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Research Progress on the Digestibility Resistance of Starch-Lipid
Complexes: The Influence Factor and Formation Mechanism

MA Wenhua, YANG Fan, QIAN Xiaojie, SUN Binghua’, MA Sen’

(College of Food Science and Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: The digestive properties of starches are the key factors contributing to the postprandial glycemic index (GI) of cereal
foods. According to the digestion rate, starches can be classified into resistant starch, slowly digestible starch, and rapidly
digestible starch. Starch-lipid complexes, which are regarded as resistant starch (RS5) can be digested in the large intestine
without producing glucose, and thereby reducing the GI value of food. In this paper, a number of crucial factors influencing the
digestion resistibility of these complexes are reviewed, which include the structure of starch, fatty acid content and structure,
complex process, action of digestive enzymes, as well as the interaction of other components in the food system. And the
formation mechanism of these complexes resistance to digestion are also analyzed and illustrated, providing a theoretical
reference for the development of low-GI healthy foods. In the future, the preparation parameters for the starch-lipid complexes
still need to be further optimized, and more depth about the interaction mechanism between starch-lipid complexes and other
food nutritional components also need to be deeply explored. Meanwhile, the effect of these complexes on physiological
indicators such as blood glucose and blood lipid during the process of digestion and absorption should be investigated, to
improve its functionality in the food system and enhance this stability during the processing.
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BEAE 2 TRUBE PRI FILCo 14595005 55 AR AHERY 22
RN, X THHEFE 20 (Glycemic index, GI) JE ¥y Jik:
BEYRTSRAEDINGELL, 8 E, K GI(GI<55) JEk AL
Yy S A REA G AT AR TERS , BLFE IS
ALTEHY (Slowly digestible starch, SDS) FIFLIHALTEN
(Resistant starch, RS) I KZs, H.Ar, SDS #E/MNg H
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THARE IR R R 2R, IH A HIE L], DA SR iy b 2%
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TERY B ARG 2250 AL B-2Y | C-AUFT
VA, X TR A S5 AR B 45 A Re A A WA
S, FERARN AR, EEETEN 43T 28 H IR E HE AR
g V-BL A, R RERE . [RIRT, RITIRY
i 7K 53 A A T VE IR TE B K s NIE il &), 4t
9% AR LSRR Sk, BRI A T X Ay () 2 Ak A0 53t
DA HE = T VEB I A PED . B-TR Sl AR 25 A UE #y
(UNEL 44 2 ZERY) 5 08 5 B 45 B30 S H 43— 1] B4
JHIT58T A-BY SMARLE A TER (AN B K TERD) U, 7744
XIS N R S TER SRR HES L AR
HERH ., a8 Mt R i 22 38 00, BRI S, AEECT A3
aa A, B-TU AR T I, DER A TS 5 FA #E47
AU, IS, B2 TE R B AT A 1Y S5 VE
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LI B-BBER -T2 S W i R R AR A 7 BE Y
=T ARIER-IRIE AN, (B A TsETE 1 A-
HAGERS B AT R FIE e wy-IE 2 S04 RS &
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Vi FH, A DA R B i B8 RS, DT BRAIK T JE MY
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T R, R BRI AR RE 1P AR Bk
TFOKTEAT |« 3 T A TE MY RIS B R TE M 1 B
TERY SR BN 1.97% . 29.25% ., 58.96%, H.i E5E
FORTER SHRITTRIE AE G T i . Riga7/1020~ FH
b2 AR RS (AHD) d5e v, T AL TE R & LRt
HEHE R T 93.90%", A, AM & S A0 52 ) £
Y1 GI FIHTPEVER & i i G R 2 — o A WFSTIE
S, s 22 Wi S AL B AT AR Ry TP B TERY Y
Frit, S RRTIR I SRR R It Bt AR
(A RE R, XS ERAT I 351 V- TR A S i B 5,
VEMY-NE T L85 ) n B R B, LA A P PR R 5,
RS F1 SDS &k b iE— 25 16 BH e ik <2 Ab B AT
VE Ry ¥ i ELAEUE R &t AT SR DE A - B8 0 52 5 i
A A SR g 25200
1.3 EMEKS S

