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Research Title Development of method for determination of amino acids in
mulberry leaves and tea using capillary electrophoresis

Researcher Miss Saowapak Kasemsook

Advisor Associate Prof. Dr. Surapote Wongyai

Supported by Rangsit University Research Fund 2002

Abstract

A new analytical technique for determination of amino acids was investigated
by using capillary electrophoresis (CE). Optimization of capillary electrophoresis was
investigated by different factors, which included concentration and pH of the background
electrolyte, temperature and voltage. The optimum condition was obtained in 10 mM p-
aminosalicylic acid and 2 mM sodium carbonate, pH 10.2, using a fused-silica capillary
with 76.5 cm (effective length), 75 wm (inner diameter), applied voltage of 15 kV and
oven temperature of 25 °C. The optimum condition was validated and applied to
determine the amino acids in mulberry leaves and tea. This research was developed to
rise the standard for quality control and quality assurance of herbal product inorder to
increase efficiency and safety of consumer. The research could be solved the quality

control problems in Thai herbals.
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n3aoziiTu (amino acid)  Wlumsilszneudunisdidl wyjesiiTu (NH,) uay nyms
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20 e uAazsUan1anui ngu R entdu proline 111 Ol-amino carboxylic acids A® 3 amino
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2. Nonessential amino acid 319MeENT0FUATIZH 14910 essential amino acid H30
4 SN Y v . . .
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3. Conditionally essential amino acid 11Ju nonessential amino acid uaaziilu
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. aa d‘ d‘ 9 1 . . . 3|
oy glycine ANMENNATUNNINGIVOITY taurine cysteine uag tyrosine il

essential amino acid lunsnusning
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YS1mfe capillary electrophoresis (CE) (8) #a3tHiluithniveanarsdsems wu o

Uszansnmgs azannilszudaluisesveaSunamsilslumsimizd nat wagam e

d . .
5 In1zHlae capillary electrophoresis

] o

. . | a { . o
Capillary electrophoresis  (HumatinlnaiAwmuinian  electrophoresis  Unanns
k4

fugmlumsuonas Taserdennuuanais lumsindeniivesensiiszyneldaun i
drulszneuveunies CE szneudae dagilii 3

1. wraamiiannuaedng luvh (high voltage power supply)

2. ainInga (electrode, buffer)

3. untaais (capillary tube)

4. grunaa1s (sample injection)

5. ¥U28A5297A (detector)

6. vulelszuiana (computer software)

_'_;|_l||__i||El'7!-"

v ki ]
5UN 3 danlszneuiiugiuases CE
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1. Buffer (pH ttag ionic strength)
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2. Voltage
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3. Temperature
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gaungiilinadeanuriinuesals  mauguugizhldanunilaasas  vhildais

A

Ay yve 2
naouN a1y
4. Addition of modifier

I a ) @ J A @ ana G YA
Wlumsiduars organic solvent aslllumisazareivhivles ovianIs Iz vl

UsgAnsnmgaau
5. Capillary dimension

9 1 J a A 1 A ~
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6. Injection
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1. Hydrodynamic injection Humsnaas Taso1duANULANAINYINNNAY

1 g’; Y] 4 a =1
sennaaegniaesvesnaduiinailaais
o 4 I
1.1 mslianuaunlaredud 25 — 100 mbar 11a1 0.5 — 5 sec
=

o 2 <
1.2 mamnmldtaemuesnvesunllaaisiiugyannia

1.3 mssndmeuntlaatidnudIdganindiuesn
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2. Electrokinetic injection flumsdamslaglindsayifSnad 6 - 10

Y
kV) Fluszeznadu 9

S5msuenanslag CE uidld 5 szian
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Capillary zone electrophoresis (CZE)
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51U 5 msuenaisTasnalnnisuen capillary zone electrophoresis

2. Micellar electrokinetic chromatography capillary (MECC)
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Cathode -
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Endoosmotic migration I

gﬂﬁ 6 msusnaislagnalnnisuen micellar electrokinetic chromatography capillary

3. Capillary isoelectric focusing (CIEF)
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5UN 7 msuenenslagnalnmisuen capillary isoelectric focusing
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4. Capillary isotachophoresis (CITP)
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5. Capillary gel electrophoresis (CGE)
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51U 8 msusnanslaenalnmisuen capillary gel electrophoresis
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nsnozd Turian1e 1&un lysine, proline, leucine, alanine, valine, phenylalanine, serine,

. . . . . . s ]
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d' @ 1 a 4 a Aax a Aaad a
M3 1 LAAIAIBE1aNTIAIIZHaNTnTAezd 1u Taesuntlaaisomn Ins Inssa

