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Abstract

In this study, we developed a method for using magnetic
nano-particles (MNPs) to concentrate catechins and detecting these
catechins by capillary electrophoresis with UV detector. The optimal
separation conditions of electrophoresis were 200mM tris-borate buffer
(pH 8.5) containing 15% ethanol. Under 30 kV, four catechins (EGC, EC,
ECG and EGCG) could be identified at migration time between 10 to 20
min. The LOD of theses samples were between 0.9 to 7.5 uM and LOQ
were between 2.5 to 90 uM with the linear range between 2.5 to 500 pM
(R* > 0.99). For the concentrated process, 100 nmole catechins could be
adsorpted by more than 0.64 pmole MNPs within 20 min. And 100 mM
tartrate buffer solution (pH 5.3) containing 10% ethanol was selected as
the desorption agent. The total recovery ratio of (-)-EC was more than
70% for standard solution, and the total recovery ratio of (-)-EC and
(-)-EGC were 86% and 9.4% for the commercial real sample. This
method not only used for the enrichment and quantitative of the catechins
in the real samples, but also developed a new application for

nano-particles.
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Table 1. Structures, molecular weight, pKa and quantity contained of five catechins in tea !'°

]

Name abbreviation Structures Molecular weight pKa Quantity contained
OH

(x)-Catechin (+)-C 290.27 9.50 2~3%
(-)-Epicatechin (-)-EC 290.27 9.50 7~9%
-)-Epigallocatechin | (-)-EGC 306.27 8.99 13~17%
(-)-Epig )

(-)-Epicatechin (-)-ECG 442.37 8.38 12~16%

gallate
(-)}-Epigallocatechin | b 458.37 8.39 50~60%

gallate
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mM pH 2.5 2_ Britton-Robinson buffer(#f4 ~ ¢ f& 22 e 8 & 73 3tk
Pt 1Ma 3 A pH EE pH2S £ 2D AR B ¥k
BFhs 168 mM 2 iR & i) £ g £ 385 cm(F »xk & 8.5cm) > p
JZ50 pm o R IS KV FREETA M RS R 12 48R AR A
ddik > H ¢ (-)-EC & (+)-C s ] & 15.0~320.0 pug/m &2 1.0~40.0
ug/mL > R* 38 % 0.999 12+ > LOD #% % 0.03 pg/mL > LOQ 3% % 0.1
pg/mLe B * 53 R 51 - ¥ 87T 5 ¢ (JEC#(H-C BB i

Pt kP ¥R ERS 2SR 2.0
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Table 2. The extraction and analysis conditions of catechins

. .\ Analysis . .\ .
Extract Real Sample Extraction conditions sy th Analysis condition conclusions Ref.
Catechins Tea :’;ﬁ: 4 ?‘?{‘ 7]‘ 1_%: R 'J E% ’ ﬁ‘—@ 2 ‘/‘E——% 7}.‘;—' %‘1 rr't'"-y— 53] ?:: [1]
iR i BT 3 34 R 50% ~60% -
T hrkdn? B iSHFR 3 G e o
2z }?j%"l e fagw dl o R AR = -
S Sl SEWAR. 12 L R
YRR g ek g
FirRsERF AR -
Catechins, Pou-chong (¢ &%) B-20 gy 1R e 90 TH-K FEme By K | [19]
Polvphenol 200 mL > 4 i 3% i A 3B B 5 3.82¢g/L s
e SR Vanillin § ¢ ~ FRE R R
Caffeine, amino BN 15325
acid, etc. e
(-)-EC, (-)-ECG, Long-jing(3¥ # ¥), £5-01gRE e » 10mL #* HPLC : Linear range : (-)-EC, | [20]

(H)-C, (-)-EGCG,
(-)-EGC, caffeine,
catechin gallate
adenine, gallic acid
theophylline,

caffeic acid,

Pu-erh(¥§ 2 %),
Jasmine( ‘{if %F),
Chrysanthemum(%™ 1= %),
Iron Buddha(4 .3 ),
Oolong tea( g 35 %),
Japanese( P * % %) and

Ceylon tea(47 i '= k).

ko & 304518 0 JadE 90 °C
P~ 30min > P~ 41 0.2 mL ;3
Feter 04mL 7 20%
Acetonitrile 5K ;A 7% » £ 12
15000 g &t 2 min > B~ )}
£ %2 7 HPLC & CE 4 47 °

HPLC - DAD
(205 nm)
CE-UV
(205 nm)

Column : PartisSphere 5 Cyg, 5
pm, 110 mm x 4.6 mm L.D.

