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Abstract

Tartary buckwheat (Fagopyrum tataricum Gaertn) is a pseudo-cereal which are
planted with a small area in Taiwan. It has been reported that the whole plant of Tartary
buckwheat contains abundant flavonoids, such as rutin, quercetin, kaempferol, etc. In
this study the contents of total flavonoids and total phenolics at different growth stages
of Tartary buckwheat plant were determined. The growth stages of Tartary buckwheat
plant for investigation includes seedling, stem elongation, milky, flowering and matured
stages. Each stage, the plant was separated into four parts, including leaf, stem, flower
and grain (immature and matured). After sample collecting, hot-air drying (60°C) and
lyophilized were applied to dry the sample. The dried sample was then milled into fine
powders. The flower part contained the highest amount of total flavonoids and total
phenolics than other parts, which were 157.27+£3.01 mg rutin eq./g powder, d.b. and
121.60+3.20 mg gallic acid eq./g powder, d.b., respectively. Following the flower, high
amount of total flavonoids and total phenolics could be found in leaf. The stem
contained the lowest amount of total flavonoids and total phenolics compared to other
parts at all growth stages. Although the flower had the highest amount of bioactive
compounds, it is impractical to use the flower due little amount of flower (0.3 w/w% of
whole plant) and difficulty of sample collection. Therefore, the matured seed and its

plant parts were chosen as the samples for this study. Tartary buckwheat leaf and grain
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at matured stage were dried by hot-air (60°C) and then extracted with 80% ethanol. The

major components of 80% ethanol crude extraction included rutin, followed by

kaempferol-3-O-rutinoside, quercetin, isoquercetin and kaempferol analyzed by

HPLC-PDA. The chelated ferrous ion ability of ethanol crude extraction from leaf and

grain were 40 and 89% at 1000 pg/mL, respectively. The ICsy of scavenging DPPH

radicals were 63.51+2.15 and 85.734+4.60 ug/mL for the ethanol crude extraction from

leaf and grain, respectively. The inhibition of a-glucosidase activity expressed as ICsg

were 283.38+10.62 and 180.63+13.52 pg/mL for the ethanol crude extraction from leaf

and grain, respectively. However, the I1Csy of the inhibition of a-glucosidase activity of

acarbose, a medical for type II diabetes, was 670.78+£66.29 pg/mL. The ethanol crude

extraction from matured Tartary buckwheat shows a better inhibition effect than

acarbose. The ethanol crude extraction of Tartary buckwheat leaf and grain at matured

stage had good antioxidative ability and superior a-glucosidase activity inhibition with

great potential for the prevention of type Il diabetes.

Keywords: Tartary buckwheat crude extraction, functional compounds, antioxidant,

inhibit a-glucosidase
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194 B¥ 5 ¢ 717 HA+ *f(Poaceae)te 4 m Ak &~ #F = s 4i 47 o & $ 309 W
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Figure 1. The appearance of eating buckwheat (A) F. esculentum; (B) F. tataricum and

(C) F. dibotrys.
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By RH G BENEF ASLEALY F3G ¢ FIFEAE 0 5 SApEEd 307
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Fiﬁﬁﬁﬁ’%mggﬁﬁﬁﬂ&%ﬁiﬁﬁié$¢i£é%&%m%
(aldehyde) ~ v+ #% (pyrazine) 2 % 7 fi= (maltol) & i & 47> ¢+ ¢b & 5 I ¢ pa(linoleic acid) -
# f&(niacin) ~ % & & (vanillic acid) & # &t 1+ = & 73 &(Qinetal., 2011) -
S HmE it F e
1. %% fr (Flavonoids)
TR gﬁﬁ_x'-i‘,fn,L;}F] 15 B R Fh) At &4 "‘1}?{5 i

BSR(A S B)2 B u - b2 p4a(C k) iTdpig 0 C6-C3-C6 & & AmLIEHE - k7]

C A He o 4oBls AT o

Bl= ~ &% A © &4 A&~ 54 F (Harborne et al., 1999) -

Figure 2. The skeleton structure of flavonoid, with rings named and positions numbered.
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ECEIN R FE %’%ﬁfd 8 P effE P~ m JE (¥ (Cook & Samman, 1996) -

Y Bz oA A SR RFEF RS A BRI EE
(-8 - ) ¥ THRAR AL L (R )
(1) + @ (flavones)
(2) + *=pr (flavavones)
(3) + @k % (flavonols)
(4) £ % f# (isoflavones)

(5) 1=+ # (anthocyanidins)

-~ LAENE PR 2~ %52 B (Smith & Yang, 1994)
Table 1. Classification of flavonoids and their related structure
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A ~ (a-L-rhamnopyranosyl-(1—6)-B-D-glucopyranose) £_#f & fit » & [t fi§ e
Bor L ERF(MZ A A MBI S E RS M Fa et E S
i MBSk E R FRESY 0 A5 1842 #4L Wesis p = % (Rue, Ruta
graveolens)” A~ 3+ ¥ o 7 REE¥oF & ¥ A1 R AR S A 0 FREA T TEE
BE S 2R b E TR AR 2§ R 5 344 1459

mg/100g > v F i fE % & T5F N 83 B2 5 (% % 5 2004) 0 7 vikiag &7 2
_ﬁ

7E € EEF A IEER o~ F RN a 3 TR R By ¢ o
et s o F]T A G AR T fod 6 delr > frt e S P R EF R
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A7 AEF L7y L (Guardia et al.,2001)~ 423 it (Holasova et al., 2002)
#4145 & (Navarro-Nunez et al., 2008) ~ 3 i £ ‘i # (Kumamoto et al., 1985)
B F o BB & (Lee, 2000) e 17 4% Fi s (Lee et al., 1994) % 5 48 if- it 54 2 » Bt A

FlRuEinE F Y R E R B

(A)

HO.
| OH o

HO

0
OH
CH,OH lo 0 o
HO O

Bl= A A #LE2B) 2L 2C)frL 25 3O'ré+%ﬁ(D)~¢’f§-§]

Figure 3. The structure of (A) rutin; (B) quercetin; (C) isoquercetin; (D)
kaempferol-3-O-rutinoside.

1.1.2 fiz4 % (Quercetin)

fed 2 (B= BYRsga e cni iris > Bl k% - FF - Er b fopk
fed & A

i
&}

P g o doiE R EE R FESE 2 H R
Fed 3 ~ B FRA % (isoquercetin) ~ £ %+ 3 (hyperoside)f- 4 % 5 3 (quaijaverin) shpe
PEA - HRAd 2 20BpimE F ¢ 5 £ 5 1210 1 1552mg/100g 0 1 K A A E § F N 7.2

(% % - 2004) -

1R P2 T dp d o R A AR S B2 IE Y @ dataaE A (Trnovsky et
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al., 1993) ~ #u3t K (Stewart et al., 2008) ~ Fujm 4 (Kaul et al., 1985) ~ E 7w 5 B A
(Knekt et al., 2002) ~ *# 4 % = /& (Edwards et al., 2007) % sz % » 7= 3 Fr )] 65 o #2 3
4 ik > FIHRL £ 7 F ok MR e chm e b ) o R LR b e e 4 L
m i B| ) = "dRs s s(Deschner et al., 1991 ; Agullo et al., 1994 ; Wei et al., 1994 ;

Kuo, 1996 ; Kawaii et al., 1999) -

1121 F- 24ed £ 2 #H s 4)

‘nd

b

e
G AR € kR BB R RE S B Ry P 73 F 7 R

F_L

LR - 3 kY }m;fé‘*‘}»% A TR 2 Se 1 B HAhcfg a8 g ¢

fi# (rutin-degrading enzyme, RDE) » 7= £ 1¥ jL = 3-§ % #% 3 fi= (rutin 3-glucosidase)
H 5% prps 3-F § ¥ p5 (flavonol 3-glucosidase, F3G)eh— f8 > § -k f2 ek 2 &2 ok
8 [ 0P 42 (glycosidic bond) > 4ol w #77 o F L 7 A 7 'E f#f5 7oK 2 15 (Yasuda
& Nakagawa, 1994) » #-4 = F 7 vk 2 #24 4 (L, et al., 2008 ; Yasuda, 2001) » 3=

