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B E.o0LE R EEIRE TR R AR, AR Ok B 3R K 5 3R L R R A $R I
IEHATAAR, £ LR A RBey A ah b BRE CBRE WA GRE . 2 4 B £, Box-
Behnken ¥« 204-3% 3+t iX 3o Fo vy B & A7 % AT B =k 2 AKX )2 F A2 69 TR AL A 5 IF 4R
TANE B AR, R A DPPH M A RR F kSR 2 X MBR YT 8 b A G FREA,
SRE EREE TR RAERERR T L Hh. CBRE 57.54% SR B ] 41.09 sk B 1
65.4 ¢ 1 mL/g . f# ok 2 & 264.16 W, %35 BT L ml4a % 1. 9800% , FAMAE A 2. 004 %5 % F % 3%
BRI 3R B B 42 9% 04 S B AR R, R B o ik 3R B JE 5T DPPH 849 7 R % 55 50 %00, % R 2 R ERK
JEH 0.96 pg/mL(R % k%) 1. 40 pg/mL(#k %) . 1. 27 pg/mL(R Kik), & T A K = mred

KA 2.40 pg/ml(CK) K5 & B F Ir 7t R B2 — AP ARA AT 109 R R L AAA
SR SRR] < ST MR T 3BT 5 S SR 5 TRciB o B A s Al i

hE 4SS TS 201. 2

FEVBERFEE RN TF M —EAEEY, X4
FZMWENZMAEZ., MY oK EEEREFNISE 2
AR FH SRR, B A T SE TR ol ISR A K A
o BIFE SEWMREI . JEMm GER AER BN
MEITTEMT YR LE LT EFESMHEYEER S, &
FHERZMETNELEY, BG ZFA B, IE
Bk 1 ph T | A L A A 0 o R e A K K
PisE. REMSFEEE AR EE RSN, E
B FEVE e R R LI X AR X,

TR i B AR B R I F 2K 88 7 ) A BRI 43
F 1986 4, it B 55 251 B b i B T3 8 R B 8
T BEBET R AY L AE R B[R] RN 5 28 80, UG 40 A i JL 43
B R AT IR BI4E 58 2 B LA /N B T RL, B B,
9 B 2 BB AR A 25 BRI 43 25 KR 7™ W W Iy FH R R e R
W, AREMEHEREREC LT L EMP RS
RYPREUAE =2, AR A VAR M. =1 %, sk
PRI BB B 57 70 S B, DB 3 4R — A s = K
SR ER i, D Tl AR AR 77 0 5% 70 35 I H2 AL 2 12 4K 4 A

F—EBEEN =975, B, ML, 8l #. LT EH XA
M5 & R 45, E-mail:vzhr@163. com.

ESTR LEE&HF FRAEAH A BT B (20141120) 5 b7 4 3R
P KR 2013 B 3 FRA K B R B (XZYJ1312) 5 b M IF 3L
F R R EAH ERART AR B (2013-31) 5.4 B 4 F /T 5%
RIAZF B AR B (2012089) ;.1 % 25 b M W AL AL K 85 A B
(201231-20),
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AL T,
1 #Rl5H*®
L1 REeAk

wIEOM L E A, BT H IR R s,
i FE5E 60°CHEIR T4 3 hokyeg, it 40 HIREH .

7T (Rutin) , F 25 8 B 622550 A FR A 7] 5 WARE AR
WIOHral) , R R KA T8 S AL (i
4, REWALR T ERF T HBRE (52, b5k T
T 595 % ZEE A3 R A , KEETT KU A28 n AL B A BR A
F)395% 2,2-BKFEFH-1-17 3L 3L (DPPH) , Alfa Aesar;
THESF I B (e, 6 BHE R R R B A TF &
i,

AB204-N #YE 4347 K, 4 8- FE R 245 (1
1) A PR/ ] s KQ-400KDE % 2 Th 22 55 4 445 4 75 I 1 Uk
#v, BT AR A FRA R 5 752N 2 AhaT T4y g
T, FVRRE B R 22 AR R 2 A 5 f e o R Ak 2 I R
7y LWMC-201, g 3 BR TLARHE F Z A BR A H] .

