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Comprehensive evaluation of nutritional components and
antioxidant activity of buckwheat germplasm resources
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Abstract: [ Objective] This study aimed to comprehensively evaluate the nutritional components and antioxidant acti-
vity of different buckwheat germplasm resources, providing theoretical basis for identifying specialized buckwheat varie-
ties and their processing and utilization. [ Method ] A total of 10 tartary buckwheat and 27 common buckwheat germplasms
were taken as materials to determine their total protein content, total phenolic content, total flavonoid content, total
starch content, 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging capability, 2,2'-azino-bis (3-ethylbenzothiazo-
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line-6-sulfonic acid) diammonium salt (ABTS) radical scavenging capability, and total antioxidant capability. The genetic
variation analysis, correlation analysis, principal component analysis, and cluster analysis were performed. [ Result]
Diversity analysis results showed that the total protein content, total phenolic content, total flavonoid content, total starch
content, DPPH radical scavenging capability, ABTS radical scavenging capability, and total antioxidant capability of
tartary buckwheat were all higher than those of common buckwheat. The coefficient of variation of tartary buckwheat
germplasms ranged from 2.27% to 49.36%, among which the ABTS radical scavenging capability exhibited the highest
coefficient of variation, while the total protein content showed the lowest coefficient of variation. The coefficient of varia-
tion of common buckwheat germplasms ranged from 4.62% to 35.19%, with relatively high values for total flavonoid con-
tent and DPPH radical scavenging capability (>30%), and the lowest value for total protein content. Correlation analysis
revealed that, in tartary buckwheat and common buckwheat, total phenolic content was significantly positively correlated
with total flavonoid content, and DPPH radical scavenging capability was significantly positively correlated with ABTS
radical scavenging capability (P<0.01) ; no significant correlations were observed between total protein content or total
starch content and other traits (P>0.05). Principal component analysis (PCA) and cluster analysis showed that the cumu-
lative variance contribution rates of the first three principal components were 83.9% for tartary buckwheat and 78.6% for
common buckwheat. In tartary buckwheat, Group I could serve as candidate materials for breeding varieties of high total
protein content and high total starch content, Group II could serve as hybrid parents for genetic analysis of total protein,
total phenolic, and total starch traits, and Group III could serve as candidate materials for breeding varieties of high total
phenolic content, high total flavonoid content, and high antioxidant activity. In common buckwheat, Group I could serve
as candidate materials for breeding varieties of high total protein content and high total flavonoid content, Group II could
serve as candidate materials for breeding varieties of high total antioxidant capability, and Group III could serve as candi-
date materials for breeding varieties of high total phenolic content, high total starch content, and high DPPH and ABTS
radical scavenging capabilities. [ Conclusion ] The ABTS radical scavenging capability in tartary buckwheat, as well as the
total flavonoid content and DPPH radical scavenging capability in common buckwheat exhibit rich genetic variation and
can serve as target traits for specialized excellent germplasms. The phenolic and radical scavenging capability factor, total
antioxidant factor, and nutritional component factor in tartary buckwheat, along with the phenolic and antioxidant activity
factor, and total protein factor in common buckwheat, extracted by principal component analysis, can be used as core
indicators for the comprehensive evaluation of buckwheat quality. Buckwheat germplasms from different groups can be
utilized for the screening and application of specialized varieties with high protein content, high starch content, high phe-
nolic content, and high antioxidant capability.

