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Selection of Main Indexes for Evaluating Apple Fruit Quality

DONG Yue4u ZHANG Yu-gang LIANG Meixia DAI Hong-yi
( College of Landscaping and Horticulture Qingdao Agricultural University Qingdao 266109 China)

Abstract: For ascertaining the main evaluation factors of apple fruit Nine quality index were measured of fifty—
eight varieties. The index included mean individual fruit weight( MIFW) fruit shape index( FSI) flesh rigidity
( FR) total soluble solids content( TSS) titratable acid content( TA) pH vitamin C content carotenoids the ratio
of sugar acid( RSA) . These data were analyzed by variation correlation analysis principal component analysis and
system cluster analysis. 58 varieties of fruit quality were analyzed by variation correlation nine index were com—
pressed into six integrated variables using principal component analysis. Final main evaluation indicators of apple
fruit were determined by using cluster analysis and correlation analysis. The results indicated that the range of varia—
tion coefficient was from 5.7% to 77. 8% . Mean individual fruit weight flesh rigidity vitamin C carotenoids were
the important components of fruit quality playing a major role on fruit quality. These nine index were closely related
and the relatively independent. Vitamin C was significantly and negatively correlated with titratable acid content and
was significantly and positively related to mean individual fruit weight. Carotenoids was significantly and negatively
correlated with titratable acid content and was significantly and positively related to the ratio of sugar acid. Based on
the above results five representative index were assured for evaluating fruit quality that is fruit weight fruit shape
index flesh firmness contents of total soluble solids and content of titratable acid which could reflect the most in—
formation of apple fruit quality.
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Tab.1 Fruit quality characteristics of apple in different varieties
C
/g pH
. , /(mg/100g)  /( mg/100g)
Varie MIFW m’ TA SA H val
anely v FSI (ke/ o) FR TSS( Brix) % K PEYEEE T Carotenoids Ve
Fuzaohong 161.7 0.75 10.1 11.9 0.11 108.2 4.51 0.538 8.742 3
4 Lujia4 154.5 0.82 9.2 12.2 0.722 16.9 3.55 0.347 5.847 1
2 Lujia2 78.4 0.89 9.4 12.0 0.432 27.7 3.61 0.384 4.349 1
1 Lujial 84.7 0.87 11.0 12.3 0.777 15.8 3.07 0.354 0.548 6
Fuli 221.8 0.81 11.0 16.3 0.119  136.6 4.10 0.987 5.1290
Fuxing 196.6 0.80 11.0 13.7 0.222 61.6 3.98 0.229 5.5171
6  Lujia 6 139.7 0.85 8.6 10.5 0.715 14.7 3.67 0.076 4.4223
3 Tujia3 164.4 0.82 9.9 12.9 0.585 22.0 2.89 0.446 2.768 3
5 Lujia5 210.0 0.84 7.9 14.9 0.822 18.2 3.66 0. 165 3.9818
Fuyan 189.6 0.78 7.5 12.9 0.098  131.1 4.37 0.734 8.5556
Furui 153.9 0.92 8.3 14.0 0.297 47.3 3.76 0.231 3.3389
mutation delicious 195.5 0.81 8.8 12.5 0.317 39.4 3.69 0.271 5.627 4
Matol 158.1 0.84 8.9 11.8 0.457 19.5 3.44 0.337 4.984 3
James Grieve 167.8 0.84 7.8 11.2 0.958 8.2 2.90 0.233 1.444 8
Xiaxiang 215.2 0.83 7.8 12.1 0.372 21.1 3.56 0.346 8.359 7
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C
/g pH
. ) /( mg/100g)  /( mg/100g)
Variety MIFW FSI (kg/em’) FR TSS( Brix) /%TA  RSA  pH value Carotenoids Ve
Jieba 166.5 0.79 8.3 12.8 0. 860 9.7 3.01 0.210 1.463 1
Beierpusi 165.1 0.80 7.3 11.5 1.177 6.2 2.87 0.327 1.652 1
Jinhong 97.1 0.91 9.4 12.0 0.831 11.3 3.09 0.384 2.172°5
Gala 150.4 0.85 10.9 11.8 0.300 36.2 3.65 0.479 8.608 1
Golden delicious 149.8 0.87 9.1 10.9 0.404 22.5 3.94 0.414 1.449 3
Judnine 161.1 0.74 8.5 11.7 0.672 17.4 3.57 0.325 0.5975
Jonagold 267.4 0.89 9.3 11.9 0.544 21.9 3.28 0.300 0.762 5
Judelin 134.7 0.93 8.2 8.9 0.534 16.7 4.12 0.538 2.7347
Starkrimson 180.6 0.88 9.5 11.8 0.261 45.2 3.70 0.718 10.509 9
Bangzha 121.7 0.86 7.1 9.7 0.870 11.2 3.00 0.444 6.1951
Oregon Spur 2 400.9 0.79 7.2 12.9 0.255 50.6 3.82 0.271 10.246 1
Early Fuji 253.6 0.78 8.6 11.1 0.412 26.9 3.41 0.311 6.866 5
Cultivation 1 229.2 0.82 9.9 10.9 0.333 32.7 3.63 0.356 9.664 5
Wanglin 200.3 0.91 9.1 12.0 0.417 28.8 3.50 0.265 7.082 6
Hongguang 167.8 0.77 6.3 12.0 0.741 16.2 3.00 0.334 4.6252
Hongyun 165.6 0.82 9.4 11.8 0.298 39.6 3.73 0.230 6.624 2
Tuscan 141.6 0.74 9.5 13.2 0.575 23.0 3.00 0.324 6.060 6
Telamon 151.9 0.80 10.2 11.3 0.599 18.9 3.05 0.763 4.093 4
Fuji 248.8 0.81 10.0 12.8 0.308 41.6 3.65 0.272 6.374 7
Red spur 257.3 0.82 10.0 10.5 0.300 34.9 3.74 0.397 9.0323
Xinghong 182.8 0.89 6.9 12.7 0.655 19.4 3.36 0.332 3.8972
Youtaka 357.1 0.79 7.7 12.7 0.208 61.2 5.94 0.496 7.569 9
Chanteline 117.3 0.88 7.0 12.2 0.550 22.1 3.24 0.236 6.130 1
Jingxiang 247.5 0.85 7.5 12.5 0.415 30.2 3.40 0.184 2.2930
Gelaosite 257.2 0.80 6.9 11.5 0. 666 17.2 3.37 0.336 2.5594
Mutsu 208.2 0.85 11.2 12.2 0.702 17.3 3.25 0.374 3.1835
Asi 230.6 0.85 8.1 11.8 0.285 41.3 3.74 0.320 7.1272
Antalue 166.2 0.70 7.5 10.0 1.104 9.0 2.80 0.324 3.8063
Yanhong 233.6 0.85 6.8 11.7 0.200 58.4 3.99 0.314 5.4376
Apeikesi 233.9 0.82 7.5 11.2 0.198 56.3 3.77 0.303 8.584 3
Qiujin 221.7 0.82 10.2 15.7 0.277 56.8 4.03 0.405 6.310 8
Yinhong 223.2 0.84 8.5 10.1 0.291 34.7 3.72 0.299 7.662 1
2 Nagafu 2 147.0 0.79 10.2 13.4 0.451 29.7 3.41 0.278 3.5472
Richard 242.5 0.80 8.2 11.4 0.251 45.5 3.90 0.350 7.328 7
9 Hac9 202.6 0.85 10.1 13.4 0. 664 20.2 3.23 0.207 3.516 0
Qinguan 125.4 0.80 10.7 11.4 0.347 32.9 3.84 0.504 11.488 6
Xianghong 152.6 0.76 10.0 13.0 0. 806 16.1 3.21 0.248 6.149 6
Yangguang 225.9 0.87 9.6 17.9 0.518 34.6 3.48 0.294 6.428 6
Golden spur 243.3 0.89 9.4 14.9 0.627 23.7 3.38 0.343 3.697 5
Granny Smith 186.1 0.86 10.3 13.1 0.728 18.0 2.91 0.282 1.062 1
Rall janet 161.6 0.79 10.5 15.0 0.699 21.4 3.24 0.247 3.8294
Sinsekai 225.5 0.82 10.4 13.9 0.297 46.7 3.75 0.195 9.789 0
Coefficient of variation 30.5 5.7 14.2 13.5  50.1 71.8 14.2 44.0 52.3
: : CV=S/Xx100% CV S X
Note: Coefficient of variation: CV =S/X x 100% CV is coefficient of variation S is stand for standard deviation X is mean value.
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Tab.2 Correlation of apple main quality characteristics in different varieties

