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Abstract: The effects of ultrafine grinding on the composition, structural, physicochemical and functional properties of dietary
fiber from black rice bran were studied. We analyzed the particle size, microstructure, adsorption properties and antioxidant capacity of
dietary fiber of ultra-fine. The results showed that, the particle size and relative crystallinity of insoluble dietary fiber (IDF) and soluble
dietary fiber (SDF) of black rice bran could be significantly reduced by ultrafine grinding, so that they showed a looser and more porous
state, but their main composition did not change. The swelling capacity, cholic acid adsorption capacity and cholesterol adsorption
capacity of IDF of ultrafine black rice bran powder were improved, which were 57.43%, 22.71% and 24.92% higher than that of crude
powder, respectively. In addition, the DPPH free radical scavenging capacity and FRAP antioxidant capacity of SDF were increased by
2.77 times and 1.71 times of that of crude SDF. In conclusion, ultrafine grinding can significantly reduce the particle size of black rice
bran dietary fiber, promote the formation of loose porous microstructure, and improve the physicochemical and functional properties of
IDF. This study provided a theoretical basis for the deep processing and utilization of black rice bran dietary fiber.
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Yo FK . Ry, PUEACRE B2 & T RS KIE SDF. Ma S50UK I SE AbFE & | 2%k SDF & &,
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FIASHUME . Cao SEUST0] FHE JE5 A0 35 IS AN [FREAS AR B B PE PR EAT IR 78, I BE A MORDRLAT ) FEAIS, SRR IR
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K, IWARERERMARAR; SPrEtbge il i &, BB REMERGRAR; 2,2- 7285
-1, S5 Sigma AT s a-JEN T (Termamyl 120 L, 120 KNU-S/mL) « 2K 17 (Alcalase 2.4 L, 4.42 AU/mL)
A 2 PEVER B (AMG 300 L, 300 AGU/mL) , W TiH4EE (FED FRTEAR; Helisnaira.

L2 P54

J1500-A HEKAL, LR RIIEHA IR A 7 XDW-6BL #RE B L, FrRgisiUE R AR IKA
T25 k3 mibl, FEE IKA AF]; JIDI-21RH SRl AR SO0, M Sl G BR A\ ;. EYELAN-1100 gk
ARG BBk 24 Infinite M200pro BgFR{X, BHiIF| TECAN A w]; Merlin 4 A, 1 H
Carl Zeiss AG ‘A7) ; RIRIZESLAIB R &, ERFAN K2 RARVE VIR 70 0 B R % % Bruker D8 X
SHERATIMY, T 2% PNAalytical B.V.A#]; VERTEX 70 £L4M 4%, ##[H Bruker Optics /A7 ; Bettersize2600
BOCKE A PHR B R A IR A A .

1.3 Fi&
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B R 2 KL S , i e it 60 H 1S 2 KM, SR AMKIRE S AR R R 210, DLUIE T Fe A HL
Wifl, 1E 0.5 MPa, 45 C2AF FAHL 60 min 15 2| i A5 K. K i g S KR B TR IR IR 3 B ok L
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1.3.2 2 k4% IDF #= SDF #9323

ST IS 7 vA R A A KA R 1Y) IDF A SDF. Y 60 g B KM 600 mL 25 85 F/K 780 1R AT, HRHR
BT 95 CHEAIBFEAB B A 10 min, POBILIERD s & LA 0.9 mL o-JERG B B 20 min (pH 1H 6.0,
95°C) ; FHIA 3.0 mL &EABF/ N 60 min (pH 1 7.5, 60 C) ; #HJEHIA 1.2 mL %% BHE K B 58 30 min
(pHE 4.5, 60 'C) 5 RPMTEMSG, Bh/KH 20 min AHHLREGICTE, S T8O B EIs Rk, R A
60 CZEMR/KPEN: 2 k)5, 40 ‘CF I 24 h 1§ IDF.

