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(1. KILKZE K25/ EEAREIEY ™ AL BI04 b R A0 F o0 AR 434025;
2. KYLKRY¥ A mrRh g 2fBe M 4340253 KT K R RIAEBE . HIALH M 434025)

W E U —ReA LTS HHTQ g0 % 4, 1 i 08 A 63 12: (HPLO) W % % 21 48§ 5% it i
Fr A 06 T v A A T 2 5 e 434, ) s A 43 01 o B T 0 3 4 A A 1 T R A T S A R, R 2k
B T8 )5 RE /1 (FRAP) \DPPH - iR AE S R ABTS ' « iEFRAE S 3 P i IR RS Stk RE h 2 5. 45

T AT FE R 4 AR R A U AR T 2 A R B R B0 1. 32~3. 43 mg/g.26. 59~225. 47
mg/g M 16.28~128. 96 mg/g. T RYIETE F LIK 45 F-3-0-25 F W R 31, 04K A 0 v (9 26 42 48 % -
3-O-F AR o5 ey, Tl oo SR A B A 2 R RTE S, 4 AR R EB A B4 I A A B TR R 4 4
25 0 2 AR AN ARRE ) 25 SR, DR T v 1 B (225, 47 mg/ @) FLEVER R (128. 96 mg/g) it /@ 43 5 i
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s A0 S IR AR 6 400 1 5 22 b 2 BRAE L 2
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Z L E R AL 2 B A Y T
DPPH # .FRAP 7% . ORAC % fl ABTS ) i 5%
Z W2 P E AR RE S, T Min SR H
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MAEE T . RILKS/NE 5552 Fh s BB iR 41
(LA FRAC R AL 7 77 399 09 BIF 5 v DA e ] 55
BEY i DX 4R B — Oy T IR AR R R (A & R
CHHTQ)™, Hnf  vF R | 4% AL 7 76 H (7]
R AT R IHEL A 1-A), & — 0
B AR R LA FER il

T W E C HHTQ H I 4 4 5 19 43 A Al it
SRR AR 56 R FH i RO A €53 1k X i R
(i i R AR B AR AR T R T A B T
T 7 T R R 4 016 5 5 3 T s HG Ry R, 2 7
WA OE 40 BT FRAP Hi %4k fig /1, DPPH - i
BRAE T F ABTS « W5 BRAE 1, it — L L& F
FHCHHTQ 3 22 %% I3 $2 B AR 4 .

1 AR

1.1 REHR

HEIR LT AL 5 S AR R AR PR AL F 2009 4F A
B EE T HLIX (105°36"E, 26°21" N) fiF 4 i 15, 28
8a i d . MMA N HHTQ . I T KL K2k 2%
B SCuy BE b (112°15'E, 30°36' ND AT 5 &, T
2018 4 9 H #E A, Fif Fh & 28t L b o8 R
FEJG A A H TG L (A R AT i L
FE R AR K 50 d 2247 R AE I, X A L i
FAE e AT BURE | & 48 it R T B 25 ¥ VR T 1R L2
R T MR 5 RS LR Tk, — 20 CORAE. & H .

1.2 E5KH

UV-8000 B 5840 AT UL 43 0% 0 B2 3 (g ST Hr
ICEA PR 7DD 5 Agilent1260 i R0 AR (35—
Agilent 1260 series VWD £ #8 (& E Agilent
A FEDSEYELA N-1200B i€ % 76 & A (4 5 # 4k
bR 2 At s B2 ¥ VR TR ML L Vi B R S
AL B AT BR N ) 5 5810R 25 18 ¥4 5k 25 O L (4 [
Eppendorf A F]) .

