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Abstract: To establish a comprehensive evaluation and prediction model for mixed polysaccharide gels, 25 mixed polysaccharide gels
obtained by combining five hydrocolloids were determined by texture profile analysis (TPA) and sensory evaluation. The results indicated that
the textural hardness of mixed gels was significantly and positively correlated with sensory hardness and brittleness, whereas cohesion and
chewiness were significantly and positively correlated with sensory hardness, brittleness, chewiness, elasticity, and overall acceptability. Textural
elasticity was significantly and positively correlated with sensory elasticity and chewiness; however, no correlation was observed between
sensory odor and the textural indicators. A cumulative variance contribution rate of 82.45% was obtained for the three principal components
extracted from 11 indices, and a comprehensive evaluation model of the mixed polysaccharide gels was established. According to the
comprehensive scoring results, the highest score of 1 476.17 was obtained for the gel comprising 0.8% k-carrageenan, 1.2% konjac gum, 0.4%
lectin, 0.6% locust bean gum, and 0.4% sodium alginate, whereas the lowest score of 424.56 was obtained for gels to which no k-carrageenan
was added. The comprehensive evaluation model can thus objectively reflect the quality of mixed polysaccharide gels.

Key words: mixed polysaccharide gel; texture property; sensory evaluation; correlation analysis; principal component analysis;
comprehensive evaluation model
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Table 1 Specific components of different varieties of mixed hydrocolloids

B RIS L
k-FilR  BFIR KBS AIMRIR  HERA
1 K1 0 12 0.1 0.6 0.4
2 K2 0.4 12 0.1 0.6 0.4
3 K3 0.8 1.2 0.1 0.6 0.4
4 K4 1.2 1.2 0.1 0.6 04
5 K5 15 1.2 0.1 0.6 0.4
6 M1 0.8 0 0.1 0.6 0.4
7 M2 0.8 0.3 0.1 0.6 04
8 M3 0.8 0.6 0.1 0.6 04
9 M4 0.8 0.9 0.1 0.6 0.4
10 M5 0.8 12 0.1 0.6 0.4
11 J1 0.8 1.2 0 0.6 04
12 J2 0.8 1.2 0.2 0.6 04
13 J3 0.8 12 0.4 0.6 0.4
14 J4 0.8 12 0.6 0.6 0.4
15 J5 0.8 12 0.8 0.6 0.4
16 C1 0.8 1.2 0.1 0 04
17 C2 0.8 1.2 0.1 0.3 04
18 C3 0.8 12 0.1 0.6 0.4
19 C4 0.8 1.2 0.1 0.9 0.4
20 C5 0.8 1.2 0.1 1.2 0.4
21 H1 0.8 1.2 0.1 0.6 0
22 H2 0.8 1.2 0.1 0.6 04
23 H3 0.8 1.2 0.1 0.6 0.8
24 H4 0.8 1.2 0.1 0.6 1.2
25 H5 0.8 1.2 0.1 0.6 1.6
BEAL: MR R R E T 2% FLIRES VKK I bk, EMEE. AR ESIE 5 K.
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ifferent varieties of mixed hydrocolloids
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Table 3 Texture properties analysis of different varieties of mixed hydrocolloids

5 R MR e ke cd

1 1441.362132.24 0.230.03' 0.84:40.357f 281.824118.53¢

2 2225.77478.22" 0.3840.01" 1.0840.11% 912.644109.56"

3 2804.08459.76' 0.490% 1.1240.18%° 1 536.44225.18°*f
4 3 255.59:446.06° 0.4940.01% 0.88:40.02°% 1 421.07429.94%f
5 2769.454131.89" 0.5440.02° 1.1140.2%¢ 1682.624379.63®
6 3252.56475.11° 0.2740.05% 0.85:40.227%f 745.844261.65

7 3811.09:150.23" 0.3540.02! 0.840.04%f 1063.54490.76%"
8 3251.044230.57° 0.420.02" 0.5840.01° 748.73435.77

