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Quality Characteristics of Mixed Polysaccharide Gels with Various Kiwifruit Contents
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Abstract

This study was carried out to determine the effects of various contents of kiwifruit contents on the quality
characteristics of mixed polysaccharide gels made from Kcarrageenan and locust bean gum. The color value,
gelling temperature, melting temperature, break down rate, syneresis, rupture properties, TPA properties and
sensory properties of mixed polysaccharide gels with various contents of kiwifruit contents were measured. As
the kiwifruit contents was increased, the lightness (L), yellowness (b) and greenness (-a) of the mixed
polysaccharide gels increased. There were no differences in the color values of gels during storage. As the
kiwifruit content was increased, the gelling and melting temperatures of the mixed polysaccharide gels also
increased. The mixed polysaccharide gels with high kiwifruit contents were difficult to melt, and it seemed that
the addition of kiwifruit to the mixed polysaccharide gels could improve the thermal stability of the gels. The
syneresis of the gel increased with increasing storage time, whereas the addition of kiwifruit to the gel resulted
in suppression of syneresis. With regard to the rupture properties, stress, energy and strain, they were all
decreased with increasing kiwifruit contents. The TPA properties, adhesiveness, hardness and chewiness increased
and cohesiveness decreased with increasing kiwifruit contents. The results showed that the gel became tough
and adhesive, and could be easily broken under small deformation, with increasing kiwifruit contents. The
sensory evaluation showed that the green color, aroma, sweetness and sourness increased with increasing
kiwifruit contents. The texture, adhesiveness, springiness and cohesiveness decreased, and brittleness and hardness
increased, with increasing kiwifruit contents. The overall acceptability of the gel with 30% kiwifruit content was
the highest. Thus, mixed polysaccharide gels made from kiwifruits could be useful, as the addition of kiwifruit
to a mixed polysaccharide gel rtesults in a good aroma, taste and stability, despite a lowering of the textural
properties.
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Table 1. Color value of mixed polysaccharide gels with various kiwifruit contents during storage

Storage time

Kiwifruit contents(%)

Value  (days) 0 5 10 20 30 40 50 F value
L 1 190+1.6% 256+1.7 283+1.4° 294+07° 30.7:03" 310+03"  31.2%0.6° 50,02
3 192403 263+03°  279+14° 304+0.6° 31.7+0.5"  30.0:12°  31.0:0.6°  90.42%*x
5 194+03°  26.8:0.6° 26413 28.7£20° 302:12" 31.1z0.8"  31.2:0.6 40.58%%*
7 19.6404° 26805  28.7+02° 302+1.1° 31.1+04" 307+1.2°  30.7:0.3"  110.84%**
F value 0.28 1.07 2.14 1.14 2.61 091 0.66
a 1 3407  2.8405°  -59:0.7°  -72+06°  -93#0.1° -10.1£0.6" -10.3:0.5" = 256.73%**
3 3.0£04°  -30+0.1° -63+04°  -81:x07° -10.1+0.5° -102:0.8° -10.8+0.6°  271.37%**
5 38+1.0° -30:04° 49108  -74+07°  -89+03° -112£02' -11.3:04'  222.95%**
7 4.0+0.1° 26405"  -5.7+0.3° -73+03%  -92+05° -99+0.6" -10.4+03  459.11%%*
F value 1.43 0.80 2.88 122 5.84 295 3.11
b i -1.1£0.2¢ 3.3+04' 6.1+0.5° 7.00:04°  8.7+0.2° 99+0.2°  10.6£0.4°  412.84%**
3 -1.3+02' 3.2+0.1° 5.7+0.5° 7.4+0.4° 9.240.1° 9.1+0.8°  10.1+0.1*  312.02%**
5 -1.310.1' 3.6+0.3° 5.1+0.6" 7.0+0.6° 8.6+0.5°  10.0+0.3°  102+0.3"  266.66%**
7 -1.40.1' 3.2+02° 5.8+0.1° 7.3+0.4° 8.9+0.2" 9.6+0.4% 9.9+02°  821.31%**
F value 3.06 1.35 2.31 0.58 2.70 2.07 2.96

Y Means in each row with different superscript letters are significantly different(P<0.05) by Duncan’s multiple range test.

