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Abstract: Starch is the main carbohydrate source in the food system, and its hydrothermal stability during food processing
is closely related to its pasting properties and nutritional functionalities. By improving the hydrothermal stability of starch,
the digestion rate and degree of starch in vivo can be significantly delayed, which is of great significance for the regulation
of blood glucose in vivo. From the viewpoint of the intrinsic relationships between the multi-scale structures and
functionalities of starch, this review summarizes the evaluation index and evaluation method of starch hydrothermal
stability and systematically discusses the key structures and processing technologies affecting starch hydrothermal stability.
The pathways to modulate starch hydrothermal stability are also discussed. Additionally, perspectives regarding the current
of starch hydrothermal stability modulation are proposed, which may provide theoretical foundation for the development of
starch-based functional foods.

Key words: starch hydrothermal stability; multi-scale structures; fine structures; gelatinization properties; digestibility

Wi R EA: 2022-05-11

EEWH: ThFEXFHEEER4E (5101049470223) .

{EZE . HKLF (1989-) (ORCID: 0000-0002-7403—2641 ) , 4, Wi, #0F , B9 61: A 25 49 5 P 4R A 4%, E-mail: zhangyiping2021 @htu.edu.cn.,
*EIEIEE: Fvok (1984-) , 4, 1, 81308, FFR 7 6): Rdedn L5 %4, E-mail: jxb841001@163.com.


https://doi.org/10.13386/j.issn1002-0306.2022050104
https://doi.org/10.13386/j.issn1002-0306.2022050104
mailto:zhangyiping2021@htu.edu.cn

544 5 TH)

TSCT-, 45 SER KR AR S R 3R A LR b it e - 439 -

TEMY B i A FR i B SRR KA S R U,

il S AEAN S R A ) B R BEP IR, R T ey
A7 22 RUBESSFA i SR IT 78 S TOAE RIS A4), KT I
PEETERTE AR AL YEREN . — T T, TR R JCE
TR BEHAE AN BT A S5 WL, S A AR
R AL EERE s SR, TCRE AU PER T AL AR, K
PEAEN VAR e USR] T, R TR A bR
THARTERT BB AioRs W] S 42 e NS R AOBR PRI A5 1 e
VL AOR LY. S =i 10 DNCE N .95 7 S Sl S E e IR
AR e MBS 5 7K, WTSE A mad B | fesr i
T BORHE TER AT T SR I, SESE BN AR TERY
TENMAR N B A, Forpim b Bt . A TER ¥4
W HE TR IR R4S 5 S AL R e s TR T
FEPERERY 2T Bl JR b B SR A e R
A BRIK I3 (<35% ) Se— 2 (30~80 CHIREL T
S FEHEIAS K IRERE TR P R e, AR e
AR TR 73T ITH AL S R WA ek i A=
i Ak P TS B B T A SR AR A AT BB ELAT 45 v B R
ACHREE, FEFERIE B d/ KA T B b PR e A
LRI A RAMHRIGER T AR PEREY ) Tk IR B4 &
Y RS MR BE— B T 90 G, [ vERy-NR 4% 54
TEEWIZ N T R Y DR e i 2544, 2K
FEASTER BT AR PEREN ™ . HH AT DL, 3R /K R Ea e
PSS BE R 7E B SN BT atAs S Ak g
AR RN ER, SR A A AR A P T B
SEZE FERAEA A N AT AT S TH AR S, X TALA
IR A B2 S

TE AT FE A, 35 2 A ik sl B 7R 4R
fesa T Beds S ek o0 T B HE s R R IS B A e R Al
LH AP IR BIE K R E SRS 1 SRINT, S TE
A3 7K BERE PR BRI T4 MoK B e Ve I ¢
PRESFARFIE M AN . ST RTITSE, TRASR
IR FIRFGEFE TER T S BT N AR R S THIL
], AR BE K AR E TE R 175 S 2H 2 1 SR B R 2
X PERI T AT ERE M AR I IR I 28 /K-l 458 BAT o
BEFIE X o I, ARSONE ST AT, 7K A
FRE GEBIE LA RE N IR 28 -5 53 F-HILH, 45 H K R e
TERTS A A BRIR-S SCHN TR, FFXF 2 RiKH4

