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Abstract

Tea Polyphenols (TP) are characterized by the presence of more than one
phenol unit or building block per molecule in tea plants. The polyphenols content in
tea infusion or related products is one of the most important quality indicators during
the manufacture. Traditional methods for the determination of total polyphenols
content rely on colorimetric methods using Folin-Ciocalteu (F-C) reagent or HPLC,
which need be operated by trained researchers and cost much time, reagent and labor.
These factors have created demands for a simple, rapid and low-cost analytical tool
which could be easily used in the test for factory. In this research, a new compact
opto-electrochemical sensor (OES) which was achieved by combining cyclic
voltammetry (CV) on glassy carbon electrode and UV transmission at one precise
wavelength (A= 275nm), was designed to determine polyphenols contents in green tea.

The absorption of TP at 275nm showed a linear response with concentration,
y=0.0214x+0.0374, R?=0.9961. The result obtained from the optical method was
slightly higher than the Folin-Ciocalteu Assay through the assessment study of 7
different kinds of green tea. The result got from NIR indicated that it was not easy to
find the light source at the dedicated wavelength for the determination of TP.

This article discussed the possibility of electrochemistry method CV applied on
the fast measurement of green tea polyphenols content. The results revealed that the
silver electrode was not suitable for the content determination. A linear relationship
between the anodic current and the polyphenols concentration was obtained using the
carbon paste electrode (CPE) or the glassy carbon electrode (GCE). Test results of
green tea samples indicated that the repeatability of the GCE was better than the CPE.
In the accuracy analysis, the deviation for GCE and CPE was less than 5% and +7%
respectively compared with national standard with F-C reagent. The electrochemistry
method cost 40s one time. The CPE was disposable, but the GCE could be used for
many times and fixed on the sensor.

The sensor was developed by combining CV on glassy carbon electrode and UV

m



WL K241 3

transmission at one wavelength - with LED light source (A=275+5nm). This
combination offered the possibility to improve the measurement range and obtain the
value with greater certainty. The new sensor could achieve the measurement range
from 1 to 1000 pg mL™, and the calibration curve was established for 3 parts, ranging
from 1-100, 100-450, and 450-1000pg mL"! respectively. Before the measurement of
OES, a suitable calibration curve needed to be chosen for the quantification. 15
different kinds of green tea were used in the assessment study. The recoveries of OES
were in the range between 80 and 105%, and the RSD got from the measurement was
0.71%, 6.94% and 1.63% for optical (calibration curve 1), electrochemical
(calibration curve 2 and 3) respectively. The result obtained from the optical system
was 5% higher than the Folin-Ciocalteu Assay due to the influence of caffeine or
other components, but it was acceptable for the fast and cheap measurement; the
electrochemistry method has no significant differences with Folin-Ciocalteu Assay.
The presented OES is a rapid and inexpensive way based on optical and
electrochemical technique for evaluating the amount of total green tea polyphenols.
This preliminary research gave a new idea to detect polyphenols in tea conveniently,
which is useful to the development of quality control of in process and standardization

of tea products.

Key words: Tea polyphenols, optics, electrochemistry, fast measurement,
concentration, sensor
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Fig 1.1: Structures of major catechins

L RysRyaH Kaempferol
2 Ry«OH,R;=H Quercetin
3. Ry=Ry=OH  Myricetin

Kaempferol glycoside
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Fig 1.2: Structures of major flavonols and flavonol glycosides
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LR=H Leucocyanidin 1. Ry=Ry=Ry= H Pelargonidin

2.R=OH  Leucodelphinidin 2 Ry=OH,R,=Ry=H  Cyanidin
3.Ry=Ry=OH,Ry=H  Delphinidin
4 Ry=Ry=OH,R,=H  Tricetinidin
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Fig 1.3: Structures of major leucoanthocyanidins and anthocyanidins
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Fig 1.4: Structures of major phenolic acids and depsides
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REKE-H,0-4 (1) RERAEMRNKE, BRIESHENEERT R
Bk BER BRI AR RN, ERXIAASBHENEA™, guns
ARZRSBER H0,, 105 & KE- Hy0,-KIO KR L KK, ERBAET,
HMBRENAN GRS R BRAM X R, BRI RO LRI A
FEVL, RFREAGREAENET BAKKE. L50H . RERBFHXS
B, RA%RE-KMnO, ¥ L HKR, KMHE A 2.0x10%5.0x10*mg mL",
RERA 1.2x107mg mL'PY, fh & bk KABRRE 45k, HREBULH
BE. BREREKEMESRABRAM ZRA, AHEFERZBER, Bk
ETRREFRRNANRUAHTEERNERS ML ENHRFL.

1.2.1.5 % XA %

RARMUENRARARRGES, CLEMAFE-—REAFENLE
R BRAMRWETHI10 Dg, AFRERSREHRFERAS E. AL
ABER BB/ K S KR 494nm/515nm>”, Hiroaki £A K HA S ML
FETHFAKRMY (D) FETH 12 KA BRELERL; LEE
REBE BK A 331nm, CAEC #9 EGC #9 % ¥ A 4 % 457.459.457nm,
HARARTE pmol REZW. ARKARAUZELER MBS RO E0H
%ﬁﬁ.Mﬂ,EMJm#mmw%mh+:ﬁ£Xﬁ@%ﬁEF,#%ﬁ?
A 6G (R6G) FIRR XA HRMBESRY, ER6GHAAANE; BREALT,
REMWWNRERR R6G RARKERR; UAREAAAGBLHERBE
RENRESG, REXQEEBYE, SMEEY 07560 mg L, ikt
BA035mgmL '™, ERF LR ARARERH TSR ERARS, XKL B
MEABEEA. fli Giovanna $AM 5 (6) -REXXLENBHE 45, A
302nm I TBK 30s, AEHMIEIKABE, L.Campanella 4 A% H X
ik (REEERUES ORAC) BRAHEH £ B, BA KK S40nm, KWK

565nm!*’l,



HHLK#FF L FAr i ® 15 IRk

1.2.1.6 LTS 3%

THEKR, BUMXESHERERTLHEAFERER RS, HELHE
RERAERPERT T R ITEAR TR WREBHER, st e XS0
BT A BT Rl RS K G B 780-2526nm, 2 F ER AT C-H.
O-H. C-0 # R AW MR WA Bk, B 8k 0 & 5 f0 £ 9 31 de oy Rl i,
ERTHKARENRREZRREHESREENTE. FAELEARRAL
FEWLLS AT SRR BRI T LR AT TS 73
FENBLSRBHUE SN EREEENRKRBTHEMN, KALLE
1450, 1920 #2140 nm A #y 3 NRBORE A X R AT X A F AW T BB oA
* % %K™, Quansheng Chen % A/l FT-NIR i 414}t i 4L PLS [ )3 RMSECV
TEFARHRSBEENMEHA, HERKAT 0.9, i sty besg
EHEAMNTFREMERA RSB whH. EARENEHRKY, AHFAL
RO R, SRAERT R4,

1.2.2 BERH R EE

HNARFHMAARERENE R AR BGERFROE, A ERTA,
BARFPEIROENERRE L AAA - RS E AR, BRI M
BERE, TUHEEKS RO, HRRARBMNECT HEEE, 2y
ERACA, R AOAC KRN —HERBTH N AR REEES,
RETRPH Voo wdRERFRETHANL; TEHTLEFHL LT
¥E, TRMABZRERK, BEEGZEHY, BRATEHH—RAFR
R EXAEARFRLELT BPAXARGBE, FRYE 0 EEEETY,

