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2 S LA RN TR A B e K Ak R A R
il % ABP, ¥ H 5 B-CD 47 & 4b ¥E45 3] ABP/
B-CD &4, W58 i A & W 1 BAL R 1 DAY 4
= ABP BRI FH 3 Sl AR G 7™ i T A $R IR LR K
o

1 MRERE
1.1 #REIRH

ABP A S5 % A 7 6 8 OK Bk B i A A
TR B B AR TR L SRR IR, BRI A IE
CBe Bt IR i e R A7 0 7 Ab B LA 58 03 B TR0k K P Y
Iy 2 7, B2 5 80% & W HR By 28 W it , SR I
FEHLEE A AB-8 RALM IR alifh, vEmim &
U W G 5 Ve R T OB R U S -80 CIRAF 4
H.

B-CD, [ 254 Ak "7 iR A RS | 52,4, 6-
= (2-MEBE KL ) =8 (TPTZ) .6-524£-2,5,7,8-11
FH 24 5 — S0l I —2— R IR (Trolox ) 2, 2"~ FK & XL
(3- I TF WEWE -6 R ) — #ic 5 (ABTS) , 3
Sigma 23 .

12 N&E5EE

FD-2C Y2 VR THRAL, db sl B B se i AL g A
BR 7 7] ;Nicolet iS50 fif HL - 4% 4 21 41 it % 4%
(fourier transform infrared spectroscopy,FTIR), 3¢
283K A R B A BR 2 7] s SmartLab 9kw X 5
2 AT 1AL (X =ray Diffraction, XRD), H 4 Rigaku
23] ;STA449 F3 AR EE - 22 7% 414 it A (thermo-
gravimetry —differential scanning calorimetry, TG —
DSC), {4 [ Netzsch 2y 7 ; SEUS010 494 H ¥ i ik
% (scanning electron microscope,SEM), H 4% Hi-
tachi 22 F]

1.3 F#iE

1.3.1 ABPB-IWIRI LR fl & RHR T
PRIE T A G, el 378 ¢ B-CD %E2 T
100 mL £B 7K, #AIA 0.63 ¢ ABP,40 C&
HBEFE 2 h, WU TR 155 ABPB-CD 51,
¥ ABP 5 B-CD #& [l i [t 1:6 7EWFER v 78 43 BF 5
RENSEIYEESY .

1.3.2  SA0EESHr HEFFREL ABP (1 mg) 8-
CD (6 mg) ABP/B-CD {251 (7 mg) , 73 5l ¥ i
10 mL 5 8 F/K 5 HAE 220~400 nm K41

FEl A A 28 SR SOG4 TRIBR 2 1 nm,,

1.3.3 204 6il o b SR AR BR R R 3 0t
ABP B-CD ABP/B-CD &%) X W BLIR & W k17
LLANETE S BT, He BT 6 EL 12100 3 SRR BURE
S1RACE , Tt b s R A SR R R SRR R
FH FTIR DA 4 em™ #9453 BE 2 4E 4 000~400 cm™ (1)
0 FE R i OO 32 K,

1.3.4  XRD 4+#r %} ABP 8-CD.ABP/B-CD 11
B9 KRR A AT XRD 48T, I SR
Cu #! K $148, 9 K4 0.154 nm, G H 20 K
5°~45° 44 4K 10°/min,

1.3.5 #AHE8r XF ABP 8—CD ., ABP/B-CD £,
G KR G AT R S B, FRIBGE A
an 451 BICE ALOs T3 o ffi ] TG-DSC I £+
A A BERPE LA 10 °C/min A9 TR B O S
30 CHIFAE] 600 C, Wit A v 4 ) 0o 18y
70 ml/min,

1.3.6 SEM %+ #r % ABP 8-CD ABP/3-CD 11
AW K IR A Y BEFT SEM 20 B, BGE B AL 5
UL RS [ 5 T4 40 4 1, SRS 28 5 4 LU o
S, FE S KV AN R 2R AT AR S 50
1.3.7  $rEALIEE T HERAREL ABP(5 mg) I
ABPB-CD &%) (35 mg), 43iliEf T 100 mL
EBTKF, KA ABTS Fl FRAP 3290 & %5 W 1Y
YA TE M, 45 LA Trolox 2 K, i N
mmol TE/L, ABTS FHE+ H H 23 Fr6E 1 A9l
2% Xu Z 7k ER RS B 100 WL KR 5 IR R
F13.9ml ABTS FHEf+ H A TAEW T 10 mL &
O, MRS, B EDEY 15 min J5 T 734
nm A2 M . FRAP B9 € 2 % Katalinic
SN T MERR RS B 90 WL B S IR TR 270 L.
EEFAKT 10mL BLEF, REIMA 2.7 mL
FRAP 5], 7840185 5 % IO W 30 min 5
F 593 nm Kb WG

