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WAR S, H AR HES F)  Cary 10 2040300
I, 2R (h ED A RA A C-MAGHST #;
TiEFEAs, EESCR AR ;STARTER2100 pH 3T,
26 [ ¥ 52 W 23 7 ;79600-70 % FHL, € E LAB-
CONCO 2 ] ; Jig#% 25 K AL R-210, Hii - 47 &7 A7 [R
73 ) B AR 21 80 35 4 NICOLET iS10,Ul-
timate 3000 & %R A (A3, FEBR QI RBHE
D8 advanceX S £ AT X, 7 [E A e /A 7] 5 JSM-
6700F 494 HF WA, H A i iRl o4t
1.3 Ak
1.3.1 BEHBEESAEH S TL =% Li FW
175 T B AR L, K R A2 2k 80 H i, BRI 10
g Bl A 15 mL 0.05 mol/L. pH 6.25 MES-TRIS 2
PR, T e 2 8 R A . AR JE DGR IR E o
FERYE (BETORE S 165 U), 7E 95 CIE IR R % KB
Fy P PR R R 30 min, KHRE G YR A E 45 Cla,
FH 4 mol/L. NaOH ¥ H pH {H1E 1 £ 10.5, 8k J5 ]
REYTHa It & C g (&S 750 U), 78
45 C1E 4k % 7K ¥ 5 h 15 5% 30 min, P 6
mol/L. HCL ¥ pH {HIH 15 & 4.25 J5 , mNR G ¥ ik
TR 0 TS BB AL i (B 5T AR 5 600 U), 7E 60 CF
R % 30 min, 2 #E0 (4 000 r/min, 15 min) , 50 &5
VW ADTTE D) R DLTE Y, LA R T 3
AL 18 ChESEAEAT RN AT 15 IDF, 1] LW h i
T 4 FEARFUY 215 (60 °C,95%) , i H V& H1 2 IR 8
W IFTE 0~4 CORFE T UITE 12 h Dh_L  UTHE J5 B
T2 VE W 43 B0 (4 000 r/min, 15 min) 43 B ULTE
P WSCBE J5 LS VR VR TR 2 A4S TP —18 “Cilit ot ik
fERI AT 5 SDF,
1.3.2  ZifretE SRA KBr JE AL 7E 400~4 000
em™ Kb 5 FE S L 0T 2T AR G R R
ARE S 7R X B AT S 2 B XRD, i 56
2 . Cu # Ka 38 5 (X B4R 0E K 0.154 nm) , &
HL 3 30 mA , A7 55 J7 a1 0~20 Bt sh 4 7 =, 4
£ RE 5°~50°, 3133 BF 5°/min, BUA TR BARE
i R U 2R A L B AR 80 & 1 S e L F R
HBRCHE R T R W K A B A f HRORAE B
SRR E TR BN RN, s ER
FH— 2 WO RS RO ZE T T4 R
1.3.3 BB B

1) FERARFET ¥ S M Ren G117k,

B — 7 Jit £ (10 mg, 5 i 2 0.0001 g) Z M i T
20 mL KT, A 2 mL 4 mol/L i) = 9K £ R
VWL, R B s AU 3 Wk, T 110 CF K 2
h, AW G, A 40K E R 2 5 mL 3475 pH
{H 2 P o B 50 WL A il V2 R B T VS VR (R
JUF TR A5 A ME VR W, 1~100x10° mg/L) T 2
mL S H, IMA 50 wL 0.6 mol/L. B NaOH #
W, A 100 wL 0.5 mol/L 4 PMP £i5 42 1 U, 4 i
7% 1 min J5 BT 70 CF 5% 80 min, FF&E IR,
JTA 0.1 mL 0.3 mol/L ) HC 3% W H A, /K 1
ml, A AR R G 22 B 3 Yk, UK AR R

2) ANERBCE KA A mRORH A5
(Ultimate 3000, Thermo) , {% 1% 41 : Agilent Eclipse
Plus C18 column (5 pm, 250 mmx4.6 mm), &
35 CLWBNHN V232V a0 ol s~ ks ri=656,=1 :
4,7 1.0 mL/min, Kl 9% K 254 nm, #F #3510
plo
134 ZEANME 2% Chandrasekara 2
TE IR AE B, B2 g KESY, FHIE C B & 0
JiE o A 40 mL 709% A il i#8 7 £ HL (400 W, 30 °C,
30 min) , 2049 FIE W, DUVE 4k 22 FH P9 I B e, 5
3, AH LWL K LW 40 ChERk 75 %,
FIT A5 07 S T ER B 5 A6 25 mL FR s rp  — 18 Gk
PEFE  DLEEM A 40 mL 4 mol/L. NaOH /K f# 4 h, J|
HC1 #8755 pH A % 2, %> (10 000 r/min, 10 min),
B WA R BLEL 121 N A Tk RN 2 TR £ T 2 B
51K ,40 CHERE 78 %, FrAs 45 4 W 5 B I i 1 25
ml, I EEH, 18 CHEOLIRAT