ZE it O TR R T (Trolox) . & & F IR
(Gallic acid) . A T (Rutin) . Folin 83857 ¥ 1 H
K Sigma 2 F 3 < 45 K -3-O ) BREH FIR 4F
BEZO-ZFMHMW AT REEREFRA
CIRNGR S CNC s ol NS I S Sy (A Y f VS X5
A B ] HAd 0] Ry 7 43 B 4k
1.3 K HE
1.3.1 HHAZHRBRAZARAMEE M
RIS % Cha 570 J5 15 w6 e gh , i
FREL 100 mg R THES , BT 15 mL B.08 . m
A5 mL % e=1% HCl FHEERBGKE . T 4 CF

WEEE 24 h, FEMZ 4 °C L4 500 g &0 10 min
J& B 500 pl BEW TR 1.5 mL OB,
HA 500 plL 258 F A1 300 pL G4, AR A %
BRit2g R .4 °C 13 500 g .0 15 min, ¥ 8 il
FHA 1.5 mL BOEF 40,22 pm JEIRE (K
FLALRO A UESE  —20 CHRAFE, & BRI
SN FELR,

K Agilent1260 /& %08 AH €35 (X6 7 %
PRI HEAT 2 B . USSR 35 A In-
ertsil ODS-3(250 mm X 4.6 mm,5 pm)C18 {f
WA R oE. B A, R 20 pL., WiE 1
mL/min, KWK 520 nm, KR 25 °C, WA
B (A —5% L RK TR (B) 86 FE Ve 0~2 min,
10% A;2~6 min,10% ~20% A;6~10 min,
20%~30% A;10~15 min,30% ~35% A;15~
20 min,35%~50% A;20~24 min,50% ~90%
A;324~29 min,90% ~10% A;29~30 min,10%
A, DLAR e & R 45 RK-3-0O-# B BE I (y =
21.513x—2.143 1,R*=0. 998 8, & Ll .5~
50 pg/mL) MR 3 R-3-0-E F WA (y =
34.401x — 29.958,R*=0. 998 3, M & & Bl : 5~
75 pg/mL) #EN7 AR AE R AT E I, Ho oy
U TR, e O 4 ot BT i VR B (pug/mL) S 24
RUE 1 g HES T Bit P T & 46 R (mg/ @ FR .
1.3.2 #EABZARBEBBDYRHIER S
Min &8 {4 J7 32 9% R A Bk, E 5 FREL 100 mg
FEMZE TR BT 10 mL B.08 P, A 8 mL 1E
Ckt. b FEENR A G %8 10 min,4 °C,4 500 g
B0 10 min, 3¢ EW L, EHE 3K, MULEP A 8
mL % ¢=1% HCI i H BE 32 U, 4 10 min |
FHEE 1 ¥, 30 min J5 4 °C 4 500 g .0 10 min,
Wk BVEW L, A 3 IR AT BIERL 37 Cliekt 7=
KHLE  HH o =1% HCI ) H B 52 BURK &2 %5 F
JEAR 15 mL, B 3 M EY R EE,
1.3.3 EmAEEZmMAmETosanMNe XM
Folin M v&1™ W 5 A 5 v i G0 1 0 o 40 4, )
P BT 1 g i TP T e+
% & (mg/g) 7 3 5K I AH 2 4M- 12 4R - =0 4 1k
A I T T 3 5 A B 3 B LA
TR T g MBI G T & (mg/g) FR.

1. 3. 4 FRAP # & 4t % A, DPPH « #e
ABTS" « Attt Aml & 2% Benzie Ml Strain

9 7 0 0 I E e B I 4R IBOR ) FRAP Hi 401 it
J1 s A2 W RN I R TR (Troloxo) £ by A 1 i
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il A dfE i 2, 45 W IH oy = 0. 005 3x
—0.080 7 (R*=0.998 3), H y HWIEE, »
5 Trolox i Sk (pg/mL) . Z5RUTHAE1 g
FE i b Y BT 3 B (mg /@) R,

2% Chen #1 Ho [ 73 I Wi B 19 42 B
W) DPPH « 3EBRAE J1, L Trolox 4 & M bR i dh
filtr M Z BRI TR y = —0.002 7x +
0.512 9(R*=0.995 1), Hh vy HEOLE, » H
Trolox B ¥ & (pg/ml), Z5RVUTRE 1 ¢
FE b Y BT 3 B (mg /@) R

