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Abstract

In this dissertation, four flavonoid analytes were selected to investigate the
enhancement of detection sensitivity by capillary electrophoresis. Several on-line

concentration modes studied were divided into two parts:

In the first part, CZE and MEKC modes were studied first, and then the large
volume stacking with switching the electrode polarity (LVSS) mode and the
LVSS-sweeping mode were used to concentrate the anlaytes. Amoung these modes,
the LVSS with switching polarity at 0.4 min was the optimal condition. The limits of
detections (S/N = 3) of hesperetin - naringenin ~ quercetin and kaempferol were
determined to be 14.87 ~ 14.71 ~ 19.76 and 16.66 ng/mL, respectively.

In the second part, the sweeping technique was improved to concentrate the
analytes. With 120 sec sample injection, the concentration of phosphate buffer at 20
mM was used as the sample matrix, while the separation buffer consisting of 20 mM
phosphate electrolyte and 50 mM SDS and 10 % acetonitrile at pH 2.0 was optimized,
and the limits of detections (S/N = 3) of hesperetin ~ naringenin ~ quercetin and
kaempferol were determined to be 43.53+38.25~57.38 and 48.55 ng/mL, respectively.
Sample injection up to 480 sec can also be achieved for baseline separation of four
flavonoids in the sweeping mode, and the limits of detections (S/N = 3) of hesperetin ~
naringenin ~ quercetin and kaempferol were determined to be 21.28 ~ 15.37 ~ 24.26 and
24.7 ng/mL, respectively. The method was successfully applied to determine
flavonoids in several real samples.

Key words: flavonoids ~ capillary electrophoresis ~ on-line concentration ~

sweeping ~ large volume sample stacking.
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$1% A%

11 312
WE KL mE TG - SR A A ST RIS mE A
EEF R IANFIET 2 R OT A R A A 3 AP RO B AL HPLC A B
HEd iAo REE " BFRE BALEY Mo PLBELANRR S L5 2 2
Fofe L mE FAS R REHFRAETE L REFEARIERURE > wENE

RSN 2 2 R RN S EFE AR D K .

GREGEEEL S SRR RS RN AR NS S TE
DR E A EARKE R G5 B R R L - B X REH NG
FHERCES O ARACEIERR AP AR FET LM RS X
RERETINEFRSGER L D)X A -

1-2 £ 3 §AHE ¢

7 7~ (Electrophoresis) # & 5 A ® 234 R g A+ 0 R H 1T T X gl
BT AP pE TRZAR? 2 BE DR E o JIF F T RS oF R

4

E=H

B2 chd ) LB S AR il R a T A ek 80 RHE
THL AU S LT AR R S AR KRS LA e
F 0 AR A S el TR E AP R R A

A RBRSFEORRET I E o RA > TS HE AT F A AR AR

it

F RS

- A R A -

1897 = KOhlraUSh[l] A LD ]}77} F A .-Lﬁ*%’rc‘ m:%;f% = ﬁi‘\ > ’flj’i"
PR ELGRRES AT REY B P75 o8 71937 £ o5 B8 7 Tiselius[2]
117 #5 5 8 A (moving boundary)” = i #-% 5 F ¢ ehos By Ik Eev 1R vRA R

AEED S R R ABE B R T § LA @6 4 1048 E HEH



o v B R R RS BLPOE B T < R EAR o

Bim b DDA RITF A TH N AR R B REE AL E

#.(Joule heating) @ FERAMFICEHIN PR G L E TR ER T TAL AP AR
2 RBRSEREEEF R TS RIS L I RBAOHE D3] -
PREEAFCEEEFTH R A A B4 B 50 LRI @# * 3F
5 A F i A~ BOR W AieP%(polyacrylamide) ~ Ji # (strach) £ 3 75 (agarose) 42 %% %
RTRRFgd  ¥ b P S R PLRF 2 7S wa
Pl pp SR LR HERAE -

1967 & Hjerten[4]#& * p j= i 1~3 mm e % & ¢ " S #oc s 0 F T AR
M % (methylcellulose) i3 &F = fm g B B> 2R 15 L oy $EF 4 ¢ < phE M g
DR I R RN S ¥ ST AN S TN S A T E
Witm+ & - 1974 & Virtanen = Mikkers[5, 6] * 200~500 um p j3 éhgh 38 = 'm
FioRr £ 2GR FERARBOT R TGk pdIE R A A 2 DR R AT -

S RETHR A Sl AT 0 2 LG Boxa £ g T A2 (High

performance capillary electrophoresis, fj £ HPCE) » H & % p j& %) 25~75 um =L

i

mE? BERTALREFHK FIC S g PR S RS R
WP SRF R L wP B BARTIADL R LN SR H AL LS g P BT
BHE s BTHEPiEE £ fg T E 4 Jorgenson - Lukacs[7-9] & 1981 & #7%

A BN R 75 pm enS b ke A B (el > B VIR B R R ap
LlmE A 4 30KV B T REF AT ST T F R R B R
AP N IRAR hhTA B oo # PR mIE I A R A Y cnFE > X
=L %m? T A E IR A H o

L g %A T A2 (Capillary zone electrophoresis)*t — 4L ™ 5 iy & 3

TS m ZE 0 AP P BRI W RER R AR o B A



Terabe & 1984 =& [10]4% & ficPe T & 4 £ ¢ & 472 (Micellar electrokinetic
capillary chromatography) » i ## £ g T A2 i g A BT Tk + 20 2o
e o Bt IS B BRI i kR LT IRN Mg kR E(CMC) et o 75 2
A oAy R e o JIF AT AR AR RAR T A P A e ek B 7 4 4 - 1985

# Hjerten[11]#-@ sLen® R EHMRH F|L mpg TiAY 2B F DLy

i

h
N
®_& /% (Capillary isoelectric focusing) - 1987 & Cohen {= Karger[12] 7= #-i% %t et
BRAGERT IS g d s B Fod T Fla S e g AR T A

(Capillary gel electrophoresis) ik jis o e & » Tsuda[13].% & & »xic ik 4p & 47 ¢ 4L

BRI N L g R EATE(CEC) e p b B B Bt g T A B
BAvk o 4ot g B3 T 42 (Capillary isotachophoresis) - 1988 # Rose {r

Jorgenson[14]f £ 4% &1 £ fo g BB E A4 em (TR F R E IS g T4
R E T o o S R AR B R
13+ mE T AGALRRIT

1-3-1% #* 18 # Z (Electrophoretic mobility)

1:»

TAL B F RS AR BRI T 13 i R A RS T

Nud

B0 BT A F 07 & T 40T

Vep = HepE (1-1)
HY U s R ABHFHE ST H o
- BH ziT St > AFTRFE T T Pl T 4 5

Fi = zieE (1_2)

Y oen- BT F T

=3
ek

ARG R RFHBEDE T EF 5 B R 3T
Fi = Fd (1-3)

lh-'@-%%',ﬂi _If{i’;}{f‘_’_—-‘;- E’J"‘l@ﬁv §§D|£ /\?ﬁ’/@‘!:,/%]‘aﬁié, LL[lS]"'F}» ;é/j:‘il]%g-;’



Fi = 6mnriv; (1-4)

RS S DR SR

H
R_
-

FlPL AT A EARY  FHT A RS S 'ﬁﬁhlf}?ﬂ%’ ﬁ JARED 3 A
Foowad TR ATHE T T iy

_Zi€ (1-5)

o 6TINT;

SAEA T A TR DA AP RERASRS S L E T HT e

Vi _ Zje

Hi = Hep = E 61N

(1-6)

1.2.2 % g% (Electric double layer)£: Zeta & i

bt R U LR SR TR B0 6 ] TR

o
=3
w

i RUmA R e T Am R g A e JE o - RS e R
g g % (fused silica) » A pH > 3 i/ ™ » £ fwf & G X DIERIRE S
L my 4o g fE A (SI-OH)fRdm 25 24 § L irenSi-0 > #3077 iF i 5 o
TRT PR T B AL e ap B A 5 B K (Stern layer) ;s B3 -
B RS R ORI R B H T R AT IR B %0 ~ dp kR g

TR ot K AR S B4 (Diffusion layer) o gt A 38 A F jEere S endg S R ALE R

% (Electric double layer) » 4@ 1-1[16]*77% o d ** = fmg B3R ? T s G 3 15

Ju

VR BIREEERG R LG o B R a? 4384 (Bulk solution) s i
iy FREOT Ly R DT T 0d ARATE Y T d oy
Iy £

fE AR R e (2 - @)sA BEFL G Zeta & (C potential) - H = A2

T AT AT

4mde
¢=— (1-7)
RS EREADER e bR ERAGHORIF e FRRNNIT Vo



1-3-2 & % i (Electroosmotic flow, EOF) £ 7 4| (Flow profile)

REFF-ORLFHASERPHT L wp N ELAG B EOTARL > ATH
IER 2T Ly PR ST R R E B AS R f RS B el Az

THEMAFTIRT AR DT ABBELIEN T TS ENL T 2

Veo = MeoE (1-8)
Heo = Eznﬁ (1-9)

HY Vg 5 R F oleo p R BB F o S EEROARE e 54T ¥ Ko

PP RN T g TR EZeta T BE AL A ATV BRI E W o
S Am T AR L Zeta RN TR B R e e kR R 5 - Zeta
gt TEAAS BRG] REFRRIAEGL 000 Zeta T nd

kP ERTE AR @l i oS g Y BTN F BB H

L XA DT AT R AP o B B I o 0 BRI

BEd G A ATend QTS STilAzan ke T R B RS TS

(w
-
34

FHe BB E FFs FENITRAF - ABEF FUATRIE TR
FARF A LD TR FRAME G- BaTEER e ESH B - &
HPLC s d ;53] 5.7 4p I e > 4o @) 1-2[17]%75F - %15 HPLC 5és 4 54

B4 i AR PRE P LA R A YA TR RN2 B o 2 0 T



ESR FEY I RN L PSS Er A ST RS e R

wE AR AR T FIRET £F RART IR AT L o

g H TR AL e P g ERRR Y P T AR S () A A A
SR g TR RRS F (o) o FIF R FRT A G T AR

BT AR T (p) 3 A F o B
Map = Hep * Heo (1-10)

B R ARRY T Y B (e U R)PEB PRty 2 F T RA Y

A BB PER bty K FE S35 T AR F (L)

LdXLt

Hep = Hap —Heo = v (m - _) (1-11)

# o Ld:j;\;c:ém;%gig*g:{i%;,J;ﬁ;E.J%mﬁ reE B oo Ly &S mrgm,\ﬁ\f}; VAR L

i

BT @ °

4 L ‘m? T oA BLERB ALY o A Bens ] i}w*%-%;ﬁéfir/»\’ﬁ*’”’l % BT

+

R 2 T ARHF LR S A e B e RE WriE 2o d A SRR S pH
B~ e BRARE KL XSG Do

1-3-3 %4 #»x ¥ (Separation efficiency)
< ’W"}? R (CE)E’E’ BT Re ;% AP é] ’H(HPLC)F\? B RAp A B F]pt CE fxt

e % b2 HPLC L A dp iy > #7022 fm g Tk A #ad v % 124548 ()

% {247 B (R) ¥ 147 15 -

_L_d_ﬁ_uaVLd -
N = H o2  2DL (1-10)

2Dt \%
RS = m 4\/_ X Au X /HaD (1-11)

B HEEEER o 5 A en A oD 5 A4 i F Y addc il
6



At Gz @ BER L Wi s Adrd e td 23 50 Ap 5 = #4760

MR AEHFL

dS wE DA LEFTASMANE S BB E G A TG A 3
ﬁﬁﬁﬁ%ﬁ{%@@*ﬁﬁ%§*’§ﬁ§% B IGO0 AT S S R
EoR T o S Sal BRNIEIE- R S IR A S

Pt Bt mE R A AR RS RS hF LG T
Py R
(1) E2HRGEIEFNERA G380 S 6T & Endbh + - 4
(2) i3 Tt g R i N R B
B) A g RmETRANL A A 7 S A5 F1F %
@) B F il 77 e &

(6) #hpmith+ 7 -

T T kA ALY S RIS R g

PRI 44 B o iE @ B e A Rk o



A% T oA B
Sl AR RL S0 © F BT A BRGS0 A B e B
22 4pF c P FREINRGD 2 RBAPERE RS L
® LlwpHAdTIAE
(Capillary zone electrophoresis, CZE)
® e E A RATi2
(Micellar electrokinetic chromatography, MEKC)
® Llwp MR AR
(Capillary gel electrophoresis, CGE)
& flwpETRMETAZ
(Capillary isoelectric focusing, CIEF)
e = m*g i T oAE
(Capillary isotachophoresis, CITP)
® ~ClmE T AT
(Capillary electrochromatography, CEC)
1-4-1 £ ¥ % % &% (CZE)
< Td Tk AR AT B - 0 2 B S e TR
ST L E SRR DA ERES P T RS G R R R o @
ETABHF 3 LRM R oIk FY 2 T AL pd R T A (free
zone electrophoresis) o o >t TG foo ATIIT R KA BRIE S B A > @ ¢
B FALaTs? 388 G ETB T - AR N L mg o 2T JEd
Birp o>~ kR ~pH f;eié“;‘,’]t%c”ﬁ WL AR A & 2 2 Reed A gk o FlL
B ETHEfIEL MU wE B F TAE DR FRIR ¢ FBIRAR

HUN AT SERA YT RO Fens R AT IEH T A 47 % % [18-21]



1-4-2 pere T8 4 & 472 (MEKC)
Mere T o4 K472 2.4 Terabe ¥ A [10]*t 1984 & #7i% ) eh— f& 4| AT L

m'g ToANATE L lm? e N /,,\T%a_ﬁm.kﬂ S EAR LIS (V] gﬁ' AR RN R l‘l};\}

S
A
=1

e T E A K472 g d r{ DR PR M TR D R A e g

ETN

# R R e A RS G R pd A TR o ldpfeiice AR Y 7 A e
ﬁ?vﬁﬁ%ﬁ&&ﬁ%@%ﬁ—ﬁ%%oﬁﬁ**ﬁﬂﬁﬁkﬁmmw
Micellar Concentration, CMC) e} & 7S [ FP> E #ma % P > B o B4 H H 48 4

¢ BBt Axa A2 e (micelle) o ot Bokip i nB S R e S LA E W
E R N BB AL e ¢ s MR A AN R Y o e T
A RATZF AR - S EEERATES TGVRAR 0 ¥ = S e AT S djice Ap 0 2t
I PR R ficie R 4 K ATE A B R IR LA R A 47 4 B e 4p 22 oK A
Z ek G o AR o fpipieded BT o AT A e 7