W 550 5 13 B0 IS R R B TR TR P K AT & 97, BlJERIBINN 10% (m/V) Ca(OH), LAYL
VEFLR MR s e IR T BO L RIS ORYE, FIRAEE T 8 kDa iEMTAS T, EIR T IENT 48 h LABLER R4y,
FHEZENTINN 4 AR RGK CEERA) JEHE 24 hy &5, FOERELL 8 000 r/min &0 fE B0 10 min, JIF
BT INK Z 5 5 B2 BT 72 h BI43 SDF.

133 ZARBIERTHAZNH

B/ SR T KUV P R BE S 10% B0 503, R Sk R IR BURE V2 18 0 NSO BE 2 AT S RE AR 25
FRYE RGP AT AR, o O e B kL B O IE R A IS B, [R)— A s LR BCF3I{E - Dios Dsos
Doo 43 AT 10%, 50%, 90%[IFFE S UKL ) BELAZ /N T R4
1.3.4 2 K#4k IDF #F= SDF #4944 %L4E #5547

K IDF A1 SDF FIBOU 45 Fil 1 Merlin $148 8 7 B 0B HEAT WL 2 BUT-J4 5 PO RE dios oK DL S ol B A 3]
I PRSP R TR R ES)E, DI SEME, 2EETEMEE T, BL 500 5 HEOC B 40
A

DI B AR 2T AN (FT-IRD /TR S HAL A G5 MR . RN 5 mg BEKMRIE B 4P 4EpE i, T4 &
b 1:100 5 TR ER G, SRS, BENEBSSFINE 5 208, RGBSR . )5 REE
HBN VERTEX70 B4 B AR B 2L /MG, T 4 000~400 eon ' B3 KT8 Bl A EAT 3348, JEEE 32 %, 4
PR EN 4em s

K H Bruker D8 %Y X- S5 28 A7 5 000 5 B K MG & £F 40 R O 0 45 0 B . R A EEAE iR BT, KON
0.154 18 nm (Ka) , 0.154 06 nm (Kal) , TAEHEEHERES N 40KV 5 40 mA, HEEERIN 5~65°,
FHHE 12°/min, KA 0.013°. LA Jade 5.0 A EREE, BE G ARXS 45 df B2 DLZ i X T AR 5 s T AR 2 ek
1.3.5 Z X4k IDF 443840454

ZIFFEBEVW T, VRS T K IDF 347 THK 77 (WHC) £t J) (OHC) FENK ) (WSC)
s o SFFREK RN, ¥ EKHE IDF 52808K4% 1:100 (g/mL) KBRS, ERERZS NEHE
18 h, DABAIRFE /MR HEEMEZIRFA N RO BIEH, MEPUKEREMTEE. D& g FEMIRE/KIHEE
KRR IT

M, —M
WHC =——°% (1D
MO
AP
WHC—# KD (g/g) ;
M, BB KEGRE (g);
Mo A B FTR T (g) .
B KR IDF 5 K E L 1:60 (g/mL) 8405, =IEA&MF FEE 18 h, 10000 r/min &> 20 min,
x BiEW, EFEMPIRE. DA g BRI E & RN KR 7.
M, —M
OHC =——% (2)
0
AP

OHC——# & ) (g/g) ;
M——H&EhEHNRE (g);
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Mo—— BB a e Z (g) .
HY 0.50 3¢ SRR IDF A5 T2 B 08, in20 mL &K, 70RA), =R F#HE 18h, MERkE
FERATR . TAK 0 URE g FE ISR AR AR R R

s Kt o

KF:

WSC: #suimhk/) (mL/g) ;

Vo——BAKEIKAT A da kAR (mL) ;

Vi——BAKIEIK G AR AR (mL) ;

M——BKERI AR E (g) .
1.3.6 Z X4k IDF 44 29 545 M o H7

ST E B EN TP T K0 IDF B IHER ShWR M8 71 (SCAC) K fiH [ B2k fft 68 71 (CAC) - SCAC
(e, SR T e R AT E , 45 5 DA S o BT R B PR IE R B 22 52 358 7R - 1] 50 mL 2 mg/mL JiH
BRI INN 1.0 g KB IDF FESL, JERIES): ERRAM PRGN 2 hy B OB FIE R E .