2% Re S50 1Y 5 1 DU 2 U 25 T 4 BUT 1Y
ABTS" « A )1, L Trolox 4 £ bR i 5 4
s i Ze, A WA 7 oy = — 0. 00 32 +
0.800 8(R*=0.997 4), Hirp vy HWOEE . » N
Trolox i ¥ J¥ (ng/mL), @R UTHE 1 g
FE i b Y BT 3 B (mg /@) R,

1.4 #HIEHIT
FIH Excel 2013 F1 SPSS 19. 0 %k {4 347 %%

wF

Inflorescence Petiole

PG oA Bl DL Y E + A5 ifE 25 (Means
+ SD)KIR R B R T5 22 50 B, A [6) 2 2L ]
FeACR ] Duncan’s 3%, 2 3% K-F 9 0. 05, # M
Origin 2017 #4754

2 HEREHAM

2.1 4T HHTQ MR B IR
& 1-A ATV L CHHTQ' 57 2 MR R 8
HR R Y R L L 3 L Ik DA B A S SR AT
o, (R BFE A AR AR T 3 52 90 e 7 21
LA REE S AEHE R BA —E T M E T TE
N FHANA
2.2 LT HHIQ REMAMNEETERENH
FIH HPLC X246 fi 5% “ HHTQ A [l #f AL
T R T2 &0 E (B 1-BFME DK
AN T R HBZFEK, LT R
R BT RO RO, W T
T (P<C0. 05) A7 MR R IEH R B

Fot
Cotyledon

T
REFEI-O-EZBERE

Cyanidin—3-O-rutinoside

s REHE3-OMEME 2
Cyanidin—3-0O-glucoside
s y
Inflorescence
4% Petiole
A Blade
F it Cotyledon
L L ] L 1 L ¥ 1 L ] L 1
0 5 10 15 20 25 30

1# B It} 8]/ min Retention time

A BRI SR HHTQ A RFA M F AR Phenotypes of the four plant parts of the red-flowers buckwheat variety of ‘HHTQ”;
B, AEJF AR R AT AR S R BOR Y OB 3% T HPLC profiles of anthocyanins extracted from the cotyledons, blades,
petioles and inflorescences of the red-flowers buckwheat variety of HHTQ’
1 LgFEF HHTIQ REAFBUMIETER S S

Fig. 1 Anthocyanin composition analysis of different parts of red-flowers buckwheat variety ‘HHTQ’
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F1 AEHF HHIQ FRIMUMETERENH

Table 1

Anthocyanin mass fraction in different parts of red-flower buckwheat variety of ‘HHTQ’ mg/g

A K GH F-3-O- T H R
Plant part Cyanidin-3-O-glucoside

KB HE-3-O-2E AT

Cyanidin-3-O-rutinoside

T A

Total mass fraction

¥ Inflorescence 0.53 = 0.02 a

4% Petiole 3.02 £ 0.13 b
i J Blade 0.73 £ 0.00 ¢

F Cotyledon 0.96 £+ 0.03d

2.90 £ 0.09 a 3.43 £ 0.09 a

0.26 £ 0.01 b 3.28 £ 0.15a
0.71 £ 0.02 ¢ 1.44 £ 0.03 b
0.36 £ 0.01d 1.32 £ 0.03 b

TE [ 3 PR /NG 7R 3R 4 2] 22 57 3% 835 K F- (P <<0. 05), R A,

Note:In the same columns,the different lowcase letters means significant difference (P<Z0. 05) ,the same below.

