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Abstract : To investigate the effects of different starches and their additions on the properties of konjac glucomannan (KGM)
gel, five kinds of starch (pea starch,sweet potato starch,corn starch, potato starch,and cassava starch were selected to pre-
pare KGM/starch composite gels in this study. The changes of their properties were analyzed by texture meter, color difference
meter , sensory evaluation and cold field scanning electron microscope. The formula of KGM/starch composite gels was opti-
mized by orthogonal test and comprehensive score design. The results showed that these five kinds of starches could signifi-
cantly improve the sensory properties, texture properties, strength and water-holding capacity ( WHC) of KGM gel, but there
were differences among different starches. By optimizing the formula, the optimal ratio of KGM/starch composite gel was deter-
mined to be 0.5% of corn starch,1.5% of pea starch,and 1. 5% of potato starch which this condition water holding capaci-
ty, gel strength, texture characteristics and color of the KGM/starch composite gel prepared were on good form with the highest

sensory score. The three-dimensional structure was more compact,the pore diameter was more uniform,and the structure was
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more stable of the optimized KGM/starch composite gel observed by scanning electron microscope. Therefore, the existing

shortcomings of pure KGM gel to a certain extent can be improved by adding appropriate amount of starch to prepare com-

pound konjac glucomannan gel ,which can provide a reference for its application in konjac gel food.

Key words : konjac glucomannan ;different starches ; orthogonal experiment;gel properties
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Table 1  Criteria for sensory evaluation of KGM gels
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Table 2 Different types of starch and addition amounts of starch

Starch type

Wi 5 YE K Pea starch(S1)

LI GER) Sweet potato starch(S2)
FEKPEHR Corn starch(S3)

+ T YEHY Potato starch(S4)
AREJEH Cassava starch(S5)

S o o o o

VER S I
Starch addition amount( % )
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
2 3 4 5
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Table 3 Composite gel used for L, (3*) orthogonal array design

K % Factor

e A EAVEMTEI R B 95 Ve TR C + iR
Corn starch addition( % ) Pea starch addition( % ) Potato starch addition( % )
1 0.5 0.5 0.5
2 1 1 1
3 1.5 1.5 1.5
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Table 4  Effects of different types of starch and addition amounts on characteristics of KGM gels(; +s,n=3)