PR @ R R HEeie g & & 2 & 4 2 (Kawakami et al. 1995) -

BRI R S o el EEFE AN Rt HH AR A
%P’ﬁ%ﬁﬁﬁﬁ%ﬁ’#%ﬁﬁﬁiﬁ?’jzgﬁ$§ﬂ%ﬁ’fﬁﬁﬁ
ERERR B ts 0 LG BT T 7 £ 2 F > (Suzuki et al., 2002) o e § EEfe g

Fop s r ks TRPHRBINE" FREROEAE S EH 2R RA S

BRI "Efapr2 (7% 7id (Yoo et al., 2012) - Yasuda & Nakagawa (1994) 3
g @mF Y s F T % f2pF | {o 1l (RDE I, RDE Il)ék # fF(isozymes) » & £

FFE B2 pHELZ 5 3 F#ass 80°C4e 4 30 »45fs ¢ 4 2 i35 - Yoo ¥ 4
(2012) 41 * sE¥ed & fodap 0 37 20 G E i dg s > BEEnE S (T 0E
RS ERBACL(FF AMFSeR) BT $ 85 0.830/100g 0 1t A g AL 2
FEEANZR &I S AR TR I AR T LAHRALE 4
BOAIL > PR T LR AL S B F HA ST B
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Figure 4. The pathway of isoquercetin and rutin hydrolyse to quercetin by flavonol
3-glucosidase (F3G).

1.1.3 £ #24 % (Isoquercetin)

$ f#4 % (quercetin 3-O-B-D-glucopyranoside) 5 &4 % &2 ¥ § 4% 4 pE H 47 &
hpEH o 774 TF isoquercitrin (M= C)» P ARG LY X ERE PP ok A
(Moringa oleifera Lam.){= % # f(Apocynum venetum (L.)) - & #&4 % ¢ A HEF £ 7
ﬁ:fﬁ,% (Kim et al., 2010) ~ #2% - (Juang et al., 2010) ~ ¥r] a-§ % #H p=(Li et al,,
2009) ~ 77 17 #% Fk s (Zhang et al., 2011) 2 Fi ¢ (Rogerio et al., 2007) % 74 »2 > # 75 &

By ¢ o A 42 7 £ 5 9.33mg/g extract (Wang et al., 2013) -
114 1 2 -3-0O-= 4 #3 (Kaempferol 3-O-rutinoside)

€ 2 = -3-O-= 4 #% 4 (kaempferol 3-O-B-rutinoside) 5 .11 2 fi= (kaempferol) &2 =
B M1 PEH A & Ry o 77 AL TF nicotiflorine (R1= D) - B4 § Svk 0§ ER

® % fdod] & i 4 # (Opuntia ficus indica (L.)) ~ # 3 (Capsella bursa-pastoris (L.))
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L7 ¥ (Ginkgo biloba) ~ % i= (Almonds)frk¥n g & o #iv 122 & § 4hdp L 2
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AMEFAT SR AR ERHAR Y S Vs BAH R F Ay &

2_ =¥ (Zielinska et al., 2012) -
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| & 2.8%Ffr 7.4%hgz & o Fpiki &
G VO

WP AP0 > 225 0 P PR EH N B fog ) B2 W
R 8 oo B g R g Rk
= A& 14 H &R Py i e (Unsaturated fatty acid)4ei fé (oleic acid, C18:1)% i jriv &
(C18:2) 5 1 » T frid fik 5 A M end 3

Brgippen 70%r b > FERE @

i g B AL

Py "5 B4 (essential fatty acid)z. - > & % 7 £ ¢

Fets

€ H A foiy ihpk

]
P

f@"‘%’ ¢ *"TF izl éﬁ’ff’ F_]E):,ﬁ/;
(saturated fatty acid) 2.9 & - j&F=

TRV BieE &

P ivi a2 dme (v
o P A AR oy sk B o

4 35

Guo & Yao (2006) # 7

CEEE F AR Y T s AR AT R g
PRy e Frh2 3R FH At BRT RAFIRB I
(albumin) 43.8% ~ # ;3

M+ =¥ (globulin) 7.82% ~ fi& 4 14 3-v (prolamin) 10.5% % #& %
139 (glutelin) 14.6% o % % & 7 tfio

FAme 2 Fd FRIRGRBERY &
OESUE AN S EEE ) IR S VI e
Bonafaccia % ¢ (2003a) #= % ¥ # mikin g ¢ B9 & A 04 &
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77 17 far= pi(amino acids)= 4~ - ggiepi(lysine) & Z4F (T4 ¢ aad = g il
f(limiting amino acid) - 72 @ >tk g & ¢ fpoepi 2 7 ¥ B & 6.18 g/100 g protein »

Gorkpta E TS KR o TSGR L RORAR S A 0 3 F AT LA
5. 5 &gk

AT e VR g g (soluble dietary fiber, SDF)EI-K 7 i3 (7% & 4
f(insoluble dietary fiber, IDF)= & » 5 © v it ;& > A MW R ¥ FPEFFE 7 & R
MR iR B R o e 2 8 18 5 #E(postprandial glucose) b & a0 18 A fRLE
MRS R LB E P IR e R e R B S B e ) o JRPCE S R e en ) B
B3T3 e Rl AT T o < R R A o F - Tehdp B 2os e (Esposito et al., 2005 ;
Gorecka et al., 2005 ; Mehta, 2005) - > A fF4 45130 15 = A & p B#HEP 25 1 30

L SR i huot R L BT

Bonafaccia ¥ 4 (2003a) ~ {7#f¥eg & 247 ~ KA oo ko a8 8

o agar it izEn26-2484063%  H P IR KA B N

a»

B BE S 0% b o T ArBERa g $ kA A SRA L L > © 2
BEIE SR B AL - LR RRE K 6 B $ 2 AT

AT vl A& TV SRRk -

P
6. #x& % (Trace elements)

e

Ve

ek

e

AR RS Y|P s 0 PR p ARl 8

\\\?{r

24

ML & W EFEH o @ & fEAFRG v P4 ens i -Bonafaccia # 4 (2003b)

FI* y e FFHEF R iﬁ}i&ﬁ MR B AT FAY R T E S P gk

\F‘*\ﬂ

;b-% ,
BEETERE AT IoES Y ¥ T m(Se) - 4(Cr) ~ #(Rb) ~ £:(Zn) ~ 45 (Fe)
(Co) ~ 44 (Sh) ~ 42(Ba) ~ 4 (Ni) ~ £UAQ) 4P (Sn)2 5 & o fBF ¥ > h4e3ti 2 3

EER BT A FEAE AT ARKA L VM EEEIEY R 07 IR

13



7. a4 2% (Vitamins)

Bonafaccia % % (2003a) 773 » > #wikin g ¢ 9 77 £ it 2 Bl
(thiamine) ~ &4 % B2 (riboflavin){ria 4 % B6 (pyridoxine) » i & 4 i s g + o
4 % Bl{c®p i & 3855 MoF X F & 3P~ 0.4 mg/kcal (Commission, 1993) >
FA AR X EE-2000keal 318 o RiEa F B R AR 9200 ha g W
BE M- AHAEd F Bl o Vb B E S B I I AR AT

s % BL-B2 4o B6 > Eing b oz fAiad & 5 RN FS LA
Z o EEE 2% 2R

HhE 4 (2001)$5EIn g FEF F B2 4 L (£- 4 I|hd DR > 0B

;f;' ? 5% v 1 ’J‘ g:\'ff' WIStar IFFé‘% ’Eﬂ ‘ljﬁ‘ gl Rzl: é‘- (LDso)Fé,%E = 5
10 g/kg > 7 LDso A BRI B3 % 4 o & Ames 2% - /| BF X § % o w e i

PriEsk ol B VARG S 0 L RS S 2 g R B E £ B (p>0.05) -
AR S BT F P R A e B RARIEY o A% R0 X A
Gk FR B E § B f%#ﬁﬂﬁm*F@ﬂ‘iﬁﬁ‘i“ﬁ%gﬁ