L2 RErk

L2.1 PTinEREes LIS T b s 5k FHAS
FREEEEE 2 510 nm AbIEHEREEE . £ HAnvE
22,718 3 [ H B K A=10.193C + 0.0098 (R* =
0. 9984),

L2.2 WFEAHEELE YR E AR
WFETEH 0.2 g F 100 mL = A, S $R R, B0, B
FEBEZRS] 25 mL BB H, 5% LER. WE
3 mL %AW T 10 mL HL @& H K KNA 5% NaNO,
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0.5 mL,10% AI(NO,); 0.5 mL,FIA 4% NaOH ¥
W 4 mL, 5% BEEARR 10 mL, 324, #F 15 min; 7F
B 510 nm AMRE R ICEE . 3% BE R B S R
C.TR R IR R, MEMAEER=(CXFXV)/mX
100% ., N :C HIER M E (mg/mL) ; F AR BRMAEEGV
FEEBARF(mL) ;m AFE 5 R (mg) .
1.2.3 BHRRE LB E X R R AR
FRELE 28 0.2 g TER B T 3 195 W, ¥ [ kb 45 ¢
1 mL/g,30 siRE 21 T, 5 Bk B 15%6.35%
55 %075 %095 o XoF B T 15 2R f14) 5 M0 5 AR 1 LU o 9 I 7 R
HISEE - R AR L 5T 0. 2 g, 7E B IR AL 55 1 & R VR
& 55 %, I Th R 195 W, 30 s il 414 F , % WK &
Hoh 151,30 ¢ 1,45 ¢ 1,60 ¢ 1.75 ¢ 1 mL/g %t & i
75 3R 110 B2 0 5 Bl T8 T R N 2 T 15 3R A B D« v R L
Foly 0.2 g, FEC AL B H FE 55 %, W I Eb 60 ¢
1 mL/g,30 s 4T , 5 Z A B %N 65,130,195,
260,325 W i B Tl 15 5% 114 52 M) 5 08 BsF ) o 5 75 R 1)
S YRR RIS ST 0.2 g 7E B AL &5 1k 2 B VR B
55% K [ EL60 ¢ 1 mL/gff il PR 260 Wik 54T,
AR ] A 10,20,30,40,50 s Xof 2 R 15 3R A 52 0 5
PREER O B A R A R ) VAR B STR 0. 2 g, 7E
E A S 2B B 55 %0 , WK E EL 60 ¢ 1 mL/ g, Sl T
R260 W, ] 40 s B, 2R BOR B R 1.2.3 &
i X B P A 2R A S0
L2.4 mapi ARSI AR RIRE AR b, B
VA7) B (A B Bt 1) (B) L 9 [T B (O Al s 3 2R (D)
Jg A ANHERHE ,FI 4 Box-Behnken HL2H AR B0 N
MR R T4 R BB R 1 B /K SERIR R, DL gsoe
FRASR AR RAE , #5477 4 IZE 3 KM R AR .
*1 N Rz T 53 47 Bl & 5 7k <F

Table 1  The level and factor of the design of RSM

K% Factor KF Level
—1 0 1
A Z.WEvkBE Alcohol concentration/ % 35 55 75
B ikt E Microwave time/s 30 40 50
C Wi [# bt Liquid-solid ratio/ (mL » g—1) 45 60 75
D zhj# Ultrasonic power/ W 195 260 325

1.2.5 WFEFCEEIARZER %% DPPH B B 27
BRifs:  MERAFRIR 0.8 g WiFF7cH 3 4y, 73l R AT
8 B AE B 75 U8 B B AR O R IR AR B ZE B, B 0
Ay FIEWEZ S 100 mL 5 B ER R BURAF . DPPH
25 A BIKE B B8 B E AR R UK 0,0. 1,0. 2,0.4,0. 8,1. 0,
1.5.2.0.3.0 mL F 10 mL Fe &4, 435140 2 mL 2 X
10™* mol/L DPPH ¥ , FH 950 . BERE 2  $85) , 72 2B WG
HCE 30 min J5 FIRBOBRAES: . 7€ 517 nm AbI75 IR
JEEE A RS, RS 95% ZBEES: k. DPPH ¥ H i3
HRRRITE IEBRFE = (Axk — A ) /Ax X100%,