VU 2 1 AN 25 5 1 B U (4% 100 wL) 43 5l
57818 K (100 wL) 1R &, JF 5 8 AW (1 mL) Al
7.5% Na,CO; I (800 wL) IR A . 76 S v jik B
1 h, 7EPA 765 nm Zb I W61 25 R LA w1
FEFES (mg GAE/g DW ) A V£ TR Fi i R0

R 2 T 2 A5V AH 0 33 3 ) BT B 22 Ak 4T
AEW 2 W T 2 R, B S L B AR Agilent
Zorbx C18 (#¥ 1 250 mm, 4% 4.6 mm , UKL K /)N
5 wm) ; VL A - 1 mL/min; #1340 °C; 52516
% K 283 nm; PERE R 10 wL; W sh A A.0.1%
2 ,B. M. BEEVENFRTF :0~10 min,95% (A)-
5% (B);10 ~30 min,70% (A) =30% (B);30 ~40
min, 50% (A)-50% (B) ;40~50 min,30% (A)-70%
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(B);50~60 min,95%(A)-5%(B)
1.3.5 [ 2F 4B g il
1.3.5.1 WK1 A SRS PRI 0.25 ¢ #F 50 F 50
mL B0 A 15 mL ZZ 8 AKIR AT, = i ik
B 24 h, Z.0(3000 r/min,20 min) , fE AP E
G W - JRORH R i

ok g () =PRI )
1.3.52 Wik J KGRI 0.25 ¢ #F b T 50 mL
B A 30 mL AEAE TR A), IR R ICE
18 h, B.0>(2 000 r/min,20 min) , &3 F 35, W T
LA R R

; _ BRI R - OB T
1.3.5.3 &M WHEE ) 2= 8 Wang 25190 J7

P, KEEOFR 1 g FERVINA 25 mL R [R] ¢ 3 A 4 4
BV W (50,100 mmol/L) ,37 C/K ¥ 6 h, B .0
(4 500 v/min), JFH % %G 800 38500 & 00 o 1
r R W ) B, e (3) TR 2 B R
HIAT I AE /1 GAC(mmo]/g):C(}l}icle (3)

% Co——W0 1R 75 W 4 %45 15 7R B mmol/
L; C— W B J5 1 3 Y b 8 26 B ¥ B2 mmol/L;
M—FF S i g V—— B WA WA mL,
1.3.5.4 H[EEEWCRTRE T 2 B IS S50 T
W 1 mg/mlL IR & B2 4% E TAE# 0,0.1,0.2,0.3,
0.4 mL & T 15 mL &.08 T, IMAKERE SR
0.4 mL, WM A 0.2 mL 0.1 mg/mL £B 7 — H i
57 ,0.01 mL 7K WY RENN 4 mL IR AR, 1RAT, 10
min J& M2 P K 550 nm Ab IR L REERFR 1 g
FESDE T 100 mL HEJEIR T, InA 25 mL HE W,
P pH B4 58 2 F1 7, fHIEKYE 37 CHR 2
h, %L (4 000 r/min, 20 min) L 0.5 mL b, 4% 18
o o 1 2 T 3k 00 R e (4) T B R
W Bf fig

B B IR 6 F1 CAC (mef) =020 ()

M
A AW BRF i R B Vv UL

mg;Al—WWEL‘?ﬁ?ﬁqjﬂﬂ@?é\ﬁ,mg;

M——HE AL, g

1.3.5.5 LSRR AE 1 2 IR W AT

77 , B 100 wmol/L. NaNO, # i 0,0.2,0.4,0.6,

0.8,1,12,1.4,1.6,1.8,2 mL T 10 mL #5048 1,

WBIMA 2 mL 0.4% % 22 HE R0 T2 5 W, PRI 1
ml 0.2%#8 MR 2% 2 WS W, IMZRIB/K 2 10 mlL,
JCE 15 min J5 0 E P 538 nm AbIOGEE B S50
ml 100 wmol/L. NaNO, % ¥ J8 757 pH {H 55 A 2
LT, M 0.5 g ¥E5,37 CRE ST BEHE 2 h, B0
(3 500 r/min,5 min) H 2 mL |3, #4 B8 A5 o il 28
J5 0 I i R AR 2 £, 4% 5K (5) 08 0 i 1 AR I
WA
SV AH R AR W B E ) NIAC (pglg)

— DR R B AR S B (g )T A B AR 5 i (pg)
R B (g)

(5)
1.4 HIELE
Fi A I SE A H AT 3 Uk, 45 5 T B B pr i 22
(x +5)3Fm, R SPSS 25 Geit ik & s & )y
ZOHT LB, P<0.05 AR R,

