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Effect of different starches on konjac glucomannan gel
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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 (S1), sweet potato starch (S2), corn starch (S3), potato
starch (S4), and cassava starch (S5) were selected to prepare 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 optimized by orthogonal test
and comprehensive score design. The results showed that these five kinds of starches could significantly improve

the sensory properties, texture properties, strength and water-holding capacity(WHC)of KGM gel, but there were
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differences among different starches. By optimizing the formula, the optimal ratio of KGM/starch composite gel
was determined to be 0.5% of corn starch, 1.5% of pea starch, and 1.5% of potato starch which this condition
water holding capacity, 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 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 compound konjac glucomannan gel,
which can provide a reference for its application in konjac gel food.
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Table 2 Different types and addition amounts of starch
ek TERS I E

Starch type Starch addition amount (%)
Wi UEH Peastarch (S1) 0 1 2 3 4 5
L EN Sweet potato starch (S2) 0 1 2 3 4 5
FKIEK Corn starch (S3) 0 1 2 3 4 5
TR Potato starch (S4) 0 1 2 3 4 5
ARZEEH Cassava starch (S5) 0 1 2 3 4 5
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Table3 Composite gel used for Lo(3%) orthogonal array design

% Factor

K YER A T B e e RERT T
Corn starch addition (%)  Pea starch addition (%) Potato starch addition (%)
1 0.5 0.5 0.5
3 1.5 1.5 1.5
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Table 4 Effects of different types and addition amounts on characteristics of KGM gels ( xts, n=3)

inRs e T ik P S e FR itk
Starch amount Durometer (gf) Resilient Chewiness (gf) Resilience Gumminess (gf) Cohesive Viscosity
type (%) (mm) (gf's)
0 376.10+£90.53Ad 0.76£0.03A°  237.66+69.80A¢  0.61+0.024d 312.90+80.20°¢  0.83+0.01Aa -15.469+1.18"
1 776.96+40.67A¢ 0.82+0.03%  542.71£51.73A0  0.67+£0.00>¢  663.56+43.114  0.85+0.01Ba  17.4195+1.76"
2 2342.39+264.184¢ 0.91£0.024*  1821.68+260.28%  0.80+0.00B*  2010.79+249.854  0.86+0.00Ba  10.3935+0.724
! 3 3454.45+481.67A 0.92+0.014°  2745.35:394.55A%  0.78£0.014®  2987.62+409.514°  (0.87+0.00%  -9.682+1.92%
4 5119.914227.0440 0.89+0.024  3801.42+152.72%  0.75+0.014B%  4248.57+59.36A%  (.83+0.018  -16.331+0.40"
5 5115.41+135.804° 0.87+0.044B%  3614.42+363.524*  0.71£0.07AB%  4136.03+248.03Ab  (.81+0.042  -8.4535+0.29%
0 376.10490.53A¢ 0.7640.03%  237.66+69.80%  0.61+0.02%¢ 312.90+80.204%  0.83+0.0140  -15.469+1.18%
1 641.43+13.098¢ 0.88+0.0140  518.23+20.914°  0.79+0.025C  587.12+15.554  0.92+0.014%  -9.788+1.91B®
2 759.46+39.26B¢ 0.89:£0.024 620.36+0.56 B° 0.79+0.008 695.43+£15.485  0.92+0.034B:  -7.1175+0.968°
> 3 820.73+77.808¢ 0.8840.014  627.61439.065°  0.73+0.03B° 712.43+49.12B°  0.87+0.028%  11.3815+].234
4 1540.92422.638° 0.87+0.0240  1075.61£115.2080  0.71£0.05%°  1242.56£109.07%  0.81+0.065°  17.2585+0.25%
5 1707.225.30 Ba 0.84+0.01B>  1168.25+7.66 5  0.74+0.035B  1384.90+25.22B®  (.81+£0.024°  -4.3935+].348b
0 376.10+90.53A¢ 0.76£0.034%  237.66£69.80  0.61+0.024°  312.90£80.20%°  0.83+0.014*  -15.469+1.18