Column Separation Detection
Compounds CE Buffer used Reference
parameter condition | wavelength
Amino acids CZE p-aminosalicylic | Fused-silica, +15kV Indirect 8
and Peptides acid and sodium | 87* 75 pm (normal absorbance
compounds carbonate, pH LD. polarity) 254 nm
10.2
Amino acids CE p-aminosalicylic | Fused-silica, +20 kV 200 - 350 9
acid and DMAB, | 83 (effective | (+ve to-ve) nm
pH 11.0 length)* 75 | ,25° C
pm LD.
Amino acids CE boric acid titrated | Fused-silica, +24 kV 214 nm 10
containing with NaOH, pH 65* 50 um | (+ve to -ve)
tablets 10.0 L.D. ,20°C
Amino acids |derivatization | 0.5 M sodium Fused-silica, +28 kV 360 nm 11
in serum and CE borate, pH 9.5 300% 75 um | (+ve to -ve)
LD. Qe C
Amino acids CE Alkanesulfonic | Fused-silica, 130 kV 185 nm 12
in beverage acid with 100 (effective| (+ve to -ve)
acetonitrile length)* 50 3% ¢
um L.D.
r@1nnd.doc Wi 24
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TasamsdveiiuriunagwannIsuazitazifsnansaezi iy Tuluvueuuazanly
' . = o 7 ° <
viiou lagl93% capillary electrophoresis Fuiluisamwnsniililszgnaldluamilseila du
an A Y 3 ~ a a 2 A4 a Y]
TWnlsenda dzain 5737 wasilszaniamga wennniileonswilimanseesily uad
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U

d ad a v
JanaunsamaziEmsive

d' A Aav
NIDINDIVE

a A A A
M195190N 2 519¥DIATOIND

FoinTeaile AWAn
Capillary electrophoresis instrument (°CE) | Hewlett-Packard, Germany
Capillary tubing Polymicro Technologies, USA
Vortex Mixer (Genie 2) Scientific Industries, Bohemia, NY, USA
Ultrasonic Bath (D-7700) Elma, Singen, West Germany
pH Meter (CG840) Schott Gerate, Hotheim, Germany
Analytical Balance (AT201) Mettler, Greifensee, Switzerland
Moisture Analyzer (MA30) Sartorius, Goettiingen, Germany
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Msndsazdagailnsas

a A A Y o
M19N 3 518%@ﬁ1§!ﬂhllﬁ$?ﬁﬂ@ﬂﬂiﬂ!

Foas In39 HHan
Lysine AR Sigma, USA
Phenylalanine AR Sigma, USA
Proline AR Sigma, USA
Serine AR Sigma, USA
Leucine AR Sigma, USA
Alanine AR Sigma, USA
Valine AR Sigma, USA
Glutamine AR Sigma, USA
Threonine AR Sigma, USA
Aspartic acid AR Sigma, USA
Glutamic acid AR Sigma, USA
1-deoxynojirimycin HCI AR Sigma, USA
p-aminosalicylic acid AR Sigma, USA
Methanol HPLC Merck, Germany
Sodium hydroxide AR Merck, Germany

Deionized distilled water

Rangsit University

Buffer pH 7.0

Merck, Germany

Buffer pH 10.0

Merck, Germany

Membrane filter (cellulouse
acetate, 0.2 Llm, 13 mm

diameter)

Satorious, Germany

Lﬁ1’Jﬂ1ﬂET.d00
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1. ANANYUZUDIUATOID

Mode of capillary electrophoresis: Capillary zone electrophoresis (CZE)

Instrument: Hewlett Packard 3D system (model G1600A)

Computer: HP pentium 4 (Window NT 4.0)

Software: Agilent ChemStation Plus software version A.08 (G1601A)

Printer: HP laserjet 4100

Detector: a diode array detector (wavelength 254 nm, band width 4 nm)

Voltage: 15 kV (current 0-100 LLA)
o
Temperature: 25 ~C

Capillary tube: 75 llm I.D. x 76.5 cm

Injection system: using 50 mbar pressure x 10 sec

qfi-} ="
o . Capiliary
| = | ‘thenﬁastatting
*

Diod=z-array
detector

"

i
Vial carousel {thermostatted)

Buffer replenishment

A

gﬂﬁ 9 1n3041/0 capillary electrophoresis

Lﬁ'li]ﬂ'lﬂff.doc
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2. mumumiﬁmumllﬂ

o [ 4 a = 3’/

MsLENEITINUUADaNNLATaa13ANEINITNA (total length) 85.0 %3 A2IWE12910
. . ] 4 o
inlet 84 detector (effective length) 76.5 @y L%'umgnwﬂammiu 75 luasou M3iany

1% g a 4 1 a 4 [ 1 o
F201ANDANUNOUNITIUATISHUASTTHINMTAATICHLFAIAIAITIN 4 N1IRATITN IAen1s
Y @ a A d QD a = Y g}/ @ o ]