9 22824747579 0.480.01% 0.7440.02% 806.77488.78

10 2515.564229.82° 0.5240,03" 0.760.03° 1003.68472.73"
11 2 483.35345.46° 0.480.01% 1.1940.06® 1 403.27480.84%1"
12 3527.25488,05" 0.4320.01%" 1.0840.25% 1628.314362.63°%
13 4413.394119.71° 0.4410,01" 0.84:40.07%% 1620.874156.27°%
14 3323.284237.26% 0.480.02% 1.0040.19%¢ 1 587.404253.73°
15 3627.374195.18™ 0.486.02% 1.0040.19%¢ 1725.264318.28™%
16 3599.574127.44™ 0.4440.02" 1.1240.15%° 1757.544230.08"
17 3790.404164.98" 0.4540,02° 1.2240.01° 2 084.654219.28%
18 2848418413 0.4740.01% 1.2140.00° 1631.05466.91°%
19 2900.594122.93f 0.4940.00% 1.104.12% 1567.674202.16°*
20 2306.03260.81%" 0.480.01% 1.1140.20%* 1228.43+196.21"9"
21 2212.76455.49" 0.456,01° 1.1020.18% 1.090.44-4189.129"
22 3136.77483.68° 0.4340.02%" 0.9740.09°0% 1320.824195.11°9"
23 3812.81493.61° 0.4449,02° 1.0849.25% 1.838.454485.97™
24 3543.38479.3% 0.5440.01° 1.2246.01% 2336.88+119.15°
25 1800.392102.2' 0.6820.00° 1.1140.09™* 1 358.514100.43%"
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Table 4 Sensory evaluation of different varieties of mixed hydrocolloids

5 S Ark S AL SHE S Mk S wHF M S sk S BARTHZ
1 7.334#0.75°  0.3342.29° 6.1742.27° 6.3343.40" 7.6743.68° 7.3343.35° 7.3343.591
2 8.00#058® 10.834.95% 954243 9.1743.2° 10.5042.75%% 9504243 0.8342.41%
3 767H.11P 12674490 10334490  11.33#.37%  12.3340.94%  11.3340.75%°  11.334.11%°
4 85040.76° 11.3342.75%°  115#.26%  11.3340.94%°  11.83#.07°  12.33#.11% 11.6741.60°
5  8.004058° 11.674.97%° 10540.96®  11.5040.76%°  12.00#1.15% = 12.1740.37%® 11.8340.69°
6  7.6740.75® 11.33#.60°° 0334#243°  95041.89% 8.501.26% 8.3341.60% 8.8342.19%
7 7.674.25° 11.33#.80%° 10.33#2.36° 10.17H.77%°  9.0041.15%® 8.6741.37% 9.50-+1.38
8  767H.11°  95#.26™ 0.838227°  10.1742.67®  10.8342.41%% 9674236 10.8342.03%°
9 7334047 105041.80%° 11.1742.41% 10834248 10504281  10.1741.86™  11.33#.37%°
10 6.674229° 10.3342.13%°  95042.22°  10.0042.45%  10.5042.20%% 11334275 11.674.11%
11 867H.37% 09.8342.34™  10.17H.07*° 1067H.37% 11.674.70°°  12.0022.00% 11.1741.21%°
12 817H.07° 12.33#.80%° 11.33#.11% 12.3340.94%°  11.3340.75%%  11.674.49°%*  11.3340.94%°
13 81740.90° 11.67#.11%c 12.3340.75° 13.0041.15°  12.83H.07%¢  1217#.07%¢  12.5044.12%°
14 8.0040.82° 12004.15%° 125040.96° 12.6740.75°  13.1740.37%¢  12.5041.26" 13.0040.82°
15 83340.94° 10.3340.94%° 10.6741.37° 11.1740.90°%° 11.67#.37%¢ 11674075  11.5040.50%°
16 8674047° 1067H.97%° 11.83#H.07% 11.83H.07%°  12.33#4.11% 12.6740.94° 12.1740.69°
17 7.6741.49° 115041.26™° 11.8340.69%  12.0040.82°  12.3341.25%  12.3340.94%® 12.0041.41%
18 7.504050° 12.0044.00%° 13.0021.00° 11.8340.69%°¢  12.6740.94%  12.17#.46% 12.0040.82%
19 7.6741.22° 11.33450%° 11.67#.22% 11.67#.22%¢  12.0041.12%  115040.71%  11.0040.43%°
20 7.334.09% 11.674.09%° 11.1742.06° 11.6742.06%°  11.6740.83%°  11.6741.48%° 11.0041.12%
21 7.8310.90® 1067460 11.17#57® 0950426 = 12.33#.49%  12.33#.37® 10.6741.80%°
22 7.8310.60% 10334149 11.33#1.25° < 105041.12%°  11.83#4.07®  11.5041.12%°  11.3340.94%°
23 81740.90® 12174195  115#.50%°  1250#.12°  12.33#.11%  10.8340.69  11.8340.90%
24 817407 12.0041.83% 10.0022.00° 11.1742.19%  11.0042.24%¢  96742.81°°¢  10.0042.00%°
25  8.0020.82® 083#1.46%  933#.60° 11.17H.77% 108322117  10.3342.21%%  9.3342.36™
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Fig.1 Correlation plot between quality and texture of different varieties of mixed hydrocolloids
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AN TR R AT SR G PR