BT 5 AM S0, W SR S0
feEid 5 pE R o1 O HJE AP) R K 50 A
X, AHFFERR, ¥T AM 1 5, BASEE (Degree of
polymerization, DP)ZE 100~850 5[ 4, & DP £
TIE RS AT P A R e 1 2 527, il DP L
HETEAR AT Sy A 53 G AR IR I B AUy - EAEVER
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B FA & BAIHE(0~5%) , TERB-NE R E S8
HIIE Bz s N #a a2, SDS #l RS Sz
o, & TR TTE AR, A, & FA &
A B IR R AR e iIi b as 4a), axX PP il i A Aa)
U B RY 4y T 5 K S T RS R i, B R T
AM Sy T KA T IK, JE T RHAS AM 95315 LA K
THARBEEATER 53 PNES, DA S BRAIRE M T 1L
SRS SR, 24 FA WSSt — & BRIERT, 40F
[&] 14 i /K A B AR AT g3 5, 53 FA - F & 4R
£, M THERY 5 FA ZAIAREE G . X R
HidEn FA R AEEANREE— 2B (R U VER - 0T
EEWIIIE Y, IR REF = AEANF 52
2.2 FA 453

2.2.1 FA#EK YAidrsy EZERET 10~18 ik
JEF ) FA XHER-IE T E G RS2 . IFoEHs
oy, BE2E FA 45 M 10 BR¥GINE] 12 A, SDS
RS WY& =AU LTt SR 1T, 24 FA B RE—FH
% 18 iR, SDS Fl RS Ay B AR XS ygi 07, EAAR
S, 9 8E FA PRI RIS MR AN ook, REfS B
BT W FEAEGE MY IEE s P9 I i KAV E S TE Ry
HEZ G, TR 2 W 250, B TR A )7 B 5T
B T RVE 595 K 4% FA B T25 [0l {37 BHAE W i
L, BTETER IR H BRI TR, XA 5
0T H i B N AetE, i8> T S5 5ek 4 A3 mih
Mlgs, S8 G YIE B, B2 A e BRI
I BT S0 (H K 5% FA 248100 AR S5 # T Fa
A, XA HESE T H IR B AR SR T
A 14 MRFETFI0 FA 51855 F4-5TERNE 58

bR, (HH RS SRR SDS & B, i
FEARS T X JEH 705 HOBURR e, BEmT PR s T A
Mo X FZFKET 14 6 FA Z595r FIRAHTAEH
3G S

222 FA RNMEFIE  EFXTASHLFEE X JE 8y -5 ot 52
ETHH A PERIDTSE 2P T8 0~2 DR XL
R FA, B35 A 10 A0 EE 59 18 0, RS & & 18 g
SDS & BRI, S-S id et st s, B2 5
M) S AR o S A A i S R A T 0
B G I A AL I I T o3 [a] Y 25 (A 2 BHL, i 45 55 1
FA XK BEA ST, SEMRHAST T AT FA S53ER 7
THIZEE Bl TAMER FA A== aZBHI, B
TIHALBEXTTER BT S VE . HAh, ARES TR FA JE
Y 1L B 5, AN FA 53ER 73T RZEZIE AL
AFPPERER) 1 B 5W) o 30 T XU A A 7l
1% FA BRI SE RIS DB S5 M, XA A
FRE VTS FA 25 2B E A2, JEm2s 2 2
EYIRIREVERAA P R R ITER - A
A FA BT IHACTE I AR L 5 2 A & e At e
beo SR, FELERFSE AR BN A AN, 251
RN, ST R S I OB L M AR R, R T
BN ZR CRLER GE R 4548 . IR DT PR o5 i S 4 A
P XS RERY-NE B S M AL P ERZ A B 255 PP, TR
DL 1.