Key words: tartary buckwheat; common buckwheat; nutritional components; antioxidant activity; comprehensive
evaluation
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1.97%~3.03%, & [ 5T F- 24 & 1 0 14.3%, 28 R R
10.9%~20.3% , HA [w) o J5x 5% 58 14 5 265 ] 40 4 11 o
SRR EES . B0 (2010) 6 17 4
FE R B TR B AT I A, R R T AR
1.54%~2.40% , Hor Sl SRR 5 ft e 1m0 (2.40%)
JNFFE 1S EAR(1.54%) . ZEH A5 (2013)%F 84-F7 42 i
T e 4 [ 17 Aok B b e AT R B 11 0 B 5
AT AT, A ERAS[R] P A () b i (R S5 A7 A
25, E A SR R 0.781%~2.479% , - Y Ky
1.676%, 8 111 5t 7 & A2 F o~ 3.253%~15.723%, *F-1
HM 7.672%. ZEFAESF (2016) % 48 13 15 57 Fh i %
TR B 6 4 AL MR 5 A4 d MR 2R A7 38
ZREM T, R EIEA & EAN T 8.59%~
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11.40% , HLET4E & 54 T 0.93%~1.44%, HLIG T & =
T 1.71%~3.31%, SIEk & i T 67.77%~86.02%,
SR A T 0.08%~0.61%. 22 F B 45 (2020) %
ST E A BT M TER LT 4R
B B i AT AT, A R RN X SR
BRNTTREFBER, B 220 8%~
12% ; MLR W5 2 B AR IR A 2.3%~3.5%, JE Y 25 i AR i
K 70%~80% , e i B 4T 4 AR 1R N 3.64%~10.20% , &
B AR IE N 11.32~16.32 mg/g. T #%5(2024)
X7 AN R DX 5 R B B B AR TG M A T B
T IR TR AY PR RE T B P 3 A A
S P AR X 135 5E (45 DT) [ 2 1
FD- Tk U B o e, Al 2000 eI, X 1,1-—
HEFE DI (DPPH) F12,2-BX & - . (3- 2 3E- %5 5F
WE W -6-Tk R ) — b (ABTS) [ L 1T IR g 1 &
S FIRBFRMESEFE R N T HER S T AR
B EERE S ARFE AT Y E R, 5 O X 5F
B IR BT EACTE P 25 A VA v R WL HRGE
S =2 535 0 T R S R ) B3 S o (UL e ) 5
FEMRI R )L 37 (7 5722 s b ik e b4 oRE T H S
BT AT EATE R AR IR AT 25 5 P, B RN SR
A2 N T L2546 R S A5 Al (W] S i e 5%
22 L LR BB R R P RN A O S e T D
I S%
1 MRERE
1.1 RIEHH

HEAA R PR I T AR B B R
SIHER) 37 O3 FRAE R (36 1), Hidr 10 1 R 55 R o
(45 KQ-1~KQ-10) , 27 /3 M EHFFF i (4 5 TQ-1~
TQ-27).
1.2 K H*E
1.2.1 #sudl & BEFIFPRCIETE /N 5T 0
P, T TR HLR A6 , 3k 075 J BR8P R A ot
TEEE, HEMEESEREART RS
%M.
1.2.2 E&abtzaE RHGB 5009.5—2025
(B A2 A EShnE B 8 BT e ) A il
G RILIEATINE o HERRRIGE R B R A 0.2 ¢,
AT IR0 e ZE T ARKINA 0.4 g B R4 6.0 g
GRS AT 10.0 mL B FR , 5282 J5 A0 1 BCE /N1 o
W FUE BT AR PoOmBE AL, RRRE A T ik ik
J& I R RS O B S ARSI 0.5~1 he
BURAH, FBILICE Z AR 8 2L 0.1 mol/L
ER AR M 2 VR E BN
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Table I Names and codes of 37 tested buckwheat germplasms

eSSl i’ AR
Classification Code Germplasm
T4+ Tartary buckwheat KQ-1 % 12-1-17
KQ-2 % 15-5-17
KQ-3 #£33-11-17
KQ-4 #38-10-17
KQ-5 % 64-1-17
KQ-6 % 7-4-17
KQ-7 1% 86-10-17
KQ-8 % 19-5-17
KQ-9 % 15-4-17
KQ-10 % 18-2-17
#HFE Common buckwheat TQ-1 % 04-137
TQ-2 A2
TQ-3 % A4
TQ-4 A8
TQ-5 % Dem
TQ-6 % Der
TQ-7 K Kit
TQ-8 K Tai
TQ-9 ik Tsh
TQ-10 ik Bae
TQ-11 ik Hor
TQ-12 ik Sau
TQ-13 ik Tha
TQ-14 i DS
TQ-15 i DK
TQ-16 T T
TQ-17 K Jia
TQ-18 w1
TQ-19 %2
TQ-20 "3
TQ-21 W4
TQ-22 5
TQ-23 w6
TQ-24 %S
TQ-25 Y
TQ-26 % Bog
TQ-27 % Boy

1.2.3 BE#Hra 22 R Solarbio JE# & it

R G AT AE o FRHL0.02 g AN[R] A FPFEAZ #
HAE S TR AP BERE , A 0.6 mL 5 — , 8432
WIRHERS 2 EP A, T 80 °C/AK IR 30 min, B )5
£ 5000 r/min , FILAF FELL S min, 57 LR TR
JE, DIEFIIA0.3 mLXGE/K, Tk il 15 min,
BENEIMA 0.6 mL i — , F-R ik KB HEH 15 min,
P17 3~5 UK, B0 Ji BV WA . 4y e BE T
T 620 nm A< AR W (DLZEIRK IR ) |, [ A
i BEbRAE i 22 IR £ . B & A S
W

y XxV Fe 0.811X

T Wwx1a1 " W

R, Y R ETER & (mg/g) , VUG &
ERFLC0.9 mL) , WoNFE L & (g) , F AR S B A
B XM p b ph 2 A 20 0 BT i W B (mg/mL) .