PR MITERS A AT I T4 R R, DI TE R /K R
E PRI R UE SRR SR B T R R R e T
1 SEMEHYFIE SRR EMEITEN X
1.1 EM % RESHIFHE

TERYAZ2 N LE MR LN A 1 iR . SRk
EREVE RS SR TE YL L) — P LASDRIE AR )
KRB, BHAETER B2 RN a-D- AT a-
1,4 BEF S/ B a-1,6 BEHEEEE 322 1 A i 2R 14 4y
5, T S AEGERY S a-D-HI A HRE L a-1,4 0
I a-1,6 B BEEE B2 0 L AT R A 25 48 10 4%
ARYE LB TER RS (DP), SCEETER 43 T4 7T
E—2453 0 AL B, . B, B 8%, EATHIEE 51N
6~12. 13~24. 25~36 F1 =372, ZHEFEBITES> 1A
SURVE T HESIE B SR BELS 4, gk 3 — 2 T2 A%
A RIEk B BIZE S . B RIS Rrponh A 36 D4k
Ik, T A RIGE Ao C S A 8 s kT, H B A
S5 UER Y SCEETE A EEC R A TS, SHTEA I S BETE
B EE R TR EAETERRR G RS R e - g
JREEY), It—EHP B B v BIgh gt . —i
KU, SCEETERA LRI S Al ES B THES IS AT
JERL “ ToE A i 2-45 0 R )2 R SR R
F4), T ELAE TEAS WU F DEAS UL P38 [n) S 51 51 28 DE A
ARG . BEE TERS F )2 S5 i — A HES ) S HES,
TEM I AR LA 2Jeg i 2 -J0 e AU S X i AR
JEHAPE A K IR EE ), B A E LR R gt Aat o7
1.2 EMKAREMETN G E

VEMI K PFRE MR R TE A AR B S /K B T 7
o, JUR £ B A P LS PR LY P A K AR A e ) —
FhHE ST o TER IRIAL PR, GFRR I MATLIRLRE (T) .
R (T ) |« WIAEZE R (T ) FIGER ORI E
WAL R0 AR R (B S, SR DER K S PR B2
FBr. P, FUH2E R ST PRl 5
HPACRT 200 A5 B L A AR TREE | R A (f IR
WL | eI AR, DAL TER 1Y
IKIRFERE PR S, ARk, FIH/INA X STER BT
I X GFERATHHSC AT S35 S FE G A v )2
IR T2 R EE R S8 A AR TR B, DASGHEII ARA S DEAY
MRS AR S 2 IR TN, F IR GERs 17K R
EPES

paie ] ..”'U B B
B amgsg e g

e ——y%w—1“%%:+J A
Jryems s B |8,

A, [
PR
—
2 - 2 2 2 2 '
TR R gl JEIRGE 4 gy WEESS eS|
(1~100 pm) (~nm)

B Sk 2 RS RED

Fig. Multi-scale structural features of starch!
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Table 1 Gelatinization properties of waxy corn starch with
various fine structures in amylopectin®

DP<13(%) DP13~33(%) DP>33(%) T,(C) T,(C) TJ(C)

21.7 533 25.0 60.6 68.4 73.7
20.2 53.7 26.1 64.8 70.0 78.9
10.1 59.5 30.4 65.2 75.3 84.5
7.6 63.3 29.1 68.8 80.3 90.2
34 57.7 39.0 75.9 80.4 94.8
1.7 52.2 46.1 80.4 90.0 104.6
1.6 55.8 42.6 77.3 90.2 102.6
1.3 48.3 50.4 84.0 102.5 108.2
A . o
1ot , . ¥n
A N TP
100 — Fitted curve
~ 2—.
2 oo hs
X
Eg_ 801
70+ R=-0.8799,
L}
60
0 5 10 15 20
Content of chain of DP<13 (%)
B .
110 =T
n . T,
100} ° “ aT.
= A
~ 90+ ° ° A
% [ A
RERE ., ° °
L}
[ ]
70 ® .
L}
60 -
50 55 60 65
Content of chain of DP 13~33 (%)
C T
L]
1101 T(:,
A "l"C
100  — Fitted curve
& 90t
Y
oy 80
70
60

25 30 35 40 45 50
Content of chain of DP>33 (%)
K2 SCHEREMBE R M 5 TR A Pk B AR S !
Fig.2 Correlation between chain length and gelatinization
parameters of starch!®
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A L] AT B i v EEHEGE A K RS e 1
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SUEBIKIFEEMERICHR . 3R 2 DG PAFARTER)
A. B,. B, fll By BUSZHEPEM & 1 S I HES TERY Y
I MRS, AR SRR R AT NIl 3. BESCHETER -
YHE I aoBE T, B HEER BRI AR IR R | AR E
TR IR A2 R R B A OC, FRITTER /K R E

PEIH AR R . 24 DP 6~12 FYSTEETER S BB K
B, PEA A G A TRLRE | ORI A TR RO AL 28 1 TR
JEE R 5 RALG, SRAHUE R K RS PRI REAIG; SR, 240
T E T 20% B, WERY K SRR e AN BE L B R
Apfb it —HAr b . RPR ST HIE, DP 14~24P 5}
DP 12~22P% (¥ 32 55 TE My 25 2 T OSBRI 45 4 o 8K
1M, ARYE &l 3C RI A1, DP 13~24 [ 3Z6EGER & H 5 3E
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Table 2 Chain length distribution of amylopectin and gelatinization parameters of rearranged starch

