SR = T S

Journal of Chinese Institute of Food Science and Technology

Vol. 23 No. 10
Oct. 2023

%238 10
2023 410 A

BEETHRATRESBAUFETEM A EiT AGEs &%

T A, XANTF®m', EKHE', £ &' FBE' HFEL, AFLT, HETT
(FHREXFRRBAFE IRFR KA 130118
PERRLRFEFHEMFER K& 130118

SERRLEXRFRFILHENA LRHFL TS K& 130118)
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T, A [ Sk 5 H5E H A 1 B 0 2y R TR 25
R0 5 R, 5 NaNO,—AICL 34 e, A1CL—
NaAC 5 BT A FAE 37 22 7 B, P 4 i 1 A
FEF ], NaNO,~AICL, 153 5 F7 22 76 B o5 i 75 12t 1Y)
SER S SO A R S IR 2 R R A
S AICL,-NaAC ¥ R A 1455 1k o B 4l
fRFF 4 FE W AL T 2280 B ft—F e
P> B Alif IR 2 Fe B A i, S H ORI A
KA 25 = R IE kit — 5%

1 MRERE
1.1 #Rt5iEH
FEAE ST T NS ARIGETIT , FR 2 5¢ B A Y 2
IS BROBCRE i S5 PV 05 ¥, H 5 22 58 B R 32 I0Y)
(Buckwheat hull flavonoids, BHF) [ i 25 il & &
1 8.60 ¢ RE/100 ¢ (AICL,—NaAC %) #196.61 ¢
RE/100g(NaNO,-AICl; %) ,RE F/R T i,
Super 200 S AHR G EL, FE ot B IN AP F}
FiABR2A R RP-C18 W Z e (il i, BRuefb T

O\
- C A=
cod

OH O
OH
®
\ HO. o
PO Qa
7 o
HO O—Al

|
7 :DNaNO,—AICl, ¥ ; @AICL, NaAC 3%,
1 L BRNEEIR RN IEE

Reaction principle of determination of flavonoids

Fig.1

by chemical colorimetry

FHIR 150 [ 7 o3 B 2
12 UE5EF

Mini BIS Pro #¢ G&E IS B8 & 46, LA
DNR 2 7 5 Agilent 1100 #2035, 2 HER
B A R A A FLUOstar Omega 24 % i bR AL, 12
E BMG LABTECH 237,

ARG A BB (@34l ) , 78 [E Meker 24 7 ; 1.3 A%
A E & (Bovine albumin, BSA) . P4 i i 1.3.1 3= R4 5 aifl
(Methylglyoxal, MGO), 3¢ [ Sigma 2 7 ; H A4 1.3.1.1  srEsaifb it

r —REETFEE \

EE®R (D)
BHF 22, 4 45 | B0 {

YL 8 — Uil 2RO e B 3 A (R34 (IBHF)

S AT IS (HBHF)<— 2 RS T <2 i 1““
} ZAr s B

Ul EGH

* ZRERTHE d

1.3.1.2 #EZE S

1) —KBEE TS B BHF Bk T B,
5 ORI RIS, IAGE 2K pH,
A R L7 000 r/min B0 10 min, DL L5
Tl o v R E O RN 4% B AR R DITE L 3%
EDTA-2Na &I (F 10% 4B ) ,Super 200 4+
R E S 0% O BEVEIR G , B e i R R TR
IR A5 FF 22 52 B B 2 ELY)  (Intermediates of
buckwheat hull flavonoids, IBHF),

2) IR THG O IBHF B % T L8,

5 OB WAL w221, TR A, A & K
PETT pH, %A V5,7 000 t/min 250> 10 min, LA
B v 2 0 S A L W b s R AR, TR
2% Super 200 F)JZHTE L T0% O BEVENL G, A
Wedn, WURTIE, RAE3EE 5T = E B 415 (High
purity buckwheat hull flavonoids, HBHF),

B 2% G AL R DA AT, R lh
() S BE  EE, A R .

e il (%) = LoV GV 09

1
CoxVy ()
A, Co—F 07 11 5 W B B I 5 & (mg/
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ml) ; V— I I J ¥ W0 R R (mLL) 5 C—— 2 B
Je b7 WP Y #E R e (mg/mL)  Vi—— RN R b
B AR (mL) .

