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Fig.1 Effect of polysaccharides on gelatinization process



488 hoE

M

2024 “F-55 9 #

2 ZEXNEMREFFHENZ

TEE AN oAb, JE Ry T WRTE il A BT 1)
AR 2 Al ] A G B JE H ™ i 4
Wy kR S AR A S S I — R A 2 AT L
S B U by B FRC it AL MR RE Y G SE R, AT R
TVERI I R L BT 2 -V R A R R T AR
FRPERT TS 3G A i AR 52 5. — MR AT
15, 2 B 45 3 B 2 8 (K) AR FE £ (n) s 5 —
P2 s S AL I S BAAE S S R (n') i
AERHE (G') P FERL & (G") Fls K IE Y] (Tan 6=G"/
G')o
2.1 ZHEXNEMFRSR TR0

2L 748 27 SV TE Moy B JSC A ot 5 4 I B )
A B WAL T8 S XA G I e P AR A (8 R
W/ ) B RS B DD A FEAT I SE | TE KR — T
BB AR A= it 1A, A 59 ARG RO, O B E
FIWITE 1~1 500 s & A9 3 2247 g 38 8 7 1 4 7
FE9E Herschell-Bulkley B AU K3k | Hrb A i 45
HK {HBOR SR B R R I BCR MG, AT
TR EL n B REARAR R T R (B S 1 ™, 3 A
AN TN 22 8 T AT L% 0 A [a] A5 14 2R WL 266 32 Bt 5 1)
MR R AR S MR IR G YR
TEVEFR R (n) IR T 1, H 2 W& il m  n (48
fERPH, e K T I R R I A [) e ) e 42 B
R 2 R EOUE AR 0 MFRAL, RINRG &
F BB VESG I, S b TE Ry — K TR & K 5
it 30 1 U855 1 I 2 B FE Kong 55290 BIF 5% Hh B 42
WOy — 7 PR A K 5 2 MR WA G,
JBE 4 H 82 M- IR TEM B W ny R VLR
FHi TAEM MR H K 5 R &R, £
WIVE #4315 A B AR B AR IS8 T 265 W0 i ik
S, MR e R E SR - NETE M BT 2
B - F KR TERY RIWTIE b, 22 BB AR T AL T B0 2
BT B sk, WoRih K (ERE & 20 ik B
58 For T 3% R 1 AT 2 M A S K AT D
UL R RS R I DT 2 R S I A T
TE Ry A K KR IR I T A FR P E R A Rk
JE AT R IE R E B BER 451
22 ZHEIEMHERTHENZIN

E BB Y B SR AR R R AR TR SR Y B
J3 (B AENVEFE R R R I 1Y 727 A0 B

B, FERIN AR, b AL S A
B (G7) W] LAAE S U by Wi 7 A i v A8 I8 X &) 72
(T8 B , G (E 8 R 3 7S B M 588 B8 B K, 7E — 2 1 /)
YERTT R AEAS I B/ o FEPERL R sl R B 5 (G7)
TRV A T e, 2R AR BT UI A fig
A, AN TR Bk IEVME (Tand=G"/G" ) i ik
T AR TS R R S Y L tand {H <1 R W
oL O Y [ AR B R tand (B >1 $5 348 8 HoAL P
WIAR R, — RIS, D88 ROKRF/NETERE

BAEBRRNANER AR SR G G'E AR
1 tand {H . FhZ2PF 5T T S 4 H 2 B (Konjac
glucomannan, KGM) X} 3 F & U € #5114 52 ), &
BN KGM J& , S48 SRR Mg G iEmn G/l
G4 B SRR I, 3R] R R A TE B A R
KGM W 6% 1 it 0B 4 A, T3 BUHEHS —KGML 4
RS S ECERN, P RLT ERR E 4k
WRARZ5 18 KGM FEAR T 48 38y 1Y tan & 1HL, T
el ROKJE A A8 T VE R AR R Y tan & (T, Ui
KGM X I 8% 55 3 Ay B i P R A 5 meg B ) g, G A2
TC V2 3 KB 9 5 o IO 6% 2 Sy T 5L AR R P 1) 45
T X 850 5 B A AR R K U A 1 86 P R A 5 i BT
VIS W R N R [ N S BT 2 N S S N TN
TERY Y G G R A HUR 22 W S A 1 1S i g e
I, B EE E W A 3 I AL AT T T R B 4
PRI R, DR Bl 2 A R 05 L T U B B a1 4
I, UE K EE R G A A 0, 7E i HR R 2 0
5% M HEER T4 G, AT B E R 0+
AR T REAR T D€ A A0 (%) 5L 2280 ) S ARL A, 220
59 HESTE R REM AR WA HEERE ZH-K
KUE R AR R AR Ak BRI 6 BE R A A7
TE K5 — 22 A 2R v SHEES R R B 1Y SZ IR Y, Yuris
AP0 IR BRI A S B R ok 2 - /N U
Ty 1A 2R i L T RSN, 22 0 - AR AR T R B
1%, G728 7N 3 Jid 5 JEE Dk 55

