.93 23.4 5.95
] 7.43 27.0 3.63
Phenylalanine d 5.99 29.3 4.89
1 2.38 32.8 13.78




Table 5. (continued)

Amino Acid Enantiomer FID

Tyrosine

Omithine

Lycine

Histudine

Tryptophan

H. Proline
(Trans)

Norleucine

il

il

P

| S—

P

4.24
4.10

3.13
3.28

3.33
3.02

2.20
2.78

2.19
2.26

2.03

4.23

45

NPD NPD/FID
7.20 1.70
4.60 1.12

52.4 16.74

59.9 18.26

46.3 13.90

46.8 15.50

64.1 29.14

81.0 29.14

33.1 15.11

32.3 14.29

44 ] 21.72

14.1 3.33




I Y3 Hxe= AHAO 2+ 3.d-threonined} 4.d-valine, 9.1-isoleucine®}
10.d-serine, 11. d-leucine® 12.l-1soleucine, 15.d-proline® 16.l-proline,
21,22.d,l1-hydroxy proline, 27.l-glutamic acid®} 28.1-phenyl alanines-&
g 237 HA ¥ oM AFT uiepFo] TSDE A E
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St ot taling® TFE HEzalol2  BwR|Yol FIDAHE /& 3HA

o T

6. 38%F ofmlx4te] A,B groupgl £

"

AA 38F olmix=4ty RHA=ZAH/ EE ol UHFEEHA <Jy
Aol o=y F  TOLE  YH¥Fo FF  ofF| x4t chro
]
AEFE Ao #HEF WYL oYyl dEFd 4 F To

2 1,]._‘-".'.01 recovery%-—g- ‘Q’jﬁl E_E;} E’}ﬁ 1:]‘. (Figure 10, ].].)

matogram2 AUk GC/MSE Al&3le FHX|+= ol xiHE

off
>

ATL 29Fo0=2 FAEo] Qi d,l-alanine, d,l-valine, glycine,
d,l-1soleucine, d,l-leucine, Norleucine (IS) d-proline, d,l-cystein, d,l-
aspartic acid, d,l-hydroxy proline(cis), d,l-methionine, d,l-glutamic
acid, l-phenyl alanine, d,l-tyrosine, d,l-ornithine, d,l-lysine, d,l-trypto-
phano] &3 it

B#& 8072 x]loj9Ji d,l-threonine, d,l-serine, l-norleucine

(IS), l-proline, d-phenyl alanine, d,l-histidineeo] <£:3§ ¢\ t}.
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Figure 10. Chromatogram of standard A group of Amino Acids.

Peak Identty: 1. d-alanine, 2. l-alanine, 4. d-valine, 5. l-valine, 7. glycine, 8. d-isoleucine,

9. l-1soleucine, 11. d-leucine, 13. l-leucine, 14. l-norleucine(IS), 15. d-proline, 17. d-cysteine,
18. l-cysteine, 19. d-aspartic acid, 20. l-aspartic acid, 21. d-hydroxy proline(cis), 22. l-hydroxy
proline(cis), 23. d-methionine, 24. I-methionine, 25. d-glutamic acid, 27. l-glutamic acid,

28. [-phenyl alanine, 29. d-tyrosine, 30. l-tyrosine, 31. d-omithine, 32. l-ornithine, 33. d-lysine,
34. l-lysine, 37. d-tryptophan, 38. I-trvotophan.
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Figure 11. Chromatogram of standard B group of Amino Acids.
Peak Identity: 3. d-threonine, 6. l-threonine, 10. d-serine, 12. l-serine, 14. l-norleucine(lS),
16. I-proline, 26. d-phenyl alanine, 34. l-lysine, 35. d-histidine, 36. 1-histidine,
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7. l-form olwm|x4te] olA3 JH A