2 ZBRE55H
2.1 S

W1t FT-IR 40 #1 SDF A1 IDF 563 R¢AF , an
Kl 1 s, SDF (IDF U YA AR ARL , 150 W 0 s £ 2
A FEA AL, 3 289.66 cm™ i1 3 317.62
em™ Ab (8 I L U4 2 | 43 F R B4 1) O-H 1 45
WRBh5EAY, BEEF IDF /W % 7 A X+ SDF 4%
B&, ULE IDF (3% 56 T T8 Bl 1) 4 7 a) &R T
SDF;2 922.48,2 854.45,2 934.59 cm™ b fity I J2:
BE2E L A 3L B C-H M 4a R sh 511
1 633.15 cm™ H1 1 656.91 em™ Kb (1) W Uiz 16 J2 phy &1

BEIEHR
Transmittance/%

20 L 1 1 ! 1 :I
3500 3000 2500 2000 1500 1000

HiE
Wave number/cm™

B1 BEHBEAIEIIHNREE
Fig.1 Infrared spectrum of dietary fiber from rye bran
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4E R C=0 JE X FR W 46 42 3 JE 151 034.38 em™
F11042.30 em™ 4b (MG 2 H ~F 2T 4E R A T
FE IR C-0-C 1 HY C=0 M4 iRsh s # C-0-H
T O—H AR JE 4R s 5 R Y, 3 J2 — A4~ BRI ) R
RMH W NS WY R B £F 4R B A R R R
LY E 152551 em™ F 1 533.43 em™ &b i W i i
BT ER C-C IR 51EM 122589 em™ ALK
W AL UG R 2R BR Y C—H iR 30, DX L U6 B A7 7 2 )
1 000~700 cm™ &b (A W e 2 HY - e— 1 B— ik Mg P
FE A AR SDF £ 850.79 em™ Ab /s i a—
N MR A ) SR AIE I A0 | T IDF 76 894.59 em™ Ak
N B AR AR R0 Z5 I PR R B A 21
SRtk A AL B e AT, & 2R 2 1R
TIE W Wi 0

K XRD 408 7 SDF Fl IDF F & 44 45 4 A1l
AR SRR YT A T A & X R AR
i DX P R A3 LB, AT S R A2 2 A 1 25 B LA
TS A1 20 A9 s2 e, ARl & AT A9 AR £k nT DL 2 il
XRD #h<k . mil& 2 a7 %01, SDF (AT SHgfs 14, 78
20.05°,IDF fif 5y WA 2 4>, 43 FI 7€ 20.67°
32.66°, R 5445 )R TA4%R 1 8, SDF
FUIDF 19 S AR 25 46 JL-F-AHAL , ZE AT 037, SDF 119
TGt a B2 AR L IDF 55, Ut W] IDF A48 & 3 0,
IREER TN . SDF M5 F /N, B A AR,
LR Y R LT YR R Ah o X, AT 0
SN, ARFSE R, IRGE R AT 8 3 48 n 41 4k

22 HEEARK

VRORE 0 1 R OB | R 2 T O
P, RE B AT Y A A Ak DR S R AR
T AT H R ALy AT A R R 4 5

(b)SDF

B3 EBEHRBE|SER SEM E (x1000)
Fig.3 SEM of rye bran and dietary fiber(x1 000)

26/°
2 EEHBERAE XFLTHE
Fig.2 X-ray diffraction pattern of dietary fiber

from rye bran

WHC F1 WSC, DTS 1 /0N i v ) £ ) 32 i i 1]
ee A M 3 IEL T 52 ) T PP 7 A i A 25 4
IS T 1 22 5 ] e -5 HEIARR E MR SR TR B 5%

SR P14 P 58 ) PR A2 Bk B It 0 28 4 19 Bl WL 4%
M EAT TXSLE, Qs 3 s, HeB a b e 3 5K A]
IR EN R mA VR 2ES, PRgEy sy
Bk 25 4 JH 73 (49 € B A A 1 5T, 74 21 (Y SDF B
L5 14 2 ThT L A P9 45 44 TDF 0L 45 4 2 T 2
ZAL AHINEER X AT BE K O IDF 2859 WK it )
20 WHBE (1050 3 W B IR | S BT RS i 5t
Pt IDF 3% 0 B0 22 L, 2% 1 45 A4 B B
SDF HA7 %5 e 4 b T AR, 31X 2352 0 Hoek K 3l
O T IV i TR AR 01 9] 2 R ) O RS RE 712,

(c)IDF

R 1 B, ASIR] SO 2 BT — 2 B Ak M T
A TR, SDF 522 fiy BTRr A7 B A0/ i 1) 2 LA
AR R, = F AR Z ik 93%L) |, & R
I (RS2 A5 44, AU 1.3% ;IDF 322ty ACH A1 B 7
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Fig4 High performance liquid chromatogram of SDF

TABELLA, 4350 54%F0 38.3%, H &5 & i
ik, SDF A fg kil 2 H &5 %, IDF 2 g ko i 51
HIB PRI R . — H TR SRR S DA e N2 5 A
PR S BEIKORHIE , IDF AR & B3 5 T SDF,
A RER IDF iR R e R R AR, A
) AR ARAR, T A8 BN Sk 18 U R v 4 R I A
B A BN 12 (/NG T4 SB35 Y AT i
2 W R AR
2.3 EREYRAR

