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ABSTRACT: Objective To establish a method for the rapid determination of total flavonoids in tartary buckwheat
by cerium dioxide/multi-walled carbon nanotubes/acetylene black (CeO,/MWCNTs/AB) nano-electrochemical
sensor. Methods The modified material and these nanoelectrochemical sensors were characterized by scanning
electron microscopy, cyclic voltammetry and electrochemical impedance spectroscopy. The electrochemical behavior
of rutin on the electrode surface was systematically investigated via CV. Critical parameters were optimized,
including electrolyte type, pH, modifier ratio, coating volume, accumulation time and scan rate. Results One pair of
well- defined redox peaks were observed at the potential of 0.54 V and 0.57 V, which indicated that the
electrochemical oxidation and reduction reaction of flavonoid was reversible. The experimental conditions were
optimized, the results as follows: B-R solution with pH 2.0 as the electrolyte solution, ¥ceoymwoenTs: Vacetyiene black a8
1:3, amounts of modified material, 12 pL, enrichment time as 9 min. At these conditions, the oxidation peak current
of flavonoid linearly increased with its concentration, 7,=0.793C+3.508 (*=0.998), and the limit of detection was
6.5x107° mol/L. The developed method was used to determinate total flavonoids content of tartary buckwheat, the
recoveries were in the range of 99.46%—102.15%, the results were superior to ultraviolet-visible spectrophotometry.
Conclusion The method is feasible for the rapid and accurate determination of total flavonoids in food with the
advantages such as simple pretreatment time saving and convenience, low detection cost, high sensitivity and good
accuracy.

KEY WORDS: Tartary buckwheat; total flavonoids; nanometer material; electrochemical sensor
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TSRO HLPU ) K

BERR S 4. BERR - EHN . NN-HSEH i . JoK
SR, EALEh . ALY, SRR . TNER . BERR . BERREN.
TR SRR . CeOy(oMHT4ll, KHUK KALERFA BRA H);
WRER . ASPR(ZHTEl, JH A T ROMAL R A FRA /D, Ak
M [CHI( ) UAR A ], Bl | 25k MWCNTs(AbHT
RS SR A BRA D, 2T (AE =95.0%, L ZRES
BHEHRRARD, F4ERMERERE 10000 U/g, HEIER
Bk A R R, 5286 K R B K
12 UBEE5EF

LK98BIIHE {2 T ARl R EE T 22 IR FD); =Mk
Z 45 [@3mm Y Bk B A% (glass carbon electrode, GCE) .
CHII15 %1%z W #% . CHI111Ag/AgCl Hi#% 1( F ¥ CH
Instruments 2\ 7] ); KQ3200DE i /= & A (B LB A {8
RS H]); FA2204 HLF 43 T K F-ORSEE 0.0001 g, FIF#F X
#r A BRZAF]); ST3100 pH T [Ohaus(H M)A FRA H ];
GZX-9070MBE T4 (- i R By 7 HE AR e A A5 PR
Fil); UV-5500PC 48 4N 6 BE 1 (i eHr A A BR A 7);
85-2 fE ML 7 4 (3 A T AR AN SR T A B WD)
TGL-10B E.0HL( i L 2R 22U T); Quattro S ¥
it F BT (HE TR BRI R B A B D o

1.3 /5 &%
1.3.1 WAL IE

GCE i AT Z LA T A3 S5 0.05 pum E AR K TE

B AT G R EE, FHKIRAAEREIR: H,0=1:1 (V:V)IFH .

ToK I KB TR P BB | min, TR m IRy,
BT 0.5 mol/L BRERIE W, A 50 mV/s F1ETE-1.0~1.0 V
A7 X A B FR A 2E (cyclic voltammetry, CV)fA$H Z2Fa & LA
#H.

1.3.2  CeO/MWCNTSs/ Lk B4 K w4k 5 4% B B2 0 ) 4

FRIL 0.10 g REAL MWCNTs, % T 10 mL N,N-—
PP PR Pt e 1 . 50 30 min BUBAS AL I, FRAS Bk
J9 10 mg/mL B (43— ) MWCNTs i " .

il % CeOy/MWCNTs & &Mk kL #f 2.0 mg Mgk
CeO, IATMAZ] 0.5 mL _|-i& MWCNTs &4, 4kEei
FEALFE 30 min, FRZIEMARE B OETE, 7 B ik
FSEHEET 4 cCEREER SRR B AR HER RS L 10 uL /Y
CeO/MWCNTs 4R, ¥R GCE R,
TELTAMT T T, Hil43 CeO,/MWCNTSs/GCE 14848 .

