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Physiological Function of Fermented Modified Dietary Fiber and
Its Application in Food

YANG Chenxi, ZHANG Peipei, XU Yang, PAN Siyi’

(College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Soluble dietary fiber has small molecular weight, disordered structure and good physicochemical properties.
However, natural dietary fiber possesses low bioavailability due to the low content of soluble dietary fiber, so it is essential
to modify it. Traditional modification methods such as physical and chemical methods have the disadvantages of high cost,
high energy consumption and environmental pollution. Enzymes produced by microorganisms are able to break the glyc-
osidic bond of macromolecules and convert insoluble macromolecules into soluble dietary fiber. Therefore, fermentation is
a low-cost, low energy consumption, green and pollution-free new modification method. This article systematically explains
the principle of fermentation modification and the factors that affect the modification effect, such as inoculation amount,
temperature, pH and so on, then it introduces the physiological function of dietary fiber by fermentation modification and its
application in food products such as flour products, dairy products, meat products, providing theoretical basis for further

development and utilization of dietary fiber in the future.

Key words: dietary fiber; modification; fermentation; physiological function; food applications

JiE B 4T 4E (Dietary fiber, DF)/E N L REFRRZ Yr. RBR . SRS R R, R RER A
—, ST T ANMMER AR A W), AT AT B IE A, WA NABERE, (HAT RATE R h

i EEE: 2023-04-03

HETH: MB35 B RAHE = L AR R F 8 (CARS-26-07B) ; Zé 4 T XA ER (202102AE090054 ) 5 #3b4 & KA H R AHAGk A H)
Son LR AAR S R (2022BBA0030) ; B R EEALIR: 1A v s Rigd A& R R AAEH AL (2021YFD2100104)

{EEBN: MRS (1999-) , %, AR A, HFRF #): R34 T, E-mail: YANGCHENXT19990817@163.com,

*BEEE: 9% (1965-) , 8,14, #i2, AR F @ R R 5 %4 KT Sahn AR, E-mail: pansiyi@mail.hzau.edu.cn.,


https://doi.org/10.13386/j.issn1002-0306.2023040014
https://doi.org/10.13386/j.issn1002-0306.2023040014
https://doi.org/10.13386/j.issn1002-0306.2023040014
mailto:YANGCHENXI19990817@163.com
mailto:pansiyi@mail.hzau.edu.cn

545 % 5 44

WIRY A RN LT L A PR e S HA R P it iz - 343 -

W KT, SR UERATE DIRER . R LT dEAR s et vl ok
53 KA S PEE B £F 4E (Soluble dietary fiber, SDF) 5
ANEPERE B 2T 4E (Insoluble dietary fiber, IDF) . FEE
LRYEM A FRTE R S 5r T A5 A VARG, 5 IDF AH L,
SDF 45 % 0 JCIF O S5 F RN R G SR /K B A, P B
e B A BRARARR M 55 A YRR, anak S PEIT . W RRHRE
SN I AW e e R TS et 1/ X il e o W X S AN N2 195
A B RO . I HL K SDF Bmns) & s aT
DIBETHE 0 E SR S8 B S5, IR REAT R
SE L U LS 590G 1 T 9595 LA R N i 14 2295 J L
SR AT T B R RO, SR, RARIE
£i4irh SDF &b, EaEgsims) & i bl gefli i
Y BN, TOTA e KRR B AR I B T 4 i A PG
. 53R, SDF &H7E 10% A BERFR M oT
JEELFLES, L, B SRE & £F 4 SDF 19
5, 5 SDF ARG P, K H 0 & in Tl As
(EY[ Wi

