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Optimization of ionic liquid-based ultrasonic-assisted extraction
of pigment from buckwheat hull by response surface
method and its stability and antioxidant activity

LIU Hong,XIA Hui-min,JIU Xin,LIU Yan-yan, WANG Huan-yun "

Pharmacology School , Inner Mongolian Medical University ,Hohhot 010110, China

Abstract:In this study, response surface methodology was used to optimize the ultrasonic-assisted ionic liquid extraction
method to extract buckwheat hull pigment,and its stability and antioxidant activity were studied. In the experiment,amino acid
ionic liquid was synthesized, L-lysine phosphate ionic liquid was screened out, and pigment was extracted from buckwheat
hull. The effects of the concentration of L-lysine phosphate ionic liquid,solid-liquid ratio, extraction time and extraction tem-
perature on the pigment were investigated. The optimum extraction process was determined by single factor test and response
surface methodology. The concentration of L-lysine phosphate ionic liquid was 14% , the solid-liquid ratio was 1:22the ex-
traction temperature was 80 °C , and the extraction time was 45 minutes. This study clarified the best extraction process of
buckwheat hull pigment,and laid a certain foundation for the industrial extraction of buckwheat hull pigment.
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1.1.2 &8

KQ-250DE AIE 45 b 75 i £ s ( B vy i s
AR BR A F]) s DZKW-HE $UEE IR K v B (b st T 7k
SIS AL AT BRZA ] ) 5 YLD-2000 v, A i 35 XL
TERAE (B A E T BT A BR A ) 5 TU-1901
MO EEANAT UL 6 BT (b S b A A FR 53
fE2 W) 5 AL204 B K7 (MR -FE A 24U 88 A
FRAT]) o
1.2 F7i&
1.2.1 RARB T RAKGER

BRIk, o BRI SRS R R R R
1% N A2 IRIIBERR HIR  LIFRER B TR
1.2.2 E&ZFRBARLR BT RKG THik

WA 7 g, o 40 B PRI 1 g K% PR

FE L E 25 mL HLIEHEIENR Y, I 5% LR B Tk
25 mL, BRI YEAS N, 50 °C B R EL 60 min,
U HH RO/ R UEW 1 mL, 10 mL i,
L pH 4.6 [ R - FR 40 2% vhUE %5, LA NaHCO, I
ek HAc A2 pH7. 0, IR HCE 20 min, UV 37E
291 nm B A I I A 3 o b R s
T S AR SRR B IR A SR IO o
1.2.3 FErm&EFRR

VIS SR W R 16 B8 P A S SR BUR , BUR A2 7%
IR 1 g AEBERRE, 70 W 55K SR R 5 /K 7 W
VR BRICRE B L PR | HR I ) 45 R 3
XTHEIGRAZ FEA R M, BN 0 HER W3R
1, R bRyE * 19 748 i R i, o ok e i, B —
1 R—AHZEIRL

®1 SERBTFREBHREDNFZEXEREAEZABRHR

Table 1  Single factor test schedule of amino acid ionic liquid assisted extraction of buckwheat hull pigment
Rl LN e SRS I (8] P IR eV L SR
K% lonic liquid Ultrasonic Extraction Extraction Solid- Fxtracti
Factor concentration power time temperature liquid Xt.rdc on
(%) (Hz) (min) () ratio 1mes
B FIAKHEEE Tonic liquid concentration 5~25* 75 40 50 1:20 1
WPEHEEE Mixing speed 10 50 ~100* 40 50 1:20 1
PLHURHA] Extraction time 10 75 20 ~90 * 50 1:20 1
PEPUREE Extraction temperature 10 75 40 30 ~80* 1:20 1
[# ¥ 1t Solid-liquid ratio 10 75 40 50 1:10 ~1:30 " 1
PLELR AL Extraction times 10 75 40 50 1:20 1~3%

AR MR Wi R /K VRO L 1 L S BBt
eIt 46 N R, IR BORIROLE (A) 2 % 146
b, BEVT IR TR S 0, 15 B Fe 2 4R UL A A5 1, 5
BNFESKTRILE 2,

R2 MEEXEERSKFER

Table 2 Response surface experimental factors and level table

2% Factor

K A JR I [H] BRI C BRI
Level Extraction time Solid- Tonic liquid
('min) liquid ratio  concentration( % )
-1 20 1:10 10
0 40 1:20 15
1 60 1:30 20

1.2.4 RExR&EERBRTHHAR
1.2.4.1 pH X0 EFaE AR
Ay B BE R 0. 1 mol/L Yy HCl F1 NaOH %

W BRI E R 0. 1% 19 7 FASR] pH {EH
(pH2.0.4.0.6.0.8.0,10.0,12.0.14.0) , ZE R i
B OZE AR TIE 291 nm ZEMESERE
1.2.4.2 & @B 00 R FE MR 1 5