% CeO-MWCNTs/ZHBRE GEMiA B 4 5 mL
[f) CeO,/MWCNTSs I A 5 mL 1Y 2 pe B i IR A
5], gt 20 min BFEFEALERS, 53] CeO,/MWCNTSs/Z
KR A B . ETIFEER 5 uL CeO,-MWCNTs R &K
FI'S UL e BB B W #F GCE R f, IFZELI NI T+
K, WA 1R, 13 CeO,-MWCNTs/Z Kt B2/GCE 44k
LRI S €
1.3.3 & R BAR A iR 0 B

WEWARLH] 0.04 mol/L W52 . WHIR . BSMRFN 0.2 mol/L
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WP T BRUE SR T BRI 2.35%107° mol/L ARUEE TR, K
TG A2
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Fig.l Preparation process of electrochemical sensor



270 B dn 2 4 R R I A 4R

%16 &

1.3.4 &fuFnXF %

AHFFEFR ] CeOo/MWCNTs/Z BB /GCE 1E - TA/EH
W, DI T GEFMADOE bR, @il OV RS T
ML T A HAR2EAT o R RN 0.0V £ 1.0V
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T B MR E B E
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1.3.6 AW
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2.1 EISMRIBSEMRIE

O R B R AE T CeO, 44 Kk W ok AN
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Fi7R, CeO, 44K [k 5 MR BRIE 454y, K sr A5y, wf
FEAAELT MWCNTs/Z AR B AR, Tk %

BURLBE, 3 H HA —SefR R0 P LR 2= e, Qs R
TR, RIS 4 . MWCNTs 23 [RSA 221
RS ERIES, HZREEZR 0.34 nm, WANERES N
3~7 nm K& 15~20 nm, XEEEE SIS MWCNTs FLA JlR:
HIZEFFITERE . 2 b BEOR H A 20 a B RO RS, F
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B, TR R R . A R ] B B TR R0
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Fig.2 Scanning electron microscopy images of different
modified materials

2.2 MKREBUZERB[HBUFERIE

FL Ak, 2% P40 1% (electrochemical impedance spectroscopy,
EIS)J& — A EZ A ik, B AR R A AL ER A
[RE AR 1) S o e . 7E EIS G, BB R B,
FEIRAR L B S . A T HR5Y GCE S8R Rl B il ke, R
AL REPEE, FRds e EPTEE . (Kl 3 PR, @
S U D I A T - S 2 M N £ )2 N 2 37 05 2 B
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2001 __ GCE
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Fig.3 Electrochemical impedance spectroscopy of different
modified electrodes
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Fig4 CV diagrams of rutin on GCE

24 FHEREXA T BUEIT AN

A CV AR T AR (v) Xt
CeOy/MWCNTSs/Z B SR AB i F B v = T 484 A T 52
M s FR, BEE R EER T, 2T i
P (E,) EHAIE ) B, (R A fh 0 e AR (1) T 35 4 it
ML, 7E0.2~1.0 V/s BN, S Al LR (2,) 4
(V) RAF AR e, FEmIA 5 B 1,=77.764v+2.0888
(r°=0.9974), FH] ey AR F TS Z 4 B MR A 2l . F
— AR, T R HL L (E,) S AR (v) IR RE
SRR, HEH RN E=0.02031+0.635
(7=0.993), UESZ T T e A e 1 1 A A i 7 32 Az
FIRE A P 0 325
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T
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Fig.5 Effects of rutin CV response at different scanning speeds

2.5 IWEHHIMK
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CV A, WACHHL AT R, il A LB fE, H A
JRVRTRCA B-R 22 01 VR o W F O 0K 30 e v L, 2% P A IO
WA BAF S rERE, Rk, AP IERE B-R 22 AR
h AR BT R
252 pH*F TR BRI R

P 6B iR, 22 oI pH XS T #E CeO,/MWCNTS/
PRI bR R A A BLEAT B . 2 pH
2.0 I, FARIERIIA RO . B pH T, LIk
HLURE S AR TR, RIS TS b R R 188, It
SR T I BE S 5 AR T AL S e R P e
HNI(E,) S pH HA ALt e R, Lk m gy #h
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JoT 53 BB 22 (R BRI, A i — A0 AR Ak AR M R AR A T
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254 MBI EAE T EE R IRG PR

TE[E E CeO,/MWCNTSs FI Z e BBB A Ll h 1:3 i 4%
HF, sl AN FEAF CeO/MWCNTS/Z b A3 HOK 17
W, R E A MRME AR ™ T SR AR L I A R
WE 6D Fi/R, FEMBMR 12 pL 22/, 75 T A Ak e i (bl
PR3 R 2 R AE DG, MM 12 pL Ak 3|0
ECFRL AL, LG T H PN 0 2 D5 5 T o7 o B 1)