IR A | MR AL SR e T, W
HRC AR 2 A BRUR K L BEFE M 1R fhadeietadt
FR AT R AR Z RN, 15 YA EE; Bk ek
VEZBI, s e . B R B E G e ikt
PRI B, B AR ER . Z 3R s e
WS 1 €A = 7/ ta o 0] 162 S S S B i NG/ O 3 38 = W 4 375
K /NGy SDF, Re 8 3842 e i B £T 4kt SDF 19 Lt
), FE R AT 4R R T S T REREESY. Kk
[Leatligie Y= S0 e 2 Ay ) S B I TN P B S 2 S 2y E T
AT AP A I IR, B B Y T
WAk, Vi Z WP R HAS [R] R Rh ansg (AR 2z . 2 th
7. B IRG AT G L A T oiob:, R I
W RENE ARG B LT AR L5 48 . B v mT i PG BT
dEd) o RS S A e AR BRNE TR . T R R RS
PG B LT 4E T A NSRS H & s Pl E D REPE B4,
T S TEME S TR . AR SCEER T el 4
S PR AR ) R | A T AP 5 H At et TR A R
B USRS A R 3 RIS G AT di
RERAR L . e E AT e g B e S e, B
TESE S G E LT 4E ) E R I KA & Ak
R, G A AT TR S i AR R

1 BERAFHEMEN
1.1 [ERLTHMENX

Ji B 2T A 10 52 SR G AATT P AIE 5 AS W7 55 5
2, WAE 1953 47, BB 44X >RG4 Hipsley
AR P YRR, MR AR P 40 iR TR N AT TS AR RO ZH 53
PROIBEELFYE, AR ER | SRR FRer 4, eA]
ANt NRIEACESG - . BESS, 76 1972~1976 4[],
Trowell £5012 S8 57 T “BEELF4ERUL7, BIEE L4 S
MRS R, FHUE E LT 4l SO ASRERE AT
AR AR BT ZR | AETEM SRS R SRR, R
TG E LR X at—, ZERFEY S ZEAY)
2RSSy | T B SRR S SN I R T KGR
2. 2014 45, A T AR 20 URDR A Z2H 40K+
LT g hEA 10 LA EBAAREE T iRk L&
PIEREY), AT M DI CEE K A, B
IRIVTERSEHLUE R LT 4k 7 AT AR 25 55, H.
JEE LT AR SOLTFE LU T JL ) a SRR
Yy IRt s LR PR, QAT A ORME L R
SEUS b AR AR A B T I A o e, A AR
AL c B AR H R T45 T 3 iioKIb &9, TN
R w7 B PR S R R, Lt
Hez iz B EA, AT IRE L4 H H A b
R ) R T, DG S AT 4 R A <A R
FRER,
1.2 BERLFHRSE

EE L4 nT LARYE SRR . BAPETT AKEETELL
T ] PR S 7 i A 7432036 1), AR PRI f e,
B 4En] 943> IDF 5 SDF?, IDF 43 F =4k,
2k 50~250 kDa, J2 Hi 08k HE o 35 S g DL B-
1,4 BEHEE R B RAR = R Y, S S an it ee
PR AR, FAAE T4 S B2 IR Sl p, 22k
SR (A PEAYEE(B) . RTTEE(C)PY
(E 1) o ENTZEAA & R, I B R G ER
L AT R AT feE iR e AR, NS TR
AP, AT AT EAL . ARREAESSRP? . SDF 43
TN, 25K 20~400 kDa, T IZAETE T-HREE . &1
PR, DR BI(D), B2 A D-2PRNEERR HH a-
1 A-ME R R A S A Ik e 22, 4544 R ELAE 220

R RN IR R RE)
Table 1 Classification of dietary fiber by solubility (According to solubility)

3% P37 FEWS A FRTRE EZ PG
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Fig.1 Chemical structure of cellulose (a), hemicellulose (b), lignin (c), pectin (d) and schematic diagram of
molecular structure of pectin (e)