1.3.2  IBHF 43 0r B alifb T 2 281k

Ve B, 2 BB H 4 mg/mL BHF i5# 5 10 mg/mL
LR, 45 B W — s BF IR, LA & 5k
FEAR, 43 5 5 48 SRR R SR T LG UK AR AR

B, CWEVRFR AT H RN B | BN B [ ) 3 2 e

1321 RRERLE ZM Wang FEPUIE W EEKGEACRARZ W, RN ZAKEILE 1,
F1 BRIIBWHERAKER
Table 1 Factor level of single factor test
7K ZnAC:BHF Jt & wt/g- o™ BARRBRG BN T EARAR D% B i 2 °C B B 18] /min
1 4:1 0.03 10 25 5
2 3:1 0.04 20 40 10
3 2:1 0.05 30 60 15
4 1:1 0.06 40 80 20
5 1:2 0.07 50 95 25

1.3.2.2  Box-Behnken i i [ 8 fb il 56 76 2 A
EOR e S o A LS = Tl A A=W N
U E QAR R 80 A AR i Bl 25 A 51 R

W S AE 4 Box—Behnken Wil 7 17 A5 AL 1K 56, 18 46
R FE AN 2 s,

% 2 Box-Behnken i® 3t B &=k £ &
Table 2 Factor level of Box—Behnken

B
e A(ZnAC:BHF J & tofg-g) B(EKRAR 5 2/%) C(T B AR 2 51%)
-1 1:1 0.03 20
0 201 0.04 30
301 0.05 40

1.3.3  FEZZ 5 d mk I 7y ik
1.3.3.1 SV F s SR AICL-NaAC ¥
W5 A & T BB B i, IR S IR Sarker A5
BT RIS AE B, 500 pL BEdh 1 mL =&k
BRI (1 mmol/L) (1.5 mlL My 2 — it 92 40 2% v i T
(pH 5.5) & TiAE T IR E = | FE 30 min, T
417 nm PR AR E WOCREAE . DA X B T
F14) JO VA R SRy R AL A, 6T IO 1 I O B (A AN AR A
AT AT RSB, BE T RE v = 2.882x + 0.0411
(R*=10.9993), F&5¢ i Ml & 45 - 2L ¢ RE/
(100g) %R,
1.3.32 EERHZ 0% REREE Ok R w H
FHEIBMEMEENHEARATFEREZ —, 285N
FEA L R R B D5 ik e, ] DAY ) W R A v
BRI ED .,

FERE S 25% S BERC A 1 mg/mL A R, B

5 wL AR = [ — R 110 CiE 4k 30 min Y i I8
W b, RIFRIH 40% L BEvs W, e ) 205050 A
10% I B B2 — FF 275 R0 FD 254 nm (95840, fikE
A FE JZ AT R IT 5E 4 n , KT, It DL 6 Rt
o ELHEEE TR T RN,

1.3.3.3  S4M6HE FEAES B 0.02 mg/mL 1%
W, LA 25% Tk 25 (i I B FH AR AL HEA T 42
W E I, PR 250~500 nm, I HE R 1
nm, FAREREL 3, DL R As bR, % g Al WO B2
ERIE Y T2 T

1.3.3.4 HPLC i%H:  XTerra MS C18(3.9 mmx
150 mm,5 pm) ; i sIAH A+ 0.5% H R 4% Al 0.5% (14
BB R (pH 4.4~4.5)  BLAHBLEL ; 3 M B
ali L, E 0.5 mL/min, AR 25 °C, Rl K
280 nm, HFHEEE 20 WL, BB PR )F . 0~3 min,
30% B;3 ~20 min,30% ~85% B;20 ~23 min,85% ~
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95%B, )5 2 min WIREZ B WG R, H54E 5
min,

1.3.4 AGEs &AM HIGET1 2 BB FE I 55 20
Ji . il % Glu-BSA £ & 5 MGO-BSA &K & i1y
AGEs, 7534 & 1 360 nm 1% 53 K 460 nm &b
Rl 2GR BE 5 58 5% 2 7 v AR o AN TRl AR &
AGEs WA sl ae Jr . dfl = ntE AL,

il (%) = BR)=UBl) a0 (2)