TR PHEEAE  6<DP<I12(%) 13<DP<24(%) 25<DP<36(%) DP=37(%) T (C) TI(C) T(C) ZSHIHk
13.0 29.3 38.3 14.4 18.0 63.0 701 74.9 [31]
19.0 9.0 48.2 215 213 584 765 881
21.0 5.1 43.4 25.5 26.0 774 941 1066
FRTER 220 49 44.1 28.1 229 703 83.5 98.7
24.0 25 40.9 30.3 26.3 835 973 1109
26.0 13 35.8 38.0 25.0 ND. 914 1005
27.0 11 31.0 37.5 30.3 853 103.6  117.6
20.0 24.6 46.0 18.9 10.5 ND. 596  ND. (32]
oy 24.1 10.9 48.0 29.7 11.4 ND. 758  ND.
HIT e 25.3 75 45.7 342 12.6 ND. 842  ND.
27.9 42 37.1 40.8 18.0 ND. 99  ND.
185 26.0 55.8 12.6 5.6 616 660 710 [33]
17.8 29.5 54.0 11.2 5.2 7.7 817 859
TR RN 24.4 10.4 43.0 35.3 113 652 828 865
229 11.8 473 33.8 7.1 750 820 852
213 17.2 51.5 24.2 7.1 682 7713 815
. N.D. 38.0 50.6 8.9 25 583 649 760 34
HIRIATER) N.D. 12 32.2 433 233 756 887 100.1 -
" N.D. 33.7 52.9 10.0 35 558 626 765
FAI OIS N.D. 3.6 38.6 37.9 19.9 737 888 1018
. N.D. 27.1 55.9 115 5.5 61.0 657 702
HOR S by N.D. 1.9 284 475 221 708 888 1042
. . N.D. 24.6 55.5 134 6.5 56.1 599 643
By N.D. 1.9 327 453 20.0 804 893 102.0
N.D. 213 53.2 19.0 6.5 525 614 720 35
N.D. 14.9 55.4 23.0 6.7 498  66.1 85.0
. N.D. 11.1 55.6 26.3 7.0 494 743 910
MR IATERY N.D. 10.4 55.6 27.2 6.8 492 759 915
N.D. 9.8 55.8 27.5 6.9 494 759 918
N.D. 8.7 55.6 28.8 6.9 504 803 985
N.D. 8.7 47.1 23.1 211 572 759 903 [36]
N.D. 6.3 44.1 26.7 229 61.1 855 96.1
N.D. 1.8 33.2 359 29.1 823 951  106.0
: N.D. 17 28.0 313 39.0 84.1 958  107.6
HRAATER N.D. 15.4 50.4 19.3 14.9 532 695 947
N.D. 10.4 51.0 229 158 623 859 1024
N.D. 3.9 423 34.1 19.6 815 982 1102
N.D. 3.6 384 32.5 25.5 824 1014 1133
17.2 325 52.9 10.4 42 586 647 717 137)
23.7 4.6 50.5 37.0 7.1 873 993 1132
16.5 30.0 54.8 10.2 5.0 61.5 680 735
. 23.4 6.4 52.2 36.7 4.6 846 952 1040
JoRER: 16.3 315 52.6 10.9 49 638 698 758
25.3 26 44.1 44.5 8.7 862 974 1113
17.8 30.9 53.0 102 5.9 628 703 786
25.2 3.6 454 44.2 6.6 756 950  109.6
17.2 27.2 50.5 16.3 6.0 61.1 66.1 719
ey 24.6 2.7 44.8 433 9.2 763 959 1022
KR 185 24.1 56.7 15.7 3.4 626 670 737
24.8 25 52.0 38.4 7.1 762 959 1028




- 442 - 1 Tl B 2023 4% 4
A . B . . . . . . . .
120 :?, N 120 o -¥0
110F a7 a2 110 ‘31 AT
c A . . ° 100 .‘A A c
—_ L — r A
&i 100 . . ... - . é:/ 90 ."...‘ At 4
° L
M 90 A A A.“' .. ‘]ﬂ’( ;-..... :: AA :
B g0t : a® ot = osop W e . A
A A AA. AL 70 b '.'I- - TNV :‘ ‘
70 ° '.A'A " ] :. }'. .'. °
[] L] 'l. . 60 . " ® o"® - l.
60 [ = l. ° T . . - . L]
5oL . . . . 30T, Bl . .
12 16 20 24 28 0 10 20 30 40
Average DP Content of chain of DP 6~12 (%)
C . . . . . . . . . . . D . L e e e
120 f N -? 120 F -? N
L ] L]
L] A A A
~ 100 4 a ‘..,:. A ~ 100t a, % a4
5 Ao ° .
R A Y Z gl Lt T TPl
= = " - a4 i A 2 0 AA
= 80 - A IE 80 ,° A SeTmaw .
o " A " g0 a%d KN = ady A *e®"o o - [ 1]
A - O
JOF = ° [ .-‘.A. 70 F .k ° ] - " L]
. ] [y % | S 'f“": e ]
60 - . A ] f = -.' . 60 l-.-: s -y .
50t "t e 50 *r e