Lasab s B Qg;"?‘ S P i LA ER o A ﬁfﬂggéié—? kS

1 43 i A
11 pd ik-;%uﬁ;;;;
FlEE R m'LL\#7‘L§ f#‘ /V\Eﬂﬁg7ﬂb - BRI R B

14



R S R RS R PP R E R RS FCL B E RO RN R

A

o] o & i § (74 (Zielinski & Kozlowska, 2000) » @ #tin g ¢ 7 2 o

fu4 x F 4@ & % (Morishita et al., 2007) » &ieind & 7 17 5 & B h ddng 1

oy

A e Tl B S PR AR A ML ST LT RETHEFD
FF dtav 4 o 2yt DPPH A d ARGk Y k0 ACE 8% ehindny 1t

(Morishita et al., 2007) -
12 4w i § 1

LIRS g S g 2 e feig REL 0 b X Gk B i F 2 kR B
FOIOOHEAEEOITY AEFEF MR R S48 Fafdpe e Li & 4 (2010) M EE
RESBY BT RS SAERSRE Y AF R T 2000 2 5§ B o
* 7Rk R 2 E B s 1 eigg 8 (induction period) FERY o S 4 0
MGEPF L ZEREE R ERR A R ATRERSY SRR D AP
B o TR R S T R B R g P § R B BT W e g X T

Mo wERphE 4 o
2. Fipic 4

Wang % 4 (2013) /= 5 dbdn g F A 2 ¢ MEBR L 2 F AFns 48
A 2R AT ERAE A 2 2 Ftk Propionibacterium {- Staphylococci #¥0 & &
A 2. ¢ fg 5 P~;% ¥ Propionibacterium acnes (ATCC11827) - Propionibacterium
acnes (ATCC6919) - Staphylococcus epidermidis (ATCC12228)f- Staphylococcus
aureus (ATCC25923) 2 & M. #r 7k & (minimum inhibition concentration, MIC) 4~ & &_
1024, 512, 256 §- 2048 pg/mL > @ Ein g $ 2 fE 5B Y 5 A2 L 2 0 He A
g e R R A B2 12832 64 o 128ug/mL o EEBp s RS 0 R
Staphylococcus epidermidis 3 #r Frc% > H S ek R 5 1024 pg/mL > 7 8.8 %

¢ pEA) N i b ORE 2 FEpp R o
15



Parkar % 4 (2008) ™ p ¥ #B-3|2. 5 At 5 F T BE S A ap
& 4~ (caffeic acid ~ chlorogenic acid - o-coumaric acid - p-coumaric acid ~ catechin »
epicatechin ~ phloridzin ~ rutin ~ naringenin - daidzein ~ genistein f- quercetin)¥+%; i
AR EE S B Y g ariey $ ¢ fEd 0 e {4 Escherichia coli
Staphylococcus aureus ~ Salmonella typhimurium - Lactobacillus rhamnosus 8. i 3w
Bk & A B H_125-62.5+125 v 250 pg/mb 7 ehde i de ik & 324 3+ 1000pg/mL -

SO SEEE S sk b L R T 2 AL E B R e ok

\:

% o w kY *7 Lactobacillus & & 4 7t o k=

=7

il

40!

B IR 0 Ok P R R
BEF oo iRl Ffcd B assEis &5 R fF S 15 2 F(gram positive bacteria) 2

o

Staphylococcus aureus o p»c % & fif < £ 12 -

Wi

Sy, F'Iiitgé }#"];:]7 3> &F.g o

=

] a- s S 1

o-dkps fE (EC 3.211) 5 p ALK FF > KR bt d pES B PR & de
Wb 0 LR A A MR frreii P 0 G AR RRUR T S 42 (T o -l B PR 5
ARV ROK T S S o A AT PR A RS A S B BARH
B B Almre RS b o-F FRHRRIES G F MRS R R pEfREY
REMPN L AEER D o A AR G P D] ok B e A 0 B A ut g
KRR AVKE 0 Y M B ik B o
A (2009a) ™ Bk ok frfEE B4 BA T EIE F 2 4 B EEBAA
BT R HRA R AriRA R H ok R R 1T o SR T 2 S A 00 B ok

PR R A LS m B LTS B KA R B F ) 2 1) A5 B R
16



R TR TS S P R PR U F
2. ¥l o F ORI AL

o-§ F A HFF (EC3.2.1.20) % &t ] % b A& twie chiR L julsp b > ¥ KR % FE e
AR R Ao 1448 KRB D-F 5 A F 0 ApEfREY P £ B opE
FoaT FHYFALEZINIFINT REAME S LB A 28R P f(s T2
¢ i # 2 2 2 'E i(Manach etal., 1997) - B % @ 5 o-§ FHEH P A T 5 = 4
W &K E S o WK fERR Y 2 F 0 B & 35 e+ & (acarbose)
R A 71 i #E(voglibose) {5t 1 71 & (miglitol) » 4-Bl T #7177 > RPR* {5 € F]A @ & o

NIIEF ~ T g~ HF % @) (77 (Fujisawa et al., 2005) > & 7

g

e drid = g
% 5 e 5 AT ERES Y A TR - F FRFEOEEAL T4
B Ffo s B B AR wme P o HIR R BT R oo F AR B R
(Tadera et al., 2006) -

(A) (B) oH ©) on

OH
HO... HO N ~_ N
H.C H O ! H O O H
HO™ > N 0 HO HO

6H Huo -~ OH . HO HN OH OH
OHo OH
%Tﬁi\ OH
HO
OH "pH

BT~ = AR ik F4 P+ U(A) KRB EB) oA 171 (C) S 18 -

Figure 5. Drug (A) acarbose; (B) voglibose and (C) miglitol to treat the Type 2 diabetes
patients.

HEM BN AP - 0 PSR EAY IR EY T EES
SUEE AL T AR BHRA R enEBmAE A L o LI E A (2009b) T~

Rl 7~ BHEA Z ¥ o § B cndrdl v v o gL Z AT £ F 30V

17



o-f FHHFES LR LF B E R T F - B> % & ¥ #(binding constants,
Ka)d « 2 ] 2Bl 5l &~ BHA Zfcjl” > &g P 6 i frz B A
Bapo BARFZREBIRS LT AR BRIk - AR
chEE e 1o+ kB Fr 4] 50%f% & 75 12 ICs ik A& A %] €_0.196 ~ 0.017 ~ 0.185 4r 0.091
mmol/L » % ® 2L % 9 ICso 5 FP ¥ JhfEeny Bt > m L7 frR gl 2+ 3 )
o-F FAEHFL AT RBRF FEF T LTS R AR - AR TS 1T
#; °

3. FURE R A A

FAFERF DB TRET > B3y L3 FEXRESHOEFL > u
Ty m e 3 76 enxt vx(Livetal, 2001) o $>r e g ¢ fBF > & F AL R N H kB RY
o id - kA i ts s gt Ll TBWSP3L enE - 4 #x(polypeptide) » 4 +
£ 5 57 kDa > 1% fme 3355 F 4 17 (MTT assay)ipl:# i$ &g = TBWSP3L it § x4 #
X 5 Ry im e Beap37- 1 H F Bk E REFER #E S T (Guoetal., 2007) -
£ - &7 TBWSP31 F#r#4] Bcap37 2 #+4] » ¥4 3% 7 3 & #cgi(scanning
electron microscopy, SEM)#.% Bcap37 7 ‘e TBWSP31 15 & pFz2_ e e i » ¥ B I

mPe g A A k= LAY o flUm e 3 8 A 47 AT 0 TBWSP3L ¥ i 3% fm#e GO/GL 1
Sz pFilp > e dtimre W 7w 4 £ o B (S| * kN fmre ik (flow cytometer) L % TBWSP31

o % e = ¥ i B2 Fas fe bel-2 § A (Guo et al., 2010) -
. IJV’]—'\“E‘.F‘?}J-L”; U’rﬁﬂb

Choi % 4 (2013) #= % 12 AP 25-35 F-v % el % % B ICR ~ Bl » 4| % #in
BIAFI-LLF AT T BEE B4 > & %02 100 mg/kg body weight )]
€48 7 % {& > i¥ T-maze test ~ Novel object recognition test = the Morris water maze
test' Ay FREin g F ok ORI AFBE S 5 FFIRY BHnE F 5555

MR R SRR E o e A
18



¢ ot g $ ¢ 23 ®Eehg o 24 Koda ¥4 (2008)F7 7 U % Fislh
g 4 # 2o ] = 7 AR (trimethyltin) 452 < e s fR AR F e
Bragfral (gi8 chiF 4 D CABAMA S A4 hx BARSF A gL 7 24240