AR R H AL DT TR E R F s e R AR

S AR R ER AR TIA R DALY T AR 2 A G F]pt
Hereds 4 L mE K A7iE 0 HN L el RO /OB - fAI T Ees gt
HE o A R R [ 4 R [10, 22-24] -

1-4-3 = i § % T 7% (CGE)

Ll g BT A ER T AT HEY 0 B BB A Y- 8 H
Bt kv d5 {p Rl -FiBHALEG AT EhRn 7
RSB @ YRR LB T v i MO T S e

AR Z RO BT AL g F A TR RERERBERES
uﬁ%?%moﬂiiﬁﬁﬁﬁﬂ%“?ﬁﬁ%ﬁﬁﬁi—ﬁﬁkﬁﬁﬂ’%é
WAv- PR HIEF O BRSNS wp iR BRI ERBE R ELS T
aF Sl R AT o0 Fla LD AR e RIS o ik A S AT ehpe 4 ,fg

<o HABHBPER L &a E P A g s [25-28] -
9



1-4-4 = ’F‘,’ 3@‘ ;?\, ey /7\ = (ClEF)
Lwmg 2R EZ A 1985 £ 4 Hjerten {o Zhu[11] 5 A4 41 > 8- fA ik

SR RPN Fa E R A A o il THGY o BB R E L g

'Hi

BARE D R R R R F AR B A A TR E S S P

' 2

gz - i pH B o ftt b RHER T o A PN AT g AT
H %

i
=h
}F;
3

BB AT R TS B o A TR R R

34

- = B

N

b

“al

¥ im Fd B2 s e L g R~ 47[29-31] 0 i2 7 CIEF 7 %
P % JE 2R R dr ] 2 % THI O LR EH R A T R T 0L
p o THRL m A BRREIAEPHEES A BHADRBZERES (0 AR
F)uE R bR adbR o BT RPN R 2 i)i",ff TR AT o
1-4-5 = w5 % # 7 %% (CITP)

Isotachophoresis(ITP) £.- #& % & 4 # % & T A $ 4 > iso-tacho £ % :# ehg,
R ERTALALAABRIAPE R EG— B TR el B4 R 2
BN B R LSO R S P RE w7 2 7 (leading electrolyte)fe & =4 7 fiZ
B (terminating electrolyte) fe. = s iz iR @ 1IAp % g R A& > & B P iRyRR

ARFO A A EORERT O TE SRR B R ET BT

SAEH S ARl T h BT R RS BB S B )
el A5 F o #t 0 S I B T AR A BB R T EAI A 44 Tk A

odoAdLe @ U B A PRER AT A 5 RS 0 X T RS I AR R

m; mﬂ

>

FORMFHATE R > g 0 BRSL wp AR WRIRACR F i ik BH[32-34] -
1-4-6 £ ¥ T K 17% (CEC)

L R AT AR IR AT Y G L L g ¢ [35-37]0 T

2 um ~ 10 pm & | sk g A AER TV E T i A RIE AT L wmE ¢ 0 )
N SRR AR B TR A G e A A A A Al A

be R HRIEr T LB B A 6 A 2 e LT L I A e
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PR IR T e e S W 37 A e 4 S an kSt g R U g 2

MG - RO PRI TESPRERIA  F R AR L AL ep T
R A @ vt A k72 A 49 (B DIRE A B o
£ g RiAHL 3

> OE AP g e 2 m?mﬂkm—ﬁ ﬁﬂﬁﬁyﬁfﬁ§3%ﬁ¢ﬁ
oA RWELLFEFTRE DL Ko ZED P o 2 F ) otk B4 (2~20
NL)E L 5 AR aist > Bk SMAEREGAE R 2 LT R © &
HAept B R o] R R AT R S B0 fopic ] (VB e AR
Fad it REFAEHRILIA 1L

d 3Ly AR L g pfS) 3T 100 pm o - 45 HPLC i3 gt 3+
A FIERR Y o KEEHRE R S — ST AR RE RS % f 0] 2 100 nLo F R
¢ i¢ + @ (overloading) o & fmg Rk g 2 A R A S okE 4 2 ok E
AArEEREAINZE .rrrfr#;ﬁ fE TABTEER D R S P

1-5-1 k&5 4 73 » ;# (Hydrodynamic injection)
KB4 L M T s B B4 K (pressure)fedd B3 (vacuum) S fd o R H ok #s 4

st R SR EREAL DT AR I EM o TE A L R R

FATARE REE TR AR ERERT AR TE A L2 L o A AT

o vRE A I G S g s voa(inlet) A - B4 L o it RS LR T

e e~ L wmF P oo 88 E ¥ 5 d Hagen-Poiseuille = A75% foi

APxd*xmxCxt

Q= 8xnxL (1-12)

He AP 524 L g @ BB 4 L(mbar) > d i £ g pofZ(um) 0 C E A 47

kR LA AT OB RPER o 8B RERE M E L L L g gk o
1-5-2 -k# 4 ;2 » ;> (Hydrostatic injection)

FA et S AN Y R LT AT

"
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AP = p X g x Ah (1-13)
BY piBraRo3R QLE? ¥ ANZ Lo g R A o d Hif
IO NT AR R E A L 2R R E A e R E P R R EATORE
2 BREAN DT ABEIAM  FILREEFTE AT
1-5-3 & # 4 ;2 » ;= (Electrokinetic injection)
THA(ATEB)ILrZE - TRELSPS P HREZRAAY AL

-~

FPOREA A FAA SR ORE s @B 5 M BB 5 4] RIE

|

ﬁﬁ%@*’ﬁ%ﬁgfi’fﬂ#mﬁﬁmz’-m*@w £ 315 8 -

(dﬂ

FLmE ) F AR TRAYRE AR kB L BT R T
IS ,} o
ik E Q(g & moles)d Jorgenson # dt o ¥ A T N2l H 2 o

_ (HeptHeo)XVXTXIZXCxt
o L

(1-14)
BY pep a AHTF 0 R IABS T ol 2 THF DT ARSIV TR
re*mgpi CartrdabkR (2 ERMEFLZLZ S wmp itk o

d FRF s i kR B8 A PG o AR A

xRt Mo S

L

(Hep + Moo F74 1 R § o BB MARHT R R 5 - e it 7 R

B RS TR R4 0 2R3 B R 415,21, 22] -
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1-6% m¥ TANRELE

- B mERARPRBER s - RS wmE R (FF 0) B B BR IR
REZBRTLA - mXRE R B UV & PAD) o AL AJE B (doft & ) » 4o
B 1-3 #757 [16] -

17 ® R Rk REA M E

L RF DA ST AR A g 0 CZE S ek

-

Fr AR e S P A (T ORNE IR A G PiE 3 AT AR B dn AR M eh 47 Sodic
® M b4 L g TR R S RGFET B 0 e e ARG B
&AL R HE B AR Y o S AT SR M MO SRR G 0 R F A b ihg ani@ 5 7
fooitd EIRMFE & drarik o

i MEKC 54 # > e dmi & dho JEa b gk &0k S e s &) 5 1k S
(sample stacking)[38-45] ~ 4% & (sweeping)[46-50] ~ Bz BF % & T /& (transient
isotachophoresis, t-ITP)[51-55] & & <4 pH # & - # # (dynamic pH
junction-sweeping)[56-62] -tk Fdafi # 2 L mE P B R F T F (Ao ET R 2 K
SRS B A )RR E A (water)) 2 KR HFR Y (408 HT R 2 A P R (BGCS ®
FNERER > At S RF D BB F(RER)LYE < I A4
P BB FIED R A R RENRRER R FRARSATE S
gz RroETRLAFRES TP L mE p SEFFE BGCS ® A T H%
B+~ XE4pE > 1% B 40 (dopicre ) E (picking) 22 & f# (accumulating) 4 45 47
PSS HFLEDFHE TN o BEFNERTALEFRRNRY A EE A PR
BEDLRFTn FEART BT UREMERY & ¢ RRH F i+ A 447
Fro—dam g o LlmE R RGEAET BT O TERSERAT M
P pHEEE Y - A A1 & f REE RS CERGEE F)2 FaR
FTREZZE oF 4 pH BEA LY U ESEELS I RELARS R EE

RE L A - BH B e pH i B (moving pH boundary) o & @ * UV 1§ p] B
13



AR E SRS it 4 B LR RS L RN L E RO Y Sk
TR B s dk[56] 0 Am oo #od pH RS B R AREEE Y BA S FA
Y54 B F i e pH £ B o

BLRAEE 4T o iR SRR AR L S AR - KPR ET R
$1BGS BA Lo KEMFY KETARDS BAF o F AL wi AL
- BERG S BA Y BGS HAMERER o M RE I RIESRY -
B2 Fa®RS o R ¥ (nc) ¥ & 40T [63] ¢

V(me) = Veo F Vep(me) (1'1)

- i aotp P o MR R Une T AT 40T !
V(me) = [Heo + Hepme)] -E (1-2)
H ¥ Ueo & pepmoys W 5 TF IR BB F B R F o F Es ¥ Epgs A W& T &S
4B BGS B A T HRA K E A B AT S HFEBCS HAET R
F2 H s s Rs ¥ Ress 4 17 4+ o3 52 F]+ (enhancement factor, y)¥ &
74457 2.[95] ¢

Kp Rg Eg

y=12= s o (1-3)

ks  Regs  Eags

Bk S B4 BGS %A hR i A ALy kiEm? iR F E[96]

Chien ‘ff' Burgi [69]3}% dr L ‘\B’J? L i/J /% - ﬂ-?? =3 Deo(ave)F z\ Vit AL

Y XVeof(s)+(1—X)Veo f(BGS) (1-4)
Yx+(1-X)

er(ave)

M

B Vet 5 » £ g R ST BTN F L Veof Bos) # ~ 0P FHE L BGS (hE
BamEF X EHRSERAGLwmERE LT HE AN 0E L2 F > #r v
T RENRD)EMET R

V(mc) = Veo(ave) T Vep(me) (1-5)

F15SHALBCS H A OTHBAE D BT AR HBBERT A

14



M A SEFEBGS A BB A LAHT AT 5 V(me)(s)E V(me)BGE)’ B B-3K ML

e gt B B AniB A S tepmo A B 0 Ve s)E VmoBeE) T F T AT

V(me)(s) = Veo(ave) T Vep(me,S) (1-6a)
V(mc)(BGS) = Veo(ave) T Vep(mc,BGS) (1-6b)
Vep(me,S) = Mep(me) * Es (1-7a)
Vep(me,BGS) = Mep(me) * EBGs (1-7b)

Hoe Vep(me,S) f:‘» HePe S ® A “’ﬁﬁ‘ # Si R Vep(mc,BGS) ;3 Mere e BGS ® F m@ # i

R oo
_ Y- Eo _
Bs = e (1-8a)
E = _ B0 1-8b
BGS Ty x+(1 )] (1-80)

Eo(ZVIL) 5 %5 4r e fm @ AR cpR T 30T 5 R 0 V 3% 4 &L lmd & hanid

IS

TRL LS mA R E o ko 25018 r(1-8b)F o E H R A LR X )

Y

P > Es~ Eggs 3 4t * Es & Epes 7y & > 7% # V(me)@6S)EY Vep(me,pas)H 4c ° # "%+ o
Vep (mc,S) > Vep (me,BGS)S Veof B X #T %M 7T % > (2 Veo ¥ Vep (me,BGs) ST 1“ i Vep (me.s)
it % o 3 »i (Stacking efficiency, SE) 7 # 77 4 74 ek %k SEAR R o
10~1000 & =ik G2 Ap 204 4o 24740 10~1000 & 92 in] g ¢ Ak (detection
sensitivity)» 2 E4p § % i< — ~= B sdicdik A 0 RHE (4o A 1 RHE L1070
M *% 43 10°~10"" M)- ¥ * SE height &2 SE area % 4 7 = {c' § & £ % Jc
R R L R L

H C
stack X starndard (1_9)

S Eh icht —
t
g Hstandard Cdiluted

e Hstack - & Fﬁﬁ&ﬁ’fiiﬂlﬁ‘ f$ ez ’]/(Jé % * Hstandard = ’f"lfﬁ%&@fi PTE R ﬂ@é

Fg ’ Cstandard ?Jr :’T:FLF%F'H& 3@’}5: fﬁd& & Cdiluted 7:1 ﬁ“%§ {s fﬁ/& & oo

Acorr stack Cstarndard
SEarea = 3 X (1-10)
corr,standard diluted

15



B Acorrstack = B FFIE BRI FARE G 0 Acorstandara =+ “EPF & 1R ip 31
o fx (12 2sec) e

A
Acorr = E (1-11)

HP AZHR&ETafF oL i REDEBEFR o

- 4 i & § 00 SEpeignt K& T AT adafAER > L R B I AL S
PRy cd s ¥ F oo f1* SHEF B L7 s Td g ff 0 2
T % i MEKC #-58 eh @ i 2 £ IR 4 -

1-8 £ g RAZR Y R ERFHN

©F R e PR R S RS 1[24,46,64-70]0 5 T f - B R
Mz E o N ST R e S # SDS L b3 0 #4545 & MEKC #5580
MERSRGS SHAARGFHEAO R & RN N R DTG ke
® et (Normal stacking mode, NSM)
® TikiEitF wifiii;t  (Reversed electrode polarity stacking mode,

REPSM)
® s i pcreagg (Stacking with reverse migration micelles, SRMM)
® 3% T Hik 5k (Field enhanced sample injection, FESI)
® ik wiBA e W e ® Fik &84k (Field enhanced sample injection with

reverse migrating micelles, FESI- RMM)
® fi* ;B4 pcre -k 2 s ff (Stacking using reverse migrating micelles

and a water, SRW)
® I+ E (Sweeping)
® BT EEMIEEFE 2 24 B0 (Cation-Selective Exhaustive

Injection and Sweeping, CSEI-Sweeping)

® # 4 pHiZL-4 B (dynamic pH junction-Sweeping)
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1-8-1 & # 3 4% 5% (NSM)
AR TR R DR R R EEEES A B e Y R o IR R G A

(4= SDS) 5 |+ » @ F A A B oo BRI A P B DA R &k *fﬁﬁ—;r #

B iR - R R 3 TRPFOT M » F - Quirino {- Terabe[64]
F e B o 47 e NSM et ff A HB B 7 5 E3aficB 1-5 #r1 - NSM
B E RSB HEMT o 72 p MEKC - s o 5L % ke 4 3 s
CRAMEFL e E AR ETRY P ML BGS B LERFEERETR
TEAHHF DS HA (R IBA) 0 T AT A ay @ i § 1T (retention
factor)+ -] 5 Ko > Kay) > K@ 5 Befé 54— & o § TR (781 JkSFE A (]
1-5(B) ~ (D)) = r4 7™ #rid ik iR S5 0 m A R T A4 T4 hfdsE o R4
N G L D A S el A