2 HBREHSWH

2.1 BHERRKK

2.1.1 CPEREEMEEARKEmR  hE 1w, EE
B W TR, IR R W TR, B BRI E
55 Y0 IR B 5 5 B WA . XA IF O AT RE S 2 AR
YA, B BE D 6006 i A AR A 5 SR 284k & W AH
L, VA Al B B IR B KM . R B 5500 2 B B
IR BE 2R
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Fig. 1 The effect of alcohol concentration on the extraction

rate of tartary buckwheat shell flavonoid
2.1.2 WX EERARK R & 2 AT, B
VR I LY #1850 40 2 W R, 2 R T LG
60 : 1 mlL/g BB E K MH. PRI & B LR A Lb A1
60:1ml/g.
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Fig. 2 The effect of liquid-solid ratio on the extraction

rate of tartary buckwheat shell flavonoid
2. 1.3 FRIEINFEXEMARAEN  hE 3 AT, MK
BTy 260 W B EAS IR 2R . dREEHE N,
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W 2h & Ultrasonic power/W
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Fig. 3 The effect of ultrasonic power on the extraction

rate of tartary buckwheat shell flavonoid
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2. 1.4 TP S ER R A 4 W REE
J O S ) 4 56 o0 5 I 7 2R B A T 1R 5 40 s A B B
BRSEFE A [ 7 I )75 3T I, 3o T BE AN B B I B I 45
WA K, K, S BB ] 40 s Dy g A o 5 Ak )
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T I E) Microwave time/s
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Fig. 4 The effect of microwave time on the extraction

rate of tartary buckwheat shell flavonoid
2.1.5 PRI RN dE S AT, BEE
TR B HE I, B AR R AR K BEAR . IR B RE. T
B TR R BRI 2 R IR R BSR4

S
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o S
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B 5 REURHTEEGEERMZMm
Fig. 5 The effect of extraction times on the extraction

rate of tartary buckwheat flavonoid

2.2 ma R EAL A

2.2.1 BARES 5 REERE KR 1~24 5,4
DR 25~29 5, 29 MK SO R AN B TR AR
B RIUETE AB.C.D MU = 4E TR 5 F 8 Xk
MDA 3R 2 R, ERURBEE D 5590 JYaB AT IR] 40 s,
VR L 60 ¢ 1 mL/g Ji TR 260 W B, BT EK,
2.2.2 JFESWMENEGE WK 3 W AR B
7K P<C0. 0001, 2 MK R %L R* =0. 9530, a8 1% [ )5 77
BOBEELG. RRTES52AKEEEZE K Z T
VHZR R B 3, [ 7 2 BB AR G o A 400 52 10y i T
IR TR IR . A PR E R % RA, =0. 9601,
WEHIZAR Y BB R 96. 01 00 30 B4 1 28 Sk, i AR Al
MERE R, KBIREN, ERRHEC V.JON
2. 89 %% , ULHAAS AL 5 72 AR AR 47 ) BB L SE IR IE . T
AP 7 2 3F 43 B R T A [R) 4R BSR4 T w5 57 52
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BRI AZAL. FIH Design-Expert?. 1. 6 £, il id

& 2 i FEoT AR I R T 2 T E A 5, 3R

e SR B A5 3R X 2 5 1 78 B 9 50 R B CAD IR it

6] (B) (3 [ L (O M e Th AR (D) K [l JH 75 7 oy . Y =

1. 984-0. 064A+0. 043B-+0. 096C—+0. 015D+0. 018AB—
®2 MEASHFRERABER

Table 2 Result and prediction of the design of RSM

Pt ey A/% B/s C/(mL-g™1) D/W HEEE/ %
1 35 30 60: 1 260 1. 5100
2 75 30 60:1 260 1. 5700
3 35 50 60: 1 260 1. 5300
4 75 50 60:1 260 1. 6600
5 55 40 45+ 1 195 1. 6500
6 55 40 751 195 1. 8100
7 55 40 45+ 1 325 1. 6100
8 55 40 751 325 1. 8200
9 35 40 60: 1 195 1. 4400
10 75 40 60:1 195 1. 6800
11 35 40 60:1 325 1. 5500
12 75 40 60: 1 325 1. 7800
13 55 30 4531 260 1. 4900
14 55 50 451 260 1. 6600
15 55 30 75+ 1 260 1. 7500
16 55 50 751 260 1. 7900
17 35 40 45+ 1 260 1. 4900
18 75 40 45+ 1 260 1. 5700
19 35 40 751 260 1. 7100
20 75 40 751 260 1. 7400
21 55 30 60: 1 195 1. 6800
22 55 50 60:1 195 1. 7700
23 55 30 60: 1 325 1. 6700
24 55 50 60: 1 325 1. 7800
25 55 40 60:1 260 1. 9800
26 55 40 60:1 260 1. 9600
27 55 40 60:1 260 1. 9700
28 55 40 60:1 260 1. 9800
29 55 40 60:1 260 1. 9900