A5 0. 01 mol/L f¥ CuCl, \NaCl,CaCl, .Pb
(CH;CO00), MgCl, ,ZnSO, | AICl,  FeCl, \KCl ¥,
A5 mL, 73 HLS mL ZEIRKAE X B 430 7E
HREWP A 10% (O ZREW 40 pL, =i s n , %
R B AS AT AE 291 nm AbOEE
1.2.4.3  SEREOGHE ZFEE PRS2 IR

P i AH ) FE 1Y 0. 01% (0 3R KWL 2 1y, 53331)
FHZECKT FEE SN A [R] — i B L[] — s [R] BEURT, Wi %€
PG IFIE 291 nm Lb AR FE(H .
1.2.4.4 RN AR E M 152

BC AR TR B 0. 02% (4R AK T 4 13, TEAN [F]
1A (40 .60 .80 ,100 °C) R hn#A 30 min, BE1 E =
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J&F 291 nm Kb 5E OG- g f AR 1
1.2.4.5  SALFVRNE JFFI 68 2 R0 PE R 52

Bei 0. 19% A Z K E W, 4L 10 £y, By 4 mL, HL
Har 5 54 %A 10% 13 &4k & 100,200,300,
400,500 wL, inZEIMKELAS 2 5 mL, WEEI 5 IF I
E 291 nm Kb G S ELS 43, 43S A 1. 0% W
TR E4M 100,200,300 ,400 500 wL, IIZEM K E 2
25 mL, WESIGIFME 291 nm LRGSR
1.2.5 REm&ZHRAMME
1.2.5.1 DPPH [ 335 BRAE I A

Fic skl 0. 2 mmol/L {1y DPPH ¥ . X 39. 44 mg
DPPH [E{4, ] 70% £ BEVs i 2 28 2 500 mL, )
FREUGE 2 72 (0 B A Ve, H 70% £ B2 i, i i 3
mg/mL B I I 5 ) B8 7 T, BU DPPH 2 B2 iR
W IMAN R BE 57 22 e AR Ve IR, &
I R 30 min, 7 518 nm Kb I 5 WO BEAE, #%
AR (D) HEERBRER

FHrhd =[Ay-(A,-4,) ]/ A, x 100% (1)

A, DPPH - W 5 mL i ATJC/K OB 5
mL UG A, DPPH - ¥ S mL iInAKE SR
5 mL RS A, FERRE W S mL i ATC/K 2B 5
mL IR RE s A g LA A, B T IHBRFE SRR
A B B X S B E 1 TAG
1.2.5.2  HAAEFIEbREE S 0

Z: BRATIH 25 7k, 45 0. 1 mol/L HCI ¥k,
pH8.2 [ 50 mmol/L = 3% H 3 45 3 H ot -k iR 2%
WL B e g 9 0.3 mmol/L R ARZE = Wi o B
FeAsez  HZRIBAKIE i, % 5 me/mL WL,
A2 EL 10,9 8.7.6.5.4.3.2.1 mL, % 10 mL %
O, ZR IR R 2%, RIAS AR S i

R = B ALV, B E: T 5 mL pH
8.2 M = F2 H RL s BL H Be-h R 28 W A 2 mL
ZEIEIK 25 CIEIRKY 20 min, BN A 0. 15 mL 4p
AR IR S, R 553 6 BE 1 F 325 nm
AN WS, B R A 30 s, HE A 10 4, 8
B85 LA (] A 18 AL A, WK FE S AR B, R 2 [l
IH, RR A H AR Vo

TR K Ve TR A DT B T35V, /il
FE AR I pH8. 2 it = J5 I R A I F g h iR 2%
M 5 mL, 1.8 mL 287K ,0. 2 mL AN[RIH B (1 FR 5
VS TR B0 BRI L, 25 °CHE IR K VA P2 i 20 min,
JIA 0. 15 mL 4B = W W, 1R AT, FE I Kl 325
nm Kb SE GRS, B4 R R 30 s, N 10 4,

FEEE LA TR A B AR A, WO B2 S A b MRk [m]
IH, AR AR B R OR A 3R 5 Ve 15 B A B 2 1
ARV, ARIAR(2) HHEER R

FRAE=[(V,-V5)/ Vo] x100% (2)
1.2.5.3  FH B EEERAE T E

A Vi RS BRI KH, PO, 2 13.609 g , /K EZ
% 250 mL; B ¥ K5 B FREL K, HPO, 2 45.644 g, fin
KEZRZE 500 mL, DIAFIEE A: B =19: 81 9 LAl fic
il pH =7.4 B4 0.2 mol/L By & 2% whiss i ;
HUARIED k2 0.249 2 g, /K e 45 2 250 mlL, 13k
JEH 2.5 mmol/L B, FEEFRILL 1.042 8 ¢
FeSO, - TH,0, 75 1B/K I it £ 25 & 500 mL, 15 3| v
FER 7.5 mmol/L AW . 1 HUE 5 30% 13 A Ak
LU R 30 A5 1% 1 A AL SR