SCAC:M
M

4

X

SCAC——#sufe B R M fe /) (mg/g) ;

Ci——PeBR4him iz an4s R E (mg/mL) ;

Cr—— L b e sh e R E (mg/mL) ;

V—— b #AA (mL) ;

M—#%FE (g) .

JOEL 5] P R o 3 1 DA AR — Y LG (2 5E < 1) 1.0 g SEOK MR IDF F it HPOIm N 25 mL e 2 B i VT 78 70 TR
5, AW pHEE 7.0, =R PR 2h, SO EIHER.

[(C,-C)—-(C,—-C)IxV
M

CAC = (5)

KF:
CAC— M e B B ML/ (mg/g) ;

Cr——FFERANEEERE (mg/mL) ;
Cr—— L& ¥ BFia BB RE (mg/mL) ;
Co—— R bt Z R i by N2 B B R

V— BRI AAA (mL) ;

M— H3EF (g).

1.3.7 #AILE AN

FE SR PUAAL B I % 2 FRAP W& Tl E . BACDIRINT, #ERIFREL 5 mg 2KHE SDF, LL2:
KR GEARBIEM , FCHIR 1.0 mg/mL FIFEMIER . 7E 96 FLER BN 180 uL FRAP AR 5 uL
MK M SDF #E5AW, 37 CHEA 5Smin, FH7E 593 nm &4 FIEMOGE . LL FeSO4THL0 WG AH 7 37 b
28, LA FeSO4 bRtk il ik B R~ B BRI i Ak B /7, Blumol FeE/g DW.

DPPH $ 8 iE S H A RO Liu SRIREE . #EMFREL 5 mg B2KME SDF, DA &1 /KiEfE, i
HIEE 1.0 mg/mL (FE ARG B 0.1 mL BEFAEBINA 3.9 mL (0.1 mmol/L) DPPH TRV, #5%/& M 30 min,
HAE 517 nm MEWICRE, KA FIR 775N 2 A FR B Trolox ArEVARAE 517 nm AR IEEE, EES7bR
HEMZE TR, PLEALAE /1 Llumol TE/g DW £k .
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L4 HBEHITE 547

FHH IV E =AFAT, S5 RUIIEARHEZ (MeantSD) HIERFE R, 1 Origin 2023 #3474 K .
BHE 14505 MR A IBM SPSS Statistics 27.0 #4347, HAdr P<0.05 B RR Z FR B8 2 K.
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Fig.1 Effects of ultrafine grinding on the content of dietary fiber in black rice bran

E: *RTEREFEHA (P<0.05) . HRFHREFZH4 (P<0.01) .

FORBERE R 2P i & B 1 Pros, @ Gok AL BLS JOKHE IDF A SDF 7% 4 54840 (P<0.05) , M
SDF )& &f2m 1 9.34%, 1 IDF A1 TDF )35 857 FF% T 17.40%41 13.54%, IDF 5 SDF fJELGI M 5.93
B2 4.48. TX AT AE RV 72 ok A (Y R i i U ANBTY) J0E R, IDF RS MIHEROR, S BOCEEL 4E K 17
FBE VAT R LA AR AR, Hefl Dy SDFPA, fE IR vl RERAEBEAE /N 70 1 B BB, 530 TDF & &
R RSB, thh, REELF4ERRIE. Al RASE SR IGE, Mm-S, Qin UKL A I,
IO ol S X BT B R R AT YR ok AL B, TDF & Bl S 0, i KA Bl B i
BLAHESEA T T 4.56%.

22 BERAEAEXNFBRRER A ENEN YW

TR YOS TR B KB IR B 21 4R AR 40 A (I RE M R 1 B, BEOKHHLAS IDF A1 SDF H{ERIfE (Dso) 4393l
9 122.72 pm 1 16.68 um, LU IE S, HAERAE 50 FEK T 65.83%F 76.62%. fHET Dso, 10K IDF
H1 SDF 5 KMURIRLAE (Doo) s tHBU/N N FEHE, H Doo BUHMN 4 IR T 29.09%F1 9.42% . 1X L4
T IR B e R b 2 2 BN A& 3R 71 BTY) . BE SIS ER, SRR N EEEE 1
TERRIN, T AERLAR AR R U /INEST . RO 8 1T DA B I BE KM SDF A1 IDF FIRLAR K/, T Reilt— D o
HELIhRe R
=1 BT ERRE R ENRE S AN