Mobile phase : 5% ACN with
0.035% TFA aqueous and 50%
ACN with 0.025% TFA.

Flow rate : 1.0 mL/min

CE:

Capillary : 40 cmx50 um L.D.

Running buffer : 200mM boric
acid, 10mM NaH2PO4, 4.5mM
B-CD with 27.5% ACN.

Voltage : 25 kV

(-)-ECG, (+)-C at
0.05~50 pg/mL.
(-)-EGCQG, (-)-EGC at
0.05~100 pg/mL.
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(-)-EGC, (-)-EC, Matcha green tea 1.85.0mL~85 C#-k4 » Ig Capillary : 80.5 cm (effective | ™ 7 fiz 5 2~2 EGCG | [21]
(-)ECG,(-)-EGCG, HEY O Ho 10 445 length of 72.0 cm)x50 km ID. | g vy ok 55 5 137
] R £202um A Running buffer : 25 mM phos- |
(-)-C, Caffeine KB o CE-UV phate buffer pH 7.20 mM SDS, | * °
2.25mL ¥ figte ~ 1g HE (200 hm) with 5% Methanol.
P s 10 A 48P R Voltage : 27 kV
M £ 202 um R AR A
Wiy
Tea oils Pou-chong Oolong tea 124500 psi , 60 ‘CALFeA CO, Bk e 46%2 | [22]
300 L 53~ 46% ¢ st g ¥ I
" 53 ,E*fra’}ir“’{« — — ﬁfj’-if.r‘t;—ﬁ-g"g_ﬁ(é\/?]‘
4 B 20%
Catechins Tea powder 14333 Ks31 MPa Azfedt CO, LF 99.8%e 2 [23]
4v > 10 mole%, 99.8%¢ fit £ B A T EPE
AR Z B o HPLC - UV B 4o /,"j‘ 4v 10 mole%
- PR ERE g
(231 nm) B F i EE b
[N G SR
Fpt g e 10 e
Phenolic Japanese knotweed 60°C - 34.5 Mpa A2fpf = ¥ Capillary: 75 cm (effective length | 17T # £ phenolic [24]
" /Ei%iﬁﬁ’»;‘?F fr 7.5% Qg CE UV of 5 cm)x50 pm L.D. REED
LR Running buffer: 25 mM disodium
(240 nm) tetraborate buffer at pH 9.4 .
Voltage : 18 kV
Catechins Tea #-14g FE400mL0C LOD : [27]
ok s BE 30 B Catechin: 0.45 uM
P AR 10 B 0 fe 2 | QAL DI - TOF = (-)-EGC: 185 yM

& 5+1 nm TiO, 2 f k3 #F
I BN

(-)-EGCG: 0.65 uM
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Catechin, Rutin, Mulberry leaves % 3-% 12 60 °C ~ 8 hr 47 Capillary : 51 cm (effective length | aglycone quercetin * | 79
Gallic acid, (Morus alba L., 4 %) E¥ts P~ 5g 121 1.5NHCIL30 of 42.5 cm)x50 pum L.D. LOD: 0.86 ug/mL
Quercitrin, T mL e fF 30 mL = & % % CE-UV Running buffer : 150mM boric 162;:22 3/' 1160(p)tg/mL
Kaempferol B~ 2 hr > £ 2 Whatman paper . . g gondry
pees No.1 75 S8k o (270 nm) acid. mulberry leaves
aglycone quercetin o Voltage : +15 kV weight.
Flavonoids, propolis Capillary 70 cm (effective | CV% was lower than [30]
L length of 50 cm)x50 pm 1.D. 8.8.
phenolic acids CE-UV A great percentage of
v Running buffer : 30 mM pHo | o 0 Poeis
- O mvtp propolis were caffeic
(254 nm) tetraborate. acid, galangin, chrysin
Voltage : +15 kV and quercetin.
Catechin, Agrimonia pilosa Ledeb. B~ 0.5 g Bic ' B a2 gk 5t Capillary : 60 cmx25 pm L.D. L;near rﬁpge and LOD [31]
" »50mL ¢ g NARF AR . . of catechin were 0.09
hyperoside, GF9 %) # 5 30 miﬁ; A0 Elo > Running buffer : pH8.8 60 mM ~53.3 pg/mL and
o B w tetraborate, 120 mM NaH,POq4. | (5 o2 ug/mL.
quercitrin, . Voltage : +19.5 kV Catechin in leaves and
quercetin, rutin - ECD: working electrode:500 um | stems ongrirponia
diameter carbon disk; auxiliary | P ilosa Ledeb. is 264.5
. pg/g and 193.6 ng/g
electrode: a platinum; reference
electrode: Ag/AgCL.
catechins Cistus B4 g #5071 150 mL #ok 3 Capillary: 24 cm(effective length | Linear range, LOD, [33]
oo EAFZ X M R FBR of 19.5 cm)x50 um LD. and LOQ of (+)-C
£ ¢ > 12 Buchner sintered- . ) were 2~6 pg/mL,
lass AT R o Running buffer : 1.36% (W/v) | 391 ug/mL and 1.17
£ e CE-UV heptane, 2.31% (w/v) SDS, | pg/mL.
(200 nm) 9.72% (w/v) butan-1-ol, and 50 | There was 1.26 ng/g