W& 7o = M Ve, FHZE 8K i, BI1S 20
mg/mL TR IUASE ot 7 VR B X BRI R . 0 R AR U
A 2 mL pH7. 4 B8R £h 2% th#,0. 3 mL 5 mmol/L
LRAE RIS, I ST, TR 7.5 mmol/L FeS0, %
W 0.2 mL, 5B 5850 J5 IAKE & 5 0T BRI W
0.5 mL,$&5) 5 1% Wyt AL AW 1 mL, #hFEfk
ZE 8 mL, BRI, Hhdi s himA
1% W) AL EA R 1 mL, R38N in 2t 42 Ak =
W, TR E RSB IRTIE 8 mL, B 37 CHEEK
% 1 h, T 536 nm NEBOGIE , #& A (3) 15
THERE,

F = (A,-A,)/(A-4,) ] x100% (3)

A, A, AR B WROCRE(E A, i
I REAE, Ay R IR b A5 P I K BE A
2 #R
2.1 FIEBBFRENFIE

F“1.2. 27 R ik, AR BER 2% 045 A LR
B IRAOK I RO PRGN R ISR Z 72 (R DL A (H
(R IME Ry S R B 1 R AR BGR 2 e (R ORI
TP FEhn . I LR IBOR A A, Bt 2 5L R 25 1
AR ) SR B, E— 20 X RS R R £ 2
PR WEIREE 21 2 PR B IR SR PR HL (0 R R T 7 LUK,
S5 P HE A PR W ER PR O fef . il 5 1y
B ARMOIR O ER 3, PR IO B W A 1 45 SR DL

x4,
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2.2.1 RFHELHR

2,211 BETRIAWRE

F2U1. 2. 37 0 F ke, IAS[R) e B kG 2 FR
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Table 3 Property of ionic liquid
HAFE PR pH fH A RN pH {H
Name Character pH value Name Character pH value
BEIR K5 R T 68375 W i ¢ 8.6 Tl BR -2 %R EAEREATIIIN 2.83
B R -1 R e A 7.73 TR - AR (ERcRUITEEN 1.63
WA AR 1 kL 3.11 ik i - A R G237 W] ] 6.75
WER-2H 2R EASRENTILEN 6.18 i AR R PR BT ([ A 6.02
BEIR-N AR F 15 [ A 3.5 B TR-75 AR [SRENTILEN 3.47
TR K R T 8375 W i ¢ 3.36 T 12 - 2H 2 1R ERENTILEN 7.3
T R -t 2 R e AR 2.35 Tl R -TN 2 R (ERcRAVITLEN 4.25
TR R IR [SRERAVIELEN 1.58
®4 SEBRBTRERRFEXTBRMELER
Table 4  Screening results of buckwheat hull pigment extracted by amino acid ionic liquid
BT DL BT oL BT B
Tonic liquid value Tonic liquid value Tonic liquid Absorbance value
HE R IR 0.637 HE R R R 0.485 K& R LR 0.186
RN e -0.326 T B i -0.765 5L Z R Eh -0.130
AT E N 0.545 HEFRIHTRER 0.424 HEM L Wtk 0.479
BRI AL 0.356 R PR AEIR R 0.186 BER LR 0.453
[REN N 0.446 R vEN 0.285 R C Bk 0.248
BRER B TR IR WO 2 ORI B R 2 e (R, LA &6 EMILERER
W SCHEE (A) B/ IME Fks B IR IR £h 55 W AR H B Table 6 Investigation results of solid-liquid ratio
FRAFLORBOR N A6 PR . SLH A RERW, LI 3 L Wl
NN \ o S Solid-liquid ratio Absorbance
TRV E R 15% P ERIHCR FR A, S 45 2R I3k e o
5 1:10 0.482
%5 BFRBRELRER b2 09
Table 5 Investigation results of ionic liquid concentration 1130 0.554
PESTTT .
Tonic liquid All)l{zoj:lfa&r:ce 2.2.1.3 :I*,%HXH#I‘EU
concentration( % ) ) ~ « » 3 \ W A= Ty T sy
; s U 12,37 TR Ik, LA 10% HHS  Me o i £
o o554 BTN IUR S R R R /KA S IR & 0T
s o3 FIARBYER LE N 1220, A& BORWOERE (A) %5 1%
., . 61‘2 B3 WFFEAN ) SIS [R) 0 S R 22 e (B R 52
’s 0'574 SLEG AR AR, USRI 40 min S HOHCR T, 5258

2.2.1.2 [EWH

FE1.2.37WUR 5k, Lh 10% kS S R i TR
BT SR BUR BORA e R 1 g WHAE , L
TR WIESE (A) 95 AR PR, WF RS 2 1R W R R
IS F7 2 e AR R L N SR X RG22 7
IR, S A R R, DL EEAY 1010 42 B0k
R, LHAR I 6,