Mean +SD. *** Sjgnificant at P<0.001
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Fig. 1. Gelling temperature of mixed polysaccharide
gels with various kiwifruit contents
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Fig. 2. Melting temperature of mixed polysaccharide
gels with various kiwifruit contents
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Fig. 3. Syneresis of mixed polysaccharide gels with
various Kiwifruit contents during storage

Table 2. Melt down rate of mixed polysaccharide gels with various kiwifruit contents (%)
Temperature Kiwifruit contents (%)
) 0 5 10 20 30 40 50
80 93.50 95.16 95.26 71.49 52.51 34.06 20.86
70 91.27 89.24 74.45 48.15 14.72 1.84 0
60 57.21 44.03 30.16 1.84 0 0 0
50 11.88 5.66 0.71 0 0 0 0
Table 3. Rupture stress of mixed polysaccharide gels with various kiwifruit contents during storage N)
Storage time Kiwifruit contents (%) F value
(days) 0 5 10 20 30 40 50
1 102.54*+4.16 51.04°+255 25.85°11.58 21.30°:1.87 23.33%12.04 23.89°°10.74 21.85°£1.95 1472.41***
3 105.74°+7.22 43.34°+837 27.60°44.45 21.62°+641 24524572 17.71%+3.05 20.28'+0.98 167.22%**
5 109.34°+5.99 44.65°+6.57 27.25°%7.27 19.93'+7.57 23931513 19.37%3.74 2052076 198.68***
7 104.95°+13.15 45.15°£7.41 2545°+4.18 20.97°+8.04 22.84°+3.76 18.70%4.89 21.07°t146 107.81***
F value 0.96 2.37 0.36 0.17 0.17 5.61%* 1.73

Y Means in each column and row with different superscript letters are significantly different(P<0.05) by Duncan’s

multiple range test.

Capital and lower case letter refer to columns and rows, respectively.

Mean +SD.
*%  *%% - Significant at P<0.01, P<0.001, respectively.
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Table 4. Rupture energy of mixed polysaccharide gels with various kiwifruit contents during storage (Ns)

Storage time Kiwifruit contents (%) F value
(days) 0 5 10 20 30 40 50

1 190.03%"+8.73 135.16°+27.31 74.73°:3.35 71.25°¢12.58 84.99°:11.35 86.53%°14.22 78.93*"18.87 08.89%**

3 206.87°+10.88 109.03°+22.91 84.74°+17.10 77.15%+24.20 88.21°+23.07 59.61%+1026 72.43%°+4.34 42,19%***

5 214.44+11.44 111.84°+20.01 81.72°:28.39 69.15°+30.01 87.99+20.02 68.63%+13.35  71.07%+2.26 42.05%**

7 218.75™+27.87 109.23°+2047 80.04°+14.53 77.09°+32.78 81.70°+16.25 64.57%+18.92 66.69%+11.00 36.42%**

F value 5.08%* 2.11 0.50

0.15 0.17

6.84**

3.28*

Y Means in each column and row with different superscript letters are significantly different(P<0.05) by Duncan’s multiple range test.
Capital and lower case letters refer to columns and rows, respectively.

Mean +SD.

*, w% k%% Sigmificant at P<0.05, P<0.01, P<0.001, respectively.

Table 5. Rupture strain of mixed polysaccharide gels with various kiwifruit contents during storage (%)
Storage time Kiwifruit contents (%) F value
(days) 0 5 10 30 40 50
1 90.01*"+0.04 86.47°+3.16 76.99™+1.78 68.61°'12.10 63.09™+1.70 59.24™+1.59 54.44%+£1.50 466.04%**
3 90.00°+0.00 85.48°+0.81 76.97*°+1.73 66.40™+1.10 62.37*°3.78 54.13"'+2.44 51.58'+2.37 260.14%*=
5 90.00°+0.00  85.13°+1.00 76.27%*+034 65.42™+092 60.80"*+1.52 55.607+2.03 50.83°+1.06 940.20%**
7 90.00°£0.00  84.45°+2.08 74.72%+128 65.31™+126 57.83%+3.16 53.78"+1.68 51.40'+4.81 186.17%**
F value 0.51 0.94 3.28* 6.24%* 4.86%* 13.29%* 2.85

" Means in each column and row with different superscript letters are significantly different(P<0.05) by Duncan’s
y y

multiple range test.

Capital and lower case letters refer to columns and rows, respectively.

Mean +SD.

* x% okxk - Giopificant at P<0.05, P<0.01, P<0.001, respectively.
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Table 6. TPA characteristics of mixed polysaccharide gels with various kiwifruit contents during storage
Storage time Kiwifruit contents(%)

Characteristics (day 0 5 10 20 30 40 50
Springiness 1 0.71™7+£002  0.68°+0.03 0.66'+0.02 0.71°+0.02 0.71%+0.01 0.76™+0.01 0.72™:0.03  17.31%xx
0.75™:0.02  0.68'40.02 0.70*£0.03 0724002 075001 0.77°£0.01 0.76"50.04  12.58%%x
0771003 0.68+0.01 0.73*"0.02 07171003 0.77*+0.02 0.79**+0.01 0.77%£0.04 1268
0.77%"+0.03  0.71°70.02 0.70*£0.04 0.74£0.01 0.75*"+0.04 0.80"+0.01 0.78""+0.0F 828wk
F value 1050 3.03 7,625 253 5.34xx 16,70 4,46+

