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Effects of sprouting and hydrothermal treatment on active components

and functional properties of tartary buckwheat
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Abstract: Objective: To

3 70 AR R A

improve the content of effective

components, in vitro antioxidant capacity and ae-amylase
inhibition rate of tartary buckwheat. Methods: Using Tartary
buckwheat as raw material, the effects were studied, including
the sprouting and sprouting combined with hydrothermal
treatment on the effective components (total flavonoids, total
phenols, rutin and quercetin), the antioxidant activity and
hypoglycemia in tartary buckwheat. And the quality of the
samples was comprehensively evaluated by principal component
analysis. Results; The contents of flavonoids and rutin in

germinated group reached the maximum at 6 days after
germination, which were 26.54 mg/g and 13.88 mg/g, 1.22 and
2.95 times of those in non-germinated group, respectively. The
content of polyphenols reached the maximum of 23.44 mg/g on
the 2™ day after germination, which was 29.1% higher than that
in the non-germinated group. The inhibition rate of a-amylase
reached the maximum of 37.29% on the 4™ day of germination.

Quercetin content reached the maximum of 7.65 mg/g on the 4
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day of germination. The content of resistant starch reached the
maximum of 34.92% on the first day after germination. In the
germinating combined with hydrothermal treatment group, the
content of flavonoids reached the maximum of 31.89 mg/g on the
6" day, which was 1.47 times of that in ungerminated group. The
content of polyphenols reached the maximum of 31.26 mg/g on
the 3™ day, which was 72.2% higher than that in the non-
germinated group. The inhibition rate of a-amylase reached the
maximum of 47.33% on the 4" day, which increased by 47.90%
compared with the non-germinated group. The content of rutin
reached the maximum of 22.31 mg/g on the first day, which was
4,75 times of that in the non-germinated group. The content of
quercetin reached the maximum of 9.8 mg/g on the 4™ day
combined with hydrothermal treatment. The scavenging rate of
DPPH radical, ABTS radical, and hydroxyl radical and ferric
reducing antioxidant power reached the maximum on the 6",
5ty 4t and 27 day combined with hydrothermal treatment,
which were 62.72%, 65.18%, 33.36% and 13.44 mmol,
respectively. The content of resistant starch in Tartary
buckwheat reached the maximum of 46.73% after 4 days of
germination combined with hydrothermal treatment. The results
of principal component analysis showed that the integrated score
was the highest on the 4™ day of germination combined
hydrothermal treatment. Conclusion: The effective components
and functional effects of Tartary buckwheat are improved after
germination, and the quality of germinating combined with
hydrothermal treatment is better than that of germinating group.
Keywords: germination; hydrothermal

treatment; tartary

buckwheat; functional components

R SURRBE B A I LT 0 R R —
2 (AP S A e R L T 4R 5 9 D L A1
FRGE AR T RAFH I 5007

F 5 21, BETS 45 0 T L e 4 4T W 0
ZBAY AL a1 A BT RS o IS 4
48 ISV AEGETERY L 048 LR T 5 0 1
53 A1 RGBS — Fi A 0 £ 6 50 R 43 BLAT B30
W L A 5 R 1 3 T LU T
i B8R R 0

WL K 7 — I kT A S M T
G S RV 6 FL 2% A T FLAT AR LA MG
REAE A (SRR S (47 2R 3 o 48 0 S H
BV AR T L 90 65 06 3 £ 0 O A0 250 O U )0
Sk A S R AR T A R
T RS AT A R AR B U R
5 25 A B 9 R R -0 TR OB
LI IR A T 2 K AL T A — 5
SRR 10 2 R B A A . Alkaltham %) B 5
7R K AL T B TR 69 B IL I . Sheikh

FEAS  RFMAALEMNEFEERS RINEFERZT

SFUOTR I R MO 45 AR AL LS I F R RE T
MR IR REmEAGY S /RS, BAr 5%
A B2 R AR A W W 38 % 25 00 B 95 57 JRORE 9 T 66 4 4
H B T RES I RCRD R & 2RS4 K 3 L ok R
FEER TR IT A WARTE . BFIT BRI & 2R RS A K
b B B SE L BIFSE G FE o )RR M B e AR A
FE -V Mo Tl 410 1) 5 2R RO S TE M T Ak R 1 B A AR 4k LA
0100y 0 SR JEORHIT & B Ak — R i L %
1 MRS
1.1 #E 5t