2
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C
. . FR T pH
Index MIFW FSI TSS TA RSA Ve Carotenoids
MIFW 1 -0.16 -0.20 0.14 -0.41™  0.30 0.44™ 0.32° -0.05
FSI 1 0.01 0.01 -0.04 -0.19 -0.03 -0.19 -0.06
FR 1 0.28" -0.17 0.13 0.00 0.06 0.21
TSS 1 -0.11 0.29 0.03 -0.02 -0.03
TA 1 -0.75" -0.72™  -0.64™ -0.32
RSA 1 0.66™ 0.46™ 0.55™
pH 1 0.46™ 0.31"
C Ve 1 0.22
. 1
Carotenoids
D 0.01 0t 0.05
Note: ** . Significant at 0.01 level; " . Significant at 0. 05 level.
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Tab.3 Eigenvector contribution rates and cumulate contribution rates of 9 principal component
1 2 3 4 5 6 7 8 9
Principal component Z, Z, 7, Z, Z Z Z, Zy Z,
MIFW 0.2793  -0.4547 0.4099 0.003 9 0.077 2 0.5116 0.5117 -0.082 0.1013
FSI -0.093 4 0.1726 -0.007 5 0.9313 0.0118 -0.060 8 0.224 4 0.0090 0.199 4
FR 0.086 8 0.6656 0.0981 -0.1128 -0.5095 0.493 7 0.020 0 0.0031 0.1529
TSS 0.108 6 0.3701 0.7448 -0.0540 0.2605 -0.3526 0.066 3 0.240 8-0.197 5
TA -0.4889 -0.0040 0.0010 -0.2254 0.199 4 0.039 8 0.1520 0.4938 0.6340
RSA 0.479 6 0.1457 -0.0102 -0.0755 0.3103 -0.1609 -0.2057 -0.4208 0.6335
pH  pH value 0.4485 -0.1382 -0.0458 0.202 1 0.084 7 0.266 8 -0.504 9 0.6352-0.000 1
C Ve 0.3849 -0.1549 -0.1035 -0.0834 -0.5659 -0.5119 0.3451 0.2785 0.176 8
. 0.275 1 0.3451 -0.5046 -0.1125 0.450 5 0.076 1 0.493 5 0.1805-0.2304
Carotenoids
g 37.376 6 15.764 6 12.5851 11.5325 8.363 5.649 3 4.817 6 2.7357 1.1756
Contribution rates
Cumulate 37.376 6 53.1412 65.7263 77.2588 85.6218 91.2711 96.088 7 98.824 4 100

contribution rates

2.4
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Fig.1 The cluster dendrogram
of the nine evaluation factors X
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