ORI T
F7 RMAEERER

Table 7 Results of extraction time investigation

PRI ] WOtz
Extraction time ( min) Absorbance

20 0.487

40 0.564

60 0.498
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2.2.1.4 $REUEREE
FE“1.2.37 30 R ik, KL 10% HRS R BR B iR 3h
BT R BEIBGN , RG 2 R W R Eh KV TR 5 37 4 o
AR MBI R 1220, DIARBUR WG (A) % %
BRI 5T A [ H U X R R 22 52 (0 R (2
SEHGLE R, LA 80 °C HE B SR fe i, SL g 45 R WL
%8,
x£8 RIBEERER

Table 8 Investigation results of extraction temperature

P Il S S
Extraction temperature ( °C ) Absorbance
30 0.487
50 0.554
80 0.765
2.2.1.5 BEIR

1237 R 5 EE, BL 10% K 20 R R £h
BT WA BRI RS R R B R Eh K W 5 3 2 5%
KA A R G R 1220, BEHC ] 24 40 min, LR HX
TIERE (A) N BB bR, F 58S 7] 75 ) R 0 4
PR e R MR, L0251, DL 50 Hz A DR
PR, LI EE R WK 9,
9 BEWEERER

Table 9  Results of ultrasonic power investigation

% WS 3
Ultrasonic power( Hz) Absorbance
40 0.546

50 0.583

75 0.554

100 0.502

2.2.1.6  EERE

FE1.2.37 TR F ik, LA 10% RS 2 R i iR 16
BT R BRI R 2 R R Eh KA TR 5 3 4 e
R A T L 1: 20, $EECET (]2 40 min, 75 )%
YiZh 75% , UARBORWOGEE (A) hE %48 br, BF
FEAN BB BN $E B S 22 se R s, 236 45
0 UL 3 REEBR IR Fe i, 25 A e S B ORI T
O SRS 3 DA % % B U A BRI W ' B A, A E LA
PRI RORE, IR R LR 10,
2.2.2 shE@EINFEEEEERRIY

F B[R] 28 S 00 245 SR AT, o 5 22 5 (R R I
B ALk NGNS Sl b X N 7 3 AN R B A

F10 REURHERER

Table 10  Inspection results of extraction times

PR EL WOt
Extraction time Absorbance

1 0.553

2 0.682

3 0.759

4 0.803

W [A) 4, 2 PR 2R 5 4%, SR IO B B B B ]
DIRE , i HAh PR 22 75 28 22 ik — 20 S I 0 4% A A 4
F o e DA B RO A TR B TR L SR BB [
AR BE R R AR R,
G 11,

Fz11 MEEMEEER

Table 11  Results of response surface experiments
IR
gy PR BRI g OO
Test No. ercentage - Solid-liquid - ion time APSOTPanCe
concentration ratio (A)
of jonic liquid
! 0 0 0 0.648
2 1 1 0 0.641
3 ! 0 1 0.68
4 0 -1 1 0.635
3 0 -1 -1 0. 604
6 ! 0 -1 0.582
7 0 0 0 0.671
8 1 0 1 0.626
? -1 1 0 0.552
10 0 1 1 0.591
1 -1 -1 0 0.694
12 1 0 -1 0.618
13 0 0 0 0.622
14 0 0 0 0.668
15 0 1 1 0.686
16 ! -1 0 0.616
17 0 0 0 0. 604

2.3 MMNEZERSH

K Design-Expert 10. 0 %44 % e i {8 5 4% K
R ESEAT R G SRR AR S & &
1) Rk Z 00X )7 BB Ry OB EE = 0,299 87 +
0.002 1364 + 0. 026 880B + 0. 013 197C + 0. 000
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110AB +0. 000 059AC + 0. 000 300BC —0. 000 056A° — 0.001 3318% —0.000 465C° /3 Hrat W2 12,
12 EERBAESH
Table 12 Analysis of variance of regression model
A SRR -5 A ¥or FH PAH N
Source of variation Sum of squares df Mean square F value F value Significance
157 Model 0.023 240 33 9 0.002 582 26 10.500 0.002 647 92 nF
A 0.000 666 13 1 0.000 666 13 2.709 0.143 808 49
B 0.001 404 50 1 0.001 404 50 5.711 0.048 187 44
C 0.001 653 13 1 0.001 653 13 6.722 0.035 806 89
AB 0.000 484 00 1 0.000 484 00 1.968 0.203 424 40
AC 0.000 552 25 1 0.000 552 25 2.246 0.177 677 37
BC 0. 000 900 00 1 0. 000 900 00 3.659 0.097 329 92
A? 0.002 136 32 1 0.002 136 32 8.686 0.021 489 59
B? 0.004 662 00 1 0.004 662 00 18.956 0.003 339 05
c? 0.009 114 00 1 0.009 114 00 37.058 0.000 497 14
% 7% Residual 0.001 721 55 7 0.000 245 94
ST Lack of fit 0.001 264 75 3 0.000 421 58 3.692 0.119 683 36 NTE S
4l 2% Pure error 0.000 456 80 4 0.000 114 20
A Cor total 0.024 961 88 16

H:P<0.05,BF;P>0.1, Rig#,

Note: P < 0.05,significant; P > 0. 1,not significant.

