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Abstract: To explore the effects of different pretreatment methods on the structure and physicochemical properties of
soluble dietary fiber (SDF) from millet bran and to achieve its high-value utilization. This study used millet bran as the raw

material and SDF yield as the indicator. Single-factor and orthogonal experiments were employed to determine the optimal
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pretreatment conditions for the different pretreatment methods (ultrasound, superfine grinding, and ultrasound-superfine
grinding combination). The effects of different treatment methods on the structure and physicochemical characteristics of
millet bran SDF were analyzed by measuring indicators such as monosaccharide composition, molecular weight
distribution, infrared spectra, internal particle structure, micro-morphology, thermogravimetric, water holding capacity, oil
holding capacity, swelling capacity, and solubility. The results showed that under the conditions of grinding particle size of
800 mesh, solid-liquid ratio of 1:40 (g/mL), ultrasonic power of 330 W, and ultrasonic time of 50 min, the highest SDF
yield of millet bran reached 20.44%+0.17%, representing a 2.68-fold increase in yield. Compared with conventional
grinding, ultrasound, and superfine grinding, their combination altered the relative content of monosaccharide components
in millet bran SDF. The combination of both methods increased the proportion of high molecular weight components to
45.42%, forming a loose and porous structure on the crystal surface, and had the most obvious effect on reducing its
orderliness and thermal stability. Meanwhile, analysis of physicochemical characteristics indicated that the ultrasound-
superfine grinding combination significantly improved the water-holding capacity, oil-holding capacity, swelling capacity,
and solubility of millet bran SDF (P<0.05). Therefore, the combined treatment of ultrasound and superfine grinding
enhances the physicochemical characteristics by improving its structure, thereby improving the processing performance and
increasing the potential utilization value of millet bran SDF.
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N ER B R/ NI T AR T R, &R
FUTT. BB . T . 4EAE 3R . SR 4ER AR A 4E RS
EHIEY) B, HE B 4T 4 (Dietary fiber, DF) & & 1A
50%~60%", Ml DF BUFfRRE R o3 al i PEIRE
4T 4 (Soluble dietary fiber, SDF) Fll A~ 75 4 I £ £F
4k (Insoluble dietary fiber, IDF)™, fiff 5% %, SDF
ELE VA 58 % sh =1 1, SRk ol e 75 5 % 8 T
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M, AR R HZE H A RS HERAE, GO

A ARSEL AR ST AR AT TR, AT Ry N ER B
AR AR AL I ST A BRI S S 1, IR RE M IhRETE &
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WA AR SHZ-D(MDPEF /KK EASHE T
X TFARAESA RN F]; KDN-18 4 [ shil G2 21X

LA ES A RS F]; Pro-4055 ELZS R UR T HE:

Bl FE TGRS A IR H]; SB 25-12 DTD #
FEUETEVENL TR A R I A B AS HD
Agilent 1100 ER0RAEEAIEL & ELZHEERREHCE
BRZS 7] 5 ICS 3000 & F (A 354 36 E #2248 Al
Nicoletis 50 {7 AL IINGIEAY S EIFEER G HE
IRBIHE AN T XRD—6100X SFERFTHMY.  HAS
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257l SU 8600 iz S EE  BlAT ultimax 40
AR AT, H A4S H 3720 F]; STA 2500 A-0048
[ 25 #43 #r % . NETZSCH 3500 25 71 49 i = $ A
7t [ i Bl 2\ ) ; Waters 2695 125 250 A 2 154X (Tt

2410 RZZPEARGIZEFI Empower T AEYE)  SEEIR
REHEA ]
1.2 KWHE
1.2.1 /INKZEkfz SDF Byl ¢ BiARALHE. B —E i
HEAY/INKEREZ, INACKHR L 1:5(g/mL) B9 Tk, 76
25 °C £ F iR UL 60 min, i i ELAS fil g A ug i,
FANEERE 3 U, FFH 90% Z WSy ik B A T ik
Ja T

