, IRBBETEHE
FRENL % £31% 2023F £3 1

DOI: 10.16210/j.cnki.1007-7561.2023.03.009

FEeL, IR, T ICOF, 5. AR UE 094 W8k B2 K VG B A e AL RS e PR BTF A 100, AR & A BHEE, 2023, 31(3): 62-70.

CHENG Z, WU N N, DING W P, et al. Physicochemical and functional properties of water-soluble dietary fiber from different sources of
cereal bran[J]. Science and Technology of Cereals, Oils and Foods, 2023, 31(3): 62-70.

A Il A5 1 27 D0 2K BE K I PE NS £
2T 4 BIAE P E PR W WE S

A2 P, XM, TR, % R

(1. AXBZBILXKF pafFE 3R, Hk KX 430023;
2. BRBEFY TG FHRLE B TR, LT 100037 )

B OE: ARBEAERE. KEFRE. R, DRRIR, Zdmak . Rdkmik . REHL.
IR . EREH . DREBHF 10 FSME LA R RAIRBORZEMEIER 4 2% (soluble dietary
fiber, SDF ), P4 T ALK | hab4F AR S F MM 69 £ 70k, R AW F 3 A SDF
MRS R AR, DR SDF #idrift 1 Rik, E#m#k SDF BAKMIKERE, BiLE Lk
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Abstract: Water-soluble dietary fiber was extracted from ten kinds of cereal bran, such as rice fragrance rice
bran, long grain fragrant rice bran, indica rice bran, millet rice bran, wheat bran thick bran, wheat bran thin

bran, oat bran, sweet buckwheat skin powder, tartary buckwheat skin powder, millet skin powder. The
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physicochemical characteristics, functional characteristics and molecular structure of these SDF samples
were studied. SDF from tartary buckwheat skin powder had the strongest water holding capacity. SDF from
millet skin powder had the strongest oil holding capacity. SDF from wheat bran thin bran showeds the strongest
water expansion. SDF from rice fragrance rice bran, long grain fragrant rice bran, millet rice bran and sweet
buckwheat skin powder did not have water absorption expansion ability. The glucose binding abilities of ten
kinds of SDF were between 56.95~432.83 mg/g. The cholesterol adsorption capacity of SDF from Grain bran
was significantly different in the range of 0.41~66.21 mol/g. The antioxidant ability of ABTS and DPPH for
SDF from wheat bran was the highest, and the antioxidant ability of hydroxyl for SDF of millet rice bran was
the highest. The total antioxidant capacity of the ten kinds of SDF was significantly varied with the range of
2.00~5.59 umol/g. SEM results showed some uneven surface with granular and smooth with porous structure,
and Fourier infrared absorption spectrum results show different weak peaks. In conclusion, there were obvious
differences in the molecular structure, physical and functional properties of SDF from different sources, and
SDF with different structural and functional properties can be selected according to the specific utilizations.

Key words: cereal bran; water-soluble dietary fiber; physicochemical properties; functional property;
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BRI RN T EZLRI =), AN
T B4R 7 /N 2 FRAE 2 000 U7 ¢ LA B, B
FEHEERL, SRR BAR . 2R PR
GHRENRESHE, BF THR . K hE .
AWy . VE R EHA RIS RN,
BOER B P RE L AT 2 50%. BBk
YA BRI, X T8 A P sk i A
R AR TRl B A B L

Ji B 21 4 B X AR AT D A AR
A LA AN B LA R . AR RRE o0 I 5
o L 45 4 LI ) R, X DL T2 ) AR A Ay
HRERBEH . BEELTHGER N . BRI EY .
TWI. gEFE . EAK. BZAMY “EER
BRE" P KRR L4 (SDF) (i fii: |
TSNP L BB B S R A ) R R T LR
A, AT A . LA AR
EEEEERF R R E R ET
PR o, B B R AR AR I 3k B A
K3, By 100", Fitk, ANTHREELT4E
BART IR

Hurhrstd, ARG YE L © 20T 5 4
JEE LT 4E, WRF R, M B MM B Wy
BRI NE B SDF M BE—Lp ik R B T 2
A, B T AR T 2O A 12% .