S3

S4

S5

414.61+£9.20¢ 0.85+0.034B2 307.85+18.38B¢ 0.82+0.01 B2 364.18+10.84B2 0.88+0.05482
743.70+£72.148¢ 0.9140.0342 599.80+9.95 Bb 0.81+0.054B2 662.02+12.3782 0.89+0.07482
792.97+121.308¢ 0.88+0.0442 628.53+133.108° 0.78+0.0042 707.58+114.70%  0.89+0.0148a
1067.54+43.50<° 0.9040.034 841.70+£59.485¢: 0.80+0.0442 932.66+39.91¢ 0.87+0.00482
1314.61£125.55¢ 0.88+0.05482 999.24+32.608 0.77£0.06°B*  1138.26+29.81B*  (.87+0.064¢
376.10+£90.534¢ 0.76:0.034° 237.66+69.804° 0.61+0.024¢ 312.90+80.20A4 0.83+£0.0142
691.44+8.84 Bb 0.87+0.034B2 550.25+24.294b 0.88+0.004° 629.01+5.0742 0.9120.004B®
671.43+£3.18 B® 0.9140.0242 586.38+17.665° 0.87+0.014° 644.25+2.14 82 0.96+0.004°
727.70+4.95 B2 0.9240.004 611.98+10.858> 0.68+0.01¢% 662.75+8.228¢ 0.91+0.004°
814.97+153.13% 0.8940.0242 664.64+98.09%°  0.72+0.004B>  746.83+127.928b 0.92+0.024°
1113.31+32.54 ¢ 0.9340.034 932.44+80.2982 0.68+0.03B2 1003.37£58.26 ¢ 0.90+0.034°
376.10+£90.534¢ 0.76:0.034° 237.66+69.804¢ 0.61+0.0244 312.90+80.204¢ 0.83+£0.0142
795.47+104.334° 0.87+0.02482 0.90£0.024¢ 0.76+0.03¢® 714.51£107.894°  0.90+0.0248°
764.96+81.69 B 0.8740.0142 0.8940.028¢ 0.76+0.0282 681.36+86.27 B> (.89+0.0248b
1042.04+118.475° 0.88+0.0142 0.86+0.018 0.81+0.014¢ 900.16+92.96 B 0.86+0.015°
1100.30+74.97¢0 0.8740.0142 0.84+0.025¢= 0.79+0.004° 927.07+46.73 €2 (0.84:+0.02485°
1162.32+103.27¢ 0.89+0.01482 0.88+0.0282 0.82+0.024¢ 1025.73+73.09¢ 0.88+0.024°

12.1025+1.8842
-7.6985+0.985°
-6.221£1.008°
13.423540.354a
-15.323+0.39%2
-15.469+1.18%2
-13.579+1.06%
-8.178+0.635°
-11.774+0.6142
-8.8225+0.5180
-6.9185+1.178°
-15.469+1.18%2
-14.809+1.66%
-12.345+1.04%2
-12.014+1.1448
11.9335+0.5242

15.6675+0.9642

i FVERARBNERAANFENS FRRRZEREE (P<0.05) ; FEFMEARFRESHARKS FRER
ZREF (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 Effect of different types and addition amounts on water-holding capacity and gel strength of KGM gels
H: FNEMARRMERAR/NE FRERRERBE (P<0.05) 5 FRMEARFEERHARKE FRERR
EREE (P<005 , FH.

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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Fig.2 Effect of different types and addition amounts on the whiteness value of KGM gels
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Fig.3 Effect of different types and addition amounts on the sensory evaluation of KGM gels
22 ERXIRIEGLEER

R IR b, 2T KGM BERZMIFARAE . 5K BEBGRE . BB, A

bl
N
i

FEAE FIFEARSZI045 51, BB G IR . KR L a3 =R L 3% &
RAE, KA Lo3)® IERZIRIHET KGM BRI L2, LABERE T 54 it S5t A B
VRO AT A VRIS, DA e KGMAER B A I R R b
2.2.1 ESRIBRA KGM/ iy B A B AR 69 B I M R

2% He %51 z-score BEALNT KGM HER it ST 4R AR 34T TC AN AL B2, K BRI TR ()
FIFEKE (o) BRI A IHNLEETERS () DUBUNA R T RS, 284808 ()
AKX (3) WHHE.