x3 HESH
Table 3 The analysis of regression model

FERE SR =]:: ]33 ¥ Ffi  P-value Prob>F

p-¥id] 0. 69 14 0. 050 20. 29 <0. 0001
A 0. 049 1 0. 049 20. 24 0. 0005
B 0. 023 1 0. 023 9.23 0. 0089
C 0.11 1 0.11 45. 14 <0. 0001
D 2. 700E-003 1 2.700E-003 111 0.3108

AB 1. 225E-003 1 1. 225E-003 0. 50 0. 4903
AC  6.250E-004 1 6.250E004  0.26 0. 6207
AD 2. 500E-005 1 2. 500E-005 0. 010 0. 9208
BC 4. 225E-003 1 4.225E003  1.73 0. 2095
BD 1. 000E-004 1 1. 000E-004 0. 041 0. 8425
CD  6.250E004 1 6.250E004  0.26 0. 6207
Az 0.37 1 0.37 151. 56 <0. 0001
By 0.17 1 0.17 68. 09 <0. 0001
C 0.11 1 0.11 45. 83 <0. 0001
Dz 0. 082 1 0. 082 33. 68 <20. 0001
® 0. 034 14 2.441E003
RPliRzE 0. 034 10 3. 366 E-003 25. 89 0. 0033
SEiR%E 5. 200004 4 1. 300E-004
B 0.73 28
R?=0. 9530 R? Adj=0. 9601 R®Pred=0. 7324

Adeq Precisior=15. 271 C. V. %=2.89
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R — YR I 2R B0 2 XHE AT B8 D F R0 438 5 45 Pk
B RS-SR0S R T L (O > 570k BE (A) > 1
BRI (B> R D), 450%F AB.C.DKKS,
BT —K F R, T — K F AR A=0.127,
B=0.109,C=0. 36.D=0. 064, BI¥FIVEEE 57. 54% 1%
e i ) 41,09 s, W& B 65.4 ¢ 1 mL/g., B B Th %K
264.16 W, FEILAMET , & 5750 B AR R AT 3K 2. 00426,
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Fig. 6 The effect of ultrasonic time and
the ethanol concentration on the yield of tartary

buckwheat shell flavonoid
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the yield of tartary buckwheat shell flavonoid

IE PRI BE 58%0 i i) 41 s W& L 65 ¢ 1 mL/g.
MBI 260 W,

2.2.3 WENIESMHT XK 2 BRIk Z oo EIE L
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TR N RO FHE L.

2.2.4 BUFREE  FEBIEAM T AT 5 WIRBURE /%
BT FEFC B RS R SZME A 1. 9800 % , [l 19 77 R i 4%
FMAE H7 2. 004 %6, i BRI A 7 T 437 7 v e Ak A5 21
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Fig. 7 The effect of liquid-solid ratio and
the ethanol concentration on the yield of tartary

buckwheat shell flavonoid
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the yield of tartary buckwheat shell flavonoid

147

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn

s PESREEIT -

F @ & 2014(20):144~149

2.3 R[RJ7kxteiFEse EEiR R m

4 R, B B ISR R R (BB
Bl FR Bt A 7 4 B vk 1 1/20, 3EBUR BN 13K, 7 RE
i HL AR R B, Dy e e

R4 TRAFEEWEFZEMILER

Table 4 Comparison of tartary buckwheat shell flavonoid with

different extraction methods

P A B s MUY RKE
% Factor Ultrasound-assisted Microwave-assisted Soxhlet
extraction extraction method
%k th# Ultrasonic power/ W 320 720
Wi [ e Liquid-solid ratio/ (mL « g—1) 50 50 150
i i jE] Ultrasonic time/s 40 2 150
J& & Temperature/°C 55
W Times 2 1 1
G A 0. 296 0. 224 0. 186
#eJ¥ Concentration/ (mg * mL~1) 0. 0281 0. 0210 0.0173
2.4 EFFFCEEAR R X DPPH H 3 #0975 BR
R LA