30 35 40 45 50 55
Content of chain of DP 13~24 (%)

10 15 20 25 30 35 40 45 50
Content of chain of DP 25~36 (%)

A
A A R
A A
A AA‘ L4
° S . °
.Oﬁp..
. $ - " -
A-O-'
° L] .
« T, |
- [ -Tp .
' AT,

¢

E .. ...
120}
1op a4
A
~100p a2l
&\i 90_ .:
2 sl o
= g
70+ .‘iﬂ‘

) -
60-.::#: o
50 b .'b

0 s

10 15 20 25 30 35 40

Content of chain of DP=37 (%)

B3 SRR A S TR B E R R

Fig.3 Correlation between chain length of amylopectin and gelatinization parameters of starc
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Table 3 Pearson correlation coefficients between chain length
of amylopectin and gelatinization parameters of starch

Bl K T,(°C) T,(C) T,(C)
TFHRE 0.761" 0.790™ 0.823"
6<DP<12 -0.563" —0.848™ -0.888"
13<DP<24 -0.650" -0.635™ -0.612"
25<DP<36 0.619" 0.819™ 0.821"

DP =37 0.485™ 0.591™ 0.614™

e R IALEP<0.011) B (F/KTFA BEELER

BRI 25 G aE T . — SRV, vERBY 5 T AERR | il
RETE . AR . SV RRAR A REAS I e #y e T 2% &
PP, BRT ARWIIRSL, F oy fb G (4L 5
LR ) N s P R Cangs AR ) SRR R ATT A (e B
T A AR UL AT T B - ARG T 45 S EERT
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Table 4 Gelatinization properties of starch after annealing
treatment™* %)

TERATE FE To(C)  T,(C)  T(0C)
W-N 55.6 60.9 67.3
W-ANN* 56.2 60.7 66.9
INZETER W-ANN* 59.5 62.9 672
W-ANN 67.7 69.9 73.7
W-UHP**-ANN* 61.3 63.9 68.1
Y-N 60.0 78.7 89.4
Y-ANN® 60.0 78.5 88.5
40
A Y—ANNSO 60.1 78.6 89.1
Y-ANN 62.3 78.5 88.9
Y-ANN*-UHP*" 62.8 76.4 88.6
Y-UHP*-ANN® 64.1 75.7 89.4
P-N 55.0 59.5 65.8
P-ANN¥ 55.1 59.7 66.4
40
TR P-ANNSO 56.0 60.2 66.8
P-ANN 56.8 61.6 68.2
P-ANN*-UHP*® 58.5 62.3 68.7
P-UHP*°-Ann-* 60.4 64.1 70.2

: ANN: F1{bACEE; UHP: 48  RALFE

MR (HMT) S 2 v, JEB TR K o3 25
TS TERIIL, [RIR iR 2 R i, 2k
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EDR B2 FIDRS A2 1 I B2 B (B sy, S /K AR e MR
SRU70N R TR B TR] (A RE S, JEA AEA At
T B ABEAD A S AR, SR DR /K AASUE PR v, 3
A RS SRR R A e A F A O
AR LE TR BE R A B A S AR, 458 Il BE R A4
A PR AR OB E A RN e A Hp ) DA R 8
BERFAR, K IRERRE VRIS BIRORE, IX AT BE S 3k 70
THIRERE S A OCEY . YR FRIA S pH S 3
B 11 B, SR ORL A /K AR e TR 5 T HAE pHS
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Table 5 Gelatinization properties of cassava starch after heat

moisture treatment™!

Fegh T,(°C) T,(°C) T(C)

JETEH 62.5 65.6 79.3
HMT _water 63.3 70.3 81.2
Starch_pH3 52.6 57.6 70.6
HMT pH3 68.2 78.5 87.1
Starch_pH5 61.4 66.2 80.1
HMT pH5 68.2 76.3 87.7
Starch_pH9 62.0 67.2 84.2
HMT _pH9 68.2 76.0 88.0
Starch_pH11 65.8 73.5 86.4
HMT pHI1 70.1 80.2 88.8
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