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Abstract: The physicochemical and functional properties of insoluble dietary fiber (IDF) from sea rice bran with different
particle sizes were compared. The water-holding, oil-holding, swelling, cation exchange, nitrite adsorption, sodium cholate
adsorption, cholesterol adsorption, glucose adsorption, and diffusion inhibition capacities of IDF from sea rice bran prepared via
ultrafine grinding were measured. The results showed that as the particle size decreased, the water-holding capacity and swelling
capacity of sea rice bran IDF increased. Compared with that of the control group, the effect of IDF-M300 was the most significant,

reaching 3.21 g/g and 5.33 mL/g, respectively. The oil-holding capacity decreased significantly, with IDF-M300 showing a value
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of 3.51 g/g (P<0.05). At glucose concentrations of 50-200 mmol/L, the glucose adsorption capacity of sea rice bran IDF increased

significantly. The diffusion inhibition ability of IDF increased with decreasing particle sizes. The cholesterol adsorption

capacity of IDF-M300 at pH 2 was significantly higher than that at pH 7, reaching 27.13 mg/g. When the concentration was

300 mg/mL, IDF-M300 showed the highest sodium cholate adsorption capacity and nitrite scavenging capacity at pH 2, which were

67.96 and 9.11 mg/g, respectively. The above results demonstrate that treatment with ultrafine grinding significantly improved the

physicochemical properties and functional properties of sea rice bran IDF, providing a theoretical reference for the application of sea

rice bran IDF in special foods for patients with diabetes.
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it 60 Hif. FREL60 g it i KHES 600 mL & 4fi /K
PEFEIR 2], £ 95 CKIG 1L 10 min. K FH BEfi#
T2 R A B T R AT A B, AR A BT A




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.10

F: B, LL0.025% (m/V) il il a-JER B (pH 1H
6.0,95 'C,20 min) FEATVERD /K i, BEJS LA 0.25%(m/V)
R AR (pH{E 7.5, 60 °C, 60 min) EREAMR,
BN 1.2 mL VE¥y i & pEH 1§ (pH {H 4.5, 60 C,
30 min) BB ER . RNAHRE, KX
R AE 8 000 r/min 254 N B0 10 min. fx )5 M
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IR, FREVURRY, FER A (1D 115 OHC.
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KF:
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w,——%h/z IDF 89RE, g;
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257 Xia ST BT K 0.50 g AR
FEH IDF 505 15 mL 81K E TEE RS, FE
18 h, HUHLFE S FHIEARI T 2K, FRE. il
KAFREE &, FFAE 105 CF T4 2 h, FAFFRTE,
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82:% 2)

RF:

B,——#KA (WHC), gg;
w,——%K/E IDF 5 &, g;
w——% KA IDF 89 &, g.

W K B K 71 (Swelling Capacity, SC) [l 5€ J5
%% Bender 5" I R MES . K PR = A 1) IDF
(0.20 @ BAZIERE T, AL 10 mL /K, KAk
18 h J&, W& IDF K5 &R 81 FREH A (3)
5 SC.

B=—2> (3)

KF:

B,——JMgiKA (SC), mL/g;
v,——%KJ)E IDF Ff &4K%%, mL ;
vi——"8KAT IDF FF & 4RAR, mL ;
w——IDF ¥R &, g.

1.2.5  #BKAGAKARIDF A A B T A% 58 7 69 2

PH B T % #: B 71 (Cation Exchange Capability,
CEC) KI5 J771:2 % Zhang S WIEREB N, #
0.50 g /N [A] % B (1) IDF A% 5 5 0.1 mol/L (¥ 2k IR
(1:70, m/V) WR%) 24 h, 1S3|RFEm. 38, Ml
IKFEII B2 AR IBR, 0=10% FIT R HR VA VR0 5 e
HERBME CI' (EA®YE). ARG 60 CTT
fE. FRELO0.10 g MR MEFE S, 40 BT 50 mL 5 wt.% ()
NaCl %, 1 0.02 mol/L ) NaOH W 5E, e E
Yty pH {6 A1 € (1) NaOH f& 1. CEC %R N g ¥
i JHFET NaOH [ & & . AR¥E SLI0 44, 22 NaOH
AR V- (NaOHD 5 pH {E I &R 2R .
12,6 #KAG R ARIDFR M 1 49 ) 2.
1.2.6.1 7K ARG AKMRIDF [ Al B2 B 6 7 10000 s