BT A E 5 0.75% (Wiw) o 4k & {2 Ie & € iE {7 the Morris water maze test 2 g% <

AN g2 0 o R AT AR SR T‘vﬁﬂ’mfﬁi'sb"‘* Kz K2 G
T* F o “;}—; = ""l‘ﬁ l——*m% L2 # 3T IR - )_'g_ FE,J/% ,ESSE v fﬂ_’?ﬁﬁd l‘_‘-:‘_;“
ZAFA AT AL Bk AHAFFHAERPY FERG LT 0 %

FREZIEHA RN G - g otk o BB T F R BN EES

3 B I Ao

i F ng,gkwg;wﬁa Fr41# (ACE inhibitor, ACEN): B % # # *N o 3 o BE
0 ACED Sdrdlstip b § R4 [ idiha § R34 T anidkifien deier o
£FFRAIE L Fap S e H AL F 0 s F 2 2R G B R
B ACEN L & enfEaiv s Ll ACE i fh it~k § ok & len2 &

R AR BTHEES % ACEIL & 57 RIRE J Fralidfhs 2k o

Li %4 (2002) 25§ 45 > Ede g & 69 405 R 474 ACE &1tz # 5% >
H ICso % 3.0 mg/mL > 5% F-v f&(pepsin) ~ ¥ ;% 5 ¥ (chymotrypsin) &2 3% J-v fis
(trypsin) iz & & f#{s > 1Cso ™ '8 £ 0.30 mg/mL » + tg#% =2 Fr#4] ACE & 45 ’
MR P 2 EBREFIPaLIL ] "E]T%’?E&F:ﬁw# edk G e AR
{2ty ¢4 a2 5 p g3 5 B (spontaneously hypertensive)2. ~ B> 4k & &

100 mg/kg body weight » ‘& % 3 Bmigia § & ey 4] e il B A B2 iR o

PSR E A RS2 BE¥e R § B4 T 5 ACEl 2 X £ kiR o
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6. FF bk # R e RT 1t 2wy 4

w ¥ i B & "g v (low-density lipoprotein, LDL) % it 4% & §2 & *% 55k AL
it 5 — 2 4p B $2(Berliner & Heinecke, 1996 : Pryor, 2000) - Jiang % + (2007) {1 *
oy BT 7 RS R L He ] R R Py v chdRg a0 4 o LDL A 4
0ok R TB i 2 AT 0 RE P LDL A 3TCT R A L R e x
i TR AW LDL § teng B o F S%iEY £ = - o 4R E LDL § i
AL e TR BRIl JHE PP 2 Pk o 1R e R ATH
B2 X LDL ks B (TR AT S5 MaEB4 LDLF b & o 82 751
P Y (lag time) 3 e > & 4T & ## (area under the curve, AUC) > » 5 & ¥ #r+4] LDL
Fitonsk o P g Pk PREIBHY T2 EED #p BE (R?=0.9755) o zi i &8 #F (in
VItro)F B 7 % o B e Rin g § AR KB4 il f ok ] B R R s enf 1

HE R L - AR LI R o

- B (invivo)F B2 Ay B % o Wang & 4 (2009) 7 Bbie g & A
ene fig % P~ - (tartary buckwheat bran extract, TBBE)4% & % x *5 (hyperlipemic) &
a & & ¢ 3 14(0.2 g/kg body weight) ~ ¢ (0.5 g/kg body weight)4-% (1 g/kg body
weight) = f& » BB~ B P w ¢ BT k2 it 0 U E MM F M ARR iR B 4p
o BRET o AR I EE L g R > &S TBBE ¥R 4 ijfr =y
2@ fin (total triglycerides, TG)fr %, *% ¥ A (total cholesterol, TC) z £ » %~ BUFHK P 14
B ARG B FI Fr oAt B0 1 36.4% TC 4o 73.9% TG ¥ ¢ » TBBE 7+ F 4 = +
ELRE Rk ki & 1t e (glutathione peroxidase, GSH-PX)z i 14 ~ 3 2 bl # 7%
A 1 pr B4 A 4 fic(anti-atheromatous plaque formation index, AAI) ~ g = & #% &f6 1k 7
i“ 3p #ic(artherogenic index, Al)fei > & 7 ¢ 5 = fE(malondialdehyde, MDA) z £ -
Booptin g § FBp i ookl RO L F Y R @Y W B PR EORA e

f ¥ g T F otk o B AP R R PEEI LY $ 55
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P v AR AT b 2 vk > B (T S HEE Lok % G - AR A
7. EEAR S P

Tomotake % 4 (2007) ik X P~iting ¢ F ¢ 2 v = » (TBP)» & & pH
I & % %(isoelectric point, pl) # e FidF I k2 hd F 7 “TIREZEKSZ
v B 45.8% PR S B d AR FTE B2 o FAPIT oAk E L B 43.7%
e g & Fov 2 &L ¢ & 39 (net protein)f * 3 5 20% > 4L P 7% §F ¢b 4~ 0.5%
#% 7] fi% (Cholesterol) 4= 0.125%"% B4 4 (sodium cholate) iT*£ F fg 2. k-4 & 13 % £
R ¢ PEF AR A § fiE v (Casein) B~ M EEEn E F F-v chdp ] et FUR b
25%-° % - e F SR Ak S 1% FEE o 0.5% Ep 4 (TS F R 'G B ER T 2 A
W8 27 2 (S F e F ¢ % 7 4pdic(lithogenic index) » &7 4k & ¥dn i & v 53474
EARGGR Y A3% > B S BAplicz R VK Y MERRZ P G L AP M AR - SR
B RS B E Y AN BT S

Kuwabara % 4 (2007) 723 % 5 & & 4c » &3¢ A& < & LR+ B

. A
i3

F_‘-

- B RGZEEREL BT RS 2 ARAE - 2 FEF # (Kitawasesoba
common buckwheat sprout, KS) » ¥ ¢t & # % #¥n % & (Hokkai T no. 8, HS-8 ; Hokkai
TNno.9, HS-9) i FH T4 XA BFHYT - %> QRhfcEw e &P - &s i
2% 50/100g diet > 4yl e 2 A IR BN F T H E oS- BV 2 BE o BT

FHReAENESE WL YHRLEYEFERFHEFALE S &S HS8 9
HS-9 « Bz o R e Ff kR ¥ Motipdle » &3 KS Bp|il; ¥ £ 2
A RS AFT R H L ek (bile acid) £ fr i ¢ m4E B

o AFEE

short-chain fatty acid) 2 €357 P A 4c » ¥ ¢t = w2 P F - W idle
y % P 4 2

e
!

2_ M A Ta-#3 i fr(cholesterol 7 alpha-hydroxylase) 5 #8 ph & = "85 2 & & i# S 7
FIpEE 0 =0 AN - pH fay pr A R R fr(HMG-CoA reductase) 7 5 %8 & = "2 7]
Fifod 4 4 i (terpenoid) 2 i F 4 dIft A T R LS H TS = A% & HEFMR Ta-
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fg it frz. MRNA 4 LB Sdr4) e op B 4e » ¥ oh 48 HS-9 Plftsse A A - @
Hpenpr ARRps2Z MRNA 2R BB FH 4 o K P 257 v Hin g 7 -
TR sl R A ALY UG R B PRRIMR L R A B R

e et 41§ o

R EEEIE P2 b TR ST A PR ED SRAR A M2 Hon o 8K
Fre EARZ GV &S FE T 2847 8w A i &5 Kuwabaraet al. (2007) #
TLoek 3 LRI M ABRE D TR CE LS4 Ka RER £
A AR B RET P RARBEIRE $ TR S A BEAIER  RiE- TN G

