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Effect of Different Sources of Starch and Properties of Konjac Gel under Freeze-Thaw Treatment
TIAN Chen, LIAO Luyan, WU Weiguo®

(School of Food Science and Technology, Hunan Agricultural University, Changsha 410125, Hunan, China)
Abstract: In order to investigate the effect of freeze -thaw treatment on konjac gel from different sources of
starch, the frozen composite gel was prepared by using 6 different kinds of starches on the market according to
the mass ratio of different starches to konjac powder. Based on the physicochemical properties of various
starches from different sources, the structural properties and water retention of composite gels were analyzed
comprehensively, and the effects of different starches on konjac gels were investigated by correlation analysis.
The results showed that the amylose content, gelatinization properties and rheological properties of starch gels
from different sources were different. Addition of different starches could improve the gel quality, reduce the
gel hardness and improve the elasticity of the gel, and the starch/konjac mass ratio (2:8) could improve the
water retention of the gel. The addition of starch from different sources had different effects on the gel quality,
among which wheat starch konjac composite gel had the best comprehensive quality and better elasticity and
cohesiveness than pure konjac gel. When the mass ratio of wheat starch to konjac powder was 1:9, it was the
best to improve the properties of frozen composite gel.
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Table 1 Sensory evaluation criteria
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Continue table 1 Sensory evaluation criteria

PEE T H E N o
HEVRDE VB BT8R TR D 45~50
(50) s
SMEEOLHT BT — B BT, e Bb 40~<45
S

SMEHLEE , OISR, B THRB % 0~<40

AR (20) AT B A ) SR, To SR 15~20

FAT B BRI A7 R, A1 SR 10~<15
JEJRE BB AT AR, A W AR 0~<10

L4 Flaabr

K H Excel B XA 50 506 17 40 BE, 45 5% LI
(8 25 E 22 098 X2 0R 5 Fi IBM SPSS Statistics 26 %%
ED O €T R BUN i o TN\ Eb < i o V3L SN W s S
I E A Origin 2021 3R EF T4l

2 BR5HW
2.1 AN[EE IR TE A B RE I B B B R 43 B

&1 AN [RIE R 35 1 It A8 R PR 2

P& 1 AR, AR 4 4 e e b 5 L R R A
AR /INT 80 Hz B 52 B0 Y 3L PSS i e v , L FE A1 8 1k
A AT 2% , PRI 58 R T TR 8 45 e AR A T L
L VE Ry 5 M SR T g T A R AL A A B A R

A 8000

6 000

4 000

PERL B/ Pa

2 000

0 . .
0 20 40 60 80 100

iR /Hz

B 60007 y sy g s
L
5000

SHIHHS-S4
iz il

edttd

4000

3000

AR /Pa

2 000

1 000

0 20 40 60 80 100
JH% He

C O] = mowpm
—o— Wi T EMREIR
St NEVEREI
oL DR EERE
—— RNEVEMEEIL

&
W
H_\:j
i/ He
AL AR [FIR R TE R SR b 5 B R [RIR IR VE AR B A i 5 C. ASTRISR IR
TERFES -

1 TR SRRE M B R i 2 4 1

Fig.1 Rheological properties of starch gel of different sources

T ELAE 100 Hz B3 RE ff e 1K, v DL &g 3 #)
TE BRI BAT R AR e M . KT R B B A
BRI U AR K F) 80 Ha i R FE M (E B A, vl 1 E ok
TERTE WG AR e Mg 2% o
e 2 ARG E Ry FE AR AL T 25
F2 TEREEHERBUER

Table 2 Basic physicochemical properties of starch of different

sources
am ket ﬁ;g’f;” gg’j FEk /9%
EoKTFER  13.02+0.31¢0 28.25+3.72¢ 79.25+0.08! 98.63+0.85°
INETERY  14.48+0.15" 48.75+0.61° 80.5620.05° 99.64%2.57¢
SEETERY 13.36+0.32° 57.28+0.74" 81.71+0.15" 95.59+1.35"
BETIER 123120319 63.55+1.320 83.82+0.70° 93.21%3.08°