2~ 1o
ﬁq:',Fo ?Eéﬂ%j\lﬁ{a,ﬁ]—ﬁtgﬁéﬂ%
JCAH ; Fy XF HREH DA
1.4 HESH

IS5 R “v+SD” KR | A s 4483 A
FAT IR 86 . ) Excel #4F Ab PR 56 B HE ,
GraphPad Prism 7.0 il &l 575 2273 #7 , P < 0.05 22
S HAG R L,

2 HRE5SMH
21 IBHF ASWMoBaHITZSHMK

DA IS5 AR N dahn, IO TR S
ity 5 L KR B B SRR B 0 il

HARAR

8

95

90 b
C

85

JEE R S 7 B R ASCERL R 3R S g S5 SR AR 2 IR
[F) ) 2 BR P 5 B i I i LE . KRR 50D 2
R EAEN SR N, KGR 2K
Je TR (F 2a~2¢) , T 40 CLA R, 454
Bl SR AT LUYEFRAE 95.6% , 1M = T+ 40 CHF 2% &
e A B ny T B (1 2d) o 8% 45 SOBE 5 min P A
[N e 4 (H 2e), L5467 8 PR IR T R 10
min, DA &R B 5 FE BT i L (A) 2K AR R 3 8
(B) M CBEARBUM L (C) B AR & 4B AL
Wi 1 {8, £ Box—Behnken Hi Ji7 [ A4 058 o 45 2%
22 A FH e B TG 45 SR &l 3 fras i Design—
Expert 8.0.6 HC{4% i 50 B4 47 |1 A 43 B, — ik
Z I A W H 5 RN ¥=0.97+0.134 +0.48B-0.31C-
0.0584 B+0.194 C+0.55BC-0.76A>-0.57B>~0.41C?,
R>=0.9875, \#& 3 nl & i BEHIE F{Hl 61.64,P
<0.0001, EEIH S E KT, KW P=0.4307
>0.05, 3% R RIUA R, 0T TRt
B 2 A 3 B S EO R T AT

Y b AR AR BT, 3 27 o T b ] 4 )
IBHF WA %A 4N SR BE S R L | 2
1, CEEARFLH 30% , B KR T4 40 0.05% , == i

4:1 3:1 2:1 1:1 1:2
ZnAC:BHF Jii ik H
Mass rate of ZnAC:BHF/g-g

st igimd
Complexation conversion rate/%
o
S
Complexation conversion rate/%
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—
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% C
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S
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AT S
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Complexation conversion rate/%
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EWISINAViS
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SRR B
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v e
=3 n
I
ﬁ
®
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100 -
5 a a a a
BE gg b T+
=
® £ 9
<o
& 85
80'
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J52 i o ]

Reaction time/min

(e)

Complexation conversion rate/%

T ANFEVNG 50308 22 53 135 (P < 0.05)
B2 AEREZ(a).SKERSB(b)  ZEERIH () KEEE (d) KEE(e)MFEEZFEMESELENFEMN

Fig.2 Effect of mass ratio (a), ammonia volume fraction (b), ethanol volume fraction (c), reaction temperature (d),

reaction time (e) on complex conversion rate of buckwheat hull flavonoids
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B 10 min . b & MR N B 45 5 5 Ak RN
97.44% , B 5615 B W 4% A T B RN
97.51% , KUK 5 MY 45 R4, Box-
Behnken i 3 FAGAL RS T 228000 17, 1EIR &4
T EFRACE Y HEA S T4 A IE PR R LT

AR
Complexation rate/%

R
Complexation rate/%

B3 MEZXEEANMFEXEMZARLENZN

MR I S T 2 TR B 45 A BRI T 9 2% B e
3R 89.09% ., By 7K V- A5 T8 il B R R i) 4%
H AR R 96.94% , A 5T BN 45 & e b R AE
97%VA -, & T H TR HE

KA AR
Complexation rate/%

Fig.3 Effect of interaction between two factors on complex conversion rate of buckwheat hull flavonoids

x3 HAEFWEHR

Table 3 Analysis of variance results

T E W R R & o B W 7 F1a P1i 2 &K
R 9.05 9 1.01 61.64 <0.0001 K
A(REWR) 0.14 1 0.14 8.80 0.0209 *
B(&AKARAR 4 1.83 1 1.83 112.46 <0.001 o
C(T AR L4K) 0.75 1 0.75 46.23 0.0003 ok
AB 0.014 1 0.014 0.84 0.3905
AC 0.14 1 0.14 8.88 0.0205 *
BC 1.20 1 1.20 73.69 <0.001 K
A? 242 1 2.42 148.17 <0.001 K
B 1.35 1 1.35 82.78 <0.001 K
c 0.71 1 0.71 43.31 0.0003 o
2% 0.11 7 0.016
& BB 0.053 3 0.018 1.15 0.4307
sk £ 0.061 4 0.015
Bk £ 9.16 16 R’=0.9875

