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Structures and Physicochemical Properties of Dietary Fibers

REN Heng, LIN Shengwei, CHOU Yixuan, RAN Hongmei, JIN Yu, LIU Xuelong, CUI Yaoming,
WANG Peng, WANG Jinrong, QIAO Hanzhen®

(College of Bioengineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: Natural plant-derived dietary fiber (DF) is rich and has important physiological functions for human health. As
the main active component of DF, the content of SDF is related to the quality of DF. Due to the low content of SDF and
poor physical properties of natural plant DF, DF can not be fully utilized, which restricts the development and application of
DF-related functional products. Therefore, it is urgent to use processing technology to treat DF to increase the content of
SDF and improve the physicochemical and structural characteristics of DF. Ultrasonic technology, as an efficient and
environmentally friendly modern food processing method, can change the structure of the material, improve yield of DF in
raw material, and promote the dissolution of active ingredients by cavitation and mechanical effects. The ultrasonic
technology is an effective method to improve the processing and functional characteristics of products, which is widely used
in the preparation and modification of DF. This paper mainly reviews the improvement of SDF content in DF by ultrasonic
technology, and focuses on the effect of ultrasonic technology on the structural characteristics, hydration characteristics,

adsorption characteristics and viscosity of DF. Finally, the problems existing in the existing research are analyzed and
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summarized, and the future research trends are prospected to provide theoretical basis for the in-depth development and

application of DF.

Key words: dietary fiber; ultrasonic; structure; physicochemical properties; structure-function relationships

BB 41 4E (dietary fiber, DF) & 48 N EEWE A4/
JATEARIAL, PTG o B 4 R B i vl & AR
PERLST . BROKA G ) B I T ) SR, B %
AR i 778 AE T S/ S, 1 B, S ARG O g JRURG 1,
VAT i Thge HL7 1B RS 2555 Z2 D158, X 4ERFLAR
EHE AR EA EEAEH .. DF # G fMRER] 43
SRy K PR TRE B 2T 4 (soluble dietary fiber, SDF) 7K
ASVEMERE & 21 4 (insoluble dietary fiber, IDF) P K
25, Horp SDF FAUFEIREE . MIIE . 4P A 3R 455K
TEMI R IDF = EALFRAF4EER | ARR AR 2748
R4, DF t SDF & HEH 2P DF s siii g md
FELEGR, 50 DF H1f% SDF & il i 1A% 30%~
50%, PRITTEAT B InO B e TARME . A BRTE PR
IHRE, {HIRZEZERIR DF 1 SDF S50 (<10%),
TCEH R B i A SR, Rk, FF i T AR A PR
DF, {#i15 IDF J4F P TTEEW2Y, 3805 10 PR a5
gy, FEAE BE IDF 1] SDF %44k, #2775 SDF e, Bk
3% DF §hJ5.

HB P P FE AT —Fh = s T B 2 a i B &
S TSR B, VR TFIE AT &= A as e, Ik —
A5 M LAEEON AT A R ROV, FEE S Trhal 5] &

TR LS AR I ARARTY R R T DU B R S AN
[] 18 4500 2% 1 B, A il v AT 5i 3 1) A i IR PR
(>1 MHz, <1 W/cm?), FH A& 05 BT sl F_AE A
Fe B i AR R (VR | T8 | R . ST SR 4
BT, o — T 2 AR v 5 5 8 75 (20~100 kHz, 10~
1000 W/em ™), BITh=2l55 . B TN T Rl ™
ah AL . AL E R, O 2 N TR AR
AL AL T =™ IE4E, A i PR e R, 4%
O3, 2 LB H SIS 20 sk i sz 2 A T
A, TR — AR A BRI Ty =N TFIE
JEHREL ., SR N, A, A B R B S
PRI SR | AR S 2R RS, G, 4R dE
AR ], SR AN ISR . HAT, IR ARG
LT YEghf . AR R MRS IR ARIR AR IE . A Sk

FAFEPEXT DF PY$REL . 4544 DL R BRAR AR i s i
1785, WIS DF PYERE T & 0 PR AR
1 BEKAIE DF XXEGFEit o

i# it CNKI., Web of Science 5% 2 Xt FE N 4
T 10 4R AR EE DF AHCSCRRIE TS T, 45 54N
Kl 1 PR RTLAEH, 3T 10 4520k, BN T I
MBI SR — BELARFFIE IR, AHOCSCHREGE SR 2 R g i
A, A8 B P I N FH AR DF IDhgEF RS
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Fig.1 Statistics of Chinese and international literatures on
ultrasonic modification of DF from 2010 to 2020