CAABETERY  16.89+0.17°  23.45+1.19' 80.90+0.31° 99.38+1.24"
ARBEVER  13.192£0.69¢ 34.24+0.51¢ 79.32+0.18! 99.57+2.18¢

Y < [RV 9 AR [l AN - 4677 2 5 35 (p<0.05) .
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Table 3 Gelatinization characteristics of starch of different sources
21 V(AR (Pass)  MEZEBE/(Pars) WIRE/(Pa-s)  HZAFHE/ (Pars)  [FUAEAEH/(Pass)  BIfLETRls  WIfLIREE/C
T RBEH; 2 930.00+3.61°¢ 2 300.00+57.66° 630.00+£60.25¢ 3301.00+37.32¢ 1 001.00+94.78¢  5.60+0.04">  78.60+0.48"
IINZZ PERY 2 629.00+37.98" 1941.00+84.33¢ 688.00+86.52° 3 186.00+74.80¢ 1246.00+32.32°  6.80+0.12*  84.00+0.83
LR PER 3822.00+97.341 2963.00+112.17" 859.00+58.97¢ 5 705.00+£109.992 2 741.00+15.54*  5.00+0.04¢  75.70+0.52°
Wi e R 4 847.00+36.01¢ 1.882.00+45.911  2965.00+37.81> 2 895.00+122.01¢ 1013.00+97.62¢  4.00+0.00°  70.90+0.03¢
TS ETER 8 000.00+0.00° 1585.00+94.45¢ 6 414.00+94.45¢ 3 968.00+80.99¢ 2 383.00+13.50> 3.10+0.07"  68.20+0.39"
ANEETE R 5724.00+121.17" 3418.00£82.72* 2 305.00+38.59¢ 4517.00+63.00" 1099.00+123.411  4.70+0.08!  72.90+0.41¢
H : FAANRING b RoR 22 57 10 35 (p<0.05)
R4 RERETHRR R
Table 4 Texture characteristics of starch gel of different sources
21531) i /g FhitE/(ges) s N WGl NI/ (g s) EIF=R 3
FORTER 10 462.00+7.07" 1 889.68+6.36° 0.26+0.001 0.13+0.04" 1357.96+21.92¢ 348.98+7.07¢ 0.03+0.12¢
INZZVERS 4029.01+42.43¢ 1916.81+77.78" 0.27+0.01¢ 0.16+0.00° 639.29+12.73¢ 173.67+£7.07° 0.04+0.00¢
LR ENT 9929.72+70.71¢ 1 145.27+50.36¢ 0.39+0.07¢ 0.41+0.02¢ 4 163.12+75.66* 1808.21+77.78" 0.16+0.01*
Wi T VER 4 248.40+134.351 769.89+7.07¢ 0.98+0.04*  0.54+0.01* 2458.18+148.49¢ 2 404.68+72.83* 0.09+0.13"
TS B VEN 12 829.20+91.92¢ 1929.48+71.42¢ 0.37+0.01¢  0.25+0.01¢ 3209.10+77.07" 1165.58+77.78¢ 0.08+0.23"
ARBVER 1085.46+1.411 1441.17+59.40°  0.59+0.02"  0.49+0.01" 528.07+14.14° 319.89+7.79¢ 0.08+0.12°
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Table 5 Texture characteristics of different composite gels