3 ZHEXTIE M B i B R i

JOOAE) 2 T B 2 B W B R AR AL, A UL TR
IKFARE TR K K R 5 BOREEE T R IR T
A AR SE B 22 W5 25 2 70O AR £ T 3 ) T A e
P BERORJE BRI SR K A SRR A TR
PR R PSR AR , P A S5 £ dh O R B B R T



F24% HoMW

% ¥ B I KR M 3254 I H BLAR BK AL M 8GR A S R 489

RS BEEVEN 0> 7 A AAR B AR B, LA
For BE SRR s AR 540 A 5%, BB R W B Ah 5t
IR A E 7 R SR M I AL T Ay e 22 RS
WRZEIE e TITENT B TR R R S 4 2R
RIS TN 22 W i i A 2 0 4l A3 5 G ) 54 R R
JERAFE T IR T LA RS Ren SFOEROK
VEN B TR S R BIE T 4518 — 2L, Dangi %50 K98
TURSEIESIABBRIEER AR, i T 25 Ykt
J A AL | JIC B P R SR 2 S AN 2 AR, 2
AL F) J5E JSC fE 2 15 110 B 4% AT R 5 S K SR 228 R o3
T BRI K o3 T SO AT O B I L
A EIRAY IPSWNTTE TN R LR T
B, A SCRRR E 35 K A A 5 B S 1 3R T
P BN K, R BE AR . N, Al P R S 2 B Y
T 23 i /I8 22 T 3 U5 JSC Tl 502 2 i A A AP &
DLURIME G TR A R A AR S 2 B
R EA B T I A RO, AR/ B
By A BEE B BE B | W] LGRS A B BCR B
Hoh R 20 R SR PE RO i b . —T7
WD, SR KB 5 B A 23 i 18] ) U BEEVE FH BELAS: 17
FLEEVE R 0 T AR EHE WIS T 001 AR EAE T
73— 75 T, 25 Wl FE A B 25 1 T o A 2 T, Dk /N T
VEBT Z 6] BB AR, 2 — 2P (AR e b B AL SE IR
TR IR B B2 IR AT e b 5P 5 Bl A AR~ SR AR 45 2R
ALK, 2205 — T A5 R % A4 RELIRRE: | D3 SR Y 22 Ak vl
il 15 R 5 11 19X 24 445 g A OG1eL

4 ZHEXTIEHHE LR R

VE By B D R oo TE B i R 2
W it %) 8 A A TR AR ik, 7 2R A A AR A
e ZTE AT, KR A8 E 453 78 /N vh Bl K gk i)
T 0L, AR VERS 20 3 AN ER Ay, RIAE /N N T 20
min # {4 1 /9 P f6 3 B (Rapidly Digestible
Starch,RDS), 7E/Mg P 20~120 min # 7H4 fb 14 1%
1 1 3€ B (Slowly Digestible Starch,SDS) Fl 7 /)]s
I N 120 min 475 A 85 78 4k 19 BT P 3E B (Resistant
Starch,RS); HH i F SDS il 76 A\ & il 1 2%
"% S L R R 2 AR R 2 A TR 4 I A 50 114 Wi
W, DT 3 55 48 S B 2K SF- 5y BE i T AR SR ARG
SBHE R, DRI kA R T B R Y ik H
BRI, I [6] 7 22 19 28 AN TS I 400 3 3ok 50722 Bl 4 4