TE % i3 (P<0.05) %% k% (P<0.01),
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22 IBHF ASKMZXKHEBETEA
Tl Jg T )2 0 T 6 T T S AL A A 1T
W Ak BEFIER T SR A W2
PRHE (0 BT o5 IBHF 41 43 (4 Bk J5e 18 2 (033 (& 4a) 45
SR IBHF 4155 ' BR B 2k & W40, iR AEA7E
—REA SRS AT ERIERERL S Y, M E
T T IFRE MG YR Al dE S 2
W2 5 5 R 3R L4 IBHF 4H 43 #E4T R4 4,
AT 55 8 i 25 Ak B W 1 53 B[R] 4b 25 R R IR %
SeARE B IAL A W) 5 B T 4 A K T R
FEY RS TEARWNEOT AR B Eb
LNk A TR LT Y CE N R /DN
BAE BB WD, B LR SRR S IR R HE BRSO
O 2 1) B AL S ) BT ULE D . LR
SRR TR 102 JE T I O, AR
T RA R EE IS Y SRR T AT, B
M Ak & 5 AR B A A T AR5 B

5a & HBHF 4173 EF B T4 A 17, 1 &2
PURE B 7 245 5 DN 55 22 S A I 2l AL AR . — Ik
BEES YA )G IBHF 4153 B0 5 BHF 4173 AH3T ,
HFEE SRR M, T RS TSR,
HBHF 415 B ta kA= W R An 4k, S eEE2e &9

BHF IBHF HBHF
BT BT
T LA Y
RGN o R/ N

(a)

IBHF

(a) (b)

B4 IBHF A% (a)RARZHBESHERRELZGHT
ZREBETHESE IBHF A5 (b)MEKER ®ILE
Fig4  Silica gel TLC of IBHF (a) and IBHF separated
through secondary zinc ion complexation at different

zinc acetate to sample mass ratios (b)

FRA M, B ali Akl 72 vh 45 21 40 i A5 i ]
5b FiiR  IBHF 4531538 66.77% , 2288 T 33.34%
ANEA & B A IEER T E S5, i HBHF 41
ISR 18.23%, Vi IBHF 2143 i B 21k
Yrdi e o o B 4 R 45 AT
JEREIRA A Y. DL B AR T R T
%4 IBHF 415y h i Wb &9 S e s 2R b &
Pk BRI 58

1
100 L

80
66.77

N
kol E 60
¥
~ 40
20 18.23
0
BHF IBHF HBHF
i

Components

(b)

B 5 BHF ASMBHEFXEERF (a)RBE(b)
Fig.5 Zinc ion complexation procedure (a) and yield (b) of BHF

2.3 HBHF A4 MEIMEE S

SAMGTE5 RE R E s R T R 2 Ak
GWEERNFARTB, ARG R S5 )
BANFREIDGRE, HAERER SR SR FA
ANTE) B W B . D 6a S 2R AN T 45 5  HBHF
Y143 EFA 291 nm A1 349 nm B A KW K
b, 5757 289 nm Al 359 nm Ab ) SRR AE IR