2 5] T i /g i (ges) b N [linERds NFL g1 [l 52 Pk
LR EYE 743.900+23.048¢ -41.469+1.309" 0.814+0.021>  0.617+0.003¢  447.036+11.306! 381.337+14.849¢  0.251+0.015"
1:9
Wi FEYE 740.380+69.605¢ -40.301+8.012" 0.814+0.017>  0.596+0.010¢  452.402+46.501¢ 368.362+41.396¢  0.242+0.016"
1:9
N EYE 836.820+27.811°¢ —129.478+26.462¢  0.850+0.025*  0.671x0.007*  561.717+17.477¢ 472.520£32.078*>  0.227+0.010°
1:9
Tk EEYE 894.917+11.7600 -26.563+2.165""  0.794+0.016*  0.616+0.010°  551.550+7.651°  437.893+10.519*  0.269+0.002"
1:9
AEATE: B 951.813+19.286 -40.233+7.052" 0.846+0.008*  0.637+0.009"  606.380+9.843"  509.445+15.555*  0.251+0.001"
1 1:9
PN e 746.837+44.802¢ -40.453+11.287" 0.818+0.010"  0.641+0.010" 469.891+38.201¢  384.727+35.797¢ 0.252+0.003"*
1:9
JE 995.097+20.893¢ -16.140+2.661* 0.778+0.003¢  0.612+0.014° 656.137+19.643*  497.848+6.875° 0.300+0.034¢
LR R 622.357+16.949< -36.714+2.266" 0.827+0.006"  0.652+0.015*  405.485+2.728°  335.315+4.779¢ 0.273+0.007
2:8
Wi Y 546.907+16.877° -49.128+1.919¢  0.817+0.020*  0.623+0.020>  351.578+5.078¢  278.278+11.444°  0.232+0.007¢
2:8
INFE EEAE 688.317+31.377" -64.156+3.585¢ 0.847+0.010°  0.649+0.012*  441.657+21.003" 371.985+25.762"  0.251+0.018"
2:8
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Continue table 5 Texture characteristics of different composite gels
205 i /g FiEl(ges) S A SR Je A 1 NELIERPE [l 5 1
oK B 669.837+20.619"  -46.324+7.417¢ 0.829+0.002" 0.650+0.010°  435.175+14.122"  358.412+11.676" 0.258+0.004"
2:8
LA ERE 619.280+33.5040  —43.084+5.742b 0.800+0.006° 0.617+0.006"  356.123+21.4497  306.868+23.018¢  0.244+0.005"
2:8
AR JEYE 658.827+28.153  —49.614+6.896° 0.848+0.015* 0.660+0.013*  428.636+19.257"  363.178+12.557" 0.255+0.019"¢
2:8
JE 995.097+20.893*  -16.140+2.661* 0.778+0.003¢ 0.612+0.014>  656.137+19.643* 497.848+6.875*  0.300+0.034*
LR EYE 612.540+30.933¢0  —53.529+10.795¢ 0.897+0.007* 0.645+0.004*  426.373+14.747>  382.724+15.501" 0.276+0.003*
3:7
Wit EYE 621.090+28.039¢0  —30.847+2.691™ 0.872+0.014"¢ 0.662+0.012*  410.652+12.291°  356.239+11.220¢  0.263+0.007"
3:7
INGZ R 637.603+5.649"  —-50.230+5.490! 0.890+0.020% 0.648+0.012¢ 446.701£25.917"  397.328+20.626" 0.291+0.012"
3:7
FOK:EYE 597.417+18.295¢0  —29.134+4.932b 0.843+0.005¢ 0.627+0.005"  381.218+11.182¢  321.543+10.9867 0.279+0.005*
3:7
TAATE: FEYE 594.647+3.743¢ —39.934+5.889¢ 0.866+0.006¢ 0.647+0.010° 384.643+8.495¢ 338.119+4.024  0.283+0.006*"
3:7
N 670.287+26.109"  —28.777+2.813" 0.895+0.015* 0.649+0.003*  435.157+15.388"  385.176+6.151"  0.280+0.003*
3:7
JE: 995.097+20.893*  —16.140+2.661* 0.778+0.003¢ 0.612+0.014">  656.137+19.643* 497.848+6.875*  0.300+0.034*
SRR 433.320+10.352"  —33.002+0.433" 0.921+0.008* 0.628+0.006"  255.430+15.504>1  233.712+10.548"  0.326+0.010°
4:6
iR R 388.163+8.008° —56.537+10.768"  0.869+0.008 0.608+0.007¢ 236.241+7.565¢ 205.188+5.268¢  0.250+0.004¢
4:6
INGZ R 429.797+11.321>  -48.552+4.014¢ 0.858+0.002¢ 0.613+0.017"  258.125+22.685"  245.305+20.765" 0.255+0.020¢
4:6
Tk g 420.287+12.100>  -49.384+2.505¢ 0.879+0.014" 0.642+0.010° 274.737+9.264" 231.529+6.917"  0.273+0.013"
4:6
RS 382.390+13.624¢  -44.281+3.085¢  0.913x0.016*  0.632+0.016"  260.930+8.532"  237.740+7.063"  0.310+0.020*
4:6
R Y 379.310+10.111¢  =50.605+3.098°!  0.886+0.015" 0.633+£0.008"  240.232+6.689!  212.783+2.265°  0.244+0.010¢
4:6
g 995.097+20.893*  -16.140+2.661¢ 0.778+0.003¢ 0.612+£0.014>  656.137+£19.643*  497.848+6.875*  0.300+0.034=
LR 296.630+5.1797  -28.001+1.863¢  0.920+0.004" 0.659+0.018¢ 195.400+2.074¢ 179.434+1.828°  0.298+0.009°
5:5
Wi Y 342.707+11.707°  -39.763+3.292"  0.920+0.008* 0.673+£0.021*  217.272+4.628>  199.810+3.845°1  0.292+0.023*
5:5
INAZ RS 382.697+18.6200  -37.758+1.339¢  0.894+0.012° 0.650+0.021%>  236.069+24.890"  234.603+22.801"  0.296+0.010°
5:5
Tk E 304.523+3.701¢  -22.246+1.761" 0.921+0.012¢ 0.655+0.012>  201.900+3.742¢ 185.127+£5.513%  0.288+0.004*
5:5
AR 354.373417.771° -31.565+1.5511 0.923+0.007¢ 0.677+0.015¢  226.285+17.950>  208.137+17.538  0.317+0.005°
5:5
AR Y 348.057+9.802°  -35.780+2.217° 0.907+0.004" 0.627+0.015>  218.428+11.074> 197.112+11.740°% 0.280+0.004*
5:5
e 995.097+20.893*  -16.140+2.661¢ 0.778+0.003¢ 0.612+£0.014c  656.137+19.643*  497.848+6.875*  0.300+0.034°