mM sodium phosphate buffer
(pH2.5) 86.61% (v/w)
Voltage : -10 kV

of (+)-C in the Cistus.
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(4)-C, (-)-ECG, Green ~ oolong and black | - 1g ¥ 85C 60mL ¥ Capillary : 64.5 cm (effective | (-)-EGCG 13 £ 5« [34]
ol A4 £ 07022 pm i D. %o Bl ehE(+H)-C eh
(1EC, ()EGCG, | teas o IR um g " length of 56 cm)x50 pm I.D fﬂ«ﬁ@l i ;2 o
s CE_UV Running buffer : 200 mM borate- i = ”j‘(')'” i N
(-)-EGC, 20mM phosphate buffer (pH iiig??f ; ‘H;J
(210nm) .. FRetk & 5 oA 18P
6.4) containing 240 mM SDS (-)-EC> i i 32 7]
and 25 mM 6G-B-CD. (H)-EC «
Voltage : +25 kV
13 phenolic Tea P~ 1 g # &4 » 20 mL 100°C Capillary : 48.5 cm (effective | #73 k&7 & 14 » [35]
Fokd o P 1004 B length of 40 cm)x50 pm 1.D. AR A
compounds O %o B oerd Eplde
ama Running buffer : 1.36% (w/v) | ™ ’; . 5 T
heptane, 2.89 % (w/v) SDS, Ljﬂ*]jiz[ﬁiizz)zggog
= ug/mL> 4 0.
CE-UV 7.66% (w/v) butan-1-ol, 2% b . }'@%Fi?g e
(200 nm) ACN and 25 mM sodium B T REEE
phosphate buffer (pH2) 86.1% (-)-EGCG % £ 214
Voltage : -10 kV (-)-EGCG 7z & 5 57.7
pg/mL o
catechins Theobroma cacao beans B 50 mg 4 5 A8 71/29 Capillary : 38.5 cm (effective | (-)-EC 2 (+)-C &t 14§ [36]
z_-Rk/e pRR &% ImL > 2SR length of 8.5 cm)x50 um I.D. ) & 15.0~320.0 pg/m
B 65C T 515 adho f Running buffer :12 mM HP-B- # 1.0~40.0 pg/mL >
24000 rpm s 5 A48 0 H#- D. 90 mM SDS and oH 2.5 50 R2 38 % 0.999 12 + »
&R iRt 0.2 im R B iR o CE-UV D, 90 mM SDS and pH 2.5 LOD #8 5 0.03
(200 nm) mM Britton-Robinson running ug/mL > LOQ ?,3 2 0.1

buffer
Voltage : 15 kV

pg/mL - Jg* 3 5
FE o TRTTE
# (-)-EC & (+)-C % 4
P& s 4 Atk
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Fig. 2. Development of the electroosmotic flow:
(a)negatively charge on fused silica surface.
(b)hydrated cations accumulating near surface.
(c)bulk flow towards the cathode upon application of electric field.
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Fig. 3. Separation mechanism of capillary zone electrophoresis.
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FE? #7i¢ * 2_(-)-EC ~ (-)-EGC ~ (-)-ECG ~ (-)-EGCG -~
e v F] (Caffeine) % & & 2 = % it 4 (Iron(II) chloride,
FeCl, « 4H,0) ~ = # i 4% (Iron (III) chloride, FeCl; « 6H,0) » %
P> £ | Sigma-Aldrich = @ ° gip&(Phosphoric acid, H;PO4) -~
Eife = 4 40 (Sodium Dihydrogen Phosphate, NaH,PO,) -~ Fifit
@ = 4 (Disodium ‘Hydrogen phosphate, Na,HPO,) -~ Tris
(Tris(hydroxylmethyl)aminomethane, (HOCH,);CNH,) ~ ## gk
(Boric acid, H;BOs) ~ iF1# f& (Tartaric acid) ~ # & (Hydrochloric
acid, HCI) ~ @ ¥ it 4% (Sodium hydroxide, NaOH) -~ % -k
(Ammonium Hydroxide Solution, NH,OH) £ ¢ f& (ethanol,
C,HsOH) » Bt p 4t B Riedel-de Haén = & - ¥ f% (methanol,
CH;OH)BEp 16 B Merck = & o = =t 2 3+ -k d % K Barnstead