x F
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FREER B ) i, FRA i E 25 2 10 mL,
1.2.4.2 #snlE SRS bk O
P& i, A ERR IO R SRS RAZ R AR 1.0 mL,
T 10% A BR4M 7 0.3 mL, {5, &8 & 6 min;
T 10% FEFREB W 0.3 mL, 1R, #8 6 min; )5
JIA 1 mol/L NaOH ¥ ¥ 4 mL, %E %% & 10 mL, &+ &
15 min, T 510 nm P A WOEEE . LLAT T brife
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FGNA bR, el bR 2 . AR AR AR R 2T AR R
R it S B B i, SRR S TR AN
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LR AT B AR i L B TR R (mg/L) , V, 42
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1.2.5.2 #smld SRR LN E S &
(Zhang et al.,2023) . 43 BIERINER 0.2 mLAE S FIAS
(] e JE2 AR V50 B T PR AR MR VL, 25 A 1.0 mL A AR
855 (0.1 mol/L) #110.8 mL £fi/K , 4], BE 5 min; 2R
JE A 1.0 mL 7.5% Na,CO, 7 , FE4r 1R 4] . e
W2 hy, 765 nm A AR E ROGREE . DIRE T
T2 s VR V5 VR I VAR T (50~1000 mig/L) S AR A L T
R PR, el bR 2k o AR PEARE 2o
AT RE A B R ECR . B R BCR AL & it
=R/ /I
CxV

M X

_CxV
M

N, Yo B B R IOR (%), TF R R %
(mg/g) , C B bR 28 175 3] B RE B S it it
W B (mg/L) , VR OB AR AR (L), M R FF
(g,

1.2.6 #HAAE N Z

1.2.6.1 DPPH & WK #F sk Amle 4 5w
W BUAS [R) s b 5 22 FF b 5 K 0.1 mL, 2 6 Ma 55
(2013) f) 5 30 %€ Ho6 DPPH H H 3 (175 BR g
PAYEHE 2 C(Ve) X R, A FE S A 3 UK.
1.2.6.2 ABTS A whFrathmlz RHER

Cs

100

YTF:

TF

=)

i

=

KBHUAARE TRz 70 £ (ABTS 325 ) #EA 70 2
T 96 FLAR AEA KL FL H i A 200 pL ABTS TAEW,
PRI 10 pL AN i Pl 32 22 4 S TR A1 e = i
§1% F 2~6 min, 7F 725~745 nm I K 7 F P00 2
. BARRRER 3K
1.2.6.3 EHRAMEAME RABRKEIIA
FERE SR & (FRAP ) EA T 5E o BFAS ] i
Tl 55 2 R S VA W 5 200 pL FRAP TAE K (#2351
S UL B R IR A 447,37 °«CKIBIFE 5 min, T
517 nm PERAME W ERE . AR ER 3R,
1.3 Sitoh

5% FH Excel 2007 F1 IMP 9.0.2 X364 461777
Zor 2 A . AR 7 25 40 BT 45 SR A s A%
RO HEEHC b, F B b-1, iR AR E R
v—1,1R2Z HHEN (b-1) (v-1), FFr A4 050 Mg,
R T R Me, Wisif% )5 2% 6 :=(Mg—-Me) /b, 3155 )5
2%62=Me, WERR)HAARXIMT