VAT, #2BH HBHF 414> M ¥ 2k 5%, BHF
535 IBHF 4143 (1 5 K Wi AN 1 BLAE 287
nm &b, J& TAE S EAL B9 . W BHE ik 1 i )2 A
R R 2 A S W TE R E SRS S i B
Ao B 6b R BHF 420 (U — M85 9 A
1M HBHF 4173 vh B 3 3 A28 2 e i, 1 B
BHF 4173 H I B 19 2 i 25 {6 & ¥ 7 HBHF rh 15
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) E % ; Zhang ZEMR FH £ TR B 43 5 4B AL AR A5 0 5 i
SHCR i (] 6c) BUE R UOIE A B P48 BT &l 24% 3 ) 55%, & T 2.29 % ;Sun
Al SR A SE I RS . BHF 400 19 BBl SR HEE B TG A5 o) B BRI B
N 8.60 g RE/100g,IBHF 41434 12.09 ¢ RE/ (DBS) T B 2L &9, ) LR =, SR
100 g, HBHF 414324 57.08 ¢ RE/100 g, —REFES i, &8 B 4% G vk 10 2l 4k 38 6 28 16 5 W i 1
TFHA B2 HA SRS ETFEIL S Y e, REMZ B HA &R % AR R A
M F4, A IBHF 450 /9 Sl & A5 m T WP IRmiGE O FEE S P BRI AL A WA R
1415, KBS THADBEIREFREZCEHER AT Y MR, 205 23k 241k
214> HBHF, B85 B & 848 BHF 405 T 6.64 W™ HNIFfe B3k B IL i vk 3Ll 5 4 )8
f5 . Wang S 4 )8 & F4& Gk B R BPRAESEGRI,
i , & W 7 i 36.47%3%4 5] 63.56% ,H#E T 1.74

e
3 g 60 a
w g ! = o 40
R = ] ' 41 S
= g E g
T2 B E 5
- b
25 300 350 400 450 A | £ 0
K = BHF IBHF HBHF
Wavelength/nm BHF IBHF HBHF . HI3
3 Itz I ! (b)) Tk Jist i 2 (0,1 omponents
(a) A2 K L E (o) 1535 4 Bt
I F R R/ NG TR R 22 53 135 (P < 0.05)
6 HBHF M EELEE S
Fig.6 Identification and analysis of flavonoids in HBHF
24 HBHF A7 WEMAKRHEEESHT TZ T RN 2R B -3-0- 25 B, 3 5 30k [33)

FE A 7 = W 414> HBHF B HPLC 23 Hr 4% P 20 (R I 22 A P B A R R R AR
WA 7 FEE 4, HPLC KIE45 5 (B 7) W 8 HBHF 4 FoR 2 T & HBHF b EE R, 5 H 63.42%,
W EE RGBSR R, FEMES HREHHER FHAER R Rm MRS mh-3-
S5HEMLAY, R R ER HHE . O-EFHEFNTERD,

. 4
50F 2
1
jum) jum}
=40 =
£ £
5} 5 o
= 2 wf = 2
B = 2 >
Z g 20 E g
5 £
107 &
[ [
~ ~ 5
ok { A
0 5 10‘ 15 20 0 5 10' 15 20
I (] FiF 1]
Time/min Time/min
() XF HE (b)HBHF

Wl FEER R 2 4R 3 3. FAH 40 T 50 IN R -3-0- 25 F/hE T .
7 B & (a)5 HBHF A4 (b)# HPLC B i
Fig.7 HPLC chromatogram of standard (a) and HBHF (b)
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WEE RS SR E TG A EE LR
SR, B TS IR s R
LAy v TG P RE P A 7 5 B A7 OGP HBHF 4
or v AL B R A S R B A S Y PR
HR R AR S m X sy, T
LA By -3-0- 2 B W H D S RAAL 590, B

BEAL & MR AR S B T S 2 — 1 3-1
SO AL, HBURE Z R, $2 4t T
AR AR DS T g SR Y B A ), B
SiR B <5 R 24 I PR O AR B I 0 R AR, il s
By -3-0- 2= F W S ARl BE 5 HAE TR 2 e b &
R ARA KR,

% 4 HPLC iZ%#7 HBHF A4 M EMARM R &2 (g/100 g)
Table 4 Determination of flavonoids in HBHF by HPLC (g/100 g)

FT LA B -3-0 Z&AE Bt

FEFEE A3 F I 4k &
1.

HBHF 30 8.44 5.63

28.81 1.07 45.43

2.5 HBHF A& K AGEs i& %

AGEs 7E P 8 1 500 5E Ak R 56 i 75
o7 H T) AN ] 396 B 1 T BSO8R s %85 D0 A G il
T AGEs Az x4 FR 5 1) ¥91 B A7 8 28 5 BT,
Glu-BSA 5 MGO-BSA Wi~ & R Y AGEs A= hig
flfe Sl 8 fros, WIAMAR T, A A m
AGEs 2E s Am il R 1 2 R AR K 3R e
M 2 4> HBHF I8 75 8038 19 AGEs A= B4 il fig
g1, H R ERFHEXNEEIEN (Amino guani-
dine, AG), MFiE¥E N 200 png/mL B}, 7E Glu-
BSA f& & rft HBHF 41 43 9 30 #1 %y 63.16% ,AG
H 46.94% ;MGO-BSA & Z v JHBHF 41 43 1) 41 1l
RN 42.98% ,AC N 26.87% ., K IR Y)Y R 2L
EE WX AGEs 15 5 B A 8 3l i #0470, A7 et
B £ B e A A RS AGEs HTE R, I
JEU AGEs  2E R S 2E s R IR R F R 40