DA ARk A

£ ebw B ke oz ik 5 Perkin Elmer Lambda EZ210 - £ *mg

T % $u@ 35 Model Prince 250 CE System % 27 ¥ ¢k Sk ex g id
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Ju

] 2 Bischoff Lambda 1010 » & %% iF 7. "% 4 WPrince 32 bit #it
Rofrd] o 200 SISC322.0 ¥ < 5Kk e 3t B dicdy o %
th ke R Tk £ A=275 nm - pH meter ¢ * HORIBA pH/ion
meter D-23° & e 4R A F Lo S RERNTENT
+ s g T o 8415 5 JEOL JSM-1200EX II TEM (Tokyo,

Japan) > 7 & 5 80.0kV -

I 5 e e B
ek A RN R 127 R (Methanol) el & kA
13107 M »pseetF]2 ® fRie Sk & 5x10° M s # 7% (stock
solution)» & & F &7 » M= x4 |+ J\ﬁrﬁg\”ﬁﬁ/}aﬁi . A
RILAC #FERFEF TR ERN R & PREA Ty REY
g e - K3 B3 kel = A1 F Uk R 2073 /% o Tris-Borate
e ArOR G R v e Tris  Brig > TR 2 pH @ A
fgrl = 3 3 ke R % ER 5 900 mM 2 Tris-Borate
Flrp > T4 TP X3 HIRFRS T RR
Brpa % 7% (phosphate buffer solution) ! & Jk & 2 Bifi ~ Fafik =
P BRpLE - AR EATF 2 pH B o S B Rl
NETTRER c HABMGAEHRARY MG F VB RAIEL T

m2pHE £ = ZKAFRI T ER -
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§ M43 Kk s 2 %3 Harrison W. W. 2 5 B3>
2004 &5 £ 2.2 2o LB 2,03 g 2 = & (45 (FeCl, + 4H,0)
21 488 g 2 = & 4% (FeCly * 6H,0) % » 15 mL 2 w4
#ooder 0.887mL37% B LUK IARTRETI = >
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1000 psi i* % 30 4 48 B {6 1 5 % % 11 1000 psi % 3 4 430
TE AT R K B REFTFTHRZT ALY 0l NG F it
12 1000 psii* ik 30 A48 0 £ % 5 @A % 12 1000 psi vk 3 A
B FTYHEF e A - IR ATRER  EFT -7
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EEEA R L1000 psi e 3 LdE e B X FRKREL Y 01N
EF 144002 1000 psiitie 5 A 4R 0 BfS Bt dmE Lih o 3 A
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TroBeELs Pt 2K F R AL P E o Fp AL

FH pHO 2 PR b > A B ER 60mM ~ 70 mM ~ 80
mM~>90mM ~ 100 mM » & 15kV TEFR A > H % 4o
Bl 8> H P 100 mM T F|F Jini v ig AR B P ET O FATIY
& 100 mM 2_ 3 A B o B 8 ¢ I F MY Rk
B¥#F > AHrck g s P A & Ax kA audlg
R T 5 AL F A B RRF A E B E
ARB 0 D FRRRS AR I RARM A RTEB RS
ARG BT o LI TR B AT R » 3% % EOF

WRBESPFTLE - F S 4ockdnid o

(2)7% Ik B 0 Tris-borate 3 #7573 % 4~ 32 §° 58

T kAR * Tris A FERL Y Rk 2 pH B3] 8>
A pH 8 enffFa5™ » Tris &Ly B b 5 5:9 o A (i #
50 mM ~ 100 mM ~ 150 mM ~ 200 mM ~ 250 mM =
Tris-Borate’» &4+25kV T2 F A H 2% 4cB 9 F ke
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Table 3. Effect of various pH value on migration time and resolution of catechins

Migration time (min)

Resolution

pH Caffeine  (-)-EGC  (--EC  (-)-EGCG EGC/EC  EGCG/ECG
7.0 4.29 5.78 5.78 6.88 — —