L I G 1 it U T TS S ST T 2 itk
Starch type amount( % ) Durometer( gf) Resilient(mm) Chewiness( gf) Resilience  Gumminess( gf) Cohesive Viscosity(gf + s)
(2
<1 0 376.10 = 0.76 + 237.66 + 0.61 = 312.90 = 0.83 + -15.469 +
i 90. 534d 0.03% 69. 8044 0.0244 80.20! 0.01Aa 1.18%
| 776.96 = 0.82 + 542.71 + 0.67 + 663.56 + 0.85 + —17.4195 +
40.67M 0.038 51.73M 0.00"d 43,1174 0.01Ba 1.76%
5 2342.39 + 0.91 + 1821.68 + 0.80 = 2010.79 + 0.86 = -10.3935 +
264.18"¢ 0.02% 260.28¢ 0.00"% 249.85% 0.00Ba 0.72%
3 3454.45 + 0.92 + 2745.35 + 0.78 + 2987.62 + 0.87 + 9.682 +
481.67% 0.01% 394,554 0.01* 409.51"" 0.00* 1.924
A 5119.91 = 0.89 = 3801.42 0.75 + 4248.57 + 0.83 = -16.331 =
227.04% 0.02% 152. 724 0. 0148 59. 364 0.01% 0.40%
5 5115.41 = 0.87 + 3614.42 + 0.71 = 4136.03 = 0.81 = 8.4535 %
135. 804 0. 0448 363. 524 0. 0748 248. 034 0.044 0.295
© 0 376.10 = 0.76 + 237.66 = 0.61 = 312.90 = 0.83 = -15.469 +
90. 534 0.03%¢ 69.80% 0.024¢ 80. 20" 0.014 1.18%
: 641.43 + 0.88 + 518.23 + 0.79 + 587.12 + 0.92 + 9.788 +
13.09" 0.01% 20.91% 0.028¢ 15.55% 0.01M 1.91%
5 759.46 + 0.89 + 620.36 + 0.79 + 695.43 + 0.92 + 7.1175 =
39 26 Bed O 02 Aa 0 56 Bb 0 OOIEa 15 48“" 0 03 ABa 0 96Rb
3 820.73 + 0.88 = 627.61 = 0.73 = 712.43 = 0.87 = —-11.3815 +
77.80% 0.01% 39.06% 0.03% 49,125 0.02% 1.23%
A 1540.92 + 0.87 = 1075.61 + 0.71 = 1242.56 + 0.81 = —17.2585
22.63% 0. 024 115.20"% 0.05"% 109.07% 0.06"% 0.25%
5 1707.22 + 0.84 + 1168.25 + 0.74 + 1384.90 + 0.81 = 4.3935 +
5.30 B 0.01"% 7.66 B 0. 037Bab 25,228 0.02% 1.345
0 376.10 + 0.76 + 237.66 + 0.61 + 312.90 + 0.83 + -15.469 +
S3 90. 534 0.03% 69.80% 0.02% 80.204" 0.01% 1.18%
. 414.61 = 0.85 = 307.85 = 0.82 =+ 364.18 = 0.88 = -12.1025 +
9.20% 0.03A8 18.38"% 0.01 B2 10. 845 0. 0548 1.884
) 743.70 = 0.91 = 599.80 = 0.81 = 662.02 + 0.89 = 7.6985 +
72. 148 0.03% 9.95 B 0. 0548 12,378 0.0748 0.985
3 792.97 = 0.88 = 628.53 = 0.78 = 707.58 = 0.89 + 6.221 =
i 121.30% 0.044 133.10% 0.00" 114.70"% 0.0148 1.00"%
A 1067.54 + 0.90 + 841.70 + 0.80 = 932.66 + 0.87 + —13.4235 +
43.50% 0.03% 59.488¢a 0.04" 39.91% 0. 0048 0.35%
5 1314.61 0.88 = 999.24 + 0.77 = 1138.26 + 0.87 = -15.323
125.55% 0. 0548 32. 605 0.0648 29.81B% 0.06% 0.394
" 0 376.10 = 0.76 + 237.66 + 0.61 = 312.90 = 0.83 = -15.469
90. 534 0.034" 69. 804 0.02% 80.2044 0.01% 1.18%
| 691.44 + 0.87 = 550.25 = 0.88 = 629.01 = 0.91 = -13.579 =
8.84 Bh 0.03 ABa 24. 29;\1) 0. OOAb 5.07 Aa 0. OOABb 1. 061\4
671.43 + 0.91 + 586.38 + 0.87 + 644.25 + 0.96 + 8.178 +
2 Bb Aa Bbh Ab Ba Ab Bb
3.18 0.02 17.66 0.01 2.14 0.00 0.63
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214% 4 ( Continued Tab. 4)
p) Iy

TERY R Addition i Jig L NEL NG P (EF=E 3 e sgis FhE M A
Starch type amount(% ) Durometer( gf) Resilient(mm) Chewiness( gf) Resilience ~ Gumminess( gf) Cohesive Viscosity (gf * s)
3 727.70 + 0.92 + 611.98 + 0.68 + 662.75 + 0.91 = -11.774
4.95 Ba 0.00* 10.85% 0.01% 8. 228 0.00*" 0.61%
814.97 + 0.89 + 664. 64 + 0.72 + 746.83 + 0.92 + 8.8225 +
4 153.13% 0.02% 98.09¢ 0. 008> 127.92% 0.02% 0.51%
1113.31 0.93 + 932.44 + 0.68 = 1003.37 = 0.90 = 6.9185
3 32.54 G 0.03% 80. 29" 0.03"% 58.26 0.03A 1.17%
376.10 = 0.76 + 237.66 + 0.61 = 312.90 = 0.83 = -15.469 +
55 0 90. 534 0.03%" 69. 804 0. 021 80. 204 0.01% 1.18%
795.47 + 0.87 + 619.93 + 0.76 + 714.51 + 0.90 + -14.809 +
! 104. 334 0. 0248 32.17% 0.03% 107. 894" 0. 028 1.66%
764.96 + 0.87 + 589.59 + 0.76 + 681.36 + 0.89 + -12.345 +
2 81.69 B 0.01" 38.51% 0.028% 86.27 B 0. 028 1.044
1042.04 0.88 + 788.91 = 0.81 = 900. 16 + 0.86 = -12.014
3 118.47% 0.01% 32,038 0.01% 92.96 B 0.01% 1.14%
1100.30 + 0.87 + 807.68 + 0.79 + 927.07 + 0.84 + —11.9335 +
4 74.97¢ 0.01% 47,015 0.00*" 46.73 0. 0248 0.52%
5 1162.32 + 0.89 = 913.19 = 0.82 = 1025.73 = 0.88 + —15.6675 +
103.27% 0.0148 57.02% 0.024¢ 73.09% 0.024 0.96%