Z WA o LA FROE A7, 0 o Ui 5 7
GGG AR AR 5T R FHEB 7 2 ORI K A 1) 7
T 53 ) X R T A v ) i B R I 2 ) T N 4 A
B 2 R AT AR B, IR B A, & 2 0]
W, LRFEEmEZESEH,IDFYEEST
SDF, H. IDF iyl 269 it L4565 Bk 3 Ui 2
Ty 289 Jo L LA LS A

Ao A
S5 EAE T IDF 4,
BAEHTMEMGYMEEZ ) hik—L W
T £ 1 2 v e 5 W 45 T 0 A, A F 9 B
10 AR MEB RL G ST 45 R IR 3 5
% 4 R, SDF 37 B3 1 v AR A 21 T 4 e |y 5
R AL 25 B, T IDF Aok 21 T 48 e 1 i BT 2
i 0 5 Ji 12 LA K v A 5 Sk A I ME R 5 SDF T 4 i
R e, N 228.99 wglg, HR A IRILAS R
92.86 pglg, o A AR A= BT ELIR , 7y 28.84 /g,
IDF 7 55 iy i 25 2 F SDF, H R & FiR b, H
EmAEYY mWE E T SDF, MR B 2R 4k
S5 T I 25 ) IO 55 k53 o e R A/ 2 v U S I

Fig.5 High performance liquid chromatogram of IDF

R BEHEQTEAEAR
Monosaccharide composition of dietary

Table 1

fiber from rye bran

# P e E/mg-g! AT

SDF HE A n.a. -

W E MR 1.41 0.59

A 3.00 1.18

WA 1.05 0.43

EX R 10.62 4.64

A A 9.89 7.43

17 248 ¥ 55.15 40.84

IDF o 1.85 0.98
B H kg n.a. -

AR 2.16 0.82

HHH 2.04 0.82

F 548 4.59 2.01

KA 74.40 55.52

[ 3548 4 52.68 38.64

W ona RoR KA.

®2 EEHERFHZHEE(mg GAE/g DW)
Table 2 Polyphenol content of dietary fiber
from rye bran (mg GAE/g DW)

ARG EANE  HEB ZES 2o
SDF 0.75+0.01' 3.83+0.03° 4.58+0.12'
IDF 4.87+0.02° 7.69+0.03" 12.56=0.14°
VE i B S o 5 B o AT B P25 5 (P<0.05)
P PR BRI £ 2 4 b i W R W B DA SE S B

F,IDF 255 BB 25 ot & i 1 0 3% & T SDF,
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®3 BEHESSADBEEHEUSUHEE (/Q)
Table 3 Content of free phenolic compounds in dietary

fiber of rye bran (pg/g)

7B SDF IDF
o 22, B2 28.84 +0.34° 538.04 £ 1.22°
o ik BR 63.61 +0.87¢ 176.13 + 1.91¢
R 228.99 +2.20° 490.82 +2.58¢
T AR - 21.44 + 1.84¢
BT R 66.74 £ 0.99 67.32 £0.23
JRILFBR 92.86 = 0.15° -
A3 - 59.85 +0.11°
o A By - 50.11 £ 0.43'

*4 BREHZERAAEPEAHEUESUHEE (0/Q)
Table 4 Content of bound phenolic compounds
in rye bran dietary fiber (pg/g)

e A — B0 0 A — 15 R [ 7 R B B 3 25 9 (P<0.05), =7
FoRAKH

B AR E, ON 3 477.28 plg, B IR AY
X EFGR, N 46.58 pg/g,SDF 454 1 b A A6 il
B0 A TR 1L B R R 2 BT R A i,
THEMR &AL, 28 L, BEFRNE S 4 b i i 25
YR LSS A BRI BRIR R, X5 KR Z B 5T 45
3, SDF A 24 2 A6 I 380 6 7 R 1L 2% 1 A A
B2 2 1DF Jif 525 1y b &I 21 5 LAS IR ,SDF 1) i
Y A > F IDF B & 35 F IDF, $i] —
B R RN EH—ENES,

24 BEEFHENRMEE

241 WoKJy, W J3 o WK Iy E S AT oE
IR ) 2 55 A O, SR K R R R AR 2 WK
JyBE R G WK T RS B AT 4E W] LA
a AR I U LR EE, 4R 3R 5 RT 1, SDF WK I
B35 T IDF, ol f8 & th T SDF £ 1f # gy , &
LB L AR T H 2K MB A BEED
WK F13EE T (4.50+0.17)g/g, '3 T SDF A
IDF, X ] (e 22 2k b & A K i 2 B o Al e
B, A HA RAF AWK R ) FE BT
AR 2N, FESFEMN TS 2
SCE AR, Qi 1k AT A R A A D 8 A B
AR L BRZ AR 7™, IDF R HEE 241, K/
UL IDF Wi 7 80w, Xt iE S 1 s Al A Y
TEWT DRIt DA B 22 5k v B U Ji £ 27 48 v fig = A
KA AR R, AL H AR EY,
HWEK Sy W S R T A T v i JE A i
EE AR R AR