7.5 4.95 6.91 6.98 8.44 0.35 0.50
8.0 5.51 8.13 8.28 10.11 0.51 0.64
8.5 7.74 13.10 13.5F 16.71 1.30 1.60
9.0 10.65 20.73 21.59 26.01 1.70 1.73
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Table 4. Effect of various methanol concentration on migration time and resolution of catechins

Methanol Migration time (min) Resolution
concentration Caffeine (-)-EGC  (-)-EC  (-)-BGCG (9)-ECG EGC/EC  EGCG/ECG
5% 6.21 10.03 10.31 13.33 13.84 0.97 1.15
10% 7.46 12.49 12.90 17.24 18.03 1.16 1.33
15% 9.13 15.87 16.51 22.90 24.23 1.34 1.58

20% 10.77 m71 20.69 3042 32.43 1.59 1.88
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Table 5. Effect of various ethanol concentration on migration time and resolution of the catechins

Migration time (min) Resolution
Ethanol Caffeine (-)-EGC  (-)-EC  (-)-EGCEG . (-)-ECG EGC/EC  EGCG/ECG
5% 6.37 10.24 10.53 13.47 13.98 0.99 1.22
10% 7.78 12.82 13.23 17.03 17.72 567 1.34
15% 9.84 16.90 17.55 23.06 24.15 1.42 1.58

20% 12.66 22.60 23.65 31.5% 33.45 1.67 1.81
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Table 6. Effect of various voltage on migration time and resolution of catechins

Migration time (min) Resolution
Voltage (kV) Caffeine (-)-EGC  (-)-EC  (-)-EGCEG . (-)-ECG EGC/EC  EGCG/ECG
+15 19.95 33.50 34.72 44.73 46.87 1.58 1.71
+20 13.97 23.24 24.08 30.74 32.16 1.44 1.60
+25 9.84 16.90 17.55 23.06 24.15 1.42 1.57
+30 7.96 13.41 13.84 17.49 18.17 1.26 1.38

48



Table 7. Optimum conditions for capillary electrophoresis experiment

Experiment conditions

Buffer 360 mM borate with 200 mM tris (pHS)
Organic modifier 15% ethanol
Applied voltage +30 kV

49



Table 8. Migration time, LOD, LOQ, linear range and R square of the caffeine and catechins

Migration

LOD

LOQ

Time (min) (M) (M) Linear range (WM) Slope Intercept R’
Caffeine 7.96 75 90 90 — 500 108.2 7061.4 0.9993
(-)-EGC 13.41 0.9 5 5-500 998.7 2918.4 0.9994
(-)-EC 13.84 1.6 h 5-500 881.3 2776.9 0.9904
(-)-EGCG 17.49 0.9 28 2.5=800 2830.6 8128.2 0.9992
(-)-ECG 18.17 1 5 5-500 2711.7 10857 0.9988
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Table 9. Adsorption ratio of the (-)-EC in various adsorption time *

Adsorption time Concentration Absorption ratio
(min) after absorption (M) (%)
5 1.1x10° 89.01
10 <5x10° > 95
15 <5%10° > 95
20 0 100
25 0 100
30 0 100

a) Original concentration: 10 M
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Table 10. Formation constants of iron (III) — carboxylate complexes™*’

carboxylate Log B,? Log B, Log B3 Log B4 Temp. Ionig:usul\z?gth
Formate 1.85 3.61 3.95 5.4 25 1
Acetate 3.38 Al oNi 25 0
Oxalate 7.54 14.59 20 — 0.5
Tartrate 6.49 11.87 9.48 20 0.1
Citrate 11.04 21.2 20 0.1

a) The overall (cumulative) formation constant, [, is the equilibrium constant for the reaction
M + nL == ML,: B,=[ML,]/([M][L]"). Ba is related to stepwise formation constants (K;) by B,=K; K ...K,.
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Table 11. Recovery of (-)-EC desorbed in various pH of tartrate buffer”

Tartrate buffer Concentration after

pH value desorption (M) Recovery (%)
3 4.36x107 43.56
3.4 4.37x107 43.74
4 4.77x107 47.67
53 5.16x107 51.62
11.2 0 0

a) Original concentration: 107" M
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Table 12. Recovery of (-)-EC desorbed in various tartrate buffer

concentration ®
Tartrate.buffer Concentra'tion Recovery (%)
concentration (mM) after desorption(M)
10 4.29x107 4291
20 4.31x10” 43.10
40 4.41x107 44.14
60 4.57x10” 45.72
80 5.15x107 51.58
100 5.16x107 51.62

a) Original concentration: 10™* M
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Table 13. Recovery of (-)-EC in various desorbed time *