B SRR T ARG S SR 2 BT R UK R TS (o

)ESHF IR T RAERBCS F RO F R AL R EFTFFALS ®F

#B?‘j‘ﬁ*rﬁ LY o F] ke i _BGS % 4_/%)§§?'* Bii&» S %A Pk
e 1B A5 3 ig%c,/{y"'?,{ks%hfv‘;;')iéﬁ B, ~ ¥ - B BGS e ok P e e

BAFF R o IR oA 5 OR A S R Bl A i By ) okid B vep(S)1 B
BGS # % 15 7xik B vep(BGS) Y + o § # 174 & » P T H 5% R L BGS ®
FLt oI NTHBAR]  REBBEFR) o LRSS BRRER

By 7 #74  DIHR A i DL SF ek
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1-8-2 T i&i&itF w3 fE H5% (REPSM)

Heve 22 4 47 5 . REPSM i 47 e1:8 5 4c® 1-6 #rom[65] 0 W - MET
BRET 7R SRR Aot € R (B HeiE S R PR A i~ BGS
Fed KR o F AL LR 3 M ehE R > SR 18I 20 NSM £ ek &
ER(B 1-6(A) S®EF 2 A1+ (ax, ay,a)FFd %4 'BCGS w4 LX 4 ®
Fo HAL g B EE e - 7 E e TR(E] 1-6(B)) > i T4 L~ i -
P A AT 1R D] RIS O R B F § F]F it & B R ]S i &
PRI FlER? DA RN SEFF o FEL Wy ¢ R SR T (k)i
RBIALT fHRALY 0 I D ARALY 7 g R AT o B R EA T R
BUETRF T T Binna e @ & i (laminar flow) e $c iR ) o F 4
e odid ¢ RERERERER B o BRI Ew f TR TIE
197 ~99 % f BT minigitrc g n £ B2 Il SR A HiEsz(R 1-6 (C),
(D)) » Fii » ek R AL = 20— Sk THEY 10 Bt b i LR < WA RS
¥ % $-5 (large volume sample stacking, LVSS) e

1-8-3 & 845 ficre )k 45(SRMM)

SRMM E_# £ g ik 3 Mcie eng e {5 0 Ff B2 e f- LR

Sk a0 Ao 157 (A)9T [66] > W 4e— R IR L@ Mere B T W Ry e
o B e R i F AT TR F[71] 0 2 F)S G pOREA G W R A

?ﬁ—":—f’-rﬁ“ﬁf

V)

TRBIRCFAI HRF S FPEAFIFASTHFR XA FRF G D
Hee e BGS B o G- FPFER 215 0 4B 1-7 (B)#7rm 0 f &AL P ez i~
S P A BREFHA P Y AR D Rl R Y AT kD
ERER BB AP RERF B R4S P REAT 7 ST AT R
NEARALY 0@ 2 d R ARALY chig R A o AR A TR 2BE LT P L
AT AT i § e g e B (R LT (C) 2 B EA TR Y

g o R A Bk R E AT R 2 0 B 2 R e R T (]
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1-7(D)) -
1-8-4 H % ¥ #4524 (FESI)

FESI s 44 B 1-8 #1777 [67] 0 7 L L g uih 7 ficPe e fmp > RS 2
- TEBESRTREF LM RS F G e R SRR 2 AT (B 1-8
(A) oL mdE A f%ie— fTR(B 1-8B)) Flif kudamnitsd @
MRE A R ARSI TR R A g P ARk
EPo P PP BB I ERER BBy ik ®d Y S 2 e i R o
FPEAEFARTIRAER B kRF BT HIRLS gt o AT
LA f R AT R 07 ~ 00 QopF 0 MR HRERFL T He D E 3 F Here chiE e
2 F o ToEAe- ¢ TR(E 1-8 (C)) 0 ZRfs M A Hr A 1R B AT 1 R 2 ()
1-8 (D)) - g @b 4 i1 x v ¢ HEERINA A2 BYPR FRE P Po
VB BEREEFTFF M PBSEREFT R a ML BFT
FlF+ %] 5 Kag > Kay) > Keg o PIE BB R 5 ) > tay)> ta °

1-8-5 11 & o B A5 Pz 3 56§ Hik &8 $R(FESI-RMM)

B 1-9 i 45 it FESI-RMM 3B #2[68] 1 * 4= 'mH “ui% & fere ehif fbmine o
mtsiet- TE RS EF (B 19 (A) o £ B 1RigT 32 5§ e ool 50
RZFLF L g B EE - f RR(E] 1-9(B) Fls P ok ® A B R T S
REMTES IR EZ TAEFW TR TR AL g ¢ P g
BRER P AT ERER By B AoKEF P § A2 e onif
Foo ke d B BN L g b e RN %A f RBRZ /T 70~90
Yoper» £ MBI T H S F G M E TR 2 AT L - | RR(F 1-9(C))
FR 1S MR e Hrez Ak R B et Rl 2 (W 1-9 (D)) -

1-8-6 1% £ o @45 jicie k54 -k 2 34 (SRW)
B 1-10 5 SRW #-5% 2 3 ff:E42[69] 0 & T # k- W R L B PR > #— T

Bk R ERAEEN S g P oo deopt T ik T ®d ¢ it e A
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FoeE[65](F 1-10 (A)) - #5820 MET R AT > 2R @ Al s
FA AT T g FE R R F o 3R M pH el SRR L5 0
THEMAFCRER G L o hd G0 MAOT BT AR SR e R
BRI A FANE ARERF EOREF PG kT AR I TR A
HEIERRBODAE - P RBRNEFTRSRFEBGREATE LT
(B 1-10(B), C) H&EFF L L ®RFRTH NI » v gug? » Risd dir

2

SHILY G MO i i AT o AR S AT > R - B Ak 8

T R E T e S S L P S Y PR AT
@T‘/&"f"?}%“’ J\SF%—— : e . me/k}iéﬁv‘ Bl‘»’fh’g%)" : 7'%

HFE o f s [72)(B 1-10B) A FF B KEF 2 F kR SR By dul
BEFERENTRMOE S0 BB T ARG ERRER Byt v
RMpEERER Bl REER > X0 nd kg i cns brn P hBaES ¢k
SRk AR By P M 2IVERLF S A PP o B MR A B0 e

PRFEHS D MR B L (E 1-10 (D)) -

1-8-7 # & (Sweeping)

ks ¥ - 57 BRI DA JRNEHT 0 - P S Terabe 2 R F 4
Quirino ** 1998 & #74f £ [46] > HF F E R FIF TE S 2 b AR EATE S
B i T R A &y Fpe L ‘m? MR R E - e HEA L AR
Ll g pE M pH EREE B o IR B EARIT R o £ I * K
T4 AEEE - BRfr SR ETRPTORSER R R h iy
SDS jigre chpe i dmg i ? » X5 be— f T R(B] 1-11(A)) - ¢ R s
F e AR HniTr T )‘?*1"1“#?!5/?13?1?’%; LA LR AP - i e 2
s SDS fc*e € M H BB R B A G Glicen? o354 o e v 4 <

A R R B Y RS § SR (e Y e i R T R
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F(B 1-11(B), (C)) o d pt ¥ v fiele cnfF B F (T ¢ {HR w4 ¥ {74 g =&
FE»k o Rt L 5d BpE Rz (R 1-11 (D)) -
1-8-8 B3+ EH i1 o42 2§ 2 % & $i55% (CSEI-Sweeping)

A+ EH/ P2 ERFE 2 &5 5 Terabe ¥ Quirino % 2000 # 3 J
e[ 70] o gt ojirend < 35 d R G MR THEREF RS fAkyE= 2 > 24
RIFRARETHRD I - 8B o CSEI-Sweeping w4 5 f1% -k 4 j1 8472 L
Bt mg B pH B A IR R O RFL - K3 ETRDE B
#(HCB) » 2R t8id » - | vk (B 1-12 (A) = % = BH 35 kgl * 2 &
P - REANKET R OB RS ST F L md N (B 1-12(B)) 5 F 5
THRNZ 2 F T L B ER(LEPIER) B ERSENSL

P g RESE KRR € AL PRFOT AR RiSd T H LR
A ok E HCB B cn K d » 335 - Bkt &% 4 (R 1-12(C)) - ¥ %
Ll hR AR TP AT Mere (SDS)enig BRA R Y 0 TP e f TR o B
P piere g o w1 FESHA y cnME R RIS AT » RS SELkwEF -
B g HCB eh Jr & 1o Bofd o 3 eiic’e B 4o df B 2 5 Ok 5538 ek &4 4T
Foo Mo F LR R e (7 R(B] 1-12(D)) - Fl i A5 AR
m,i};fﬁﬁ Al B b ff vk g ¥ - ,i};ﬂ'ﬁ‘% PESR S s g =i

1-8-9 # 4 pH # & -# # (dynamic pH junction-Sweeping)

$o4 pH % & -4 & S A E 4 pH 3% 5 BT 1 F I o e (40 SDS)* 7 id
F TRRF o BFIEP 4o Bl 1-13[24] o Bl 1-13 (A) 5 Ak fi > 1ok ds 4
A~ B pH(AeR2R: M) 5 e ch BGS 140 AR 141 » i B M pH(AcRS L B) 7 5 cre
k&S wF o Bl 1-13(B)E 4 - & v B TR OHfri& 4+ ficPe SDS & » £
g o ERY P LS f T e ok SDS Mere iR o A T B IR A g4
pcre B A Fo ¥ Kot d 2RI B 0 RI(B 1-13 (C)) & A 454 1 MEKC

i34 (R 1-13 (D)) o BT § oo PR A RS MOk SRS o Bk M
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TouE AR AL 0 fr S PR pH 32 & 7 A HA R ? A i A TR R B F T

- HOpH A FERGURE DAPTER o da T 2 o ot 4 BRI gt
o4 1-3 ¢ > $HRfEET F w3 REPSM ~ FESI ~ CSAI-Sweeping ; & #
41 » e93 FESI ~ FESI-RMM ~ CSAI-Sweeping > # 4 5 k& 4 ;2 > o F 37 pH
BT 275 SRMM ~ SRW ~ Sweeping ~ FESI-RMM ~ CSAI-Sweeping » * I &

WA R A BB EF AN DR AB ST BB e B TR e E

-~

Br BB e B SR R m;fgﬂ TR E-E 30 R)E R
20 FIPH BB R G M eE F FIRCLER S T R E A AR R 2

194 m¥ AL AKEY

X wmE F o (CE)E B »eie ik dp ks 4775 (HPLC)dp 1t 2B fe 5 i 4 A% 3Lk i »
@ E AP 1-2 it gk e T o CE ik - CF éhe ‘mg 22 HPLC eh
HApt D CE 2 £ w2 AL ¥ A RRITHEG feR AT ene S b g o
Fedz. T o HPLC 3B E RS ¥ R chE 4 a s TR ot B e B Y

AR AR

&

FE K L mE TGRS BT S B 0 B AR S NS 0 v 2
g e s > 3 FARE MOl RS B0UE PR s Rk Flp by B
FRBES c L mE AN REFRL SRR AR 0 AT R SR
WA~ F AL Bl R R G B EA S R BB A F Py ;.‘r s P
A A AE - e B8 iR DR R T R Rl A L e T A
AF RPIEF TR LN Gl R AR ~ SEEE S ek R B &
EFeniE & ¥ B R e TRl kR Rl e R -

1990 # r4 5 > Chien v Burgi[38, 39, 41, 42, 73-76]# ) # &k SF#L v s s &

L AL PR REE S 3 T T # 43 x [38, 39, 73-76] 2 i 4
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# 4 1 »[41, 42]- Thompson {= Foret[52, 53] #-#k &k .%f"ﬁabtzﬁal NEFD AR
;& % i# $& &k 45(Isotachophoresis Sample Stacking, ITPSS) -

Quirino f= Terabe[70]>* fc®e & §5 4 f 47 /% 2 HE3° T & (T R Sk 7
¢ A RER T H R c BL TR R 8L wmE T AR Y UV
Rl B PE o a0 BRI E] ppb (24 ng/mL)3 I T ppt (2 1pg/ mL)sk R R 0 &
RBL wE TARY S ERIEE LRSS OV A 3§ F PO kAR
B2 > 4 F4p 5 B~(Solid Phase Extraction, SPE) 2 % f chff B B > 40§ 5+3h H 4
& (Laser Induce Fluorescence, LIF) i B % o

43 CE 2 & T o8&k ipE 3B CELIF fpl#iF Xy
MmO RIEIT7, 78] LIRS M RA R R @R G PR

A g R D CE-MS = 2 » #2302 i R AR 4 G (= 57:;%%[79, 80] -

R

%@ S AR &34 (On-line sample stacking)<fs & - # 17 - & F ¥ 3 F & ko P

RE 4 MR SRR {75 8 TR [46, 64-69] o f JEE - 3NF E 1 hp B

AR RELE  GRG IR REE BATF L DE P T DA AR o F
G A TR R ILPERE 2 MR R R R ATR hak g e L o AR
LwmERAZAARF LAY BA G 4 e R o

TES R PR E R R BRBESAFEEL L ST 2
HaffenRIDivg FFE» D Fl R - (5P S k0 RILE ik g ix &
Bifgood] o L g ToAA TR ppb BB T s 74 0 odkic L £
E R R R A FLL AT BS g TR R T A
B * naringenin ~ hesperetin ~ quercetin 2 kaempferol > { i&— # 77 f2H k3 S

Gfd] 0 T o pliE ppb e AT @ A F R R AR AIE -
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diffuse double layer

B 1-1 Stern model of the electric double layer is occurring at the interface

between an electrolyte solution and the surrounding surface.
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(A) HPLC

Pumped Flow

(B) CE
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Electroosmotic Flow

Bl 1-2 Flow profl Ies Of Ci iA) and CE\ ‘}Qspechvely.
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Variation of the field strength along the separation path