2 A SDF IDF
15T 4, B8 2 857.19 +5.58° 347728 +7.81"
A 28R - 46.58 £0.11
o ok B 82.30 + 1.21" 131.81 £ 0.19°
2k R 542.73 + 1.44" 570.41 +2.28"
T AR 33.23 £ 0.88¢ 99.31 + 1.05¢
AT R 170.76 + 0.12¢ 279.89 + 1.57°
JR LR 106.21 + 0.12¢ 144.09 + 1.03¢
A E 65.68 + 1.04° 94.74 £ 0.91"
Wb Ay - 114.47 £ 0.54'
A E - 55.07 £ 0.18

TE < [ — 8 B[] — 475 AN [ 7 Bl 3 m BAT W 35 1 22 ¢ (P<0.05) , “-" %

AR

x5 EEHREEFHEMNKKN RiMA(9/9)
Table 5 Water absorption and oil absorption

of rye bran and dietary fiber (g/g)

B A B i 7
2 A 450 +0.17° 0.98 +£0.19°
SDF 2.19 £ 0.04 1.68 +0.02"
IDF 1.99 + 0.05° 3.53 +0.05°

TE <[] — S AN [6) - B 3 m AT i 35 122 52 (P<0.05)

R 6 BEHEE TR E YRS (mmol/g)
Table 6 Glucose adsorption capacity of rye bran

dietary fiber (mmol/g)

# B ¥ % F /mmol - L

50 100
SDF 1.12 £0.10° 5.11 £0.04
IDF 0.55 £ 0.10° 516 £0.11°

T ¢ [7]— 3 3R] — 7 A 7] 5 B e om BAT S 351 22 57 (P<0.05) .

242 FEEECEEE Sy A0 TP AR AN [ R Y
R WS GAC (50,100 mmol/L) , 45 F 1% 6
JJT 7R o SDF 1 IDF Y5 54 W B4 26 0 1 g 0, HL
B fiE 07 5 7 2 0E RO Wk BE S IE A O C &R L 7E 50
mmol/L "', SDF i 7% H 5 55 114) 4] %6 B W% B RE 77 , 42
T BRARE JS s I BE 5 1 AE 100 mmol/LL B
SDF F1 IDF (W B RE 1A BN ER, BES
F 50 mmol/L(P<0.05), 7 %I & Z W T 356.3%
H1 838.2% ., i % Wi W B i 1 AN ) 5 R B &F 4 3=
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TR % VIAH G, SDF R Bifs, HmFUE kK,
S FEEG AT AENER, XA F T T
R A AR, SDF WK 5 26 BE XS I, mT Ge 2 fifi 4 24
VA T TR S R A Y DL L S SRR S T R
BRI B £ Y RE S R AR I WV B2

2.4.3  fA[EEE EAE 0 IR RSO B RE ) (CAC)
JEVFH G £ 25 4 K 1l s REAE 09 FZ R AR, R TE
Pt 200 I 0 P15 R DR TR 22— s I T e A
23 1A T 1 375 AR B KSF- | 5 30 ok ok AR A A | e I
PR YIMISE , I 6 T, SR AE Hk R 1 £ 4 %t
JIEL T P ) T2 BB E 0 52 pH (B OS2 W 80K, FE AN T
pH B EE T, £ £ i X JIEL 7 2 1 W% B AT 3 22
5t (P<0.05), SDF I /IR [ i i) W Bt 6 ik 21 T
1.92 mg/g (pH=2) F1 2.09 mg/g (pH=7), & & & T
IDF 119 0.91 mg/g(pH=2)F1 1.38 mg/g(pH=7) (P <
0.05), X ] fiE A2 R PR 3 45 0 R0 LG 3R T R 22 5 5
K, SDF 18 B Ngifs , 4058V e &,
W5 NI, A )T E [ B W2 B, SDF Al
IDF 4 W B 68 77 PR PR 58 I 3 TR A 5, X
& BH X IEL 1 s ) R B 6 ) AR AR PR 5 T B TR AR
PUE R MR T SO R Ok UL NE A Bk AT
Ak ELA G 0 [ B R A i I B RE T, LA DR I
JIEL T 5 e R RE ), XA R RO B ATk
oAV L 1 s %) Ty 8 4320

