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Abstract; In order to explore the market value of black tartary buckwheat, we analyzed the phenolics and antioxidant
activities of Chuanqiao 1 and Jiujiang Kuqiao, two tartary buckwheat varieties planted in the low-elevation regions of
the Jianghan Plain of Hubei, determined the contents of free, bound and total phenolics and flavonoids, and we ana-
lyzed the antioxidant activities of their seed extracts in vitro using the DPPH free radical, ABTS free radical and iron
ion reduction antioxidant (FRAP) assays, and we also determined the phenolic compositions of the seed extracts by
the high performance liquid chromatography (HPLC). The results were as follows: (1) The contents of total phenolics
and total flavonoids were significantly higher in the seeds of Chuangiao 1 than those of Jiujiang Kuqiao, with the former
standing at 27.38 mg GAE - ¢' DW and 31.46 mg RE - ¢ DW and the latter at 12.71 mg GAE - ¢ DW and 14.68
mg RE - g' DW ; in the seeds of the two varieties, the contents of the free phenolics and flavonoids, which made up
more than 79% of the total phenolics and flavonoids, were significantly higher than those of bound phenolics and fla-
vonoids; the contents of bound phenolics and flavonoids were higher in the seeds of Jiujiang Kugiao than those of
Chuangiao 1. (2) Rutin, quercetin, epicatechin, kaempferol, kaempferol-3-rutinoside and quercetin-3-O-rutinoside-
3’-0-glucopyranoside dominated among the phenolic compounds in the seeds of the black tartary buckwheat varieties,
with rutin and quercetin dominant phenolics among the free phenolic compounds and epicatechin and rutin dominant
among the bound ones. (3) All the seed extracts of the tartary buckwheat varieties presented antioxidant activities and
the antioxidant activities of the free seed extracts of Chuanqiao 1, determining as being 30.14, 11.03 and 18.84 mg
TE - g DW using DPPH, ABTS and FRAP, respectively, were higher than those of Jiujiang Kuqiao. The antioxidant
activities of the bound extracts of Chuangiao 1 were lower than those of Jiujiang Kuqiao, but the total antioxidant acti-
vity of the former variety was significantly higher than that of the latter one. Therefore, planted in low-elevation regions
of the Jianghan Plain, Chuangiao 1 had higher contents of seed phenolic compounds, as being required in subsequent
food processing and presenting a bright market prospect.

Key words: black tartary buckwheat, free phenolics, bound phenolics, high performance liquid chromatography
(HPLC) , antioxidant activity
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GiE 2t
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AT A= 3 7K R AS W 48 e Rt e R B UL A 1 i
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1.1 ##58ER

L1 Xgaa X5 T 2018 458 A 15 HAEMIL
BTLDCP AR TR A AR MY BT S M (1120157 E
30°36" N, MG 34 m) #EAT, %0050 3 b + HE LU
HORURE o0 = R0, R K IR HEVE Oy (8,
Bty KT, L8 pH N 7.60 £ 4, A HLK
2.93% , 2R 0.16% , A B A4 2 7353 16.63
F1104.74 mg - kg, BEXSFPHNIFE 1 S AL
TrIE, Sk, IEH HEASHE 11 H ik, Fr i+
Ja, B NTE7E W I, A7 T -20 €k
R it

L2 XA BACE Gl A iy-3-25 &
( Kaempferol-3-rutinoside ) 14 H F ApexBio 22 ] ; 11
Z= Wy ( kaempferol ) & JLAS &K (epicatechin) Hft B2 2
( quercetin) {% & TR ( gallic acid, GA) | 1,1-" 2K
F-2-= i FE 28 Bk (1, 1-Diphenyl-2-picryhydrazyl
DPPH - ) .2'-3% A~ ( 3-Z, K4 I 108 s ok - 6 -k 1% )
B [ 2, 2'-Azinobis ( 3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt, ABTS] . = At B¢ £ =
W& (TPTZ) .25 — H 3L 9 5 FR 156 ( Trolox ) 51 H
T Sigma A w]; AL O NE L LR FARAE S T
(rutin) Mg A T4 5e AR 2 w5 H A 3050 25 O 1 4 o
Bk,

1345 : Allegra X-30R Z2 41 2800 HL ( 36 [ D1 5 &
PEIRFF2A A ), N-1200B e % 7 A (b % B AX
A BRATE) A YR T L (18 1E Martin Christ
ow])  BOGHR S A AT L 435606 B 3 (b 5t A il
AR A IR AR o OO (0 35 A% (56 [ L2 HE R
~HEl) .