W HIREE2 S W

a-TE R BTG =>4 000 U/g, & igH A LY L5 A7 BR
NEIF

TE WS 200 R - B8 =100 U/mg, FIEREK AW
BHE A RAH

SRR A AR SRR TR TR 3,5
T MK A% W2 B TR 44 - 43 T 4, 1] 24 4 D Ak 2% 3R A PR
A

WETR—KEW: 8B =>98.5%, ¥ witkA 1k
B A

DPPH : 41 £ >97.0% , E Ak o Tolk & B A FRA w5

ABTS: 4li £ =>98.0 % , 1§ H 7k A= Y BH AT BRZA w5

FEThRAE S AR 2 bR . Al =980, 1 T R A
WEHARGRAA.
1.2 UE5EE

PR YEOEH BRI : CLARIOstar %, f# [ BMG

ol

H, BAVIE R K 8 B - HHL S21-Ni6 B, 4k 50 = = /ARl 2%
AR BRA A 5

K3 00T KO . BSA124S T, 1 JH T B RHL 25 B £
FRA ] 5

i 5L E VB 4G . LHS-250HC-11 %, |- ¥ — 5 2% {0 28
HIRAHE

BB O ML : Avanti J-26xp B, 3 [ Beckman /A .
1.3 R HiE
L3.1 FEAHIAE AR SCERC12 MBSO R « o7 53 80 F 3
VeJE S F L0 B U R ANV WO M E F 15 min, YRR B
WM 4 h, WS 5T RER L FREEK, T25 C
E AR P B S 1R 3 5 B R 4K — WO F R — B )R
W K IR — e 28 KRB 3 FE M A B A TR 0 T
AKHIE 1 min, 55 % H B E R CR G KRGD 5
— A RAL B CR D L4 BT 40 CRIER T 4 h. 2
RWESE R 40 AR FH O8d, —80 CEMAETI
P AR ZFAE VR, FE AR A S 4 E IR TR AR A
i, —80 C A& T I .
1.3.2 4REBUE M4  MRIESCEIIS— 141 s - i

&l

143



144

EFH5EF M NUTRITION & ACTIVITY
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Effects of different treatment on the content of flavonoids and phenols of tartary buckwheat
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Table 2 Effects of different treatments on the contents of rutin and quercetin of tartary buckwheat

FT/(mg g™ Wit %/ (mg » g~ 1)
KN E] /d
RIFA RIS AR R KAWL RS KIRAL
0 4,690,212 4.69+0.21%¢ 5.62+0.094¢ 5.62+0.094¢
1 6.3240.378¢ 22.3140.08% 6.184-0.08A0¢ 2.6740.178
2 4.9940.8484 20.3040.024b 6.274-0.118bc 7.5740.194°
3 2.2240.268 19.740.2940 7.084-0.618 9.8340.0440
4 4.560.1084 17.2040.054¢ 7.6540.108 9.8540.042
5 7.7440.528 14.5240.167 5.2740.05% 5.7440.214¢
6 13.880.54A 14.14 40,347 4.324-0.527d 4,390,672

T NG TR R FOR [ — A By 3R R K 2R RO - B 2 I AR AE I 3 2 5 (P<C0.05)
KRG FAREA ) Fm [ — % 28 R B AN [ 4k 3y KR S 349 {8 2 81 A7 7E B 35 22 57 (P <C0.05)
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Figure 2 Effects of different treatment on the antioxidant capacity of tartary buckwheat
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Hi 3 BR R BARALFHIIMT 60%.
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Figure 3 Effects of different treatment on the g-amylase