JEL[E B Bt B2 77 (Cholesterol Adsorption Capacity,
CAC) Ml % 77 9% 2 % Luo " I M 1EE L,
1.00 g A~ [FPRLEE B IDF A5 50 mL A ¢ 1 25 30V T
CH 9 R BAZETRK R IR ) SR T B R 30D A, A
JE P pH AE 2 7.0 8L 2.0 G A&/ i it 5 3685,
37 ‘CH&¥% 120 min, {EZEHE T 5000 r/min &5 10 min,
E 550 nm AL BRI . DI R bR i 2
il b 7 1 22 y=6.600 5x+0.006 8 (R’=0.999 3) 4 |
T VR RE [ R R, A AR (4 1 H
CAC.

y
D\ =(Cpjani— €)% m (4)

Kt

D, —— e BB R M4 /) (CAC), mg/g;

Corm— — A~Hm IDF _E & 69 Re B B /R =R Z, mg/mL ;
c——IDF AW & LA RAEB B R /RE, mg/mL;
v——IDF %M & L# &AR, mL;

m——IDF )8 &, g.
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JIHFR BN B B /7 (Cholate Adsorption Capacity,
CLAC) [ J715:57% Zheng S " HAEEEL, K 100 g
AN TEDKE FE (%) IDF #% 73 7] 5 50 mL JHER#N (200 mg 5K
300 mg) BT O IR A, B pH H
WATE 7.0, 7E37 CH&M NRYRPL 120 min, R4S
HJE T = T L5 000 t/min B0 10 min. SF RS EL
3k, 1E 620 nm P NIE FERBOLE . DUHRREA
FRUE i 2 b v 28 y=0.764 1x+0.004 7 (R*=0.999 8) it
L ETEW A IR IR, FHER AR (5D iHE
HEER AN B 7

D, =m—cxv (5)
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Capacity, NIAC) [II5E 77145 Zhu 5" 3:{Ewn R &
M. 4 0.20 g ANFEPRLEE K IDF #4505 50 mL MRS RN
(0.1 mg/mL) ETFELERREGYS, 25 H
1 mol/L #H R A1 1 mol/L & S AL 441 15 pH {4 2.0 Fl
7.0, 37 CEEEIHIEIRS 120 min, 7E=IE T LS 000 v/min
5.0 15 min. ZRJ5H 1 mL IS5 2 mL W a2k
PRV (4 g/mL) JREIIE), §E 5min, 11 mL &
FRZE £ s (2 g/L) IRE, MBIk RERE
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D,——H #HERM A (GAC), mmol/g ;
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v——IDF #£5uR M & b # i a94R R, mL;

m——IDF #&89 =, g.
1.2.7.2 /K FEAKARIDF (¥ 758 25 B (104 BOR1E AT 4818 F5
v

%] BE BRI M BE i 28 (Glucose Dialysis
Retardation Index, GDRD) {3l 5E /75218 Zheng 2™ Al
Yang 25 IR VR 1B 2. # 0.50 g AN [ARLEE ¥ IDF £
43 BUE 10 mL 7 %7 BE %5 % (100 mmol/L) 1, 37 C
THEE 1 b, JEAE A 4> 7 &9 8 000~14 000 Da [
M EAE 37 °CF H 200 mL Z& 187K % KT 70 B . 20,
30, 60, 90, 120. 180 min J&, f# ] DNS % il & i&
T h A2 e & i, FEANAIN IDF 00 R 3EA T % Bt
5. DAHI I HEbRAE S hI bR AE 2R, )=1.414 8x-0.012 4
(R=0.999 1), Fi@itA (8) it% GDRI:

C
E=(1-—)x100% (8)
G

KF:

E——# ik #54k (GDRI), %

o—— KRy F A ENE, mmol/L;

c,——3 BB F B HE 6 EATE, mmol/L.
1.3 HEHI

FrA skl — =ik T, iR USFAE £ bk
72 (Means=SD) X 7R, ffi il SPSS Statistics 27.0 i
1T 8, P38 T 22 7 J8 ik ANOVA 731,
P<<0.05 NEEMZER, KM Graph Pad Prism 6.0 %
BEAT SR T3 A AN A