T RPNl NG B3R 22 53 ik 35 (p<0.05)
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Fig.2 Water holding capacity of different composite gels
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Fig.3 Sensory evaluation of different composite gels
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Fig.4 Correlation analysis between basic physicochemical
properties of starch of different sources and properties of

composite gel
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Table 6 Correlation analysis of the quality of composite gel
T iz R M N [ling =R e WEL P mE-Xds ek

W 1

R 0.145 1

Stk —0.777%* -0.052 1
AN -0.226 0.209 0.519%
[linE2Rds 0.991%* 0.177 —0.724% -0.150 1
MFL g1 0.977%* 0.213 —0.660% -0.098 0.990%* 1
mE-Xds -0.404* -0.536%* 0.597 0.262 -0.370% -0.356% 1
Feokbk 0.600% 0.236 —0.591% -0.207 0.591 % 0.577% —0.459% 1

R R L, p<0.05 5 #+ R AN SN 2%, p<0.01,

YRR, 223 5 DM EPRANE s B 32 3] 1R
Wi o )AL, AR Z T A7 AR AN [R) R AR S, DT
PRSI TR R B A S, AT A %
Pl AA RPN T8

R T R B B B MR AR | SRR R
LARFACESS R . B 5 B e, £ 8
SBCEER £ A LR e i KRR A SR

X 6 FhAN )R PRV by B4 [ o Ak L 52 TR = BE
AR EIRE i T FE AR AT Ry 0 Hr . SR T IS,

F=7 ERSBIFHEE. TR RIERINE
Table 7 Eigenvalues, contribution rates, and indicator weights

of principal components

F U FEIEAE FETRRI% R E TR %
1 4.473 55913 55.913
2 1.367 17.088 73.001
3 1.171 14.640 87.641
4 0.506 6.325 93.966
5 0.333 4.158 98.124
6 0.139 1.738 99.861
7 0.007 0.084 99.945
8 0.004 0.055 100
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Fig.5 Gravel plot of principal component analysis
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Table 8 Principal component score, comprehensive score and

comprehensive score ranking of composite gel

BERCANIS B 1 B2 B3 LA LG HEA

Al -1.142 -0.624 0.672 -64.690 28
A2 -0.654 -1.257 0.157 -55.810 24
A3 0.390 0.157 0.807 36.320 10
A4 0.475 -0.180 0.129 25.370 13
A5 0.602 0.203 -1.125 20.650 14
Bl -1.023 -0.262 1.368 —-41.660 21
B2 -1.360 1.108 -1.462  -78.530 30
B3 0.481 -0.195 0.696 33.770 11
B4 -0.377 1.142 -1.368  -21.590 19
BS 0.410 0.338 -1.978 -0.260 16
C1 -0.960 -0.669 0.591 -56.440 25
Cc2 -1.009 0.675 -1.324  -64.240 27
C3 0.652 -0.284 1.008 46.360 7

C4 0.501 1.056 0.430 52.340 5

C5 1.148 3.493 2.091 154.490 1

D1 -1.188 -0.678 0.429 -71.740 29
D2 -0.753 0.457 -0.041 -34.890 20
D3 0.156 -0.645 -0.628  -11.490 17
D4 0.570 0.377 0.138 40.30

D5 1.487 -0.817 -1.082 53.350

E1 -0.881 -1.158 1.757 —-43.340 22
E2 -0.838 -0.591 0.216 -53.760 23
E3 0.282 -0.332 0.389 15.770 15
E4 -0.083 0.601 -1.555 -17.160 18
ES5 1.812 -0.119 0.234 102.700 2
F1 -1.649 -0.676 -0.222  -106.970 31
F2 -1.287 1.002 -0.542  -62.770 26
F3 0.613 -0.825 0.738 30.980 12
F4 0.560 0.573 0.617 50.120 6
F5 0.824 0.203 -0.259 45.750 8

G 2.242 -2.073  -0.88038  77.060 3

WA WEEB OABIT C A/NE D AEKE HERE T WARE,
G MARE BRI s 1~5 HTER S5 L 5:5.4:6.3:7.2:8.1:9,



ERFrR

RRtASHR

202444 A
EASEETH

101

R B4 T v e o g 1 A B LR AR (B R T 1 4%
A, FTERIU 3 A sy, 58— R R AU
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