Wep AV i 0 2 7T 52 i) HL G ) T AR BE 0, R 2
TR T AN [R) 22 08 B FL K A 7= 1 6 4 90 e 9 AL
PR RZ I AR E AT I HE , 22 082SR T
XFVE R SRR A E O 2, R EAELT
=2 1) PR AR AR FR BRI K 4 T2 B BRI Y
KA IR L R e S P ) 2 A TE A N
B o 91 G, B SR A T ARG i £k e A 1R R
BEE WA VE by 00 7K A 3 38 5 (] B, 266 B 184 oK A
FEMIYTECBE T, JR R e R A v 2 4
KA B R4 2) S 7K A 5 A R R 3 1ot 43 [
YER . AR A Jy SR S0 AH B AR R R
ORI B PP IBE B 4 T A ) DA R AT A ke
it ) SRR, PR B T A R L TR 2 R
INZEVER AR BAE A R T a-TE M BS54, (H X
T o B MBS A W g /D T 51 /N 22 38 B
FEPERE I i ARBY B 45 RABTE Chen S5HIROK
VERY BRI ST A R TR R o 3 ) 3 5 A E A A T
A IR 0 5 R L AT DA I o) il T 3 A ) T R
P, Oh Sk AR AS 20530 1 175 5 /N 22 JE W SO
5 A6) (1% 72 L DT 410 44 D€ A9 7K Sk 0 4 255 0 1) i T
QP WS Rl il VB o 1] 2 (1 I 2 G S 7 R e
LRAS A S HLAT BRAIRVE B K A AN 4 48 I 1t vl
KR HELE TR o Zhou S5 % 3R BT R AP e /% I e /
JIIR TS B S IR T s EORTE R S5 K, B2
ELEEVE R IR A, DT S A O YE R S
IRBE R Y Ry T AL %

5 LK Y EYIE YRR
=1

B P 2R R A FE S g I 2 0 I
FFEEE = AR, Rt 3 22 W A5 K A, 38
i FB 73 oK it 7 ARA IR BE 22 WK gt 7= ) A3
LS IR FBL, W R S 1R N 755K 5 I H 22 WK figg
7 2 B AR T I R R Y LT X
TRMIMTHAEZE L, Dangi 5T T JUR
SR K A 77 My B2 RS BE R IAL | AL A A
R RS, 25 2R s T DL o e s T
A R B K R A e 7= ) e 2 BN
KYEA R iR 5 T, O EK R e e
IR 2% N 6 A or 2, 2 W1 3 e A £ A
X e B L T TR AR A o A VAR RS T T AR



2024 “F-55 9 #

i

oz

O &

490

A o
)l ety ) G T O S e e 3 oy B Gy oy St T (2
[s1] FENHYHY HHDEEVGUNUET HENH OSRGOS S R WL ¥ (BEEEU)UBOI~%HT  WHAKEY WEY
B LB W ek T
FRMY T HI) W WL WY T Lo & F T OIN Y B3 LW 7,9 o e =
[¥€l O W Loy Bt O BE R Bk ok YE B 6 Ly e LY Ge (HOO) = 35 3 W (DON) W E S\ (ELEYDT %] GUHYG WHE YW T WY
GELy T 9% GO ok 20 Lo S S T,0 ok, 9 2o Ty HA o0 R o Go ok 20 L o S T),9
af Ol LY N IN FE DI Hd @ W T e G M EY Loy S INF 08 [l
[6v] CHEE Y W W WS LY H B Y W L8 3 (HA) % 3w (AN WK (Y5 Z 4 ) %9 %Y GUMEFY UL YK
Y =
31 W H L S H WG B LGy g ¥ (L EXW)%T~ YU W F Wy -
FETE Ty
EEUNAW FUFFC R H IO D Y TG G oy B by By U G Ly I
lo1] WU E YW UE W B F BT WY WS LY G (%% Z ) %0T~%S GMEN G b
M BT E Y B TR E ST Y WU E W EW S FRE W
[sv] PDEHFHYHERTEY ‘FRNHET FEUMAS SO EY BT YW LW LY TW/3 G 1~¢0 CEES e gLy
WSl h TGN G W ) T B
[L1] UGN TS T WS B SH YRS H AFE W HFWRGGRFEE LYol (FEETW)%I0~%ST0 Gk #g e
N E
kAl B A YR E U N T NG L ooy S E R EY (%% Z W) %BOT~%S'T GMEFE BHEH G LY
HE WX E af GIE
[s¢l GAUKTWH HE NGB EN G I WA R TR BRGNP LA % sTY (%<& ZY) %Y Gk T WETY
FHU GO WYY NS FWEE L) LX) ¥y w
lozl WAk Lo B B F R YW WS WO HR W WEY S W LIWHB S TY (%% Z W )%01~%T GAUNF WETY
B M YR Yoy B
l6] (R R E N OGN L U S AU KRG ey (ST W)%BS0~%S00 Y g Euw
[Lv 9p 11l FEHUUFET LW R AW FE W SN L B WG TGy (& Z W )DBS~PH10 GMFN g H W
WX &Y% B2y = ooy 3 Uy o
yore)s s[earad Jo songadord [eorwaypooisAyd oyy uo soteskjoIpAy 1oy pue sepueyooesAjod jo s109fy | 9[qr],