123 ¥ REERS BN EH RGN A

A S O DABLR A R R AMA T R T, i FRA RS A
UBNARRBED, EAERANMW, BUFRNERSROFR FAAHKD.
BRELFRUBAARARE. BRUTPRENERS ERBLFNES
fodiik, NBEFTURBREGTEY, EFHSH. BREK. THRERF



WAL KT 2 h 05 BRI B

K. HRARERADNESN, SoBARTRARNRN, TUKe KA
FROEHELS, B, RARAEEENERSRE—FHEX AR, A
RRETERS FUAATE. BAREHE,

1.2.2.1 B R R 5%

BB EREMEAB T AR E LT U UARF LB, Y
BEEAL, BUREEFFERANELREE, B, BE. WAe
REMHYHHTEE, XRAER T HRE RS, B850 2K EHTH
BEXURETHRLE A, MRENERAHERE R, LA TR ILEE
#, RERABTEGENHTH,; Ao BERFATENREIRSD, £
KA TRAFEHEEEURK A AR A A RE, RELEAR
TTREHERMIRA RS REBOZEMF %k, UBERF A A
A, ERRBREMEE, AEUERRRAHTEAAL, EBRBIN L, R
RAERAETER, Bl KRR S, A — DA R R
R HR A BT, Fik# RSD X 4.07%(n=5), FHEKEH 99.6% 1, ##
FARRTEABMABEARLS BRI LA MO Tk, WA -BPEEZB IR
AR, RHRAUERE, SRERWERED Y 0027, WAFEKE Y
89.9%. RAMERR EEMEMHRKRE RHALE, EREAALEN
o, MAFHANEFREAGELT U aMNKER, SIREBLHER, KEH
CERLHARMCAGERNE, SFEME. R EAME, THFEH
RERLEHWE.

1.2.22 EHRR &%

¥R % i (Cyclic Voltammetry,  CVYH 4 — b W18 ik o s b 2 7 s 0
FHEERTRMUAAMNM. TANREREH BB B TR G ER, HoH
NZARY KBS RREEH, BHEEAEER XS LA FR TR
AR S, SR P ERER-E RS, RIEEZHRT AW
REQTERE, & EK. A8 RRMEF AN TR, DR BB L3 Rty
BRE. BARMEERRE K, HFLEH S BuRRE, FAEEAN S
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HHL R F L #0183 F 1% Wi

BEBHENTRABLEE, RARROF., NEEZ AVNRALE (f
B L6HA) ETHRRL, BEINERLEHEOERIM X, WENLH
ARREERS HEH, BERARESR LR, FEEER, AR LE
SRR AT BN, EEFNX L EHEBR RN, F AR, TiHe
FHERR BRI

OX +1E 5 Red +++rrverreressresiesuneaniuenurerenisseesssensesseessresssens AR 1.1)

—~KZAREH, ER—AEE R RARYER, KRN BRREHE,
S - A ERREE, W 17 R,

o B — TR etommee QS:IE"‘HM——-]

Vvs. SEC

w0

1 o
0 20

0
it s}
B 1.6: EMRERZEPBAIHEE
Fig 1.6: Potential Sweep in Cyclic Voltammetry

cathodic

Current
T

anodic

Qe—R
Potential

1.7: ABGEFARE
Fig 1.7: The introduction of Cyclic Voltammetry

RRAEHRRZEMNEREYRAOF R UAR L RE, B E U # 1% (GWE)
A IHERA, BUA KCl & Britton-Robinson % 9 SR 4 K H, R HHRZ M

10



HHLKFE B Z AR F1 & MG

RTLRENBARERTH, BELEEE GWE REARBHRM, H£R1MK
RETRANKEN AR TENENEEROEFELETH—AELF T
Vs AR E A R R TR E & RUE AR B REEB ALK EL AL
M 3x10°mol L-5x10°mol L'; 3 BB R LA H B X A% 0k B 5
ERRSEEHTAL, LKEH UV/ Vis BRI H K400, £34
FARBERRZERE T RERUA YL AR R AT HNET, ZHLEA
RBERREEFETNEEERHER (GCE) o 5 BRM RSB 3B B
(MWCNT/GCE) LBy %47 %, HKitBARRRHE; %Y MWCNT/GCE #t
IARRARZNRBUER, AUTERCELE GCE LR BRA, Bhik
BEHI GHEEAFELEDERRRABHER LW EETY, Bl
0.5mol L' MM AKK, FAEFREEEM, RIALBH LM E LK1y 40
JEE A 0.022mmol L, HRAARFHMERD, PERFRTARMLFHE
BEHRRBERREEALERGEEMER, AUV EES LARE
5.0x10°%-1.2x10°mol LB B E WA BIFH LML R, HEFK =0.99971,
Olga ABHRLEAE TLEKE. R, FTHAME SRR L THE
BERPAFHEERTETA, PAIAFR TSR MR mLEE. RETH.
RARFERGBEOLELER T WEFRELE, R T ERUERA (8L %
¥), SHRE. THEEREE (4. 3%, FEERER) SHENDHS,
ERETHNAABRETSREMBE — KRB EMUAS KA 400mV £5
(vs. Ag/AgCL) 1, B blsh, ERBRERIE. BAK. SXfomd 25 ),
REEBER. pHTO BW B LFTH, KAV AEX=RERA W L5 E
90-120mV BEEX £ F — KA, MHARK BN FHEL A% 180-220mV &
(vs. Ag/AgCD) 4, Jian-Bo SARREHRREAGHE X EEASFHRTET
EAMRB PN AEMENRRER, ¥ TRLHEHE L ERAFRRAA
FREXE,

1.2.2.3 Hfh e ¥k %

BT LRK %, FERETURRCBMFEENE, HEEANZETHE
WIRFEHEAELRRE, EURZRBBEEN 0.6V, FAARMALTES

1



WL K2R 1224 183 ®18 XMz

B XK W-H0, BUF R AT WMEEE, RAMHNBEEEERSBKE
F2.5-25mg L S W E H RS0 Stk % 214,

Andlaver FARERF BN ELFEURK, KA 0.6V LEMERKHEL
EHEHEHEXRR, FRTOAFHIHRENERFIRENEN T (RESAC),
WTFRFRENERTERES S RENR, RE G TR FRENZL S B
g,

ATRERGEREHN, — B RSB E R B2 . 4 o,
EESANGRA PR BANE, SELRBORBERE, NERRE
FRYBAKY, FARTBENRE. ZRME. KRE pH. BEBE Lt
WHAPE, NBTHRSBER A %58, BAGMEHEEY 15949 L7,
MAARSBREBOMTELT —FAWERTF £, Arkadi EARHEH
LA AR R ER S B AA R BT A nM 47, Lucilene % A% F HRP
PR LEEMERBNE T RE T SBENR, UWREBRAG, KHEREH
1-50pmol L7681,

124 XEBRABREBARIAR

TRNKERAEKMTOARED, FEHRAE N ENET AR
B HTAFEARNKR, RARSMIMAENR, WEFHANNERES
ARFRAR . BFRUHAE N AL, B ESA R4k
ERE. BTERFNERRLEAN D, RAM, 4158504 R0 8Bt
EFMHAR, FERARGER. NERE. EXUBRNERRERE,