Table 1 Effect of ultrafine grinding on particle size distribution of dietary fiber from black rice bran

. #3242 /um
Do Dso Doy
IDF HLA 14.01+0.04 122.72+0.37 268.48+1.50
A 5.93+0.08%* 41.93+0.43%* 190.38+2.52%*
HLAY 4.43+0.01 16.68+0.43 37.0542.52
SPF Ao 0.99:0.01** 3.90+0.10%* 33.56+0.91%*

E: MR EZF (P<0.01) .
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2.3 MAURFEXT B ORARRE £ £ 2 UL ZE A i

[ 2 BRI ERTE SEM [E]
Fig.2 SEM images of black rice bran before and after ultrafine grinding

SR FH A1 P R T R OK IR £ £ 4 28 ok o il FL oW S5 R AR A 1 0L, A5 R 18 2 Fro . HU-IDF BAK
AR R, SMERRE, BRERR, READERGHEOOCIE-T B, LBk i 5k 7 R IR a1
WERsERE , BB R)/NRORL A1 5, R BINIR HALBIE N, S5 BAR BERT R . ARy -SDF HIROUL 45 #
FR YUK B PR G5, R 2 (8] SR HOE R, L BRI E, HIUR IR aurs, 2
¥y J5 SDF S5 R BLH P RPIRAS, (HRMmALEIE M, HAW R, RIH EIMmmrpRE . BRI
B YR ok 5 H R AR B, SCRAT T, S N RIBUR R 2R RO FOR L,
TR A A P2 (50 L V- R AN T 1 P G 2 4 SOK AN IR P B B AT e L JUIRZS ARG S gk, JF HAR T HH AR AL
FLERIEREEDLG . DL S5 SRR W GOk 4 T DARIOR SEOK MR fr 2P 4 (0 s 50, i HL R L in 2 FLIKIRAS

2.4 AR BB R A 4 205 61 A R 1R S A B B

Intensity

Absorbance

3398.63

4000 351'0 30:)0 2550 ZO(‘IQ 15’00 10‘00 500 |‘0 2’0 3‘0 4‘0 5.0 60
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Bl 3 EAKIFBRHFERTS IDF 70 SDF AJFTIR (A) F1XRD (B) &
Fig.3 FTIR and XRD of black rice bran before and after ultrafine grinding
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K LLAN G R AN X -5 21T 5 45 7 V4R Jt RO O W /0 /5 IDF A1 SDF B 4541tk A2 4k, 45 5K 4
Bl 3 FroRs . RROKRRAH [ R A JRE B 2T 4E 1 FTIR D63tk B A AHALETE , (BRI B —EMER. £
3398 eon! (AL E, FE T LFAERE it T DU SE S — > 50 1 K ARSI, XARER T AT 4E RN AT 4E 3 O-H W4
LR5h; MAE 2926 cm! PIALE, NI L4ERFE C-H 8IS HR3NP728, 1E 1660 cm™'4b HHUR I IE, &
HWE PN G LA R PR C=0 M-COOHIRFEMR A I 1M 1 409 e BRI AR W I U ek 7 C-H 42
H2 MR BEAh, 7E 1062 om ! DXIHE IO UG, USSR B TR i R BB AT 4R R 7 1 C-O BEHY
gadRzh (B 3A) 1, ixsegt BUAR B JEOKBR G £ 272 v A7 A8 5 5 SR KPR AN HAd s P R [, X ek [ 0 il
CRYER A BT OGBS, T SO T R RE SR G B 2T R R B AR B, A HL A R 23 1 2 B3 i — S S

IO B 1T )5 S KB IDF A1 SDF fE 18 1 2000 5°~60°70 [l 2 BLOREUATHT, = ATHisrfr B %A Kk
AR, TE 200 2184 I — AN IRATH I (& 3B) o MUK IDF A SDF [RAH %45 & B 73 00 19.16%
1 16.46%, AN HE G IDF FI SDF AUARXT 45 i B384 F#AR, 7000 FRAR A 18.45% 1 15.51% . 3R] E A Sk
TAEAL PRI 1 REOKMRIRE £ 27 4 1) 707 ()4 F 0 AT RR A P by, &5 R R R0, Li U RIT 78 A0
B B0 AN LI B AP AERL R IS, SRR B R BRI, T 2 SRR AR A5 /NI, SRR EE Ry
ZEIEEMBIN, AT REE RN .