Rtef TheEd Z2ZAAAA  I-formo] d-formeog oA ETH
2 Ade ZEde= dE&ssVi7E FAH o AY. o] HE HAHG
7} A3l l-formel alanine, valine, 1soleucine, leucine, norleucine, cy-
stein, aspartic acid, methionine, glutamic acid, tyrosine, ornithine, ly-
sine, histidineg WolA Wz Z15E] ZAEA A (110C) 24X
WX o clean uwpHHE ARNu FEAE UHEA o] 5o
7Vsd€& HAsA . (Figure12) ded 49 7l JMd¥ge=Ee
ofu|:=4te] o] A3 #H HA HEFE EAFIUI, dF IoHFY
d-aspartic acid (0.5% °JW)= Al8AAHY EEEL 7lside] de
5] 9. mEiA 2 dFelA okl d-form ke FEAAE
AYEZE Aeel IAFIHUSG. TF AVl 9 o] A SIE

JHdEH alanine %9 glutamic acild= 9UF SHAo] Ztedlok

8. F|=xA HA, F FoAAMY d,l-olvx=ite) AF

Figure 13,14, Table62 3lx34F HA Fojr{e]l free AAS}
WE FAALd olAHAA oimixE FSAHT Holt. d¥WlFA Foe
d-alanine, d-glutamic acid, d-aspartic acid, d-phenyl alanine%to] d-
formo] EASFAI vlIAIIAZR free AAdAME M FFe ofrxit
%t d-formo] &AsAT. IHU JAERAME & UHFHFY oPrxLd

ko] d-forme] ER3=A= A 2. F OFA T Fd o)
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Figure 12. Standard 1-form Amino Acids aftter hydrolysis and derivatizatuon.
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Peak Identity: 2. l-alanine,5. l-valine, 9. l-isoleucine, 13. l-leucine, 14. I-norleucine(1S),

18. i-cysteine, 20. l-aspartic acid, 24. l-methionine, 27. l-glutamic acid, 30. 1-tyrosine,

32. l-ornithine, 34. l-lysine, 36. l-hisudine.
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Figure 13. Chromatogram of free d,]-Amino Acids from Soypaste.
Peak Idenaty: 1. d-alanine, 2. I-alanine, 5. l-valine, 6. 1-threonine, 7. glycine, 9. l-isoleucine,
12. I-senine, 13. l-leucine, 14. l-norleucine(lS), 16. I-proline, 19. d-aspartic acid, 20. 1-aspartic
acid, , 25. d-glutamic acid, 26. d-phenyl alanine, 27. 1-glutamic acid,28. I-phenyl alanine,

30. l-tyrosine, 32. l-omithine, 34. l-lysine, 36. l-histidine, 38. 1-tryptophan.
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Figure 14. Chromatogram of d,l-Amino Acids from Soypaste. |
Peak Identity: 1. d-alanine, 2. l-alanine, 5. l-valine, 6. l-threonine, 7. glycine, 9. l-isoleucmet
12. l-serine, 13. I-leucine, 14. l-norleucine(IS), 16. I-proline, 19. 4-aspartic acid, 20. l-asp:}mc
acid, 25. d-glutamic acid, 27. 1-glutamic acid, 28. l-pheny! alanine, 30. [-tyrosine, 34. l-lysine,
36. I-hisudine, 38. l-ryptophan.
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Table 6. Amino Acid Concentration of Soypaste fermented at different home & Soybean

Commercial Soypaste Home-made Soypaste

Amino Acid Enantiomer | {1 I II Soybean
Alanine d 0.04 0.03 0.41 0.14 0.01
1 0.89 0.78 0.80 1.10 1.73
Valine d - - - - -
1 1.55 1.05 2.57 1.73 2.87
Threonine d - - - - -
] 0.62 0.55 0.65 0.57 0.90
Glycine 0.85 0.78 1.30 0.90 1.50
Isoleucine d - - - - -
| 1.20 0.88 1.99 1.36 2.37
Serine d - - - - -
1 0.71 0.30 0.78 0.77 1.46
[eucine d - - - - -
1 1.62 1.54 2.53 1.76 3.36
Proline d - - - - -
1 1.32 1.22 1.85 0.99 2.24
Aspartic Acid d 0.20 0.21 0.51 0.25 0.16
1 2.05 1.67 2.75 2.04 3.60
Glutamic Acid d 0.17 0.16 0.23 0.15 0.14
1 4.14 4.89 3.89 3.94 5.76
Phenyl Alanine d - - - - -
1 1.01 1.10 1.69 1.15 2.14
Lysine d 0.07 0.07 0.12 0.08 -
1 0.42 0.16 1.35 1.56 2.41
Histdine d - - - - -
1 0.38 0.42 0.67 0.56 0.99
Total 17.24 15.81 24.09 19.05 31.64
100DA/TA(%)* 3.0 3.0 6.0 3.0 1.0