WO W EE S, 0 3. 43 mg/g I 3. 28
mg/ g HEA A F 1L TH 2 AR R 167
P BREHE-3-O-EFMH I E, Fia ik
ik 2.90 mg/g, i BTSN 84. 55 %6 5 i AR
HON AR BRI R R K -3-O - AR L H T
P HCik 3.02 mg/g, b AETH R A BT E BN
92.07% ., TR R BB S AR AL, DA
REHER-3-O-FEPET N E0.96 mg/g. 5 &I
BN 7273 %0) ST R N SR B AE AR
2.3 LIS HHTQ A [E &P AL & M #0 2 E W
HH 3% 2 WAL ZDAE T SE C HHTQ B Al o
BAE 4 DRI B R R AR TR 3 22 7 (P
<C0. 05) , FL P 0B B A AR R AR 7 4 A7
HA — b, DAe e b 5 RV By T & 43 30k
225.47 mg/ g, SAHCHA T i 5 H0CH 128. 96 mg/g)
A7 e R AP B T 0T £ 43 4R 26. 59 mg/g. BT
Bl J5 6 A0 BN 16,28 mg/g) . 4 AT YL I A
BT T A A ORI 38 Ry < AR T > i >
= A
2.4 AEFHF HHTQ AR nELEER
‘HHTQ’ FF & 4 AR AL b E AL BE )
mE 2 iR, 4 ADAEFALE DPPH - 15 BRAE )
B 7% @ K 47, 52 ~ 174. 51 mg/g. 4% w1 1y
DPPH - W5 FRAE J) 22 R AECK, LLAE Y 193 BRBE )
e, o 174,51 mg/ g FoiF BR g I K/NIT
P >0t > F 0 >0 4% . FRAP Bt bae 1 5
DPPH - iR e ¥ — 2, LLAE P e, i
152.55 mg/g; M iR Z . A 37. 56 mg/g; LA 4
A%, R 17.16 mg/g. 7 ABTS" - {HFRAE S 7
i, 467 1 bt B AL B8 ) 3 & T HA 4 (P <
0.05), A 112. 31 mg/g; M4, i F Fl 5 0 9
ABTS" « i§BRAE I L2 5, ABTS" - W§FREET)
MRN8, 63~12.05 mg/g.

F2 LOEMF HHTQ A& EH 4L
EBMMREMRESH
Table 2 Total phenols and total flavonoids in different

parts of red-flower buckwheat variety of ‘HHTQ’

mg/g
A EN s SR
Plant part Total phenolic Total flavonoid

¥ Inflorescence

225.47 £ 5.79 a

128.96 = 3.94 a

4% Petiole 26.59 £ 1.79 b 16.28 &= 1.20 b
M- Blade 60.87 £ 0.74 ¢ 44,39 £ 0.25 ¢
F it Cotyledon 51.03 £ 2.83d 30.84 £ 0.50 d
@ 1% /¥ Inflorescence
H#% Petiole
M F Blade
180 - @ FI Cotyledon
160 a

140
120 a

—

L0100

=0 =

& c

= 093ty

z Sy

S w0l ¢

© RS K]

= 200! B

= bl S99
R [o%el!
20%%! Q%4777
%6500 (026!

20 ¢ RS R
5] KRS
\::::::2 / %’é‘i o b
=y ke N
K55 { KR5S
N2 R NN
FRAP

DPPH - APST' +

AR TR R R 28 57 ik # (P<C0. 05)
significantly differences(P<C0. 05).
B2 Z&#HF HHTQ REMAITAIMLEE
Fig. 2 Antioxidant abilities of different parts of
red-flower buckwheat variety of ‘HHTQ’
2.5 %M F HHTQ EBMAMBRESHSE
MEWEENEXED T
S EE R RS AR T R S PR L RE 1 B AR
KRB 3 Fros. S A 2 BT B0
DPPH - & B Bt J1. FRAP i & fk fig 1 DL &
ABTS" « 15 BR A8 J1 09 AH G 1E B0R L A ¢ & $ A
0.980 LA I, 5 5By 5 5 B BT 5 40 BOM L, B
EH R 3P A A RE 1 48 br 1O A5G R BRI