x5 ERIHVRTHEE, AERBMEMRITHETBE

Table 5 Initial eigenvalues, contribution rates of variance and

cumulative contribution rates of variance of principal

components
FSN I AR
RAEE T ETTREI% Rt ETRE%
1 6.651 60.46 60.46
2 1.330 12.09 72.55
3 1.088 9.89 82.45
4 0.945 8.59 91.03
5 0.442 4.02 95.05
6 0.267 2.43 97.48
7 0.145 1.32 98.79
8 0.058 0.53 99.32
9 0.037 0.34 99.65
10 0.025 0.22 99.88
11 0.013 0.12 100.00

PC3(9:9%)

—> S

e i
B s
i

B 2 FREIRARR BT SRE TN IR ER 2 2 HE
Tl
Fig.2 Loading plot between quality and texture of different
varieties of mixed hydrocolloids
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FE iRrEmE. BN M REHSIEA, Ui
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IEFHIER R

6 NI E S BT Tabn L B e e
R, RENEREIREANIN ER DTS . (ERF
AN TR R, B AR ER K 3 B I 4B B 1Y) DT R e
KRB Wi, R 1R E I R I
JRERE . REEE BRI L A NE g
PEL AN, EEALUEE. B E RS E
K, /%1 0956, 0.950. 0.935. 0.911. 0.905.
0.870. 0.67. 0.633. 0.589, UiHHEM > 1 Hixuefs
PRIGDTRREE R FERRSY 2 A SOALIAE B (SR EL
N 0.778, UVEEHTERSY 2 SR I DTk K s
TG 3 FUREARMEGRTEN 0.753, UHHERES
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F1=0.19X,+0.26X,+0.32X5+0.34X4+0.13X5+0.25X¢
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F2=0.68X;—0.5X,—0.3X35+0.06X,+0.41X5—0.04X g+
0.1X7+0.07Xg—0.07Xg—0.1X10+0.02Xy4
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Table 6 Factor load matrix of principal component on each

index

AT PC1 PC2 PC3
S Jek 0956 0084 -0.121

S vEF 0950 -0.075 0.102
S B 0935 0119  0.199
SEUE 0911 0111 -0.161

S ¥ARTEZE 0905 0018 0031
ik 0870 0069  -0.022
OP-0E 0670  -0579  -0.003
SMBHE 0633  -0.048  -0.509
a3 0589  -0.341  0.298
AR 0490 0778  -0.285