EHZECHF S M G R G S X G NE T # 2

-3



% ¥ B I KR M 3254 I H BLAR BK AL M 8GR A S R 491

$24% oW

TV VBT Y A o B B Y

Uy

[¢1] W MUY WE T WY RN RN RGN U YR E YRR BT Ly - Lz W) %1~ GMEW W H WY LI
%1€ 99

[LS] TUWPISLCWEH E T WA G GG MW F Lo Br T L ooy B oy Lo G B (MZW) 11 GEAUF G b
3 By g 5 ) B o
EAc g WA S Sl TR AR Y By N A e R IR AR Y PR e T

[oc[sS] o m@n P Yl —HHFHFU LY ‘AN U YA FAHEHE X I TR HBF L LY (WL ZE W) HTI~%E GHM¥T YU LY
AW F LN RGUNF N TSGR GG MY W L B

[+6] GEW HE W FHDSTY B GHHL FTEFES YN T Em (FEEW) %ST~%S0 G ALY

TN 8 U4 [ RE A

(¢S] WWHH NG LW L W MY E N LGN TR YL E LT WY E (YT W) BS0~%I0 GEIMHY R
WA T T LG MY G B A O A

HEG AN DA DY LU YF T RERY BT L4 (BISOL 4 %YE9 G G2 T Y Wanxe

[zs] O ML T MBI ) EGHMA YO gh F G2 H B Gk T LB pog by ¥y i (L EYW) %HT~%S0 UMY T R

[9z] BRI NV A RC S ANV TS R J RO R R g i e A (ELEW) %SI~%S L aNT g HF

(L2l WG Y F YO L EGUNTHGRE T W H OGNy HSH L L E L (BLZEY) %0 WUM¥FE #eladma
Z 500 SY af SAS h B Trap HE Loy Sy 36 of ok G &

[16] UL M NG N L (TR - AW AR Y G NG T S ot (BEEY) BTI~%Y GMEN W g frof
T E WL ERS Y
o (1LT9S) B o4 8k (2 U & dAL/AVV "¢ Bk [ dy o 8F WY ¥ ¥ E W L & &8 W i

4l B B L 00 i JUL/AVY & (T O L MG N WYL ¢ L T wnke g

[og] Ol U Gy G0 B L&t b g o o Loy B (dAL) % £ ¥/ (dVV) 8 £ 3 E %90 (ELZW) %90 GYuF g YR

YWY ¥ EEACY = ooy e AR i o

YolIels S[ealoo JO SolSLIdloBIRYO Coﬁmmw:u Iyl uo m@Hm@ﬁO.Ju%ﬂ 1Y} pue m@—uﬁﬁﬂ@@ﬁ@ﬁ@& Jo S T Ql9el,

ARG YR GD GG N E TS C¥



492 hoE

[
[215)

i

2024 “F-55 9 #

E BTUIIN AR, IR SRS K 7 MR AR T i
AT 5 (n) FIAR 45 K (KD 3 T G G
{EL, B 1 B L A R L R Y Y [ AT 2
JBE o MRAE AES AR T 22 2 AR A M R R (O
BOK K R R TE A ) AT A AR W e R
G5 2R 7R 22 2 o pa A BE AR R el K B
A, B3 PR TR W TR 54 RO T E FOR A AR
{FL, B A R B . Hu SEWH 18 A [ o B2 22 25 b
RS H 2 TRy B PR TR MR R B, T R R
1 22 25 WG 3 oo VSR D SC R T b 01, (R
Ko I IR BCEA ¥ B R 45 450, DT 5 =
By 22 WO NEIR R, DBy 22 2 RO, AR TR 22 S

o

=

fEm

6 EEE5RE

TEVENS S N1 VA3 22 M 55 S 7K B AR X 3 3
BEAT B AL B — Fh Sk (A R T ik, X 2 BT
B 2 BO A ZR AL R R AR R A A
PSR S AT 35 A . Herp 2 W e AL i 2
Hh I I B A A T R R R TR AR A e B, S
For 22 ) B A S A0 B AR 25 R o B B I )
TASYERE ;A [F) 28 B B¢ 20 A B 00 Z2 85 5 i m]
BE Iy E DR e S EPINERRY B2 N (IS
T AL A rb oA 15 I A0 2 Mk s, DA T 52 0 9 £ 2
o BeAh I AK  J7 RAH IR 2K
7 LA I HI R, R A A A B N T
SR TR AN AT AR T e R B I TR