Il

U

Sample distribution

+ + + + .
+ & P +
+ + +
+ '+ + +
+ P& +
Peak shape
. >
Time

Bl 1-4 Schematic explanation of band broadening; representation of the variation of
the field strength, sample distribution, and the peak shape in the sample zone: (A)
sample zones of ions with higher mobility than the background; (B) sample zones of
ions with the same mobility as the background electrolyte; (C) sample zones of ions

with lower mobility than the background electrolyte.
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x X |
A y ySVY 2 BGS
Z X 74 |
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B, B,
XV, ‘
X v z -
C + L
B, B,
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D + N Vi3 . d
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Bl 1-5 Evolution of migration of analytes and micelles in the sample solution (S)
zone and separation solution (BGS) zone during NSM-MEKC: (A) After injection; (B)
high-velocity micelles in S zone carry the analytes to the opposite concentration
boundary B, in the order of decreasing retention factor: k(ax) > k(ay) > k(a,); (C)
analytes stack in B, into thin concentrated zones; (D) analytes zones separate by

virtue of MEKC.
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detector
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A BGS
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B -+
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~
W

x 1

¥l 1-6 Evolution of migrativon\of a%l);tt&;r:d\ icelles _‘gj.uring REPSM-MEKC: (A)
Starting situation; (B) micelle:sfentelihg frt;m ca‘t odic end of the capillary carry with
analytes, where k(ay) > k(ay) > kw(az-);r .(Cr)rf.f"ﬁrn‘i‘.(::;ellles and analytes stack at the
concentration boundary B; and polérity IS switched later to positive; (D) separation

and later detection of zones.
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detector

x X Bl
v Y (e '
' 4
A | Y 7 BGS
Ly x 1 ? 4 =t |
Y yz
z
B, B,
tv:l
¥S X9
B ! I¥ey!? +
B,
HE +
2 v*
C - _Jl.n
4 Yy X
— 4 V' n
D T "
a, a, a,

Bl 1-7 Evolution of migration of analytes and micelles in S and BGS during and after
stacking at acidic pH: (A) starting situation; (B) high-velocity micelles in the S zone
emanating from the cathodic vial carry the analytes to the concentration boundary B;
in the order of decreasing retention factor k(ax) > k(ay) > k(a,); (C) analytes after
stacking leave B; prior to the removal of the sample matrix due to electrophoresis in
the BGS zone; (D) analyte zones migrate toward the detector and continue to

separate.
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detector

RS By U |
A v ¢ | Water plug BGS

¥ Zy y 4 X

v B,
B,

| xy 2 Watet"* ]

B = plug:y!: : +
y

B,
i
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c | + B |
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®

B 1-8 Evolution of migration of analytes and micelles during FESI-MEKC:
(A) initial situation; (B) anionic micelles enter the capillary and carry with them
analytes emanating from the cathodic vial, k(ax) > k(a,) > k(a,); (C) micelles and
analytes stacked at the concentration boundary B, voltage is cut and the sample vial
is replaced by another BGS vial when the measured current is approximately 97-99 %
of the predetermined current, voltage is then applied at positive polarity; (D)

separation of zones occurs.
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detector

N EEL 8 $
X X
A Y ¥, { Water plug ’ BGS
Yo N id
Z 2
B
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B | ‘- [ |+
Y
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Bl 1-9 Evolution of migration of analytes and micelles in the water plug and BGS
zone during and after FESI-RMM: (A) hydrodynamic injection of water after
conditioning the capillary with BGS; (B) injection using voltage of analytes prepared
in a micellar matrix found in the cathodic vial (analytes solubilized in these micelles
enter the water plug in the order of decreasing retention factor k(ax) > k(ay) > k(a,));
(C) voltage is shut, the sample vial is replaced by another BGS vial and voltage is
applied at negative polarity again, and analytes stack at the concentration boundary B;

(D) focused bands separate by virtue of MEKC.
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B 1-10 Evolution of migration of analytes and micelles in the water zone, S and
BGS zones during SRW-MEKC: (A) Hydrodynamic injection of water followed by S
after conditioning the capillary with BGS; (B) application of voltage at negative
polarity with the BGS in the inlet and outlet vials (analytes solubilized in the
micelles enter the water zone and stack in the concentration boundary in the order of
decreasing retention factor k(ayx) > k(ay) > k(a;)); (C) separation of stacked zones
prior to the total removal of the low conductivity zones; (D) focused bands separate

by virtue of MEKC.
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i

- I BGS | 4+

[conc.]
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[a,]
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.
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I

Bl 1-11 Evolution of migration of analyte zones in Sweeping-MEKC: (A) Starting
situation, injection of sample solution S with length | inj after conditioning the
capillary with BGS (found at both electrode vials); (B) micelles from the cathodic
vial enter the S zone or capillary (area enclosed by blue lines) and sweep the analytes
into narrower bands depending on the retention factor (ka; , ka, , depicted by red and
green lines, respectively); (C) First batch of micelles that entered the S zone reaches

the interface | between S and BGS zones; (D) Separation of zones based on MEKC.
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water plug

detector
High conductivity < : T
A solution micellar solution (low pH) |
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¢ | - | +

micellar solution

o | - [ R

cation —mmmm> —

B 1-12 Evolution of migration of analyte zones in CSEI-Sweeping-MEKC: (A)
starting situation; (B) electrokinetic injection at positive polarity of cationic
analytes prepared in a low-conductivity matrix or water, nonmicellar background
buffer found in the outlet end, cationic analytes focus or stack at the interface
between the water zone and high-conductivity buffer void of organic solvent zone; (C)
application of voltage at negative polarity, micelles entering from the cathodic vial
into the capillary and sweep the analytes to narrower bands; (D) separation of zones

based on MEKC.
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PH junction detector
, I §
x ¥ X <—() {2
A S o J‘ |
non-micellar solution, low pH micellar solution, high pH

7 pH junction
| EOF. /
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unfocus zone

c & L =" 2. EJ <_<'Q@ . -
focus zone
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D | o leed é_.@:@ -

— MEKC ———>

Bl 1-13 Schematic diagrams of the dynamic pH junction-sweeping model. (A) The
anionic micellar (such as SDS) BGS and the sample solution (a nonmicellar buffer)
are injected into the capillary, respectively; (B) when the injection is complete, a
positive polarity is applied (if a negatively charged SDS surfactant is used) to power
the CE separation; (C) the neutral analytes are converted to anions and are swept by

the SDS micelles; (D) separation occurs by the MEKC mode.
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# 1-1 Injection techniques in capillary electrophoresis

Electrokinetic Hydrostatic Hydrodynamic
Injection Injection Injection
Injection by : Electric filed Siphon effect Pressure
Or vacuum
Automation Yes Yes Yes
Minimum <20L <20L <20L
Sample amount Repeated Repeated Repeated
Injection Injection Injection
Discrimination Yes No No
Effects during
Sample injection
RSD values ~3% <3% 2~3%
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% 1-2 Comparisons of CE and HPLC

CE HPLC

Separation Charge / mass Partition

mechanism partition adsorption
size-exclusion ion-exchange

size-exclusion

Column 30~70cm 10~30cm
25~100 pum 1.D. 2~8mm |.D.
open tube open tube
surface coated packed material
gel-filled (3~10 um)

Injection method Hydrodynamic syringe
hydrostatic sampling valve
electrokinetic

Sample amount 1~10nL 1~uL

Flow mode Electrophoresis Pumping

Detection On-line Flow cell

Peak width <5sec ~ 15 sec

Flow rate (/min) uL ul ~mL

Analysis time 1~ 20 min 5~ 60 min

Solvent volume <100 mL ~ 1000 mL

Sensitivity ng ~ pg ug

Separation efficiency > 10° 10°~10*

(N/m)

Reproducibility of the ~1% ~02%

peak height

Reproducibility of the ~3% ~05%

peak area
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# 1-3 Conditions of on-line preconcentration techniques in MEKC using SDS micelles

Techniques Sample matrix Water plug? Buffer electrolyte pH (BGS) EOF” Polarity
Hydrodynamic injection
NSM High field (non-micellar) X Low field Neutral or Basic ~ Strong +
REPSM High field (non-micellar) X Low field Neutral or Basic ~ Strong -—+°
SRMM High field (non-micellar) X Low field Acidic Weak -
SRW High field (micellar) @) Low field Acidic Weak -
Sweeping Equal field (non-micellar) X Equal field Acidic Weak -
Dynamic pH Equal field (non-micellar) X Equal field Neutral or Basic ~ Strong +
Electrokinetic injection
FESI High field (micellar) @) Low field Neutral or basic Strong -+
FESI-RMM High field (micellar) @) Low field Acidic Weak -
CSAI-Sweeping Equal field (non-micellar) @) Equal field Acidic weak +--°

A water plug is introduced into the capillary at the inlet end after conditioning the capillary with BGS.

PEOF is suppressed under the acidic condition.

“Polarity is to be switched when the current close to 97 % of the original value.

YElectrokinetic injection with negative polarity, then separation voltage is applied at positive polarity.

®Electrokinetic injection with positive polarity, then separation voltage is applied at negative polarity.
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F2R R
2-1 M £ F
2-1-1 A& 4h %

55 fk (flavnoids) 3 Kz s B » ¥ F A tiid 2@ » v PRI FEE K

’

SHE b FE BB MBS 2R EE P P E RS
ot e 282 e SREBe F AU FRIMSVARET ZHLEP T
A2 A CETIRATARET oL F AL P R E e L dupd
P LR s R AREERET MRt L F CHERR A K
LG H A B ITAR RS TR S LG s R L F T B SRS A
FafFd &orgad o 24 H(Rutin)iz 2 #E4 % (Quercetin) 2 4 5 ¢ & § &L 2
EEO 0 =44 (Rutin)g* ka7 #R0L » #2A Z (Quercetin) # | K & 4 3
2T R GERABIE

XRAUE R AN 2 by VA i a4 fmd 3 E

150 15 > 3 & Cen20 B 2 Al kB B AR £

3

BLOET o PR TH R e Y 0 - GRS A B LR v
f#? W p d K e
2-1-2 B4p2 A H
A fR R e B B4 S - ¢ sk(chromane)# # > it Cpor Coehid 4}

- ¥ & (phenyl) [81]F & ™ B #77F
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chromane

Bl 2-1 5g5 - 64 AR
d 15 Batex > 25 C6-C3-C6° I F ~ ML HREHFE LR
(glycosides) =75 3% i3 e i de @ o S EERRIS D BORfRIE > VAL 2 7 FEOiRPE
# (aglycone){pf « # ¢ 3 7 1 &~ #7[82] :

1. % mpssg(flavonol)-$t 5 Co~Co 5 B4 Com B + 25 54 > Cg
» % A 3 A ez A & (quercetin) ~Kaempferol ~ myricetin ~ rhamnazin
% fisetin % -

2. % =k &f(flavanone)-gtE 5 Cor Co2 B 3 H 4t » Tt Co i} g2+ ¥
MR OT A Cp B B RA S TR ERILY
4ot £ % (naringenin) ~ # A % (hesperetin) ~ 7-7& ¥ % (taxifolin) 2 4 & ~
(narirutin) & -

3. %k % (flavone)-‘g 5 Co~Ca 2 M 5 FeE Cp 28 H PR Ca il
L+ E g AP s doE 4 & (rutin)iE & 4k % (luteolin) e 15 2 (chrysin)2 £ §

fit (isoflavones) & - B2 F Ak e B IR F A7 TR 358+ Pl 5 B E R
(isoflavone)sf » ~ 27 73 < 2HE M 4 > F BTNt

EX T R MRE R 4 5[83,84] -

4. + ‘=% (flavanol, catechin)-,fséf;:f;\ CoCaz FFEHEE Cyin® Vs
%

-

A > Cg =8 +F F 54 > 402k % (catechin) £ 2 & & w2

w

(epigallocatechin)e « 387 & FH 2 ‘iF @ > % 3 ST d A& o
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HRFEEPEELFRAL EC2 2 FE L B enF 4 [85] -
5. 7 % % (anthocyanidin)-Oy chi= % # 5 & T 47 » 01~ Cofr C3~Cy 2 F &
fat> Coiml b A mis st Lok # o g B et e s

Fik 2 PR P o dek @ % (cyaniding) ~ 4 # % % (delphindin) 2 & 1t 44

#¢ F(malvidin)# o § 3% 5 < edn 1 i5F & 2584 o w2 - [86
87] -

2-1-3 ANiEE* 2 0475
AR BT A B A BAeT
1. Hesperetin : £ 4 % » ~ 5 3% &0 ae > P 3 5 ¥ BT % R
fre- -
2-mm%m“%i%’%éﬁgﬁ‘ﬁﬁié%ﬂ°Eﬁﬂﬁ&@&k,
* MR 15 %N b LR g A LR

3. Quercetin : #15 % » A AR EFEF  E- A F b HS - &

\

HERF AL BT B MRS S EET T

o

R SIER S et L TR T R AL IS R

# & ( & 4+:2000-2500 mglkg ) > # % (44 mg/kg ) » =¥ & (1910 mg/kg ) >
S IR GRS A AR S S T R }%m
PR RF R wVARH (158 mglkg - B E ) AR (FE1E

74 mg/kg> ¥F 4 146 mg/kg ) > & A% % (FA12 83 mg/kg > ¥F 2 121 mg/kg) -

a8
~=h
\»t

CEEREEFR AR A BT Y . 5 R o ¢
R AR R R ekt B [88] -

4. Kaempferol : L2/ » B—- &3 AFME" 245 ¥ a3t FE[B9]~ &
B REX 2P TP #FIHE - FEEEF Y RS -

LR LR d BNt 0 B EEG 276-278 C o BTk 0 BT FRire Rl
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http://zh.wikipedia.org/wiki/%E9%BB%84%E9%85%AE%E7%B1%BB%E5%8C%96%E5%90%88%E7%89%A9
http://zh.wikipedia.org/wiki/%E8%8C%B6%E5%8F%B6
http://zh.wikipedia.org/wiki/%E8%8B%B9%E6%9E%9C
http://zh.wikipedia.org/wiki/%E6%B4%8B%E8%91%B1
http://zh.wikipedia.org/wiki/%E8%91%A1%E8%90%84
http://zh.wikipedia.org/wiki/%E6%9F%91%E6%A9%98
http://zh.wikipedia.org/wiki/%E8%A5%BF%E7%BA%A2%E6%9F%BF
http://zh.wikipedia.org/wiki/%E8%A5%BF%E5%85%B0%E8%8A%B1
http://zh.wikipedia.org/wiki/%E6%B5%86%E6%9E%9C
http://zh.wikipedia.org/wiki/%E8%A6%86%E7%9B%86%E5%AD%90
http://zh.wikipedia.org/wiki/%E6%AD%90%E6%B4%B2%E8%B6%8A%E6%A9%98
http://zh.wikipedia.org/wiki/%E8%B6%8A%E6%A9%98
http://zh.wikipedia.org/wiki/%E8%94%93%E8%B6%8A%E8%8E%93
http://zh.wikipedia.org/wiki/%E8%9C%82%E8%9C%9C
http://zh.wikipedia.org/wiki/%E6%A1%89%E6%A0%91
http://zh.wikipedia.org/wiki/%E7%99%BD%E5%8D%83%E5%B1%A4%E5%B1%AC
http://zh.wikipedia.org/wiki/%E9%BB%84%E9%85%AE%E7%B1%BB%E5%8C%96%E5%90%88%E7%89%A9
http://zh.wikipedia.org/wiki/%E8%8C%B6%E5%8F%B6
http://zh.wikipedia.org/wiki/%E8%A5%BF%E5%85%B0%E8%8A%B1
http://zh.wikipedia.org/wiki/%E8%A5%BF%E5%85%B0%E8%8A%B1
http://zh.wikipedia.org/w/index.php?title=%E7%BF%A0%E9%9B%80%E8%8D%89&action=edit&redlink=1
http://zh.wikipedia.org/w/index.php?title=%E9%87%91%E7%BC%95%E6%A2%85&action=edit&redlink=1
http://zh.wikipedia.org/wiki/%E8%91%A1%E8%90%84%E6%9F%9A
http://zh.wikipedia.org/wiki/%E6%8A%B1%E5%AD%90%E7%94%98%E8%97%8D
http://zh.wikipedia.org/wiki/%E8%8B%B9%E6%9E%9C
http://zh.wikipedia.org/wiki/%E4%B9%99%E9%86%87
http://zh.wikipedia.org/wiki/%E4%B9%99%E9%86%9A
http://zh.wikipedia.org/wiki/%E4%B9%99%E9%86%9A