h=62(62+62)
2 BRE5HMH
2.1 FEMRBFBREFESRMELFEENSHME
NER

XF 10 443 87 55 BT 1) 35 5% 153 Bt B AT PR
FFEREE T (3 2) , G5 R A TR R B A &
S E A 11.90% , KQ-6 Fi it 7 it Fe Ik (11.55%) ,
KQ-4 F 5t £ 1 f 1 (12.20% ) 5 3 By 25 1 - (8 Ny
1.12 mg/g, KQ-10 F Jii & £ I (0.87 mg/g) , KQ-4
Foft S 55 8 fi i (1.45 mg/g) 5 BB R & 39
4.37 mg/g, KQ-10 Ff i1 1% it £ ik (2.84 mg/g) , KQ-4
FKQ-8 Fft I & H fie 175 (5.74 mg/g) ; SIEH & H-F- 1
{4 653.74 mg/g, KQ-9 F i %t e fik. (484.73 mg/g) ,
KQ-10 Ff Jii & 2 f% = (801.80 mg/g) ; DPPH [ i %t
TH R AE I 241 H 0.84 mg/g, KQ-2 F it 1% (0.72
mg/g) , KQ-1 F1 KQ-8 Fl it fz = (1.03 mg/g) , KQl .
KQ4 Fll KQ8 il jiit 15 HoAth Fif Jo 1] 2 57 I 3% (P<0.05,
TRl ) s ABTS A HH 27 bR 68 1 °F ¥ {H Ky 155.37
mmol/g, KQ-5 Ff i £ Ik (49.60 mmol/g) , KQ-4 Ff JiT
I 5 (300.67 mmol/g) ; & 47T %8 1k 58 J1 F 1
27.84 mmol/kg, KQ-10 F Jii f % (24.34 mmol/kg) ,
KQ-4 F1 5 fic 51 (31.58 mmol/kg) , KR4 Fl Joit [11] 22 5
W 100 FER T R B SR MU AT AR
RE T 2.27%~49.36%, Hod ABTS H Hi 5L B fig
T S5 R A, R IR MR B R i s L
RLVER 7 5 B B B R R TE S & R L N DPPH [
FEIBREE 10078 5 RATE 10%~20% ; ST A L g
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(AR ST R BN 7.36% ;5 R & 2 AR 53 R BRI

XF 27 WHFE A B B SR o St A AT A T
LR (3R 3) , S5 R L BRI R T R (1 A
{50 11.47%, TQ-24 F i 7 2 5 1£ (10.40%) , TQ-19
Fofo 55 5 2 f v (13.01%) , FL TQ-19 5 HoAth Foft 5 ] 2
545 R T HA(E R 0.53 mg/g, TQ-13 FiT &
T if£(0.39 mg/g) , TQ-27 Rt & i 1 (0.69 mg/g) ;
SR S A M 1.10 mg/g, TQ-6 i & i ik
(0.53 mg/g) , TQ-1 i & & 5 1 (2.05 mg/g) ; MIE
By o B oF- 405 R 590.26 mg/g, TQ-2 Ft it 75 it Fie fIK
(411.49 mg/g) , TQ-15Fft 57 1% 2k fie 75 (768.93 mg/g) 5
DPPH [ 1 5E34 B g 11 F-¥I{E 0 0.54 mg/g, TQ-23
Tih B £ 45 (0.27 mg/g) , TQ-1 Fh i ¢ 15 (1.03 mg/g) ,
H 2N Fp A 22 5 8. % ABTS [ i1 BRAE /11
B4 127.50 mmol/g, TQ-9 Ffi i i Ik (64.98 mmol/g) ,
TQ-1 A fifr 5 (216.63 mmol/g) ; SMPLAALRE J1 -1y
{H 4 7.87 mmol/kg, TQ-6 F Jiz £z fik (4.73 mmol/kg) ,
TQ-3 F i e 155 (12.94 mmol/kg) . 27 Gy FiFEF T Y
B o bt A A TE AR B RO T 4.62%~
35.19%, Hor S Bl % 5 A1 DPPH H F 25 PR g
B (>30%) , R 2 PR BAT R A 5t A% 0 R
T 5 Y RUETE RS LA ABTS A H 335 bifig
TR EBTEAGRE T S S R AU T 10%~30%; SR
P o AR S RO AR

SR IERE S FR B R R
B A TE By & i LA &2 DPPH H LT KR fiE 1 .
ABTS H HEERRAE T AL TR AL RE 1 200 HE RS
3.75%.111.32%.297.27%.10.75%.55.56%.21.86% FI

K2 EFMREFRRS RAENEENSHES

253.75%, HAr S A I & A SRR 465 . LA
SRR 37 FRA P R IRAS TR R 22 R 1 AT
AR TS IS e A SR T U
2.2 FEMREFFREFES RMELFEENSRER
NER

TR Fh TR AL R T 4 AN R 4 PR, w55
EESEB L R0.378) /N, L H D) 2 55
We), B R TPORN BRI AT SRR R . IR B
T 5 8 R TER S B ABTS H H ST BRAE I AR BT
AL RE T DA KR SR I B JE % 1 . DPPH [ H 387
Friie 1 ABTS H H 235 Brie 1 FLS Pt E i g, 3L
BRI T 0.950, & B stk HAT 5 193545
T 1, 32 PR R 3R S A 1K , P 7E & AT I A T
i
2.3 FEMRABEEFES RMENFENEX
DGR