Rea(zﬁzﬁ)tlme concegt)r;l]:;i(c:)n (M) Recovery (%)
5 4.52x10° 42.55
10 5.21x107 52.08
20 5.16x107 51.61
40 4.99x107 49.93
60 5.19x107 51.99

a) Original concentration: 10 M
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Table 14. Recovery of (-)-EC in various desorbed times *

Detsi(;rllztslon aﬂ;i{;‘;‘;&?ﬁ?ﬁ/{) Recovery (%)
st 5.21x10° >2.08
pnd 8.81x10° 8.81
3rd <5x10°° <3
4t <5x107 <3

a) Original concentration: 10" M
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Table 15. Recovery of (-)-EC desorbed in tartrate buffer with various organic solvent

10% organic Concentration Concentration 1 2nd 13+
solvent 1% desorption (M) 2™ desorption (M) recovery (%) recovery (%) recovery (%)
none 5.21x107 8.81x10° 52.08 8.81 60.89
Methanol 5.96x107 7.33x10° 59.59 7.33 61.92
Ethanol 6.11x107 8.15x10°° 61.14 8.15 69.29
1-propanol 5.32x107 6.61x10° 53.24 6.61 59.85
2-propanol 4.99x107 5.27x10°° 49.90 5.27 55.17

a) Original concentration 10™ M

57



Table 16. Concentration of catechins and caffeine in real samples

Siz;lle Caffeine (M) (-)-EGC (M) (-)-EC (M) (-)-EGCG (M) (-)-ECG (M)
A 1.01x107 8.17x10™ 1.60x10™ 4.57x10™ 8.17x10”
B 1.84x107 1.52x10™* 4.69%107 1.34x10™ 3.42x107
C 9.8x10™ 2.92x10™ 5.87x107 2.27x10™ 3.87x107
D 2.66x107 1:25%107 3.51x10™ 9.92x10™ 2.04x10™
E 7.0x10™* 5.91x10™ 1.30x10™* 3.88x10™ 6.45x107
F 1.86x107 1.34x107 3.10x10™ 8.87x10™ 1.70x10™*
G 1.72x107 9.84x10™ 2.56x10™ 5.80x10™ 1.29x107
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Table 17. Adsorption ratio of the real sample in various MNPs concentration

MNPs

concentration Catechin concentration (uM) Adsorption ratio (%)

(pmole) (-)-EGC (-)-EC (-)-EGCG _.(-)-ECG (-)-EGC (-)-EC  (-)-EGCG (-)-ECG
0.096 30.11 5.84 7.26 <5 620 63.5 84.1 >38.8
0.192 27.93 5.35 Q%2 N.D. 65.4 66.5 94.0 100
0.480 8.31 5.07 N.D. N.D. 90.0 68.3 100 100
0.768 2.56 <5 N.D. N.D. 96.9 >68.8 100 100
0.960 <5 N.D. N.D. N.D. >93.9 100 100 100
1.152 N.D.” N.D. N.D. N.D. 100 100 100 100
1.440 N.D. N.D. N.D. N.D. 100 100 100 100

a)Not detected
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Table 18. Recovery of real sample A with optimum extract method

Desorption Recovery (%)
times (-)-EGC (-)-EC (-EGCG  (-)-ECG
1“ 6.8% 79.0% 0% 0%
" 2.6% 7.0% 0% 0%
™ 9.4% 86.0% 0% 0%
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=5 Reaction formula :

