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ABSTRACT: Objective To systematically investigate the effects of corn starches with different amylose content,
including normal corn starch, high-amylose corn starch and waxy corn starch, on the freeze-thaw stability of konjac gels.
Methods The texture characteristics, water separation rate and water retention rate of the samples were determined.
The water distribution characteristics were analyzed in combination with low-field nuclear magnetic resonance

technology, and the microstructure and crystalline structure analyses were carried out to reveal the

st #s HHA: 2026-03-20

ERTB: | VA B G B A ™ SR O T Bk Se e A5 H (REACRHH 202515)

FE—1EE: HpRW2000—), B, Wi-LBroEA, FEMFR 0 RSN T, E-mail: 3608097294@qq.com
HBIEEE: MEE1971—), &, Wid, HdR, FEWFIr e AR SRR T . E-mail: linying@gxu.edu.cn



5517 3

PRI, A ANIR] ELBETEA B ik 0 R OK VE R o JE R R RS E T ) S

133

structure-water-performance relationship of the composite gel. Results The addition of corn starch could all improve
the freeze-thaw stability of konjac gel. Among them, the 5% waxy corn starch system performed the best. After 5
freeze-thaw cycles, the water separation rate was only 5.58%, the water retention rate remained at 89.94%, the
proportion of retained water in the system was maintained at 96.40%, and the proportion of free water was less than
1.20%. Moreover, the variation range of hardness and chewiness was the smallest. The results of scanning electron
microscopy showed that the waxy corn starch system still maintained a continuous and uniform porous network structure
before and after freeze-thaw, with only slight pore expansion. The results of the crystalline structure showed that its
crystallinity changed the least, and the low-temperature regeneration was significantly inhibited. The appearance
remained intact and the color was bright. Conclusion The highly branched amylopectin structure in waxy corn starch
can restrict the regular arrangement of recrystallization and molecular chains. Meanwhile, the abundant hydroxyl groups
on its molecules can form hydrogen bonds with konjac and water molecules, maintaining a stable hydration state and

reducing the freedom of water migration. This effectively inhibits water migration, phase separation and structural

damage induced by freeze-thaw cycles, significantly improving the freeze-thaw stability of konjac gel.
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Fig.l Effects of different concentrations of corn starch on the
syneresis ratio of konjac gel under different freeze-thaw cycles
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Fig.2 Effects of different concentrations of corn starch on the water
holding ratio of konjac gel under different freeze-thaw cycles
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Table 2 Textural properties results of corn starch-konjac

glucomannan composite gels with varying amylose content under
different freeze-thaw cycles
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Table 3 Proportions results of water distribution in corn
starch-konjac glucomannan composite gels with varying amylose
content under different freeze-thaw cycles

‘(Zfﬁ!ll 7J(6'}/3\§i_'-/%
25 e

WEL

PZI PZZ P23 P24

0 0.88+0.04° 1.28+0.04" 96.43+0.65* 1.09+0.04°
JiE

5 7.57£0.31° 31.53+1.19° 18.90£0.66" 41.20+1.71°
. +0.14° +0.60° +1.87° +0.02°
figgey O 27820.14° 14.000.60° 82.50£1.87* 0.30£0.02
5%NS 5 447+0.25" 22.67£1.06° 58.90+1.60° 13.45+0.92°
" - +0.15° +1.10°
s O 3.10£0.15° 96.90+1.10
5%HS 5 290+0.14* 27.17£1.35° 34.90+1.70° 35.03+1.75"
. + b + a + a
fgg O 1.80:0.00° 3.60:0.18° 94.60%1.13
S% WS 5 240016 96.40£1.51° 1.20+0.06"

TE: -FIRTCULI; Poy Fll Py 7R G55 7K 4k o FU; Py RN B K &7
T L P R A HUR SRS L.

Ty N 0.1~9.0 ms, To, 4 9.0~90.0 ms, Ty, Fil Ty, 103
BRI FEBEEGWNEGK, Tz 90.0~800.0 ms LR
BA TEBE R 25 28540 FR o LA B K, AR IRBE K, T M
800.0~10000.0 ms /R = i s F BK PO, H R 4 B0,
Wil % VRl S U5, To st BRI R IR AEC, A K H B
P, UK A3 rh A2 BRR S ) B 3 3 B M RS T B 0 A
TN ) % A 1 o R KU X i 8 HL A B S i 1
o WS XK 433 1 A AR 5 ol BH i, HS 44K R T R 80
H IR R Rl AR s 1k

FH % 3 AT, VR e i S 8 A0 S 2 0 e Ak R 9 7K 4
AR AS . SIS BEICAE AR VR AR A K 3, HEZ 5
UGR G A K L R PR 2 18.90%, H /K =
41.20%, FHIEER L™ EBIR, KOAhE S B TR,
WM NS J&, WA T KT AR 8] —E M, 5 KRR
R 58.90%M K EA/K, H/KELGIFEE 13.45%. HS
W R AE R Al G B B R KA E A, IR OKER
34.90%, HHKFE 35.03%, Bk E A g5 R AT il
55 7 M4 XK Bk 2R P, T WS TR RTEGRBLATS T,
S JLEARAE, BRI AR TE 94.60%~96.40%, H
IKERALTF 1.20%, SR HXK RS 1 5 sma il ig

WS H SCHETE R 1R B AR S H HLA Rk, K
IR 433 2ok VR BT S B I R L, AR sh MR A A
1, IR R R PR K B, BRI A,
7K 23 e LA KU SR AT vk i, I HoK Bk b i
SRR AU, X 4 ) 2% 2 AR R R TR AT K 43
(iR 235 e R K 43w DL AR T T 1R RS [ p K,

I Toy B A AERFRARIKT

2.5 ERKIEM I EFRIURR RSBS00
VR AR b KR R TR RS E A R A S BRI 4

BRI RS 19 BB R P Ay B 7R S ) B

i B K TE Ry X JHE B i I 25 S A AR E PRSI, SR T

i B, F S BE (scanning electron microscope, SEM)X Ik fill

H AR S RO SS F A T RAE, HEE A 5 PR

E00um 200

TE: AL BOAABEFRERRAL 0. 5 IRIMOMLEEH; C. DN 5%
NS IR G BERCRER 0 WX, 5 ICHOESH; EL F 98I 5% HS 1
SAABENIR O U, S KBHORESH; G, HOBEIN 5% WS (I E &
BERCAVRRR 0 I, 5 UKIOMES A
Pl 5 AN IF) BV R o 1 K TE M - B R 0 TR 5 IR
O A5 P
Fig.5 Microstructure of corn starch-konjac glucomannan composite
gels with varying amylose content after 0 and 5 freeze-thaw cycles
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Fig.6 XRD patterns of corn starch-konjac glucomannan composite gels with varying amylose content after 0 and 5 freeze-thaw cycles
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glucomannan composite gels with varying amylose content after 0
and 5 freeze-thaw cycles
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