2 (s MBS L A g T P2 B G A o
ZEY W L8R it &4 7 7 quercetin 2 kaempferol @ d B EH A 75

TR AR

22 WA L2 S mf RAAM R

* Web of Science hF L E ¢ > 3 F B 4 F “flavonoid” 2 capillary
electrophoresis”# *2 & i» ¢ ¥ 3] 580 f = )gk 7 44>2003 & 14w 5 130 & 0 2003-2007
§ 7227 k™ 2008-2012 & ik 223 F 0 F v b Pwine”enRf 42 F B 2 Lf%;;; ﬁi:‘{ﬁi
44 & > % 1 7flavonoid” 2 "HPLC” % 34 ¢ 7 3| 12585 f v},}‘k AR E R
AR HPLC B E 5 A f i Garts BARIFEFTH L omd TARY L8
(R Ol s R 2 VESN

)
=

AN

HEM O S E e P B AR BT R A TR E S L E Y
AR e L EE G RAAITE BR G2 R AT e
P AR B f A DA TR Tl R B A A 1790, 91] 0 F An K

1992, 93] » & »k it it 4 A 45 [94:97] » & kn B 4 [98-102] -

XA L mE T A kAT BT £4[81,103]» it v AT f X R
P o dott 47 [104-106] ~ -k % [107] ~ ¥ 2[108]% H # g4 8 & L2 jmd A
F[109-111]F o A R A3 2 g * £ wd B A Dk (CZE)S Hee T84 A 45
i (MEKC) » ' e it 1 & 5 Bipe & EPRpLsg e » £ dw 3 chp J ¢ 38 #% 50-100
um o %R FE 5 10-30 KV o it~ i SR B 5 10-50 Nl 1 & 2 UV iR
g oL iy SRR TIPS TR
SRR e ¥ SRR LT LA S b 1 2-diol =B A% T ke

> &2 1, 3-diol =R ksSSP A g JlA TR E[112] -
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1994 & > Ferreres % 4 [100]  MEKC &7 2 2 37 #2 5 ¢ 13 fa5F ik 57
it &4 AapixiE s 1 pHB8.0 59200 MM AL fiFk ﬂj‘ 4t 50mM SDS 2 10% ¥
A% > 75emx 75 um IL.D. £ g 41 > h4e R R+20kv E AR 5 30 C o

2004 & » Wang % 4 [113]02 HPLC & CZE h= j# A 45 ' iF)? 2 555 ik 1 &
¥ >quercetin =018 jplHp *2 5 60 ng/mL-naringenin 18 ;g #p *T 5 100 ng/mL - hesperetin
W pH&*T 5 150 ng/mL -

2007 & >Zhu % < [L14] 02 #4853 500k 2 ¢ > 00 F o 3843 e ik 4504 (SRMM)
2 B 5 1 512 42 (ASIW-Sweep-RMM) e 2 A 33 8 ¢ 2 85§ ik * & 4
SRMM 2 8 5] 7 27~37 % 4 53 2% » @ ASIW-Sweep-RMM 2 7 3 7 45~194
e se a0 A i 2 1 pH 2.0 2 20 MM BiEpL ¥ e 40 + 100 MM SDS 2 20
% ACN > 52.5cm x 75 um I.D.=* ‘w41 > *F 4e & & % -15 KV > hesperetin 2. i 2| {&
5 11.5 ng/mL - SRMM 72 i X § iz 95 stacking sfE 4 °

2007 # > Herrero-Martinez % A [115]:4:8 & % @& /B 14E# 2. MEKC = 2 A4 20
g AT Y g R Rt 3 o dpiE i D pH 7 0 50 mM BRpL ¥ Rk 2
25mM SC 2 25 mM SDS » #F4e & B 5 +20kV > 8 Pl4&* L5 1.2~4ug/ mL -

2008 = »Jiang % 4 [116]1 MEKC ¢ j# A 37 s ¢ 1058455 fr i & 4 >
AR s D pH 9.7 22 20 MM pz 2 10 MM BifL R ok Bk «Z’J‘ 4r 100 mM SDS
% 16 mM B-CD-30 cm x 75 um L.D.ch% fm g 410 ¢ 4e+19KV R BB & 2 25 C >
i )48 5 0.15~1.36 pg/mL -

2010 # - Pospisilova & 4 [117]# * < §84# & &L » ¥4 (large volume sample
stacking with polarity switching, LVSS)endijirs dgig 4 5B @ S foig s o 0 A
iz i pHO9.0 ch50 mM mEEL g Bk > 35 4e-25kV 1.6 ~ 4858 5+ 25kV > 1@
P& 5 9~16 ng/mL -

2010 & > Cesla % « [118] % 15 A 4ap 2 MEKC = ;% A 45 25 fa§ "2 b 47

it e plpiER s D pH9.05 2 25 mM PR i Rk 7 4r 10 g/L SDS % 1.85¢/L
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S-B-CD » 4 T /& % +20 KV o

2011 & »Cao % 4 [119] # * MEEKC &1 j# » {7 3| 185~508 i # % 721 55 -
A G 010 MM AL S (e 2% 25 MM B i ¢ 3 e 0.5%2 e fig 0 2
% SDS+9 mM DTAC fr 4 % 7 fif » 47.5 cm x 50 um LD fm 4 2> #F e 25 kV

TRERZ25C WRHRTE 8~22nL/mL -
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1. Flavonols (fhﬂﬁ]ﬁﬁi) 2. Flavonols (;F':[[”iyjﬁ'ﬂﬁf)
3. FIavonesCi_F':[]ﬂﬁD 4. Flavanols (', 5E[H)

5. Anthocyanidin (TQEFFJ—E%) Isoflavanols (E:'_F':[[HFD

Bl 2-2 S it 642 B2 A
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% 2-1 The references about MEKC (part I).

Sample

Flavonoids

Buffer Ref. Year

Honey

Azadirachta indica

Tea leaves, tea beverages,
Grapes, apples, red wines

Green tea dietary
supplements

Theobroma cacao beans,

chocolate

Scutellaria baicalensis
Georgi

Pinobanksin,

naringenin, hesperetin,
8-methoxykaempferol,
myricetin, quercetin,
luteolin, eriodictyol,

pinocembrin,

kaempferol, apigenin,
chrysin, galangin

Astragalin,

nicotiflorinquercetin,

isoquercetin, rutin

Green tea catechin,

Syringic acid,

p-cumaric acid,

vanillic acid, caffeic

acid, gallic acid,

3,4-dihydroxybenzoic

acid,

Green tea catechins

(—)-Epicatechin,

caffeine, theobromine
and procyanidin B1

and B2

Baicalin, baicalein,

wogonin

47

MEKC: 50 mM [100] 1994
SDS, 10 %

methanol, 200 mM

sodium borate at pH

8.0

50 mM SDS, 20 mM [120] 2005
phosphate buffer

(pH 2.5), 15% ACN

and 5% THF

MEEKC: 2.89 % [121] 2005
w/v SDS, 1.36 %

w/v heptane, 7.66 %

w/v cyclohexanol, 2

% w/v ACN,

phosphate buffer

at pH 2.0

50 mM SDS, 5 mM [122] 2006
borate—60 mM

phosphate at pH 7.0

90 mM SDS, 50mM [123] 2006
Britton-Robinson

buffer (pH 2.5) + 12

mM HP-B-CD

15 mM SDS, 15 mM [124] 2007
borate-40 mM

phosphate; 15%

ACN, 7.5%

2-propanol



# 2-2 The references about MEKC (part II).

Sample

Flavonoids

Buffer Ref. Year

Alpinia katsumadai
Hayata

Propolis, Ginkgo
biloba

Ixeridium gracile

Fructus aurantii
Immaturus

silymarin capsule,
Saururus chinensis

Jasmine tea,
Green tea

Cardamonin, alpinetin

Catechine, epicatechin,
naringenin, morin, fisetin,
quercetin, kaempferol,
galangin, apigenin, chrysin
Luteolin-7-o-glucoside, 2',
4'-dihydroxy-dihydrochalcone,
7-hydroxy-flavanone,
quercetin-3-0-galactoside
Tangenetin, nobiletin,
hesperetin, naringenin,
hesperidin, naringin

Puerarin, catechin,
epicatechin, liquiritin, rutin,
baicalein, hyperoside,
quercitrin, naringin,
naringenin, luteolin, silymarin,
alpinetin, wogonin

Epicatechin, catechin,
epigallocatechin,
epigallocatechin gallate,
epicatechin gallate

48

RMEKC: SDS (20.9 [125] 2007
%, w/v), water (13.0

%, vIv), 1-butanol(18

%, VIv), heptane (1.5

%), ACN (8.0 %)

MEKC: 25 mM [115] 2007
SDS, 25 mM SC, 10

% methanol, 50 mM

phosphate at pH 7. 0

MEKC: 15 mM [126] 2007
borate, 30 mM SDS,

10 % methanol

at pH 10.5

SRMM or [114] 2007
ASIW-Sweep-RMM:

100 mM SDS, 20 %

ACN, 20 mM H3PO,

at pH 2.0

MEEKC: 0.9 % w/v [127] 2008
SDS, 0.9 % sodium

cholate, 0.9 % w/v

butan-1-ol, 0.6 %

wi/v ethylacetate,

98.2 % viv of 10 MM
Na,B;07-20 mM

H3;BO;3 buffer (pH

7.5)

LVSS-sweeping: 40 [128] 2008
%, vlv ethylene

glycol, 10 mM

borate-90 mM

sodium cholate



#. 2-3 The references about MEKC (part 111)

Sample Flavonoids Buffer Ref. Year
Propolis, Ginkgo Rutin, apigenin, MEKC: 100 mM SDS, 16 mM [116] 2008
biloba luteolin, B-CD, 20 mM Na,B;07-10 mM

eriodictyol, NaH,PO, at pH 9.7
kaempferol,

chrysin, acacetin,
flavanone, flavone,

fisetin

Green tea Green tea catechins 90 mM SDS, 25 [129] 2009
samples mMborate-phosphate pH 2.5,

25mM HP-B-CD
Green tea Green tea catechins 50 mM SDS, 50 mM phosphatepH [130] 2009
beverages 2.0, 75 mM NaCl.
Green tea Green tea catechins, 10 g/L SDS, 25 mM borate (pH  [118] 2010
samples flavones such as 9.05) + 1.85 g/L

naringin, biochanin heptakis(6-O-sulfo)-B-cyclodextrin
A, hesperetin
Radix Astragali, Calycosin-7-O-p- MEEKC: 0.6 % w/v heptane, 3.0 [131] 2010

Radix et Rhizoma D-glucoside, % wi/v SDS, 6.0 % wi/v 1-butanol,
Salvia calycosin, 5 mM sodium tetraborate buffer
Miltiorrhizae formononetin, (pH 9.0) + variable amounts of
rosmarinic acid, SC-SWNTSs
caffeic acid,

salvianolic acid B,
protocatechuic acid
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% 2-4 The references about MEKC (part IV).

Sample Flavonoids Buffer Ref. Year
Radix Astragali ~ Quercetin, rutin, calycosin, MEEKC: 0.5 % ethyl [119] 2011
ononin, acetate, 2 % SDS, 9 mM

calycosin-7-0-B-D-glucoside DTAC, 4 % 1-butanol, 10
mM sodium borate or 25
mM phosphoric acid at

pH 2.0
Vegetable, fruit, Quercetin, epicatechin, MEKC: 70 mM SDS, 15 [132] 2011
beverage catechin, epigallocatechin, mM borate-5 mM

epigallocatechin gallate, phosphate at pH 8.0
epicatechin gallate
Brassica oleracea Kaempferol, quercetin LVSS: 10 mM sodium  [133] 2012
borate buffer at pH 8.4
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FIRRmARE 2
31 RE%ES
3-1-1 & 454

Hesperetin » Naringenin B % >+ Alfa Aesar (Ward Hill, MA, USA) = & >
Kaempferol p&% >+ TCI (Tokyo, Japan) = # » Quercetin and Sudan Il P %
Sigma-Aldrich (St. Louis, MO, USA) = & » Sodium tetraborate £ Dodecyl sulfate
sodium (SDS) p§ *+ Acros (New Jersey, USA) = @ - Boric acid ~ disodium
hydrogen phosphate {- sodium dihydrogen phosphate dihydrate p& % ** Showa
Chemicals (Kyoto, Japan) = # - #& g pL | *+ Gee bees farm (Nantou, Taiwan) » = JF]
F R OTERHTARR B Fr e i nda v s Rgeinlet o

everyday = iFfl i >t £ @4 M > cristina i iFpA e F FLT o

B 3-1 - ;%EF’HJ_,W%“L v = - %4 ;/5?:321:/?]’ - i@]*n*"'iﬁ‘}ﬁ’
S L ETT AT BRI
3-1-2 B3 %

Fafs (HBOs) & w Fofiz = 4 (NapBsO7) 4 ] 5 B &~ SHOWA 2 4§ B Merck 2 7
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(w
[
et