e E AR N Bk o
8. I RS 4

Lee % 4 (2013)14 75%¢ @i 5 B~iin% & fF » #7182 ¥ B4 (EEB) & &
AR BEBRERFET LG AR e AL fifor § 14 (CCly)% % C57BL/6
& ¢ Sprague-Dawley(SD) &3 # #+4f i »C57BL/6 &4k & 7 e BB 2 Afle 3F s
m SD Rpl&ks N~k > 3 ed PP %Y EEB 4k & § 5 50 mg/kg body weight » ¥
AR GED Y AR 2 AAF T ol PR e R SGEA B L 115 fr 3
mg/kg body weight o (3% 45 14 & EEB 9 e do 5 ? o2 < 4 F pg AR
#; fi# (aspartate transaminase, AST) % {5 #& £ fi=(alanine transaminase, ALT)frd& |4/
fi fi# (alkaline phosphatase, ALP)32 5 B FAsdr] » o = fifE 4 2 "HRIL G2 £ & 4y
o EAXS A TOFERH AR 0 VMR G LT iRl F T RZ I P AR o & S
EEB » st g ¥4 2 4ig " Z 2 51 e 45185 I 4 pa(catalase, CAT) ~ L5+ *SifF
§ i 4~ p=(glutathione peroxidase, GPx) ~ 2%k + *=<:%& J fi= (glutathione reductase, GR)
% 4z § v 4~ 5L 1 fE(superoxide dismutase, SOD) » j& B e ™ BLRIFHR 2> “ Bl &
FRADHES EEB it 5 »xdrd P G o S B H B Pk Ry 0
ﬁ%% ESY cd frém«;; ”"’*«‘}F T2 54 2L o
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-~ EERF
Tartary buckwheat (TB)
Different growth stages and
different parts of plants
Hot-air drying (60°C) Lyophilized
Matured leaf and grain
! ! J
* Proximate composition * Antioxidant properties « Inhibit carbohydrate
* Chemical composition » DPPH scavenging  enzymes
> Total flavonoids » Ferrous ion > Inhibition of a-
» Total phenolics chelating capacity glucosidase ability

» High-performance
liquid chromatography
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- REEAE

(-) s¥og & R

AR * 2 ¥ R & 48 gk (Fagopyrum tataricum) i 5 ¢ 2 35(TC 2) » féiE
WhaH a2 Al 5 2013 fr 2014 E 2 g 4 0 TR b oehd B
H(EZ) PRALFEHHEKEE 3 R N2 B2 247 2013 & fE e e
HEHRITRAL B A4 2014 & S RIS B o B HRA S E S E
e (2 R A AR) TR A B 60T A b i foik 5ol a1 B4 15 (i
RS SA)EE S Fr 40 P EREE S BRI RINESHAE A G bR

2k o RS MAERICET 2B KT O A A REY AT H R Y .

= ~Hie R R EER R
Table 2. Sampling of Tartary buckwheat (TB) plants

Growth stages Days after sowing Plant parts
Seedling (* ¥ %) 19 | Whole
Stem elongation (& @ & #f) 39 Leaf, Stem
Flowering (B 7= #p) 55 Leaf, Flower, Stem
Milky (54 3% #7) 75 Leaf, Immature grain, Stem
Matured (= 3 #7) 84 Leaf, Matured grain, Stem
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Bl - F 3Py & 2HEHA) - £3B) 0% (C) -

Figure 6. Pictures of matured Tartary buckwheat plant (A) whole plant; (B) leaf and
(C) grains.

(=) ##%

o-% % # 3 p= (from Saccharomyces cerevisiae):# & 2. fi¥ % /& 1+ 5 26.5 U/mL >

p ** Sigma Chemical Co., USA -

Folin-Ciocalteu reagent P& p *t Wako Pure Chemical Industries, LTD. >
1,1-Diphenyl-2-picrylhydrazyl (DPPH)-~4-Nitrophenyl a-D-glucopyranoside (p-NPG) -
3-(2-Pyridyl)-5,6-diphenyl-1,2,4-triazine -p,p'-disulfonic acid monosodium salt hydrate
(ferrozine) -~ rutin ~ quercetin ~ isoquercetin ~ kaempferol ~ kaempferol-3-O-rutinoside -
gallic acid ‘¢ pp > Sigma Chemical Co., USA o H i % 3> X B % L 472 R F A

175 o
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Z Rk
(=) - &2 n a4
1L k»3z i

%% AACC Methods 44-15A (moisture air-oven methods)z. = i2 » # £ 1.0 g &
A Bt G A E uE R AR P > 2 105TC AT P s 3 PELS o B A

G P LI LRIV EREKAZE O NE A ()R T L -
2. n AT E

%% AACC Methods 08-01 (ash content basic methods)z = /% » # £ 1.0g & %
o2 AN CHFEE T LMY BT 250CH Y I 0 BT EF R
A3 L P ERALIEDBCE A M- % c i HFEI I0CL+FE4 > #3c
B LFriEEOFEL SRRSO AL ZE NG AL E (9/100 g dry basis)

%\‘/“—7‘\ °
KN CRERE 3

%+ AACC Methods 30-25 (crude fat in wheat, corn, soy flour, feeds and mixed
feeds)z = 72 » HA 359K Sk % e e X g F P o3 Soxhlet 4 % %
Porle BEIES B * R AT TR T iR 16 o) PRS0 f 4293 105°C g 1) B

REE rfcke P ArIEE  FE B P ERSESRN BT Uitk

¥ (9/100 g dry basis) % + 2. -
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4. 2 kv 7 &

%% AACC Methods 46-12 (Kjeldahl Method)2. = 2 - # £ 059 th &4 2 & 19
it #](CuSO4: KoSO4 = 1:10, wiw, i 1§ 40 He P & ) 4v 38 Kjeldahl 3-d 4 f2 ¢
pooI zi 25 mL Jkmrpats o >t 4 fi g (Tecator Model 2008 Digestor, Foss Tecator,
Hoganas, Sweden)® 4c#: 360C L R M EEF&EM « Afris AR g U EH XY
(Tecator Model 1002 Distillator, Foss Tecator, Hogannas, Sweden)i& = Z 4§ > 2 0.1 N
PRl TR EAE R F 0 BlTRr o w2 @ F 4 (00 KHP %) T 23
HELER oV ERSNIFE A @Ry 28 0 2 ikl 631 BHEE N

§2 4 £ £(9/100 g dry basis) % 7 2. ©
5. ¢ Fipl =z

b Rtk &1 ¢ A ik (ZE-2000 Colour Meter, Japan)#| & % < g ¢ » BlE w4

MR ERE c FHhEEEY Lab AT O LEAT RSP HAR S aER

=

ALk da f LS hEATE F B EAT S

li \

(s

T AN Ed o

(=) "B L 047

1 i o 5B

\\\Xr

4 #iz:zp Adom e Liu (2002) % Sosulski % 4 (1982)z = = - # 4 12 g
45 R0 4~ 480 ML 80% 2 fis »45°C T 4k 5 B~ 90 4 48 3. 10 4 48(10200 xg)>
AR ke~ 240 ML BO% S R o vt E R EB 3L £ EATT bR o R
e A (Whatman No.2)is g » gk >t 45°Cie (7 dé“@zf&‘f’ﬁ ISR G h Sk W
EEBRS ACLEE > % P 100%7 FE w3 g kA o
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$4 T igecp Taga & 4 (1984)2 = 2 o Poif § 2 42 5P~ 100 pL > 4e
2 mL 2% Na,COz» ;R £353 # % 2 ~ 45 > 4c » 100 puL 50% Folin-Ciocalteu phenol
reagent > ¥k 30 245 > 11 750 nm =k BT £ P> L a3 e (gallic acid) iT A &8

2L ¢ s FS A E
R ERET BB E

ek

3. BAEE R 2 BRI T

o

G A ipeep Lee ¥ 4 (2003)2 = 2 oP~if § A 2 e F B Imbo4e » ImL
80%¢ f%~0.3 ML 5% NaNO;» iR &323 (6 # % 6 ~ 45> £ 4r » 0.3 mL 10% AI(NOs)3>
MEBIREBEEOL 4 Bfé4r» 2mL4% NaOH R £353 # ¥ 10 4~ 4815 12 510

o

nm B H ek B g 7 (rutin) TE G RS B E REE i 2

=k

4. $ac = A LT

%4 ¥ g e p Wang & 4 (2013)2 = % o Boif ¥ ok B 5 T 0.45 pum jh i
e %‘ﬁd B TR R AR K AT A T R T4 W P T 4 47 -HPLC % 5t Hitachi L-6200
F1iF > ¥ pe Hitachi L-7455 % ¢ = & 48 £ 7|(Photo Diode Array, PDA)** 375 nm = i®
H Rl % $3 YMC-Pack ODS-AQ C18 (5 um, 250 x 4.6 mm) <4 5-ix » £ % 20 uL »

a3 0.05% trifluoroacetic acid (TFA){e acetonitrile (ACN) » it R 4o & = 7

o 0 A% oeik 5 1 mbL/min o 12 rutin ~ quercetin ~ isoquercetin ~ kaempferol ~

kaempferol-3-O- rutinoside ¥ & & & o
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# = ~ HPLC-PDA /it 5 & 2 i% %