Tvianuau 50 Jaauis umar 10 3nanaudlen lua n15asiviaa1sni lagn1sians

A o o

ganausidsanst lemaianueninau 254 uluwasiaiua Ina

M319N 4 ﬂ"liﬁﬁ"l’ﬂllﬁ%@”lﬂﬂ@fﬁfﬁ!{

Y
JUADU J2E219A1 a15aza18

New capillary

Rinse 1 10 min 1 M NaOH

Rinse 2 5 min Deionized water

Rinse 3 10 min 0.1 M NaOH

Rinse 4 10 min Deionized water

Rinse 5 10 min Background electrolyte

Between run

Rinse 1 2 min 0.1 M NaOH
Rinse 2 5 min Deionized water
Rinse 3 3 min Background electrolyte

3. MawseNaIsTazaeNIngIgIy (Standard preparation)

. a @ -4 1 .
#15a2a18 stock standard solutions nsAezii Iunazdaniaoss DNJ 1aun lysine,
proline, leucine, alanine, valine, phenylalanine, serine, glutamine, threonine, aspartic
. . . v J J a
acid, glutamic acid azdaniaosd DNJ 3oy Tagnisazalsaisuiasgiuuaassialy

A A o 1 Aa aa < <3 (e]
methanol ITianududu 2 TadnSurelaaans waznulugdu 8-10°C

#1582 019 working standard solution 1a3 83 1a8n1513991991n stock standard
. ya 9y 9 a Aa o 1 A aa o P4
solutions 1A NWANTY 0.2 Haaniudeiiaaaas luamsazarewies esazarenauvel
~ ) . ' J o I ¥
13022180193 16381 1aen1310 stock standard solution ouuaazAnWaunuld ldnw

Ny working standard solution
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@ Jd A Y . . . . Yy 9 a Aa
msazanetimesmien Iaslda15azaie p-aminosalicylic acid ALY 8 Uad

4

J . Aa A 1
Tuaasuazaisaza1s sodium carbonate AU 2 Had Tuaans #i pH 10.2

4. M35 1nI129 (Method development)

Y
Aaov A

el IaanuiTadene q Rikadensuena1snsaezi luuay DNJ laun waves

a 1

Y 9 ~ ad 4 o = A
mmmmuuazwmwmmiazmamafﬂm"la@ Qﬂ!‘l’i{]ﬂllﬁxﬂ’ﬂhﬂ%‘]ﬂﬂfﬂﬂﬁ? FITNNIEN

muzauigalunmisuenaisnaisaninnailunisndeuvesars (migration time, t,)

anuawnsalumamdeunineldaunld (apparent mobility, L) vazanuaunsalums

[ 9
uenes (resolution, R ) Fsumninaumsaae 1l

W = 1/tBE = IL/tV

Where: L, = L, + Mgop
V - applied voltage (V)
1 - effective capillary length (to the detector) (cm)
L - total capillary length (cm)
t - migration time (min)

E - electric field (V/cm)

9 9 ~ a g s
4.1 Na"llﬂx‘iﬂ’ﬂml"lliﬁl“L!!!,ﬁ$WL?)G]S“U@QETH@$EﬂEJEJLﬁﬂI‘V13VlﬁGI

9 9 = Aaad = 1 1
ANUEUTULAENEFVRIA1Taza1wdan Ing lagiunansznu Iasniiasa1nis 11a
ad A 2 A 1 A = = dy 9 . .
990180 IMsood luANFIUMHANTENUABNAT I UMTIAAUNVDIETT 11U TAnE11 1Y boric acid

I ad 4 [ Aa A '
dumsazareddnIng lag lugreanududu 8 - 10 Jad Tuarsuaziiey 10.2 — 10.4

4.2 wavosgavaiiuazanuadnd lwih

Aa 1 o = [ <3 A ~
gagiuazanuandnd fhiinadenawazanuiilumandeuiivesars lu
{ % { a 19 o ] [ @
msaneil ldlsunlaeuguugiivesnoauilugie 20 -30 ssrusaibod HazANUANAns Tl

Tu%149 10 - 20 AlaTrad
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5. M3152HuI5 (Method validation)

5.1 anuduiusiduase (Linearity)

o v J 9y =2 an 9
ANNAURUTIFUATIANY1TA8T external standard Taslsasazalteninsgiu
a Y Y o 1 A Aaa o v o Y o .
Asaezd Tu ANuuTY 60 - 140 TuTasnsudoiianans ANNAUWUTIdUATIAILININ linear

. . . 2 . . : ' 2
regression tiag correlation coefficient (r”) Tae Microsoft Excel version #4a255A1 T

VINANUIBMAD 0.990
5.2 anuuuud (Precision)

] o anaAa d a ] o = o
ﬂ’ﬂllLl,ll“LlEﬂ"ll’é]\1’J“ﬁ’Jlﬂ31$°H°1J‘i$Lll“L!‘ﬂWﬂﬂ’JHJL!iJ“L!EJﬁJfNﬂﬁﬂﬂﬁﬁ Iﬂﬂﬂ'lu’)ﬂ!%Wﬂ

percentage of relative standard deviation (%RSD) #an15ia1lainu 2 Wesidud daaunis
Y
a1/l