F-value

-~ Cr w

Gumminess 1 112674649 14755°'+894 181.88%+967  360.70"+53.88 430.28%+16.15 584.05"38.73 760.89°+29.81 584.83+*x
3 143.09™+94.74 159.27 9+13.8 20751%466.87  40063°+112.27 537.007°+68.01 580.72°428.47 784.98"+0.04 4145w
517706041597 1721794 12.4 349.85° 41658  422.86° 11623 D565.34™°12443 61446711066 T746.78°11438.  4353%xx
7 172089427 44 18451°9411.05 330.61°+153.86 42361%+44.2¢ 52212*°162.11 627.37°452.44 73157414920  34.70wxx

F value 17.26%%% 1342853 5.44%ss 0.98 10495+ 254 0.14

Cohesivenes 1 0.75™:0.01  0.61"+0.02 0.51°£0.02 0.45"+0.01 0.42°+0.01 0.39'+0.03 0.34™+0.02 593235
3 077%+0.02  061"t0.02 0.51°+0.02 0.45"+0.01 0.42°40.01 0.40°+0.01 0.38M£0.02  476.99xxx
5 075M:001 061°£0.01 0.51°+0.01 0.44%+0.01 0.42°0.01 0.41°+0.01 03742001  893.55%x+
7 077%£001  062°+0.01 0.52°+0.01 0.45°+0.01 0.43°+0.02 0.40'+0.01 0.38*%£0.01 675.35%x

F value 4.05% 0.20 1.34 239 2.61 0.77 17.89#%x

Adhesivenes 1 1290%"+301  12.007t1.82  1579"+2.82 3059+175 5778236 867841498 772141795 T0.07wkx
3 720™+318  9.27°:183 18.35%+7.22 37.59°49.78  62.22"°17.33  90.51%+4.00 88.12°+2241  63.06%%x
5 7181102 11144243 23.19°43.09 A1.065+2.12  73.29™+249 97284798  93.23°t2386  91.70%x
7 783%M£121  965°+3.96  17.30°+4.10 45194768 64.99"°+1553 10053741259  10058°£33.39  42.82%xx

F value .95 1.53 3.30 1.20 3.48+% 2.11 1.71
15058 %+0.36 241741806 354.40°+24.87 R346.39°t58.84 1038.83™+43.38 1468.26"+40.52 2218.937+50.15 3021.71%x*x
186.46%433.13 262.04°"£29.67 585.88"+149.27 890.02°+23.78 1292.38™"+197.9¢ 1448958755 2106.95"+581.0¢ 4227+
235.90°+23 27 283.07°7+21 3 694177945066 966.40°+269.9; 1343.02"£58.74 1504.57°+57.96 201072745339  50.82%%x
226.12+39.81 300.20*'+18.73 540.10"+139.82 941.17°+79.37 1219.25*+179.9; 1556572412773 1946.62°402.0(  74.86%*x
F value 14,165 9,39 # 12,89 0.93 6.61 % 1.77 0.55
Chewiness 3054 +6.08 100.11°'+8.82 120.12°°+9.01  272.86™422.76 307.45%+14.99 441.397°+30.97 533.71°£2550 50991
107.76%9£20.62 107.62"9+11.0° 210.34"153.75 280.25+11.86 452.15™°+107.8' 446.21""+24.38 597.92°+147.8  33.95%xx
136.09%+13.05 117.61%+10.26 255.30°+14.09 303.62°:91.25 432.98™+29.93 482.32"°°+553 57098°+137.0° 45.33=*x
133.91™425.04 130.56™"+10.03 199.42"+5842 31331°¢35.33  391.56°°163.15 499.42*+4457 565.74°t116.7  DL.18s*x*
F value 169250 1170 13.78%xx 0.82 7.30%x 574 0.32
Y Means in each column and row with different superscript letters are significantly different(P<0.05) by Duncan’s
multiple range test.
Capital and lower case letter refer to columns and rows, respectively.
Mean * SD.
* %% wwx o Gienificant at P<0.05, P<0.01, P<0.001, respectively.
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Table 7. Sensory characteristics of mixed polysaccharide gels with various kiwifruit contents

Kiwifruit contents(%)