244 AHFRAR WL BT RE S A IR ER S — T S hi
PEBS -, TERRME ST W] 55 A i 0k fie B2 g T i
N-WEAS HeAb &9, i 2 © Bk B sh i AT
SO E R, I R B £ 2 A W% BRI T A R I
HXt ARG % , ARIEE 7 43871, Tt & SDF if
& IDF, TEACH0 B WO 5L N (pH=2) , X T I AiF R AR
14 W B B 1 B8 TR W (pH=T ) . 1€ pH=2 KT,
SDF W Fff i 1 2.3 &5 T IDF(P<0.05) , Ui A i & £F
5% T Vi R AR ) TR B R 5 pHL B D) G BE
BRI T A B T AR — AR L, SDF X T
TV 2 R 1) T B i O 3 IDF, AT BB & SDF &1
TN | 3 AT I T A R AR 1 W B i £ 27 4 A
S0 R X S A%, BB 5 B 2 BAE AR R
G, XL ] IR SR T 5 RS AR
HR S, DT BEL LR 7 SV A e (— P B0 90 ) 1 26 B
VA e 2 R A R A TR 2 — B TR g A AL T
Bi7 B 0 AR L ARk FEHEA N S pH E T

IR B BRI A W T R L R A
R B 1 4 % 1w 0 A 8 B HEJR NO,, R AR I
Wiy NO, B H ok, Rk AE pH=T INF, — 3% W Fff i
DI85 HAR Y AN AR 3 2 7 (P<0.05), WA
PR MR ] LAGE 1 15 T 4k 1 T P Ak 2R R 4

WG B 1 2T 24 I — S e 3 AT R ) A
T FIED IR, 7 I £ 2T 2 11 S0 i T AR W B i 5
FEAE P, D g S 1 3 I B 2 Rk R 4T 4 T LU
I A ST il T AR 5 1, 1 a2 1 i

- 25
=10}
o a pH=2
£ b .
3 20f ° W pH=7
3
<
%
£ 38 15} (&
Z 5 10 d
= =
m =
= —
£ 05
k7
(5]
2
0.0
“ SDF IDF

T ¢ [l 8 W — pH BN R 5 B e n BoA i 35k 22
5#(P<0.05), F [,
6 EZHEE ALY R0 E R A AR
Fig.6  Cholesterol adsorption capacity of dietary

fiber from rye bran

330 pEis?

I W pH=7

w

N

wv
o

320

w
_
wv

w
=
o

305

i PR AR VR Y
Nitrite adsorption capacity/pg- g

300
SDF IDF

7 BEHERTHETAHERRMRHMEE
Fig.7 Nitrite adsorption capacity
of rye bran dietary fiber

3 it

AR SONS HA A B £ 2T 4 1 S5 1 e T e R
F3 TRl A 20 AN S i e X B
LARTH T, KRIEEAL P E 2B 25 2 R 03 TE K



236 H8M

LR RS AR AT Y b L M e S R AT 91

M AR, SRS Sa — 50 m 2y,
SDF F1 IDF f9 {800 25 #4) 3% T 2 B0AS W] 44 1, XRD
S50 3R U SDF A IDF 5 A 4F4E 3= 1 BIZh i, H
IDF 45 i 5 & F SDF, Uk B IDF 25 44 55 fin B0, Jf:
FR A LT A1 G T B 8 P 45 1 W AT e Xof Jis £ 2T 4 fn &2
iy 28 AT T ek L AN TR A9 45 4 T RE 23 o A
7] (9 T B M, SDF 7K J7 % T IDF, 1fii IDF W jih
711 T SDF,SDF 1 4 %5 4 ¥k i >4 50 mmol/1 B} 3
W B 45 4 RE ) W& & T IDF,  H SDF i &
pH=2 5 7 i fIH [ st W B B8 7 | S0 158 AR 2 BF)
¥ T IDF, vl fEJ& SDF FA LAY i i s, &7
PR RN Z W 20 B I AFAE — 5 25 5%, SDF LABThz A
Wi 32 IDF DAARHKE N 32 Z 2R i 2 LI 45 &
IR AETE T IDF b, 5 W 250 I L) 45 45 784 ]
BRER R =, IDF 19 28 9 Jo 4 h M 7% 535 & T SDF
BN AWIRONEE-Y Y BN A AR DI R
PG RE, SR EWHR—IERLAgAN R UL
Hofe e, 78 LU W TF & A Hhon] LR A i
254 R SDF A1 IDF,

& % x #

[1]  VITAGLIONE P, NAPOLITANO A, FOGLIANO V.
Cereal dietary fibre: A natural functional ingredient
to deliver phenolic compounds into the gut[J]. Trends
in Food Science & Technology, 2008, 19(9): 451-
463.

(2]  RVZLIF, ZEhC, SR, . R &R & A

i Fr £ 4 14 4 T 2000 A S AR R D] £ R
2%, 2016, 37(16). 22-28.
LIU H K, LI F, ZHANG Y H, et al. Optimized
extraction conditions and physicochemical character-
istics of dietary fiber from Faba bean testa from dif-
ferent cultivars[J]. Journal of Food Science, 2016,
37(16) . 22-28.

[31 BUDHWAR S, CHAKRABORTY M, SETHI K, et
al. Antidiabetic properties of rice and wheat bran —
A review[]]. Food Biochem, 2020, 44(10): el13424.