3-1-3 5 Wi ik Iy 4o A
AR BT Y A g E A S & C = A e 4p (Sodium Dodecyl
Sulfate, SDS) = 46, ® Merck =~ # 2. 2 % » # 3+ & 5 288.38 g/mole 2 » &+ ;% 3
CH3(CH,)110S0,0Na » 42 3-1 # 25 ‘CT 2t -k ¥ 2 g e )k & & (critical
micelle concentration, CMC) = 8.2 mM[134] - # pH # X (pH < 4)pF CMC (& ¢ *%
2 6mM[135] » & 8.2mM k& T fcte 4 & 62 1 H 48 e 2 [136] -
3-1-4 H i Fd e &L
F © “%(acetonitrile, ACN)pL % >* % B Fisher = @ e HPLC & if & - & § i 4

4

i

(NaOH)# # pa (HCI)pE§ »t p & Kanto Chemical 2 7 e {7538 % - = =
-k 12 £ B Millipore =2 Milli-Q % xe(Millipore, - Bedford, MA, USA) it 2. o & &
FERY 0 eor 7 MART AL F T % umeo T A S Sudan I - T SRR B
# 2w 0 s 0.22 um e B i o

32 REHRHE 2 £

3-2-1 £ ¥ T ik

4@ 3-2 @ * 17 & ik 5 Beckman P/ACE System MDQ (Fullerton, CA, USA)
> p it L g 4%k 0 @ 4% PDA (photo-diode array) i R & » it Rk & §=
¥l 5 190 ~ 600 nm (256 Element Diode Array) o & i« ik s 17 T B = [F] 5 -30.0 ~
+30.0 KV 5 28 44146 : 15~ 40 C; &k 4 F 1.0 ~ 600.0 § ; k& 4
A R4 0.1~250psi; EZ RS FH 010~500psi; 4T
B # :-1.0~-10.0 2 +1.0~10.0KV (1.0~ 99.9 #5) ; % ie(rinse) & # # [ : 0.1 ~
100.0 psi ° &k B4l TR g2 g d B A T %(586-1BM AT-compatible PC)
% -4 i %8 (P/ACE MDQ system version 2.3 for window):d & 24 » ¥ & *

IEEE-488 Ji & = #-T " R B & o
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®] 3-2 Beckman P/ACE MDQ * ‘w g T i &
3-2-2 gL |
bo B 33 A F % A ’*n; %o % (fused silica) £ w0 %
PolymicroTechnologies = # (PhoeniX, AZ:USA)aééE«ﬂ POEEIR G RTA R4
£5 R A KR 4 v(polyimide) £(0,D); 363 um: p (1. D)3 50
um - s E (L) 5 60.2cm> I @ ;‘E']géz’ﬁ’ﬁ rek E:(Ld):% 50cm o ¥ ® {37 i P B
Fh-BFH3mm2ZF oo iTL UV-VIS ERT E L mg 2 RL g fLp hs

b4 o

B 33 = mi
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3-2-3 5% % A|padk & /3 i“ B R 7 =3+ (Laboratory pH Meter)

Wl 3-4 Phig R 5 F 3 (Suntex) 2 P 2 & 5 AI5L 5 SP-2300 0 p it

7R R D e i 0 2 € 4&(InLab 410) = 33 L Mettler-Toledo = # 2. & 5> # pH

i i) 46 B 5 pH -2.00~+16.00 > #Fz & 5 +0.01 BE = £ 0~100 Cp #

L FR BAE o

B 3-4 phdk R
3-2-4 F 5% % 3% T & 3+ (Laboratory conductivity meter)
)55 SC-170 0 P 7

e 35 ET AL AL 3 (Suntex) = & 2 & &> %
BRI i 0 H T 4.(980-K19/120) 5 5k L Mettler-Toledo > 7 2. &2 % » H &
TR R4 B % 0.00 ps/cm ~2000 ms/cm - & § A BRI E R 0 T Op Eo N £

4o h50msiem p T R L HFER S £1% (% @ * 1.0 Cell) s HE B Rl

5 0~100 C  EAE#HmREL04 C £ 7

"

p#E RA 2 Hold & # 4 o
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-~
N

Bl 35 £TL R
3-3 &2
3-3-1 ~ 74 2 fe il
Bt 2 kR S 1000 pg/mL #3337 100 %7 A5 ¢ o T pEL
A Cavkfae L ie fEadrit iR £ T B 10 B 5 2 S r(10
ug/mL 2 5 100% § 7 42)ts o £ ApF S iE 2 AR AT E iRk R -
3-3-2 Brp Rl

HoBO3 #2 NayB,Oy e+ i ik & ¢ 5 200 MM 3 23S ki3 ik » T ph 4§20 4 °C

‘3;

vk P o F BRI FRERAR IR R R o HoBO3 &7 NapBsO7 13 5 A vt 43 4p

ket
w
1&
T
o 4
Jen
Ty
-
ER
§e)
T
=
=
g
¥
g‘x
o
&
i
PN
Z
e
(8]
=
T,
X
ER
w
&
A
K
I
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FE%* 2 SDS* kR 5 200 MM 2 4 S Fica 'IEE/Z:J:?;"’\‘]- ocﬁ”?’}‘%glé ’

e AL D R kR -

3-3-3 gk e B
10 mL A iFE 10 mL ¢ modAg 3 A 80 IS Ko mUg R~ RR
R RES kAR S 2 F14 L 10% 7 FRARA S SmL ok i B F
v 0.22 pm 3E 5B g o
3-3-4 # P2 B
= /*Jc B~50 52 4§30 100mL shpH2 BRI Y 0 B B
teo4r » 20 50 XAD-2 fiffiq (s % prag it £ 42 feid » 20mL ks F 4 >
2 40mL hpH 2 BELA 42 60 mL _'rfvfk;?t;;t PEE{S 2 40 ML T AR R Eon ) T
TR RIRSE R 0 R ET £ S 2T R R F 1 0.22 um 0 EE g
3-3-5 £ fm§ YR
B ORIESL g PN Z R L M s B BN D RTE L2 ks F P
RS Fh F R BT LFHREE I FRT 2 F%k o - AT mi o B
AR 2ok A I RGET A& F Y IMaNaOH Fk = - 4 48
£ ™~ 0.1M NaOH i%i;t: Lk B{s M X3S :k;%;‘;t: Lo AT %53?

2ERY A5 CTRE ) AR LR R E o b

o
>

BERHRZ W
Ariz 3 #2480 EF IM 9 NaOH et~ 48> £ 12 0.1IM
NaOH jrie+ A dd » Befo i = s 2 35 Kigriee + A& MRS g bl >
RIS A VAREITE P PR AR BIEFF R T AN L YT RS A4

BF 0 IM 9 NaOH %~ 4 48 > £ 12 0.IN NaOH i A 4 » s 11 = = 2

kgt AdE UAERS o i 4P SR TIERARE BBk RS
TEREF2ZEy - 33 k- A4 ¥ 12 LON v NaOH %= 4~
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4 > £ 2100 % ACN Fie = A48 > Bfs M- A QI RiFikT Ak & F P D
pH BEE g R d T “13 HAMLBRF? 25 CTEF > EHITEFT
— BAE o

3-3-6 R Bk i

Bk Rk £ 5 200nm e R F T oA ek (TR R S +25 KV 0 LVSS #5548 e

Peie DR A+25KY 4 525KV - F v AR R B0l (F R S -15 KV 0 TR
5 0~100 pA 2 B miedh S N S ok#0 4 2 0 o A PERF A- 4% ¥ § 4 (CZE)
B 54y IRERFEL N PR L 120 £) % 480 45 0 B4 L3¢ 5 1.0 psi (68.9 mbar) -
HEREH 25 Co B Fohis it 2% 824500 Fidif 2 o

3-3-7 £ g LALLM R

(1) TF0 Heo BB %‘r»ﬁ T ARSI lep

L¢XL 1
Heo = =574 X = (3-12)
L¢ XL, 1 1
Hep = Hap — Heo = t>‘<, 4 x (t_r' T a) (3-13)

P oty » TR PER(sec) ) Ly 3L g R (em) > Ly 5 £ o 2 3
iR B e v A gk A (em) > VG hde UR(voltage) 0 pep & A T4 AREB A 5
F g Hap

te 5 & 17 4 8 4 pF P (sec) o

(2) tp¥+2E % %% % (Relative AWyp)

1

Wi /
AW, = oo (3-14)

=W

He Whypy s W2 A ul i Aed 18 2 g% % o
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quercetin kaempferol

No. Compound pKa®

1. Hesperetin 7.49 + 0.40
2. Naringenin 7.55 + 0.40
3. Quercetin 6.31 + 0.40
4. Kaempferol 6.34 + 0.40

a. The data were from Scifinder Scholar Database, Ver. 2011. 12, by 2011 American
Chemical Society

Bl 36 = @A 742 B2 pKa i@
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This program provides resulls based on thearetical principles.
The answers presented here should be taken as approximations, not absolutes.

_

This program prevides results based on theoretical principles,
The answers presented here should be taken as approdimations, not absolutes,

Bl 3-8 Beckmann # &% 480 seM
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Detergent CMC (mM) N

Anionic
Sodium dodecyl sulfate (SDS) 8.2 62
Cholic acid 14 2~5
Glycocholic acid 13 2
Taurocholic acid 10~15 4~5
Cationic
Cetyltrimethylammonium bromide (CATB) 1 78
Dodecyltrimethylammonium bromide 15 50
(DTAB)
Hexadecyltrimethylammonium bromide 0.026 168
Zwitterionic
CHAPS
CHAPSO
Nonionic
Polyoxyethylene dodecanol 0.1
Triton X-100 0.24 140

# 3-1MEKC ¥ * J} & 7 (&2 feft ficve Jk & @ (CMC) % H 48 % B #i(N)[137].
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4% REEHEG
4-1 + ;‘Iéfr”ﬁﬁ:s“i?'fi%
AREREMe BHEIMFPCESFTLAFSF O THENKRSATESFRT 12

T & i S foik o 4R IR e R R Y LA 54 e iR G ACR 2R SE

SRR R F Y PV LT LT L N
2ORERS S kR R R AR i B -

APPE - AR ORMERC § G L MR WA R
e RO 2 e RO o

Hod g 3R~ A R S-2a4f (Large Volume Sample Stacking with
Polarity Switching, LVSS) i & 47 % & » #7 4 »c % {345 1= ;%4 >+ 88 f (large
volume)in e & 5 A » 2 MAAE T - HixEF2 I MFLE LY o H G B
F Lo B R IROEREREA P I REAT ARSI BTN

R RA LR L FRFEATRIE RS TR 4 o

BFAPs TR TR ¢)§%[128, 138] ¢ & Il e < R A A OB

=h

(LVSS-Sweeping)2. = * Jig * Gigy fik ©* & - b RS o 22 AU 3 A
HGEZ e L g TAERE G BEREE e R E RS A E ARz
P AR R P TR A el DNFRRB LR ETL R
FiE A 2 Fff(stacking) 2 sk o B EF R o AR € LT E AR BT
F 35 o A4 d 2 B 24745 R & (boundary) g i# o P - ISy i3
HEuFFLRTEER2AME A L3 28L7 RALVSS § & 7343 iRz 428
TR e A PR o

d N FHGFRERC I F AR T APy PeE T R HE SRk
WAL RS X2 e TRE G DR B 1 e 2R pHERT

H

SDS & H U BHEFAUR G FUMAFE G oS MPpHERRT %4 ifw T
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W 12 SDS fce i B3 Af o

42 - BFN-2 mE % F T AE (CZE)

P Jr[120-130] » % & # s e s B 4 R ACR h 2 R
CZE # MEKC &if ipl e Uk 4 7 100 ng/mL(ppb)rs - » % i & 1 k450
= 584 4 % ¢ i 7] 100 ng/mL(ppb)rs T 2 i R]HET o

Bl 4-1 550mMMz i@ stz sk pHET 2Z T AR pH 24 9

ETIN

(A)pH9.0~(B)pH 9.5 2 (C) pH 10.0 > # &k & 5 10 pg/mL ;x » iE ¢ 5 1 psi
T 10 A4 o P BRE+25KV 6

BBBERRE AT ARG M BEZR pH B S B3 € R TR MK
Sef-s @B 4-1 ¢ 2 35 pH %P2k quercetin 2 kaempferol J) 35 chpF Az i 20 &
o AT s TR BB R AN ERFER  ZAR pHEDFRER Tl T A G
L 5enp 27 Bl %A PEE pH0 52 - 4L CZE fisst & * 2 fhdk (& -

Bl 42 3 Llop B LAE TR R TR A
AYE TR R W R A4 kR S LugimL 0 # Y FHR S R
F 204y P RIAELe A2 e e dp o ﬁﬂ]‘%cf—' B e AR R R TR R
Fom ik E SRR A E G oL R RS

4-3 % WA 534k (LVSS)

4-3-1120 #5 % 480 #)it » 2. daff »c ¥ 21 1§ P& T
B 4-3(A)~(C)ehai dris e 22 'k 5 50 mM #2ac @ pH 9.0 > B 4-3(A) 5 &4 5
(&R > 10ug/mL) > 4 T R4A25KV 2 % T AR 0 B 4-3(B) 5 5t
12045 (3 Sk A0 LpgimL)> #4004 2 4§ TR 25KV s 5 & T /& 25KV »
Bl 4-3(A) % *54c itk 480 5 (He ik & 0 lpgimL)» #F4e 131 A48 f /& 25kV
ks & TR 25KV - 3 ff 2o (stacking efficiency, SE) it & 4 47 4 S kMg 4R

SRR 0§ A S 5 10~100 FF o 4p 5 3 % 10~100 & enid Bl @& AT o AT Y
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25 (1-9) 0t o R B S A (LVSS)HES % 4 § A (CZE)H 7 3+ & 1 LVSS #
Jlendfiacg o R 4-3(B)2 B 4-3(C)F & & A4 s~ 120 (1R 9% R
3-8H MLk L g A 24.13 %) & LVSS #5583 4F (5 U BLHE 9
hesperetin(1)# 5 44.98 5 ~naringenin(2)# 5 46.74 i ~quercetin(3)34 2 40.35 & >
@ kaempferol(4)3 7 50.82 & - @ 1t @ 4-3(A)2 B 4-3(C)7v &5 & &~ 474 &
LVSS #5584k 5 » 480 #) 3 ff 4 3 5L 56 »c 5 ¢ hesperetin(1)3 53 260.77 & ~
naringenin(2)3 3z 266.62 & o ¥ fr1u * FAF AL~ 5 480 /(1345 B 3-8 ¥t
B35 900 £ g AR 96.53 %) f# > % 2 4+ - hespererin (1) ~ naringenin
(2) ~ quercetin (3)£2 kaempferol (4)z i p[4&*T 4 %] 5 14.87~14.71+19.76 2 16.66
ng/mL(4c% 4-3 9757 ) F] 4-4 2 @] 4-5 5 LVSS 12 120 571 » ¥ 52 £ 4 H)