F 12 10, B8 P < 0. 01, 2 W [ I 7 2 41
HEWHAEAG 2 X MR P =0. 119 68
>0.05, 2257 Joge it 5 5L, RIS ) 22 5745
/I WA PR 20 S 58 ) T 00N, 52 vl e Hh B
PlLiRZES I .

Hh [ USSR G 22 PR 3 M R - € > B > A 3R W45
BRI ZRNS S ER A5 R A R A WU A - [ LE > B 1R
PV i > SRIBCETR]

FIH] Design Expert 10. 0.7 24458 H 438 510
FA W 17 TR PRT R 458 g £ P (DL IAT 1) o o i T ] — >

N
Absorbance

228 1( Continued Fig.1)

=Sl ph 2P o T LM 137 i 1 P A3 A i v
B0 1) 72 I 5 of ) T PR 3R 22 [ AR B A P 19
Vo o TET AR P S e 1 45 DR 30 S B 4 SR Y
SRR B G O 2 72 % Tl DR] 2% X Wi 7 L ) 5 Wi
R S5 LR PRIAH 24 7T Wi 7 1 P 8 4552 , LAV Jo s
T AR FAR AR s

i LA S, AT LA R 5 A2 (8 3R 19 e AR
FAF Ny EIRBERRER AW 12% (IS LE 1022 (g
mL) FEHGEE 80 C  FRHUATA] 44 min FEHIEL 1
WA IR N 50% o

TRIEEE

Absorbance

B: B TWANKE
Tonic liquid concentration (%)

A: REEE

Extraction time (min)
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W JE
Absorbance

W

BRI

A: HREEE
Extraction time (min)
Bt

Absorbance

B: [H¥LEL
Solid-liquid ratio
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B: BT ERE

Tonic liquid concentration (%)

| BERZEERMMEEESSS%E

Fig. 1 Response surface and contour map of interaction between factors

2.4 I ZWIERE

BT SRR, 7E LR SIS I 5 0 1 Y A
FERR B A B0 > 1] 55 A W 22 2 1l TR 0 v W TR
15% (& HE 1:20 (g2 mL) ARIBUREE 80 C 4RI
] 45 min $2HEREC 1 R B AP YIFE R 50% I
PR BRI A T 3 HES UER 5, I A5 A W G
4350k 0. 674 .0. 658 0. 680, %55 KB, RSD K
1.69% ,$E A RAT G A E T A AR Ui T2
FMRRAE
2.5 REMTK

2.5.1 pHAAM 3R % &G £ R Hh

1204017 TR O ik S vk B R
0. 1% 1y 7 FpAN[R] pH fEIA W, % RIS, LA (4
AL IEDE 291 nm KEWEERE

SEIRL UL 13, R AEARIR pH B R Mk )
JUF A : pH8. 0 35K > pH 10. 0 ¥ > pH 12. 0 %K
>pH 14.0 W >pH 6.0 /5 > pH 4.0 AWK > pH
2.0 VI B BRI Y 5 RS E PRI AR TR, 4 h
P, BT TR (0 IR AR T

®13 FEXBREASRE pH FRPHRESE
Table 13 The stability of buckwheat hull pigment in different pH solutions

5[]

Time( min) pH2 pH4 pH6 pH8 pH10 pH12 pH14
0 0. 808 0.959 0.96 0.979 0.986 0.992 0.981

1 0.784 0.886 0.954 0.956 0.985 0.99 0.979

3 0.769 0.885 0.977 0.997 0.986 0.986 0.975

5 0.742 0.881 0.958 0.961 0.989 0.989 0.961

30 0.736 0.882 0.948 0.972 0.987 0.981 0.954

60 0.721 0.873 0.945 0.975 0.984 0.975 0.938

120 0.703 0.864 0.948 0.972 0.982 0.969 0.921
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25% 13 ( Continued Tab. 13)

Fisf 8]

Time( min) pH2 pH4 pH6 pH8 pHI0 pHI2 pH14
180 0. 689 0. 854 0.896 0.965 0.979 0.962 0.905
240 0.675 0.852 0.895 0.962 0.975 0.956 0.899
300 0.665 0.841 0.896 0.958 0.975 0.948 0.889
720 0.652 0.835 0. 894 0.956 0.976 0.935 0.896
900 0.649 0.839 0. 889 0.952 0.974 0.931 0.889

1 080 0.638 0.791 0. 886 0.946 0.972 0.926 0.882
1200 0.625 0.789 0.889 0.942 0.974 0.921 0. 874
1 500 0.614 0.772 0.885 0.939 0.971 0.918 0.865
1 800 0.612 0.768 0.885 0.942 0.971 0.913 0.851
2 100 0.612 0. 744 0. 886 0.934 0.974 0.909 0.845
2 400 0.609 0.73 0. 884 0.932 0.972 0.899 0.833
2700 0.608 0.725 0.885 0.929 0.971 0.901 0.836
2 880 0. 609 0.725 0.885 0.929 0.972 0.899 0.833
2.5.2 BB THARETELTREIEAH W THIRW, A BIFRE AR b, WA E AT E