[4] KUNDI Z M, LEE J C, PIHLAJAMAKI J, et al
Dietary fiber from oat and rye brans ameliorate
western diet—induced body weight gain and hepatic
inflammation by the modulation of short—chain fatty

acids, bile acids, and tryptophan metabolism[]J]. Mol

Nutr Food Res, 2021, 65(1): e1900580.

[S] DONG R H, YU Q, LIAO W, et al. Composition
of bound polyphenols from carrot dietary fiber and
its in vivo and in vitro antioxidant activity[J]. Food
Chem, 2021, 339(339). 127879.

[6]  XUAHAR, SRWEH, SR, ZBy-IG o 4 A0 G As &

52 22 B Az W R A 58 SR (D). b DR o 22 4
2021, 12(10): 1-12.
LIU T T, WU X J, WU W. Research progress of
polyphenol—dietary fiber interaction and its effect on
the bioavailability of polyphenols[J]. Journal of the
Chinese Cereals and Oils Association, 2021, 12
(10): 1-12.

(7] REEE, FHED, RESCHE, AF. B MOME X A K

i £ 2T 4 45 F K DI RE R BTS2 A ] i A AR,
2021, 21(9): 30-37.
WU L P, DONG K Z, CHU W ], et al. Effects of
microwave modification on the structure and func-
tional properties of oat bran dietary fiber[J]. Journal
of Chinese Institute of Food Science and Technolo-
gy, 2021, 21(9): 30-37.

8] TA-H, ZMist, WgIE, . MARBEa AL

e P e LD RE R BT[], v R AR, 2021, 21
(5): 75-82.
WAN R K, LI G J, HE Y Z, et al. Structural and
functional properties of dietary fiber from bamboo
shoots[J]. Journal of Chinese Institute of Food Sci-
ence and Technology, 2021, 21(5). 75-82.

(9] J™EREE, EWEME, sAke, 4F. 2 BRI R L iR

20 T B ST HE (D], RN T, 2021, 46(2):
14-19.
YAN J Y, WANG X X, HUANG ] H, et al. The
application of dietary fiber from wheat bran on noo-
dle processing|J]. Journal of Grain Processing, 2021,
46(2): 14-19.

[10] LI Q, YANG S H, LI Y Q, et al. Antioxidant ac-
tivity of free and hydrolyzed phenolic compounds in
soluble and insoluble dietary fibres derived from
hulless barley[J]. LWT, 2019, 111(5): 534-540.

[11] AJANTH PRAVEEN M, KARTHIKA PARVATHY K
R, JAYABALAN R, et al. Dietary fiber from Indian
edible seaweeds and its in—vitro prebiotic effect on
the gut microbiota[J]. Food Hydrocolloids, 2019, 96
(5): 343-353.

[12] REN F Y, FENG Y L, ZHANG H ], et al. Effects

of modification methods on microstructural and



92 OE A IR 2023 4E 55 8 1)
physicochemical characteristics of defatted rice bran properties [J]. International Journal of Biological
dietary fiber{J]. LWT, 2021, 151(5): el12161. Macromolecules, 2018, 120(2): 1461-1467.

[13] CHANDRASEKARA A, SHAHIDI F. Content of in- [22] skAED7, ZEf, SEersm, 5. RIRDN Ty A R
soluble bound phenolics in millets and their contri- JiE 1 £F 4k 41 p S ThRe e R 2 )], MR 5 E,
bution to antioxidant capacity[J]. Agric Food Chem, 2020, 33(2): 91-94.

2010, 58(11): 6706-6714. ZHANG Q F, LI M, LI HY, et al. Effects of dif-

[14] LI Q, YANG S H, LI Y Q, et al. Comparative e- ferent processing methods on dietary fiber composi-
valuation of soluble and insoluble —bound phenolics tion and functional properties of highland barley[]].
and antioxidant activity of two Chinese mistletoes|]]. Journal of Cereals and Oils, 2020, 33(2): 91-94.
Molecules, 2018, 23(2): 359-370. [23] XU Z H, XIONG X, ZENG Q Z, et al. Alterations

[15] HEmEBE. AN [F] R ) 7 BR 32 2 AR W Tk Ay R A in structural and functional properties of insoluble
ASMEAL S W R R BERR PR RS2 W [D]. B . PE R R, dietary fibers —bound phenolic complexes derived
2021. from lychee pulp by alkaline hydrolysis treatment[J].
HONG Q Y. Effects of different thermal processing LWT, 2020, 127(7): e109335.
on main bioactive components, in vitro digestion and [24] W7, XU, W, . KO Ea4E0iE
fermentation characteristics of Qingke[D]. Chongqing: BB HOR 5 T OB OB I LT SEJ]. B AR
Southwest University, 2021. 2007, 28(6): 171-174.