% RSD= SD x 100

o SD = ANdeuUUNIATTIU

X = aunae
anuiud lumsaaasi ld lagd sediuain

(1) anuuuudrlunsnadrs (Injection precision)

Anwnlasmsdaasagaroinasgiunsaozi lunanumdudu 100 lulasniuae

A aa .. I o g’/ a )
Jaaans (standard addition) 1Hu9113IU 6 ATI ARABNU

[l o a 4 [ . . 1 [ [
2) anuuiudr lumsaasizinieluiu@ed (Intra-day precision) Haza19Iunu
(Inter-day precision)
Anu1lagmsaseudlogasana luvueutazy luvieu 914U 106719814
= o 1 3’; a Ed v A o 1 1 ) a 4 1 [
HAZRAAIBENNAL 3ATI HATIUATIZH IUIUAINY FauANUHLUE N5 IATIZHTLHI9TY

=2 a Jd o 1 (% 1 o A 1 @ = (J ' ?x‘a
Any1 laensnssalesNa1sana lurieulu 6 IUNUANANNULALNANIBYNAL 3 AT

] ° a d .
(3) anuududlumsinszy spiked sample
= =S A a @ ] ~ 9 9
Anulasnisnadisazaleninigiuiauasludlresananuutu 80 100

@ 1 A aa .. [ I o tszl/
waz 120 lulasnsy nolaaans (standard addition) ueazaNuTNTwus Y 3 A
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5.3 anugnded (Accuracy)

ANugNABIu0dIsziliulae standard addition method TaamsiAuaIsazaiy
wasgunsaezlTuasludredialudsuim 80 - 120 % vealTuanasaunwuludiodgia

a, o 1 2 o
mmgﬂﬁ’awmﬁmmm%m % recovery A2351A1 98.0 — 102.0 % ¥ e 115D AIUININ

Y
gunsae il
% Recovery = X, X 100
Xadded
& Y = o
Wo Xeua = mmmmmummﬁﬁazammmgmwwﬂumim@mq

X g = ANUUTUYDIEITAzA10MIAs TIUNANA Tua15A20819

an [ A d . aa a J A . .
5.4 auanN13n5297a (Limit of detection, LOD) wazaNaNs A IEHUsuN (Limit
of quantitation, LOQ)
aa v A Y 9 ° 2 A @ Y a
aiJG]ﬂ"Iiﬂi’Jfﬂ’Jﬂf"li‘)ﬂ’J"ImGUiJGIJuﬁifjﬂﬂlﬂﬂﬁﬁcﬁ\?’f]‘ﬁﬁnﬂiﬂﬁi?ﬂ’mllﬂiﬂflwmim1

(% 1 1 [ [ . . é =Wl L%
NNOATITIUTTHINA UM TYYIUTUNIU (signal to noise, S/N) FIuAUNINY 3

Aaa a JA Yy 9 ° R ax a J A =Y 9
A1AN1T 1N IIEHARA NUTUTUAIFAUBIA 15 HITAIMIT0 AT I HIBIUS 14
9819 NABI IAINIITMUIINTATIAIUTTHINT Y IVUUAZd Y1 5UNIY (signal to noise,

S/N) Fasiaiy 10

a 4 a T [ 1 [
6. MsuATzvfTInansaez i Iu (arginine) luaisanaluviveu vazmluvitou

urasnuved luvieutaz luviveu

U U v =
unasilgn:  JaIngAIHILl
Wug: 356 60
GREISTE goa lusou uazluun

o Y o ' Y A = ° [ 3 A 2 &
ﬂWVlﬂIﬂUﬂWi“B\‘lﬁlUWNﬂu@ﬂllﬁﬂﬂﬂﬂﬁ&@ﬂﬂfmu?u 10 n5u reflux lurufeans e Tug

o a Aaa ) a 4 { o 3
ﬂﬁ@ﬂllgﬁﬂﬁﬂﬂ%NW]iiﬁjﬂiU 100 waaans ‘Lﬂiﬂ']iﬂ31%145]1&11&?]}@1'5113317]1/‘1%1“%1!
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UNN 3

X% a J
HWNanN1IIVYUATUNIDIIY

Y
Av A

Il lddnuTadeaa o Ninasemsuenasnsaesii Tua:z DNJ 1aun navesnnw

Yy 9 ~ adg 4 a 1 o = A
mmmmxwmwmmiazawamﬂT‘mlla@ Qmwguuammmwwmﬂﬂ% PIANNISNIN WIS TY

ngalumsusnarsnasanninnarlumsindoufvesas (migration time, t ) anuamsnlu
mandounneldaumld  (apparent mobility, p)  uaganuawnsolumsuends

(resolution, R))