12,427 UK g5k B S A AR Jm e L PH (R AR AR 14,
Rl FERBREFREBEEFRRPHRELE

Table 14  The stability of buckwheat hull pigment in different metal ion solutions

Tinl‘f('iﬂ) Pb(CH,C00), FeCl, Alcl, CuS0, NaCl CrCly Cdso, CaSO, KCl H,0
0 0.882 0.896 0.842 0.879 0.886 0.865 0.881 0.854 0.843 0.844

1 0.874 0.895 0.839 0.876 0.885 0.865 0.881 0.854 0.84 0.844

3 0.87 0.893 0.834 0.878 0.885 0.863 0.879 0.851 0.839 0.842

5 0.868 0.89 0.826 0.875 0.881 0.861 0.875 0.849 0.835 0.841
30 0.852 0.888 0.819 0.871 0.887 0.854 0.869 0.842 0.816 0.839
60 0.835 0.886 0.804 0.862 0.882 0.851 0.861 0.837 0.807 0.835
120 0.799 0.874 0.796 0.854 0.882 0.846 0.856 0.826 0.801 0.831
180 0.776 0.868 0.789 0.847 0.879 0.841 0.851 0.821 0.798 0.829
240 0.759 0.867 0.776 0.841 0.876 0.832 0.847 0.817 0.795 0.827
300 0.748 0.854 0.772 0.835 0.873 0.827 0.841 0.815 0.791 0.827
720 0.732 0.841 0.775 0.829 0.874 0.819 0.837 0.811 0.784 0.825
900 0.716 0.834 0.768 0.815 0.873 0.813 0.835 0.809 0.776 0.823
1 080 0.705 0.825 0.764 0.803 0.872 0.805 0.829 0.803 0.765 0.825
1 200 0.681 0.817 0.762 0.796 0.874 0.796 0.825 0.795 0.761 0.821
1 500 0.664 0.806 0.754 0.798 0.871 0.792 0.827 0.791 0.754 0.823
1 800 0.635 0.784 0.746 0.792 0.863 0.785 0.825 0.787 0.749 0.819
2 100 0.629 0.772 0.741 0.795 0.861 0.776 0.823 0.789 0.744 0.815
2 400 0.613 0.765 0.735 0.792 0.862 0.761 0.819 0.783 0.746 0.813
2700 0.589 0.751 0.736 0.786 0.861 0.763 0.818 0.781 0.744 0.813
2 880 0.587 0.754 0.735 0.789 0.861 0.759 0.819 0.781 0.744 0.815
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Jn CASO, A9 W0 (4 1 3 €5, i FeCly A3
W IR, % 48 h LW B Fifaasfk, H4x
SEEFHIOA, IMAQRGERZEREE,48 h
e TC A AR 1
2.5.3 REBEMFRExEXTHEMRNG YA

FU1.2.4.37 T Jy vk, We i A [R) v BE ) 0 2%
IKEEH 2 A, 50 AT TG AT 7 R — = B L[]
— s [] B, WL EE L 4 JF I 5 291 nm 4b iy W 5 E
i, 8558 W%k 15,

15 HFEEZBEAEFBRRTHRENY

Table 15  The stability of buckwheat hull pigment

under different light sources

1) sgovrmsr  TDETRE
Time( min) UV lamp irradiation uorescent lamp
illumination
0 0.832 0.832
1 0.829 0.831
3 0.817 0.827
5 0.805 0.825
30 0.781 0.819
60 0.764 0.813
120 0.753 0.806
180 0.741 0.801
240 0.735 0.798
300 0.729 0.795
720 0.721 0.788
900 0.713 0.786
1 080 0.706 0.788
1200 0.684 0.785
1 500 0.659 0.786
1 800 0.642 0.786
2100 0.627 0.784
2 400 0.621 0.785
2 700 0.619 0.784
2 880 0.617 0.785

®16 FEXZBREARBETHRER
Table 16  The stability of buckwheat shell

pigment at different temperatures

s ]

LHMTHET BT R RE ek, 48
h P BB AR T
2.5.4 BEMNFEZTEEBERAT A
FERRC1.2. 4,47 TR Jy vk, T ) AH TR 0 3%
IR, 4 1, TEAS TR EE (40,60 .80 100 °C) F i
30 min, BHZFEIRGT 291 nm AP & H OB
FEMER B A Ak, 45 R L3k 16,