s (B) 45 min, B E 0.2% . BEAERTE] 4.5 h,
SDF #2£IUK T3k 16.53%. We 25T T mik
o R R 75 Y A BE6E /N KR SDF B Ak J53 AN 2544
(R RE IR, 2 B 7 I Ak A A 0 8 b A8 T /N R
SDF (3L PERT . AR RE 24, L
FRrE . ThRedEtE . o TEiH, BIR T RE A AE
WEMEZE S, R Y5k B R IR K s T I
EF Y TR H A E AN AR D

ARWFFELL 10 FRAS RV 19 48 M 2k K Ry D kel
il # SDF, XJ LbWF 58 AR #AL Rt . DI Re itk |
TROMEER , AP ER B KR I B 7 4 = 5 1) I
BRI AR AESERY , X T4 & WAk w5
ARMAHEEA AR EZERE L,
1 #eERE
1.1 R 5RF

ML WE DR MARAR,; it
FEREM . SRR R BRVE A Z SRR BHE A RA
Al REACAKRME . BRI RME . RICKRME . ok
KB, MR FEBRanEk . KRR . dLRTiE
FERAEYRHCA R A F

o-JEAIE . Sigma Aldrich ( i ) A S AR A
Al BEAGEE . DB e MR R AR
PR AR L AOBOX AR AR AH; A
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Wt O KA E THRACTARAR; £
Kt #Ri s A M ERNARAR, MK
MR & Jb R RS A O F AR A BR A H ;s F4
Bl A & . PR AL BE AR ) & IR
gigae AR a . AR RAERHARAR; R
e (Jeigat ). E254E Rk A R AR A
B IECEE; AhbE; R, FEAREN; R
RER AN, AR sl S K 28
K
1.2 NE5iEE

HAE R KB B T R RUAE DR A B
o]y HARERSOT AR . LIRS L g
HIRAF; BGZ-140 HLIE KT . i
SOl A BRA RN BEIF AT = AR A I vk
s BT A AT PR A LS80 Ik R4 &
B0l HAE B OHL: R E DL
AIRAT; MS 3 basic eI 4% : FEE IKA 2
")y ML 204 70 KF (B/DRE 10 mg ):
MERe i -FE R 240 ( i) AR R ; FW80,
FW100 =53 7 RER ARAL . Rl 28 e AL 45 4 FR
Al SGZ-BKIRIHIRZ G av: iR EY TR
YL B I A BN 7 5 SHI-6ABS 74 Stk A
By WM A s R AR A IRA F] ; FOSS FE B4 4k
M %E A Fibertec E, FOSS A& il % : Bt FOSS
AR ; PYRAMID TX Sy i, Jb 5t 2 /R
KR A R/ F] 5 rapid N cube &AM : 12
Elementar Analysensysteme GmbH /A F]; DS
advance X-HF & A7 4L : T8 E Bruker /A Al ;
S-3000N 94l F Wi Bi: HZA Hitachi 2H];
Nicolet iN10-iZ10 fi§ B A5 6 0 fl 2T AR G35
FERCHRBHE (PED) ABRATHE
1.3 EWAHE
1.3.1  JFURPBHEEACZH 73 & 5 e

KA S I 2 2R A GB 5009.3—2016( £ i
A E AR UE R SR AR E ) i LT
s AT EMINE R GB 5009.4—2016 (&
st 22 4 [ GEARHE B R A3 B 8 )P i A ik
JEWG & &I E R GB 5009.6—2016 { £k 44
EZARE &P s e ) iR Rk

FEAREEMNERH GB 5009.5—2016 { &
LA EGAE &b & B B eyE ) LR E
Rk G2 2 0 2 SR AR 57 3 B A BR A
Fibertec B Z8 4870 M i £ 21 2 P B R R 22 ik 12 5
TEM SR E R AOAC ¥ 996.11 F1 AACC
5 76.13 Btk ii—Megazyme JE A A AS AR &
HEAT I E o

132 JEEL4ErHl&

FE b B A AL 0 60 B4 . AR : B 70 g
S 350 mL IECHET 500 mL HIEEHEIE S
(FESA]), FIRTHCE 8 h, SRIGHuE, #X
FER T, FFRARIEE D G AT e P R . RE R 4T
YO T,