Yy v =) a d
wammmmmumuuazwmwmmﬁazammanim"laﬂ

Yy 9 ag d A e . = 1 [
ANV UTUYBIAITAzANeDIan INT lad¥3 e ionic strength UHandauInaoal lung
A A A = v A A Yy 9 ad
naoUN 1Hoeniina Iasnssnen s lrased Tuan MIHVANUE T UVDIaITaza1ed@n Ing
4 a F o L 2 da! [ Y A A
ladaanislvasoaluan migration window tWuautazilvarlunisinaounveses
A d%’ ?xJJ dy A A . ¥ ~ v Y
U (13) NIUUBI9INMISLINNAINYIWUIUDY diffusion of double-layer AnTeau luvog
v ) A 3 Y Aa A A
aoauuuniaals Wuwaldlse@nsmmnisuenvesaising
= Y 9 ad L ] a a s A

NMIANYINAVDIANMTUIUVDIANTaZa8DIan 1N bad 1ux14 8 - 10 Uad Tuais (e
2 Y 9 : ; d N TOA & ; ) A X A
IWNANNITUTUUD9 p-aminosalicylic acid ¥11% migration time 1WuA 1 199910013 1M

Aa U . . o A = (Y A 49! A A Yy 9
poaluAn anad WU migration time YBIF1TNANEINNAUNNYUINDLNNUANNYNVUUD

. . P, . { =~ 4 4 {
#15a2a10 p-aminosalicylic acid Tasanududy 8 Had luars ldnalunmsnaeunvesans
{ Aa A { Aa A I'4 {

24 1H NaNUTUTY 9 Tad luars 19981 26 i tazianududy 10 Jaa luars nan el

4 { [ 3 A Aa a J o a
M3AAUNNIT 30 U1 wonINUNANMTLTY 10 HadTuars ldnanszua Inlidwn
A 9 N . o Y Aa PP @ ?x’/ ~ Yy 9 Aa A SR A
i19991nANU30U Joule’s heating v11¥iNa spiking peak aatiunaNuNdIY 8 Haa luais 29

~ A Y a A 9 a 4 g’;
ﬂ’ﬂlllfl’i’iﬂ%ﬁ'ﬂJ1J1ﬂ°VIijﬂlu@ﬂ%WﬂGlﬁﬂﬁgﬁﬂ‘ﬁﬂWWGluﬂWiLLﬂﬂﬁWii;Nﬁjﬂllﬁ$1‘Blﬂa11uﬂ15’llﬂ§1$ﬁﬁu

(24 w)
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migration time (min)

517 10 wansznuvinmsulagunlasnnududuaes p-aminosalcylic acid 1 pH 10.2 a2y

35.0 T

30.0 ~

25.0 ~

20.0

15.0

10.0 ~

5.0

/

=

—e—lysine
proline
—¥—leucine
—=—valine
—e— phenylalanine
—+—alanine
threonine
——serine
glutamine
aspartic acid
glutamic acid

0.0

8

9
Concentration of PAS (mM)

arednd 1w 15 AlaTiaduasguvigll 25 esruvaided

Y
Wi 107 Unanolsz@nsmmuazaiaulumsuendls HaaINaAIUOINFITNIAVOIAS
@ 1 a ad a { a o
#10819 uaz mode yoiuatlaaiiodn Ins IviGanaenld lun13aninzsi las CZE #l 0% 499
ad L=t 1 A a A g d‘ =1
msaza1eoan Ini ladima lasasanon1sLenuyedals A3 lvaosa INANIZINLAI LN oY

A g ad [ [
Y (14) :AMIAREINAYIN PFUBIaITaza1sdan Ing lad lusiai oy 10.2 — 10.4 wun

=)

=
N
S
%

AATIZH AU

Lﬁnmﬂg.doc

10

I { { a A
% 10.2 Yudui evimuzaudldlszdnsamlunmsuenaisgegauazldnailuns
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—e—lysine
30.0 ~ :
—=— proline

leucine

valine
25.0 1

—%— phenylalanine
—e— alanine
—+—threonine
20.0 1 ——serine
——glutamine

- aspartic acid
15.0 — A5

glutamic acid

migration time (min)

5.0

0.0

10.2 10.3 10.4
pH

51 11 wansznuanmsaewnlas pH Aanudiuduves p-aminosaleylic acid 8 mM A

Y

anednd It 15 AlaTiaduazguugl 25 esrusadod
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A Y 9 ~ ad @
M3 149N 5 W'ﬁell’f)\‘]ﬂ'JnJL"IJﬂJ‘llut!a%WL@ﬂfﬂlﬂﬂﬁTﬁagﬂ"lfl@&ﬁﬂi‘i/]inla@]

Migration time (min)