Fe2++2Fe3++80H'—> FeO ® F6203+4H20

0.887mL
37% HCI

2.03g FeCl, * 4H,0
4.88g FeCl, » 6H,0

$| 155mLdH,0 +

=% 8.3mL 30% NH,OH
O =t NH.O Keep in a brown bottle

350 rpm

Fig. 4. Scheme of Magnetic nano-particles synthesis.
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Fig. 5. Scheme of sample preparation process.
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Fig. 6. UV absorbance of catechins and caffeine. Samples: 5x10” M(A) caffeine; (B) (-)-EGCG; (C) (-)-ECG; (D) (-)-EGC;
(E) (-)-EC.
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Fig. 7. The probable structure of the borate - catechin complex.
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Fig. 8. Electropherograms of the catechins and caffeine in various borate
buffer concentration. Samples: 5x10° M of (1)caffeine; (2)
(-)-EGC; (3) (-)-EC; (4) (-)-EGCQG; and (5) (-)-ECG. Separation
electrolyte: (A)60 mM; (B)70 mM; (C)80 mM; and (D)90 mM,
pH9 borate buffer. Total length of capillary 65 cm (53 cm
effective length); Voltage, +15 kV; UV detection at 275 nm.
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Fig. 9. Electropherograms of the catechins and caffeine in various
tris-borate buffer concentration. Samples: 5x10° M of
(1)caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG. Separation electrolyte: (A)200 mM; (B)150 mM;
(C)100 mM; and (D)50 mM, pH8 Tris-borate buffer. Total length
of capillary 65 cm (53 cm effective length); Voltage, +25 kV; UV

detection at 275 nm.
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Fig. 10. Electropherograms of the catechins and caffeine in various
tris-borate buffer pH value. Separation electrolyte: (A)pH 7;
(B)pH 7.5; (C)pH 8; (D)pH 8.5; and(E)pH 9, 200 mM tris-borate
buffer. Total length of capillary 65 cm (53 cm effective length);
Voltage: +25 kV; UV detection at 275 nm; Samples: 5%10°M of
(1)caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG.
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Fig. 11. Electropherograms of the catechins and caffeine in various
methanol concentration. Separation electrolyte: pH 8§, 200 mM
tris-borate buffer with (A)0%; (B)5%; (C)10%; (D)15% and
(E)20% methanol. Total length of capillary 65 cm (53 cm
effective length); Voltage: +25 kV; UV detection at 275 nm;
Samples: 5%10° M of (1)caffeine; (2) (-)-EGC; (3) (-)-EC; (4)
(-)-EGCG; and (5) (-)-ECG.
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Fig. 12. Electropherograms of the catechins and caffeine in various
ethanol concentration. Separation electrolyte: pH 8, 200 mM
tris-borate buffer with (A)0%; (B)5%; (C)10%; (D)15% and
(E)20% ethanol. Total length of capillary 65 cm (53 cm
effective length); Voltage: +25 kV; UV detection at 275 nm;
Samples: 5%10° M of (1)caffeine; (2) (-)-EGC; (3) (-)-EC; (4)
(-)-EGCG; and (5) (-)-ECG.
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Fig. 13. Electropherograms of the catechins and caffeine in various
voltage. Separation electrolyte: pH 8, 200 mM tris-borate buffer
with 15% ethanol. Total length of capillary 65 cm (53 cm
effective length); Voltage. (A)+15 kV; (B)+20 kV; (C) +25 kV;
(D)+30 kV; UV detection at 275 nm; Samples: 5x10° M of
(1)caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG.
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Fig. 14. Electropherograms of the catechins and caffeine under optimum
conditions. Sample: 10 M of (1) caffeine; (2) (-)-EGC; (3)
(-)-EC; (4) (-)-EGCG:; and (5) (-)-ECG . Separation electrolyte:
200 mM Tris-borate buffer containing 15% ethanol. Total
length of capillary 65 cm (53 cm effective length); Voltage, +30
kV; UV detection at 275 nm.
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Fig. 15. The calibration curves of the catechins and caffeine. (A)
(-)-EGCG; (B) (-)-ECG; (C) (-)-EGC; (D) (-)-EC; and (E)
caffeine . Separation electrolyte: 200 mM tris-borate buffer
containing 15% ethanol. Total length of capillary 65 cm (53 cm
effective length); Voltage, +30 kV; UV detection at 275 nm.
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Fig. 16. TEM of the magnetic nano-particles.
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Fig. 17. UV absorbance of 5x10° M (-)-EC. (A) Without; (B)After MNPs

adsorption.
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Fig. 18. Electropherograms of (-)-EC absorbed by various MNPs
concentration. (A)0; (B)0.032; (C)0.16; (D)0.32; (E)0.64, and
(F)0.98 pmole . Separation electrolyte as Fig. 15.
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19. Electropherograms of caffeine absorbed by various MNPs
concentration. (A)0; (B)0.032; (C)0.16; (D)0.32 (E)0.64; and
(F)0.98; (G)1.92; (H)2.56; (I)3.2 pmole. Separation electrolyte as
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Fig.20. Adsorption ratio of 10™* M catechins and caffeine adsorbed by

various mole of MNPs.
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Fig. 21. Electropherograms of (-)-EC after various adsorption time. (A)O0;
(B)5; (C)10; (D)15; (E)20, and (F)25 min . Sample: 10 M
(-)-EC. Separation electrolyte as Fig. 15.
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Fig. 22. The structure of the (a)oxalate; (b)tartrate and probable structure

of the (¢) iron - oxalate complex; (d) iron - tartrate complex.