SR, A8 AR AT AR A 22 W — 38 B 2 C AR 2% 0
FFSE PR A7 o B ™ il R B R U AR A
e — B RAWTIT e, RIEA R ORI R 2
(] B4 2 E AR, LA R A T S A X 3 oy B A ot )
SRR S AL B L, RHE I pH {4 s B
TAFSN A X 2 W5 TR 8] EAR RS0 K T
REAH DG, 20 Bl 0038 S ) 22 1 i 1) D) BE AR P A
PIRUE KA . AN R FE B IR Z O & L
7 i TR ) R FEIR A R R PR E , oK
16 573 1 ) O € O A <SPS I N TTTRZ
AT i RV ST 20 A5 5 JE A 23 1 2 1) Y B AR
KA TR A TR SC R AL, 8 2 8 7E 45 W e
Hor S BT it B4 ST s I

(3]

(6]

2 % X #

GALLANT D J, BOUCHET B, BALDWIN P M.
Microscopy of starch: Evidence of a new level of
granule organization[]]. Carbohydrate Polymers, 1997,
32(3): 177-191.

WANG Y, ZHAO J K, WU Y W, et al. Process-
ing of air—dried chestnut and physicochemical prop-
erties of its starch with low digestibility[J]. Food Hy-
drocolloids, 2020, 108: 106051.

ETE, FBIRIK, KRBT, . SRR R
TIRE S W A D 2 SRR ()]. T R Lol K= 4 (B A F
), 2023, 44(1): 126-134.

WANG Z C, ZHENG X X, YU X X, et al. Re-
search progress on the effect of polysaccharide on
physical property and function of food[J]. Journal of
Henan University of Technology (Natural Science
Edition), 2023, 44(1): 126-134.

WANG 7, MHASKE P, FARAHNAKY A, et al
Cassava starch: Chemical modification and its im-
pact on functional properties and digestibility, a re-
view[J]. Food Hydrocolloids, 2022, 129. 107542.
fOE G, BT, WM, 5. 8 G B v
R R VE By 0 G5 R S AR PR, b A A R
2023, 23(1): 78-86.

DAI X L, ZHENG Q H, HU N N, et al. The
structure and digestive properties of ultrasonic assist-
ed enzyme modified typical crystalline starches [J].
Journal of Chinese Institute of Food Science and
Technology, 2023, 23(1): 78-86.

CHEN S, QIN L, CHEN T, et al. Modification of
starch by polysaccharides in pasting, rheology, tex-
ture and in vitro digestion: A review[]]. International
Journal of Biological Macromolecules, 2022, 207
(15): 81-89.

T, BEA, R, 55 R4 TE T
BT (¥ 52w BIF 5 S JRELT). MLl Ak 4R, 2020, 35
(6): 173-181.

WANG L X, LU Y G, WU N N, et al. esearch
progress on the effect of dietary fiber on properties
of starch [J]. Journal of the Chinese Cereals and
Oils Association, 2020, 35(6): 173-181.

LUO Y, SHEN M Y, HAN X Y, et al. Gelation
characteristics of Mesona chinensis polysaccharide —

maize starches gels: Influences of KCI and NaCl[]].



F24% HoMW

% ¥ B I KR M 3254 I H BLAR BK AL M 8GR A S R

493

191

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Journal of Cereal Science, 2020, 96. 103108.
REN Y M, RONG L Y, SHEN M Y, et al. Inter-
action between rice starch and Mesona chinensis
Benth polysaccharide gels: Pasting and gelling prop-
erties[ ] |. Carbohydrate Polymers, 2020, 240(15).
116316.

LIU S C, SHEN M Y, XIAO Y H, et al. Effect of
maize, potato, and pea starches with Mesona chi-
nensis  polysaccharide  on

pasting,  gelatinization

properties , granular morphology and digestion [J].
Food Hydrocolloids, 2020, 108: 106047.

YURIS A, GOH K K T, HARDACRE A K, et al.
The effect of gel structure on the in vitro digestibil-
ity of wheat starch—Mesona chinensis polysaccharide
gels[J]. Food & Function, 2019, 10(1): 250-258.
ARAVIND N, SISSONS M J, FELLOWS C M, et
al. Effect of inulin soluble dietary fibre addition on
technological, sensory, and structural properties of
durum wheat spaghetti[J]. Food Chemistry, 2012,
132(2): 993-1002.

KIM H J, WHITE P J. Impact of the molecular
weight, viscosity, and solubility of B-glucan on in
vitro oat starch digestibility[J]. Journal of Agricultural
and Food Chemistry, 2013, 61(13): 3270-3277.
ZHU F, ZHANG Y. Effect of konjac glucomannan

on physicochemical properties of quinoa and maize

starches[J]. Cereal Chemistry, 2019, 96(5): 878-
84.