2 BEKAIEX SDF 2 2RI/
AT AT LS S R P RS AT YA
TR bR, BEE AT RIS AT 4 e n i, KGR
P AR AR A L PR AL PR T2 B 2 2, T8 HOR
Ui, AT PERE LT 4E 5 5 TE 10% DA B BAA St
KRB . R P Tl A AR N R A
SRENASHRSN | R AR I g A A T AR ) 2
VA4 2H Sy (R )R DDA, (A ) LA AT B
ZofL, W 2 5T A R L BT BRI i, DA T R
SDF HY#EHOSCRE A w5 HAB L | feas A
Fig ik SE G, T SDF mo32H Gk 1), BOERIE T
T—TJ57% . Dong S5 SRR A A Bl G A )

# 1 DF HHRBU %

Table 1 Extraction method of DF
LRI REUOT BT SDF& . &% 0k
X . - EATIRS500 W, ACHEE 65 °C, AbBH25 min)5, BT pHZE4.9, . -

L LR TN Z050.2% (wiw), 50 CHERF2 h 13.40%  Dong®™

)3 B - T TIER500 W, L EE80 °C, AbFH40 min/5, #E75 T)#R200 W, IHE25 C, AbFE10 min 8.35% GanZgl'!
KR R P B AR I BRB L2 16.55(w/w), B LI 175 W, 75 30.76 min 36.99%  Zhang%F!'Y
5P ST R - v WOEHE37: 1(mL/g), BV EE0.88%, HEIUELEE41 °C, $2IURTAI20.30 min, MFATIAB00 W 23.11%  TKBEE5H

g B B ERS BHREET 50, HAD)%400 W, B8] 10 min, - 4EZE BT E3 uL-g ', BEFFEIE6S °C 13.49%  fFMa&Eld

LR SRR AR Bl FFTIER32T W, S TIER40 W, BHE 1138 g/mL, HEHXET ] 12 min 18.58%  PRESAEN

RN - D [ B e B 1123 g/mL, RS E] 25 min, #75 D1R280 W, 2748 2 i1 0.64% 12,559  SCHksns
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R 500 W, AR RE 65 °C, ALFE 25 min J&, JAY pH
Z 4.9, BINL4EER 0.2%(w/w), 50 °C I 5F 2 h)iE
HernnmE e SDF & &rfe =il 13.04%, A5 LhER %l B
#2(0.1 mol/L HCL, [#&H 1:15 g/mL, 60 °C ¥ 20 min
JEVET pH & 4.9, IRINLT4E 2T 0.2%(w/w), 50 °C
PR 2 h)AY 11.38%, BF(LTHEEN 0.2% (w/w), 50 °C,
pH4.9, %5 2 h) B9 9.54% F1 1R 32 Bt 2= (0.1 mol/L
HCL, [ 1:15 g/mL, 60 °C, )W 20 min)f4 9.16%,
SDF & i F 1 TH(P<0.05), 3X 5B 2s (b Ve
IR T DF 2544, #K T DF S5 EEEMAY bR m s
YIS, Gan S8 AT H LA SIS IR, HE S -
Pl B (B R 500 W, I5)E 80 °C, 4bFH 40 min
J&, HFEIIER 200 W, 15 25 °C, 4B 10 min) ZbBHE
Ml SDF &5 8.35%, W35 m Tk (I sh
500 W, #1280 °C, 4MFH 40 min, SDF 752N 7.94%)
AL FRFN AR AL FEZH (SDF & 124 3.62%) (P<0.05), Jit
IR AT RE S A 7 A B AE IS 40 it PN J7, {4 i R
24, BRI Z TE R ST o
3 HBAEKAIEXT DF Ziaa9520h

DF JURF 0 S5 ¥ R 5 A 2 2 RE i Ak X o)
BEREM: B AR, S PR AN E Sy —Fh A 3
Bz, 7T LIH USRS AR ARA BT o 7™~ A AT 58 &
5 BY ) ) AR FR i i, FTW DF K574, 2 DF
Bl S ORI T R AR, ITTERAE DF 2
(&5 48 2 43— TRIVE g, 3Emiszna DF K-G0 T’
RN P S ER A AR
3.1 RifR