AN 5 s v FEre 3R BB BB T Z X 25 — %t DPPH
HIFERRR T LS RN E 12, d I 12 AT, R iR
B EA B BT AL E R . RIS BRF N 50%0 R, 5%
FEEEMMFE R 0. 96 pg/mLGEA ) 1. 40 pg/ mL (G
.1 27 pg/mL(R KR , AT HXF 25 B ik & R

2. 40 yg/mLo
120
© 100
B
=
g
§ 60
v e
& ool T
ir a4
’ 20 F —— TR

OI.I 0..2 0;1 0?8 160 ITS 270 360
{2 Volume/mL
E 12 AEEEF RN T EXE it
DPPH K& B ZE R LL R
Fig. 12 Comparison of DPPH scavenging for the flavonoid
extracts of tartary buckwheat shell with different extracting

methods to tert-butyl hydroquinone

3 g

IR AE SR SR SR FF MR R T 43 AT 3 R SR
FoH SR A R B T AT AL, 25 SRR
BB FEFE R BTN RET 2 CEEURE 57.54%
Wi I 1R] 41,09 s, ¥ B LG 65.4 ¢ 1 mL/g. ik oh &R
264.16 W, 32 HU R £ 1 WK, B IR R L E A
1. 9800 % , T Jy 2. 004 %%, R F Aok ok 2 B 4 B i
Z R A4 T H B SR T BB MR SR

I IR Y B A SR LR E A, AR
BARBURAEXT DPPH FTERRF N 50 0hT , i 5o o vk B
9 0.96 pg/mL GEE 75 % ). 140 pg/mL (i 3 85D
1. 27 pg/mLCR KR , AT 3 068 4 =/ (CK) ¥k
2. 40 pg/mL, EFEFEEEIAE A KRR E TN SAR
fat B 25 S T I R AT .

(ZXEEEEEHT, AURE—1EE.)

S E 30k
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AT & TS 5 IT & ,2008,29(12) :20-23.
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2002,23(8) :40-43.
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of buckwheat groats on DNA damage caused by hydroxyl radicals[J]. Food
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Study on the Microwave-assisted Extraction Total Flavonoids of
Tatary Buckwheat Shell and Its Antioxidation Capacity
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T EmmEEEN IR AREZE KA

e x 2B, REE BT E

(E ISR ARk SEOR e A N 363000)

W EQSABEERAEIM, XA BKRFREREFR T R E R S 603 8 38 hE
W EAT ZAF 2B FUBALEKNY R, ERAV . ERTWREREN,FHER
et BT BT E 2L A KIU-FEA I RAER ; % 8 R & 45 (200,400 g/L) B, 34 28 il %5 F=
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Abstract; Taking dry powder of tatary buckwheat shell from Lingqgiu of Shanxi as malerial,the total flavonoids of tatary
buckwheat shell was studied with the microwave-assisted extraction technology. The quadratic polynomial regression
equation prediction model was obtained by using the Box-Behnken central composite test and response surface analysis
based on the single factor experiments,such as different alcohol concentration (A),time (B),liquid-solid ratio (C),and
the microwave power(D). The free radical scavenging rates of the flavonoids of tatary buckwheat shell using DPPH was
tested with tert-butyl hydroquinone as the contrast. The results showed that the optimal conditions of microwave-assisted
extraction of the total flavonoids were as follows:57. 54% of solvent concentration,time of 41. 09 s,65.4 ¢ 1 mL/g of the
ratio of liquid to solid, power of 264.16 W, the yield of total flavonoids was up to 1.9800%, the predictive was of
2.004%. The flavonoids of tatary buckwheat shell had a strong antioxidant effect, the scavenging rates of tatary
buckwheat shell flavonoids was up to 50% to DPPH,Csy of tatary buckwheat shell flavonoids were at 0. 96 pg/mL with
ultrasonic method, 1.40 pg/mL with microwave - assisted extraction, 1. 27 pg/mL with soxhlet extraction, and
2.40 pg/mL of the tert-butyl hydroquinone (CK), respectively. The tatary buckwheat shell flavonoids was a promising
natural antioxidant,

Keywords: tatary buckwheat shell; response surface analysis method; total flavonoids; microwave - assisted extraction;

antioxidation capacity
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