inhibition rate of tartary buckwheat

BN, KA 1~6 d &5 K Pl FIY PR TER AR
KRB U R BT B o 228 4 d 855K Ak
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Table 3 Effects of different treatments on the content of starch components in tartary buckwheat
p— P iER /% I TE R/ % Btk ek / %
REFAL PR REFEE A KA 3T REFAL PR KGR KL REFAL PR R EE G KA
0 62.5440.874b 62.54 40,877 3.5540.517« 3.550.5147 32.464+1.667" 32.461.667d
1 61.104+1.1140 51.6540.98¢ 4,500,308 15.0141.904% 34.9240.777 33.06E1.167d
2 60.8241.3040 56.59 40,834« 2.5141.018 9.95+1.14647¢ 33.8440.30% 36.6940.007¢
3 75.8941.127 53.1540.26 12.5740.437 12.214£0.874b¢ 13.02+1.878 41.084+1.284b
4 71.34740.962 44.58+1.318 8.8941.57Ab 8.680.500 22.1341.5184 46,7341.41%
5 62.98+1.414A0 54.5041,87Bd 13.31£1.027 5.7241.218 24.7341.265 40,56 40.484P
6 62.34740.3670 59.5441.504b¢ 6.1941.058b 16.71£1.127 33.0240.79% 26.40+1,368

T B —FNE T AR 7 R — Ak B 5 5 A [ 2 2 I T8] 26 A R S 3 2 8047 78 35 2% 57 (P <<0.05) s [l — 45 45 tp KRG 5 B AN [
R [ — R 2 I (] AN [s] Ak By 2T P 29 {F 2 6] 477 3 25 25 5 (P<<0.05) .
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2.5 HWEEMEDH

HiZ 4 T, B R b5 B it \DPPH [ i
(DPPH « )R ABTS H % (ABTS < DR R K A
B 3EC e OHD T B k B 38 SR RE 7+ o~ T8 40 B i 2%
MM EREULS T S REEREEF EMAL, 500
¥y o B B S A 56 . Zhong ZEPBIFSY R BREER &
w5 DPPH [ i 355 BR S A ABTS [ i 3575 bR 34 547

F 4

EREER S REAE

BE 288 | 2023 F 4 A | RaSHW

BOARSGE . S B BT AU RE T Lo VE B A R L 4
PEGER O I T M R R R IR OG

PRI E AR A A O G . o T A R R
B B RO R A RE T B R R
TE R G R R AR E B 5RO E R
SR GO DG . B Ah L HUE TR O A PRI TR Y
BB E AL,

SR REERE

\ A
&
A
=]

Table 4 Correlation coefficient matrix of active components and functional properties of tartary buckwheat

O sy M DPPH- ABTS. cOH B+ o WEWEE fuiEiel POHTEl BEIER AT MHER
SE R 1.000
syl 0.875* " 1.000
DPPH 0.777**  0.639* *  1.000
ABTS 0.503**  0.537** 0.623** 1.000
- OH 0.542* *  0.704* *  0.376*  0.593**  1.000
BB T 0.667**  0.747**  0.492**  0.429** 0.760**  1.000
- VEMEE  0.6207 % 0.605% % 0.494%*  0.435% % 0727 %  0.668**  1.000
FiPEVERS 05557 % 0.540" ¢ 0.256 0.236 0.417**  0.417**  0.461**  1.000
PUMVER —0.744> * —0.676* * —0.442* * —0.312  —0.519* * —0.555"* —0.552* * —0.855* *  1.000
1T vEAS 0.216 0.251 0.348* 0.317* 0.383* 0.377* 0.248 —0.314  —0.079 1.000
BT 0.584* *  0.563**  0.452* * 0.373*  0.651** 0.759**  0.676* *  0.620* * —0.777** 0.389*  1.000
Wi iz 2% 0.316 0.516* % 0.106 0.423**  0.562* %  0.352% 0.495** 0.288  —0.115 —0.131 —0.017  1.000

T MM N Pearson 2851 « Fom BEM K (P<C0.05) ;5 x * TR B EME(P<<0.01).