2.5 AU AR X R ORAE IDF 3 45 1 89 % v

T 16
|

= — [\8] w B W =)} ~ o0 o
WKk 51 wsc (ml/g DW)

/K J1/#8 J1 WHC/OHC (g/g DW)

i}

WHC OHC = WSC
415

4 FBROREXT KR IDF BRALHFIERISFZ0
Fig.4 Effects of ultrafine grinding on physicochemical properties of IDF in black rice bran

R FMEFER (P<0.01) .

DF [EARrE 5 H AR PRI BE RN 3 AN AT 7y, HAR S (0 RF7K 1 5 ¥ Ak BE 70 oxt e it il (i 3 S e 4/
WA BRI AR B IER]; tE4t, DF fRRh A8 0 B8 R 5 DF (2t g 1 HE R0 2 A B i 375 J1EL [ 1
IR IIREST o U RS FOKHE IDF F5/K 77+ S5l DA K 77 B2 an i 4 fros . SRoKHERLRr IDF (7%
i 735 3.43 mL/g DW, G0N #E 5 I IDF 3K 7132 M2 5.40 mL/g DW (P<<0.01) , {HIFRK ST FIREIH 7
WA REZL (P>0.05) o FORBRE MG, o IDF W IK U AIREK 77 B9850 ] 582 T Gok i B L
PR FIEIR T IDF s, SBORKERI R, 1858 7 5K TRAEER, St 7K 7 rgE
AW RE ;10 IDF FR Rl B8 0 W 52 e A Bk 1tk 2R B AL A4 1 DA R BE A B per 5 FE R 45 B e B, {H
IDF f#Fh 719 E B B AR, IX AT RE S i T ok e AL B R X IDF # B RE A AR 254 7 A= W] B 5 . g
AL H E B AT RO RS, L DF REK IAVERK 7193 500 14.07 g/g A1 7.24 mL/g, AT ARA BERTHE 0
T 31.13%A1 18.30%, 145 /7235 TR, BRI FEACBE 2 Soma R (2T AR S5 0 b 1 T8, Bl iRk, Fadt
SEIEH], AT SRR A ERSA

2.6 BN AR EE X R ORAE IDF R A 1 89 v

FUEL TR S5k W B2 A ] PR A DA Pt 2T 4 ALK JEL T I 70 (0 S B b, D LR R 1 AR A Qi S A
ThReFeft 1 ALAH, ROKRBGE GOk AT 5 IDF IR EHRAE Q& 5 B, BROKBGE GOk IDF JHER £5W F BE 77 A0
FIEL ] 2 B Y 0 40 2 3 v TR (P<<0.01) , FLAERE) IDF JHIRERWR Y RE T (96.49 mg/g DW) 2 #Hy
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(74.31 mg/g DW) ) 1.29 1%, JH[EEEWRFIHE 77 (14.79 mg/g DW) 2K (11.84 mg/g DW) ) 1.25 1%, iX
Al HE 5 Ok B )5 FEOKRE IDF I ERAS 2 LI 25 KA 5C04,  [R] I IDF 458708 FRORL AR S L [ 1 £ VR Bff e 7 38
4,

1200 1 HI# 18
= I ik =
s R g
/100 ** a
on 20
il) on
g
E gl b
2 3
S 60
= B
2 g0f g
ey =
= =
g o
£ 201 =
& =
= =
SCAC CAC
5

5 FRIRIHHAERT KR |DF IR 4314 A S0
Fig.5 Impact of Ultrafine Grinding on the Antioxidant Capacity of SDF in Black Rice Bran
R TFMEFER (P<0.01) .