M, HH, BRTER, . E RS Y IE R
T A R0 AR R BT R R D). B RR A, 2021, 42
(10): 1-7.

LIN N, XIAO Y, YANG X B, et al. Effect of

maltose on gelatinization and rheological properties
of waxy cereal starches|J]. Food Science, 2021, 42
(10): 1-7.

ZHANG C, WANG Z J, LIU Q Q, et al. Improve-
ment of pasting and gelling behaviors of waxy maize
starch by partial gelatinization and freeze —thawing
treatment with xanthan gum[J]. Food Chemistry, 2022,
375(1): 131656.

TU J, ADHIKARI B, BRENNAN M A, et al. In-

teractions between sorghum starch and mushroom

polysaccharides and their effects on starch gela
tinization and digestion[J]. Food Hydrocolloids, 2023,
139: 108504.

RONG L Y, LIU W M, SHEN M Y, et al. The

[19]

[20]

(21]

[22]

[23]

[24]

[25]

effects of Mesona chinensis Benth gum on the past-

ing, rheological, and microstructure properties of
different types of starches[J]. Current Research in
Food Science, 2022, 5. 2287-2293.

ey, FHUINY, B, . Ak N TR R B
FAE AR AR AR )] B S R EE T, 2022,
48(3): 135-140.

J X L, YIN M S, ZHAO Y, et al. Study on
physicochemical properties of inulin —wheat starch
blended systems and the interactions between the
components[J]. Food and Fermentation Industries,
2022, 48(3): 135-140.

MA S P, ZHU P L, WANG M C. Effects of konjac
glucomannan on pasting and rheological properties of
corn starch[J]. Food Hydrocolloids, 2019, 89. 234-
240.

FUNAMI T, NAKAUMA M, NODA S,

fects of some anionic polysaccharides on the gela-

et al. Ef-

tinization and retrogradation behaviors of wheat
Soybean —soluble polysaccharide and gum
arabic[J]. Food Hydrocolloids, 2008, 22(8). 1528-
1540.

ZHANG Y Y, GU Z B, ZHU L, et al. Compara-

tive study on the interaction between native com

starch ;

starch and different hydrocolloids during gelatiniza-
tion[J].
molecules, 2018, 116. 136-143.

T, R, RRIE, L R AR TR
d I A R R AR S R (D). £ Tl 2022, 43
(10): 212-215.

WANG L, LI S R, JU R H,

progress in application of starch rheological proper-

International  Journal of Biological Macro-

et al. Research
ties in food processing[J]. The Food Industry, 2022,
43(10): 212-215.

XIAO Y H, SHEN M Y, LUO Y, et al. Effect of
Mesona chinensis

polysaccharide on the pasting,

rheological, and structural properties of tapioca
starch varying in gelatinization temperatures|J]. Inter-
national Journal of Biological Macromolecules, 2020,
156(1): 137-143.

HAO Z W, HAN S J, XU H J, et al. Insights into
the rheological properties, multi—-scale structure and
in vitro digestibility changes of starch -8 —glucan
complex prepared by ball milling]J]. International Jour-
nal of Biological Macromolecules, 2023, 224(1):

1313-1321.



494 hoE =i 2024 4F55 9 1]

[26] KONG X R, ZHU Z Y, ZHANG X J, et al. Ef- rheological, thermal and gel textural properties of
fects of Cordyceps polysaccharides on pasting prop- pearl millet starch as modified by guar gum and its
erties and in vitro starch digestibility of wheat starch acid hydrolysate[]]. International Journal of Biological
[J]. Food Hydrocolloids, 2020, 102. 105604. Macromolecules, 2019, 139 (15). 387-396.

[27] XIE F, ZHANG H, WU Y, et al. Effects of [35] ZHAO Q Z, TIAN H, CHEN L, et al. Interactions
tamarind seed polysaccharide on physicochemical between soluble soybean polysaccharide and starch
properties of corn starch treated by high pressure during the gelatinization and retrogradation: Effects
homogenization[J]. LWT, 2021, 150: 112010. of selected starch varieties[J]. Food Hydrocolloids,

(28] FhEE. R A SRR = R o T U R A A A T 2021, 118: 106765.