Different letters mean
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4338 0. 594(DPPH « K EE /1) .0. 530 (FRAP
WA ALBE 1) N 0. 601 (ABTS' « JEBRfE ). X

SEZ R ERMIEH RAE N — KB R B Y EHY
PUAALRE ) B T — MR

R3 BB EERNZESERESUENELENNEXRRY

Table 3 Correlation coefficients of total phenols, total flavonoids and total anthocyanins with the antioxidant capacities

iH
Item

DPPH - #6851 DPPH free radical scavenging capacity
FRAP & fkfit /1 FRAP antioxidant capacity

ABTS™T « 5 RGE S ABTS' free radical scavenging activity

pEN s TR ISPINTE S
Total phenolic Total flavonoid Totalanthocyanin
0.992 0.981 0.594
0.999 0.995 0.530
0.991 0. 980 0.601

3 ik
3.1 FEFRBFTENMRRE

AR 58 & BLAL A6 i 37 ¢ Gan-Chao” 16
TR AR R 4 SR R I A Ak i kg
e i Rk 0,19 mg/g . fHH I R AUE A
R AT R . AT A HPLC %t 21 46 &t
I HHTQ WAL 2 00 7 BOlF A7 0 a2 , & %
ISR b B e 70k (o B AR RTAE R TR LR TR
HNAET 2 AET PR AT N R B0k
#| 3. 43 mg/g, TR 7 rf 48 R BT i)
Bk ® 1. 32 mg/g Ml 1. 44 mg/g. BE & T
‘Gan-Chao’, Kim % "WH ¢t E & PCR £
ARaHr BB 5 EE R A B &1 45/ 5 H (o
FePAL .FeCHS .FeDFR Fl FeANS %) 741 4%
FF Gan-Chao’ PRI HEEHHELE, HX
INAE R R I ZE R b B S el R, 5ok
ZERCMAH L, 28 @ 2F ik R A8 75 R AH OGS Cn
CsDFR .CsANS Hl CsF3'H %5) 5 F 8 #,
AR UL 17 300 % £ A R HHTQ A9 #% 5% 28 1
A AR, HHTQ M+ ML F 5
HEA AW S ERE (W FeCHS.
FeF3'H Fl FeDFR) 3 Bl H 4 5 iy e ak &0 (1
HNES TOLEA R, it — BRI T EW
FRE AL F 55 F RN H & S A6 T A FEZ 5 R
HAEAEMAE
3.2 FEHFHEBMBRERNRESH

ZW R A TR AL I — K AL
P i P B A e B TR 2 B Can s T
TR RS RFFE 2 W2 B & 2 Al
Sy B U PR 2 R E )T
7 FH T B 388 LA B T 517 70 95 250 00 T 8 00 114 245 40 24
e T RE R E S MY R W T AR
2 B S5 D RE TG V4 0, 5 2 1 S — B 3R
PRAEE R MR T VR A2 35 27 . AR IR WP G X 55 28 A

[Fi) FE8 A0 18 e P JO k0 B3O AT 0 A R 4 A AN TR
BB Y B T 3 EROAE AR 2 25 S (P <0, 05),
DAAE P v i) S s o dk 43 B 5 - O 225. 47 mg /g
HH B ERAR AR B —8 U RE . N
128.96 mg/g, M1 FI B B R R 2 50 AR 5
B ACFF >0 R > F i >0, X — i 5 45
5 Zielinska 5575 W 55 & B0 35 22 A [R5 47 B A
WL G R REZFERAELE TR >200
SE AL
3.3 FESBHMEVWRNAENKEES