2. DA:Sum of d-form amino acid, TA:total weight percent of amino acids.
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3t Z3t7] "o AR HlE&E dotdly] oAU o] HZA

o] H]&o] aspartic acid®] ¢ AEY d AHAEHE FHeol FHo IFH

0. #ZA A, mEFNM dl-olulwe B

Figure 15,16, Table 72 3t=+AF ZFA3} m&AoAle] oo x=4h
o] ®¥l&L YEH chromatogram¥® Y2Xojv. ZHAx HAL F4d
223A TEARZ] wWFd HAA EFH Qe d-forme] ofF

eRto]  EA B  aspartic acide A9 HAFAL <¢F diFxeo] vH|EE
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Figure 15. Chromatogram of d,l- Amino Acids form Soysauce.

Peak Identity: 1. d-alanine, 2. l-alanine, 5. l-valine, 6. I-threonine, 7. glycine, 9. l-isoleucine,

12. 1-serine, 13. l-leucine, 14. I-norleucine(IS), 16. l-proline, 19. d-aspartic acid, 20. l-asparuc
acid, 25. d-glutamic acid, 27. l-glutamic acid, 28. l-phenyl alanine, 30. I-tyrosine,

32. l-omithine, 34. l-lysine, 36. l-histdine, 38. i-tryptophan.
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Figure 16. Chromatogram of d,l-Amino Acids from Korean Kochujang,

Peak Idenuty: 2. l-alanine, 5. l-valine, 6. l-threonine, 7. glycine, 9. 1-isoleucine, 12. I-serine,
13. l-leucine, 14. I-norleucine(IS), 16. l-proline, 19. d-aspartic acid, 20. l-aspartic acid,

24. I-methionine, 25. d-glutamic acid, 27. l-glutamic acid, 28. 1-phenyl alanine, 30. l-tyrosine,
34, I-lysine, 36. l-histidine, 38. l-tryptophan.
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Table 7. Content of Amino Acid in Korean Soysauce and Traditional Kochujang

- ]
I — E—— e e S - P s —

Kochui
Amino Acid Enantiomer Soysauce | IT
Alanine d 0.03 - -
| 0.11 0.19 0.27
Valine d - - -
] 0.20 0.33 0.46
Threonine d - - -
1 0.15 0.22 0.31
Glycine - 0.17 0.30 0.41
Isoleucine d - - -
] 0.18 0.30 0.52
Serine d - _ _
l 0.19 0.34 0.42
Leucine d - - -
I 0.26 0.61 0.78
Proline d - - -
] 0.28 0.54 0.51
Aspartic Acid d 0.07 0.07 0.07
] 1.95 0.79 1.02
Glutamic Acid d 0.07 0.11 0.08
] 0.75 1.46 1.56
Tyrosine d - - ]
] 0.11 0.28 0.26
Lysine d - - ]
] 0.30 0.10 0.16
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Table 7. (continued)

—— i L )

Kochujang

Amino Acid Enantiomer Soysauce I II
Histidine d - - -

1 0.08 0.14 0.16
Total Amino Acid 4.90 5.78 6.99
Total d-form A A 0.17 0.18 0.15
Total I-form A A 4.73 5.60 6.84
D form rato(%) 3.47 3.11 2.15

sl p— R o sl — S — ek E— - S — — FE— — . e = - el
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Figure 17. Chromatogram of d,I-Amino Acids from Cataract.