Table 3. The gradient condition of elution with HPLC-PDA

Elution (%)

Time (min)
0.05% TFA ACN
0 82 18
8 82 18
18 72 28
28 72 28
35 50 50
39 50 50
45 10 90
50 82 18

(2) #oF it 4 A

1. F“ﬁ; DPPH E \T; E—_'\Bb ‘/.' i

\\\Xr

4 &g :xp Shimada & 4 (1992)z. = ;2 - fe@ll 2 FER Z J2 5B 1 mL »
4o~ A 5mLO.ImMMDPPH ¢ 3% > iR £353 15 > @k 3 3 30 4 480 ¥ 517
nm R R s kB T fefiRd R FH B 3 N RS DPPH pd A2 i 4 2

HICs B o B 25840
Scavenging capacity (%) = [(Abiank — Asampte) / Apiank] X 100
2. LABEET A& 4 R

%+ i3 :x p Decker 4= Welch (1990) 2 = /% - B~ 1000 pg/mL e 5 B~% 1 mL >
K4~ 01mL2mM #F it &4 (FeCly) ~ 0.2 mL 5 mM ferrozine 73 % 4= 3.7 mL ?

% (methanol) - iR &353 {44 % 10 4 45> >> 562 nm | H =k & > 2 jf 7 fofigd %
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Chelating capacity (%) = [(Aptank — Asample) / Aplank] X 100

(2) $r4lpkizns 4 a4 A 47

L 4] o- i F AR AR 2 R

o

4 ¥ i3 :cp Matsui ¥ 4 (1996)2 = = < B~ 0.3 mL o-§ 3 # 3 p#(0.1 U/mL,
from Saccharomyces cerevisiae)#i ik 47 i 7% ;% (pH 6.8)> £ 3+ 37°C = i 10 # 4588 >
i Fde o 0.5 mL e 5 Bife (MBHEL AT 3 B 0 B AP )~ LS mL BREL 49 i 3
% 47 50 UL p-NPG % f7>87°C ™ & Jis 20 & 45 b 12 % #¢ 0.3 mL it 4 (Na;COs) (0.5
M) o F i o f8 % A sk B 2h 405 nm B H ek 18 Ap o ke AR ek
BE A A A 2 EBRE G BEREE G 2B RELS YL AgfrAged 2583 F o-

FEBF RIS A ICs o 258 deT

Inhibition of a-glucosidase (%) = [1-(A1-Az)/(As-As)] X 100
(1) s 24

AT T A RHR PR B R i R (verson 3.1.0):E {7 4 47 »

12 ANOVA % LSD # %t e ¥ 2.2 £ 4 A% £ B (p<0.05) -
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- A RAEPFDERE SR g
1L 24 Ep etz krg g

AT Y 2 B R SRR S E LR > A S 2 Bl d
BHELA B CHEE S CEPERE AL T I BEAEREY > AU LB EH B
£ CEEH SRR SR Ay Nl etk B EH L G E
FeE BEHAGE CEfeR oS HYPLEE CEARAET SR AGE
Er BAAT &IV A T P E foiie s £ B 60°C A b F2 % IR R ok do g

B B B ER e R AR 4Tk -

SRR E PR SRR Bt kA G R(Rm) 0 RN (55 X 4R )

—
G

PR LR A F A R e e B E B2 ks R REEEAT

ARA G TR o BRI KRR P EF A IR R 4

T

(\x,

N

NG N ARD LT BRACERLR P FFERT P RTHE 2R

b

Poa Y F A R EHRETEE Y A v (19 AP kA F R R F

i 88.11%> &2 Kim % (2008)~ f7¥kfng & 5 -k~ 7 & 5 87%2 S5 & A5 W

EHEY AP kA T i E 9093.22% -
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Table 4. Moisture content (%) of different parts of Tartary buckwheat plants for harvest

] Stem ) )
Seedling ] Flowering Milky Matured
elongation
Leaf 88.11+1.28 82.85+1.21 85.17+0.48 81.35+2.52  77.94+2.99

Stem 91.63+1.93  93.22+0.81 92.37+1.03 83.04£3.46  79.1946.38
Grain - - 80.11+0.19  61.04+4.23  31.53+3.00
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[ Hot-air drying Leaf

M Lyophilized Leaf

L b|L b | L b
Stem Flowering Milky Matured
elongation
O Hot-air drying Stem
M Lyophilized Stem
b L|®b|L|alb
Stem Flowering Milky Matured
elongation
iR F EA) B R GCE A IEZ F FRT o
Figure 7. The color changing of Tartary buckwheat (A) leaf and (B) stem by hot-air
drying and lyophilized.
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3. x4 AP EE ok ki E IV Bt s

MM ZF It er s IR HP > Sy ke 5
ThF LI ESY IR B ARRELET LT iﬁfa b EE &
Fz g a4 i a mie 2§ 1 i % 54 »(Wang and Lin, 2000 ; Burns et al.,
2000 ; Palikova et al., 2009) o » 3&2% » i EEin g # 48k & 304 W5 60 CH# b 5%
fok FT TR S S0 IR > Bk (501 80%¢ fig 5 B~ 0 BRI T PR B e

FE OBRMBERERTALERY B2 2 E(BN)

#y dP(19 AP ) 2ERTEL17(B N~ A&B) » b o foak ot = v
PRz it s 2 EREFLLE(E>005) 27 S Ea s £4 95 5885 r
48.79 mg rutin eq./g powder, d.b. > ¥, fs 7 £ » % 5 59.08 - 56.89 mg gallic acid eq./g
powder, d.b. o " = fAgg Uk SN2 HE¥eF ¢ F (F (B~ C&D) > ‘% =W EH(39 =
fHAEP ) > B i-Hp(55 AP ) S RIS X 4HFEP) - SR (B4 1M )2
RAFR Ao 7 £4p1T - By & T 1 (R~ E&F) R R SO

ZEFTREFELAPIREFM o RS PR ML B R F Y (E &

e S AR ) (T B~ G&H) > & FE IS h S0 T BB 2 A A o i
- #Hf1* HPLC &~ {78fing & F{ofd i >0 7 b ich 2 N adZis B han b= o 20t

(& T )it A2 7 0 RR TR ok icE S ¢ 4 4 5 58.84 - 47.02 mg/g
powder, d.b. - % & > FF BB FTRFOFICF TR S A AT T ER G0
o fotsa 2 A % 7 £ 4 5 5 15.07 f- 18.08 mg/g powder, d.b. » b 5 & F2 4 kot
RIFRE 2 R B2 SR Ap R o daipld i F R AR ¢ f HPLC Rl 232§
Mg st R F @ TF B pepi$ 2 2 4 (Suzuki etal., 2009 ; Zielifiska
etal.,, 2012 ; Guo et al., 2012)2_#c - sF@t b &% » #h s duf son EE R 5 2

Wit 2 A (2011 5 12 60CH# b d 'k ok so¥t o % B3 L 30 (T % Al
FIRUER TR A FEARRE > REIV A ARR R EAY BRAHE, 2

%ﬁ*&ifg& T R

*ﬂ‘u
“1\\-’
fx»

P
Z2_ %

it 8 I A - b F

nﬁ—
v
@5’
e

i a2
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Table 5. The major bioactive compounds analyzed by HPLC of Tartary buckwheat leaf

and grain dried by hot-air (60°C) and lyophilized

Kaempferol-3

Dryin Rutin Isoquercetin Quercetin o
Materials ying | -O-rutinoside
method
mg/g powder, d.b.