1.3.8 WROCIREE AT S M Lin F20% J7
B4} ABP fil ABPIB-CD 14 W) E 47 7K ¥ Wt 18
FE Mo . MERRFREL ABP(1 mg) I ABP/B-CD
AW (T mg), MR T 10 mL 28 FKHb,F
IR T BTG IR 48 h, BERE— BER A BORE
K 1 Folin—Ciocalteu 37 5 5 W Bl & &=, IF
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1.4 BEHITS5HH

ARG RERLME 3 K, REGEL5 R R
SPSS 20.0 #AF#EAT 500, P<0.05 A W #E M 2%5H
fdi FH Origin Pro 2021 #PE/ER

2 HRE5HMH
2.1 EIMRIES

ABP B-CD  F HALA Wy 5 4003 [ an i 1
Ji7R o B-CD & AP E5 A, i HAE 220~400
nm @ Fl LT B ARl i ABP BA R
B HE SE N ML NS5 4, HAE 284 nm A FRAE IR
1 FE ABP il B-CD JE AL W5 | FRAE I i 0
A7 B AR A B AR A, L R B W, ok
EPESE T B-CD XF Bt b R EAPISOLTE R
S, WEoE & PLRERE B-CD WY B34 i B—HA % K
F WO B B W s KR R AR, XA
LRGSR — . Y5 EERSTIERE GG,
B-CD Bi 7K %5 [ 35 1 1 L 2 9% B AT 5] R &% 1R
ST WIS, W5 &R T %
AP 0 7 B w3 5
2.2 LIAMRIESHRT

ZLAM G & — R 5T 43 18 S IR0 IS 1 £
A AT 43 e R L o A5 R AR R, ABP 8-
CD K HAR AWM P7E 4 000~400 cm™ i [F
W IZLAME [ an &l 2 J9T7R . ABP 7 3 388 cm™ Ab
I O-H BYFFAEIE |1 689 em™ 4k L C=0 B %F
T Wil 1 602,1 515 F1 1 449 em™ &b M 2K 3R
AR BN = A B T B-CD 7E 3 377 em™ 4b H B
O-H B FFAEIE 2 925 em™ 4b Y BLAE Y 3 B9 45 4F
U6, 1030 em™ &b H BRBE T 88 09 FRAE IS 1 156,1 079
F11030 em™ 4 B C—H .C—O &1 45 41z 3l 112
£ ABP 5 B-CD ¥R & Wiy e 4heig s b BE
A& T O-H LAl A& T C=0 K
BB AR s, JEAR ok — 38 204G Y A
Zhn, &KW ABP 5 B-CD 18 T4 A M IEA L%
S5k mAE Y ES AR R T B-CD,
ABP 7E 1 200~1 700 cm™ 2 [8] f) K &8 43 5 AF W2 i
WA B S U 5 IR S A ABP 135 IR EL A B
CD Bk R N R IIE A5 ),

0.7

% B
Absorption

i8S
Wavelength/nm
E 1 ABP(a).8-CD(b)#1 ABP/B-CD &% (c)
E b
Fig.1 UV scanning results of adlay bran polyphenols (a),
B-CD (b), and adlay bran polyphenols/

B-CD inclusion complex (c¢)
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Fig.2 FTIR spectra of adlay bran polyphenols (a),
B-CD (b), physical mixture of adlay bran polyphenols
and B—CD (c¢), and adlay bran polyphenols/

B-CD inclusion complex (d)

2.3 XRD &1k

XRD € B 52 & —Fh R AL WIS B 5 4
FE A AR A O E ABP B-CD SR
SWHALE Y XRD 45 5w & 3 it ., ABP Fi
B-CD Z B 1 1) BUZE 8 1A AR 22 5 ZL T 2 40
(AT % 78 ABP 5 B—CD W IR A9 19 XRD [
H B REMLZZ E] ABP Hil B—CD R0 F 4% T 17 5 1
T AE 8 AL A 0 TR v 42 B0 1) 245 5 07 B i 3
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Fig.3 XRD patterns of adlay bran polyphenols (a),
B-CD (b),
and B-CD (c),
B—CD inclusion complex (d)

physical mixture of adlay bran polyphenols
and adlay bran polyphenols/

0 ALHE 20 SN 12.4°F1 17.6°8F T A B4 58 K AT
Weld . HFBI7E ABP Fil B-CD ¥ 3R &4 R 2
A ERIRIRG, MEREGY T FEIRZNE
AT W R AE M, 2 ABP 5 B-CD it
BT, Fik ABP #E A FERSF A BN S B-CD
RAEMEAER, Al ABP 5 B—CD By 4% i i AR
SR . Shao 55 PUE £k JF IR/ IS MRS 43 & H 1 I 52
LA T IS
2.4 BAFESW