Time( min) 40 C 60 C 80 C 100 C
0 0.825 0.836 0.842 0.868

1 0.825 0.835 0.841 0.867

3 0.823 0.831 0.837 0.863

5 0.821 0.829 0.833 0.861
30 0.817 0.817 0.827 0.852
60 0.815 0.813 0.823 0.843
120 0.815 0. 806 0.821 0.829
180 0.813 0.799 0.816 0.817
240 0.811 0.796 0.811 0. 805
300 0.811 0.787 0.803 0.786
720 0.809 0.781 0.784 0.778
900 0.807 0.783 0.778 0.764
1 080 0. 805 0.776 0.773 0.756
1200 0.807 0.776 0.768 0.747
1 500 0.803 0.779 0.761 0.733
1 800 0.803 0.774 0.749 0.725
2 100 0.801 0.772 0.745 0.727
2 400 0. 805 0.765 0.743 0.723
2 700 0.803 0.771 0.745 0.721
2 880 0.801 0.764 0.743 0.721

TR X FRE AR R e m R, |
JE B, MRV IR (LR, 48 b Y, & IR BE AR T
SRSl P IRERT St T
2.5.5 FAMAAFZRA R L EXTRTEGH
o

FEU1.2.4. 57 TR 7k Fo i 6 R OK I, 3 10
By B 5 0y 2 5 i A 10% 53 %4k & 100,200
300,400,500 wL, NZEMKERZE S mL, WEHG
FEM g 291 nm LW SG S 55 IS By, 3wl in A
1. 0% Wi iR E 4% 100,200 300,400,500 plL, fill 7%
WAKERZRS mL, WAL IFIE 291 nm LEW
FE AR LR 17 F13k 18,

RN FEE ST AR RE MR/, 48 h
W TG A2 A AR PR S AN TE R AR 3 h I X1
FRUEMmE K, 3 h 58 TRE,48 h N, )
BT TR
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®17 FEXBREARGEREAFERTHRE
Table 17  The stability of buckwheat hull pigment under the action of different volume oxidants

TimTL(IEm) 100 pL 200 pl 300 pl 400 pL 500 ul
0 0.658 0.647 0.633 0.628 0.616

1 0.658 0.647 0.633 0.628 0.616

3 0.656 0.645 0.631 0.627 0.616

5 0.656 0.641 0.631 0.627 0.613
30 0.647 0.641 0.628 0.624 0.608
60 0.643 0.632 0.625 0.621 0.601
120 0.645 0.635 0.624 0.618 0.587
180 0. 646 0.632 0.626 0.615 0.583
240 0.645 0.633 0.62 0.611 0.585
300 0.646 0.635 0.624 0.613 0.583
720 0.645 0.632 0.626 0.611 0.583
900 0.643 0.633 0.624 0.609 0.581
1 080 0.643 0.635 0.62 0. 606 0.583
1200 0.645 0.632 0.621 0. 609 0.581
1 500 0.643 0.632 0.62 0.609 0.577
1 800 0.641 0.631 0.615 0.603 0.579
2 100 0.641 0.632 0.613 0. 605 0.576
2 400 0.64 0.631 0.613 0.603 0.577
2 700 0.641 0.632 0.615 0.603 0.577
2 880 0.640 0.632 0.613 0.601 0.575

®18 FEXBREARGCRIFEFERATHREE
Table 18 The stability of buckwheat hull pigment under the action of different volume reducing agent

Tinf('iin) 100 pL 200 pL 300 plL 400 pL 500 pl
0 0.677 0.684 0.688 0.695 0.711

1 0.678 0.687 0.689 0.695 0.712

3 0.691 0.691 0.695 0.698 0.715

5 0.695 0.698 0.699 0.701 0.716
30 0.738 0.735 0.737 0.741 0.748
60 0.769 0.757 0.751 0.768 0.774
120 0.775 0.779 0.759 0.771 0.785
180 0.779 0.786 0.763 0.776 0.791
240 0.776 0.793 0.767 0.774 0.795
300 0.779 0.789 0.764 0.776 0.793
720 0.781 0.791 0.767 0.781 0.798
900 0.779 0.793 0.771 0.783 0.795
1 080 0.783 0.795 0.773 0.779 0.799
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2:5% 18 ( Continued Tab. 18)

Fisf [

Time( min) 100 L 200 pl. 300 pl. 400 pl. 500 pl.
1200 0.783 0.791 0.776 0.783 0.801
1500 0.781 0.793 0.774 0.785 0.799
1 800 0.783 0.791 0.778 0.787 0.803
2 100 0.781 0.795 0.785 0.786 0.806
2 400 0.781 0.793 0.781 0.789 0.806
2 700 0.783 0.793 0.787 0.791 0.803
2 880 0.781 0.795 0.785 0.789 0.806

2.6 mEERE
2.6.1 DPPH g &y &kt

FEC1.2.5. 17 TUF Jr B il DPPH 3K, 57 2%
RSN Ve 153 50 A A it V5 VRS R i
W, 5 DPPH 53, 78 518 nm A0 2 W 5t B
B, TR BR R G5 R ILER 19 Ak 20,

F19 FEEBEI DPPH B AEMBRE
Table 19  Scavenging rate of buckwheat hull
pigment on DPPH free radical

LRES e S
Dilution ratio Scavenging rate( % )
9 62.1
7 48.2
5 37.66
3 27.24
1 22.08