2.7 AU AL FE XS R OR Bk SDF H A L ik 7 09 % v

1000 11000

= [ [ ] ##-SDF

z B O -SDF R
A 2
o0 800 F 800 2
ol

= o0
s o)
£ 600 | 600 2
= seksk 'E
= 5
o 400} J400 =
@ R
‘J(j 200 | 4200 1z
= xS}
m 0

DPPH
ER

6 BRI ST KR SOF IS (L EE TR
Fig.6 Effect of ultrafine grinding on SDF antioxidant capacity of black rice bran

A e RERREMER (P<0.001) .

BRI BT 5 S oKME: SDF X DPPH I3 B 8 /) AL BT AL RE T AR AL ] 6 Firos . IO % mT LR 25 4
K SDF Pt LT tE (P<<0.01) , A0k SDF () DPPH A1 FRAP {843 %4 462.00 umol TE/g DW
H1 819.62 umol FeE/g DW, Bk 4> AR &1 T 188.75%H1 71.04%, FILH RIFMPLELRE S (P<0.01) .
RUFTIAR, Zhang SRSV 70 2 I HE 22 26k 28 768 ik A B 5 FL AR )35 Bk DPPH. ABTSFI-OH H HIE:RE TN
68.71%- 82.48%FH 49.38%, 7 A2 ARAFEA ) 1.35 f5. 1.15 51 1.44 f5. Zhu PR AR I,  FR P %)
ANV VERE B A1 2B O iR AL BRI L ABTSHEBRAE I Fe* A JRBE /130 R 20k . LR gs R, @R
I ErT DUA SR i B A4 piA A Be ), e IhReiE . R4 0 T4 WP R AR E MR RL
GV, BALIEREICT, @R R A 4e g5 R IT, HRIAIE R, B 2 R EERR, fFHER
Ae I3, TR BN R BTEALRE /1 thah, RE A 4R R0 iF DUE HAOW 4548 S ILEAL . REUIR
A, BUE 5 G i S IR K I R AG A AR BB O 9 5 1 G & A 4E R P E A s 7158,

3 g

AHIF T RIR FT T R AROR R X SE KON B 41 4 &5 40 e L FRAL AN D e TR s md . S5 SRR, RO A f%
& S K0 IDF A1 SDF Hkifs, HBERUKr SDF & &R BT WO 7T, o oK SDF Al IDF

8



MR R Modern Food Science and Technology 2025, Vol.41, No.10
25 R T AA 2 FL, (AW IR AR KA B, HEACThRERFE T, ROk 1 5 2 52 5 22 K8 IDF
I 77~ HELTR 25 PR o A [ R Bt 8 0 A1 SDF b8k . DAL, ROk 1 B A et R KOBR IR 1 41 4 3840 )
ReRFPERIPEA, v AE K S B = rn TR i BT B

B Ik

[1] ITO V C, LACERDA L G. Black rice (Oryza sativa L.): A review of its historical aspects, chemical composition, nutritional and

functional properties, and applications and processing technologies [J]. Food Chemistry, 2019, 301: 125304.

[2] ZHANG S, MA Q, DENG M, et al. Composition, structural, physicochemical and functional properties of dietary fiber from
different milling fractions of black rice bran [J]. Lwt-Food Science and Technology, 2024, 195: 115743.

[3] JUKKA M, PAUI K, RITVA J, et al. Whole-grain and fiber intake and the incidence of type 2 diabetes [J]. The American Journal of
Clinical Nutrition, 2003, 77 (3): 622-9.

[4] JENKINS D J A, WILLETT W C, YUSUF S, et al. Association of glycaemic index and glycaemic load with type 2 diabetes,
cardiovascular disease, cancer, and all-cause mortality: a meta-analysis of mega cohorts of more than 100 000 participants [J].
Lancet Diabetes and Endocrinology 2024, 12 (2): 107-118.

[S] GUANY, XIE C, ZHANG R, et al. Characterization and the cholesterol-lowering effect of dietary fiber from fermented black rice
(Oryza sativa L.) [J]. Food & Function 2023, 14 (13): 6128-6141.

(6]  H bl bl P s X, - R 8 A5 Mt 3 2T e B 5otk B L8 T 2O (ORI 7 2 JEE (] 65 i 5 K B Tk, 2023,49(14):346-356.