4-4 & % % RFHFHEHF F (LVSS-Sweeping)

AP R # e LVSS-Sweeping 2 % o PR G § smend bk HE hesperetin £
naringenin » @ quercetin # kaempferol &% X Bl ® A5 T35 > B 4-6 5 & 338
it (PH 9.0 FAELR) G4 3 i b Wl(2 2 5 B4 10 %oene - 3,7 5 3 FF
4v 20%z2 - g, A& C x4 20mM 2 SDS, B & D ;‘,"']Hc 50 MM SDS) » & #74 &
1 pg/mL 2 flavonoid -k i3 7% > & » B4 5 Lpsio L~ BFRF S 120 45 o

BHed FARZTARBRT e B S g RFM LR

BAZ R A d (A)E(B)F st £ (C)sr (D) 77 wrdt § SDS 2 i e ik
Bs € RWELELS IR > FRWEFEAT RN 4 o @ PLFE A I quercetin £
kaempferol G 5L (i £ TIAPRFR 3 40 2 48) FRI S F AR E 8 o 47
1 > quercetin 2 kaempferol % 3 diol 2 i > @ 7 4v glycol # s &_i¢ quercetin
B2 kaempferol =~ % % 3 &3 d4p P @ A FER A fet e qp 2 ¢ o ;;cﬂl‘ 4 glycol
¢ & quercetin 2 kaempferol cripeak = 274 > @ AP p m R R T F A IEH

3% 2. T hesperetin 2 naringenin 3 3 s o W 5 2429 2 19.23 i o
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4-5 ¢ »#F & #-3:% (sweeping with normal polarity)
4-5-1 pH &
Bl 4-7 (A)~(C) 5 # 54 474 (10 pug/mL)i3 7 20 mM #hpc 2 e > 4 5t
»E 54 m Bl AMEERZ pH(A S 5 65-7.0-75)2 T 4K - B 4-8 %
B 4-7 z_vx g% 4% 3 %1 B] - ¥ & naringenin ~ hesperetin % quercetin # pH 6.5
AP iE S SRR 0 G pH 6.5 B F s fion S 0 T R Fl G pH &R P
A g F A LR 0 AR B SDS e h 4 @ fE 2k S T > %A P E % pH
65 5 A3 Hrr iz pH E -
4-5-2 3~ pERF
B 4-9 (B)~(E) % t &~ 1547 (L ng/mL)iz % 20 MM miifis B 4 fimie > A 3L
[[ipicae ”J 4e 25 mM SDS 2. 20 MM &t % e &4k 7 e #8274 B> 4 B 4-9
(E)¥ vk &L » 240 #; crp= iz > hesperetin (1) ~ quercetin (3)f- kaempferol(4) s
Yok € £ p > © naringenin (2)shs g € R R s A S B B G 812 A e
T OERRPER R At 180 fy 4 o
M EHH R AS L~ 2 o MEKC 2120 #5731 » v 0o 7 & {2 hesperetin (1)
A5 px S 5 25.56 % 0 naringenin (2)3 % s & 22.79 & > quercetin (3)3 3 s 5
% 16.06 % - kaempferol (4)3 3 »c 5 5 20.36 & o
4-6 #H 3 & B3 (sweeping with reverse polarity)
4-6-1 7 T F) Bt it » 51t
4o 4-10 2 B 4-11 7 =i > 2 il R mo P arde b | TR ZRT

AEBREE GHAFEEF I AR oo REPFTERE R AT

m&

oSG RPEDH @R 6 BRA A gRE 0 B AP 120
Fodl mit ~ 112 480 54k St » K B0 0 E HE i 0 120 £ PP g o 4R Sl
WA L o d 41 24183 %R AE 0 RS~ 480 ) pE % o R S0t~ B b S

fn g 4 96.53 % tE fE o
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4-6-2 120 #)Hk &1 »
4-6-2-1 54 TR R SH A2 BT
B 4-12 (A)~(E)~ 4 * I T BT (-25kV ~ -22kV ~ -20kV ~ -18 KV ~ -15 kV)
2 T 0 PR A R e S 5 i 4 50 MM SDS ¢ pH 2.0 620 mM Bk B
Sk o B 4-12(A)~(C)AE T § 364 TR 5-25~-20KV & > ¢ B {4 4740 2 %
Yok 3 BEFE A PR BRS-15KV e 4-12E)rr v ke BA T AR
Bo § e TR S FF o SDS ficre o 74 3 MR e R e @ b T
LTS o Bl 4-13 fo@ 4-14 A NE T A B RRT v B AT E 6 ff o B
2B T Aw R TRE-IGKV ST G 2 B R RFN=3) &
T PEI A R b 0 A PEE-IOKY § T e P R FRR
4-6-2-2 i Ae A8 13 A A

7 e F WA LBEGR YW RSB AR B oRLF L B A

1=

R ¥l zeta § o TSR B M AR e REE M TR TR
§F TR Eod B 4157 Aof PR e dan kot d 10 %7 i i A 3
A d B 4-167\,7]‘4\:‘5' ﬁj@ft?iﬁgétk\%’ﬁ;z}ﬁ;% 2 4e 2 10% 7T E A ML o F T
WA UGG IET i e MEKC 050 T o d 3R 5 iR R e dEd 2
e 4 a R AT A AR T e B AR A RS LR
BOTIRRARA B A FRNHCRE Y R RONRRARY F BRI B MRS R AL
i hiTd > A RE Ak c L B HF RN FERR ] TR
4-6-2-3 SDS Ik A& ¥ 1% &k 45 5

B 4-17 % pH 2.0 5720 MM 4 g ez 4 7 Ok B SDS $Hk 5k 52 %
A oo B 4-17 ¥ Avik S 4T ik g 42X 3 SDS Ik B R F2 %1 > SDS
ERH B S AT 2 BT Gl GIH e @ B R A R g 2l A 5
<o BB F e e d § 4-17 (A)Fvi e 25 MM SDS pF o s HpE R

% 1 35min> @ B 4-17 (B)i,"']t ‘e 50 MM SDS & » 7 § siigies 1T R 0§ 4-18
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BT SofTE B {ﬂr ¢ 25 mM SDS FF8.% - @ B 4-19 ¢ hesperetin ~ quercetin
% nparingenin ’é_if]t 4t 50 mM SDS P fc % B 0 ff"@%} s 4c 25 mM SDS & 7
fo oI AR B R ST R RS B ReA Rk o @ e SDS 7 40 50 mM 12 b
ik BRI Bl > A g 2 f kY 0 AP Ak~ 120
Fy ik i g ’]‘4\2 50mMM SDS z_ if it 5 & it it o
4-6-2-4 Ftk A TSRO T
Bl 4-20 5 48 5 454 248 120 40 ¢ A 3A B fen 28 5 20 MM B B
7 % 50 MM SDS 1= 10 % * = =P R ER R 7 feBRPL B B R DR MR
HLAR o d B 4-20 (A)~(E)T v § F e 20 MM B B RS A T Y o A4
PR RET e frc kil o d B 4-21 F frﬁ%%%‘rm#lﬁfg%“ 25 mM~75 mM
2 ¢ G Pk o B (L) FlF Y A E & 41 2 & 42
B Hrg ek 5 50 mM BREE ERT 0 F R EHREAT 5 25455075 4r
100 MM endg fim % y B4 9 5 0619151111452 174> m d [ 4-21~ +
TERSIESFLY ERAREATELRETRLETRAT TRER TR
Fonk At B % L KoriE #5 Sweeping shficit € b )l%c‘ E#* SRMM(% 47
B Bok? 01 SDS ¢ fadraat o B RS L BRI B 2L )0
BN [114)48 5] { 4 st fg o % o
4-6-2-5 1 PRI E B F R 1R R

B 4-22 2 B 4-23 % ik 120 i@ i AT L E B - £ 44
BB IR B 2T B4R 120 )47 F adk &4 7 40 1R * hespererin (1) -
naringenin (2)~quercetin (3)2* kaempferol (4)2_ 1 p|4&*T 4 % % 43.53+38.25-57.38 -
4855 ng/mL - M 4-24 3 10 & #F-fR cruh B 4% ik 4k 120 ) > 2 A 4 rp b S
5 20 mM grpi P ;‘?]:ﬁ 50 mM SDS 4r 10 %% " *=ch R AR o P B Z T
quercetin 1.13 ug/mL - ® 4-25 5 10 & o0 1 SLic Pk &i8 4% 120 f) > & 4~ 4t

FHrrea 5 20mMM BRpE R P Zi 50 MM SDS 4= 10 %% " =ehT ARl o ¥ e
66



R4 7 F quercetin 7.76 ng/mL 2 kaempferol 0.99 ug/mL- % 4-26 5 10 & #ff <
SHL R &R 120 )0 2 A g ek w s 5 20 MM BRRL B ﬂj‘ 4r 50 mM SDS
Fr10 %% 7 t=ehR AR o ¥ HBIA Z F quercetin 4.66 pg/mL 2 kaempferol 1.47
pg/mLe # 45 Sied BloiFie 7> X% v IcF 2B L -2 46 2 AP

o

kA 7@7 . ,,_/f’t']u 120 f/*{irr'/l)‘ T u—ira’#ﬂ?g:ﬁ“\‘ 'ﬁ 2 ‘J*P_% m" g

|k

4-6-3 480 )i »
4-6-3-1 Jptv $H 12 4RI
Bl 4-27(A)~(C)~ ®] 5 i2 » 480 f)#k &P » & Hrig e # 2 40 1015~ 2
20 %% "z T A® 0 d B 427 (C)F § 7 = ,)%E;/f‘]‘%c; 20 % iy ke
FAER M 1T AR B o
4-6-3-2 SDS k& ¥ 1% & kM5
Bl 4-28 5 pH 2.0 5720 MM 4 3eig e if 4c 7 Ik Ok & SDS $Hk Sk 52 T
Al o B 4-28 (A)~(D)¥ AE ¥ SDS EEH % » S A2 BT gul b3
boo @ R HR AT g B S R BB BT A T e & F 4-28 (A)
Fom B4 RCE s d R Bl 4-28 (B)~(D) %14 480 F)crth i~ 1 L o ¢3RS
EREF o SDSERM S { M4 ET A FREDL >R AT NS LL -
d B 4-28 (B)~ (D)rr, 4r 50 mM SDS 12+ pF > quercetin ~ hesperetin 2 naringenin
SBpPER R E S 25 A4kt ko @ B 4-28 (D)i?]t 4¢ 100 mM SDS F# » quercetin
% hesperetin s 2 R € 384 € fpo B 4-29 o Soj2E g ff e 25 mM SDS
P quercetin §- naringenin 3 & = & f# - ™ kaempferol % hesperetin = j2% & ff &
* & s R 40 75 mM - 50 mM SDS P o
@ B 4-30 ¥ quercetin 2 naringenin ii»_if]: ‘v 25 mM SDS pFex i &% > @
kaempferol 2 hesperetin EIJ—K;,/] 4v 50 MM SDS FFe T B 0 M A HEPFERY - 3%

A yafgonk LR 0 AP A T8 L ~ 480 ) ik i pEE # ,,91‘4\: 25 mM SDS z
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PEE R ERET o

g1 Q;];J;;;g WO RS T G o R A @D E N R
FIF e A AR R S # R TR AR () e a2 1R 4 R g gD
A A ReE R o BRI R [I1A] 5 4 F A e ool o et AeE
IR S R EES I

4-6-3-3 1§ B4R

B 4-31 2 4-32 % 480 fith S » T o AT R E d R £ 47
BB IR e BT B4k 480 £ FF AT ok 54 7 4 1 B1H& T - hespererin
(1) ~naringenin (2) ~quercetin (3)£2 kaempferol (4)z_ ¥ jp|4&*T» B 5 21.28+15.37 ~
24.26 ~ 24.7 ng/mL -

47 &2 VR

d B 4-33B)2(C)F wiiw FF R dvaffac 47 g1 ~HMAHHEHF L A d
(D)™ 4wk 4 f Hiost % =i 480 )7 (LY BAR2 AR > i d o 480 fiL
)‘IT‘&{@ ® 6 AP R R S s 0 F B I . Rab & 7] 25 A48
THRREARMRELIR  wE 22 L B ehGach » A M ¢ E R 120 §ix » chig
e RO R RLA T o

B 4-33 B AT 0 - BIHT o (A)E(B) P v R LVSS i
hesperetin £ naringenin :8 4 "8 & ¢ $13% - quercetin &2 kaempferol =% 4% g &
S EHN O RZALVSSH R A HTRZ RS ARSATY HBhE AT
naringenin ¢ +* hesperetin -4%:Z i 4% =4 - quercetin » ¢ v kaempferol P-i%:f:&
Hebom AT RS ANPEIERY E R LB R R AdE PR
wRABREDNEE T EEEr o (C)F FlaMpH ERBET o BArd Y S
PR T TR 2 B B B At SDS 2 B2 i'h 4 <) s & H

T 4 < Jg 3% 4_kaempferol > quercetin > hesperetin > naringenin o

68



4-8 %%/

Lrgir e RS B2 & »ggﬁg $54 S A (LVSS) ¥ 1 4% i 24+ FREf TR 0
CHRLBROBFF LIRS P ZAPRF LRI T

Ay BEFALY L pH FF(ER pHES)  B* L o F AR HER M &
PIERP R L e S F R AR RAR > VB B IIER
Lo RFL A PHIE > EEAS WAL LB OHGY R ks e
AP ORISR e % R A0 4 hesperetin 2 naringenin i <k 0 fe quercetin 2
kaempferol si3u 5L € i 4 -

ML & Ty S A pH B T 1 SDS kI B e N A
RIGE > voRE % B AR Y AP 0 R e g O T R R R TR (20
MM pH 2.0 crpipe )& 2 35 g @ > 3 Bt A R BRI SR 7 &
AR R L E R RBES L PEGR YR GRF T R TR HFR MR
LR EE 12040 ¥ 5 480 fy @ A A A AT A B P 480 ) ek &t~
BAF L od BE965% 7  »ei s G F o/ * 2 EF R SRR o

Fe B o2 Y P b R iER G 5 e dF s e
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Bl 4-1 Effect of pH of running buffer: (A) pH 9.0; (B) pH 9.5; (C) pH 10.0.
Separation buffer: 50 mM borate buffer. Sample: 10 pg/mL flavonoids. Injection

pressure: 1 psi, applied voltage: +25 kv. Injection time: 10 sec.
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Absorbance at 200 nm / mAU

Migration Time / min

B] 4-2 Effect of injection time of sample on the stacking efficiency: 1 ug/mL mix
flavonoids dissolved in water, separation buffer, 50 mM borate buffer at pH 9.0;

Injection pressure, 1 psi; applied voltage, +25 kv. Injection time: 5-60 sec.