T R A RES R A NG FREROR 225 B35 (P <0.05 ) s R AR A R AR RS PHER2ZR B3 (P <0.05)
Note ; Different lowercase letters indicate significant difference at 0. 05 level among different addition groups. Different capital letters indicate significant

difference at 0. 05 level among different type groups.
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Fig. 1  Effects of different types of starch and addition amounts on water-holding capacity and gel strength of KGM gels

T FEM A RS IR R NG 52 B R 7R 28 5 B 35 (P <0.05) 5 WSS MR R 3E 8 R R RS TR KRR 2 5 B3 (P <0.05) , F I,

Note ; Different lowercase letters indicate significant difference at 0. 05 level among different addition groups. Different capital letters indicate significant

difference at 0. 05 level among different type groups,the same below.
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VEMT  E DIER, FOKTEM A9 KGM &E i o B 5 45K
G ARG, 20T I DK AT BB Bl o e R AN i 1S
TEN 5 KGM BRI BLAE HITE 1A — 4 I R 25 4 B 55
50T K AR BE AR F T 4, DATT 1 5 KGML 3 JI 5%
FE 5 I AME L 2345 G — 050K AR 37 i R K 3R
%ﬂ[3,22' .

2.1.3  RE A EB R Z 3T KCM % ik & %)
#

HIP 2 Al ASRITE RPN KGM BEIRE H R (E

=

SO 2 5 AN I 25 R D U R AN W) S £ X KGML
JUE 1 BE AR M) 2 S5 Wk 3, L o T K U R AR S (W] S n
R A BEEY T AR S AVERT, S R TER TR
hn&Ek 5% i, (R (A B 38. 045 3] B JF & 52,285,
KL, FORTERD RS PE T+ KGM &8 e 19t i, DT 4
7= S B E IR
2.1.4  RER A FF £ B R A2 3F KCM 8RR T
84 % v

&L 3 AT, 525 O BEORAL EE , R [RIFR S 5E 0 34
ATHE M KGM SR A W2 i I L gk, 5
PR AT 232 B2 AR B VR 43 [RIFPIE Ry O AP LB S Lk
PR IERE T 43 J3 (L Bl T8 Ay 5 T 2t A 185 iz i L= -, T
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Fig. 2 Effects of different types of starch and addition amounts on the whiteness value of KGM gels
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Fig. 3 Effects of different types of starch and addition amounts on the sensory evaluation of KGM gels
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SEYG AR GERRHE T UEN  EOKTEN L T e R —
TERTLA 3% BRI N AR A, R Ly (3Y) IEXE
I KCGM BEICEL 7 T 204k, DABE I PE it | ot
A it JOTRURE VE A3 % 7 il AT 2R 5 VAR e, DAA
SE KCM/TERY S5 BERC AL I
2.2.1  EZGRIERAL KCM/JE Hr B4 %k 09 5 Ik
MR

5 He 251 F z-score LIS KGM S8 5 i
FEVR AT IR ALK B, o BRI 5 FE () R KR
(x,) I FETR 5 I R EEG R AR (v, ) LI/ [
B ke By sZa , ZR e bR (y, ) R IRA N (3) 15,

Yi= %+ % (3)
T WAL BRE SRR AR 50 oIk 6 2203 #r
RIS R R TE A 0 KGM/ e 52 5 BRI ) B M
JBE B SE R Y SE MUY A - B L VE A (B) > K TEH
(A) > LEWEH(C) . WK, K, K, 115 KCM/JE
Wy A3 BEI OB E S e R LE o A, B, G, RIVEK
TERTSINEE Y 0. 5% , B G FER NIy 1%, 15
VERTR IR 1% ,TERC AT KCM/VER) 525 B
ARIBE R 7K A I M o J3E 5 0, B MU B 2 B VAN 4
P Cy ) VI o

xS BREREXZRBER(TENL)