FEA PP AR AT T 45 SR W3R 5 FN 3R 6 i , AN ]
FEA PP T AR AR B AH AR e 22 570 R,
ST B i 5 R B B SR N IR AR DG (P<0.01,
[]), 5 DPPH H FH HEI5 BRAE 7 42 1 35 1EAH OG5 B
i & 5 BT A LR ) &t W 3 IE A C; DPPH A H
FLIEBREE 15 ABTS A ML B AR 1 S 8 2 1E A
K s HAb AR H) JC k2 AR OCE: (P>0.05, T [A]) o fEA%
R, 5% DPPH A HIL1ERRAE /15 ABTS H
FLVE PR AE 1 A SRR, AH OE R ECK 0.927, 1 B
BRI TE By B 5 At bR ) 34 TG i 3 A G
(£5), HtzEr, Al &R 5 8% % & . DPPH
L5 BRAE 11N ABTS H 2435 bR e S35 240 3%

Table 2 Diversity analysis of nutritional components and antioxidant activity of tartary buckwheat germplasms

G MEATE  EBOE BEESE BIEM&E DPPH AMHIEERR  ABTS A HRESERR  BAUEILRET)
Code (%) (mg/g) (mg/g) (mg/g) it S (mg/g) fiE7 (mmol/g) (mmol/kg)
Total protein Total phenolic Total flavonoid  Total starch DPPH radical ABTS radical ~ Total antioxidant
content content content content scavenging capability scavenging capability
capability
KQ-1 11.86+0.12ab  1.18+0.02bc ~ 3.78+0.24ef  596.69+6.03f 1.03+0.07a 226.11+0.17¢ 26.40+0.13ef
KQ-2 11.86+0.16ab 0.97£0.09cd  4.32+0.02cd  541.19+3.40g 0.72+0.07b 102.30+0.62f 28.54+0.15¢cd
KQ-3 11.89+0.14ab 1.15+£0.06bc ~ 4.17+0.25cde  664.48+6.61¢ 0.77+0.06b 113.62+2.88¢ 28.80+0.24¢
KQ-4 12.20+0.10a  1.45+0.03a 5.74+0.12a  589.93+9.84f 1.02+0.08a 300.67+5.10a 31.58+0.51a
KQ-5 11.89+0.06ab 1.30£0.08ab  4.58+0.18bc ~ 713.72+4.34¢c 0.75+0.03b 49.60+1.69g 29.67+0.12b
KQ-6 11.55£0.26b  0.98+0.11cd 3.5840.08f  743.73+4.76b 0.75+0.03b 133.36+2.80d 25.72+0.45f
KQ-7 12.11+0.36ab  0.99+£0.10cd ~ 4.86+0.09b  709.14+7.82cd 0.74+0.03b 112.14+3.38¢ 28.86+0.29bc
KQ-8 11.63+0.32ab  1.33+0.07ab 5.7440.18a  692.09+6.26d 1.03+£0.07a 259.71+3.51b 26.61+0.13¢
KQ-9 11.81+0.31ab 0.97£0.07cd  4.06£0.20de  484.73+6.16h 0.79+0.08b 138.06+4.49d 27.83+0.25d
KQ-10 12.1540.10ab  0.87+0.09d 2.84+0.11g  801.80+8.99a 0.81+0.01b 118.11£2.70e 24.34+0.33g
S 11.90 1.12 437 653.74 0.84 155.37 27.84
Average
AR5 R H (%) 2.27 17.86 19.37 14.52 16.67 49.36 7.36

Coefficient of variation

[FIBNEE G A [l NG Rk RoR 2253 35 (P<0.05) . %3 [+

Different lowercase letters in the same column indicated significant difference (P<0.05). The same was applied in Table 3
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TEAHSE ; BT & 5 DPPH AITABTS H 33 4 BE
JI RN R E RS, 5 BPUA AR ) 2 D EA
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Table 3 Diversity analysis of nutritional components and antioxidant activity of common buckwheat germplasms

N

A~
iy 2

IR — R (PCL) A 2k fr (B4 i B8 b
7 (0.892) | B iR 5 /2 (0.856) .DPPH H

P IV Rl SNt R SIS R MIEM e R DPPH AMJENFR  ABTS AL BhisfLiE )

Code (%) (mg/g) (mg/g) (mg/g) fiJ1(mg/g) fit 71 (mmol/g) (mmol/kg)
Total protein ~ Total phenolic ~ Total flavonoid  Total starch DPPH radical ABTS radical Total antioxidant

content content content content scavenging capability scavenging capability capability

TQ-1 11.31£0.12bcde  0.66+0.09ab 2.05+0.21a 731.91+5.78b 1.03+0.08a 216.63+0.03a 11.63+0.10b

TQ-2 11.97+0.04b  0.55+0.03abcdef 1.14+0.12bcdefg 411.49+4.95m 0.67+0.03de 120.42+2.54ij 6.99+0.39hi