1.2 MERRSFHE

1.2.1 % & B 89 3£ B0 £ % Perales-Sanchez et
al.(2014) WP EEIF A B S, 1 g FFEBIMA 8
mL IEC ¥E, 737 %,4 C .4 000 xg T &L 10
min J5 ABR DWW, HE 3 K, HUETMA 8
ml 80% £, ZE il T 122 30 min, &% 10 min 52
P —K,4 °C .4 000 xg T &0 10 min J5 B
W RIFEP IR E & 3 IR, BIFRIRIK, 37 C T ek
AT, 80% LB ERE 5 mL, -20 CIRAT
#wH.

1.2.2 46869325 S M Sun et al. (2002) BB
8, B A ) LR R PR ORI R A 20 mL
2 mol « L' NaOH , fEA &AM N ElRE G K 1~
2 h )5, ¥k 6 mol - L' HCL ¥ pH JHE 1.5~2.0
Z 8], R R INA 10 mL 2 B2 21k 17 %%
HL,4 °C 4 000 xg FEL 10 min Y4 282 2 BEH
Gy, BE S WK, BIFAPER,37 C e Z& KT,
FH 50% W FIFEAE S mL,-20 CHRAFEH
1.2.3 @4 2m 2 R Folin-Ciocalteu ¥l &
JFE 1S FILITIE SRR 5 595 HE (Julkunen-
Tiitto, 1985) . VA TR M hn v 24 5 2R B 19
i (mg Gallic acid eq « ¢g" THEFEM) , B E N mg
GAE - ¢! DW,
1.2.4 F 84202 RKH NaNO,-AICL, - 6H,0
D5 SR 15 FILTT 3 FE A RE 8 R Y &
i (Jia et al.,1999) . LUA T AR ME M & R B
Bl () 7% 2 ( mg Rutin eq + ¢ T HEES) , W5 N mg
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1.2.5 HPLC kM E B £ R A REAAE  WHE
B 2 1) o ) 21 B 2 BB Jiang et al. (2015) &7
BT G R UL mg - ¢ T, XA R -3-0-2
FWE-37-0-B-NH g 78 29 0 11, LB wt LU T bn
MEFRIR
1.2.6 L F AR
1.2.6.1 DPPH  DPPH H fH 33 bR 68 11 1l 2 =
2% Brand-Williams et al. (1995) W 5% J7 ¥, DPPH
HLAEE 1 g TEAM P EE WP RAERE Y =
(Trolox) 7K , B0 &1 mg Trolox eq - g T HFE i,
fii'’5 H mg TE - ¢ DW,
1.2.6.2 ABTS  ABTS [ 2% bR BE 71 A 22 2 IR
Re et al.(1999) IYBFFJ5%, ABTS LI5S 1 g T-HAE
i S i R TR TR 6 2 it ( Trolox ) 7w, A
K mg Trolox eq + ¢ THAEM, HIE N mg TE - ¢! DW,
1.2.6.3 FRAP FRAP if 7 Hi SH AL E J1 B 22 S B8
Benzie & Strain(1996) iff 5% 7%, FRAP {8 A% 1
g THAES P& W SL IR FR TR 24 5 ( Trolox ) £
N, B0 mg Trolox eq + ¢ THFEM, il S A mg
TE - ¢' DW,
1.3 HBEAEBE S 54