2.6 ERSSW

B T 45 48 A 8] A7 76 00 09 4E G O B 4T T A OR
[F) 48 5 % 5 5% 5 BG4 TR L [ A B B S () Ak R A% R R
TR 2 S R0 E M R AT SR G VR . i
KMO %5 35 F1 Bartlett's BR300 BF 44 5088 #4738 ) 1
K06, 75 %1 KMO 2l 0.720, K F 0.5,Sig fi/MF 0.05, jIE B
12 JGURS I 48 b5 AT 2 8043 3 B e A BB AR A 45 2R

M5 T, B4 1.2.3 B r £ T0Hk R0 5K
56.369%6,13.262%,9.489 % , B30T IR FE 79.120 % [y 48
E R o RS A R T A2 R AR A e 0 S A A3 1
MUAFEEE . B3R 6 BT XA — AR A OE 1] 5 0 1Y
o RAEER A A & i DPPH B i 3L BRE L ABTS H
T R 2R FR B R AR B R RS IR IR RE T o VE M
R PR S &S T &8 X EERS R AR S
PR 38 A KR, 7 A 57 [ S A S RS SE R A, SR TR
BRGSO T T AR B R a7 AR 1) 5
B R RPN SR . B = R TR R RS
B, 5B & & DPPH A R B S T 10 R g
JI PP VE RS & b 1R TE R A DA R T R A
Ko 3N EBATHIARICH FuoFo JFa L 3 A F 44
N B BT R 2R K /IME S B 1 7 3 U 2R G TR R

Fu=0.564X F,+0.133X F,+0.095X F,, )

x5 EHMABFLEERBITTEHE
Table 5 Principal component eigenvalue and cumulative
contribution rate
EN Wi FRAEME SRR/ B mEkER/ %
1 6.764 56.369 56.369
2 1.591 13.262 69.631
3 1.139 9.489 79.120
6 EHAHTER
Table 6 Principal component load matrix
- %
EER 7Y
1 2 3

gl 0.850  —0.096 —0.173
Z Wi 0.899  —0.058 0.152
DPPH H HERRZE  0.711 0.175 —0.197
ABTS [ 33 I % 0.688 0.314  0.088
OH [ iy 338 b % 0.837 0.194  0.236
R T IR IR RE T 0.844 0.155 —0.018
TE o D 1) % 0.842 0.122  0.129
EIR R Ty 0.656  —0.710 —0.060
PR VE A —0.798 0.457  0.248
1 VA Y 0.323 0.810 —0.310
T A 0.819  —0.054 —0.372
Bk Je 3R 0.540 0.019  0.816
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Ho e 00 48 3L B0 R R A B R SR R T ) B

FEAS  RFMAALEMNEFEERS RINEFERZT

W, oR 5372, i, KA LS 3 d AL 2 d84
IRIALLBREY L 25 5 PE 43 40 B o8 52.59,47.46, Fh B AT, H.
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Table 7 Comprehensive score and ranking of tartary buckwheat samples in

germination and hydrothermal treatment

Jib P8 75 Fy HERF b P77 Fuy HeR
* K3 32.63 10 B 1 d H A Kb B 43.70 6
KZE1d 28.83 13 B2 2 d H A KAk B 47.46 3
k2 2d 33.81 8 K3 d EE K ASE 52.59 2
K3 d 31.01 12 R 4 d g A Kb A 53.72 1
KEH4d 35.92 7 RS d 4 A KAAL 46.91 4
K5 d 33.74 9 K 6 d g5 A Kb 46.36 5
K6 d 32.27 11
3 %i/l’: structural alterations during digestion[J]. International Journal of
Biological Macromolecules, 2022, 208: 80-87.
R TR 25 R 28 45 G R A B X v SR AT L

FEPE Y R SRS I T R AR TR T B R A
TR AR PR R K 2 K ke A AL R B 9 B 4R AR B T AN
a VERTEEM IR . Kb, 259 4 dE AR A RS
R4 R Bl KAA . N 53.72. IXAL B4 FF 35 57 B 9 B
ST T M R 2 A T BB A A R B AT
SAALBE T <o VE B B ) ROCR BT BA T K Rl B
MBS T RE 72 S B T T o (H AR B R 4 LR & e L R
FAIRANGS A A N IR 55 7T DTS B0 25 & L R 40 10 T RE AT
Mo L A J5 T AR SR AT & 2 45 6 7K # Ak 38 0K Py [ 1t B
DI oE
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