Characteristics 0 5 0 20 0 0 50 F value
Shininess 727+201  645+225 6461212  6.09+1.81 5274149  555£093  5.36x1.43 1.84
Green color 1.00+0.00"  1.82+0.41° 3.1820.87" 4.55+1.04° 6.36+1.12° 6.73+0.79° 79111.14°  102.49%**
Aroma 227+179° 2461151 2.82+147° 3.82+125° 500+1.90° 546+129° 6.18+147" 11,315
Sweetness 491+2.07  3.82+236  4.36:+1.86 4.82+1.78 5461082 5642092  573zl.11 1.99
Sourness 1.09:0.30°  2.18+1.40° 3.55+1.75° 4.36:£1.43° 582+133" 6091094 6.55+0.93"  31.02%**
Adhesiveness ~ 5.55+2.21  6.00+3.07 5001224  491+2.17  4.36+1.63 4.64:136  4.09:1.5] 1.10
Springiness 5914239 4364320  4.55£2.3¢  355t1.97  4.09+122  427+1.10 4.09:1.87 1.32
Cohesiveness 6274205  4.64:353 4731245 4.64+2.16 427+1.10  436x1.21  4.36+1.36 1.16
Brittleness 3.46+2.84°  3.1842.52° 3.82#223" 446175 5.55+129" 5.18+1.83° 5.5512.25" 2.34%
Hardness 291+2.17°  1.64+121° 227:£135° 3.09+1.38° 4.46:1.75" 436201 4.55+2.38" 4.55%%*
Smoothness 827+0.91°  7.09+2.07° 7.00£1.73° 5091+1.87° 5.82+1.17° 5.18:1.66° 5.27+1.35° 5.61%%*
Acceptability  4.82+1.99" 336+143°  436:1.36°  5.18:1.47° 582+098" 546:+1.13" 555+1.64" 3.69%%+%

Y Means in each row with different superscript letters are significantly different(P<0.05) by Duncan’s multiple range test.

Mean #SD.
* k%%  Gjepificant at P<0.05, P<0.001,respectively.

Table 8. Stepwise regression analysis of various sensory characteristics on overall acceptability of mixed

polysaccharide gels with various Kiwifruit contents

Step Characteristics Partial R*** Model R#** F value

1 Green color 0.1689 0.1689 15.2365%**
2 Shininess 0.1632 0.3320 18.0787%%*
3 Hardness 0.1187 0.4508 15.7826%**
4 Springiness 0.0562 0.5070 8.2144**
5 Sweetness 0.0247 0.5317 3.7461
6 Smoothness 0.0149 0.5466 2.3303

*% x%%  SQionificant at P<0.01 and P<0.001, respectively

STz #eta] A A 19E A435.(2003) - 518 -
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Table 9. Correlation coefficients between sensory characteristics and mechanical measurements of mixed

polysaccharide gels with various Kiwifruit contents

Mechanical

Sensory characteristics

measurements Shine Green Aroma Sweet Sour Adhe Sprin Cohe Britt Hard Smooth Acceptability
Stress 029*%  0.72%%* -048*** -005 -0.71*** 016 034 029 -0.18 -016 0.44%** 022
Energy 030*  -0.63*%* -034** 007 -059*** 024 030* 025% -0.13 -024 0.39*%* -0.27*
Strain 0.30%  -0.93%x* _073*** _030* -0.87*** 022 020 018 -0.26% -043%%* (049%**  .(.39%*
Springiness  -0.02 025 0.30* 0.38** 0.29% 012 023 019 -001 030 -0.18 0.35%*
Gumminess  -0.31% 0.90*** 0.69%** 026  0.79*** -0.25 -022 -0.18 028* 040** -045%** 0.31*
Cohesiveness  0.43%*% _Q82%** _059%** 0,16 -0.75*** 031* (0.35* 029* -035% -0.36** QS51%**  .0.30*
Adhesiveness -0.32* 0.84%**  0,65%** (.25 0.75*** .0.19 -0.15 -0.18 0.31*  0.43** -048%** 0.35%*
Hardness  -0.32* 0.88%** (0.68*** (024  078** .028* -023 -0.19 030* 0.39%* -045%** 0.27*
Chewiness ~ -0.32* 0.89*** (0.68*** 026  0.79*** 025 -021 -018 028 040** -046%*  .0.30*
L -0.34%%  (0.82%** (53*** (.15  0.74*** -021 -030* -031* 035 031** -Q52%** 0.26*
a 0.35%*  0.88*** _0,60*** -020 -0.80*** 022 0.26* 028 -034* -037** 056***  -0.32**
b -0.35%%  0.90%** (Q.61*** 024* (0.82%** _024* -026* -027* 037%* 0.37%* -054%*%* 0.30%*
Syneresis 0.81* -0.85* -0.60 0.88** -0.86* 068 033 048 032 064 0.70 0.17
® kk sk Siopificant at P<0.05, P<0.01, P<0.001, respectively.
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