FIHH Excel 2013 F1 SPSS 19.0 %k 14 v 17 %3
ST, B AP A 3 Uk, B LA 341 +
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22 SEAMEMSE
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B 1B AT, I ZE 1546 0 rh iife 25 38 I 5 122
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RE - ¢ DW), 1 45 & & i 19 % 8 {X M 0.81 mg
RE - g DW MR T JLVL FRE5 5 e i Y & it (1.32
mg RE « ¢! DW) , 3F HJIIFF 1 5 FJLILH 57 6B 5
MBI & RAAEDEES, RAEFRRY
Wy 259 o 3 B LA B S R U AR, LR SR
1S HAE SN RY I E
23 MEYMRARKREE

WE 2 s, 78)05% 15 UL SR 245
EASHE B H IS B 6 Bl B 4 5, AR KO
Wit Hz 25 -3-0-25 B W7 -37-0-B- M M 4 25 p L 38 L
RE T A W3- R M R AL AR
(Mg 1-056), 6 FhEHERpIR S BN 2 PR, JIFE
1 SlEE SR b 6 Fhep iR & B E T Iu
F5. HAIFE 1S U3 55 U B 25 f2 By vh
THEE (AR 16.78 Fl1 6.47 mg - ¢') W E &
T A, 43000 o U B A R S B 54.74% N
48.41% ; W Mt K 2= (43518 3.04 F10.61 mg -

®1 JIF1SHWATIEFEM~2EK
Table 1  Yields and yield traits of Chuanqgiao 1 and Jiujiang Kugiao
i A A RRRLEL T i
Variety Grain number per plant 1 000-grain weight (g) Yield (kg + hm™)
JI|£ 1 B Chuangiao 1 117.01+1.76 18.24+0.02 1353.03=1.29
JUIT 5 Jivjiang Kugiao 117.71+2.17 19.13+0.08 * 1 427.03+0.40 *

T = Ros iRl 25 57 3% (P<0.05) .

Note: * means significant differences among cultivars (P<0.05).

ez )II3F 15 Chuanqiao 1

30{ A NI Jivjiang Kugiao
25
= 20
fgs :
o - 10 -
m[mﬂ 1] 'm) 4
4 L . 31?
Ft O w _
BE% 7
52 2-
©°
o 1
0. 0\ 2\ 2\
GES s B
Binding state Free state Total

* FRMAEZRBE (P <0.05), A JIFE 1 SHMAILEFEFFR D 2 & &

* means significant differences among cultivars (P < 0.05).

B. Contents of flavonoids in Chuangiao 1 and Jiujiang Kuqiao grains.

JIFE 1S FJUT TRk 22 B M B Y 55 B LA

Contents comparison of polyphenolics and flavonoids in Chuangiao 1 and Jiujiang Kuqiao grains

K1
Fig. 1

JIIFF 15 Chuangiao 1

35 7] NTEF Jivjiang Kugiao
30 4
5] °
k= 20 ]
2515 *
i 8+ 10
ag
= 3 i
WS
g E S
T 1 %
22\
o - .
Z#EE HES BE
Bingding state Free state Total

B. JIIZF 1 S AL FERPR A B 5

A. Contents of polyphenolics in Chuangiao 1 and Jiujiang Kuqiao grains;
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A. Free seed extracts of Chuanqiao 1; B. Bound seed extracts of

Chuangiao 1; C. Free seed extracts of Jiujiang Kugiao; D. Bound

seed extracts of Jiujiang Kuqiao.

K2 JIFE 1SR FRF PRI 2 i e e
Fig. 2 Phenolic contents changes of seed extracts of

Chuanqiao 1 and Jiujiang Kuqiao detrmined by HPLC

o) A3 o U B S R Y 9.92% F14.60% , 4
BRI LRILERMS T R F, P )IFFE 1
SR FEH AT B & A (0.28 F1 0.48 mg -
g ) o o 4 A R R Y 34.29% 1 36.62% , H:
UORINZE W3- iz R I5R 1 5454
My o Ll s o 9 % o A K, (B R LT 3R 45 &
HA S ARG ) 1) 2%
2.4 AL EST

mE 3 pron, JIF 1 5 SRy m
DPPH  ABTS Fl FRAP = Fh47 S fL GE J1 (8 5 % A
30.14 ,11.03,18.84 mg TE - ¢ DW, Hpr & fkfig
¥ 5 BT EALTETERY 86.00% L) b B T LT SF
W =FphT LR I, S SRR R BAA —E
T AL TS P (B AR BT S AR T M Y 7 BN,
HIIZE 1 5456 SR b Ak se 011K F Lt
ST
2.5 XS