VI= X1+ x2 (3)

TR AL B A5 RVE N 5. HHR 6 B2 40T ] AN [ Fh S8 e b b KGMYTE ¥ B & R
(I R JR PR BT [ 32 B R B ER (B > ToKiek (40 >H =ik (C) . ik
Kiv Kav K3 AI43 KGM/VER B IR IRBE I 1 ot B AR T LU N 41B2Co, B FRUER TR I N
0.5%, BiGIEMBINERN 1%, LEIEMENEN 1%, EH_FAF N KGMAEH Z &R
B K AN B BT, BRI VF I Fads (o) VR

X5 BREREZTABER (TEHL)

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

e Bl FK®
Test number Gel strength Water-holding X1 X2 i
(g/cm?) capacity (%)
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
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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 2244878 69.080 -0.125 -0.327 -0.452

F 6 KGM 5 i i 1) Lo(3%) IERZ RS it K45 R
Table 6 Lo(3%) orthogonal array design and experimental result for KGM gel quality

R [X| % Factors

Test number A B C Vi

1 1 1 1 -1.761

2 1 2 2 3.211

3 1 3 3 2.523

4 2 1 2 -1.655

5 2 2 3 0.055

6 2 3 1 -0.499

7 3 1 3 -0.603

8 3 2 1 -0.818

9 3 3 2 -0.452
K 1.32 -1.340 -0.719 -
K> -0.70 0.816 0.703 -
Ks -0.624 0.524 0.017 -
R 2.024 2.156 1.422 -

222 ERIBEA KGM/IZH B A 81K 0 i A & R

FIFH 2 53 43 i (principal component analysis, PCA) KEHMEME, AT, #ik. (E
B BEYE. RRVE RGOS S e br A& OB R S HR bR, S TR PRIl 45 SR a3k 7
Fizx, @i KMO 46 F1 Barlett's BRZ RS, KMO KrllME N 0.618>0.6; Barlett's BRIZ K46
MARAE N 109.427, RFEVEAKF 0.000<0.05, Fox &AL T ML A, Kk, BIUGRE
J R AT A O3 T

AL NEEE . B BETE. BREE. SR RERIE. RSN 1L 2, 30 40 5. 6. 7.
B RIEE . 7 Z ok Ry Z R AR 8 o, BTSRRI E R T 1,
Rt 5 Z TR AE N 85.905%, PAtL, SHCHTPIA EM AT 0. B ER D () 148
A (4 THE

yr=Zh=1Fi (4)

b, BN B T Z 0Tk s RO 373
R 7T BEBR KRR IERZ KSR

Table 7 Texture quality of composite gel from orthogonal array design

[ECrasy WL g il i ot A B 1 iR Rt
Test Chewiness  Durometer Resilient  Whiteness value  Gumminess  Cohesive Viscosity
number (gh) (gh) (mm) (gh) (gfs)
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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 15415 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
R 8 MRBARAE, TETMES RiFTTm
Table 8 Eigenvalues and cumulative contribution percentages of Principal components
D% FHIEE Ji ZE TR RBUT Z TR
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
R 9 EERI RN E
Table 9 Eigenvalues of principal components for texture characteristics
fatbr I RHE & 1 T RITRHIE ) 2
Index Eigenvectors 1 Eigenvectors 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

A F R RHE R B (AR 9) W TR Fiv Fo 5 KGM BER BT FE AR A 15K &
# 5 X . F=0.472X+0.462X+0.468X5+0.191.X4+0.397X5+0.253X6+0.295X;  ;
F>=0.063X,+0.060X2+0.087X3+0.660X4-0.376 X5+0.336X5-0.544.X7 .