2 HR5IE

2.1 ARG KBIDFR AR A« Feil A AR K Ay

B 1 SRR RN [F AR K KRR T M I 41 4
(IREAK T RE T AIROK B RE . BRI N, Fofek
B IDF 935K J353 508 2,674 271, 299, 3.11 #1321 g/g,
X REZH AT M60 B4 /K 3AH 4, T M300. M240. M180
4K 155 A CK 22548 & 1 20.45%- 16.47% Al
11.91%. XA HER T RAR N T2 & 4T 4 20
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GEVIRETTRAL, R BORL A LR AR . 21 A S FLBR
R EWINFTE. FLRKAE IDF MK BEZRK 7150508 2.9+
320, 427. 460 f153 mL/g, FE&E KRN, SBE
EHHnmka, 5 CK M, WInERETE 9.1%~81.8%
Z ). 3X ] RE A RO TE R ok e AR rhr, 000 At i 45
PR, EULT Y A2 41 4 3 sk M 3L 1
BE—2b B, WK T RS K A B i T RRD % fieh o7
R AT R IR T T B, AR K IR )
B F R B sRtY . AW, B O R A
P T E AL IDFPY KA S M IDFP R FEK A
fZ K 1 6

a 4r

WHC / (g/g)
)

CK 60H 180H 240 H 300H
215
b 15r
)
S0
9
jan)
o

CK 60H 180H 240H 300H
415
Cc 6r b a
b
& 4r c
é c
9 o

CK 60H 180 F 240 H 300
ik
B 1 REHIZEEKFERE IDF Bk 1. Fih AFIKEK A
Fig.1 WHC, OHC, SC of sea rice bran IDF with different

particle size

vE:(a)WHC : #7K#/;(b)OHC : #/;(c)SC: BIKA.
B AR FEREN, RFE2FRIBFMKPE (P<0.05),

THR.

5 Pl KRG K B IDF [0 REH 7095 310 8.31. 8.57.
8.6, 7.93. 3.57 f13.51 g/lg, LiLEBICKHREALTE G 2
SN JE AR IR, 7E 60 H I, HERl B
B, BCK BN T 3.13% 53X 5 BH 38 24 iR i v A
Sl T IDF SEHZEHAMRE, R musmt. %
MM, M180. M240 1 M300 %%z 5 i 2H AH Lb 43 3l B A%
T 4.61%- 57.06% F1 57.78%. X 0] fig A& K A F 4k
BLEE/N, B RfEmER = THENSR, Rins
T HE TC IR TS 4 M B Ak B, S BT FEih O R BB
AN AR A LA FUHRIE, R I Ok B S BRI T
K IDF" [ RE g 6

22 KA KNEIDFN IH B F 2t 4

r —a— CK
- —e— M60
- —a— MI180
L —»— M210
L —e— M300

pH1E
S = N W A W N N 0 O

010 OI.5 II.O l.IS 210 2I.5
NaOH / mL
2 NEIHI{2 B KTEARE IDF FIPAE T35 R
Fig.2 CEC of sea rice bran IDF with different particle size

PHES T2 Hefe SR M P T 45 G Re i — 4
HESH . CEC Al il pH 18 {94810 2 B #E AT 34,
pH {E AR /)N, R B HBH B T A e e )85, AT
SRR RN E. B2 BoRiRA R
KR RARA T G B AP EIBH B FAC e 1y, B
NaOH s & 30, IDF /) pH {5 238 niass. 5 Ffh
IDF (pH fH A8 1635 Bl A 3.21~8.11) & WY CEC Bl
% IDF KLA% (9 0k /N 10 3 0, Bl % NaOH & #2 i
B, VW pH H £ IR N (0~0.6 mL),
RIGPE T (0.6~1.6 mL), )5 EA#E T 3
(1.6~2.2 mL), LB T. 5 HA 4 4R
FHEE, IDF-M300 ) CEC & JF &0 R i W B, X T %
& H T KRG KR IDF 76 8 SOk i 3ok 72 b 52 31 586 R
T~ BIY) )3 ROBERE TR, S BUBURE 4 23 45 1) K
e, 155 T i) -COOH. -OH & 3t [ i ¥ &2 1
B, W0 NaOH J5, PHETWFEE /I m, BHHE
A i (/T 7 DA NI = el 1 D0 i e A W % 7 )
B AT 7R B, IDF K2R/ 5 CEC $2 Ml 2%
I, 3 22 PR ROk B A 3 8 1 v A A A AR A
R I BH S AR