/INKER K, SDF $EHUT s S5k 55 ik,
FEBEAEE A, H— 2 AR /INKER FZ (4 5.00 g 1),
PEATAS W) D 25 1A s Ak B (R . B 7 % L B
A L R - ), IN A —5E ERBI I 25 K,
{§if] 1 mol/L HC1 1 1 mol/L NaOH A WKHA R pH
PETT 2 5.5, A 0.50 g M /&l a-TEME, ££ 95 °C 7K
WA RN, 40 min, DABRAG N 244K R AR W, 26
AHGERS K it 584 AR ZR pH JEZE 7.0, A 0.50 g 7
PEAR A, T 45 °C JKIE W 60 min; ¥4 FR pH I
TZE 4.5, LA 0.50 mL JEH 25, 7E 63 °C 7K
W Y 50 min. BN E5 S, WK 15 min
K, HIE G, g, 2.0 (4000 r/min, 20 min),
B b v MR e I 2R R W AR R ARTR Y 1/4, TN A 4
EARFY 95% L BEH T 4 °C ULTE 12 h, 2.0
(4000 r/min, 20 min), WAEDTIE I AT 24 h, il
19/ NAKER . SDF .
1.2.1.1 /K%K 2 SDF 43115 S E R GB
5009.88-2023 M [R5/ NAK#ER Y SDF i, $44%
(DI INKER ) SDF 19%,

R(%) = 2 % 100 #® (D
m,

P R /K B2 SDF BU153, %; m, T4
JE W/ INKER Rz SDF JBtte, g5 my AR/ INACER B2 AE
PIEE, g0
1.2.2 PAPIZRIL
1.2.2.1 RifEXT/INKELE? SDF R AUsEm REg
/NKRERFZTE 4 °C 0, #5373 50, 100, 200,
400 F11 800 H i, 435 HUAH [R5 #1140 /N &R B2, Jin A
BRE EESA 1:30(g/mL) 2R ESFoK, BT A RETE
A HR, VAT TR 420 W, 1EVERTE] 24 30 min, R JH
1.2.1 PRI, #RITRIAEXT/INKER B2 SDF 15511
FZI
1.2.2.2 KRR EEXT/INKZR 2 SDF 53R B052m FREL
5 45T EE 800 H MG/ INKEREL, 43 I AR LY
S 1:10, 1:20. 1:30, 1:40. 1:50(g/mL) 19 851K,
B PETROOT, PR TIER 420 W, TETERT ]
A1 30 min, SR 1.2.1 AYFEEUT 35, #RITRHE LEXT /)N

KEKFZ SDF 1514952,

1.2.2.3 HSIEREIINKE . SDF 19 5R09520M  FR
B 6 455 800 H MYMNE/INKER K, INAKHR LR
1:40(g/mL) 2B TIK, B TE7 s vesoh, vy
IER 4358 0. 240, 330, 420, 510 Fil 600 W, 7%
A1 30 °C, VETE 30 min, SRAH 1.2.1 HREUOT 75, #R85%
TN/ INKEREZ SDF 19514 5200 .

1.2.2.4 HEFEEFMEIX/INKRERE SDF 153809520 FR
X 6 #3454 800 H AR /INAKER K2, N ACKBHAZ LE
1:40(g/mL) 12 FIK, B TS PET S, P
RE 30 C, RNy 420 W, IFBERTTE] A 0. 20,
30. 40, 50 A1 60 min, R 1.2.1 BYERHUIT %, #R5E
FEFE B TE X/ NKER 2 SDF 153 A 52 00

1.2.3 /IAKEREe SDF 2Bk iEscise: =%
[EFHESE (7, SRS B, Sk oA R S g a5
PA/INK#EK B SDF £33 R F8 bR, HeBORCRHE . 87T
SEREEFE R 3 A ER VAT IERS IR T, B B
PRRTALERZ . IEASIRIG N AR TSEER 1,

# 1 IESGRE P FKFBT

Table 1 Factor level design of orthogonal test
A B C D
k 2 M2 N
HRRT it (gml) ATV A min) 2504
1 1:20 330 40 1
2 1:30 420 50 2
3 1:40 510 60 3