Table 5 Results of gel properties from orthogonal array design( dimensionless)

s RN PR

Test number Gel strength(g/cm? ) Water-holding capacity (% ) o 2 N
1 1963. 549 66.475 -1.050 0.711 -1.761
2 2816.465 81.150 1.754 1.457 3.211
3 2648.049 80.245 1.200 1.323 2.523
4 2235.309 61.155 0.157 -1.498 -1.655
5 2225.740 72.935 -0.188 0.243 0.055
6 2436.256 64.500 0.504 -1.003 -0.499
7 2079.016 71.750 -0.671 0.068 -0.603
8 1897. 842 74.320 -1.266 0.448 0.818
9 2244.878 69. 080 0.125 -0.327 0.452
6 KOM BB REM L (3°) EXRBIZITRER
Table 6 1,(3*) orthogonal array design and experimental result for KGM gel quality
e K2 Factor
Test number A c ¥,
1 1 1 -1.761
2 1 2 3.211
3 1 3 2.523
4 2 2 -1. 655
5 2 3 0.055
6 2 1 -0.499
7 3 3 -0.603
8 3 1 -0.818
9 3 2 0.452
K, 1.32 -1.340 0.719
K, -0.70 0.816 0.703
K, -0.624 0.524 0.017
R 2.024 2.156 1.422
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2.2.2  ERIERA KCM/ 8 24
o

M 3 143 57 B (principal component analy-
sis, PCA) KL B2 st | A G 1V VB
RV R ML IUTTRL S BT HR PR A BUBT N £ B TR
FAGFRRRISE RN 7 Bk it KMO K336 A Bar-
lett’s BRIEKG 56, KMO A& U{E 4 0. 618 > 0. 6 ; Barlett’
s BRIEAG IR IME N 109. 427, 5 47K 3 0. 000 <
0.05 , F/n a7 B M AR, PRI, L3 BT i
AR bR A8 S oA

B 6 A

A NENEE REE RS R B R
KitEar R 1.2.3.4.5.6.7, 4 355 O FRAFE(H
Jr ZTUEREE BT 2 DT N ER 8 P, Hi A
FHRAFER T 1, BT 25088 4 85.905% , A

I, 3 BRI PR S 32 0o #E AT A0 M. A £ AR 01
(y ) ) FERARK(4) 115,
9’2:2L=1ﬁka (4)

B NI (975 22 SRR Fy o 8oy

®1 EARRMEMRREZXEER
Table 7 Texture quality of composite gel from orthogonal array design
S ML fifijig S FIEEME Jhe T BRI Kt
Test number Chewiness ( gf) Durometer( gf) Resilient(mm)  Whiteness value ~Gumminess( gf) Cohesive Viscosity(gf + s)
1 8.581 10.719 0.890 46.090 9.638 0.823 -21.919
2 22.563 25.727 0.941 51.175 23.968 0.908 -6.857
3 20.675 23.938 0.946 50. 880 21.847 0.899 0.217
4 7.682 9.381 0.909 44.075 8.448 0.780 -13.895
5 11.148 14.351 0.869 52.830 12.823 0.783 -36.289
6 12.978 15.415 0.940 44.625 13.950 0.798 -5.317
7 13.346 17.385 0.909 44.490 14.689 0.746 4.747
8 9.627 12.204 0.898 48.625 10.719 0.765 -12.366
9 15.997 19.502 0.929 45.305 17.228 0.770 -16.956

®8 MWXHMOHLE, 7ETHMES Ritauk

Table 8 Eigenvalues and cumulative contribution percentages of Principal components

% FHIEE T5 2 BT AR BT 22Tk

Component Characteristic value Variance contribution rate( % ) Cumulative variance contribution rate (% )
1 4.326 61.804 61.804
2 1.687 24.101 85.905
3 0.720 10. 283 96. 188
4 0.234 3.341 99.53
5 0.033 0.469 99.998
6 0.000 076 5 0.001 99.999
7 0.000 047 7 0.001 100

HRHE 3 B3 AR 1] (DL 3% 9) W] A 3 Al 4y
F, F, 5 KGM BERE R bR et C R R IBA L F,
= 0. 472X, + 0. 462X, + 0. 468X, + 0. 191X, +
0.397X, + 0.253X, + 0.295X,; F, = 0.063X, +
0.060X, + 0.087X, + 0.660X,-0.376X, + 0. 336X,-
0. 544X,