[71 ZHANG M, BAI X, ZHANG Z .Extrusion process improves the functionality of soluble dietary fiber in oat bran [J]. Journal of
Cereal Science, 2011, 54 (1):98-103.

[8] MAIJ, YUAN M, LIU Y, et al. Effects of steam explosion on yield and properties of soluble dietary fiber from wheat bran [J]. Food
Science and Technology Research, 2021, 27 (1): 35-42.

[9] T R BT S LT RS AE AR 7 R &R A 5 [J]. 6 5 Tk RHE,2024,45(18):394-403.

[10] ATIBERE, 75, B 50, 55 ZE TR B A R TR A T AR it £ &8 24 485 A4 R ) e M ot PR sz el [J]. H R vl 2231, 2020,35(04):142-150.

[11] NIU L, GUO Q Q, XIAO J, et al. The effect of ball milling on the structure, physicochemical and functional properties of insoluble
dietary fiber from three grain bran [J]. Food Research International, 2023, 163: 112263.

[12] ZHAO G H, ZHANG R F, DONG L H, et al. Particle size of insoluble dietary fiber from rice bran affects its phenolic profile,
bioaccessibility and functional properties [J]. Lwt, 2018, 87: 450-456.

[13] CAO Y, ZHAO J, TIAN Y, et al. Physicochemical properties of rice bran after ball milling [J]. Journal of Food Processing and
Preservation, 2021, 45 (10): ¢15785.

[14] LIL, LIU J, ZHANGY, et al. Qualitative and quantitative correlation of microstructural properties and in vitro glucose adsorption
and diffusion behaviors of pea insoluble dietary fiber induced by ultrafine grinding [J]. Foods, 2022, 11 (18): 2814.

[15] T80 5, TR, 5 B TR X KA 22 B 1 2H s S B A AT PR (R S 0] 8 5 19 1001, 2022,48(14):138-144.

[16] WUz, KA 4 PR, Al AR IE B AR A BUR 208 PR o (K T EARAL [ DU & i RH,2022,38(2):180-189.

[17] W45, 3 2 K mT %, 55 SR DO 14 Xof RE KON 22 W P AL 1 A0 PR R S A D A B i RHE,2024,40(12):209-217.

(18] R)TT KRG £ 21 4 o 25 15 A5 B S o RS AUL VR AR JEUHRFAIE 2 L e i AR I (D] G0, A A koK 52,2023,

[19] 75X Mg, 5K 44 i, 488 P o 3 5 2 5 VA It 2 44 11 T D0 A S L BRAL Th REARR AR (0], b B AL A472,2023,56 (12):2380-2394.

[20] ZE2, BURMIE, 5K 55, 458 B 2 bR R L 3R 10 70 8 A 2 A R AE AR AN S AR T (0], T B AR L A 22,2020,53(12):2477-2492.

[21] LIU Q, QIU Y, BETA T. Comparison of antioxidant activities of different colored wheat grains and analysis of phenolic compounds

[J]. Journal of Agricultural and Food Chemistry, 2010, 58 (16): 9235-9241.

[22] WANG M, CHEN X, DONG L, et al. Modification of pea dietary fiber by ultrafine grinding and hypoglycemic effect in diabetes
mellitus mice [J]. Journal of Food Science, 2021, 86 (4): 1273-1282.

[23] ABDULMANNAN F, JASON A, ANDREW P, et al. Improving the extractability of arabinoxylans and the molecular weight of
wheat endosperm using extrusion processing [J]. Journal of Cereal Science, 2018, 84: 55-61.

[24] QIN X, DONG X, TANG J, et al. Comparative analysis of dietary fibers from grapefruit peel prepared by ultrafine grinding:

Structural properties, adsorption capacities, in vitro prebiotic activities [J]. Food Bioscience, 2023, 56: 103163.



DR EmR Modern Food Science and Technology 2025, Vol.41, No.10

10

AR RS I, S BT, A R AOR TR A BT 22 koK T e S5 AR K 2R [ ] R R 5 2805F,2020,45(2):56-62+81.