Hot-air

_ 57.0+4.66 0.16+0.00 0.58+0.03 1.10+0.00
Leaf drying

Lyophilized 45.09+4.16 0.12+0.00 1.05+0.04 0.76+0.03
Hot-air

_ 14.24+0.37 0.03+£0.00 0.12+0.00 0.6840.01
Grain drying

Lyophilized 17.0+0.00 0.03+£0.00 0.17+0.00 0.8840.01

R R PR EINEAR ER I AR R I R EN AT

R s 7 £ 4~ W 5 82.58 mg rutin eq./g powder, d.b.4- 75.19 mg gallic

acid eq./g powder, d.b. ; ¥t & pEp 2 T imk Ak fo 8,

fimz £ 4 % 5 19.98 mg

rutin eq./g powder, d.b.4= 27.80 mg gallic acid eq./g powder, d.b. ; 7=/4 %] % 157.27 mg

rutin eq./g powder, d.b.4- 121.60 mg gallic acid eq./g powder, d.b. ;

34.19 mg rutin eq./g powder, d.b.§= 32.96 mg gallic acid eq./g powder, d.b. ;

AERAT A G

> HAT

>~ %] 5 30.72 mg rutin eq./g powder, d.b.4- 31.31 mg gallic acid eq./g powder, d.b. > =

MEERR R SR LN T B a2 R4 2 3
RAT - SRABF T o540 80%Y Mz A X7 R4FAD 2

XA B R ks Lh A > P LM FuF (L4

v

Coowl A E S A
ev[g]f.7 2%}/}

SRS A T

B (Zielifsk et al.,2012) « 52X 72 A7 M frfafs £ 5o b o L H 3R 7

FEER A 03%0 e FIEE > T AR EERT ERBA PSS AT R L

35

EF



A o BRI E S EN ALY TN RIS a g R R Haks
prdp LB F A B (p>0.05) > stk AT RL TR SR ERE T E
TR RYPEHIBF RS EE 0 gDy 283 RI 2 EF v et 1]
oo E P BRI REAIE o B Bie g F e E -
AR FHRTEZS% Voo h ok s & EREMNER AR IR
A e AT b o SRR A IR TR RS H R k4
ERYR L SRR S QR RSB A 2 BRI AT

AES G R PWAILS A 0 5 LR RS 0K (S 8 LR -
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Figure 8. Total flavonoids and total phenolics of different growth stages and plant parts

of Tartary buckwheat.

a,b mean the difference between hot-air drying and lyophilized. (p<0.05)
A,B mean the difference between growth periods among hot-air drying. (p<0.05)
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B - 3 1k W SR SR AR

27907 L ARG MR ) B FORPE P E AT 2 - AL AR
FERERR R B H o d 2 kA B AN 5 77.94 fo 3153% (iRA A ) E 2o

i BRI E G AR R kA § 4 Y5 7.33 40 7.68% -

XRY e S E 2 A s 7 E 5 19.58% (1 i5 & A 7)o APt 2 (2011) A 45 Bke B
oY 28,2 00 XA P EF 7 16.15% 0 A F B 2S5 F RS 1% &
Bhend A0 A A g s A 7 £ 2 4 B Bonafaccia & 4 (2003b) 4 7 B o £ 5
it FAAS R FRES SRR B LB T 540 i 1607 mg/kgdb. o H
ZLde RD) - £330 58 5 18.02% (1izk 4 7)» £i5202(2011) A 452 &
Y2800 T HEMBP E Y 5 1758%F0 For w4 (- HAWE S Y drARe
SOFME S G FATAMRAR R Y 1 &G A2 i A G B =pi(glutamate)-

v Siefg (leucine)fr = F® % Jicf (aspartate) » ® 7 F A& A FE S AL L PRk o

SRYPEE BT AL FTEL 215% (NIt AEZ T ERAEL SF 28
AR 2 s g RApT(F for 0 2007) o e v 7 7 11.4% (14 52 A& % 57 ) » Bonafaccia
L (2003a)F 3 Beta g S AR hi B d S A A H FF 17 ArRAR > @ L&
T heRARL L B vREL X P4 ORE ot vepk(arginine) @ EEEe R & ¢ B vk
AP AR A H ARG AL RARMA A T B E S EAEY 0 07 (T
LI L VR A2 KR oqei st B G 278% 0 P A & hehd A & fory

AL ok 5% P 95 EL e 74.5% (Bonafaccia et al., 2003a) -
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o R b EeEY 2 - LA A
Table 6. Proximate compositions of Tartary buckwheat leaf and grain powders

] Moisture Ash Crude protein Crude fat
Materials
(%) 9/100 g powders, d.b.
Leaf 7.33+0.00 19.58+0.63 18.02+1.16 5.96+0.56
Grain 7.6840.01 2.15+0.01 11.40+1.80 2.7810.19

O E¥E R ERR L E RS A
L oggin§ $ E i 2 Foe 5

LhzRmAAs SRR 02 S RFLRNE

13

\:.

53
oo}

By 732
oy % 75 L "% f2p7(Yasuda & Nakagawa, 1994 ; Suzuki et al., 2002 ; Cui & Wang,
2012)» &~ "5 f#pF 5 @ fil 1 f5 RDE [ 4o RDE I1 7 f (7% » & & 7 ' f2 % iz
RE-w APy e k&R R 60%F i j »adrdlftf # 14(Yasuda &
Shinoyama, 1996) » #r1u 3t 3p &% # 12 70 ~ 80 ~ 90%¢2 73 B2 MR ik 2 &
et g > & %) 5 80.34 ~ 85.92 fr 77.15 mg rutin eq./g powder, d.b. » & % 5% ¢ F * &
R prz 258 2 80%2 fRiTE ARBKZFBAM o BB AEEL > - HIF
HEENERIL G EBRER CEBERE X S o PR EB2 R FEE L 80%
2 A A5 C T L4002 B FE B o (811 120 2. G E R E B R R iBiR
BEPIEPRE

SRR FE R B L A u L 239740 540%  F 3 2 RS L
Fd By X RPBRITHEEFEBT 20Tz £4 % 5 106.584-30.72
mg rutin eq./g powder, d.b. > 4 £ ¥ 35 % > AApkicE T EF T F O B RA
TR R IELFFLET 4G

2. B E ¢ Ef-AT e BAEFERIAZ B LIS

HmR s 2R REIEGOERM A A R AR UF AR A oL
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fEd % {vl 2 fo (kaempferol) & = & > @ B g & 5 5 L fARGE2 st e AEBK
80% ¢ fF 5 Prw =k 84T IR 2 Uik i 2 R Rk 1 100% T AR R 2 g R A
F* 0.45 um B R 5 B o BoH ¢ 20 Ul T B vkan R AR A 1T RIEFe R T = Al
7RI B 375 M T A 4 F B 2 A S A o K F A i Ap & 1T RI(RI 4 )=
2% > vV iErahiing BT B R e RS AR o @t
At s BB E S e B EBR s T C BHRA 0 L2 E-3-0-5 7
BH WA ZfrL 22k s > HeY L2R-3-O-Z 4B - B & FHRTE

T B3 2 BN Ao Bl Ao o

LA f-3-O-F A BH L TH T miz 5 5957 f RN 5 593 W arH A
TR 5594t A48 4 miz287 R B #TA RN & L 2 R 5(m/z 287) 4R I
it E R G LA A I A5G TR AL46, A308 #7 5 > g1 T MR
FEN O I EFT R E G Z AR & B ZpE(hamnose) & B 2 g pE e &
B SV pARI S R S S e E R B S L AR -3-0-2 4
f,:.}‘ °
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Figure 9. HPLC chromatograms of Tartary buckwheat crude extraction from (A) leaf;

(B) grain and (C) standard compounds.
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Figure 10. Fragment pattern of kaempferol-3-O-rutinoside by mass spectrometer at
positive mode.