93




MR B

Modern Food Science and Technology

2025, Vol.41, No.10

2.3 ¥ KAG K BEIDE R I g8 89 2
23.1 BKAGKARIDF &) Re B B2 I 45

300 g pHAH2 a
pHI7 b
20 c b a

CAC/ (mg/g)

—_
(=]
T

180H 240H 300H
415
3 REHI 287K FEK AR IDF i A8 BB 08 Bt 6k
Fig.3 CAC of sea rice bran IDF with different particle size

3 SR R AN TR KL 42 g 7K 8 oK B IDF 6 AN [
pH EZE (pH {E 7 F1 pH E 2) N A JH [ B I B e
H1. WEFR, 76 pHAE N 2 I, B#E)5 ) IDF (M60-.
M180, M240. M300) ¥ fIH [i] i W it 68 7 43 53l 2 5.37+
19.05. 2557 #127.13 mg/g, HHEL T X% B2 (4.28 mg/g)
Ay RN T 25.47%. 344.81%. 497.17%. 533.49% ;
76 pH {4 7 15, 4 Ff IDF ] CAC 43 % 4 1746, 17.58.,
18.63 111920 mg/g, AHELFXIHEL (17.02 mg/g) 43 7
T 2.56%. 3.29%. 9.43%. 12.80%. %iHR B, 1F
ANFE pH E &M, BEERAZR /DN, CAC 28 LTt
[, MOk IDF-M300 80 R i . Li 255 H
FRTON TR A BE TS R R B IDF 5535 14 fin 1L 3] i i fi
XA REDN A IDF Bt e /0 5 H A5 AT A B DIAH R,
SO PRI TARER 5, BN RO FE 3R T
FA) IDF 9 JH [ EESS G4t 73 2 A0, TR
SRR CACPY . /KR K Bk IDF 20 ) Ao o A 22
Ja, EHEW (pH1H 2> HILEAsE (pHAE 7) 1
CAC R .
232 HEKAG AARIDF 69 R BR AN TR W 48

4 BRI FIRLAR W KRG KB IDF XA [F) ik
FE B IEER BN e 70 . BT, B i 0 K AR K
B IDF Xf JIH R B4 i W B e 0 A B2 2 5% (P <<0.05),
Y IE R ANV FE TSI, KRR KR IDF 1 JIE R 4 M B
RE B2 3G . HHEREM I BT &4 300 mg I, 5 ik
4 4k 1) CLAC 43 7 N 25.37. 34.21. 40.24. 65.96
M 67.96 mg/g, KRG FEM AL T CK R E N 1
34.85%. 58.62%. 160.01%. 167.93%. 0 1% 4 () i
N 200 mg I, 5 FPRE € £F 4E 1) CLAC 43 1) 7.12,
25.19. 28.40. 31.21 A1 32.81 mg/g, ¥} B Jo £ i A0 Eb
T CK 2 & W 7 253.49%~360.52%. 7 7] — W J&
T, BEE R RN, CLAC 535 25 88 I ke 34,

94

IDF-M300 [ fIE 2 44 % Bt 68 3 fie . 5 2R SE VA 7 11
AR AR B 55 3 IDF A Niu 25 PR 70 [ 252 P 5k 2 7]
A AR BT P RE 38 e g /K R K A IDF 1) IF 1% 4
W RE ) 5 HIRE RIEMR, —E S G RRER I e
Ty, WA e RE [ A BRI ) e R AR
MITRAT B 25 R AR IR ROR, e PAAEL 1 B AE
(IR MR PES, FEURIGUE T HAh L e R AV 7E Th R o

80
60 -

40t

CLAC / (mg/g)

20

415
4 RERI{ZHEKFERAE IDF FAEES Sk R BT 8
Fig.4 CLAC of sea rice bran IDF with different particle size
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Table 1 Effects of sea rice bran IDF with different particle size on glucose diffusion and glucose dialysis retardation index
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M240 9.86 12.83 38.72 63.62 83.91 100.40
(77.76) ¢ (72.09)® (49.56)"° (33.79)° (16.28)° (11.10)°
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