DF WRiAR32 i T RTE AT R 0 5200, [R AR
X} DF BALRRPE A I, 44 00 a5 &
L, HEZ DF £ 240 W 7 40 30 min f&, kif A
1281.34 nm /N 300~800 nm, 2% i 25 #4) H FL A4
ZFUAHIE, S 23 1k BT USSRV E A (45K
kit e 22 DF B3R, ki f2 vl /b, BE & Th R in =
360 W, I & £F 4E g A e IR B, ki AR i — 20 A {1k
(13.55~955.41 nm) ., BHAZSEPY BFST A BR, SEAEMILE
100 W BEFSIANEE 1 h 5, SDF $i42(40.14+1.55 um)
B T A PRET(39.50+3.22 um), A EJE SDF &4 T #K
A3 A BRAE A RIAR G . Fan 2522 gF9% T NGBS TR
BE(0. 1. 2. 3. 4 Fl1 5 W/mL) X} 5278 DF kife s
M, B M AE A SRR 0 #EinE] 1 W/mL B, &
DF B2 WAk ai /)N BT 5 BE S E] 4 W/mL, DF 19
RiAZN T 79.76 pm ZEFEZ 53.96 pm(P<0.05), FHH
B 7S 5 2 (1 W/mL) % 5 DF Rifs J L JCH I,
T AR S 9 (4 W/mL) HLA 558 F 2 Ao AR LA
R 75 BEZE SR SR BEAR S NS 5 W/mL, i HERE
ARSI, (H DF RiARFF AR RSy /N, 7T RESE ML
AR GBS DF 2 Ns& T DF FORLa] i AH B A4EH
77, BHAS DF kite2s/N, 1ok, DF Bbr oo re Hotd:
BeFIN I EZEE R, AFRFRY, E 2
DF FiA2098/15(66.7 mm~544.3 nm), F:BH B P &

T (P<0.05), Zeta EEFHEE R RE(P<0.05), i
BT, AREEEFEEOMFNEE B2 FTH(P<0.05), 15
B P O p e . PRK R L ARG Y B b N
FHEN PR, 38 R I A R YT R B AT 4R AR,
PETTCGE RS LT 4R 5y THREVE, PTG S LT 4R N
JFHE L
32 4oFE

DF 43 F A E 15T DF DhResr P S 2t
R, W5 B, /Ny T2 B AT A BT )
HE (BT . Préafe k)27, M e 41
(M) B}, 53Tl N, A BEAIS, 7 Rl 6
HEALPY, B FRER S5 SFE (M) Z
(My/Mn) AR5 T BT ER B, nIVE AR S oy
Sy AR IS FE IR, SR BN, BRSO TSy
kI 5], Shen 4502 SR FHAE A - 1% (D)% 450 W,
A3 18] 30 min) Pp[R] A FRER &5 Ky ([E W EE 1:40 g¢/mL),
AbFEJS SDF M43 FHFFEINT 33.21%, FBHANE
MG s SDF i 4 kA AR Ak, 3X n] gEJE R A
I Ak B 0 i B 1 S T AV IS, SDF I3 i TE VIS o
iE, BN DF 5T NE SRR ZKe 61
SR AR PR SE A AN, B P I 0 23 ARSSON T i
(6] v FE, 23S AW bl e DF 204, (457K 503
ZyiE N DF P8, 8 S5 19K -S4 1HEP Ak,
HFEM RS FREIR T DF MR A 2 W N S 5%
IS E A, TR L, RE AN, WS
A-FRSE DF f5e7K 07 . B ) Fndsh ) i s g4t 1T
HLSARYE
3.3 LbFRmER