JFE 15 4 O v iy 28 | B A e A fk e
(DPPH ,ABTS , FRAP) 22 [a] %) AH & 1 43 A1 &5 25 0
F 4, ZWFEENS DPPH ABTS 1 FRAP ) i 2%
FHOE, R R T 0.9(P<0.01) . JF H =¥t 1k rE
T Z 1A AH G, R HTE 0.867 ~0.965 Z[A],

3 it

3. RiBEMX BEEFHFNAZEHARNS

Z WY AR — 2R BB P A A R,
A ARG SR KR AP h . ARV R
PR DR AR (4 )1 57 1 5 JR S FR R R v S (27.38
mg GAE - ¢! DW) Fl Z B il (31.46 mg RE - g
DW) [ F i 8 3% & T JLIL 5% (12.71 mg GAE -
¢! DW F114.68 mg RE - g" DW) , il 7] i 5 1555
FRRLA IR FI R /INGEA OC (XBR5E,2014) |, JF HA
TR B B b R i T BT Y 3R
(7.23 mg RE - ¢" DW) (Liu et al., 2018) . 72l
I 5 BT 7 T A B R R A 79% LA I, U
BH 5 AT R R I 2 ) o o DA S Y U A
7E,3X 5 Adom & Liu(2002) #3H Ay £ K /N K
KA H A ) B 2 DAL A ST R AFFE 1)
ZERA I, M5 Guo et al. (2012) R IE 175 T By 28
WAL s A —5, 7o 5 1 %
PR 25 S B & 5 (2.08 mg GAE - g DW) ik
TIITHEFE (2.61 mg GAE - ¢ DW) , HHILTHIA
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Table 2 Compositions and contents of free and bound phenolic compounds in
Chuangiao 1 and Jiujiang Kuqiao grains ( Unit: mg + g")
Wi e 3R -3-0-Z B M -3 -
O-3 - i 7] 24 W FILHR T
N uercetin-3-O-rutinoside-3’- Epicatechin Rutin
*:F?K‘
i 0-B-glucopyranoside
Variety
ires s el Boe lires s Heds BoR ires s sad B
Free state  Bound state  Total Free state  Bound state ~ Total Free state  Bound state Total
JIIFE 1 %% Chuangiao 1 0.55 = 0.04 = 0.59 + 0.70 + 1.30 + 2.00 = 16.78 + 0.28 = 17.06 =
0.00 0.00 0.00 0.01 0.05 0.05 0.19 0.01 0.19
JUTTF55 Jivjiang Kugiao 0.15 + 0.03 + 0.18+ 0.11 + 1.00+ .11+ 6.47 + 0.48 + 6.95+
0.01 0.00 0.01 0.01 0.10 0.09 0.19 0.00 0.20
Ll By -3- 25 AT Mk R L7 My
ok Kaempferol-3-rutinoside Quercetin Kaempferol
Free state  Bound state  Total Free state  Bound state ~ Total Free state  Bound state Total
JIIF# 1 % Chuangiao 1 1.17 = 0.02 = 1.19 = 3.04 = 0.02 + 3.06 = 0.06 + 0.003 + 0.07 +
0.02 0.00 0.01 0.21 0.00 0.21 0.01 0.00 0.01
JUITA% 3F Jiujiang Kugiao 0.27 = 0.04 + 0.30 + 0.61 + 0.02+ 0.63 + 0.01 = Nd 0.01
0.01 0.00 0.00 0.01 0.00 0.01 0.00 0.00
T Nd FoR AR E,
Note: Nd means not detected.
3 JIF1SMALIEFRFUFESNESTRIYPREKE (F4.mg TE - g' DW)
Table 3 Antioxidant activities of free and bound extracts from Chuangiao 1 and
Jiujiang Kugiao grains ( Unit; mg TE - g’ DW)
JIIZF 1 5 Chuangiao 1 JUITF5 5% Jiujiang Kugiao
ires s EEE JEST ires s ey FEN s
Free state Bound state Total Free state Bound state Total
DPPH 30.14 + 1.03 1.26 + 0.04 31.40 = 1.00 14.47 + 0.20 1.54 + 0.03 16.00 + 0.18
ABTS 11.03 = 0.98 1.75 + 0.07 12.79 = 0.94 4.95 + 0.11 1.91 = 0.01 6.86 = 0.10
FRAP 18.84 = 1.26 1.08 + 0.02 19.92 + 1.26 8.21 = 0.06 1.38 + 0.01 9.59 + 0.08