1.2.4 AREIRTAEREASFXT/INKRER Y SDF 152115 1
FETIEAS IR EE IR, %o/ INKEk fz HE4 T A R (50

H, i) . S (50 3, o0, TRk 330 W,
HFERTE] A 50 min) | BB (800 H, i) . S
WA B R (800 H, 1L, AT TRy 330 W,
FEFEFTE] A 50 min) ZBBE, SR A 1.2.1 AEEEOT 2, i
F/INKER B SDF . 5 3138 s IR A FR A4 T 19708
K#EK )z SDF(U-MSDF) | 3t T fos i b PR A T
M)/NAek B2 SDF(S-MSDF) | it T8 5 Pl B4 ik
BB AAY N /K &R 2 SDF(SU-MSDF), LA &%
HE PR FRAEAY /K &R . SDF(MSDF), /5%
PUFPAEFR T 2% /INKEREE SDF 15519 520 .
1.2.5 PABEL ST S5 Do im A Tk, s
VEfEM, BRIk an

o vFE A T S R PR G B H R . AR . Bl
W BATRLEPE . S BRI &, K R 22 A5 P
A BT R EE R 50 pg/mL .

AR IC: FERF DAL S & T 1 mL H 8048
A, T TR RN 20 pL 1-2K3E-3-F 3E-5-
NH IR 28 9% (0.5 mol/L FBEZ ) Al 20 pL & 4& Mk
BN (0.3 mol/L)IRA)J5 & T 70 °C 7K¥ 30 min,
SVRICE 10 min; FEAINA 25 pL ERER## (0.3 mol/L)
A, IR 0.5 mL RS ERAEHL, WRFE 2 min,
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B0 (6000 r/min, 10 min), FFEGHZ, EEEE=
W, PR AT SRR AR g 54T .

o 3% 5514 (g4 S Hypersil BOS-C 4(5 pum,
250%x4 mm, Hewlett-Packard) ; #£ & & 30 °C; 7
24 1.0 mL/min; #BIAH M F] A: 15%(V/V) S5+
50 mmol/L BEHR 2% i (pH6.9), ¥ 7] B: 40%(V/V)
ZJiE+50 mmol/L W18 5% bk (pH6.9) 5 B[R] 4 B2
0 min—9 min—25 min, X} WV 7% 5] B ¥k AL RN
0%—10%—55%; Kl P 48 250 nm; SEFEAARFRS
20 uL.

T S A 7K fi: R 2 FREURE i 1.5 g 2 5 mL 2830
B, i A 2.0 mL 2 mol/L = 9 & TR ¥ W, £ 45,
110 °C Fgfi# 2 h, TIRFEHET =5 MR, S 2.0 mL 7K
=R
1.2.6 AHXISFFBIESTAT43HT  FREL 60.00 mg /MK
£k SDF F 10 mL 25, FH AL sh AR5 a2 25 o

TR RSO 2 3% 2 AR ARG i A s 25 PTG
%5 4 3% 4+ & Waters Ultrahydrogel TM Linear
(7.8 mmx300 mm); ¥t IAH NaNO; ##% (0.1 mol/
L); W~ 0.5 mL/min; A& K 40 °C; HEFEE N
20 pL,

1.2.7 {8 H 021 4 5% 3% (Fourier transform infrared
spectrometer, FT-IR) 4381 =% XING & Jyik,
43 B FREL 2.00 mg /oK kX SDF A 5 5 200 mg
KBr F4HR5], ¥~ )5, KA, 4 4000~500 cm™'
PR R N A T4

1.2.8 X-GF£e A7 5 (X-ray diffraction, XRD) [&l{i% 53
BT =% SANG %59 ik, BUE 519 SDF 7Efa e
) X R T RE, ISR f 2l 40 kv, £iT
FHAERE 10°~80°, I3 A 10°/min,

1.2.9 F ¥ F .14 Bt (Scanning electron micros-
cope, SEM) /T &% ZHOU %517 J5¢:, SDF Wi4:
J& ., FENNGE B R A 10 kV ., SR EA 500, 1000,
20000 UL/ N ER B SDF TESRIEMA -

1.2.10 #E ( Thermogravimetric, TG) 7 fr =%
DU ZEUSI g5k, BURE i 5.00~8.00 mg 2% A S AL4R
i, ZEE SR ERTE, LA 10 °C/min 9 THEHE
3R, FE 35~600 °C JuFE PIHE 740407 o

1.2.11 kil 2% ZHANG 09 Jrik, 4351
FREX 0.20 g /INKZER ) SDF #4520 mL 28187k 78
SYIRA, EIR T #E 2 h, 2.0 10 min(5000 r/min),
Fok P, WARDTTEMIFRE . FrK I an A=
(2) Fr7s:

Fok Jigle) = T X @)
K. m REESE T, g m MAEERIROK IS IR
H, g,
1.2.12 Fpy e =% LIU 4609 ik, 43 BIFR
5 0.10 g /K Bk SDF FEdh 5 5.00 g Tk FE 5

RA), IR N EE 2 h, .0 30 min(8000 r/min), 3
5 I, WERDTIEWIFRE . Rl i ana=0(3)
FI7R:

m, —

R /1 (g/g) = Tm

K m RBEES T HE, g m, N SR IHE R
H, g,
1.2.13 gk 1ilE =3 YANG %P ik, 4351
FREL 0.10 g /INKEREZ SDF #E50 S 5 mL Z84887K 585
TRE], IO, 25 °C #1824 h, i RIS AR FR
K S35 2(4) B

fEfK 71(mL/g) = % X (4)

Ko m AR SR, g VI T AR, mL;
vV, AR AER, mL.
1.2.14 #fRIIME 275 XIONG 5% 5k, FREX
0.10 g /INKZEK Y SDF #4145 5 mL 281K F850R S,
FF 90 °C K 1 h, %), #0010 min(8000 r/min) o
WA AZE R ML, 105 °C T F1EE ., BT
AN AZ(S) Fs:

%%ﬁw@=m;“

o m SRS BT AL, g5 my 28K LT, g;
m, NZER M-SR ERIEEZ A, g.

1.3 #IEAIE

FITA SEEG AT 3 IR, SEIEE SR -
{HhRUE 2278 ; 16 SPSS26.0 Rt BA R 2 07
2853 Mr, P<0.05 2% 5% 3% ; R H] DesignExpert13.0
A4 Originl 0.1 FRA4-HF 78R A A FZs
2 HBRESHh
2.1 BEREERLEERSH

FHIE 1a BT, /NKER . SDF 152 5 35 03 i
RIS, B HIG R BT B R T
ARSI U TR/ INK &R B 254, i o5 R
DT AL RIS TR 52 230 [ s A R bR i 1 /N R Fz 14 E
A, {2 fd IDF %% 728 2 SDF, 4 My i i 43 ik 2]
800 H B, /N &K Bz SDF 18R h 15.30%, % &
L AR, H 800 H CLik#EB R PRUE, RIS LLIE
ARG, B 800 H B /INKER S AE T 5k .

FHIEl 1b R, /K #EK 2 SDF 745 55 it 5 BHK b
T, B ER NAEEA RR b SE R )
SENAAR 22 N AL T HES) 1 HE M s A5 B IR
PEAE— B FRERE BN RAL BHES) g, A5t 557
FeAT R, SDF 1353 I 4 55 (P<0.05) ; {HRf &}
W LR LN, A4 Z= v 0k 5 i wl U — 2L R,
Sy FAHEAE J108k 55, S 2R BRI, 79 R 5 il
Ko R EE A 1:40(g/mL) B, NSk, SDF 153
e, N 16.67%. 5 EE| )G S50 T 2 K b L BEDT
VE, WM BRI, AR i sy, DRk, 7R)a 22 E A8k,
R LK SEE$E 1:20, 1:30 F11:40(g/mL) .

&)

x 100 2 (5
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0 200 400 600 800
itz (H)

NS}
L

1:10  1:20  1:30 1:40 1:50
B EE (g/mL)

0 100 200 300 400 500 600
A )% (W)
(d) 18.0
17.5 1
17.0
16.5 -
16.0
15.5
15.0
14.5
14.0

KBk SDFE% (%)

6 ll() 2I0 3I0 4I0 5I() 6I0
BT[] (min)
K1 kA (a) R (b) | B Zh 8 (c) FIE IR (d) X /)N
K#k 2 SDF £33 A5
Fig.1 Effects of particle size (a), solid-to-liquid ratio (b),
ultrasonic power (c) and ultrasonication time (d)
on the yield of SDF from millet bran

i ARVNG FRFRRE BE 25 (P<0.05), & 2. K 8 [F.