B E, PR R R S R AR U L, R A
e s NMIPEIRIARE, S e EE R BRI 56t
HEHIRN, IHVESAE 15 wt% HyPO, IEHHIIE 45 min
J&, 20 kHz #A A 5 min, A& B A5 PR 35800 2 1
TiEME R Y RAFLIR R T, ARSI TR,
FL(20~500 A)FLEZF (FLMASER AN FLARI AR 4341 ) £ 75
60%~100%; #8 75 25 AN AR HE T Vs PR FLES #
(LR AR FFLARBD T, 1N T G R R0,
WA, AL LS asAkRnt & A, et fR e, i
A3 ff K AR ™ AR R E R S L b AU SR At A
A, 22t T HyPO, XSG PER A eFge s | AR ESA
PR AR K AR, R PR T iE R FLAS A (Fe
TS UARD KT . SR, i Bt S 3
W PEBRFLBRREAIL, v EeR T | s S
TEWE PR e R P, BEAT T PR 5 HPO, M HEfi .
WHAR AECN T R BA, ZEAERIZE 100 W 47 e b 2t
1 h Ji5, SDF RGN, MRS, F345 H B4, 5
L — 52 B KGR, T2 A P AL FR Y SDF i
HH b SP3%, H R LI 25 A4), LTI K, Xt ek
J1. @5 G 7K I AERR I B ingR At T ek Sl gk
HOAEDS WIFSY R I, KR . TR RS IR T 1155 DF %
ERFME L 1:10(g/mL), A8 75 P A 42 25 kHz, TJ 3
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100 W S 25 IR AL TR 1 h, 455 a8 r i b 3
LTS5 DF AOsEss a5/ s inss 42, A4y
Y145 DF NS EBRAN 2 FLE5A, X thatt—3n 75
154 DF BUHCRTFY, Huang 25153 YRS TR 535 W,
YEFFE] 41 min, WIERIEE 45 °C AT X K5
FEFF IDF A TR, LB AR LA FRAY TDF R EO6
W3, 28 5 A FR S IDF ELAT B 5 04 06 55 4k kg e
AiE, H 2 S0 2 1 2SO LI, ARG o, v
AEJE T HRE S b BR A LT 43R | ARt 38 S H P
HEPE AR TE . Minjares-Fuentes 550 1) F#E 75 (5
BE 0.05 W/mL) 5l Bl Ah B 41 B 245 7 P e 47 4 31,
K FRAA B 5y S AL B (20 °C, 60 min) 7 4 72
LR AEZL R MDA TCHH 25 55 1A 7= I 5 Bl Ah BRARE
A 60 min J5, H 4G LT 4E 2 IR T P TR, 1L
FETFG A, R P AL FR AT A SR AR A AN i R oh
(6] JZ2ETF4ER) T K A VR, st At it it Ik g £k
TR, A Y 2H 2R A R R, (e E b R T B IAL R
TR S5 B, 325 T SR 43 B DF A% D) BE VS M
SyP7 R R nT AT 2 in 5 AR5
T2 i T B, 5 5RO 22 10 SO AT L, BT IR SRR
B AL HOE G I IR R S 4T Yk oS Rl 45 A H v DF 19
He e AR, fii Ho A BB S RIS LI Y A S5 44, X 4
THIG LT 4 DR AL Er B a5 A4 Slhih o
34 FLIAEH

WL LIR £5 440 i G O 15 40T (R AS [R] 55
B A e R A B AR, i S A B R A A
BER ST BRI, R AN E R S35 A8 T i e
TG A BB 1) 25 [ S5 R 5 AR S B AALERA ), 1zadi-
far*? 2 84 W 19 24 kHz X/ N22 TPk (wheat
dried distiller’s grain, DDG) #7575 4b B 30 s, £ LR
TAFIFLAF S B 2 18.847 m?/g F1 0.016 cm/g,
AL FHET S BIHE T 35.5% Fl 33.3%(P<0.05), K
HEFE A PR EE G AR 3 DDG FLI 4 & AL ) 41 o ez
455 M8 P Ah BRI S AR S A0 i B FL AR SR 2 S HR AL
(27.34~34.31 A), BEE RS )R (4P 20 min )
Jin, DDG B RBFLAFREZ 3, FeBE RS XS Y )
2ROV F BRI Ry LS FE N LSRRI R, Hos o
FOABAGAFE] (100% T2, 30 ) U REFBER IR AT
HBFF A (20% THER, 20 min) B8/, HeAh, B AL Bl
JEFULAER . ELER AR G, P S 2 A5 i SR E
FEEANRCER (14% LA B, UEBEEFS LB B T R 4K
G IHEEL . Fan 5802 R HHE 75 40 BE s, #46
A DF SR HUR, RUHEHT, RS0, JCIH BAE A
2GEEFE R A 2 W/mL B, S DF SEASKLIN A4 BRetk
2R, HE 5 Bl S 4k et in, DF Wl r=A: 01 i
FC) e T AR Ay , I P B 2] 2 S K M AR SR
4 W/mL B, HERELH ZARFR 808, YImas H Wi 2d; 124
B R EEIRE] 5 W/mL, THEELHLUASIE, DF A,
I, DF LI 4544 04 sl 28 57 48 75 D1 320 DF R UE 19 5
mia, PRy P A FRAN S BOtR S5 44, e Bl s A

HEAT (i DF S5A R r— B R 43 fe, Dt ok
THEHBASF T FLIR S5 A4 BT B o
35 EBEreH

DF & & R EANRIFLISMEE LA, 7T X0 ot
F A Cr R R R ) re A B E S
Huang 45" 76 M 75 D123 535 W, /BT [E] 41 min,
VIR IR 45 °C %A R Xt KOs FF IDF #8474k
B, LT AN S HT R B AL IDF 4 2320 cm'™
Ab BT — AN e, B = b A R, A
R S S A R 00 o MG A B W87 AR AR
AT LA H, B 5 T AR T N i fed i, 30