[16] WANG K L, LI M, WANG Y X, et al. Effects of LAN H J, LIU C M, TU Z C, et al. Wet or dry
extraction methods on the structural characteristics processing comparative study on super micro—milling
and functional properties of dietary fiber extracted soybean dietary fiber[J]. Journal of Food Sciences,
from kiwifruit (Actinidia deliciosa)|J]. Food Hydro- 2007, 28(6): 171-174.
colloids, 2021, 110(9): e106162. [25] ELLEUCH M, BEDIGIAN D, ROISEUX O, et al.

[17] WS, XU, KIRE, 5. 2 RNEERE L Dietary fibre and fibre —rich by —products of food
2 WG IR R R S A RAE A A)). Tk RUEY, 2020, processing: Characterisation, technological function-
50(5): 1-8. ality and commercial applications: A review[]J]. Food
MENG P, LIU X F, YI Z W, et al. Absorption Chemistry, 2011, 124(2): 411-421.
properties and structure characterization of insoluble [26] RAGHAV A, AHMAD J. Glances of dietetic oral
dietary fiber from Antrodia camphoratalJ]. Industrial guar gum: Reducing cholesterol in human scenario
Microbiology, 2020, 50(5): 1-8. [JI. Journal of Pharmacology & Clinical Research,

[18] ULLAH I, YIN T, XIONG S, et al. Structural 2018, 5(3). 1-3.
characteristics and  physicochemical properties  of [27] ZHENG Y J, XU B F, SHI P Q, et al. The influ-
okara (soybean residue) insoluble dietary fiber mod- ences of acetylation, hydroxypropylation, enzymatic
ified by high—energy wet media milling[J]. LWT - hydrolysis and crosslinking on improved adsorption
Food Science and Technology, 2017, 82(4): 15-22. capacities and in wvitro hypoglycemic properties of

[19] LI N, FENG Z Q, NIU Y G, et al. Structural, millet bran dietary fibre[J]. Food Chem, 2022, 368
rheological and functional properties of modified sol- (8): 130883.
uble dietary fiber from tomato peels[J]. Food Hydro- [28] AHMED F, SAIRAM S, UROOJ A. In vitro hypo-
colloids, 2018, 77(6): 557-565. glycemic effects of selected dietary fiber sources|]].

[20] QT J, YOKOYAMA W, MASAMBA K G, et al Food Sci Technol, 2011, 48(3): 285-289.
Structural and physico—chemical properties of insolu- [29] LUO X L, WANG Q, ZHENG B D, et al. Hydra-
ble rice bran fiber: Effect of acid -base induced tion properties and binding capacities of dietary
modifications]J]. RSC Advances, 2015, 5(97): 79915- fibers from bamboo shoot shell and its hypolipidemic
79923. effects in mice[J]. Food Chem Toxicol, 2017, 109

[21] LUO X L, WANG Q, FANG D Y, et al. Modifi- (Pt 2): 1003-1009.
cation of insoluble dietary fibers from bamboo shoot [30] LIU X, SUO K K, WANG P, et al. Modification

Structural  characterization and functional

shell ;

of wheat bran insoluble and soluble dietary fibers



236 H8M

LR RS AR AT Y b L M e S R AT 93

[31]

with snail enzyme [J]. Food Science and Human
Wellness, 2021, 10(3): 356-361.
LIJINSKY W. Structure—activity relations in carcino-

genesis by N —nitroso compounds [J]. Cancer and

Metastasi, 1987, 6(3). 301-356.
MCRAE M P. The benefits of dietary fiber intake

on reducing the risk of cancer: An umbrella review

[33]

of Meta —analyses[J]. Chiropr Med, 2018,
90-96.
LI Y X, NIU L, GUO Q Q, et al. Effects of fer-

mentation with lactic bacteria on the structural char-

17(2):

acteristics and physicochemical and functional prop-
erties of soluble dietary fiber from prosomillet bran

[JI. LWT, 2022, 154(4): 1-8.

Studies on Structure and Functional Characteristics of Dietary Fiber from Rye Bran
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Abstract Using rye bran as raw material, dietary fiber was prepared by enzymatic method, and the structure, monosac-

charide and phenolic composition and functional properties of the two dietary fibers were determined respectively. The re-

sults showed that the surface of soluble dietary fiber (SDF) was loose, which was mainly composed of arabinose (68%),

galactose (13.1%) and xylose (12.2%). The surface of insoluble dietary fiber (IDF) was porous and irregular, which was

mainly composed of xylose (54%) and arabinose (38.3%). Both dietary fibers had infrared characteristic absorption peaks

of sugars. The crystallinity of IDF was higher than that of SDF, and the structure was more regular. SDF showed better

water absorption (2.19 g/g), cholesterol adsorption capacity (2.09 mg/g,pH=7) and nitrite adsorption capacity (327 pglg,

pH=2). The composition and content of phenolic substances in IDF were significantly higher than that in SDF (P<0.05).

The phenolic substances of IDF and SDF were mainly bound ferulic acid.

Keywords rye bran; dietary fiber; polyphenols; structure; function