20 42 50-60 FR)E, BFBAWMAFES BEME; BEFHREEE.
AMEEE. BRAMEEFE. SRRAAYRAERE GHA T BM. TR
AW BIXGBECEOERNLRE, ERANTHEALLRELE, NEHR
FRERREGATHERYI BRI, RERETEHANREFEEFFHLN
B, BT BRI R FER T B(MS). KA RE, & 2H T E(ECD)
FRUBABHERUELFAFEARA B OEHAGLE. B, K50
HEENBERAMELE (HPLC) HE, BWEMNERSBRAH P HEKD
FRB\EE. EWREREE, WERAI; RARMUBHE LT,

12



HHL K F I+ # A1 #1E XMzid

4 HPLC-MS™, HPLC-ECD™ ™, %t#E™, Bukblsh, HHAEH
AREABN B GC-MS™,  HSCCCNI B 2% % Bt 47 BT 3.,

AEFREEETERBLO BRI LHLS R LK, NEHERR, $ K
23 RWEAR, WEFEL RSN LRARELRERE. AFEF%
MEHFEK, WI-MEHFRERCET ISMBESL, WERARS, 4
REME KKK, EALLF B, RERCBEK S RREN-NEE
#F WEERRSAGRAALERRARSDEARRESE,; TRAE B
#, A MENEGTEPEE,

LR REEMERS RN BREERERD, FHLEENTR
. BEFH, REREARA TRUXS BN RAREFRR LA+, BEEAL
TE AL,

LIXH R EHAEX

FRRHENRRAEARE. R RENEXIR2EN %, FX
MTEAZBHUTREREY. H LREWPOHANTR, REXSHE 4
WELER, BRLFEAPEAFRREENEZEAT LS HLE.

AFURARARSBENRRSEY, BUFEARRABFREE. £
ERRMURTE, —RTURGRSHNERE, R TUAAHR T %014t
Ro B GRR, RERENTHEHE,

URERRA. HEMEHEN, RATERE, LA TFRARNERA
WRE, LAY, FARANTIREARSNEL BN 4, Ay T
FRHAEFLE, BHRTRRAAUNLE.
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BT KFM - FhrR 3 F 28 HAXEBARRERERSH SR ENTR

LARAFEARENR RS RERTRGFE

AERHENETFRAAAFEARRENRZE AT RSB F 0N %,

REXRSHOERMT, ERIBRBALIHBAN R TR, R5K
WUk XA K 4 72 205nm A7 275nm. K% B LT4M 1450, 1920 F712140 nm &,
PASNE B 3125nm I L A K A BRKE RELR LR AR SENNERE,
REKSMAREERREZ FNAMEE, TREE. HE. KENTHES.

21 M50 %

201 48, ARAREEREBRE

THRERREE (ZHEER. HEER. #LEHE,. BREE. 2E 8K
BEEL. HTAEH), BREERSBERY (TP, HiIAFKLHEARA
B ), BAREMAHA (Sigma-Aldrich, £H). BN, ALF. FR-_AH PR
- (HARERERAARAT) HHAH4. TRAANEEK miliQ
Gradient A10, Millipore AG, Zug, #4).

o R-# 5 X AE T (Ultrospec 2000, Pharamacia biotech, £ ); # 7 %
8 (KQ2200DB, R LR {LEARAE ) N-200 4 2 w2 Al i 41 4p
A #{X (Buchi Labortechnik AG, #+).

21280 F2

XA K% (spectrophotometry) W BHREHEREEN: Y—KBEY I
WEEXBEBBENRGBAS, BF— BB RRK, B bS8 %
BEMZ L, NAKRHELRY:

0 tsetttettennttiitttaceeenrannnrititinraconennrennetsersnnrantarennesnneenes (/A\i{Z.l)

I teeseatenneensasonesnassosoeronessncnsoonsonoansssossannssnsennns (/A\itZ.Z)



HHL KB T340 3 #2858 MAAFEARRERNER BB BOFIR

811 (Lambert)- b, /R (Beer) £ 4 4 :

] R (/A\;‘& 23)
AP ARBRRE, | ABHERE, o ABERAKE, o ARAEK, HbRk
FREBAGMRT. BEURBKEEEAX, BRFRUAL (WBNE) 5t
ANBRKTRAZORIR, wEXATh, YEABEERRLAK 20, &
AR A ERERNREREMHX K. WE 2.1 iR, 200-400nm X E4 K,
400-780nm A [ WA K, 780-3um HHLL4 KK, 2.5-25um ALK,

2. 1: Bfa-te/REREMR

Fig 2.1: Representative schematic of the Beer-Lambert law

2 AKX E#E (spectrophotometer) JF F 26 (X K 4 sk L BR R4 2 WK
WEEXBRFHERBINAER, WEHH 00T RT3
B EIEMEWE 22T, WEAAE BN EA-T ALK, 4
A RA-LS A AE T,

Adustable aperture photoresistor Output
\{

2.2: RAAHTEE

Fig 2.2: Simple schematic of a spectrophotometer

15



AL K F B4R 3 #2 8 MAAEBARREME RSB RHEOTR

AERTRURHREATORSRORAK, SHTRN-TL-BT R
HWERBEH, RASENUE, ERAESAEEANXE, BEVEHLR
MR, HREEHLHE.

213 BAF 7
2.1.3.1 2B HH

¥ 8% E RS BRI AR F THARE K 0.5mgmL” #3, B F 4Cok
HiEd. AARBERZRLHRE N 125. 100, 80. 70. 50. 40. 20. 10. 5.
Ipg mL', BEST LA HAE I BE4T 190-820nm £ 3 B #. FAR R
BERZBRE K 500, 250, 100, 50, 30. 20. 10. 5. 2.5pgmL’, Fsrsh
ABCGEHZK BT 1-25mm 2 BHH, FEXMEHA. FMENE 3K,

2.1.32 KM

FRIR 2.0g RAHT 100mL AT RE 5 040, SRAHERKMAARE
5015, RRSM-TRAIAAE IR RAHRH#ITLRBEY, EL=K.

QLI EHFERUER SRR

WA E #F GB/T 8313-2008 XA AR HHE . F 8% XK L B &
Rp# gl & (y=0.0083x-0.1528, R?=0.9993, %43 H 20-150pg mL"),
NEXFERLGLE. EEZK.

22 R 5404
2.2.1 AT Rk B %
2211 FFBENTAXEER EAFRET

30pg mL"' B9 R 5 MR BB AR 50 ey BRI EN-TT L E
W B 2.3 B 7R, 7 216 #2275nm 43K % B U B o 4 SRS, X33 F R IR Y

16



B RFBLRAR YL #2 8 AAAFHARENER ZH SRy ENTA

EHRK. RERETHAKBILFRARK. £ 216nm FENHE, BKS
uwl, FRRARAXESREN XK, WHEHKHE LED XBESD, s
F. ZEEPHFR 275nm LB LMK K.