TQ-3 11.90+0.15b 0.4740.07def  0.86+0.06defgh  560.01+6.62¢ 0.44+0.02jk1 116.15+2.82j 12.94+0.30a

TQ-4 11.54+0.17bcd  0.56+0.05abcde  0.90+0.09cdefgh  708.44+2.54¢ 0.74+0.03cd 155.27+0.56¢d 8.98+0.25¢cde

TQ-5 11.01£0.24bcde  0.48+0.07def  0.8440.10defgh  604.10+1.15f 0.64+0.02def 82.18+0.94mn 11.35+0.10b

TQ-6 11.514£0.39bcd ~ 0.42+0.06ef 0.53+0.04h 519.91+3.03h 0.38+0.02klm 103.20+0.72k 4.73+0.37m

TQ-7 11.39+0.28bcd  0.51+0.06bcdef  1.15+0.03bedef  702.96+5.95¢ 0.61+0.02defg 136.0143.14gh 12.52+0.15a

TQ-8 11.57+0.23bcd  0.50+0.05bcdef  0.88+0.17defgh  464.76+5.47] 0.42+0.01jk1 139.20+3.84fg 8.01+0.28fg

TQ-9 10.63£0.49de  0.49+0.09cdef  0.89+0.10defgh 567.91+2.66g 0.54+0.07fghij 64.98+0.18p 6.53+0.27ij

TQ-10 11.674+0.39bc 0.43+0.04ef 0.64+0.05gh  631.18+2.96¢ 0.38+0.041klm 147.37+3.56def 5.50+0.161m

TQ-11 11.62+0.48bcd  0.59+0.03abed 1.40+0.06bc 499.55+4.701 0.35+0.011m 71.30+2.010p 6.27+0.29ijk1

TQ-12 11.35+0.36bcde 0.53+0.05abedef  1.31+£0.21bed  439.16+5.25k1 0.38+0.04kIm 156.42+5.33¢ 7.08+0.13hi

TQ-13 11.45+0.19bcd 0.39+0.03f 0.66+0.06fgh  427.79+5.081 0.28+0.02m 70.55+4.020p 5.68+0.19k1

TQ-14 11.22+0.22bcde 0.53+0.03abedef 1.12+0.03bcdefg  628.69+6.52¢ 0.524+0.02ghij 120.94+1.31ij 8.44+0.17def

TQ-15 11.72+0.15bc  0.54+0.03abcdef  1.23+0.08bcde  768.93+4.79a 0.61+0.02defg 168.04+2.78b 8.47+0.43def

TQ-16 11.25+0.37bcde  0.57+0.05abcde  1.04+0.05bcdefg  659.67+5.38d 0.45+0.07ijk1 121.91+2.20ij 7.01+0.15hi

TQ-17 11.54+0.23bcd  0.54+0.05abedef 1.11+0.12bcdefg  648.23+5.80d 0.59+0.02efgh 175.74+2.92b 7.57+£0.29gh

TQ-18 11.87+0.23bc ~ 0.46+0.03def ~ 0.80+0.10efgh  662.07+6.84d 0.36+0.02Im 85.26+3.20m 5.79+0.20jk1

TQ-19 13.01£0.27a  0.55+0.03abcdef 1.05+0.05bcdefg  706.93+5.46¢ 0.57+0.00efghi 135.97+£2.19gh 8.24+0.12efg

TQ-20 11.43+0.44bcd  0.49+0.03cdef  0.94+0.10cdefgh 707.10+1.76¢ 0.43+0.03jkl 94.42+3.191 6.31+0.19ijk1

TQ-21 11.40+0.36bcd  0.51+0.04bcdef  1.28+0.09bcde  698.78+6.92¢ 0.50+0.03ghijk 114.13+4.05j 7.68+0.22fgh

TQ-22 11.34+0.44bcde  0.64+0.06abc 1.49+0.04b 529.93+5.06h 0.81+0.02bc 175.21+2.58b 9.49+0.28¢

TQ-23 11.46+0.22bcd  0.47+0.04def  1.00+0.03bcdefgh 428.99+6.821 0.2740.03m 76.43+1.02no 5.52+0.20lm

TQ-24 10.40+£0.16e  0.53+0.05abcdef 0.96+0.05cdefgh 648.21+3.10d 0.53+0.05fghij 150.34+1.22¢cde 6.44+0.48ijk

TQ-25 10.90+£0.52cde  0.56+0.04abcde  1.12+0.19bcdefg  522.66+3.00h 0.73+0.07cd 143.09+1.89¢fg 6.61%0.11ij

TQ-26 11.75+0.38bc  0.57+0.05abcde 2.02+0.62a 449.9942.63jk 0.48+0.02hijk 172.78+3.17b 9.27+0.21cd