80
Bm BHF

N a

L & HBHF a
el = m AG b
EE 4 a 2
g £ b

8 a

= a L &

= 20

25 50 200
JB R VR S
Mass concentration/pg - ml™"

(a)

KGR AR E AW TE 200 pg/mL B, XF Glu-
BSA 1A & AGEs il X8 i 60%™, K%
A6 A Py v T o e DR SRR AR Y
T R,

AR, SR Y 8.60 ¢ RE/100 g 1Y
BHF 41 73 [F] FF i 7R 32 5% (7)) AGEs E 541 il g
H BT X E AG, 25 R 200 pg/
mL B}, Glu-BSA & F 130 il %4 58.49% , A4 B
il 68 7 W& AIX T HBHF 414y, 2% A &% ;MGO-
BSA & R (R A 38.16% , A WL 30 il fE 71 3
X F HBHF 4143, LA L85 5K | 35 2 72 W 24k
AW BAT BRI AGEs TH 1, SR 1, B 2 Ak &
WA IRFRAZ se P ME— IR M I, 37 22 ek 5 T
FAL A W) R RE A B Y AGEs A= i il 7
A Ja X AR B AL A W IR ARG T O i 3
5 1 BRI 2 LT Y R
=0 HN BHF $
40 HBHF b
m AG

30

ELEES

Inhibition rate/%

20 d

25 50 200
JB R
Mass concentration/pg - mL™!

(b)

TE R TR/ NG SRR 22 53 .35 (P < 0.05)
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Rapid Separation and Purification of Buckwheat Hull Flavonoids by Zinc Ion Complexation
and the Anti-AGEs Activity

Wang Yue', Liu Ziqi', Nie Mengzi', Jiang Xin', Li Pengcheng',
Yan Menghua®, Piao Chunhong', Xiao Shengyuan®
(College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118
“College of Chinese Materia Medica, Jilin Agricultural University, Changchun 130118
‘Engineering Research Center of Edible and Medicinal Fungi, Ministry of Education,
Jilin Agricultural University, Changchun 130118)

Abstract The process of rapid separation and purification of buckwheat hull flavonoids by zinc ion complexation was
studied and the inhibitory activity of purified components on Advanced glycation end products (AGEs) were evaluated.
The fraction of intermediates of buckwheat hull flavonoids (IBHF) was obtained by complexing buckwheat hull flavonoids
(BHF) through a single zinc ion complexation based on complexation conversion rate. And the other fraction of high pu-
rity buckwheat hull flavonoids (HBHF) was obtained through a second zinc ion complexation based on complexation
strength. The optimum process parameters of IBHF components obtained by Box-Behnken response surface analysis were
zinc acelate to sample mass ratio of 2:1, ethanol volume fraction of 30%, ammonia volume fraction of 0.05%, and re-
action time of 10 min at room temperature. Under this condition, the complexation conversion was 97.44%. IBHF compo-
nent were complexed through a second zinc ion complexation to obtain HBHF component. The content of total flavonoids
was 57.08 ¢ RE/100 g (aluminum trichloride acetate colorimetry), and its purity was 6.64 times higher than that before
separation and purification. High performance liquid chromatography (HPLC) analysis showed that HBHF component con-
tained isoorientin, vitexin, isovitexin, rutin and kamanophenol-3-O-rutinoside, among which rutin accounted for 62.34%.
The AGEs inhibition rate of HBHF was 63.16% in Glu-BSA system and 42.98% in MGO-BSA system at a mass con-
centration of 200 pg/ml, showing good anti—AGEs activity. lts activity was significantly higher than that of positive con-
trol amino guanidine.

Keywords zinc ion complexation; secondary zinc ion complexation; buckwheat hull flavonoids; advanced glycation end

products (AGEs)