254
J ——30ug mL1 Tea polyphenols extract
2.0 ~—— Green tea sample dilutioned 50 times
<
S 154
=3
S 4
é 1.0
] \
0.04
T Y Y T T T T v T
200 300 400 500 600 700 800
Wavelength / nm

2.3: 30ug/ mL 98% FZEMREGAMBRE 50 (SRR HEIMN-T AN E
Fig 2.3: UV-Vis absorbance spectrum of 30 pg/mL green tea polyphenols extract and green tea infusion
diluted 50 times

B RE B % B 5 Ultrospec 2000 2 % LB it 275nm RAEEH % & wE
247, WRZFTENERSMARTHEB X E,

254
|

204
g ( ]
S 15-
g
g 104 y=0.0214x + 0.0374

' R*=0.9981
05
09 i T T T T T v ]
0 20 40 60 80 100 120 140

concentration (ug mL")

B 2.4: 98%FESEHRIMIRAS HHNE T 2750m BAFEX R
Fig2.4: The relationship of the 98% TP concentration and absorption values by spectrophotometer at
275nm
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WL K80 L2260 103 #2 5 FEA¥BSAREME RSB SR ENTR

WERAURFRAR SR ENRME 275m EE KRB E R
Rk 2.1 Frow. 275nm EHEMEEHG TR B AU REFE. FAAES B4
MAXARERL, MNEEEE, WE S%ES, ZRATERDY EFHE
ARSENYW. ERENE-MEBEAATE 15 /B, W7 N EE 2
TI®, AREATHNERRA, TRAELSRAF LB ORENZ.

R2.1 GRFFREIBERYBRER

Table 2.1 Result of measuring tea polyphenols content in Green tea infusion

7 ik RH =W A#E  #lL  BX %% gt Wi
g% RE  2®  BX  BF  HL k#

BH  2E(mgmL) 2675 1623 1247 2014 0960 1390 1213

B £0.082 #0016  +0.023  £0.064  +0.060 £0.029  £0.087
£k RSD% 3.064  1.033 1.812 3.194 0627 2105 7.212
Ji#4
275 A E(mgmL) 2816 1693 1.297 2.037 1.058 1.463 1.303

“{“% £0.006 +0.011  £0.013  0.011  +0.021  0.043  x0.016
%ﬂ] RSD% 0213 0.650 1.002 0.540 1.985 2.939 1.228
R ik e

5®RMABEY  s2m1 4313 4.010 1142 10208 5252 7.420
8%
2212 W& LED AEH % E

REFABBESAAE T THARBESURTEN S HENREY
LED ABM M (WA RFEAE FWHM, $OBK. LHBES), S£5Y
AABAE LED RAEE S, WHHF 2T (A=190-820nm ):

Z(Abs,x XLED,)=LED,,, -+ +++esseresseenesssessuiineiniuennnnnnns (A%24)
AR RS LED RAKEREE XS MO BN R E. LENHBHE
LED B K * £/ 260+5nm, 270+5nm, 275+5nm, 280+5nm, 285+Snm. % Ein
B 2.5 FF 7. 260+£5nm, 270+5nm, 275+5nm, 280+£5nm, 285+5nm T # A B (R?)
A7 A 0.8941, 0.7871, 0.8956, 0.871, 0.8801. B BL ¥ BLE 275+5nm T 4 LED
KEHERE.

18



L KF B Fhrie %28 FAAFBARENERER SR EOTR

§ 260nm
® 270nm
A 275nm
v 280nm
4 285nm

LED values

concentration (ug mL™)

2.5: SRR LED RABERRESREHMLIBHXR
Fig 2.5: The relationship of the LED absorption theoretical values and TP concentrations

222 ik

2.4 ik, K% BRI A B 4TSN ROMOK 3 5 Ak 3 4T 9o i i
B TRRENESBRIN 5 ABRAERAHELR, RAKELLAYR
Bk B AT, 3 T RS MK G E B R &M XA R
PIBMERSREBRATEANTFRGEM S L, BARBAE R ETRE
MAHBERLEFRT. AEENTHRAL L HE N AT, XL HE
BUABAEEZRRA TR SRR ALB R R T AN E.
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HHL KM T2 AT X ®2 8 MAXFHARERER B B ENTR

3.5 -

Absorption
= N
(4. =]
L. 1

=
o
n

el
o
1

0.0

T T T T T T
10 1.2 14 16 1.8 2.0 22 24 26

Wavelength(um)

M 2.6: TEIRERSBIRMEHALI LR

Fig 2.6: NIR absorbance spectrums of green tea polyphenols extract in different concentrations
2308

AEBFRETAXERA R R TP RS RSB k. BAKSBE
BAFKE 2750m TRAES R EHRFNEBA L, y=0.0214x+0.0374,
R=0.9961, %t 7 WEMHTRIE, WELRWEIFERRIL AL EEH, &
ENEERNRRETUE | DRRR, FAATFHERENZEHHLH, KL%
HWHETARRKTHEMN LED RO REANEMERSMRE LW EE,
KA 2755nm FHARRE, ARKTHARRLNZRHKE, TUALA
FREBHEY. BLNTHRAERPFHREAZELIIRK AR, HELBH
RENABARBERAT RSB ERABHE T AN E,

20



HHL KB FAR X %38 AARAERAREMERERSBYENTR

IARBAFRRRENE LS RO BN TR

AEXBHENETRANEMERRBENZ L AT KSR B3,

ETEMFMAREE, BHZAERAIHEELR—B LR, FHER
PRKER, HRALHAERSREEMNRNA LO T, BRESRELR
RENERTEATH, RABUEREES XL BEFHEM LR, ATtk
. EREWKS BRME—£FER.

3R L%

IR, RAREENERE

THTERRRE (ZHAR AFEE. FLEH. BAER ZTEaX.
FLBA . FITRH ), BRARRSRRIA (TP, LK KLHRARA
) BAREAA (Sigma-Aldrich, £E). EXZH. BBRN. SA/LT. A1
H.OREBN. BR_ATPRBRE N (ESEALERNAERAT) HHAH
G ERAARRAA (milliQ Gradient A10, Millipore AG, Zug, % +); B+ H
(HTW Hochtemperatur-Werkstoffe GmbH, #£[& ),

BAFE T (PalmSens, #2); BE (THESEBLRNE ), TR
B AHXE T (Ultrospec 2000, Pharamacia biotech, £[F ).

AR R A AR 0.05M.pH 4 7.0 B985 B B v K, b &4 0.1M
AUFEAXFERR.

3.0.2 B R AR R BIE
3121 i RN EE

ERRAAZEMAGWE 31 FFF: IR (Working Electrode, WE).
S HAR (Reference Electrode, RE) fuxt#.#% (Counter Electrode, CE), =,
REBRBUFTHE, RABRFRIENKSBNEAETARTHR, £T
FRRFS LR AR = AR, WEERREE T Ik

21



HHLREB L # A8 3 83 8 AARAERAREMER L BE By ENTIR

ARET I, AT 15 68 08 TR 32 3 O AL 0 O A0 8 o et o T U 6
SRERRRARMNTERERRERE. ERYHEELEMRK. pH.
BERE. BRRAF-FKet, RUEREES YR ARE K E .

E3.1: Z8RUB RS
Fig.3.1: Testing System with 3 electrodes

3122 BB AR R L%t

WEE32HF, REENIHEDY, R FAMRGBERETES BN
BAETA. WEFERALRGRHEAR, £ PCB £K LAWHAL, BER
LER, ZEBABHNR, BAREAR 250um.