WFFE AP )1 32 11955 (0.096 ~ 0.308 mg GAE - g
DW) (255 ,2010) K 5.(0.14~0.78 mg GAE -
g DW) (Wang et al., 2016) Al KK (0.38~1.08 mg
GAE - g DW) ( Pang et al.,2018) 454 B 19 &
i IFE 1S AL 55 B 0w i {8,
AT BEJ2: 22 M BURH DG BE IR b DX A= KA BE | T ik
s o R i BB 1) 45 PR R A 25 R B0 ( Xu & Chang,
2007; Guo et al., 2011; 3K 8%, 2018) , X 75 ik
— B RAIE

i HPLC #1208 22 w7 35 kR Hh i) i 25 9 Jot
FEREW SR, K IFE 1 ShesT
A& R E A 17.06 mg - ¢, &7 BVER & B A9 50%

P b, B E T ILLESE(6.47 mg - ¢) AU 7
F£(7.62~13.37 mg - g') (Peng et al., 2017), Li
et al. (2010) 1 J& ¢ 187 (2017 ) 7 18 37 5 o it 2
TR T MR, SRR R IEA 2
1M Guo et al. (2011) B AR T F4E G R 22
FTRHILE R, SAMRE S SWHAEY R F L2
FTRERILZ R RA -3, X RE R I & 4
FCEREE T B 5 1 57 22 o B 45 25 S S B, X
LRI
3.2 EEFMFHNAMELESE

B AEFE 4 2R 3R By 3 b i Bt A AL BE ) 55
Z W FVETHR O R MR AR OC (XIZEEE, 2014) o AHF



216 I i W7 40 &
x4 NF1SMATEFARNRRYDEE SWMMRENENZBHHEXED T
Table 4 Pearson’ s correlation coefficients ( R) among phenolic contents, flavonoid contents and
antioxidant activities of extracts of Chuangiao 1 and Jiujiang Kugqiao grains
i\ s A~ EL F A~ EL
kalakes | R DPPH FRAP ABTS
Phenol content Flavonoid content
2% £ & Phenolic content 1 0.996 = 0.991 = 0.926 = 0.988
i 7 fit Flavonoid content 1 0.998 s 0.940 = 0.974 =3
DPPH 1 0.951 s 0.965 s
FRAP 1 0.867 #x*
ABTS 1

. o+ FoR P<0.01,
Note: ** means P<0.01.

FERINFE | 5 B FER R PE Y i ST APk
W2 T UL 3 B A APk, o DPPH A
ABTS {55 T Zhou et al. (2015) 42 18 1 B 7E 15 55 14
PraE et EEEENIGFE 1 SEAE SN Z5H
A 5, H 22 Wy A R S e A 2 ]
(AR 5 2B 7E 0.92 LA L, $REY) i & 25 4
7t DPPH ,ABTS Hl FRAP fy3i E AL AE J1 i MR
LRSI 72% L) b, T 25 46 25 90 o 09 Bt 48 AL RE

BAR, 10 BH 7 I K7 R 52 B 1 0 4R A0 0 1 T2 2ok
U5 F U 2 A0 T B, TR L, AP0 4K b XA S
FERPRLE & 2 B A0 G ) R B A B A A T
e T S A 7 RO T AR 5 AR

SE K.
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