50 g FiAbFSE RORE SRS, B THE IR K e
FRH, A 500 mL ZEUR/K, 5 B 1E IR KRR B
950 °C, JK¥ 100 min, Bfij5 R EKEZE 95 °C
HEATHIAE 15 min, BEARKIRIRE 2 60 °C, fiNA o-
TEM 1.5 g, 7E 45 °C&1F T B 45 mino FH 1 mol/L
NaOH AT pH 2 9.5, /KIBIRE 50 °C,
NG I 1.2 g, BEf# 30 min,

1 mol/L HCL ¥ 177 pH & 4.0~4.2, 7K
WIREE 59 °C, IMAMEILEE 1.5 g, % 30 min,
Eff s e, AMEFHEZE 95 CKE 15 min, &
)5, 4000 r/min B.L> 30 min, ANEYE THEA
Hi 45 CHET, 15 IDF; LB W 4 fAEBUTEK 2
BEILYE, UITESS S 4 000 r/min 2.0 15 min, 7T
TEE T 45 CHLT, 13 SDF. K4 U SDF
W1 0 80 H 45 HH o
1.3.3  Fp/KAg 7 pyl

FeK e HE BACE B R 0.5 g BEAL A
BT 30 mL Z8 18K, SEiRHEFE 24 h, 4 000 r/min
B0 20 min, KR FIEW, AR RK SRR IR
PR S BRSBTS 105 CHLA Tt T R iE &,
PRt TE, fiKEES) (g/g) = (mf-md)/md.
Forpr, mf AFERROKEIRE (g); md HAES
WoKIGTE (g)o
1.3.4  FRifrae 7 i

Frmfie i E 2| Zhang 5051, A
LRI . 0.2 g FEAKYE T 30 mL EOKIHH,
FIRFEE 18 h, 2000 g .0 20 min, EBE FIHHR,
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FFIMBE 71 (2/g)=(mr-md)x100/md

Horb, e AR I AR RS R R B R R ()5
md R W IH T RE OB T (g) o
1.3.5  WRIK R A il

W K B ik b 0 2 2 B SRR O O o . B
BT : 1 gFEMBET 10 mL ZWKP, =
MR THE 18 h, 0SS K AT S PR

Wz K B KA (mL/g)=(v1—vo)/wo

Horr, vy AWK RIS SR AT (mL );
vo I WK B RK AT RE SR AR FR (mL ); wo HIK
2 A R 1) BT B () o
1.3.6  Fi%ghEas &8 169 2

AR E 7k MY, SDE (W, 0.10 g)
SR (C1, 1.0 mg/mL; V, 100 mL ) R4,
£ 37 CTME 6h, k2w MM, SR5
7E 4 000 r/min F&5.0 20 min. JH 3,5- il 3K
BRI i h A AR o e (C2), RIEAE
SDF 1) GBC., GBC(mg/g)=(C1-C2)V/W, H C1
R T A & (mg/mL), C2 A L3
W (mg/mL ) A H S & 5, Wl SDF iy H &,
VR 2 AR TR AR R
1.3.7  MH[E EESS G 6E T I

RS Zhu ZEH1 Zhang %0977 21, ng
BB TR M IR B A 25, R AR
Pl s R 1 B B VA RUTUAR B AREE (100 g) H
ZE1HK (900 mL ) FiFE. SDF (0.50 g ) S5FREH
HEHRW (25 mL) JRA, 7E 37 °CF 100 r/min
W% 2 hCREWH) pH 2 7.0, BEU/ING IS0 ).
e, XFHEATELOACEE , 0 b 3 R AE R
IR
1.3.8  BréafLaE J1 myl e

ST RE I R F AT LA 66 R kAT
Rl
1.3.9  ABTS H Hi 3L BRI

% ] Beijing Solarbio BC4770ABTS [ Hy 3L
I fiE 7 S ) 3 R A T D
1.3.10  F2 H 3L 75 bR e

% H Beijing Solarbio BC1320 ¥ [ H1 1% %
RE S 3 & A T A

1.3.11 DPPH ¥R &

¥ JH Beijing Solarbio BC4750DPPH [ Hi 5Li%
I A 0 A X 75 8 A T
1.3.12 i

BB A AR A R R AR 45 L, TR b
4, SRJETE 15 kV YIE i R T TR A, 4
FL T S BB R S AT A R
1.3.13 A B AR 2T PSS 3 A

FREL 2 mg BE AL FI 100 mg 4% KBr #EA7AF %
FH R A e, R B AR 2T AP S
EBE R TR LA, JEigEE 4 000~
400 cm™', A3EER 4emt, = 32 W
1.4 HiEaE