Peak Identity: 2. l-alanine, 5. l-valine, 7. glycine, 9. l-isoleucine, 12. l-serine, 13. l-leucine,
14. I-norleucine(IS), 16. l-proline, 19. d-aspartic acid, 20. l-aspartic acid, 27. l-glutamic acid,
28. lI-phenyl alanine, 30. l-tyrosine,34. I-lysine,36. l-histidine, 38. l-tryptophan.
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Table 8. Analysis of Amino Acids from Cataract

Amino Acid Enantiomer I

Alanine

Valine

Threonine

Glycine

Isoleucine

Serine

Leucine

Proline

Cysteine

Aspartic Acid

Glutamic Acid

Tyrosine

Lysine

d
1

d

—

—

f o— | —

it [ — ek — Jpumumndl

=

0.49
138
0.28
0.84
149
0.82
212

b

1.09

0.19

0.22
1.23

0.13
3.38

3.38

1.32

I1

0.28

1.06

0.50
105
(;.53
162
0.73
024

0.17
0.71

2.89

!\J )
|2
(e

0.69

Name of Patient

[II
0.32

1.27

0.63
121
0.62
1.86
092
0.16

0.16
1.00

0.09
3.76

3.05

1.03
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18
0.34
1.01

0.27

0.65

\%
0.26
1.27

0.32

0.77
128
(;.71
1.92
0.99
020

0.22
1.11

0.09
2.96

1.95

VI
0.40

1.45

0.70
132
(3.75
174
0.95
0.14

0.16
1.12

VII
0.48

1.43

0.67
121
0.59
168
0.82
023

0.15
0.83

0.08
2.41

1.82

0.73

VIII
0.42

1.42

0.69
1.24
2.68
1.76
0.90

0.13

0.13
1.00

0.10
3.46

2.37

1.08



Table 8. (continued)

— i ——— i — I

Amino Acid Enantiomer I I1 I11 4%

\" VI VII VI

Hisudine d - - . - - _ . B}

] 0.8 047 063 070 0.67 0.70 0.50 0.72

Total-form Amino Acid 19.33 13.08 16.80 1495 15.67 17.86 13.67 16.23

d-form Amino Acid 0.35 0.17 025 028 0.31 0.16 0.27 0.28

I-form Amino Acid 1898 1291 16.55 14.67 15.16 17.70 1340 15.95
1.98 0.90

100DA/TA (%) 1.81 130 149 1.87

198 1.73

ek —
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&L gy EAZ QAL oYt} a8y} aspartic acidi}  glu-
tamic acide  AFEA A A (FAFFT] GE JlFEHER AT A
= WAE £ d3x uv YR IEFEAFY vHIdgqAa = FHF
JolA LAE ECEF X=HIHE AHFIT FEHAE <+ F YT
d-forme] HA olm| =it Wi ¥E&E WHE 1~2%9 AYHA
A BB aspartic acido|A] ¥ d-formo] YENYI] wj&e] A &3
g2te] Yolg FHEHITH AEE £ Yz ez AT mEA
ggetA Aoz 8ol Jhedtd-

1. Z2FFAe Fooldd oimxite AHFH

A EZZ9o d-forme EE dYrldle Alte] HAwr AA A}
8 & gl FEol7 dIFd HEE JIEFHE <7l SAsAMe
gotoldHAe] EME o FEHojor T AWM TAH
c 993EL2 25 lHformeg opFxior  FAFHUIL  d-form
obFg] ®Wol FEATE ol&T7t BRIl wWEA ALS Ad= W)
5ol &% ¢l AEBot. waA d-forme] <Lwuph} FPo] FEA 3

e 4EY FE4EE %7 g dws #del sl FEolx

IJ-?I_I'