F RS R A G VE B AT 5] A =W Tk
PR (9T R RS Bl T BRI IE A B S S E AE
25 AL2 ABP B-CD MY IR & A &
DSC Bl ani&l 4 s . BB A7 H, ABP 7E 158.4 Fil
236.4 CAA WA e | Ty B—CD W) 43 51 E 94.5
1 321.7 CAEA P FAE . 4 ABP Hl B-CD ¥
MR GG, 7F 89.8 Al 329.6 °CAb H 3 H 4~ K iy
e | BEANAE 158.4 CARAS AT LA B S 53 BE s T
ABP (W FRAE I B > 358 AL G ) AL TE
75.1 F1 321.1 CAb H B AR B W Hg | 17 1584 °C
Ab 1Y) ABP FRAE W ARG O TGk e HE . RIS ABP/
B-CD H5WI1E 321.1 CAEM RSB (1023 J/g)
EENT ZEWHEIR G WA 329.6 CAb W # i
4 AE (150.7 J/g) o

ABP B-CD K H Y ¥R &Y M58 TG
PGNP S B, AW 1 R Al LA L B-CD YA

100 200 300 400 500 600
I
Temperature/C
a).p-CD(b).ABP 5 B-CD #¥E&% (c)
#n ABP/B-CD & &% (d)DSC E
Fig.4 DSC curves of adlay bran polyphenols (a), B-CD (b),

physical mixture of adlay bran polyphenols and B-CD (c¢),

B4 ABP(a

and adlay bran polyphenols/3-CD inclusion complex (d)

b B
Percentage reduction in mass/%

00 200 300 400 00 o
i3
Temperature/C
a).p-CD(b).ABP 5 B-CD #1EiE&# (c)
#n ABP/B-CD &% (d)TG E
Fig.5 TG diagrams of adlay bran polyphenols (a),
B-CD (b),
and B-CD (c),
B-CD inclusion complex (d)

E 5 ABP(a

physical mixture of adlay bran polyphenols
and adlay bran polyphenols/

fiff 1k 2 53 SR P B B, 0GR 43 o)t BELAE 90.3
321.5 Chb ., 3B —BrBURE R 10.5%, H 45 ik
KA AR 5 B Bk AR 62.9% , 2 B-CD A
it B 6T ABP, TG 4k /R HAE 190.0 CHI
JUF- A T i1 06 1 5 B & 1R 19 T = ABP 1%
W o, A 190.0~383.7 CHELEE JEH M , ABP
()2 F RN 87.2% . ABPIB—CD 44 ¥y Fidy HiR
S WTEIRFE T E 70.0 CHF B M2 T, B
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IR A AERLER LSS T, 8f
VI LR BT (8.0%) W& m TYHIRAY
(43%), FiR%5RFEV TS B-CD 1445, ABP
MIFFE SR T
2.5 SEM 4#r

ABP B-CD K HIR & W) FAL 4 Wy i 2 B 3
WMELLE AR 6 Fr7R . ABP SR /NELIU B £ 11K
Rgb RO, 0 B-CD T AR B KA A FL
DRE R 78 8 AR S8 B RE 25 /9 5
RS R RE WSR2, H BB . 1 ABP/B-CD
WA REE 50 R AREH 5 ABP Al -
CD 7E K/ AR 7 1 AT R 25 5, ik sl 5 L it
— RS WRIE ™, X ABP 5 B-CD JE L
AN, F BT 2 8 WA AR S SO
e Hy kA AR, SEmSI R OAYIE S &L TR
KAk, Shao PIfE 4 5 R M B-CD LA B W)
AP RGE T R E RS S AR L
2.6 mMALEME

22 Wy J2 A W R v i) — R 2 B B R AR ™
Y iR A BSERE T R KRLEA,
HABSRMPTEIE MR, S TG /E X
ABP B8 A0 T 1952 0, 43 5k O ABTS Al FRAP
2R T I — e B T U R 4% A ABP [P A AL
W, Hor  ABTS B0 & B9 2 FF S0k 3 i 2RI
BRAEHT, T FRAP 1575 52 i 2 AF 0 i 2k 25 34 i
fie S0, & 7 Fr , ABP f9 ABTS FHES 1 3
i B B8 J1 A FRAP 4351 24 0.450 1 0.303 mmol
TE/L, 1fi ABP/B-CD ¥/ ABTS FHEF H B
SLUE BB 71 F FRAP 43511 R 0.475 A1 0.330 mmol
TE/L, 43 %8 ABP $&15 T 5.6%F1 8.9% (P<0.05)
B-CD A B A AT Al i AL TEPEN SR 24 ABP &5
B-CD w4 Wit ,B-CD (K32 3k 5 ABP 55 %
W bR I Z R B 43 F (8] S BRI nT R —
FEEE AR T 4G Wi S A i ok 4 20, 54
WF 5225, Chao 25PN Shao 25 B 7% 4% S th %
W15 IS TE UL G W5 AR 3 i P A AR T 1
P,
27 KBABABIEEME