R W C

e
ol i i o
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BHLK# B 208X #3 5 AABUEEARENER ZMA R/ NN

3.2: \BTEHRAIREBRG
(A) &itE; (B) $I{EE; MPHRE: C: XBiR; W: TIEELMR; R: SR
Fig.3.2: Eight different shapes of silver electrode
(A)Design drawing; (B) Fabrication Picture; C: Counter electrode; W: Working electrode; R: Reference -
electrode

3.12.3 M LA KR AW Rt

ZRHARRF, THEER (WE) HEHER, Suik (RE) REFME
HE R — W AgAgCl XM T /K, AERE—REEL, ER 0.5mm, 45
99.99+%. (H33) HELBRRE, FHEML, LFEREME. FHEREHS
MU EAEERSRAR TR RS RMRY, REBILWORBEAGH
E PVC #K LW AP, THERARER mm’, XLBH% Lb4EE, b
B 33 (B) Fimw. mTHRMERBERRRMNK, BALVST—RMER, %
HERANERAEFR, HEZXEWE 33 (C) fiF. FHBERNERE
B HUALHE 7 3% b 48 N0 NayCOs BHUE 1.2V B AL AL 5 248,

B 3.3: BMBRAR R
(A) IfeeaRAfEreefE; (B) BMBRAYER dmmximm @; (C): ZRBRERX
RE
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HHLKF B L E AR 3 %3 & AR EEARENE R SME B EOTR

Fig.3.3: Design of Carbon paste electrode
(A) Working electrode and Reference electrode; (B) Carbon paste electrode with active area
4mm>x Imm,; (C) Electrodes and Support

3124 FHERURKR ARt

ZURARY, THERIEREE, SHERRERBREHIm— R
AgACI R MET TR, seRR—RBZ, H2 0.5mm, S 99.99+%. (& 3.4)
THERARER 12mm’. RERBELEEDLLIE, REKXA 05. 0.1
#0.0.05um A G B RH EWAREE, A EA LBABLEAEE K% 1 min
WY, BRBLFEAARS FuAME, FHEPCBEA L. BHEEMHT
MRBEBEME RN, LERENLE, TREREEANERETERE
R RRECREEERER RFONRPI RN, 2 FERBEHAN, L&
EoRERA, EAMEHE, BAR 1010 %cm¥sec, B 5% 42pchm*m, T
NARMKEEL AR PRy LT,

? ﬁaﬁﬁf%
suse NN Tras
v RE WE B

3.4: BHBHMLRSRT
Fig.3.4: Design of Glassy Carbon electrode

313 EBANARURS RN

FRE FARE B EO-1V BB H A 0L S0 mV s 35 AT %
ZHEH, ANERRAREEAUREA AR EAKSROENE = LYW,
EHERPFEERAREY R A AT RABTERREE LN, AERER
MEREHEEETE. A FRMER, REAE 1mM KFe(CN)s 5 02M
Na,S04, HH#EH-04 Z 1V; M FHHKER, RAEHE SmMK;Fe(CN)s 5 02M
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HHLKFBRLFE R X %3 & AARNFEARERE XSRS R EOTIR

Na,SOs, H#EE X-0.4 £ 0.1V; HHEKEH Y 100mVs', RAAEAAME 15
24,

¥ 8% ER SRR ELE TH R AES R 0.5mg mL" B3, EF
ACHFteT. REFHRERA EHARBELESERE, £ 0-1V ARTER
REEMRK, BFES REL BN IRR L o %, 207 EA0 TR R o] 3 4
(RAERRE R, RN IVELTHEERERY 5 AKE: 0. 10. 20
30, 40s; EHREH KKK ZE 7K, BHEFERA 5 MF: 20, 50. 100, 150.
200mVis, BMEREL 3R, BRIERKFFRERS BREBA G B FKh L H
HEBE, EMBREEX/NEKE IDL Version 62 HH, EIhAEHS, #
EMERHE, WRELY. FANKHERATHES. SRNEEABESERE
B BRAAREHBATHNE, KAXUETEREATEARM YL BF LAY
Wy EEETA, W 50% B8 F R 20V #ATBFRR L% HH 2 KL
RIE AR Wi, LRBAEEE B H#T.

3.1.4 BB
3.1.4.1 BIRREH®

PRI 2.0g ZAMT 100mL #AHRE S 240, SRAHE B RB LM
BRSO EO-IVIE B A BB S TR R AR, FHEEH100mVs",
ERBEAEZTRPHT. FARBEL3K, AHLEMRE RSB LLEINS
EFAE.

A2 ERENE RSB R

AT RRAT E M, WELREEHY k4 LK. REEH GB/T
83132008 RABHE AKX ER. F 98%AEN KL BRI E TR B S
(y=0.0083x-0.1528, R’=0.9993, &M i 20-150ug mL™"), #5748
2E. GMEREL 3K,
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32 &R 54

32.1 e

BHRIUGTRHREGREBRABIRREER R 8% RS BB H AR
BRG (RBSORE) o, RXAANENEMLAE, NE32 (B) PABMR
VAG, GRWHEISFR. BFRUAFMRER. RERDEHL. RAFTRE,
ERAFNE LS. SRR HERBARD, FrEim ERumAEN T
EREMERXDRARENFRACD, RZBh, FHRERENRKS HAE
BEBEZER FEEEANELXSREEN TR,

54

BRFiIHER
Green tea infusion sample
4
<
:2 34 9% RE® B
g Tea polyphenols solution
3
24
S
it
14
Z P Buffer
od 7K Water
0.0 02 074 OTG O.IB 1?0 R
HJE Potential (V)
H3.5: RBARERE
Fig.3.5: Testing Result of Silver Electrode
3.2.2 HHERFHHE LR
3.2.2.1 BARR

FHERKRAUFNRERDE 3.6 (A) Fi7, HEREEMMEME AEp
A 600mV, FEAR U Fo AR B3 B4 1,025, B MM KR 3.6 (B) B
7, AEp A 71 mV, Wik} 1.065. HitbHEE N 1, HPLRNLFERR
LRANENERTHERN . HREH AN LR EBELE S, TR MRS,
HFEARARLFNURERERA TR T A FRARLEHAE.
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>

Current / pA
N

T T T T
04 06 08 10 12

Potential / V
B 1]
\1 9
c 40
2 |
=1

O 204

T v T v 1

0.1 00 01

Potential / V

3.6: BRI AR LB RAERE
(A) BeHfeatRk; (B) BkeaiR
Fig.3.6: Testing Result of K;Fe(CN)s solution on the carbon paste electrode and glassy carbon electrode
(A) Carbon electrode; (B) Glassy carbon electrode

ROrAHERUENUREENSRENR. EBEFREEF, XL00H
RERIRFEEHSAMRBAT = £ AL, BER G B P ERYE
ROBRES A XRBREN, REEWXRELKEHRES 2, Fipig
THRRSHAZAN, —BANERLT 100mV EBHE - NEHBEXETBHFES,
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AL KB+ #A1 X 83 8 PRBLFEARRERER M B EOTR

4, S-ZREGEFEANEN; F-MAENTF 200mV REXBKRL 3,
§-ZREENTEMNASMENRE C FUE 3 IRBTFHRELAEH: A
LW S5T-ZRENEN T RE 600mV ML~ 48 =AALE, WE 3.7 FF,
EXZRAURIRY, ZFAAANERAYH. $EHEEBHE 0-1V 7 LU5%
REDBAAAE RSB TRRAEARATEHNE, R pH 4T X
THEHARSBERKAG T ARG AMPERRAGTIRELNAR, AT
HAFEHE S BEAa#T,