5 2 | B [ iR X ( Homogalacturonan region, HG
X)) . B2kl L 1 X (Rhamnogalacturonan
I region, RGI X)) 5 EZFFUPERERR [T X.(Rham-
nogalacturonan Il region, RGII X) #4124, 43k “
KX SGHE X (B), 8/ F i FUSL A4 19551
ZERIR T O R A B AR 5 A B AR, BB A 2
NARACUHIIEE, ANy MBS G . PR3P 18, X 4EFy
N 21 B AP,
2 ABEEMRERAY
24 )50k b SDF 5 IDF (9 LU 7E 1~2.3 Z [A] i,

T BEREFR A = A RS B AT 4ERT, I L BEAE AR TR
. SR, ZERSRAE Y AL RE b, SDF 1Y {5 d eIk
T IDF, i AN B AN TG B i 2K P DRk, 22 H]
a1 PR R i e SDF 19 Eb ]2, (e HAG LU 58 45
TERFIH, XA BA EEME . H ARG EerdE
BT A R | A | B TR R

JRE BT 4
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PR A SRR
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HIRBESMIING , p-HI%IbE
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2.1 REEGMHIERETE
Tl B AR 25 R FH PR R K TR as A v 43 b I L A7
IR fie Tt B v IR v Ak S e e DA B AR B DO
(IEl 2). IDF KArFHAEF4EsR | AR i K4
WL B-1,4 BEFEERERE, =l s AR AP S Rel 2
. VERME R E SRR, I KR LT 4 R LT
ALl AN BERGEC P4 R E Sl AR,
ST SR BES NG . SR P UTEE A - AN
G, SR B R LT 4 25 RSy T 14 AR 4k A4,
TR R, RS R RN VI E T B-1,4-
WL, B HL Al Sl 2T 4 0 | 2T 4k — B IR EROpE,
e p-A T BRRIC SR A R /Ny T i AR,
P nT SRR o B, O HAL A A TSR T
HZE MY T, RSB B, ZRTEA R AEDY
FHEA M AR | KB R e nt S R e, & LR IS 1Y
SDF 533411, G5 F) ARAF AN EL . 4 F 50/ HLAF
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Fig.2 Fermentation modification mechanism
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K I3 Ry AR EE R R . IR e i EE ) 45
IHREFFEOL TR &1 SDF ., T A& ek M s 1ok
BT AR LSRR T . TER A5 495, 2w el
BE, IR E A FEu S, 5 Eme AR, RER B 2k
JEP, AR S A B — E RS, (.
JEHE SRR W g s, AR TR T
ML HIEDIREE B A o
2.2 REEGMERIRES

AR T E B Ee s an =6 2 pion, # 3 F1) A
A F AT R B £F e AT RAckE, Un$s =il . = R Ab 3
S, T AMRMERY AR AES A TIA R 5, B Tolkfk
A e, gk AL AR . k. S E S IR
FIAL PR £T 4R, 5 H A 7 A AH LY, BEFEAC L5
BT AR SR AAE N 25 5 17 A R R, X I i S
YuBsl LT 4k 2K 12T 2k 220 A PR fr 2T 4kt n]
DL B AR RO, SR AN L& —PEsm b, (H 2
I RAS T, BB RAE A p0) Ss LRP Ok
FH LE, R & RS ST R RS BT FR G —, )
JHBAE A Qs = s JR 2T A A R /N1 AT s
Bt B 1, A 2 amms . BAIG . P
PIPE A, Chang 512 PR T 28700 . K dE &
PP I B 2T AR O, SR 40 A b, R R 2T
AR | LY R ST EEAL, SN 7.35% 1 38.59%, J-HL
RFLH TG E 2T e O AR T 2RO, SRIEORL R /N HL
HER, Tk 9= A B REAS B0 4 2E A K51 PO, 2R
PERCR BN o Ren5:13) FHEfFLL | A& ek etk
RGBT 2T 4k, kIt K P I B T 4 A8 il N
AR, ORI/ NENT79.7 um, LR IS INE] 138.8
m*/kg, W BRI AR GE T B8 i BESR Y 57.2%. BER
MY b 2R T AR B A 22 808 HH BT 2 IS GO 5 S TE
P, i i A RS PSR T