8 mM PAS

9 mM PAS

10 mM PAS

pH

10.2 10.3 10.4

10.2 10.3 10.4

10.2 10.3 10.4

Lysine

9.184 | 9.152 | 9.633

9.869 | 11.438 | 9.371

11.209 | 11.266 | 10.234

Proline

9.600 | 10.158 | 10.520

10.660 | 11.676 | 10.176

11.937 | 12.612 | 10.627

Leucine

10.881 | 10.641 | 11.174

11.673 | 12.948 | 10.742

14.043 | 13.471 | 11.214

Valine

11.590 | 12.119 | 13.357

13.095 | 13.864 | 12.454

14.869 | 15.331 | 12.547

Phenylalanine

12.356 | 12.679 | 13.789

13.607 | 14.698 | 13.065

15.528 | 16.685 | 12.894

Alanine

12.735 | 13.062 | 14.262

14.249 | 15917 | 13.767

16.344 | 17.150 | 13.861

Threonine

13.759 | 13.818 | 14.762

15.222 | 18.180 | 14.735

17.869 | 17.224 | 14.679

Serine

14.573 | 14.775 | 15.874

16.212 | 19.544 | 15.558

17.955 | 17.266 | 15.218

Glutamine

15.346 | 15.936 | 16.568

17.266 | 22.016 | 15.999

18.737 | 24.334 | 16.127

Aspartic acid

21.185 | 21.232 | 22.799

22.568 | 24.756 | 21.385

27.474 | 25.797 | 20.056

Glutamic acid

22.221 | 23.493 | 24.700

24.071 | 26.784 | 22.781

29.786 | 29.980 | 21.138

o d
WAYDIYUNNNIAZANINAIANE

a

QUM IL

< @ A A Ao ' A A A =
ﬂuﬂma‘nmﬂimmmnwaT@fmN@anaﬂumimaaummms IHBDNAINUAD

] A ad 4 a A A o ]
apAMuniiavesaisazatedian Ing laguazmslvasedluan (15) mawugaugivildanu

£l

A A 2 A A X 0o q ¥ A A g X
wmaammmm"lﬂﬂuwmu mi"lwaaaaimﬂmmu u,azm11wﬂwigﬂaaummmmmu

v & A a g o 4 { 1
ﬂ\iuLlﬂ1§LWllQmﬁ{]llL']J‘Llﬂ”l'i‘Vl"I(}lﬁ/lﬁ]a"Iil!ﬂ"li!ﬂﬁi’]‘l!‘ﬁﬂl’f]\iﬁ"lﬁﬂﬂﬂﬂ ﬂTﬂWﬂﬂTﬁﬁﬂBWWU'ﬂﬂ"ﬁ

A A o 9 A A & A ~ a 4
LWNQQJWQ?JVI11?70?”11“\15“’1?391!%%'0\1?”5?3ﬂa\i cﬁﬂqmﬂ{]ﬂ%tﬁﬂTzﬁﬂ%q@iuﬂTileﬂ51$Wl!ﬂﬂ

= s
GRFRRIPARNGRIEHIGH

Lﬁ1’Jﬂ1ﬂET.d00

Migration time (min)

Wi 36




MIN

UBDN

uae

:)Q
=

anuandnd i v) | qungll (essniwaiden)
n 6 wa

10 15 20 20 25 30 ungi
Lysine 9.863 | 9.184 | 9.152| 9.835| 9.184 | 8.885| anuad
Proline 10.454 | 9.600 | 9.258 | 10.204 | 9.600 | 9.271
Leucine 11.327 | 10.881 | 10.341 | 11.164 | 10.881 | 9.800
Valine 13.851 | 11.590 | 11.119 | 13.357 | 11.590 | 11.293
Phenylalanine | 14.247 | 12.356 | 11.672 | 14.789 | 12.356 | 11.293
Alanine 15.921 | 12.735 | 11.962 | 15.469 | 12.735 | 11.293
Threonine 16321 | 13.759 | 12.824 | 16.822 | 13.759 | 11.293
Serine 17.584 | 14.573 | 13.725 | 17.924 | 14.573 | 11.293
Glutamine 18.206 | 15.346 | 14.437 | 19.251 | 15.346 | 11.293
Aspartic acid | 24.583 [ 21.185 | 17.136 | 23.829 | 21.185 | 15.303
Glutamic acid | 26.490 | 22.221 | 18.523 | 25.042 | 22.221 | 16.458
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30.0 7 Lysine
—*— Proline
—e— Leucine
25.0 —e— Valine
—=— Phenylalanine
Alanine
. 20.0 —+— Threonine
E —— Serine
° Glutamine
-g 15.0 - Aspartic acid
_§ Glutamic acid
o
2
= 100 -
5.0 -
0.0

20 25 30

Temperature (C)

a

511 12 wansznuninmsnldounasgaungiin pH 10.2 anududuves p-aminosaleylic acid

Y El

8 mM uazanuaadns i 15 Alaliad

] o =1 1 1 a < A ~
ﬂ’JnJ@nQﬁﬂfﬂT\lﬂ"liJWaiﬂﬁl@]i\WI@ﬂTfﬂiul‘ﬂa?J?Jﬁill@]ﬂllagﬂ’ﬂllLi?iuﬂ”ﬁmﬁﬂu‘ﬂﬂlﬂﬂ