ALBF, 0.0lmg mL' XS RERMEREREHETF 0.64V HH-AE
i, wREEL K 0.14pA, REFHEF 025V BA-NEER, bl
WA 0.11pA; AEp % 390mV, HLFEMEWANT 1, UK MELL L HEAL
ERREAHFT LR,

EFHER L, 0.0ImgmL" £ B EmHHE AHMELE, 0.09V & -4
A, BRIEM 1420A, 0.55V £ -ANELE, BHME 2.060A; REEER
031V LR, BME 1.03uA, EREELELRTH,

P B e R R R, ZEER AR AT R RS AL HENTT
A, MR- FRECAGRGERRTERXABHE. ERFARE, ZH®
REAMERELEE 0.6V T, 5XRERM, B 37 RAXFTH%
ERNREXSRGRNUERR, FUTEALERREERUL AT HEKS
B AERFERAIETENBABEANS KL RECEE TR R, HEA K
RABRRENERRET T RS RO BT HE %,

044 A

031 REFHER
Green tea infusion sample /
21 o HEH WK
Tea polyphenols solution

T e R Buffer

H K Current (1A)

<0.14

T d T v T T
04 08 08 1.0

02 )
HE Potential (V)

T
0.0
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° BRTHHER
Green tea infusion sample

98% REE #

5

4 /’ S Buffer
sy ,’

H#L Current (uA)

e e

v y g T T T T T d y
0.0 02 04 06 08 10
BJE Potential (V)

B 3.7: BB X LB RAERE
(A) BMIRHR; (B) JRRAR
Fig.3.7: Testing Result of tea polyphenols solution on the carbon paste electrode and glassy carbon
electrode
(A) Carbon electrode; (B) Glassy carbon electrode

3222 BRI RS RN #H

ENERSBEET, §EME 0-40s A B FEELY BHLE 38 FF 7,
RARME ERA A AERRE L P EALREENBHRA, ERERBEH
HAREERE. —MERBRAREY R 1T, £ 1 KEELHAR
REWR, F2RELTRAMERERRBE, H THATFHEENEMH, #
RAUEHRE —KEFREHER. SHEE v £ 20, 50, 100, 150, 200mV s’
WREA, EARARES vZREK: y=0.0210x-0.0246, R2=0.9394 (41,
#); y=03389x-1.1079, R™=0.9740 (HHK &AL ). ERRNE b £ &N B F R
WERR, WAHEEN 100mVs',
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3.4+

324
[

304
=~

<
g —8—Glassy Carbon Electrod
E —a— Carbon Paste Electrode
&
£ 04l
g o
£
<
0.24 N RN A
—a—
o 1 2 % ©
Deposition time (s)

M 3.8: EEMENELETIEEOTN

Fig.3.8: The influence of deposition time on the anodic current

% 3.1 BEER M AN

Table 3.1 The influence of cyclic voltammetry scan times

BAREHK _FHBR B B R

i AfEm s (V) BRUERE (nA) FREEE (V) FHELRE (pA)
! 0.645 0.117 0.540 2.991

2 0.635 0.124 0.530 3.032

3 0.620 0.120 0.535 3.059

4 0.640 0.129 0.530 3.011

5 0.640 0.138 0.525 3.021

6 0.645 0.137 0.525 3.139

7 0.635 0.128 0.520 3.110
AverageSD  0.63720.009 0.128£0.008 0.529+0.007 3.052+0.054
RSD% 1.348 6.178 1.271 1.791
3223 RS ML N RRHRIE

REFARLEEEMEAREES RN RAT RS ROBNLR, RSB
KBENBHEFHERLBIGR G, BB ERAFREE & A
y=0.0037x+0.1001, R?=0.9886, 3% 4 5-100pgmL". B3k ootk A7 th 4 b
y=0.0272x+1.7884, R?=0.9926, 4%t % 5-100pg mL', & 32 i %, F
Bl —AMEERARE, RS ERg R e R EE R A ERF %, FAA
REERTERLE, BHERPHNEREELI% W ; R EARELS%IA.
FHEREAUT P EER, BRRRADEAEENE - MR EE 1.5
B, MRAFFEMETE 40 BEREH, AKEETHENRE, ZNEF*
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WL K F W2 AR

F3 5 AMAAERARENE R LS B BOFR

THRERFRAF IR HRANZ L LSRR,

%3.2 GEFFRESBERVCER

Table 3.2 Result of measuring tea polyphenols content in Green tea infusion

VB3 5 H =H %] # BX %% Hid ki
EES gX $¥ % a% ®ml  E#
BHhEp 4F 2.675 1.623 1.247 2.014 0.960 1.390 1.213
Ak (mg/mL) +0.082  £0.016  +0.023 £0.064 £0.060 0.029 +0.087
B RSD% 3.064 1.033 1.812 3194 0627 2105  71.212
sME BRALE 2.455 1.643 1215 2201 0849 1250  1.271
BEHF  (mg/mL) %0219 £0.209  +0.118  0.069 +0.142 +0.187 +0.054
t#h## RSD% 8.929 12728 9749 3135 16722  14.961  4.249
EZARE 8242 1.252 2570 9267  -11.599 -10.101 4.753
& (%)
BKHe Busg 2.606 1.695 1.123 1.944 1.010 1.458 1.254
HR%EF (mg/mL) +0.076  +£0.113  +0.081 +0.082 £0.026 +0.103  0.061
k%t RSD% 2.931 6.678 7.190 4237 2599  7.068  4.835
5®AEE 258 4443 9.965 -3.508 5.149  4.895 3379
b8 (%)
33 NG

HERA, BARZERREMERERX AP R SDEENAK IR, 8
RAZEMERFREE; FHERPFERERTURERA L. HM R %
RAME, T—KEER, FRABER, BTHREFALRE. HHEBRIR
ERERE, WRTUELER, LREKFR, THREZALRE, vy
HHUETE 40 DEREH, BHERTHUEREELT%UA; FRBRE
+5%AP; HMEREART wRRER. RERAABUEFENEL S B
ENNSHR A TR - SREVENRAUMELY, RN HELYE.
EREELELARRN, ARNEARAHFEERLLRBUL BN =4,
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WL RF B A0 FAE AHAAZ-AUEEARENE R LB SRR BONR

AR RAEE-BAFBARRENCR SRS R RENAR

BRELRAFPEAFRREATUREAZRERTE RS RN E,
AEXREELCRAMMEY %, UWRERA HENEAEN, RATERH,
RUNERSMEENRE, HHMURESA, LEUHHRNT %, —27
UG ARSBMZRE, —RIUEETATRNRE, BOBA, RHkEN
RNERE. UFAANTIREXRSRNEREN T4, AH T804
FER, BHKHRRANGLE.

41 MR 5 %

ISHTERRFHH LERERTHRATRE (SHYFREK, SHEF
BE SHRFRR), BRAERSRRIY (FIAFKLHEHRAR);
BB A (Sigma-Aldrich, XE). EAZH. HBH. AT, AT, %
B RR_EFRRRE Y (BHEALERAERAT) HALHLE; %
BRAKBEA (milliQ Gradient A10, Millipore AG, Zug, # ).

B AH(HTW Hochtemperatur-Werkstoffe GmbH, 48 & ); A=275nm5nm %
$PE =A% UV LED X (SET, £E); Sapphire E% %% I A # (Edmund
Optics, %X ); F#%E% (Edmund Optics, £ ); e AE —REHNE

(Roither Laser Technik, ¥34#]); BEF%E (Nolan Systems, £[F ),

BHFNN (CHIS24B, LRENBAR ) B (THABHELR
W& ), W R-%4h 2K AK i (Ultrospec 2000, Pharamacia biotech, £[E ).