S Ak 0344 0475 0753

R7 EHIFHERE

Table 7 Eigenvectors for principal components

ki $4i7 AR
1 2 3

X, B 019 068 -0.27
X, aF -2 026 -050 -0.00
X A3 023 -030 029
X, P 034 006 -0.02
Xs S Ak 013 041 072
Xe SwsmMA 025 -004 -0.49
X SHE 035 010 -0.15
Xg S Wtk 037 007 -0.12
Xo S vHI% 037 -007 0.0
X10 S stk 036 -010 0.9

Xu SEARTHEZAE 035 002 003

HE 8 1, LR A =M nl2 3. H4,
C2, ARy 147617, 145251, 1447.05, it
AH FRIX =P 7 A TR A 2 B S A2 BB PRI A
G MR, Kl 808 0HaRER, 2ERN
42456, i X P C 77 1) S 000 T8 5 22 W I ot o e
Zo RN KL BT HAEA k- RAk, SRR S 2
PEEERAELA A, HEe iRy, SRR A &
s R A 1
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Table 8 Comprehensive evaluation score of different varieties of mixed hydrocolloids

%5 BRRESR  ETARS1(FL)

Ema2 (F2)

Emm 3 (F3) e mihBET (F)  26H%

1 K1 385.84 999.24 -42.91 424.56 25
2 K2 754.85 1570.72 -76.96 774.97 23
3 K3 1080.22 2001.07 -105.98 1073.24 15
4 K4 1127.19 2301.70 -114.71 1150.82 10
5 K5 1123.63 1986.43 -107.15 1102.77 13
6 M1 891.76 2259.14 -102.36 973.47 17
7 M2 1107.04 2658.07 -123.91 1187.33 9
8 M3 894.36 2258.20 -101.16 975.38 16
9 M4 731.34 1602.96 -77.07 762.46 24
10 M5 842.07 1772.65 -87.11 867.37 20
1 J1 973.10 177541 -92.37 963.18 18
12 J2 1249.29 2498.82 -127.14 1267.80 7
13 J3 1416.63 3101.05 -150.61 1476.17 1
14 J4 1198.62 2357.57 -120.62 1210.67 8
15 J5 1300.32 2572.69 -130.43 1315.67 6
16 C1 1307.65 2555.86 -130.19 1318.60 5
17 C2 1455.12 2704.82 -143.07 1447.05 3
18 C3 1122.36 2036.76 -109.08 1109.00 1
19 C4 1109.26 2068.79 -108.82 1104.14 12
20 C5 880.76 1643.95 -86.31 876.90 19
21 H1 817.34 1572.80 -79.41 820.78 21
22 H2 1071.14 2214.60 -110.22 1097.47 14
23 H3 1376.14 2705.33 -139.31 1389.68 4
24 H4 149298 2551.98 -141.52 145251 2
25 H5 828.97 1307.81 -75.26 790.85 22
3 BB PN k=R R, AV E A 424.56.
=A
A Lk

ASCGEEL 5 PSR K AR 25 FhR-& 2 Wik,

Xof AL R P A B VPN R AR a3 AT 0 5 A DG 25
BT, ERRITIERE SR E PP fabr <z A B B2
AN W 4 DTSR E R S 7 NEE VEE fe bt
1T EB R3] 3NEEETVHNERR, Rt Z ok
HILF 82.45% . M7 7 TRk Z AL HE G 15 BITR A REIR
H 4R E PRIy F=0.236X,+0.117X,+0.225X5
+0.256X,4+0.242X5+0.119X+0.253X+0.267X+0.273
Xg+0.272X10+0.263X11 (LA Xq~Xaq 73 T3 Ay R R %
RV PPE. HIEMERIRCE AR, HPURES B,
Ftks PHPEE . Bl SARTTREESZRE), WSRO
AP FRAR T S ELBOR B 03 S BRI AR fh 45
G, HeRKEARIIBC 7N k--RBLEZ 0.8%- &
P 1.2%. [RERSE A 0.4%. HIME S K 0.6%.
FREN 0.4%H), ZRE VNS iy 1476.17, 1418
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