A o o a Py 4 a 3
a5 maiudnd I dna lumsSngiduas Wesnnns lasea luanuazanuiEly
4 { 2 2 A o a 4 o
msnaounvesasnIu (15) mamudnd lWdlumsiasziiuenanszilinarlums
a c'g‘/ Y o o Y a da! A N . = 1
anseiduawudrgeildinanszua lwihge¥uiiosnin Joule’s heating 910N 1sANEINY N
1 [ YR 4 H a d I o a a o @
msldanuardnd i 25 ATaTrad Wumsildinanszua lddhguiudasinaaes
4 1 1 [ { a 4 1 [
AT9900 AIUNTANYINAYDIANNA1ANE LWT9 10, 15 uaz 20 AlalradwuiinuaId

dnd I imunzauigalumsinsizvuenaisae 15 nlaliad
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30.0
—e— Lysine

—=— Proline
Leucine

25.0 1 Valine

—%— Phenylalanine

—e— Alanine

20.0 —+— Threonine
— —— Serine
£
£ Glutamine
g Aspartic acid
- 150 7 A . .
s Glutamic acid
.0
®
o
=

10.0 .’:Q!

5.0 1

0.0

10 15 20
Applied voltage (kV)

51U 13 mansznuanmaaeun)asnnuaiednd lh guvgl 25 esrwaidoa 7 pH 10.2

U
ANUATUVD p-aminosalcylic acid 8§ mM
v ?x’l { { a 4 a . . N
audn Mz aungalumsuaziuenninozd Tu (lysine, proline, leucine,
alanine, valine, phenylalanine, serine, glutamine, threonine, aspartic acid, glutamic acid)
. . . . a A s A v a
A9 AN UYDI p-aminosalicylic acid 8 Hiad lua1s 7 #i 0y 10.2 TaslFneduiiuailaais
.. { a ) ' ¢ o @
(fuse-silica) 17210812 76.5 1sudmas (effective length) durigudnatsnisluvesnodul

untlaatimidy 75 luasou 1¥anuaednd i 15 AlaTiad Rgungil 25 essuwaFoe

I88anTnsH lsunsufimmyaudsgii 14
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1 { { a J a a
51U 14 aangiminzaungalumsiasizrnennsaozilu 11 siia

Uy

a acy
MsYUszlivds
1. anudiusduass (Linearity)

@

anuduiusiduasdnylalneds external standard method 910N 1TAABINU A
AnuduRusIduaTINaluse 60 — 140 lulasnsuaeiiaaans laolaumsiduasamuInen
A dqyu ~ . A 2
wunlansiwvesWnues standard phenylalanine o y = 7.6419 x — 261.61 (R~ = 0.9988)

faguf 15
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Calibration curve of standard phenylalanine
900 -
800 -
700 - y = 7.6419x - 261.61
R* = 0.9988 .
600 -

500 —

400 ~

Peak area (mAu)

300 -

200 -

100 -

O T I T I I I I 1
0 20 40 60 80 100 120 140 160

Concentration of phenylalanine (mcg/ml)

gﬂﬁ 15 A3 WN193914v04 standard phenylalanine

2. anasiug (Precision)
] o = A Y 9 @ 1 Aa Aaa
anuusug lumsRaas (n = 6) nanuwudy 100 lulasasuasiaaans veeals
. = [ Y S <3 4
phenylalanine 11 % RSD 10U 0.69 11lo3i5ue
[ o a o = v o @ ] A Yy 9
ANUUNUEIVDINITIATIZH N8 T TUREINUTINIU 10 @I9819 (n = 10) NANMTNTY
@ 1 A aa 1 (Y < < 4
100 luTnsnSuaeiiaaans UA1 % RSD winy 1.09 nleiiua
Voo a P v o g o A Yy 9
AVUNUTIVDINITIATIZTHANIUA WY U1 6 T4 (n = 6) NANWINIU 100
@ 1" A aa . s (Y I 4
lulnsnfunoiiaaans vosds phenylalanine A1 % RSD v 1.14 nlosidua
AMUUNUE1V0IMINA spiked sample Mty uveg standard added 80, 100 uaz

120 Wlosifud (n = 6) 3aA1 % RSD w1y 0.75-0.77 wlesidud
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3. AUGNARY (Accuracy)
9y ada d o Jya
ANYNADIHN1UDIIDIUATIZHAIUIN AN percent recovery 1ae 1475 standard
addition method Taon15:@w standard amino acid a¢1dluarsazarvdledralugisniiy
J J 1 o 3 o 2 1
iy 80-120 wledidud Tasuaazanududuimsdassniiuiiuau 6 ase 11 percent

recovery 11101 99.1-101.6 Wosigud

[ o . . dJ P

4. a5inM35n52973a (Limit of detection, LOD) tazadiamsinsizrivsanas (Limit of
quatitation, LOQ)

aa @ o 9 9 9 . . 1

alasn15nsian11a lagaan Ny U9 Ia15 amino acid aglu%29 100-0.1
luTnsnSureiadans auan15aI19IARIUINUIINAT signal to noise ratio HAWNIND 3 Lag
aa a J A o v J 3 . ' ' W v
alans ATl umA1uIa91naT signal to noise ratio HAUNINY 10 WUIINMTANYA