2R SRR 0, 55 AN 7] Al B J7 V2500 0 V8 s 2 A4 4 W R I LT 2 52 ) s [ 9] 68 il 5 R B 1k, 2021,47(15):178-184.
JIAMY, CHEN J J, LIU X Z, et al. Structural characteristics and functional properties of soluble dietary fiber from defatted rice
bran obtained through fermentation [J]. Food Hydrocolloids, 2019, 94: 468-474.

ROUHOU M C, ABDELMOUMEN S, THOMAS S, et al. Use of green chemistry methods in the extraction of dietary fibers from
cactus rackets: Structural and microstructural studies [J]. International Journal of Biological Macromolecules, 2018, 116: 901-910.
DU X J, WANG L, HUANG X, et al. Effects of different extraction methods on structure and properties of soluble dietary fiber
from defatted coconut flour [J]. Lwt-Food Science and Technology, 2021, 143: 111031.

QIN X T, DONG X W, TANG J, et al. Comparative analysis of dietary fibers from grapefruit peel prepared by ultrafine grinding:
Structural properties, adsorption capacities, in vitro prebiotic activities [J]. Food Bioscience, 2023, 56: 103163.

XIAO Z, YANG X, ZHAO W, et al. Physicochemical properties of insoluble dietary fiber from pomelo peel modified by ball
milling [J]. Journal of Food Processing and Preservation, 2022, 46 (2): ¢16242.

TR AR R 27 38 A8 R AOR TAE X T S8 6 £ 21 4 R0 S D AR PR S IR [ BRI 2412,2014,29(2):76-8 1.

ZHENG Y, WANG X, TIAN H, et al. Effect of four modification methods on adsorption capacities and in vitro hypoglycemic
properties of millet bran dietary fibre [J]. Food Research International, 2021, 147 (0963-9969):110565.

ZHUY, HE C H, FAN H X, et al. Modification of foxtail millet (Setaria italica) bran dietary fiber by xylanase-catalyzed hydrolysis
improves its cholesterol-binding capacity [J]. Lebensmittel-Wissenschaft & Technologie, 2019, 101: 463-468.

ZHANG Y K, ZHANG M L, GUO X Y, et al. Improving the adsorption characteristics and antioxidant activity of oat bran by
superfine grinding [J]. Food Science & Nutrition, 2023, 11 (1): 216-227.

ZHU F M, DU B, LI J. Effect of ultrafine grinding on physicochemical and antioxidant properties of dietary fiber from wine grape
pomace [J]. Food Science and Technology International, 2014, 20 (1): 55-62.

AINEAEL, 5% 3, 5 B R, A5 R BRI )Xt AR mT 38 41 e £ £ AR SR i ) B2 T[], [ i i, 2017,42(8):32-36.

ZHAO G H, ZHANG R F, DONG L H, et al. Particle size of insoluble dietary fiber from rice bran affects its phenolic profile,
bioaccessibility and functional properties [J]. LWT-Food Science and Technology, 2018, 87: 450-456.



	1  材料与方法
	1.1  实验材料
	1.2  仪器与设备
	1.3  方法
	1.3.1  黑米糠的制备
	1.3.2  黑米糠IDF和SDF的提取
	1.3.3  黑米糠膳食纤维粒径分布
	1.3.4  黑米糠IDF和SDF的微观结构分析
	1.3.5  黑米糠IDF的理化特性
	1.3.6  黑米糠IDF的功能特性分析
	1.3.7  抗氧化能力测定

	1.4  数据统计与分析

	2  结果
	2.1  超微粉碎处理对黑米糠膳食纤维含量的影响
	2.2  超微粉碎处理对黑米糠膳食纤维粒径的影响
	2.3  超微粉碎对黑米糠膳食纤维微观结构的影响
	2.4  超微粉碎对黑米糠膳食纤维红外光谱和晶体结构的影响
	2.5  超微粉碎处理对黑米糠IDF功能特性的影响
	2.6  超微粉碎处理对黑米糠IDF吸附特性的影响
	2.7  超微粉碎处理对黑米糠SDF抗氧化能力的影响

	3  结论