FrRbRUEAL AL B S VPN E Fis P VLR 10, 3T Fy A B A R4 L eI 7
ZOTRFEM R TT ZTTRE, W T —DNEEEIFNIEIE 320 & Fiv R IEMEHE, Bk

THE AL 32=0.61804F1+0.24101F>, s IEAZ G H o #4 i B 2R G VP 46 2R .
R 10 ERAFHTIES TR A B R R EZ R LS R

Table 10 Results of PCA for texture quality of composite gel from orthogonal array design

RIS

Test number F1 F2 2
1 16.431 44333 20.840
2 42.114 42.515 36.275
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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

H2 11 AR [RIE R P20 KGM/AE K A B 25 6 13 43 R RE WA 2 UCHE T 20 3l 2 «
FKFER (A >BGER (B) > (O . H K EHH KGM/AEH & A 5K R
BCEE A 41B3Csy B R KPEM IR N 0.5% « BiEIEMIRINEN 1.5%, TG imdngE N
1.5%, LI KGM/UER) B 5 RER I BT i B e . X — 250 5 R R I g4 A — 3, R
AT RE AN AR 2RI N 2 (A AS M, 43 KIS N A R KGMYE R 5245 48 8 I 40 i T 11

R 11 FHHRE L)) IERZ AR &+ EER

Table 11 Lo(3%) orthogonal array design experimental results for texture quality

A L
Te:itﬁﬁi;nj—ber 4 B ¢ 2
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 -

2.2.3 ER AL KGM/IZ 4y B4 H i o9 B B iR 4
TEAT RIS R B VRN 25 SR VE LR 12, AS[FITER B 20T KGM/TE M & & ki 1) I B
P (R (1 25 VT A : Re>>Ra™>Re, Wi 38R 5T KGM/E R B A B R I B KR
W, HRGR TOKUEN, LS IER R E P AN . @R E PN fR AR AL KGMATE ¥y
HEBRI T, SR 41B:Cyy BV EKIERIINEN 0.5% B SIEMRINER 1.5%,
TG IERAINEN 1%,
R 12 BEN LOHEXRR BRI RER

Table 12 Lo(33) orthogonal array and experimental results for sensory evaluation

W5

Test number A B ¢ 3
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1 1 1 1 85
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

2.2.4 KGM/iZ Ay B & B 09 452 &R

KRB SR G VP, AREIRYERT  BUR SR AUECE VA 3 TidEArt KGMAEM
ARURHEAT SR VR, BERMER (YD BRI (Y2) MUERE RN (Y3 fRFFEUE S KGM/
T R AR RIEADE, G—H AR (5 HHTIHE.

oF

5

-<

Y0 (5

R o NIBFRHIB R, ym IR HISME, i N T H1H .
%7 He ZU0J7vk, W8 BOE 18 b AUTUR Sl A PR AL R BN 0.4, BRI T 48 PR AL E
ZHN0.2. EEVED (V) A (6) WF:

Y=0.2xY1+0.4xY>+0.4xY3 (6)
R 13 LGHERRK BT RER

Table 13 Lo(3%) orthogonal array and experimental results

w5

Test A B C =5 Y Y, Y; Y
number Null columns
1 1 1 1 1 0 0.072 0.074 0.058
2 1 2 2 2 1 1 0.778 0911
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
Ki 0.635 0.253 0.271 0.227 - - - -
K 0.294 0.475 0.525 0.604 - - - -
K; 0.339 0.600 0.532 0.497 - - - -
R 0.341 0.347 0.261 0.377 - - - -
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Hi1Z% 13 A &1 Re™>Ra>Re, YiHAA [FIFHEEM % KGM/ER B A L K25 6 VT 40 52 K
INHEF N BEEIER (B) > T Kieh (40 > Eiek (). Bidxftt K 1, B35 KGM/
ek 2 A B SR N 413G, BRI KVER IR INEN 0.5%, BiEIEmBmEN 1.5%, &
KIEB B INE 1.5%.