HISZmID]. AL LRI, 2020. [36] BAEEAME, PhWG, Bk, S OR[N D 2 v
SUN Y. Effects of konjac glucomannan on physico- M EE B AL AR M E S )] R Sl iE, 2022,
chemical properties of three starches with different 35(8): 37-42.

crystalline[D]. Hefei: Anhui Agricultural University, ZHAO J J, ZHONG Q, QIAN H F, et al. Study
2020. on the anti -retrogradation effects of different addi

[29] RUE, #bm, B, F. AIENEKE X ROk tives on the wheat starch gel[J]. Cereals & Oils,
kW AL Re P Y B2 R[], B R A A B A I A R, 2022, 35(8): 37-42.

2022, 13(19): 6140-6146. [37] QADIR N, WANI I A. In-vitro digestibility of rice
WU N, YANG Y, BIAN X, et al. Effects of solu- starch and factors regulating its digestion process: A
ble soybean polysaccharides on the physical and review[]J]|. Carbohydrate Polymers, 2022, 291(1):
chemical properties of rice starch[J]. Journal of Food 119600.

Safety and Quality, 2022, 13(19): 6140-6146. [38] VD, ARATEL, XU, S, AN N4t e by B

[30] FENG T, YE R. Rheological behavior of biopolymer Ak ST RN A0 AR P R ) ) B 5T R (). b DR T A
systems[M]// Handbook of Biopolymer - Based Mate R, 2022, 37(12): 286-292.
rials. US: Wiley - VCH Verlag GmbH & Co, 2013. TAN S, ZHU R W, LIU Q Q, et al. Research
673-698. progress on effects of exogenous additives on

[31] YURIS A, HARDACRE A K, GOH K K T, et al. physicochemical properties and digestibility of starch
The role of calcium in wheat starch-Mesona chinen- [J]. Journal of the Chinese Cereals and Oils Associ-
sts polysaccharide gels: Rheological properties, in ation, 2022, 37(12): 286-292.
vitro digestibility and enzyme inhibitory activities[]]. [39] ZHENG Y, TIAN J, OGAWA Y, et al. Co-extru-
LWT, 2019, 99. 202-208. sion of proanthocyanins from Chinese bayberry leaves

[32] Gk, F/NF, WIS, S5 SRKI PR X TE R HE AL modifies the physicochemical properties as well as

e 0 s ) K AL BRI oY HE R D). P ORG24 the in vitro digestion of restructured rice[]]. Food
2020, 35(9): 195-202. Structure, 2021, 27: 100182.
FAN X, LI X P, HU J W, et al. Review on ef- [40] NGUYEN T T L, FLANAGAN B M, TAO K, et
fects and mechanism of hydrocolloids on physico- al. Effect of processing on the solubility and molec-
chemical properties of starch[J]. Journal of the Chi- ular size of oat B —glucan and consequences for
nese Cereals and Oils Association, 2020, 35(9). starch digestibility of oat—fortified noodles[J]. Food
195-202. Chemistry, 2022, 372(15): 131291.

[33] R AN THOMS B VX A [) o 248 T 3 5 T R 1 119 5% [41] CHEN L, TIAN Y Q, ZHANG Z P, et al. Effect
W) K L AE pE R B g B D). BB . BB R, of pullulan on the digestible, crystalline and mor-
2022. phological characteristics of rice starch[J]. Food Hy-
RONG L Y. Effects of Mesona chinensis gum on the drocolloids, 2017, 63: 383-390.
gel properties of different starch and its application [42] OH J H, CHUNG J O, LEE C Y, et al. Charac-
in starch film[D]. Nanchang: Nanchang University, terized polysaccharides from green tea inhibited
2022. starch hydrolysis and glucose intestinal uptake by

[34] DANGI N, YADAV B S, YADAV R B. Pasting, inducing microstructural changes of wheat starch[]].



H24% KoM % A B KR iy 2 - 2 S BRACBK A M 0 e AT R 495
Journal of Agricultural and Food Chemistry, 2021, [50] TU J, ADHIKARI B, BRENNAN M A, et al
69(47): 14075-14085. Acidic polysaccharides from black ear and silver ear

[43] ZHOU S, HONG Y, GU Z B, et al. Effect of mushrooms modulated the release and transport of
heat—moisture treatment on the in vitro digestibility glucose from gelatinised sorghum starch during di
and physicochemical properties of starch—hydrocolloid gestion[J]. Food Chemistry, 2023, 411(15): 135426.
complexes|J]. Food Hydrocolloids, 2020, 104: 105736. [51] ZHU L, ZHANG F J, YANG Y, et al. Extraction,