3 EAEREMNEMN-ERESYIIHLERN

N
31 BAHR
31 SRR AR TR, R S

PL/ANBER BT X S 3 BRAE SE R b, 380 1 3k 5
FA 198l fR, fedt 72 SWnIE . [RIRT, ALK
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Table 1 Effects of endogenous factors on the structure and digestibility tolerance of starch-lipid complexes
] 1 &ty XS ERD-NE B A WL S X T 9 A A FR 5 SCHR
A RESCHES, SRS T0 - IFTCHETE R iR na0%
S pp SRR RERTES fpmminmmaen  ankesensneonss 16718
e
ity cHl ARITIBRIZ: A - i T ALV ERIE N3 0% 26 47
o vl wepks ey CRRETDRERRR g srmmes
Vil
AMA B EE>20% SEtaE FITTEN-NR B AL & WITE M AL PETER & 5 1720% oat
o B H<20% St T I WD FEN - 5 AL S TR A AL PETER & IR T°20% : ]
Miicursy  AMITERILEIREED ey o app LR [24-26]
L DP100~850 FETE . AR BERE IS T i3 TR A e T 0 B
AMEEK N ) . . - \ [27-33]
K EEK A7 FEREAR BHAT S GBI TV A AR T AR
EAS B 0~5% BIFABEREM, S5 TRE  FITIER-IERE ¥t TR T P A v T 3436
o ~20% FAS) 10 AFITVER- IR PR Atk (347361
L 10~ 14/~ S5 B HRITIEM-NRFIEAWIIE B CHETER & it T40%
FA FABEK i - L . S o . [37-40]
16~18 BT 15, 5 0 R4 PHASER-IE DL GBI ALETER & K T40%
B /3L 1 TER-IRBU S i 2
FAZ(/' 3 i T';'_ D0 ,Hﬁ\ —
W o o TR R il
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BYY] 1 A Ve R AR D 0y FURE 43-ff, BERICH AM, R
T FE, T AMBMERE, FhT5
FA JE AR E W G X seAs b 5 34 0+ 0 %
YIAHSE, BEZE 145 7 (20~150 MPa) 34, & -&-41%
Z, PRt s, g5 T 1 B SRS, [HIRs)
W AT BRAFEAE T BUEO, JERY-NRIE & WL A T .
HRRE, XA e . SAE— R R A5
AbFRXT GE R - N ST A -G I A A S I AL P E s e, BF
FEN GOER E  FRE I SRS A9 2 A S B T
B PR ZE A, IXFhEE A e HEDT R T AR -
I HAER S EITR, TR T B 28 Sh gk, X Fhal
AT BEYR H A B R AR 0 1L BE 59, R
HBESRPTEGRE M. X3 B A e IS A
Y BRI SR GEAS DT AP E SR AL T HRS S 4
3.1.2 HE  TEH MRS i R & 0 5y U]
T3 BRI IRIBHEF, 35T BER 431 B e
HAZ, A FA 1 ASRAE T 25 8], i 2E 52 591
A%, BESER T TEA BUTTEALEE SIS, SRIVE R R T
FERITRR P BB S 2 R, X ] RE S EUH (b I EHTE R
PPGHUK R . TR, e AR BGERWER T
WAL A T Ay itk T HER, TE T B HLA e I i X
I, i3 SDS Fil RS &2, LBl R, B
Qb FEAE — 78 R T35 M) GE Ay 1 TOW 235 A4 AN TS AR R
PEo TESTHELI R, JER -G 2 S IR s 2 3 2
PSS N N Rl S G e L IS LN St i
PS4SR BV e S AR a o NI =B o | B A
Pk, FUE PO —Fh < BARERAE”, (s E &
I L) S S BN PR AR

3.1.3 M AL AR BRSO S T 2
WEIRVE R o5, 30>+ R G BEFEAR, SEmiHg
AM [ Erta, (R 2 (A 3 Ay U S e R B IR,
TESTER -8 B S R R e R &2 315
g2, AL MG AE 2 A S AL B A, Nl B B
160~400 W/cm?, {di S A5 JUUIE g2 ik 5153 i, fE i AM
Sy T IRE, BEINGEM-NR B A A B, AT
mE S TR EAEH . MRBRER A
RIS SRR, PE AR B2 A RS Al SDS, #E =i i1k
PEBS BRT BRI TS AN ERS S, AT R e
AbFd AT DL T AR eSS A, B AM 5 iR Tt
ST IS, WRES AT T B AN TS AL R DT, 4R
T, 3ok B 7 b B AT RE BRI SR v A, bbanzy3
HE>600 W/em? I 2SI 00 &2 A AR s s
It B A RS R i 23 (b AR LR, , S E ek
A % 1T HH B 22 LB A2l gb 14, S0 ALt
AN G PFREEHE, PR 22 i viE £ 0
3.1.4 B R AT EUINT 7, ST
FH L, T A3 S TE B -HE BT -G AR b AT S IR
FERH AL, LT 2 A& EAER e TE, Xk
ARG A — B RS IR T &2 S 4s m IX i 7 )2
HEZ, T SARZE A A0 S (i pEA 43