It H., Klkie 5 AL M Mk ARSS &, N5
R L 2RV R L BRAER A AL R, T L
BRI Li 25099 [ @k B 18 S
RIS AL PRI SR Cr T 4, G et 4 s ssid mnid
IR AT, SRR /IS, 4656 T il £ vy B a] 53
SEAENG P . BCPEJS SDF r=i i, e b i 4 s . A0
B AP AN ) e Ry S P RE I35, e T lots R
Juodeikiene 25141 A A5 I TIA FH R 55 FHZLBR FE A&

T, ARSI AR S A SRS e A v e i S B )
77, WEIRAM L RE AR 3E SDF (Ui, R b 835y
Jo R P Bt R R, S R RIS IR T . Sead T
AR, ZLIR B A Iy, [ n] s o i & B T
Z 2.963 g/g. Si FWN G T AWE. K ME-BRSE A CE
W PG B LT AR RO, 5T & BREE v Ah L o 25 4t
=5 SDF MIF5%, i 3.9% HEhnE| 20.76%, H ¥Rk T
P E] 8.73 g/g. W AE [Eisde 4 £ = 2 38.03 mg/
go IXUEHFFER, G OHIRAE S —Fh 2 i AR R
PP R, BEMSHE B AR | RS 5 )
JES | U/ D RER AT AE S IR TR 2%, HE R — PP B
AR ATERAE LA E 2%, Al T2 3B ROHEEE
23 AEESMBERTHNEIIEER

KRBT HeAG e el MR A B R, (R &
fET v, SDF MG 51558 5 &8 pH. 1E)% |
PR R A E VIR, B i R weac . 5
FFeietEr T,
2.3.1 BEFP PEAPEEE R R B EEAE M, AN
(R BRI AR = A A T 2R | RS 0 ASTR], 356 4538 14 Bl A 2k
AT R, AU P30 5, M REAT RS T 2T 4y
HARAREE, HATCHAl A 2 1A i e AT A 2R i EL
5Ty =i et % 3 o T FIHE R LB S G
LA AR . BN, KRBT JE SR A £F 4t K il A
B, HhE s . 7 2 E A8k ) s 00 e g RE
SR MR (Aspergillus niger) 2 A5 & T i UL
PRFN, REAE ™ A= LT AR 3 . DER I . BT R e i
SEZ PG, PRI R HAT B IR AR R A R
fifg 2 4 1] H A 5500, TR RS . SRR
£ (Trichoderma viride) BENE 531 Z Fh =5 1 PE A 41 i
E K ffE il UNZTAEZ2 W . A SRMEREGAS, ] DA S5 fi
LPYER | PLYER KOy I Ha R E A K
B el | AR FFRA S W, S AT R
B TP, Rk, SRR SR AR B PP PR AP EE
HHTREELT ket . (AR ARER R AT SN,
BN AT R BEAS S3 I R 2T 4k L il Horb p-ii 2 b
TG P ERA, (5 2 TR T LT 4 b . nT s ESEbE
FECFH BR, F i HAh /K Bl A AR P, AT 5200 &
BEROREY . Xue 450 FHAR A 5 HLIOREIR G R %
JBE e R i B 2T A, DA R — R s R g A b

2 AREMETTIER LR
Table2 Methods commonly used in the modification of dietary fiber

W 44 Rk i ey T 2%k
s BRI BURE. BUBALEECEDE AL WL A M BMERURE . MPEABIRE  [34-35)
far TRIEHL BT MBI ok HORT . EFEA AR SHIRE [36-38)