SE W EM 3 AT, AR USEIE £ AnifE
fMZFE/R . FIH Microsoft Excel 2007 X 5 vt 47
4iit, K SPSS Statistics 19.0 ¥ EE kit H
WEWT, BEMEERN P<0.05, R Origin
2019 7EIA .
2 #EREIiITR
2.1 LEHMBEXASSENH

AN [ A 5L 1) 45 10 6 Bz B AR 38 7 I 4 SR
W 1o Horr, /NKE R K PEIRE B A 4 7
e, N 4.63%, FEAEA KM . RIK KRB IA M
EELTYERZ, N 3.68%. 3.50%, MEX kKA
PEREE LT YE R, A 2.26%. /NKMER A A%
PEREE i fe s, N 68.20%., /NEEKIRZ, K
35.98%. WIFEATIHEEEELE ST ERIK, A
7.69%. FEAETFKBER &K EE, A 10.79%.
IR KR R AR B /K iz, Ry 10.58%
10.29%. Z#KMER S K TN, N 7.75%. FE
LR e B s S At T B AR A
2.2 AERIEH SDF B4

10 PR [F R IR A SDF BYRFKE  Filik . i
I A 25 SR L2 2, S5 E M, 10 A SDF
I FEKPEAE 1.29~6.88 g/g ZIA], WK IR AE
—0.56~3.2 mL/g Z[al, 3% ¥ SDF MHF/K J1
151, N 6.88 g/g HUE R FE K #y SDF, 2 6.17 g/g.
TR KA SDF 1935 K Iiefik, M 1.29 gl/g.
TIE by SDF kKR, #5FK¥y SDF ]
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Table 1 Basic components of bran SDF for the 10 cereals

%N Ko KAy & Jig s 2 £ EASE TEM it SDF & IDF &
FEAE A KR 10.79+0.10° 7.83+0.10° 13.48+0.35" 8.84+0.13°f 23.29+1.46° 3.68+0.65% 24.47+0.36"
R A KR 10.29+0.31° 7.66+0.18° 15.59+0.11° 14.73+0.58° 11.73+0.43f 3.12+1.01° 31.83+1.50¢
Rl KR 9.30+0.13¢ 5.52+0.14¢ 12.16+0.19¢ 14.73+0.58° 24.96+1.07° 3.50+£0.54 25.37+0.44°
IINK KA 8.35+0.18¢ 8.51+0.06° 1.114+0.02" 8.59+0.11" 3.32+0.29¢ 2.54+0.43° 68.20+0.27*
M Bk 8.93+0.17% 4.58+0.03" 1.96+0.07¢ 21.15+0.29" 23.61+1.46° 2.65+0.72° 35.73+£0.27°
72 Hk 7.75+0.141 4.54+0.03" 4.28+0.02° 16.93+0.22¢ 21.12+0.92¢ 3.35+0.54° 28.46+1.49°
e Bk 7 8.47+0.24¢ 4.29+0.108 15.65+0.32° 21.40+0.23" 16.39+0.54° 2.46+0.86° 25.45+1.69°
e 20) 10.58+0.39% 1.22+0.07' 2.5240.05° 15.83+0.12¢ 63.74+0.68" 3.14+0.77° 7.69+0.26"
L)% 9.72+0.28¢ 3.27+0.03" 5.21+0.11¢ 22.08+0.10° 45.60+0.84° 3.19£0.19° 14.48+1.00¢
IINAK Bz H 8.84+0.13° 4.93+0.10° 13.51+0.14° 20.29+0.20° 11.35+0.99f 4.63+0.74° 35.98+0.08"

T BF AR NG TR G Z A P22 5 (P<0.05) R 1A .

Note: Different letters in each column indicate significant differences between samples (P<0.05), same below.