5 mAU

Absorbance at 200 nm / mAU

Migration Time / min

Bl 4-3 (A) LVSS with 480 sec analyte injection, (B) LVSS with 120 sec analyte
injection, (C) CZE with 5 sec sample injection, analyte concentration : 1 pg/mL for
(A) and (B), 10 pug/mL for (C). Peak identification, 1 = hesperetin, 2 = naringenin, 3 =

quercetin, 4 = kaempferol.
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hesperetin R = 0.9981

; //’
i e

2 et

1 /

absorbance at 200 nm f mAU

0
0 100 200 300 400 500 600 700
Concentration / (ng/mL)
naringenin y =0.0094x+ 0.1752
R?=0.9978

7
2
£ 6
~ /
ES
=
S 4
o~
® 3
L1
=1
52
£
21
s

0

0 100 200 300 400 500 600 700

Concentration / (ng/mL)

Bl 4-4 The calibration curves of hesperetin and naringenin, LVSS with polarity

switch at 0.4 min.
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y =0.0083x-0.4438

kaempferol R2=0.9974
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absorbance at 200 nm f mAU
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0 100 200 300 400 500 600 700
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H y=0.007x-0.3098
quercetin R2=0.9974
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A
35 /

3 /4/
2.; /
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Bl 4-5 The calibration curves of quercetin and kaempferol, LVSS with polarity

switch at 0.4 min.
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Bl 4-6 Effect of glycol and SDS in the running buffer: (A) 10 % glycol and 20 mM
SDS, (B) 10 % glycol and 50 mM SDS, (C) 20 % glycol and 20 mM SDS and (D) 20
% glycol and 50 mM SDS, Separation buffer: 50 mM borate buffer at pH 9.0. Sample:

1 ng/mL flavonoids. Injection pressure: 1 psi, applied voltage: +25 kv. Injection time:

120 sec.
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] 4-7 Effect of pH of running buffer electrolyte: sample solution, flavonoids
(10 ug/mL) dissolved in 20 mM phosphate buffer, separation buffer, 20 mM
phosphate buffer containing 25 mM SDS at different pH: (A) pH 6.5 (B) pH 7.0 (C)
pH 7.5. Injection time : 120 sec. Peak identification, 1 = hesperetin, 2 = naringenin, 3

= quercetin, 4 = kaempferol.
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Bl 4-8 The variation of peak height of analytes as a function of pH in the range
6.5~7.5 in a phosphate (20 mM) buffer. Injection time : 120 sec. Analyte identification,

1 = hesperetin, 2 = naringenin, 3 = quercetin, 4 = kaempferol.
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Bl 4-9 Effect of injection time of sample on the stacking efficiency: mix
flavonoids 10 pg/mL for (A), 1 pg/mL for (B)~(E) dissolved in 20 mM phosphate
buffer at pH 6.5, separation buffer, 20 mM phosphate buffer containing 25 mM SDS
at pH 6.5; Injection pressure, 1 psi; applied voltage, +20 kV. Injection time: (A) 5 sec,

(B) 60 sec, (C) 120 sec, (D) 180 sec, (E) 240 sec.
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10 +

—=— naringenin
—e— hesperetin
—— quercetin

—v— kaempferol

o]
1

Absorbance at 200 nm / mAU
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Injection time /.sec

Bl 4-10 Plots of peak height versus injectiontime with a mixture of four flavonoids
at a sample concentration of 1 pg/mL dissolved in 20 mM phosphate buffer
containing methanol (1 %, v/v) at pH 2.0; separation buffer, 20 mM phosphate

containing 20 mM SDS at pH 2.0; applied potential, - 15 kV.
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B 4-11 Plots of peak™ area versus injection time with a mixture of four

flavonoids at a sample concentration of 1 pg/mL dissolved in 20 mM phosphate

buffer containing methanol (1 %, v/v) at pH 2.0; separation buffer, 20 mM phosphate

containing 20 mM SDS at pH 2.0; applied potential, - 15 kV.
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Bl 4-12 Effect of applied voltage on the stacking efficiency and separation of the mix
flavonoids: Sample solution, mix naringenin, hesperetin, quercetin and kaempferol (1
ug/mL for each) dissolved in 20 mM phosphate buffer containing methanol (1 %, v/v)
at pH 2.0; Injection pressure, 1 psi; injection time, 120 sec. Applied voltage: (A) -25

KV, (B) -22 kV, (C) -20 kV, (D) -18 kV, (E) -15 kV
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Bl 4-13 The variation of peak area of analytes as a function of applied voltage
(-15 kv, -18 kV, -20 kV, -22 kV, -25 kV) in a phosphate (20 mM) buffer at pH 2.0.
Injection time : 120 sec. Analyte symbol, 1 = hesperetin, 2 = naringenin, 3 = quercetin,

4 = kaempferol.
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Bl 4-14 The variation of peak height of analytes as a function of applied
voltage(-15 kV, -18 kV, -20 kV, -22 kV, -25 KV) in a phosphate (20 mM) buffer at
pH 2.0. Injection time: 120 sec. Analyte symbol, 1 = hesperetin, 2 = naringenin, 3 =

quercetin, 4 = kaempferol.
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Bl 4-15 Effect of acetonitrile concentration in the buffer on the separation
efficiency and separation of the mix flavonoids: mix naringenin, hesperetin, quercetin
and kaempferol (1 ug/mL for each) dissolved in 20 mM phosphate buffer containing
methanol (1 %, v/v) at pH 2.0; Injection pressure, 1 psi; injection time, 120 sec;
applied voltage, -15 kv. Acetonitrile concentration: (A) 0 %, (B) 4 %, (C) 6 %, (D) 10

%

84



5 A)
<C
e
e
[
S (B)
o —_
N
o H
()]
(&)
c
®
S
z \
2 (®))
4 g -
3
L o
1 1 1
12 14 16

Migration Time / min

Bl 4-16 Effect of methanol concentration in the buffer on the separation efficiency
and separation of the mix flavonoids: mix naringenin, hesperetin, quercetin and
kaempferol (1 ug/mL for each) dissolved in 20 mM phosphate buffer containing
methanol (1 %, v/v) at pH 2.0; Injection pressure, 1 psi; injection time, 120 sec;
applied voltage, -15 kv. Methanol concentration: (A) 0 %, (B) 4 %, (C) 8 %, (D) 10

%l
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Bl 4-17 Effect of SDS concentration in the buffer on the stacking efficiency and
separation of the mix flavonoids: mix naringenin, hesperetin, quercetin and
kaempferol (1 ug/mL for each) dissolved in 20 mM phosphate buffer containing
methanol (1 %, v/v) at pH 2.0; Injection pressure, 1 psi; injection time, 120 sec;

applied voltage, -15 kv. SDS concentration: (A) 25 mM, (B) 50 mM.
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Bl 4-18 The variation of peak area of analytes as a function of SDS

concentration in the range 25~100 mM in a phosphate (20 mM) buffer at pH 2.0.

Injection time : 120 sec. Peak identification, 1 = hesperetin, 2 = naringenin, 3 =

quercetin, 4 = kaempferol.
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Bl 4-19 The variation of peak height of analytes as a function of SDS
concentration in the range 25~100 mM in a phosphate (20 mM) buffer at pH 2.0.
Injection time : 120 sec. Peak identification, 1 = hesperetin, 2 = naringenin, 3 =

quercetin, 4 = kaempferol.
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Bl 4-20 Effect of sample matrix on separation and peak height of flavonoids: Sample
solution, flavonoids (1 pg/mL) dissolved in (A) 10 mM, (B) 20 mM, (C) 50 mM, (D)
75 mM, (E) 100 mM phosphate buffer containing methanol (1 %, v/v) at pH 2.0;
separation buffer, 20 mM phosphage containing 50 mM SDS at pH 2.0; applied
potential, -15 kV. Peak identification, 1 = hesperetin, 2 = naringenin, 3 = quercetin, 4

= kaempferol.
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Bl 4-21 The variation of peak height of analytes as a function of phosphate

concentration in the range 10~100 mM in the sample matrix at pH 2.0. Injection time :

120 sec.
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Bl 4-22 The calibration curves of hesperetin and naringenin in the sweeping mode

with 120 sec sample injection.
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Bl 4-23 The calibration curves of quercetin and kaempferol in the sweeping mode

with 120 sec sample injection.
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] 4-24 Electropherogram of honey obtained with addition of SDS at 50 mM in 20
mM phosphate buffer at pH 2.0. Injection pressure, 1 psi; injection time, 120 sec;

applied voltage, -15 kV.
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Bl 4-25 Electropherogram of red wine 1 obtained with addition of SDS at 50 mM in
20 mM phosphate buffer at pH 2.0. Injection pressure, 1 psi; injection time, 120 sec;

applied voltage, -15 kV.
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Bl 4-26 Electropherogram of red wine 5 obtained with addition of SDS at 50 mM in

20 mM phosphate buffer at pH 2.0. Injection pressure, 1 psi; injection time, 120 sec;

applied voltage, -15 kV.

95



5 mAU

-

Absorbance at 200 nm / mAU

2
A ) U U \ | (B)
4
3
o
1|5 zlo 2|5

Migration Time / min

Bl 4-27 Effect of acetonitrile concentration in the buffer on the stacking efficiency
and separation of the mix flavonoids: mix naringenin, hesperetin, quercetin and
kaempferol (1 ug/mL for each) dissolved in 20 mM phosphate buffer containing
methanol (1 %, v/v) at pH 2.0; Injection pressure, 1 psi; injection time, 480 sec;

applied voltage, -15 kv. Acetonitrile concentration: (A) 10 %, (B) 15 %, (C) 20 %,
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] 4-28 Effect of SDS concentration in the buffer on the stacking efficiency and
separation of the mix flavonoids: naringenin, hesperetin, quercetin and kaempferol (1
ug/mL for each) dissolved in 20 mM phosphate buffer containing methanol (1 %, v/v)
at pH 2.0; Injection pressure, 1 psi; injection time, 480 sec; applied voltage, -15 kv.

SDS concentration: (A) 25 mM, (B) 50 mM, (C) 75 mM, (D) 100 mM.
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Bl 4-29 The variation of peak area of analytes as a function of SDS concentration in
the range 25~100 mM in a‘phosphate (20 mM) buffer at pH 2.0. Injection time : 480

sec. Peak identification, 1 =hesperetin, 2. = naringenin, 3 = quercetin, 4 = kaempferol.
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Bl 4-30 The variation of peak height of analytes as a function of SDS concentration

in the range 25~100 mM in a phosphate (20 mM) buffer at pH 2.0. Injection time :

480 sec.
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Bl 4-31 The calibration curves of hesperetin and naringenin at the sweeping mode

with reverse polarity. Sample injection time: 480 sec.
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Bl 4-32 The calibration curves of quercetin and kaempferol at the sweeping mode

with reverse polarity. Sample injection time: 480 sec.
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Bl 4-33 Electropherogram of different stacking mode (A) in normal mode (B) LVSS
(C) Sweeping (D)Sweeping. Sample concentration: (A) 10 ug/mL, (B)~(D) 1 pg/mL.

Injection: (A) 1 psi;5 sec; (B)and (C)1 psi; 120 sec; (D) 1 psi, 480 sec.
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phosphate buffer mS/cm
10 mM 1.37

20 mM 2.26

40 mM 3.45

45 mM 3.65

50 mM 4.06

75 mM 5.28

100 mM 6.35

# 4-1 The conductivity of the phosphate buffer matrix
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20 mM phosphate, 10 %ACN mS/cm

25 mM SDS 2.65
50 mM SDS 3.65
75 mM SDS 5.55

% 4-2 The conductivity of running buffer
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% 4-3 LOD and reproducibility of flavonoids for 120 sec injection in the LVSS mode(n=3)

Analyte Regression equation R® LOD (ng/mL) SEheight RSD (time) (%)
Hesperetin y =0.0093x + 0.05 0.9981 14.87 44.98 0.508
Naringenin y =0.0094x + 0.1752 0.9978 14.71 46.74 0.549
Quercetin y =0.007x - 0.3098 0.9974 19.76 40.35 0.772
Kaempferol y =0.0083x - 0.4438 0.9974 16.66 50.82 0.955

105



% 4-4 LOD and reproducibility of flavonoids for 120 sec injection in the sweeping mode (n=6)

Analyte Regression equation R? LOD (ng/mL) SEheight RSD (time) (%)
Hesperetin y =0.0029x - 0.0392 0.999 43.53 40.78 0.548
Naringenin y = 0.0033x + 0.0298 0.994 38.25 43.67 0.597
Quercetin y =0.0022x - 0.038 0.995 57.38 48.79 0.519

Kaempferol y = 0.0026x - 0.0391 0.986 48.55 59.51 0.324
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# 4-5 Recovery of two kinds of wine

Sampl Content Added Found RSD  Recovery
Analyte 0 - 0

(ng/mL) (ng/mL) (pg/mL) (%) (n=6) (%)

Winel Kaempferol 197.99 500 706.65 3.02 104.4

Quercetin 1552.88 500 2091.06 2.01 107.6

Wine 5 Kaempferol 293.88 400 680.81 2.89 96.7

Quercetin 930.9 400 1316 2.53 96.3
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# 4-6 The flavonoid contents for different species of wines

ng/mL
ENST E 3 hesperetin naringenin quercetin kaempferol
Hinders choice il no no 7764 990
3 71 302 197 no no
everyday Rk 354 1240 465 941
cristina e 326 493 327 691
Canon Fronsac e no no 4655 1470
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# 4-7 LOD and reproducibility of flavonoids for 480 sec injection in the sweeping mode(n = 3)

Analyte Regression equation R? LOD (ng/mL) SEheight RSD (time) (%)
Hesperetin y = 0.0065x - 0.1014 0.9839 21.28 134.89 0.775
Naringenin y =0.009x - 0.111 0.9998 15.37 177.25 0.969
Quercetin y =0.0057x + 0.2028 0.9982 24.26 144.75 1.027

Kaempferol y =0.0056 x -0.1275 0.9953 24.7 170.95 1.165
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% 4-8 Comparison of the enhancement effect of different modes

Analyte SEheight

LVSS(120 s) Sweeping (120 s) Sweeping (480 s)
Hesperetin 44,98 40.78 134.89
Naringenin 46.74 43.67 177.25
Quercetin 40.35 48.79 144.75
Kaempferol 50.82 59.51 170.95
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