13 25 W) S 3 Kk AN AR B AR, TR
FERE AR 2 b TR DR pH (B 55 30 23 5% i H
FasE vk, DR AR I TR A7 O R R 5 R

) T

6 ABP(a).8-CD(b).ABP 5 g-CD ¥R &4 (c)
#1 ABP/B-CD 14 %1 (d)SEM M

Fig.6 SEM photos of adlay bran polyphenols (a), B—CD (b),

physical mixture of adlay bran polyphenols and B—-CD (c¢),
and adlay bran polyphenols/3-CD inclusion complex (d)
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Fig.7 Comparison of the antioxidant activity between
adlay bran polyphenols and adlay bran polyphenols/

B-CD inclusion complex

fif#12 ) Liu 552055 R B LA BB ILK RIEWAE
pH 8.0 Z1F T A##L 48 h #1250l 23 Jlik £ 21.2%
H1 40.0% , 1M1} Zheng “F2WJF 5% S A% g 22 B By AR AE
37 °C,75% V% BE 55 A1 N i dAE L 6 Ji I i 4k %
ALk F 88.61% ., H I, AL 45 (Ul e AE N 1y Z2 A
FOR TN T B 28 Bude e M 3, R
21 F ABP Hl ABPIB—CD 43 & ¥ 7K V5 g 2 1y
ARSI E 8 frn . JEIEXT ABP e
PEAT AR K52 | i 5 't R [ 7 4E 4 ABP 32 ¥
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Fig.8 Comparison of the light stability between adlay

bran polyphenols and adlay bran polyphenols/

B-CD inclusion complex

R fit 48 h Jm , 1E & ABP b 14 B R AL N
79.0%, i £ ABP/B-CD & 9y Sy {2 B3 He ik 5]
T 95.0%, /&= % & ABP [ 1.20 £i5 (P<0.05), %5
W, B-CD WA AL BT & 2 4 = ABP (1) e
P, X EEEH T B-CD HA MR OHEIRSE 1,
CIEEBUE | it SR ORAECS S 8 P K =R il e
WY Z Tl W) BOE A5 W, 2 Tk AR o 4 1t
PR, 2l Li A0SR 45 T F B-CD £
GAL IS R Z B R e A TR

3 HFHig
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I R [A] (9 ZE K, ABP 2% 126 7 & A 5 i, 48 h ),
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Stuides on Characterization of Inclusion Complex of Adlay Bran Polyphenols
with B—-Cyclodextrin

Gao Shan, Xu Lei”, Wang Xin, Yan Jingyuan, Xu Huan, Zhang Qian, Chen Xiaoming
(School of Life Science and Food Engineering, Huatyin Institute of Technology, Huaian 223003, Jiangsu)

Abstract In this paper, an inclusion complex of adlay bran polyphenols(ABP) with B—cyclodextrin (8—CD) was prepared
by freeze—drying method. The inclusion complex was then characterized by ultraviolet spectroscopy (UV), fourier transform
infrared spectroscopy (FTIR), X-ray diffraction (XRD), thermogravimetry—differential scanning calorimetry (TG-DSC) and
scanning electron microscope (SEM). Further, the antioxidant activities of ABP and ABP/B-CD inclusion complex were
evaluated by ferric reducing antioxidant power (FRAP) and 2,2'-Azino-Bis (3-Ethylbenzothiazoline—-6-Sulfonic Acid) di-
ammonium salt (ABTS) radical cation scavenging activity assays. It was found that the FRAP and ABTS radical cation
scavenging activity of ABP/B-CD inclusion complex were 5.6% and 8.9% higher than that of ABP (P<0.05), respectively.
In addition, the light stability of the aqueous solution of ABP and ABP/8-CD inclusion complex was investigated by
measuring the retention rate of total phenolic content. After 48 hours of light, it was found that the retention rate of total
phenolic content in ABP/B-CD inclusion complex was 1.20 times higher than that in ABP (P<0.05). These results showed
that ABP/B-CD inclusion complex was successfully prepared by freeze —drying method, and the inclusion complex had
good antioxidant activity and aqueous light stability, which could be used as a new functional food ingredient.

Keywords adlay; phenolic; B—cyclodextrin; inclusion complex; antioxidant activity; stability