TR, 51T RIREE | B AR, S EgE
oy FRIAEAS IR S A o AN, Tpedgnm 1
Sy TR T S8 E ] 0, BR® T /K975 AM
AP UF S R Es G, FRAIR T U I IR RR BE T
JXBeLE BB AL S SDS 5 RS 198 H /b, JET
i HEMR AR R M (B IFST A B Ab PR 254
PFER-IRIRE S, 1 B A r=a18n,
FHIE AL T RS 549, P TR R A et cnT
HE A2 PRI A 0 A P A v SR IR 1T LA PRSI
FAF T AE R Y R AK AR 2L, SR E T AM ST IR
i3 )1 7% e i DRI ) i SO LS S =R 7/ [ DD i i
fife, NI T 3E8-RR B2 S e .

32 E&%H

3.2.1 KoarEE VEB-IRRE ST E PERITERY
AR R EERRSZ K 53500 o BG83 IH, F—x2 vl
I A (20%~60%) S8 Ik it 7K 43 1, FEAK T EH8E
VERT ST IR A AR D1, 2G0T g i, 2
A > e o), [RIAsF, Ak s e 2
SENATER ORI AR B, W AR B B 5, SRy o0 TR 2
GBI T AL B A S0, &R 40%
bk, IR PR TR 5. X — LB n] g
T AEIZ S /KT, Ky ReE v 4y b e BNV,
TEHEFERY ST T5 FA A E AR RS A7, 2R,
KGR IFA R S . — I K & i e,
TTHES TR B LSRR A GER I B, 3ok R
I TERY B 25 2 Bl T AT o 2K & a3
2 H 5 G LS ASAS RN, MITTRRAIS T 40 1al i AH
HAEM I, AR ALEE R 52 E B E G INER, 25
VA 7y (AN

3.2.2 WiREE  GEESEYE FEKTF 90 C FIEM S
F5 FA JE AN E G5 HAA B TP 45, BORR
S 1 A8 Z A, SRR AR T 100 °Co TAEs
F 90 °C T, T BuUZZENE, 44 A 7o e AL RG],
S T RIS A9 R A i A « 11 37 52 5
Wy, SEALIREE & T 100 °C1, WFSE R, 75— & 1T
JEVEREIN (60~180 °C), T e vl LR ZESER 43T
SRR 45 4, Y5 A2 A i BB R R 1k
PEUOTI 3R PR A IO R R A T i A B T TR ST
IS S a1 7% e T S W E W= 22 S VNI (T 11 52 el L5110
M EAEHMZSE G, B AR E . EEE 5.
SR, 3 i HITRLRE (3210 °C) Al Lkt BErI1L,
IR G S5, S8 A0 43 e, IR
i TE A o AT Ryt PRk B I sh i 23 2 54
AT = A 72

3.23 pH FEAEN pH & F, WEMIr 5 FA Y
VI | Sy TIEAS A BAR B AR Oy SR & & A A8k,
AR R B R S IE AR e . ST
FA pKa fHY pH A F|FIEM 5 K4 FA ZEJE R
AW, TR T pKa (B0 pH WA ) T 1Ek 5505 FA
ZIEPERE GY). ANTEERBRIESRMATTES
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PIITE I, X TAERRTE ST T FA K B LIMER
PSR B TEAEAE, VER 53T B TR AR T 455
ABJJ. TWTE pH>7 &4 N R4 T HEZMWEEEEH, X
Ah B0 5 PR DR AML TE B S5 28 1 2 i DA Az
FA TEORPER RO R ", I B REEE pH 1Y
W, AM 58 % GRS SR, X R K
pH ARG i a] LU GE R 4345 55 Z 08 L far, AT
R T S IE R AR R BT 4T S | g, X — 4R
= T VER-NE A G S HE R AR . SR
T, &L 0 pH Al BES S BER 43 F it BE i 2, &
EUERY ST B AE BAE YRGS, iR 2 S 4kt
DA A . S TANERIEI 28 (B A0 U 4%
) X ERs -8 I A2 S T TS ALV E R R R 2R A AR, TF
k2,
4 ERIEMXTEM-IERE SRR
VEM T AT R AL & = B Tl RIS A i
. BEAEVER LW B LA R iR o anl&l 1 s,
VENT-NE B A I AR S AR ] S SR B R XL 2
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