Rite ., BoAh, BRI AR IRLT YR )G, T4 E 1
(1430 cm ' 4b) BYFRIENE £ IR BT M #4230, 214
145 AR H B, FE A IR A B AR T £ 4R ER
PR35 A B T AR 4544, AL BRAS Ta) S, iRl e
ol A A P AR A, RS A PR UL 25 B 9 -OH.,
C-H. C-O. C=C Fll C=0 #WINIETREE . SR, #8
PRI AR E] L K DF SR AN [, 88 5 4b B %
DF MFE R AR AHF . &7 40 (100 W,
20 min) B U KGFFFEFT SDF £L4MGig A 2, 2201
TEAL BT R H, SDF 1'F BE ] Flfb 24 45 1 A A8
A, [E]EsE, A AL B SR T IR ] S 3 SDF
FRIZEBEFIRIAR IR, 13X VT REJZ: H A 3R a s 5 i
B, BB, DF £— 2 5 BE AU B S AN B F 414
SCIEARFIE NI 1 5R BEA 3 W] i A8 b, DF £54H 50 &
FoAE, JRHi%R 4y IDF [ SDF #4k.
3.6 iR

X 5F 4R £i7 8 ( X-ray diffraction, XRD) & I i
DF &4 et 307 . iR er 4= A B R Y
XRD g, HLA FEAR A FLRFN5E 3L 00 S AR X AR
FREFYEE | CRAFMEER AR BT R H B, R AR
P Z2 WU G BRSO XS ER AT I S A T A L
PEH DF f94s i BEFe 2. i ™ SRS Hi B
EDTA BR#E7: GBI 850 W, #EF5 A [E] 79 min,
EDTA &1 0.25%, pH1.0, E# L 1:25 g/mL), $%i%
iE EDTA B2k (BiE = 550 W, TdizAsE] 125 s,
EDTA ¥ 0.25%, pH1.0, &L 1:25 g/mL), EDTA
M BR$E 7k (EDTA & & 0.25%, pH1.0, MWK kL 1:
30 g/mL, 3EEEEE 90 °C, LAY [A] 90 min) 2 HUih
Bz HL5E, XRD 455 o, EDTA % B e Rnisoz dil
B EDTA M2 5 $E BUry SRR 43 AITE 21°. 22°F0 23°
AT SR AT, AE 16° M T AT S54IT 5 g, 2 HH X Wi
IR R A o as IS . A B EDTA
PRHEVE PRI SR I B AT S0, nT RS A
Wz IR LAR AN 25 A A E FHEIR T SR B0 S g4 . HR
ASFRIW AT RS HH T AR A B IBGE R Fh AR PR s, it
S, HBFE B EDTA PR HE 5 B S e 145 1 BE e
(6 h), ULHH DF MM S 45 ME A ¢, 45 MRk
=, AR 2, AR 2T
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4 HBEEAIEX DF BRI

DF 11 B AR 5 FLE5 R e P 4 DI AR OC, WIF5E
DF BAR 4R -5 45 4 2 18] 59 5 28 W) oy gt — 2 fig Al
DF R0 P2 S RERE . FHT DF BB esrrE
WFFE FEAE PTG VR Bl A IR PRI
R RPESS
4.1 KEHHHE

DF S5 A7 7 R Rk | A5 K AT, il
DF H. &5 5050 0 7K G 49 PR (RE K T L W B 7 F i ik
JPETEE . DF KSR S A B s miE N s
71, P UAHEE L, ik S iz N HE, )
TR £s e 00 A DAL B DF s i, ==
FBIONL 7 A B BE  TE 2 AN ih il DF, {45 DF L
BV, U ARG O, HSSFGirL, JCi SRk BEH]
TR, KGR RR ALY . A R0 WFSE A B, JHE

F DF £ 240 W #7543 30 min Ji7, #H LX) BE 20,

W G A ERK Ty . A1 AR 1 5= 8%,
52.58% F 6.8%(P<0.05); B E DRI N 360 W,
Rk 7 ¢ WA AR 7t e 2 B0, AH X BEZH 5
HIHE T 20.16%. 155.57% Fll 21.98%(P<0.05) . 1
AR ffF5E A B, SEAEHIZS 100 W BB IEALEE 1 h
J&., 5ARACEE SDF AHEL, Btk SDF Bk . 454
K IR 143 B0 T 3.09% . 17.56%. 23.73%
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Table 2  Effects of ultrasonic treatment on structure, physicochemical properties and adsorption properties of DF
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