53 EfAv AATH 24T AHAxdd wElA duAd o

A5l BE F8A4Hol EAstx Ut AEHoR 1LY TER

A b, 0, MY} ASATFERA NV, VE HIFHIE i d-form

2% H¥ racemization¥v Axv AT qA FAY Az

. 2y ol¥ WEE o83ty 2 AFEW dide WAAAE,

Z AAAE AA¥YOdA 2 FHAIAQUICIESY AFA, A9
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=TS dFFT F iUtk

ol &A% d-forme F2 FHaYge9] aspartic acd glu-
tamic acid X B 9] phenylalaninec]low $H= HAAXTAZE A
AEA 2895 A gGx AMIA 2dAMRE Aojxy] wFo @
AlgeA Bt AL o]l HEHJUT. £ dAFdMe FHHA &
oy QFEEY AZRFH YAe d¥AF d-forme KA
B ¥R Bowg d=gth Aspartic acde] AL d-forme ¥
&2 IL2AFSHA 1, U, Mol 50%, 4.8%, 53%E e
FuYsr ALYF &9 N, VI 42%, 29%E AU Glu
tamic acide] FL¢%E g vlLdsd I, 0, Mo 4.4%, 4.2%, 4.
0% N, V7t 38%, 3.8%< ¥&g& YEUT. WA &4
of 9§ ojAAAe WL HE=z2 AA FLHA Feol I
(Figure 18, Table9) uw&tA d-forme] 83 9L PI3A e
oo ;= 4k2  Table 100] Y& Qle viebzro]l A3l dae H©EE Ol
£3td lon exchange chromatography ®¥W¥ o =2 pH<9 1onic strength

o ol Fo] T¥Ne WEe Aesn Utk
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Figure 18. Chromatogram of d,l-Amino Acids from Powdered Milk.
Peak Identity: 2. l-alanine, 5. l-valine, 6. l-threonine, 7. glycine, 9. l-isoleucine, 12. |-serine,
13. l-leucine, 14. l-norleucine(IS), 16. l-proline, 19. d-aspartic acid, 20. l-aspartic acid,

25. d-glutamic acid, 27. l-glutamic acid, 28. I-phenyl alanine, 30. l-tyrosine, 34. l-lysine,
36. I-hisudine, 38. I-tryptophan.
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Table 9.Content of Amino Acids in Powdered Milk (Unit : Wt %)

Amino Acid

Alanine

Valine

Threonine

Glycine

Isoleucine

Serine

Leucine

Proline

Aspartic Acid

Glutamic Acid

Tyrosine

Lysine

Enantiomer

d
1

o —

H

—

P—‘

r—l

'—-‘

[

[Pt

Producer of Powdered Milk
| I1 38
0.34 0.43 0.31
0.85 1.17 0.82
0.53 0.62 0.49
0.20 0.27 0.18
0.75 0.94 0.71
0.62 0.86 0.60
1.34 1.69 1.27
1.18 1.65 1.07
0.05 0.06 0.05
1.00 1.26 0.95
0.10 0.12 0.08
2.26 2.86 2.02
0.53 0.76 0.50
0.03 0.03 0.02
1.34 1.56 1.07
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0.33
0.74

0.47

0.17

0.55
1.12
0.89

0.04
0.95

0.07
1.82

0.38

1.15

0.04
1.38

0.08

2.09
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Table 9. (continued)

Py’ il Pl

[11

Amino Acid Enantoomer | I1
Histidine d - .

] 0.27 0.36
Total Amino Acid 11.58 14.82
Total d-form A A 0.18 0.21
Total I-form AA 11.40 14.61

d-form Ratio(%)

‘e e e R

1.35

1.42

0.20

10.51

0.15

10.36

1.43

IV

0.23

9.74

0.11

9.63

.
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0.26
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Table 10. pK values for the ionizing groups of some amino acids.

Amino Acid

Glycine
Alanine
Leucine
Serine
Threonine
Glutamine
Aspartic Acid
Glutamic Acid
Histidine
Cysteine
Tyrosine
Lysine
Arginine

i

pK,

-COOH

2.34
2.34
2.36
2.21
2.63
2.17
2.09
2.19
1.82
1.71
2.20
2.18
2.17
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