Mk RN AN R 530153 T oA R, RS HCEIE (39401
g RGN RN, BUEMCIP I TR TR REREA, P RO [41-43]

ik BUEY-PIBE, BUEY-ERE ZREEIELS G, YRANAA RN

Gy Z RIS R

LYE TN Y] T 285, Mt [44-48]
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Table 3 Changes in dietary fiber after fermentation
i JERH [lge LS FRALAREPER B Tk E= O
ST N . pH5.0, HEJE26 C, SDFZEFY BTG R, SERAIEI129.58%, IZHK 11, 57K
Al ARG Ee 2724 % BE R 77 h R £184. 44%. 79.30%. 73.25% [o1]
- = N . 110.34%, pH5.46, SDF7593 \4.3%H4 I Z231.56%, FHIEHA 7 2 1 17.81%34 M $]34.829%;
seks ekt MRS R s e [63]
AT el ; HRpLE3%, %37 C, SDF 77 4k 1H12.3%3% I %113.2%, 747 10 A A 748 2 2 JFOR 19139453
AYTIFHIFFRL KB SR TA147 b e v 1 4 1105.6 ol v
R Eﬁ%%ﬁ%ﬁso «C, SDF%‘Ei7][1;a—ﬁ%*’%%?ﬁ%ﬁiﬂ%?ﬁi%}ﬁéS%%gﬂ15.04%, [10]
R [t e 13 =1:2.46, HHipH4.58, SDF 7k H18.92%452 15 2826 47%; 43 F- i H/N3373.35 kDa;
E e i TS T L P e D e 3 kDms

Eéﬂ?ﬁé?gﬁ ﬁZﬁ%lO%, ﬁﬁ‘ tb=1 :Z%UﬁﬁPHGy

REARRIE HAIE26 °C, % WA 145 h

SDF & B 2 R A 4. 4618, B 2y, FUSARIR, URRE [64]

TG EEFD, G815 B IO B AMNE 41052 =44k
EEHAR, BRI VIS . SMIIEEIL R VR T4
AEZL, YRR I E DR oG o e
Bl . bR AT AR 555 AN X S A i A4 00 1) A SRR
Wiy, LT YE 2R . LT 4E RS JEE e e . 1P
YRS R ATl TR eSS A, SIS R E S
Tt 22 BEAY)RC B IR TR B, B s VSR R, 35 B
PEE AR H . Si AFPT AASIE Hh i H e
MR BENE 15 RS 2T 4 25 1% B Fh B B 1 -5 3 G
B, PR U IR A K. SEE R, TR &
TR PR F SLLT A 2 . DR ARG . - A AT Y 15
Yyen TR s R RS R . 5 AR R AR El, TR PR
KPP SSTE B B AT 4E 0 77 5T 5, HH 8.92%
F| 26.47%. I HIR PR & B IE LT 4 0iAa o = 1O FE
K I3, FEh Ty L WA ER ER W SRR E R T = 9.23 g/g .
10.64 g/g. 69.66 ng/g, Fallk T OB A TN 22 50— | T
TEPEAFEE TR BR AR PRI, 5
FELFYEZRTG . R A SERYI . N S K S ) B
K, EATTAT ATER R 04 RISk = A R s e I
Wi, RIT PR A AR A B2 A TR 4T
AEerE, TR P R Al v L e R D REREME
Pt R G eF 4k

232 R E RUEECRE IR K PRl R
AR, o s R A RE R R A R A A K, S
FCPERCRANE, b RN, B cR > AT
ER s Ta] 438 U9, AR R AR 4, S 80 fiF e AN
J&, FEsEN SDF P38, AR PP i AT LA B
MREFE A, (B AP R AR N, BAk e A K,
AR E S, SRR S E IR RN AL, I
KWt B T i A W e A KR, R A IR A B Y
pH S5§HG, FHO= R FREPY, Miao 557 R H & 7
T XA U TR, B SR AR B Y
B, BB A R RSN, SR R
12.4% i, JAARH ZHEH) 7= R, H5.2% $#55)
26.9%, BT WA B i PTE LG . BHES 7238
Hege gy, s = M R B 5 T AR BN M, TRl Af e
12.4% M &k KBS BB . Jia 25800 38 4o )