2.3 KMG BRI R F ERIRM R T

M 4 050, KGM BB . BA—FhRiEH KGM B 5 H R HL i) KGM/AER B A ke
(IO ZE R 3 S I 2 SRS ), (HFLIEOR N . BORAIHES S A M), FAER 2R, X—0f
75 Li PR — 8. 2 KGM B AL RPIRE 1 I 2 LG s 450, 7T LAORKF—
SEYE, BILERANAR—, FULL4RRYI ISR, 255 24 IR .

F— PR UE R KGM BEI B F3E K 5 KGM A EAEF, $2m 7 ACHCE B, M
KGM Ml =4 0 45 2514 1) SC A% P - KGMYWE G e 0 B 4 B 5 KGMY/ T K b B A5 T IR omt
SREE, WG R, SLIABSINERE, S R R ek 57K 7 AR AR T R %
(FIE AR B BB, T i K v BB SR 5 KGM 454, SHAN T S I A2 Hh S B 1) = 4 IR
ZERIIFLEROS; KGM/KRZ ek 2 A5 . KGM/ZL ik B A5 5 KGM/ L Eiei 24
B AR 2 2 FLg R, SLBREBCK HI5, WL S5Ra 0T, B 258 AL IR BE T, BEIL
77 i SCHEVERLE .

BT L HIE (1 KGMAE R G B, H=4ERPIRGE M hALBRUE b, S5 T, SN
= AL AT S, BRIk, R EEE T, BRSNS B, &
WREE TR AR ST 1R T P AR AR RS, AT T AR B I 2 a5 R U0, R, SRR EL
(¥ KGM/ER B & BB AR R 9B A ELAE R 3, Fee PEER T, A RURT T KGM BER 1 4h
PRI RE

4 RAE AR (x500)

Fig.4 Scanning electron microscopic images of different composite gels (x500)
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7E: A: KGM-S1 E&EE: B: KGM-S2 EEEHK; C: KGM-S3 & #HK; D: KGM-S4 & HHK; E:
KGM-S5 E&#te; F: 4l KGM Bl G: fERL L) KGMAE# 2 &K . Note: A: KGM-S1 composite
gels; B: KGM-S2 composite gels; C: KGM-S3 composite gels; D: KGM-S4 composite gels;

E: KGM-S5 composite gels; F: Pure KGM gel; G: The optimal ratio of KGM gel.

3 &g

AR FORNIRVS T A FVER TP 0T KGM BB B ST MR E RS2 o BRI, %53
TERTEIRENGE KGM BB BTy MR RO BT M 8 oot P o 3 R RF K M, v 0 0 ey e
3 KGM BRI AT RRRIE  BRAC TR . REKPERCR B 3, TR TR (e 4R T e (07 77 THI 2L
S, T SV G KGM B AR B, BRUIE B S uEk . ToKEm . L
TIEM LK KGM/UEM B A EEK . 181 24805 IR W tH LA TE LT, 1€ KGM/TER:
A B B AETC EOA K TERM RN 0.5%. Bl S IEMRINE 1.5%. L OIERRINE 1.5%.
M BT KGM BEIG . B —Fh 2RI KGM BEIR . M EL i) KGMYTE R 54 BEIR Y
ORGSR EE, R IR —Fh e B KGM Bk 5 i AT L (1) KGM/E b B & Bk vl 37+
KGM BRIz dikifase th, (AJE# M =4eh R %, fLREYs, WeEMETh, 41
FRE . AWM, BINEE R sl KGM BEI SRR FKMESS . SR e
WA, A TERIRTRCRE A, EEH S KGM ZEMOVE T _EAR B IR A TS 4 . AT
FE0F BE A P it (T 5 N FH SRR KA, IS SRR AR FCUE R 0T KGM BER T 1t T
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