TQ-27 11.42+0.20bed  0.69+0.06a 1.2840.09bcde  607.79+3.00f 0.93+0.07ab 128.48+1.03hi 7.54+0.49gh

KM 11.47 0.53 1.10 590.26 0.54 127.50 7.87

Average

A5 FRE (%) 4.62 15.09 33.64 18.09 35.19 29.73 27.40

Coefficient of

variation

R4 FEMREFES RSN EERNSEER

Table 4 Genetic rate of nutritional components and antioxidant activity of buckwheat germplasms

£z e (e

Indicator Tartary buckwheat Common buckwheat

Ji\EE 1% B Total protein content 0.378 0.661

S\ 75 & Total phenolic content 0.853 0.610

ST 5 Total flavonoid content 0.969 0.825

JSVERY & i Total starch content 0.995 0.998

DPPH H 12535 Bkt /1 DPPH radical scavenging capability 0.825 0.957

ABTS H il 35 BifE J1 ABTS radical scavenging capability 0.998 0.995

SPUAALRE ) Total antioxidant capability 0.981 0.985
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i 5L T BR fig ) (0.770) #1 ABTS A i 5875 B fig
(0.805) , 3% 4 M HEHR AT PC1 TTlk 5 K 5 4 — F iy
(PC2) Hh B P EALBE 11 (0.759) 2k fof B e 15 5 5 —
B4 (PC3) BV & 1 (0.736) AR UE #y &
(0.679) #hfy {5 o FTFE Y PC1 b 2% oy (L5 /=0 11
FebR R B i (0.862) BN ETER &5 (0.791) \DPPH
H 557 B BE 7 (0.866) . ABTS [ H 2L 35 B fig
(0.793) Pt E ke 11 (0.633) s PC2 B R 1 & i
(0.643) 3 A B e =5 s PC3 P 2R F1 5 12:(0.736) 2 fr
fhfem (£ 7).,

RS FAEEFHREFMS RAENFEIERERNEXME

2.5 FEMRABEFEHS RN EENEE
SHTEER

BT T HEAR AT 10 403 15 55 R0 27 43 B 55 o i
PRI, HERIREEE A 1505, 10 4y vy 55 Bk
3R 3AZEHE (B 1) 5 MR IR 20 16 B, 27 3 i 5%
FRIHE 50 A 3R (F 2) o AR BRI ERE
W38,

eI SRS S Oy Rl BT, FLRER TR TE R
TR, S A B R 7 i DPPH
ABTS H 53 BRAE 1 DL Bt A b Re J1 /%, nl

Table 5 Correlation between indicators of nutritional components and antioxidant activity of different tartary buckwheat germplasms

e MEASE BRSO SR SIEK A DPPH HMAE ABTS A %E
Indicator Total protein ~ Total Total Total THBRAE THBRAE
content phenolic flavonoid starch DPPH radical ABTS radical
content content content scavenging scavenging
capability capability
SR 7% & Total protein content 1.000
J\Bh 7 it Total phenolic content 0.045 1.000
S E i £ i Total flavonoid content 0.053 0.771%* 1.000
JSJEHRS F iR Total starch content 0.048 -0.117 -0.252 1.000
DPPH H th#£i5FRAE /1 DPPH radical scavenging capability — 0.036 0.667* 0.447 -0.150 1.000
ABTS H t 2L AE J1 ABTS radical scavenging capability 0.047 0.598 0.533 -0.243 0.927%% 1.000
M ALEE T Total antioxidant capability 0.382 0.597 0.691* -0.436 0.018 0.116

R 3R ik 2 (P<0.05) Al i 2 (P<0.01) A5G, 6]

* indicated significant correlation (P<0.05), and ** indicated significant correlation (P<0.01) respectively. The same was applied in Table 6

®o6 AREHMFMREFMS RRENEFEEREREXYE

Table 6 Correlation between indicators of nutritional components and antioxidant activity of different common buckwheat germplasms

E{=tan MEAGE  ABeE SIS E MEk s DPPH HHi%E ABTS At

Indicator Total Total Total Total starch TEERAE T EERRE T
protein phenolic flavonoid content ~ DPPH radical ABTS radical
content content content scavenging scavenging

capability capability

J2E M 75 1 Total protein content 1.000

S 75 5 Total phenolic content -0.023 1.000

ST 5 B Total flavonoid content 0.025 0.759%* 1.000

BIEN 1 Total starch content 0.040 0.188 0.031 1.000

DPPH [ ti 2537 5% 6E /1 DPPH radical scavenging capability -0.125 0.773%* 0.507%* 0.372 1.000