79



mV

Fig. 23.

(A)

) PANCY
- N«
o JAND

A~ (F)

T ? T : T g T ! T
6 8 10 12 14

Time (min)

Electropherograms of (-)-EC desorbed by various tartrate buffer
pH value. (A) 1x10™ M (-)-EC; (B) pH 3.0; (C) pH 3.4; (D) pH
4; (E) pH 5.3, and (F)pH 11.2 . Separation electrolyte as Fig.
15.
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24. Electropherograms of (-)-EC desorbed by various tartrate buffer
concentration. (A) 1x10™ M (-)-EC; (B) 10; (C) 20; (D) 40; (E)
60, (F)80; and (G)100 mM . Separation electrolyte as Fig. 15.
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Fig. 25. Electropherograms of (-)-EC desorbed by tartrate buffer in
various time. (A) 1x10™ M (-)-EC; (B) 5; (C) 10; (D) 20; (E) 40,
and (F) 60 min. Separation electrolyte as Fig. 15..
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Fig. 26. Electropherograms of (-)-EC after various desorbed times.

(A) 1x10™" M (-)-EC; (B) 1%; (C) 2" (D) 3", and (E) 4™
Separation electrolyte as Fig. 15.

83



Fig.

] — (A

salP N __@

i T g T
5 10 15

Time (min)

27. Electropherograms of (-)-EC desorbed by tartrate buffer with
10% various organic solvent. (A) 1x10™ M (-)-EC; (B) methanol;
(C) ethanol; (D) I-propanol; and (E) iso-propanol. Separation
electrolyte as Fig. 15.
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Fig. 28. Electropherograms of 50 mL 2 uM (-)-EC concentrated by MNPs.
(A) 2x10° M (-)-EC; (B) 1* desorption; and (C) 2™ desorption.
Separation electrolyte as Fig. 15.
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Fig. 29. Electropherograms of 100 mL, 1 uM (-)-EC concentrated by
MNPs. (A) 1x10° M (-)-EC; (B) 1% desorption; and (C) 2™
desorption. Separation electrolyte as Fig. 15.
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Fig. 30. Electropherograms of the real sample A diluted 10-fold. Sample:
(1) Caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG . Separation electrolyte as Fig. 15.
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Electropherograms of the real sample B diluted 10-fold. Sample:
(1) Caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG . Separation electrolyte as Fig. 15.
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Fig. 32. Electropherograms of the real sample C diluted 10-fold. Sample:
(1) Caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG . Separation electrolyte as Fig. 15.
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Fig. 33. Electropherograms of the real sample D diluted 10-fold. Sample:
(1) Caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG . Separation electrolyte as Fig. 15.
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Fig. 34. Electropherograms of the real sample E diluted 10-fold. Sample:
(1) Caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG . Separation electrolyte as Fig. 15.
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Fig. 35. Electropherograms of the real sample F diluted 10-fold. Sample:
(1) Caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG . Separation electrolyte as Fig. 15.
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Fig. 36. Electropherograms of the real sample G diluted 10-fold. Sample:
(1) Caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG . Separation electrolyte as Fig. 15.
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Fig. 37. Electropherograms of the 10-fold diluted real sample (A) without;
and (B) after MNPs adsorption . Sample: (1) Caffeine; (2)
(-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5) (-)-ECG . Separation
electrolyte as Fig 15.

94



)

: . 3) RS @
; ~ A P~ (B)
mV ]
_ A A ©)
] N — (D)
; . (E)
; n ®
: A= (G)
é lIO ' 1I5 ' 2I0
Time (min)

Fig. 38. Electropherograms of the 10-fold diluted real sample A adsorbed
by various MNPs concentration. (A)0.096; (B)0.192; (C)0.48;
(D)0.768; (E)0.96; (F)1.152 and (G) 1.44 pmole. Sample: (1)
Caffeine; (2) (-)-EGC; (3) (-)-EC; (4) (-)-EGCG; and (5)
(-)-ECG . Separation electrolyte as Fig 15.
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Fig. 39. Electropherograms of the real sample concentrated by MNPs. (A)
Original real sample concentration; (B) 1%; and (C) 2™ of 100
mM pHS5.3 tartrate buffer with 10% ethanol desorption.
Separation electrolyte as Fig. 15.
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