HIN B 58 45 S 3% W, 37 22 ¥ bL 1 41 460 1L g
T35 RCEER /TR i R A G, R 2
PR, Hbr AL RE S s R &
BFRZZ 4 A [FFR A G P A Ak BE T A7 A 3
St VAAE P B, WA AT, LG I R0 VR R 5T
43405 DPPH -« 15 bR AE f1 . FRAP Hi AL BE 11 A
K ABTS™ « 35 Briie 1 09 AH ¢ RECHAE 0. 98 LU
b AHAEE R T ECS P AL EE T A OC R AL
U 0.530~0. 601, HIATESEH MBI AN,
AN BE B I FH A T 2 o B R P AL e T 1Y
SR 555, T 2 H 22 B A W M CAn i 2k A
e C M N RS 8 Gt gt fE AR K
WFoEh, ZH A AR B R IR E AR
T3 R BT 1) T G KR A DT R B B A
R 0 I 3G T 5 A 0 v T R R JBR A B
R R, 4 T 6 b BT 3R 2 [
P bt S Ak BE T X 48 5 T & R HLAT S BN E

4 %W

LA THSF A FP  HHTQ HA fif 21 1) 3 7Y
PR HHAE A, o R F0 i rp AR R B
Wi ol I TR 0 R LR A SR AR BE ) 22 e A
RZ TP AL R BB LUK 45 3R-3-O - # bl
HMREHR-3-O-EFMH 2 Moy E. HAEHFR
FRH B R EA AU e P R R R -3
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Antioxidant Activities of Different Plant Parts of A
Special Cultivar of Red-flower Buckwheat

HOU Zehao', SUN Kunkun', WEI Shudong®?, WANG Shuping’,
ZHANG Yingxin', YIN Junliang', LIU Zhixiong® and FANG Zhengwu'

(1. Hubei Collaborative Innovation Center for Grain Industry/College of Agriculture, Yangtze University, Jingzhou
Hubei 434025, China;2. College of Life Science, Yangtze University, Jingzhou Hubei 434025, China;

3. College of Horticulture and Gardening. Yangtze University, Jingzhou Hubei 434025, China)

Abstract The method of high performance liquid chromatography (HPLC) was used to measure the
anthocyanin mass fractions of cotyledons, blades, petioles and inflorescences in a special anthocyan in-
enriched common buckwheat cultivars, meanwhile, spectrophotometry was used to measure the and to-
tal phenols (TPs) and total flavonoids (TFs). Difference of its antioxidant activity were evalued in
terms of ferric reducing ability of plasma (FRAP), DPPH free radical scavenging capacity and ABTS™
free radical scavenging activity. The results showed that the total anthocyanin mass fractions, TPs and
TFs in these four different plants parts ranged from 1. 32 to 3. 43 mg/g, 26.59 to 225. 47 mg/g and
16. 28 to 128. 96 mg/g , respectively. Cyanidin-3-O-rutinoside and cyaniding-3-O-glucoside were the
major anthocyanins in the inflorescences and petioles,Cyanidin-3-O-rutinoside dominated in the inflo-
rescences; and these two monomeric forms accumulated in equal amounts in the cotyledons. The
TPs, TFs and antioxidant activities significantly differed among the four different plant parts. the
TPs, TFs and antioxidant activities were ranked in the order of inflorescence™> blade > cotyledon>
petiole. The anthocyanin-enriched common buckwheat cultivar had vivid phenotypic traits, and was
rich in phenolics with high antioxidant activities. These results indicated that this new anthocyanin-
enriched buckwheat cultivar was of high-potential ornamental and healthcare values, it had potential
valuable source of natural antioxidants.

Key words Common buckwheat; Anthocyanin; Phenolics; Flavonoid; Antioxidant activity

Received  2019-03-05 Returned 2019-03-12

Foundation item The National Natural Science Foundation of China (No. 31671755, No. 31571736).
First author HOU Zehao,master student. Research area:crop genetics and breeding. E-mail: houze-
hao1994@126. com

Corresponding author FANG Zhengwu,Ph. D,associate professor. Research area:innovation and utili-

zation of plant germplasm. E-mail: fangzhengwu88@163. com

(FEHIE:$TH  Responsible editor: SHI Yage)