FEM2Z AL GHREE R PRI PN B EEEARAY Y g2
B(EA) PRI s 2 27 LA LER-3O-ZAMH A F
PHd Z24fcL 20 ESF P 7 £ 4 % 5 70.62 mg/g powder, d.b.~1.55 mg/g powder,

d.b. ~ 0.25 mg/g powder, d.b. ~ 0.18 mg/g powder, d.b.frpc® % % > **fEF ¢ 7 £ 4
B % 16.19~ 0.70 ~ 0.18 ~ 0.02 ~ 0.019 mg/g powder, d.b. o & % 5 H =2 1 5 5B~ 4
TR L7 L AR-3-0-ZAMH ML BHRAFNESY R4
271.60~5.96~0.96 = 0.69 mg/g extract> A& # p| 11 2 8 ¢ |2 = & £ 279.21 mg/g extract ;
AT LEMBO-ZAMY AR BRA AL AR A Y SR A
294.37~12.73~3.27~0.36 4= 0.35 mg/g extract> & # B 11 2_ 4% 5t 2 = 4~ 311.08 mg/g
extract> sx 5B PR ERA T OB R F B EI T RF IR B L F Lo
BARALIFERATRET IR FRFLIPBALSIL > LRFZEBFLEF D

mAZ - S R GARRICET o E S 5 RF R A e
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Table 7. The main components of Tartary buckwheat crude extraction from leaf and
grain analyzed by HPLC

Kaempferol-3

Rutin Isoquercetin Quercetin Kaempferol o
Materials -O-rutinoside
mg/g powder, d.b.
Leaf 70.6+2.51 0.18+0.01 0.25+0.02 trace 1.55+0.03
Grain 16.2+1.70 0.02+0.00 0.18+0.01 0.019+0.003 0.70+0.08

Binm ¢ F2 e @mEPRYE 7 47 0 % 70.62 mg/g, powder d.b. o 245w A
2T S BRSNS b S Aotk g & 0 7 Rt 80°C F B 5

BOTRREFT R AWEFY LT LR BE LT 7 £ 47 23.31-53.20

4

mglg - T35% £ % 38.75 mglg (Park et al., 2004) » £ &gk &% eh- L daip) AR

B P A R g RRA o BEIE F BB bR S R T2 - o i

BAEA O BREFEIFLGLE S R R ELAS BE A SRR

k“\?e

_7‘\}'47_‘}/{0

Bina d AR FHRE F A ¢ 16% s E 7 200 WAL F R4 2 £ 00.018% -
Fabjan % « (2003)F= 3 © R {rjp & F2 Bfin g & S/ 4 B B2 F A D
B2 RARITARR AT I Bor AP RS AP R LS A2 7
EoBRE T RS E081-1.66% 0 2 AEK L BRI LA Z T AR - P
Rehrmfae wgFm - 72 5 003%2 i » W ARHR2Z 8553 &WA ¥ 2 5
SRR FAF AN L FRe T RS AR ¥ b £(2010) 5 ¢ - BE2 pEEw
BE PTG 0 T5%C B EAR A EB 0 R B AR R RA L

e

T fefEd 22 7 £ 4 %9 5 14.18 - 3.63 mg/g powder, d.b. > H ¢ F 7 2 7 & 8 AR

¥
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TR ARIT o R 2 L ABRER 2 208 0 P L EB 2 BArR AL
B4l 75%2 R Az A FPHEPF L 6.2% 0 B AE%k 55WE BT - 7
PR S 3 4 A& Nt R

B o EEERE F o PR 2 Fuf a4 A

BIE S S EGLET WA E  BMAAEFEM AL 0 ¢ oy

=
i

wh
=
=

b

# B8 F g i # sx(Rice-Evans et al., 1996 ; Erlejmanetal., 2004) > @ % ¢ 2 &
BR2ZE T TR LA RS P REHRETETE G L2 4mg a4 (Yang et al,
2008) o *+ &= > 1% DPPH p o 275 i“* o P el T BT E G 4 A fTEEe

B b2y tHoco
1. 4 DPPH p o i 4

DPPH (2,2-diphenyl-1-picrylhydrazyl) & - fi g 2 enp d & > FIH 4% 5
ZBFROEFIE o BRE . @ FPAREOE RF ik EL DA
d 75 > DPPH g d /A% 517 nm & 5 &~ sjc'd o 4% DPPH p d AR 43

t4 2 @iy DPPH pd A4kt » 2 B REDZ4F @ pd AT 82

Ak

ZRFHP O VRIS ANLIR BRFI TLFT I HLALS E R

=& ¢ g §F ¢ (Brand-Williams et al., 1995) » ¢z ¥ ;ﬁ—ri BlEKE2Z Bitm

\ &
95:
7»\«“
et

3 4 2 g i a4 (Shimadaetal., 1992) -
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Figure 11. Inhibition of DPPH radicals by Tartary buckwheat crude extraction from leaf
and grain, and standard compounds with various concentrations.
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Table 8. 1Cs of scavenging DPPH radicals ability of Tartary buckwheat crude extraction
from leaf and grain, compared with the standard compounds (rutin &

quercetin)
Materials DPPH scavenging ability
I1Cs0 (ng/mL)
Leaf extract 63.51+2.15 &
Grain extract 85.73+4.60 "
Rutin standard 25.87+£1.70°
Quercetin standard 20.10+0.32 ¢

Different small letters on the same column indicated there were significant differences of ICs, value
(p<0.05).
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Pehid &4 5 5 A2 G S R > B0 562NM T 4 g sk > fir ek

g it o T E AR S T ABES SR » KTk s A A 23 Ko

AR R 507 1000pg/mL chE b B T TR T A S a4 (B 2 )
BT AR R T B HEL E AT L v 4 394AgiE 90% 0 oo A Bk R S E{om T 2 i
Emnl s 400 89% » AR A F PR 2 0nk B 0 2 HIATHRE S L F LW
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Figure 12. Chelating ferrous ion ability of 1000 ug/mL of Tartary buckwheat crude
extraction from leaf and grain, compared with the standard compounds.

Different small letters on the figure indicated there were significant differences of chelating ferrous ion
ability (p<0.05).
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4% (Tadera et al., 2006) » & &_i § *xAir £ & PP Z 2 AR MR RER L
Moz b H o wFgR G R A2l 3P Z Al fop 2 4 2 (Baron, 1998) -
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Figure 13. Inhibition of a-glucosidase activity of Tartary buckwheat crude extraction
from leaf and grain, the standard compounds, and acarbose.

49

w1.2
2.4
®3.6
£4.8
6.0
m7.2
08.4

w120
® 240
=300
m 360
m420
0480



PR P E ST 5 LR B b T AAE B

k)

B Frle k(s o T @ aorea g S R bt P o FREH AT #k(R)
= C&D) i % 7 (7 4o B e 5B 4] o- FF AR PR R 2R R ik
Foo® o a s LRSS - HIFA R RRTHBLFFIS RE L RS2

ICso (% ~) °

FF A2 %% BRI LESH P A4 ICo2 % > 5 670.78 pg/mL >
AR T HEA B BEE R & HAofdd 2 1Cso 4 % 5 5.801.42-283.38 fr 180.63pug/mL >
FREPRZIrFPERES ZE FZ AR ERAT AT RIRR T RS
AR A o AR P M ICs 2 B L EIE S E LAY 24 e
37 B i P KRR B R T RY (TR PR W R i - AR B
+ MR R ERESF T KRB AR g LG T PR E ok B A

(Fujisawa et al., 2005) - Yao 3 + (2010)F7 3 @ B 5 ¢ b ] o-§ FHH v 2
oSSR FRTRAFL > 2 KK SRR K2 28 28
fr2 e AL SR BRenE S TTRE - B E p3rd] @ FHEHPF ICo 2 E 5
>1000 ~ 475.14 ~ 13.56 ~ 833.33 ~ >1000 ~ >1000 fr 111.11 mg/mL » &+ 5 % 7 5 41 >
Bt wia gy S d] o F FMHFRG I EP LT 3 I BF Y ok
Boien2 f PRikde g FAF A o B0 R F AT 2Pk L2 A HT5 R 0 S
BEEEE S FRE G LAF BT Rk o R R S o F B

ferjE f4 (Tadera et al,, 2006) » * ke & § 2 ¥ G2 jf~ ~ L A frB Wl £ 7~

—=

BATF A0 Bic  veded] o F R A (L etal, 2000b) - ke g § 5 E

HEERT LR TR R ST E LI RS AN 1ER N X

50



o4~ dpde g Sl IR ol R d] 50% o-F FREH TR 2 kR
Table 9. ICsq of inhibit a-glucosidase ability with Tartary buckwheat
crude extraction from leaf and grain, the standard compounds,

and Acarbose
] Inhibition of a-glucosidase activity
Materials
|C5o (ug/mL)
Leaf extract 283.38+10.62
Grain extract 180.63+13.52
Rutin standard 5.80+0.06
Quercetin standard 1.42+0.02
Acarbose 670.78+66.29
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