A 'laminy 0.36 uaz 2.46 lulasnsSuneianans aua1ay 1asl %RSD ¥0dauan1g

a 4 1w s 3 4
Aaszsurauniny 1.80 wlesiiua

a d a v v
madnnzimfzuna nsaezilululuvieumazaluviiou
° ] ' Y A = ° o F < &
mlalagnsvalunisueuuisnuaaz@easiuiu 10 nsu reflux luunfoaas s lug

o

a 4 A, § S = a { =Y 1
HAZAATZHMNAT AW UNY YSiansaezil TunnuldSnaniosuinuaz luwuais DNJ
[ ° Y A a Aa Y I o 1 1 g’./ Aawv dy
Tuluniieu MldemsaaenmdSuiansassd Iulaituuiesdodiamniv luanudseiivg
= . 1 1 1 {2 a [
319 phenylalanine Tuluniou uaz s lunyeudrunitlugeasziinsaoziilugaga Nan
) 9
MINY 629.9911az 449.32mg @ 100g Tudedraue awaay uaz wevinsmanudulu
lumiouTasldinTes Sartorius MA 30 moisture analyzer A1NA8UOI % moisture content

91191 10.3 % Taeiial %RSD 0y 1.98 % uaz 1.58 % auaiai
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@135199 7 135191 phenylalanine wuludredalunmioutazmluniou

lunueu ¥ luviieu

fwe1e | esoa | lueou | luun goa | lueeu | luun
1| 604.52 | 589.33 | 521.35| 44845 | 417.72 | 328.72
2| 62837 | 563.78 | 532.82 | 448.58 | 423.48 | 325.99
3| 64291 | 583.92 | 534.88 | 457.32 | 428.62 | 334.41
4| 638.24 | 57831 | 52596 | 44296 | 413.78 | 338.25
5| 626.56 | 563.57 | 543.65| 45891 | 422.55| 339.04
6| 637.22| 574.94 | 530.55| 452.72 | 419.81 | 328.09
7| 612.58 | 555.56| 504.34 | 43427 | 412.67 | 322.33
8| 634.43 | 579.29 | 532.92 | 452.42 | 428.24 | 326.48
9| 63542 | 56221 | 525.37| 446.36 | 437.16 | 324.59
10 | 639.67 | 563.41 | 531.81 | 449.32 | 423.38 | 337.62
Mean 629.99 | 571.43 | 528.37 | 449.13 | 422.74 | 330.55
SD 12.46 11.15 10.41 7.10 .. 3% 6.20
%RSD 1.98 .95 1.97 1.58 1.74 1.88

1@1101A8.doc
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UNN 4

asilwaminaaes

[ aAa 4 a . . . . .
MSNAUITAATIEHATNTADLN 11 (lysine, proline, leucine, alanine, valine,

phenylalanine, serine, glutamine, threonine, aspartic acid ttaz glutamic acid) #1873

A ad a @ ad
uatlaati TsusdnIns Wida Tasmsanmnladeues anududuuaziervodsaisazaiedian

v

14 a 1 o A g’; a dy
Tm"l,a@] ﬂqﬂl‘i’iglﬂlﬁ%ﬂ’ﬂh@ﬂﬂﬁﬂfﬂﬂﬁ1 nuaaMeRmzanlumsuena1sng 11 viia Al

Capillary electrophoretic condition:

Capillary tubing : fused silica 75 um x 85 c¢m (effective length 76.5 cm)

Electrolyte : 10 mM p-aminosalicylic acid and 2 mM sodium carbonate,
pH 10.2

Oven Temperature y. X,

Applied voltage :+15kV

Injection : pressure 50 mbar for 10 sec

Detector : UV 254 nm

madsedindsans e anuhinnuduiusidunsalugag 60 - 140 lulninsudeiadans las
BAuMSIEUATIANUINIINGATIAIUYBIANNGIVITD St y=7.6419 x —261.61 (R =
0.9988) Amiiudilumsdaas (= 6) Annududu 100 lulasniudeiiaaans voans
quercetin spiked sample 171 % RSD 11131 0.69 1lo5idud anuuiud1ivesn1sinsiey
moludu@ersusiuag 10 Mo (o = 10) Aanudutu 100 lulasniudeiadans i %
RSD i1/ 1.09 nlofidud  anuuludivesmsinneiarsiusudiuna 65um = 6) f
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14 esidud  anusiud1veamsna spiked sample fanududuves standard added 114
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f1U 910 percent recovery 1875 standard addition method Taen151@ 1 standard
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Wuduiimsdaasfiusiuau 6 ada 18a1 percent recovery M1 99.1-101.6 nlosus
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