HAE AL RS M PEE F, (F, TEILER 10,
BT F,RF, A 4 LB TR T 22 TTERRE A
ST TR W T — MRS RN IR 1,0 7,
JE P F, MEMEA S, BRI R ARy, =0.618
04F, +0.241 01 F, , &7~ 1F 3236 Hh o3 #4) o Jo A8 25
mﬂ:ﬁl\éﬁ%o
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x99 FTEEFMHNHERE
Table 9  Eigenvalues of principal components

for texture characteristics

et E R RE 1] R 1 TR ] 2
Index Eigenvector 1 Eigenvector 2

1 0.982 0.082

2 0.96 0.078

3 0.973 0.113

4 0.398 0.857

5 0. 826 0.489

6 0.526 0.436

7 0.613 -0.706

®10 ERAPHESTESRRHRMBRIEZ NG LER

Table 10  Results of PCA for texture quality of composite

gel from orthogonal array design

=]

e "
1 16. 431 44.333 20. 840
2 42.114 42.515 36.275
3 41.303 38.289 34.755
4 16. 822 38.391 19. 649
5 17. 850 57.262 24.832
6 27.332 35.250 25.388
7 28. 878 35. 050 26.295
8 21.417 41.048 23.129
9 28. 867 42.750 28. 144

A 11 )RR [ 3 R 2ot KGM/E M 2 A
BRI 255 A543 10 B MR AR 8 U HE 7 43 s BOK B By
(A) >BIGTER(B) > LG WER(C) . M K H1
H KGN/ Ve B A B I Fe AR e L A, B G, B ok
TEMEINE R 0.5% B G EMBIER 1.5% , 1
SIERHRINE R 1. 5% , AT KGM/JE Ry & A5 1
A S R A X — 458 SRR F IR A SRR —
B, DR R AT RE SR [ R S B H 22 T A sC e, 45 &
KVE M A 50 KGM/ YE M 52456 o 1 ot Joi 1) 32
2.2.3 ERXBAMA KCM/ 8 08Ik e A E
Gy

TE AR IR I A SR PR 45 R 1R L3R 12, ]
TERY PP KGM/ i 3 52 45 B I 1) JB% B DAY 1) 55 i)
() EWIF A : Ry >Ry > R, Bi G IEH AT KCM/ 3

®1 RMERL () EXKBRITRER
Table 11 Ly(3’) orthogonal array design

experimental results for texture quality

e

Te:ikﬁn:ber 4 B ¢ "
1 1 1 1 20. 84
2 1 2 2 36.275
3 1 3 3 34.755
4 2 1 2 19. 649
5 2 2 3 24.832
6 2 3 1 25.388
7 3 1 3 26.295
8 3 2 1 23.129
9 3 3 2 28. 144
K, 30. 623 22.261 23.119 -
K 23.290 28.079 28.023 -
K, 25. 856 29.429 28.672 -
R 7.333 7.168 4.714 -

K 52 G B BB A RS2, R FOKTERS,
T G IER R E VR B ANl R P 4
bl At KCM/¥E ¥y 52 & Bk I BC I, S A E e oy
A\ B, C, , BN EKIERT IS N A 0. 5% i 5.3 M3 s il
/R 1.5% , L OERBINEN 1%
R12 BEEMNL(3) EXKBZITRER
Table 12 Ly(3*) orthogonal array and experimental

results for sensory evaluation

A
1 1 1 1 8.5
2 1 2 2 18
3 1 3 3 21
4 2 1 2 15.5
5 2 2 3 7.5
6 2 3 1 16
7 3 1 3 16
8 3 2 1 14
9 3 3 2 15.5

K, 15. 833 13.333 12. 833 -
K, 13. 000 13.167 16. 333 -
K; 15. 167 17. 500 14.833 -
R 2.833 4.333 3.500 -
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2.2.4 KGCM/&#H B o By 47 6 9F

KR LA P, DLBER T 5Aa
FOMUBCE PR 3 TR KCM/ e b & 1 BE L AT
LREVEIY BECTE R (Y,) SRl R (Y,) AU E
I (Ys) $EAR B 5 KCM/ ek &2 45 B IR & IEAH O,
Gi— AKX () BT
—— (5)
Yu = Vm

A oy y ARSI ARy, AR AR R/ ME,
¥ AFEIE

Yﬂ =

S% He %5 D5k , 8 BB 46 b AR A il 5
FEARALEE R Eh 0.4, B e 1M T 46 b AL R B
0.2, ZEEitor(Y) HAK(6) 5.