ABTS H 1 5% BRAE /1 ABTS radical scavenging capability 0.072 0.559%* 0.587%* 0.294 0.591%* 1.000

LA ALEEJT Total antioxidant capability 0.080 0.318 0.404* 0.298 0.496%* 0.400*

R7 FEMRMEMRSEETIEFER 5 E R E

Table 7 Loading matrix and variance contribution rate of principal components of buckwheat germplasms

fabr W5 3F Tartary buckwheat HHF% Common buckwheat

Indicator PCI1 PC2 PC3 PCI1 PC2 PC3

JE 17 i Total protein content 0.159 0.480 0.736 0.007 0.643 0.736

S\ 7 it Total phenolic content 0.892 -0.011 0.085 0.862 -0.270 0.111

JSVHE R & i Total flavonoid content 0.856 0.203 -0.067 0.791 -0.299 0.339

JAJER 5 Total starch content -0.384 -0.304 0.679 0.403 0.637 -0.537

DPPH H 3L P AE 1 DPPH radical scavenging capability 0.770 -0.573 0.132 0.866 -0.055 -0.224

ABTS H H 3L FRAE S ABTS radical scavenging capability 0.805 -0.485 0.058 0.793 0.061 0.096

BPUEAALRE S Total antioxidant capability 0.625 0.759 -0.037 0.633 0.329 -0.055

FHIE(A Eigenvalue 3.334 1.505 1.036 3.309 1.096 1.020

5 2E 5k (% ) Variance contribution rate 47.6 21.5 14.8 473 16.7 14.6

Fi1 5 2511k Z (%) Cumulative variance contribution rate 47.6 69.1 83.9 473 64.0 78.6
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Fig. 1  Cluster analysis of 10 tartary buckwheat germplasms Fig. 2 Cluster analysis of 27 common buckwheat germplasms

R EFMEMIFETRZ LM EE MRS

Table 8 Trait characteristics of groups of tartary buckwheat and common buckwheat germplasms

Eiztun FERIRRE 5 Tartary buckwheat #H3F Common buckwheat
Indicator Main trait KL P Al KN ES Al el SKPEIN
characteristic Group | Group 11 Group 111 Group | Group 11 Group 111
BERETE%) SEIAE Average 11.92 11.84 11.90 11.59 11.27 11.51
Total protein content FRUfEZE Standard deviation 0.24 0.04 0.29 0.23 0.45 0.55
A5 FE(%) 2.01 0.34 2.44 1.98 3.99 478
Coefficient of variation
S & (mg/g) SEIAAE Average 1.06 0.97 1.32 0.50 0.52 0.54
Total phenolic content Frifi22 Standard deviation 0.17 0.00 0.14 0.07 0.08 0.07
A5 R E(%) 16.04 0.00 10.61 14.00 15.38 12.96
Coefficient of variation
SHHA 7 i (mg/g) (Y Average 4.01 4.19 5.09 1.17 1.02 1.11
Total flavonoid content FrifEZ Standard deviation 0.81 0.18 1.13 0.47 0.34 0.33
A5 R E(%) 20.20 430 22.20 40.17 33.33 29.73
Coefficient of variation
RVEN i (mg/g) SEHA{E Average 726.57 512.96 626.24 437.03 543.44 679.35
Total starch content Frifi2% Standard deviation 50.69 39.92 57.13 18.67 35.70 4535
AR5 ZE(%) 6.98 7.78 9.12 427 6.57 6.68
Coefficient of variation
DPPH H 535 FRAE /1 (mg/g) FI{H Average 0.76 0.76 1.03 0.42 0.56 0.59
DPPH radical scavenging capability #5324 Standard deviation 0.03 0.05 0.01 0.15 0.18 0.19
A5 2 E(%) 3.95 6.58 0.97 35.71 32.14 32.20
Coefficient of variation
ABTS H i 535 BRfE 77 (mmol/g) X Average 105.37 120.18 262.16 122.63 108.02 139.32
ABTS radical scavenging capability #5324 Standard deviation 32.29 25.29 37.34 41.91 40.21 33.88
AR5 R (%) 30.64 21.04 14.24 34.18 37.22 24.32
Coefficient of variation
BPrE LEE S (mmol/ke) SE34{E Average 27.48 28.19 28.20 7.09 8.27 8.01
Total antioxidant capability FrifEZ Standard deviation 231 0.50 2.93 1.42 3.03 2.02
A5 ZE(%) 8.41 1.77 10.39 20.03 36.64 25.22

Coecfficient of variation
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4 25t

W ABTS H 2RI ERAE T 57 (14 8 B
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