F2 ARERIEHN 10 AL KB EER

SRR, FmE. Bk

Table 2 The water holding capacity, oil holding
capacity and water absorption expansion of

SDF from ten Kkinds of cereal bran

SDF ki iDF ERVIN MSDF Wz 7K iDF Frh

e hi(gg)  BEMKYE/(mL/g)  AEJ1/(g/g)
AT AKME SDF 1.50£0.127  —0.30£0.14f8  1.66+0.01¢
KR F KA SDF 1.29£0.077  —0.43+£0.32f2  1.95£0.06™
Ak KA SDF 2.5740.37° 0.75+0.70° 1.72+0.25%¢
JNKKHE SDF 4.15£0.19°  —0.15+0.21°  1.54+0.08%
2 ML Ak SDF 4.34%0.16° 1.400.09° 1.50+0.09°%
Bk %k SDF 4.13£0.21°  3.20+0.00° 1.51+0.05%%
MeF Kk SDF 3.82+0.06° 0.47£0.09%  1.85+0.05*°
5% KB SDF 6.17£0.22°  —0.56£0.05¢ 1.46£0.01%

WiFEE K SDF 6.88+0.21° 0.17£0.05%  1.16+0.01°

/A K2 ¥y SDF 4.06£0.02°  1.27+0.00° 2.13£0.35°

HLJE | LR T ARURI 23S (R 25 440 11 25 S50 m e X 1
YRR E . RRil e FIOK IR — o 15
migtol, K B Ky SDF B s HRE, Al g5/ K
¥y SDF ) ZfLE5H A 5¢, AT LABH (k£ & Tad 72
T SRR R, LT LA g A AR IR LA AT HE
MEAYRE Sy, AT AR A AR,
2.3 FBEEFEINGEREST
2.3.1  WRRFRE ) o3 b

10 FlOR RS IR Y SDF (1) 7 % 15 W b6 g 1
3R, GEHFEW, 10 A SDF 7 % b5 % ¥t fiE
J1 R BMIRAR Iy, MR Bk K SDF> 3% i #y
SDF>35 57 [ iy SDF>%2 #k 4l &k SDF> by 7 KMt
SDF>/NK Kz ¥y SDF>HIK KA SDF>Z #k#l 5k

DIMEN B S R IIae sy, Bk &bk, $Ee
FEERTHAEER X RS AL A AR AT
FERANER SDF WK Bk PE e, o 3.20 mL/g.
HR R/ NK By SDF, i 1.27 mL/g, FEAE Kb
SDF . KHKi#&AME SDF. /NAKAE SDF . #5571
¥y SDF ¥IAS AT WK B Ak o 57K BE 1 A K i
KM RIEHIE B 4K A eI M EE SN, R
£F 4 R B KA 8 7T DK T i i R R
AR T N R L1 O WA = 1 £ N i
Je FURE T R0 2% A MEJRE | e B8 1y o SR PRI LT
FRmMELE 1.16~2.13 g/g 28], /INK 2 SDF
ORI BE T B, 2.13 glg. FLURN KR KA
SDF £l f1, # 1.95 g/g. ¥ FFH K SDF £5i
Rk, M 116 glg. MEELF4ERifE . LR,

®3 RESRIEH 10 AWK KBEEEFE

1 % 47 70 BB [E] B2 % B BE

Table 3 Glucose and cholesterol adsorption capacity of
10 kinds of water-soluble dietary fiber in cereal