ROR = H AL RV, 12 F 5 mL pH
8.2 [ = PR H L S S W bt - R 2% v P im A 2 mL
FRUBK TR K 20 min, AT A SBIKE = By, R
LN I 2 W OCRE . DA ] Ry Ak b, IR
FEIE AR MEL M BT RERED F AR V),

FEE MR I Ve BB A E 73R V)
TE 0 F SR A P - R R 2% o P i AAS [k
BV it V5 U S0 R S U, FELRLZK 8 20 min, SR =
PV I8, 052 WG BB 4 50 LA s [ S 8 Als s, T
JFENARAR, VEL P [R5, B 54 6 B 6 /R (8 2
Ve T8 bR B IR V) 255 L3R 21 Fn 22,

x21 FEBRINEBEWEFHERE
Table 21 ~ Scavenging rate of buckwheat

hull pigment on superoxide anion

20 Vet DPPH B mEMFBRE
Table 20  Scavenging rate of Ve on DPPH free radical

LRE RS TR
Dilution ratio Scavenging rate (% )

9 86.04

7 82.36

5 79.79

3 78.79

1 77.73

R AL v R
Dilution ratio ! Scavenging rate( % )
1 0.017 1 34.64
3 0.018 0 41.73
5 0.018 4 44.88
7 0.019 6 54.33

9 0.021 4 68.5

£22 VeBEABTFHBERE

Table 22 Scavenging rate of Ve on superoxide anion

AR AL v, i

Dilution ratio Scavenging rate (% )

SEGEEREM 5 Ve ML, FFEROAREAR
411 DPPH 5[ g
2.6.2 MEMBTHREEA

FE41.2.5. 27 WUF Jr ikl 45 HCL i, =32
FLETHE FF e - 2R TR 5% il LA B SR — RV WAL, I i il
IR ORI INRE VS

1 0.023 5 14

3 0.028 5 39.02
5 0.029 7 44.87
7 0.0357 74.14
9 0.039 1 90.73

LEGHIREN], 5 Ve ML, FFA T O RAAK



34 KIRF=YIBE R 5T K

Vol. 35

B )R AU B B I R BB T o
2.6.3 #AwmAFRE

FE1.2.5. 37 TN J7 ¥ 1 48— 2 W BE A W IR 22
AR AR HE % ki WK FeSO, -+ TH,O ¥R LA S it
AL ST, 73N A B FR 2 0 2 AL S S O Ve
X R A, T 536 nm I E ROEAE , 4% A X
(2) HHETERRE, 45 R WL 23 F1 24,

%23 HESGEENREHENBRE
Table 23  Scavenging rate of buckwheat
hull pigment on hydroxyl radical

AR AL HERR
Dilution ratio Scavenging rate( % )
9 96.29
7 76.64
5 56.55
5 38.43
3 24.02

F24 VeBRBHERFRE
Table 24 Scavenging rate of Ve on hydroxyl radical

FRE(IT

Dilution ratio

Scavenging rate (% )

9 96.94
7 84.49
5 61.57
5 48.47
3 36.24

THAEREN, FREFTOREARIMEAR
FBREET), 5 Ve LTI 2 5
3 WitE&%R

FEF e RN LW, W LI 2 R B
ARy 2 BRI 9 B BRI T Pk B R Pk 2 R 5
T, ELARE R 5, P2 OO B Gr, SE 56 25 Rt T
LTRSS WML - 2 2 s T W AR B il g, (R IR
TR B IR B B B BRI, SR 5 AR
S PRI W B ) 1 2 R S TR AR 1 B Y
T PRI B, PR AS I, o) 25 RN TfE
PRI, A5 M A IR 2 - WA A B 8 Y A, (B
Fil 5 AR, MU e B2 S I AR TR o

PRI 20 50 PR 22 0 18 S 3 v, R O B S 50
BHE R e BRI 3 YRR S A AFL 3 2o 43 ) 0
1.2.3 .4 SR HOHK 0 WG RE(E , & PLRE A 4 B H0

T, BB R PR R D' HE (LR IR AR 2 2%, i F B
LCER LY DAY NN ) | N B (=R € S
PRI T U R O RE A 25 45 rp d v TR BEE T 80
C 2N N H BB R A W A0 5 3 AT fE
A BAERE 1 22 , K I ) B it T P B K ] e
SR AR AR A TR R 4 O e (0 3R AL

T sE PSR A5 RAR IR, 57 2 52 B XL R 42 s
BT IR PR , AR P22 o RIS, 95 PR 5 B
X 2R ARG E PEAT W 2 A 52, PH R B v
CORTE BT, pH A W Bk A (3R AU Tk
5 pH E WML B B UAS E VRS . HOR DGR A
A ZR AR 7 O3 O 1K N TR] -5 PR R 2 fk

I A2 SO RN A B AR TR, X
SRR R A B AR RE 22 5 IR R A 1 T AORR E TR A
TmPR LS , 574 e O R RSN BT AL T PR RS
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