42 % Bt

421 %EXESH

REBHRASURK, PABMERAEFNMLY . REFEEWE 4.1 Ff
. BEFAETAERE, BAFAHTELERL.
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4.1: XP-BUFLERER
Fig4.1: Schema of opto-electrochemical sensor (OES)

4.2.1.1 ¥ H o

AFZAEHE UVLED A #. Sapphire EEZAHF 0. FBE4E. et
“RERNE. wE 42 FiF.

o T ME@‘W

A N 7 A ;m
4.2: XFREIYE
Fig 4.2: Fabrication Picture of the optical part

ARHH AlGaN/GaN HAHH, RAKHMEMEHKK Y 275mm, HK & H
270-279nm; [ #-30-55CE4T, ERWBREEHEEN 62V, RA75V; E¥
By ig2 5 FWHM ¥ 12nm, &K 15om; AR E # L AN EE, Lit#4 6-7°,
BHMFATH; ol 43 B,
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4.3: BOMRA_BEXRARTER
Fig4.3: Schema of beam emitted by UV LED

B UAB K Sapphire BZFH, FERDAHEME, TUBIE L, IHH
B EE, sHARREIANEY, AT 0 AHAHE 0%k, L4ENmE 44
B,

3.0mm Thick

Transmittance %
8 8 3 838 3 8 38
i

* 3

Juremacbmaabork i i iml

L
8) 62 04 oso0s1 2 ¢ sew 2
Wavelength (microns)

[ 4. 4: Sapphire EERiEN M sETZE

Fig4.4: Transmission Curve for Sapphire Windows

FOERNERN Omm, BEEHA 3mm, EEX 11.4mm; HEYBRE
¥k (fusedsilica, Si0;), ARKLE N 9%; BAMEWE 4.5 7.

ge_um = ‘

~ 8 ‘/

]

£

cg w I

5 |

[ ] \v
it 750 IR

{pamomsters)  Wavelength {microns)

4.5: FLERENM LA

Fig 4.5: Transmission Curve for the lens

BACEE K AR AR B A B A 100-280nm, A K ERE 0.22mm?,
HAWAK (quarz) BEER 3.6mm, RTEHETENNE; ZANEK 2 K

{1
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HHL K #2083 B4 HAXZE-RUEBARENE R SH S REEOTIR

FERAEMARGS, FEEPEERAMBHE.

BAMEFERGEA ZEMAX R AT AREUAE S 1 E, w46 577,
GREAYV, AMESEBRAEHGRIRY, HTFAEEE 45N, 2AFRL;
KB HH %Y 20% (H 4% Sapphire 1.82729, fused silica 149602, quartz
1.58745).

i

[

LAYOUT

TUE FEB 2 2010
TOTAL AXIAL LENCTH:  38,90008 MM

2 8.0 8P 250 T X (O S SAPIE DN
CONFIGURATION 1 OF t

A 4.6: XF ZEMAX IRE840
Fig4.6: Simulation of ZEMAX

B ER K HES-SO Frikit#y LabCard, #nH 4.7 7 7. LED b B4
ER LI b PIC #H, U CHERMES BN KR LY L AN EF, FHE
B4 AMB W7, 1.1+ OLED, EF%4&, S, KNI ELHEHNE
4.8 Fi7R.

. ‘%mwuwwmw .
1+ orrveun Y

4.7: XFERIYE
A: IFH; B: ¥@
Fig 4.7: Fabrication picture of main board in optical system
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A: Front; B: Back
Switch to measure mode
Start Measure Power on digital device
Power on 12V supply

8 x measure external
rumor without LED
Generate mean

Active the LED
Do 32 measures
Generate mean

Result=measure-rumor
Reset LED

4.3: RFRGRHETERIHERE

Fig 4.8: Diagram of the measuring steps in software for optical system

EMFRANIHEDE 49 FIF. FHIWERBERBH AN ERE,
H HES-SO A ¥ X B E AR I AE K WRBAMLE R Gtk b, £TEA N EA

i,

g

:

£

:

%g;

“

,

4.9: AFRGRER
Fig4.9: Fabrication picture of optical system

4.2.1.2 B ALEH

BAFRAF, THEERARFER, SRR BRR, HRERY
AgAgCl. RZWBRTUEREA, ¥HEZEMNERBZ L. wEWE 410 7
7, TEER (WE) ARHEEER 12mm?, ¥ 6mm, % 2mm, /F 0.5mm; 3
FELFEHAREGRLNE, BEdbFTHE. HRERRWL Y EHa
AR LR~ AgAgCL Bl TREFELB I EHE, HA TH4RBMH,
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LRSI 248 X F4E HAAFE-RAEBARERER LRI REHOTR

RtA: H99.9%4E (ER 02mm) BL AN B F4E, £ IMERMTER
R (04V), UBRLZEAEENE. THERPEFERERELEBZ %0
B —W. dek (CE) h4%, ARKE 4mm, BHEEALBELEE N
B,

F4.10: BUFRGEER

Fig 4.10: Fabrication picture of electrochemical system

422 X BNR B2 A

WA # 28 iF Autodesk Inventor 2010 2143 it, 7 HES-SO % 4 B élfk
R, ERAHERE. LED ARARMELR. WEHE, ¥ERELERM
Fa%e, LERTERETH AAXEABAE, LRERGFHAANELNE
¥ RAEwE 41 FiF.

B4.11: BENHESE

Fig4.11: Mechanical part of the measurement sensor

43 KBNS R

BRELRFRERAGRY R AT RAL TR REFEH T L
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HHLKF 826113 FaE AAAE-AUEEARENERENTRLEORA

3124 #3.1.3. SRUFXAA ARG S S £ AEp X 67TmV, PR FulH
BERRLY 1.034, BREDRURLFNURERRALELEZ AT
FRARZEHAE.

BB, 10mL RERRRALERXTENNERN, BLAHAS4.
ARG ENEREDT 1s, AREIRINEHNBHEER, ALY E%
FHAT 2R CV HE, EHEE 100mVs', HHEE 0-1V, HH 40s.

ATREZEETURERSREBNRENR, W LEEHRYEE.
BAR. ERERELHY.