I 1c AT A1, B S DhER T, /KRR T
SDF 155 S B Se 8 Wit KJa T R a3, X ] e 2
iR DR AR, MRS I e A s A S I L RE
HEHGTR, BRI ZH L, (/K ER 2 SDF %, 24
75 D Z R 1 G FAE RS T, HUBRSON 58, IR
T/INKEREZ SDF 4584, S2U55 T RE™, 24851
oAy 420 W BT, /KSR 2 SDF 19384515, 7 16.38%.

i, 7 5 22 1E 28 5, S T 3ROk %R 330,
420 1 510 W,

F B 1d BT AN, B 2E R AT S TR] ZE 1, /N R ER
SDF 1538 5 $iSes RS T By, X AT RESZ A N,
FFUf [ B 75 I X 4l I B (%) 85 UAE AN AR ) 3 e
BT, /K ER . SDF PRasiis b, MAVEH J1idsmit, 48
FEIR A I E RPN T 23U KB B2 SDF 2514 9%
WY, S 3i522 i 22 (P<0.05) 4R, MHEFE i [a]
50 min B, /NAK#EK 2 SDF 18R 5K, N 17.25%.
e, AEJE SeE RS H, A R A K SP5E R 40, 50,
60 min,
22 EXRIGLER

ARYREA R R I I g R, e HIERE 3R Ly(3Y) it
e, BARE 2R MoK ILER 1, 139677 %8 45
Wk 2,

# 2 Ly(3Y)IEACII Jr & M4
Table 2 Ly(3*) orthogonal test scheme and results

e A B c D(%H)  SDFfE%(%)
1 1 1 1 1 13.67
2 1 2 2 2 14.11
3 1 3 3 3 13.59
4 2 1 2 3 16.89
5 2 2 3 1 16.43
6 2 3 1 2 16.29
7 3 1 3 2 20.03
8 3 2 1 3 19.82
9 3 3 2 1 20.38

K, 4138 5060  49.80 50.49
K, 4962 5037 5138 50.44
K, 6024 5027  50.05 50.31
k, 1379 1687  16.60 16.83
k, 1654 1679  17.13 16.81
ky 2008 1676  16.68 16.77
R 6.29 0.11 0.53 0.06

MRYEAR 2253 M4l I nT 45, FEmi/NK#Ek . SDF 15
SRR YRN)T R ACKHE EL)>CGRE AR [E))>B (8 7
%) . i K AAEARE/INKER B SDF 1 aikb 32
G AB,C,, I A A RAEIESE T H,
PATIUESL S, JOIFSS SR R, il T 23805
T, /INKEkE SDF 15385, i5 8 20.54%, W& =T
HoAth gl 5], YEPABHE AT SE . Rk, /KSR, SDF
FERTAL 254 R: BHE LR 1:40(g/mL), #8775 D%
M 330 W, #A A2 50 min,

2.3 AEIEAIEG X NKEXE SDF 18&R 895200

Wi 2 fras, /K ER 2 SDF 15 3% 43 51 2 SU-
MSDF(20.44%+0.17%) . S-MSDF (14.43%+0.21%) .
U-MSDF(11.58%+0.25%) . MSDF(7.63%=0.17%),
OB R IR P 7 B — AR B /N R . SDF 45253
fe 2 (P<0.05) ¥, iX AT GEJZ i T8 75 U AN AB ik
A B 5 I P ALK 7 A BY U] J 165 /N R B2 v IDF %%
Tk /NkER 2 SDFPY, JEHUE SU-MSDF, 159338 51k
20.44%+0.17%, .3 (P<0.05) T MSDF. S-MSDF
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22 1 a
20
18 |
o 16 b

—~

%

MSDF U-MSDF S-MSDF SU-MSDF
ZH 5

K2 KRR ER T 200/ NKER B SDF #3521
Fig.2 Effects of different pretreatment methods on the SDF
yield of millet bran
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Table 3 Monosaccharide composition and content of SDF
in millet bran under different pretreatment methods
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Fig.3 Gel chromatograms of millet bran SDF with different
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Fig.4 FT-IR spectra of millet bran SDF under different
pretreatment methods
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Fig.5 X-ray diffraction patterns of wheat bran SDF
under different pretreatment methods
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Fig.6 Scanning electron microscope images of millet bran SDF
under different pretreatment methods
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Fig.7 Thermogravimetric analysis of millet bran SDF
under different pretreatment methods
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Fig.8 Effects of different pretreatment methods on the water-
holding capacity (a), oil-holding capacity (b), swelling
capacity (c) and solubility (d) of millet bran SDF
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