Y=0.2xY,+0.4xY,+0.4xY, (6)

M 13 AlR1 Ry > Ry > Re, Ul WA R P SEGE 43
X KCM/VEH) 2 5 B8 JE 1Y 256 V20 52 Wi K/ HE
N BEIER (B) > TORIER (A) > LEHRM(C) .
WX K (8, 153 %) KGM/ 3 #5266k i B A3 e
e A B Gy, BEERTER BN N 0. 5% , Bi EyEH
WM 1. 5% , EKRFEMBINEH 1.5% ,

£13 L(3)EXRBIFIHTRER

Table 13 L, (3’) orthogonal array and experimental results

e

234

Test number A B ¢ Null column " Y2 Ys ¥
1 1 1 1 1 0 0.072 0.074 0. 058
2 1 2 2 2 1 1 0.778 0.911
3 1 3 3 3 0. 862 0.909 1 0.936
4 2 1 2 3 0.021 0 0.593 0.241
5 2 2 3 1 0. 365 0.312 0 0.201
6 2 3 1 2 0.254 0. 345 0. 630 0. 441
7 3 1 3 2 0.233 0. 400 0. 630 0. 459
8 3 2 1 3 0. 190 0.209 0.481 0.314
9 3 3 2 1 -0.091 0.511 0.593 0.423
K, 0. 635 0.253 0.271 0.227 - - - -
K, 0.29%4 0. 475 0. 525 0. 604 - - - -
K; 0.339 0. 600 0.532 0.497 - - - -
R 0.341 0. 347 0.261 0.377 - - - -

2.3 KMG BRAFBEFEMERES

i &l 4 AT R0, KGM &M B —Fh S iE #y KGM B
e 5 B AT HE i) KGMY/ B H 2 ABE e ) TOUR 25 4 1)
I ALESE R, (H AL/ B FHES & AN
Al AFAE W 22 5 X —BF9E 5 Li 45 i ge s S —
o 2l KGM BEIE 0 37 AR IR bR 5 1) 122 30 22 LI 63 45
¥4, AT DAORRE— 8 3 (B LR KN —, - DL £F 4k
RV L4, 45 5 32 BN TR

BB TE Ry KGM BERE i T 3E# 5 KGM fiy
FHEAEH B0 T 226 B, I3 i KGM ik =
AL L5 I S . KCM/ B M &2 G B 5
KGM/ K TEN 5 5 ik B THOW 25 #6305, /il A 2 (H.
BEJE  FLIR Y S 2% e M H R U BE M 57K 3+
HHEAE IR B 22 i AR ORI i 3, T e v

HAETER 5 KGM 45 &, iAh T 28 B B v e st i
YRR RIFLIR  KOM/ AR e B A BN
KGM/ 21 3 B A Ik 5 KCM/ + 5.3 by &2 A it
IR L 4 2 22 PG s bk, FLBR A K ELI 5T, 4 45
FAITEF O, (H 7 )2 58 S A ) 958 e 7= i S P PR 4R
%o

e FERC LU 7 /) KGMY/JE M 52 G ke, e = 4k
WAR G5 F HhFL BRI Hh, 2540 3% BT 0 X ELALR 4y
fidsys), Buesk, B 2R ME T B b S
PEVERCAS . WFSEHR Y, SR N IR/ TR T
P BOAR A P AT B T i i I 4 54
R, B AT HE Y KGMY/ YE Ky & A 5 e ik 2 N R i
MIEAE IR R AR T, A 3T T KGM #E i
R 25 KA RO BE
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B4 AEESEKHFMEERE( x500)
Fig. 4 Scanning electron microscopic images of different composite gels ( x500)
TE:A:KGM-S1 2 A H5EH ; B: KCM-S2 & G5 ; C: KCM-S3 S5 5E) ; D : KCM-34 55 E: KCM-S5 S5 BEI; F- 4l KOM BEIE; G2 dr L
H ) KCM-JEHS & A 58K . Note: A: KGM-S1 composite gel; B: KGM-S2 composite gel; C: KGM-S3 composite gel; D: KGM-S4 composite gel ;
E:KGM-S5 composite gel; F:Pure KGM gel ; G : KGM-starch composite with optimal ratio.
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ZARPRIE SRR BT AL T By B 7, i 2 KGMY/ e
Wy 52 G BRI SR AR TE LE o K VE R BRI 0. 5% Wi
SLYERMEINGE 1.5% G VER TN 1. 5% , it
FI AL BEXT KGM BRI | 5 — Bl ISy A KCM BEL |
IR AERC HE R KGM/ 383 52 5 B I ) OUL 45 F X L
KPR R KCM BEIZ 5 fie A4 1E He i) KGM/
TEN S 5 B X AT 4R T KGM BE i R0 2% 45 44 72
(R EVEE TR (AT S L SR S I K
WIS SRR E . ARIESE R, UG B g
fifp ol KGM BRI 53 FEAR Fp K PE 55 S5 A A AR 2
(AR, S5 TR B THOR HE A (H3EH 55 KOM 763
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JEE 7= il BT 245 1 S (HRL 2 , R SR AR
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