431 ZHHEE SRR

SURENRIRA BRAER S BRI, X¥fob ¥ h %8 E R
MR FFME. FRERRGEWHIS A KK 0.05M. pH X 7.0 B4 BL B9 3,
HESH0IMARFEALFHERR. A¥RAUEHRENTY, 4B%E
WEF K 120, 110, 100, 90, 80, 70, 60, 50, 40, 30, 20, 10pgmL’, &
YR K S0pg mL" K % B AR A R B 25, 20, 15, 10, 75, 5, 2.5,
125, 1, 0.5, 0.25ugmL™" U A R

ANFRAFRE, BRELMEERLEN 1000, 950, 900, 850, 800, 750,
700, 650, 600, 550, 500, 450; %K &M R EREH 450, 350, 250, 150,
SopgmL"; BHKE N SOpg mL' K4 BHEAURRE A ERIER 25, 15, 75, 5,
2.5, lpgmL™ DL SRR,

432EKE5EHM

AFREE, KoImLEH (W& 1 H% 504%), A 100pL 8 ImgmL™ &y
98%K £ MMRECK (TP) AR LA, B 10pgmL' iz AL MEEKE;
100uL By 2mg mL" #y 98%TP, 1 20ug mL™ fmdfAF; An 100uL B 4mg mL"' &
98%TP, B 40pgmL" fnfr A,

MAFRRY, BREEE: RoSmLEF (WF 1 HE24), Bl 500uL
H 4mg mL™ # 98%TP, B 200pug mL™ Aok AR T Z EK#; K 9.3mL LK 57,
W 700pL # 4mg mL™ #9 98%TP, B 280pg mL™ AAf A F; K 9.1mL %% 5%, M
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HHLKFM L #AE X B4 LA RARENE R SRS RE TR

900uL & 4mg mL™' & 98%TP, B 360pg mL™ s AT, &K Z HE: & 9.75mL
B (KF 1HB104), I 250uL & 4mg mL™ 8 98%TP, B 100ug mL” Mtk
AF; B 9.60mL %K F, BL400pL B 4mg mL"' B9 98%TP, B 160pg mL" fwik
A5 BR9.50mL %K, BL S00pL 5 4mg mL' #9 98%TP, Y 200pg mL™ ks
AE,

PORKAE 1T B AR E R R B AR T URT N

P=(cp=c) /c3X 100%:-+wwreeeeesersmmeeerumnenimminrinnnennninens (AR 4.1)
AF P HWEERE; o AREKE; o AWFRERE; o Y WFE.

HEMERHYMNEZE, Bl Excel 1 AA X+ H RSD%.

433 5EFF R

HER 3142 EFENERSHEE. BV REARE A (X Bx%M
ERERIAT), REEAEE B (REREE. . KKEZAKTE). A
OriginPro7.5 #17T X H & ANOVA 247, XA LT EHER.

4.4 &R 5047
4.4.1 &HHE SRR

R 8% BERS BRI A F fok oy Gtk U LM E, R
7 BRERGHERETERNIRAE, XSRBBMKEE 1-110pg mL*
WA RFHEEX R WE 412 FrR. ZERR A ER S BAEMKE 1-25pg mL!
WEALT, AREFNFLEMXA, AEAR RPET 099, HHAEF S
RE, TURMEARF RKLCENRSHOE. ULEARSMREST
NougmL' &, BHAZAWNERR, BrEN 0, LERFNEER, £
BABRERE., BXSBREMRT lpgmL”!, NELERFAZ, EANE.
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LK FR L FA 0 B4E FAAS-AAFHARENE R EH SRR EHTIN

204

1.0

Absorption(A)

0.5 y=0.0172 x + 0.0121

R’=0.9987

004

Concentration(ug mL")

B 4.12: REPRFRGHMEAE
FERRMYAKBEE: 1-110ug/ mL
Fig4.12: Calibration curve for optical system designed
Concentration of green tea polyphenols extract :1-110pg/ mL

EERAFRD, BB ELRAAERERLTBERRER YW, £5&
BGUXRNNEE, UYL BINEGBIBELITHLY. £—NE
50-450pg mL™' fu g =} Bt 450-1000pg mL'. XEFHBRHATEZN RHETF
0.97, wE 413 T, ERASWHE R, YRFEREMT SougmL" B, B4k
FRANEEFRE, FESRALNL.

Current (uA)

64 y = 0.0015x + 0.3941
R?=0.9732
0.5+
[ ]

T T T T =
0 100 200 300 400 500

Tea potyphenol concentration(ug mL"")




BHL A28 X F4E ARRE-uUERARENE R EN S REENTR

45-

4.0 []
354
- 304 (]
<
S
E 254
5 (]
O 204 . y=0.0052x - 1.5272
/ R = 0.9740
154
e
1.0 L%
¥ T ) ¥ T T ~-

Tea Polyphenol concentration (ug mL")

H4.13: REPBUFRGEMETE
A: FREMRMYBRKEBEE: 50-450pg/mL; B: FEBMRAAKEEE: 450-1000pg/mL
Fig4.13: Calibration curve for electrochemical system designed
A: Concentration of green tea polyphenols extract : 50-450pg/mL; B: Concentration of green tea
polyphenols extract : 450-1000pg/mL

Bk, AF-RAFRERMESBEETUZAHMELEN: 1-1000 pg
mL, B K G 1-100pg mL™ B, B4 6% & 4 % JE % B 2 100-1000pg
mL-l B"j" 71&}*] @-ﬂﬁ%&%gfm A”Jﬁ 4.1,

R4l XFBURRERFPREHORUEENLEE

Table 4. 1 Calibration curves of OES for tea polyphenols measurement

5 K E(ugmL" ) &t R?
1-100 y=0.0172x+0.0121  0.9987
2 100-450 y=0.0015x+0.3941  0.9732
3 450 -1000 y=0.0052x-1.5272  0.9740
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BRI K#R L2 FAE ARAE-AUFEARERNE RSB BREOTA

442 B R 5EL %

EUERREAUDERRBO NIRRT WRANGEE, RARD, BRER
B RRARRRBETENERE, FEATHERELRImE 42 iR, BE
EREPE 80-105%F, K#H2 RSD AT 3%, FHliZ%E A4 B IFomaif
EHMH.

4.2 RF-BUFLBEWENE
Table 4.2 Trueness (Recovery, %) test of OES, n=3

A4 BB (eml") oAk F(ugml’)  EHERSD) (%)
H ¥ 20.6065 10 90.90 (0)
(1-110 pgmL™) 20.6065 20 94.59 (1.80)
20.6065 40 98.72(0)
W fp 187.4065 100 82.56 (10.23)
(100-450 pgmL™) 187.4065 160 91.87 (1.61)
187.4065 200 102.18 (2.16)
B L% 491.0071 200 93.43 (1.13)
(450 -1000 pg mL™") 491.0071 280 82.97 (1.24)
491.0071 360 97.34 (2.11)

*RE: PRINRATRSBRERSE.

* Concentration: Original concentration of total green tea polyphenols in tea infusion before
spiking GTPE.

443 5B i

PERBTRAT 15 BEK, BEENNZESEREHRBERTLE, B
ZRELANTHENE. wEAMOEAIS iR, & P, BEAREREL
B, BAHTENEEARFHAMEXER>097), HREMA 1.

ANOVA Wt R4 % 43 Fim, R¥ R RS ERF M LA B EM £ R0k
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Fig 4.14: Comparison of the optical method in OES with Folin-Ciocalteu Assay.
Test concentration range: 1-100pg/mL
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Figure 4.15: Comparison of the cyclic voltammograms method in OES with Folin-Ciocalteu Assay.
A: Test range: 100-450pg/mL ; B: Test range: 450-1000pg/mL
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Table 4.3: Variance analysis of testing results on the polyphenols content by methods of sensor

and GB
25 Source  DoF Sum of Mean F Value P Value
Squares Square
HF A 1 15589.78 15589.78 14.80 0.00178
(I-110 ygmL') B 2 293739290 1468696.45 1394.75 0
Error 14 1474225 1053.02
BAE 1 A 1 15.88 15.88 0.10 0.75
(100-450 ygmL') B 5 370106.68 74021.34 477.07 0
Error 29 4499.63 155.16
BALF 2 A 1 17827 17827 100 032
(450-1000 ygmL™) B 14 949306.34 67807.60 381.20 0
Error 74 13162.99 177.88
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