bran from different sources

SDF FE4 GBi ] 2 M O R ij7 JE [ e R A

RE 71/(mg/g) AE 71/(mol/g)
FEAE A AW SDF 56.95+0.68" 39.54+0.11°
K A KBk SDF 118.61+1.47° 35.38+1.00°
KK KB SDF 88.51+1.818 41.56+0.48"
/KM SDF 57.91+0.75" 26.35+0.64°
72 B M &k SDF 59.59+0.97" 35.81+0.89°
# 4%k SDF 148.80+0.29¢ 36.60+0.77°
WeFZ #k B SDF 432.83+1.07° 35.72+1.12°
5% K ¥ SDF 303.08+1.74° 27.99+1.17°
W3 K SDF 226.40+0.88° 31.93+0.62¢
/K E K SDF 105.70+0.65" 33.38+0.49¢
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SDF>/NA KA SDF>F /£ 7 KM SDF. 10 f SDF
BB LA 45 R B e ) HAEAE R R
#k Kz SDF 4 45 % W B e 77 B Wk v T O Ath 9 A
SDF, & 432.83 mg/g. iXn|figte i T e £k
SDF 114 [ R 2546 T S 349 5] FURIBR AL , LU 2R TH AR
K, I ARG TR 2T 4 0k A AT A T I
WD T A R Y, B R, SDF A A b
W B BE 1 5 W BELE A G, SDF 5 /K 42 fl 2 it 5
JREIR ) o, 2 A R 43, AN IR 45 44 ] L
N A R B A, WD TR A YT EL, B
DF MUAGIE | FLBRR AL R m AL, n LI 3E DF
WX 4 v B A B 4 T RO AR RE TR
WEELT, M EYsEEaadE s
5 8 5 BB R I ], T AR /N v 45 B ) [
B, —MR 1~2 h, FrLLE IR RS SR
EERE /NS R FERE L M,
/N R EE T B 2 A X IR [ A 0 B R O O
fhiJe hEE, NS pH 425 7.0, KIKTE
pH=7.0 NEHUNAIEE, 5% SDF 10 [ BEAY
W RFHRE J7 . ARG 10 B4 85k i K vt i
1 2T 4 [ R B RE ) DL AR 3. SR REH, 10
AN TR SH V5 11 7K 5 1 I £ 7 24 ok AR e ) WA A o
J17E 26.35~39.54 mol/g Z [, 10 F SDF 7
pH=7.0 FR5E T X JIH [ [ 114 W WAL RE ) A7 7 1 35 Pk
225, KCKKHE SDF JH [ BEk s RE i, R
41.56 mol/g, MR KM SDF. ZZEk4HEk SDF
XTI [ A MR A RE IRz, 4392 39.54 mol/g
36.60 mol/g. /N A HE SDF AH [ B % Ui i 17 55 55
4 26.35 mol/g. XTI HERHMIKAKME SDF &4 4

1o 1 B SR o - SR S AT IR T 1 i
W, 5 /N g RR T BR S5 A, R i E [ R
B~ SR T LA ARG AR I 1 5 VR I, S I
FARHUAR S (IR ), o 10 AR A B A A Y
PRIl K K SDIF B ARG i A5 45952 005 1 K A= o
232 ke 15

B E Az RSB EARE AL
Y, MR . 7Y B EITER . KIS b
.M. REREAELMAAGY, FEAEE TR
S 4y B AR ST i I E DPPH [ F L R %
ABTS HHAEEFRFE . 2 H B EERR L S8
SEAGRE T, Sk 3 BT A [ ke U5 1 4% 0 Kk B K U
SDF &4t afbne Iz 5. 450K 4. 25
SRR, 10 MUK RG24 ABTS A H2ETHER
RIE 97.20%~56.74% 2 [ . Hip Z &k k%% SDF
ABTS H HIIE R R E, K 97.20%. /NKE#
SDF Fl/NK K4 SDF ABTS [ i HiE R Rk,
439K 85.82% . 80.35% (P<0.05). X FEZJEH
TRBAMEL . DKM KRB 2
oy FHEMA KR, R, AT HoAh LA
PP 4 2 R Ui T ) B I T R AR
F . Yan %Al SDF MHLALIE M Sk L &9
TR IR . OBRERR S i, TR DA KSR
3\é[22]O

B H LB RAE S R LW, 10 Rkt
B LR 4L 72 R NS BR R AE 27.13%~0.38%Z [H] .
Hodr, /NKOKHE SDF 3 A W BR R M
27.13%. HFF R # SDF M5 H H 3ETEBRAE 1 B 2
R FHABRE LT 4E, 4 0.38%., /NKKBE SDF £

F4 REREH 10 AWK KBAEBEFERALED

Table 4 The antioxidant capacity of water-soluble dietary fiber from 10 kinds of cereal bran

SDF 4 ABTS A H ZE 5 R %% 2 BN R/ % DPPH 15 KR %/% S ALRE T/ (umol/g)
FE 4L K4 SDF 69.26+0.01¢ 4.28+0.00° 15.02+0.00¢ 2.18+0.092
Kk F KB SDF 60.62+0.00" 5.93+0.01° 10.57+0.00' 2.00+0.05"
Ak Kk SDF 78.73%0.00° 11.60+0.00° 12.47+0.00" 2.54£0.02°
/A SDF 80.35+0.01° 27.13+0.00° 5.96+0.00’ 3.00£0.08¢
F# M %k SDF 97.20+0.00° 10.41+0.01¢ 55.79+0.00° 5.26+0.01°
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