Do THI SEBGHARE T 43 (0 R B R B E B R Ko 1) e
e P Sy 10%, B B8 IR KBk v SDF 1% ) & i
10.5% B3 HEF) 33.4%, oMKl SDF AUk
FroKk 1. Fpwhi 1l 0.84 g/g. 1.21 g/g. 1.57 g/g #4hn
F] 0.94 g/g. 6.01 g/g. 2.36 g/g, A EHIMBEH A
VEDIRETEE S, G Gm AR ARFE .. GG idefhiat
e PR A A e R 2R B TS e, A a9 SR,
REAS IR E R . — TN, EEBE PR R IR e
N 5%~10%, AR IEEFP R 1%~5%, 55 b1
PR 7%~15%

2.3.3 pH pH R A Y AR A PRI EE |
MU BEROTE TR . B IR R AR S AR SR Ok
A P A KB R . AR W s R e
A, AK pH ARFECY, Xie 7 #fiE T 4K
B R TR PE B G KM IDF 9 2514, 24 & ) f pH
SRy 4 BF, BERR P A AR TROVE N . 2 R SR 4E T L p-
AT BE T I R R, BB A AR IDF KorF1k
SFEERIT R 2 5T, B e I B AT
M o-TEADHG . o-FRIZE BT BN HIE M. Chen S5 F|
JHEGR O R TS R BRI, KIN 5.46 T4 (0 K B3 14 & 5%
WAt pH, fEBAE R EESAA4 T 45 SDF 197 % H
4.3% 2= 3] 31.56%, SDF PR G A BT E 4R
ZEE e, T LMES BRG], B 1k AR AZ B 5
PEE A )EIEE . KREECLWE pH #REEHITE 4.5~
8 Z[a], M FHL T, AiFE Bk A pH 2 6.5~7.5,
BEREE . R GE ST pH N 5~6 MIBRMERREE . TE
RIERTEEH T R IR LR 5 48 pH, [FAS AT DAZERE IRt
FOINAZZ W, IARSIE pH FERUE YA K St e
BRI R RE o

2.3.4 BFE] BERRIEA, AR R, rr R
BTN LA 1, BEAE FE R TR, T4 oAb T-X0 %K
AR, AR, A Rl R R, e — B
ARl AR S R~ KR EFR R, IR B s KEH . #
R A, IR E IR AR, ST
R ITE, F:23 SDF j7 AR/ Xu 4500 R, 72k
BEEE JURET, MERRFLIA P 224 KR 2R (E, HER T
ey i A, PR, v LML 4E R |
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£F Y R R BT R R A ] 46.1% . 46.4% F
44.1%, AT =R 5 142.9%. Chen 450 fiff5%
T 4B R I TR R R LT 4 T2, 24N 50 g/L
LLeh B VN IR, SDF =BT e 6 d /1 3.4 g/L

s 6.3 g/L, 7655 7 d B}, SDF P~ FRES) 5.7 g/L,

AT REJE: i TR A e ns TR 0, 58453 SDF K ik 5
NGB, S EUT R . AN ANFLAR I | MEIVGE
EREAA K B e, HET 1~2 d (En] oG 4T
2k, BERE B AN RS | AR I EQ I RE R TR] 24 A
4~5 d, TP ANRE N AR | SROREE . HLICOREE SRR TR]
21k 2~5d.
2.3.5 iR REEREE R T EE R
me PRI 22, B A S e A i P9 AR S TS P I i
ARG R [EIFR A A A )
A IR, TR I I T i A KRR, T
AR AZ BRI, P R A s TR L e, By
FRIFIK IR, SBT3 A TR RTTE L,
TC A R 22, AN P9 04 A W 95 v ) o ke A AR
PECS ARFF et . Rodriguez 517 Bixe T Rk B
R E A 29.5 °C, FEIAFIREE R REE S, vl LA
Hl I E A L SEFLE . NI A PUE e D)
AEE R, AN, S E I aE AR KRS S adE &
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