A o5
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HLATI
D 32f

2 4 6 8
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[N ; BEE S A MEHE RIS IN(3—15 L), HRFRE
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IR N o 8K, 2B 12 uL 5, W ERMEME
AIRER | RAG TR I3 K, S8 e it TR A, T
T AL E S S B LA, BAHE 12 ub
CeOy/MWCNTS/Z B P HIOB B oA i
2.5.5 GAEREAE T AE B IRG YR

B AENHAIR S T 7E CeOy/MWCNTSs/ Z, B B 6 1 Hi 4%
T E R CHSE . BT XA RS S5 &,
HE— R ) B A B ] (3~15 min) % T 4804k 0 i 37 16
i, WA 6E s, 4 e 4af A M 3 min ZEKF] 9 min B,
SR AU R B R BB (RIS 2 B ka3, A 9 min
Bk BNE(E . LIRS B T B s AR 7 T A IR [ 25 i
AR EA G . M E AR R 9 min S5, 4 kI
TR ST T2, FU B AR R AT AL Ok B
SRR o BTG A 5 R A AR [ S e,
LA 9 min M Ry i s A0 ]
26 ATRESHSWERRNXR

TERALSCIR AT, R CV ESHIINE T T,
5. 10, 20. 40, 80 umol/L ¥R T (& fblg i, FFEtes
il TR . SRR R IR (L) B T T R BE (O RY B T
K, 7E 5~80 pmol/L FYMEEESEIEIN, 7 T AV B 5 A fb gy
AN KR RAF, HREHR 1, (nA)=0.793C (umol/L)+ 3.508
(r"=0.998), W R IRAGHICHE . BLAN, FEMEIEE LL(SIN) A
3 M AAF R AFHZ T L I B EAG H R R 6.5% 107 mol/L.,

C 30}
25¢
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Fig.6 Effects of different factors on the peak current of rutin
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TEP T ARMEIR O FE [ 52 0 2.31x107° mol/L &4
T, RGEAWT Na'y K'o 2005 HUIR MR J 2k B 5
WTE T AT CeO)/MWCNTSs/Z B BB AG A v A v 2 T
ALV TR SE N . SRR, 1E 10 FARIERNIEE T
(Na*, KO RALEY GERDHRIRE I T, AL i AR
A% TSR LR AR T 5 A 1 e 3 i o, 38 2 5% i 458 /),
HARXT 5 Ui 72 (relative standard deviation, RSD)Y{X N 2.7%,
UE Sz AL A LA LS T Tk R .

EEXHG IR KR e, BT 4 cCA R4
A7 1A 3 EE U TEE N, 45 R, AR iR
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2.8 EFEEZ S EEMAREIUEE R IEIE

BT 1.3.5 TR ETARFL L, AR A s LA AL
T RER A S 1 I 5 2 i LI R T
FEBEATINFR B SEEG . g 1 FTR, TEERINA 1.00, 5.00,

10.00 mg/g 3 HRREERI TARMESL IS, A AR IR
JEREN 99.46%~102.15%, EYE 100.81%, 4Ny eI
w0 AR 1 W TE A 96.17%~102.79%, HF- 34 (H K
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IR R TR B R O A A A P
2.9 RN AT

N T 18 At L AR DR 82 T A8 8 1) oA Ak 198 200 8 A B
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Table 1 Determination of the recovery rate of rutin spiked by electrochemical method

R mgre) SEBRASINAE/(me/g) RSDs/% (n=3) [mTe 3 /%
ATy ik MR ATy ik E-3 1 v A7 ATy ik E-3 1 v A7
0 25.1 24.76 - - -
1.00 25.96 25.12 3.34 99.46 97.51
5.00 30.75 30.59 2.96 102.15 102.79
10.00 35.36 33.43 3.88 100.74 96.17
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Table 2 Results of determination of rutin by different modified electrodes in electrochemical methods

1B L AR W 5E 73 i Ky Fl/(mol/L) K HBR/(mol/L)
PLA-GO/GCE(CR L-FiAR-A A =6 & B i ik) Pk CV 2% 3x107~2x107° 1.0x107
BRI Re b AT BRI 51 Ha A CV ik =R 1x10°~1x107° 6x107°
o S FEIETE R /A 82075 /Nafion &1 HL il ZoRRRG S EET 2.5x107~1x107° 2.25%10°°
CeO,/MWCNTs/Z BB 4 i 1l CV ik WFEE 5.0x109~8.0x10°° 6.5x10°°

®3 AT AEENT R F 8

Table 3 Advantages and disadvantages of different detection methods for rutin
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