[44) AhAE, MEHEE, BBibs, % RIS WIEES purification, structural characterization of Anemar-
W VE R A BT R (] B A A AR A A rhena asphodeloides polysaccharide and its effect on
2019, 10(20): 6747-6751. gelatinization and digestion of wheat starch[J]. Indus-
LIN N, ZHENG M Z, YANG X B, et al. Effect of trial Crops and Products, 2022, 189(1): 115867.
carbohydrate on the quality of glutinous grain starch [52] SHAIKH F, ALI T M, MUSTAFA G, et al. Com-
[J]. Journal of Food Safety and Quality, 2019, 10 parative study on effects of xanthan gum at different
(20): 6747-6751. concentrations on the functional, thermal, and di-

[45] HU W W, ZHANG W, ZHANG Z G, et al. Effect gestibility characteristics of corn and sorghum starch
of maltodextrin on the physicochemical properties extrudates|[J]. Starch - Stiarke, 2021, 73(3/4):
and cooking performance of sweet potato starch noo- 2000206.
dles[J]. Foods, 2022, 11(24). 4082. [53] SASAKI T, KOHYAMA K. Effect of non —starch

[46] YURIS A, GOH K K T, HARDACRE A K, et al. polysaccharides on the in wvitro digestibility and rhe-
Understanding the interaction between wheat starch ological properties of rice starch gel[J]. Food Chem-
and Mesona chinensis polysaccharide[]J]. LWT, 2017, istry, 2011, 127(2). 541-546.

84. 212-221. [54] WANG Y Y, GUO J Y, WANG C Y, et al. Ef-

[47] LIU S, LIN L, SHEN M, et al. Effect of Mesona fects of konjac glucomannan and freezing on thermal
chinensis polysaccharide on the pasting, thermal and properties, theology, digestibility and microstructure
rheological properties of wheat starch[J]. International of starch isolated from wheat dough[J]. LWT, 2023,
Journal of Biological Macromolecules, 2018, 118: 177(1). 114588.

945-951. [55] NING Y J, CUI B, YUAN C, et al. Effects of

(48] MM, sk, M, F.OWE T 2P B ORIE M konjac glucomannan on the rheological, microstruc-
FRALRRPE RS2 )] B A A, 2023, 23(2): ture and digestibility properties of debranched corn
100-110. starch[]J]. Food Hydrocolloids, 2020, 100: 105342.
ZHAO H, ZHANG Y R, YANG Y, et al. Effects [56] NING Y J, CUI B, YUAN C. Decreasing the di-
of pholiota nameko polysaccharide on physicochemi gestibility of debranched corn starch by encapsula
cal properties of corn starch[J]. Journal of Chinese tion with konjac glucomannan|J]. Food Hydrocol-
Institute of Food Science and Technology, 2023, 23 loids, 2020, 107. 105966.

(2): 100-110. [57] J1 X L, WANG Z W, JIN X Y, et al. Effect of

[49] DANGI N, YADAV B S, YADAV R B. Pectin and inulin on the pasting and retrogradation characteris-

its acid hydrolysate for the modification of hydra-
tion, pasting, thermal and rheological properties of
barley starch[J]. International Journal of Biological

Macromolecules, 2020, 152(1): 969-980.

tics of three different crystalline starches and their

interaction mechanism|[J]. Frontiers in Nutrition ,

2022, 9: 978900.



496 b

g
Eo

= 4 2024 4E55 9

Research Progress on the Effects of Polysaccharides and Their Hydrolysates
on the Physicochemical and Digestive Characteristics of Cereals Starch

Hu Weiwei', Gu Junchao'?, Yang Kai’, Zhang Zhiguo', Bu Tingting?, Wu Weicheng"
('Food Science Institute , Zhejiang Academy of Agricultural Sciences, Hangzhou 310021
XCollege of Food Science and Technology, Zhejiang University of Technology, Hangzhou 310014)

Abstract Cereals are important food crops in China. As the main nutritional component of cereals, starch is closely re-
lated to the quality of starch—based foods. However, natural starch has shortcomings such as easy aging and poor shear
resistance, and the gelatinized starch also has problems such as water separation, easy aging, and thermal instability,
limiting its application range. Introducing hydrophilic colloids such as non-starch polysaccharides is a green and environ-
mentally friendly starch modification method. Moreover, the hydrolysates of polysaccharides also exhibit potential applica-
tions to improve the processing characteristics of starch, which is of great significance for food processing. This article
summarizes the effects and mechanisms of polysaccharides on starch gelatinization, rheology, texture, and in vitro diges-
tion properties, as well as the research progress in the effects of polysaccharide hydrolysates on the quality of cereal
starch. It is expected that this work could provide theoretical reference for improving the physical properties of cereal
starch—based foods.

Keywords polysaccharide; cereals starch; modification; physicochemical; digestion



