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Evaluation of different tomato fruit quality based on principal compo-

nent analysis and membership function analysis

GAO Chenpeng', YANG Yanning’, CHENG Bo', LI Fei', DIAO Ming', CUI Jinxia'

(1. College of Agriculture, Shihezi University/Key Laboratory of Special Fruit and Vegetable Cultivation Physiology and Germplasm Re-
sources Utilization of Xinjiang Production and Construction Corps, Shihezi 832003, Xinjiang, China; 2. Kunyu Comprehensive Research
Institute, Xinjiang Academy of Agricultural and Reclamation Sciences, Kunyu 848116, Xinjiang, China)

Abstract: To select high-quality tomato varieties suitable for cultivation in solar greenhouse in the Andi region of Xinji-
ang from six tomato varieties, this study conducted a comprehensive evaluation of 18 fruit quality indicators of the tested
varieties using principal component analysis (PCA) and membership function analysis. First, the raw data was standard-
ized, and principal component analysis was employed for dimensionality reduction and correlation analysis. Simultaneously,
variance analysis was performed on the fruit quality-realted data to copare differences among varieties. Subsequently, the
membership function valuses for each indicator were calculated using membership function analysis, and a comprehen-
sive evaluation model was constructed based on the results of the principal component analysis. The comprehensive
scores of each variety were then calculated and ranked according to the model. The experimental results showed that sig-
nificant differences among varieties in terms of vitamin C content, titratable acidity content, soluble sugar content, soluble
solids content, lycopene content, fruit mass, hardness, acid-sugar ratio. After integrating all the indicators, the comprehen-
sive scores of the varieties were ranked as follows: 2T1068, TSH, Provence, 2T719, Tongnianweidao, DRC564. Among
them, the varieties 2T1068 and TSH exhibited the best overall performance and were identified as high-quality varieties
suitable for local cultivation. These research results provide a scientific basis for tomato growers in variety selection, help-
ing to improve fruit quality and better meet consumer demands.

Key words: Tomato; Fruit quality; Principal component analysis; Membership function analysis; Comprehensive evaluation
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Table 1 Analysis of fruit quality of different tomato varieties

B wEE R O wAT T E L) wCrT VRS wRT I [T w(FEMLLF)
Variety Vitamin C 7 Titratable acid Soluble sugar content/ Soluble solids Lycopf:ne content/
content/(pg-g™") content/% % content/% (pg-gh
2T719 134.77+1.76 d 0.48+0.01 be 4.14+1.84 be 6.67+0.33 cd 189.06+4.58 d
i A IIE Tongnianweidao 172.00+5.62 ¢ 0.36+0.01d 3.05+1.23d 7.33+0.33 be 200.21+£3.25d
DRC564 219.38+4.10 a 0.64+0.01 a 4.62+2.14 ab 8.00+0.00 b 237.25+2.88 ¢
TSH 196.62+1.76 b 0.54+0.01 b 5.08+2.20 a 10.33+0.33 a 395.53+8.50 a
2T1068 123.4443.56 d 0.43+0.02 ¢ 3.84+1.03 ¢ 6.00+0.00 d 286.56+8.00 b
% HE T Provence 161.13+7.30 ¢ 0.63+0.02 a 5.07+0.80 a 8.33+0.33 b 374.3243.45a
A wCh) L) igcs RS [if] 1% LU PR LE
Variety Sugar content/% Single fruit mass/g Fruit hardness/N Solid-acid ratio Sugar-acid ratio
2T719 5.43+0.19 ¢ 210.58+1.45a 11.5740.51 b 13.93+0.61 b 8.66+0.51 ab
i AEIIE Tongnianweidao 6.37+0.35 be 104.77+0.50 d 9.99+0.08 be 20.36+0.67 a 8.48+0.36 ab
DRC564 6.90+0.20 b 20.13+0.44 ¢ 10.12+0.34 be 12.53+0.17 b 7.24+0.35b
TSH 8.83+0.03 a 17.56+0.57 ¢ 8.41+0.25 ¢ 19.19£1.09 a 9.43+0.62 a
2T1068 5.47+0.09 ¢ 193.10+1.03 b 17.56+0.84 a 13.98+0.63 b 8.93+0.18 ab
% HE T Provence 9.00+0.35 a 171.9940.56 ¢ 10.26+0.34 be 13.37+0.94 b 8.12+0.17 ab

T [ A 5 AN F NS FRERIRAE 0.05 KT EREE. T,

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.
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Table 2 Fruit color difference analysis of different tomato varieties

A S Skin P Flesh
Variety L* a* b* AE L* a* b* AE
2T719 38.57£0.50 ab 23.25+0.97b 15.99+0.23b  47.66£1.00b  33.70+0.71b  22.73£0.25ab 33.70+0.71d  43.84+0.17 ¢
HARIRIE 39.33£0.76 ab  23.59+1.00b 14.92+0.31b  48.48+0.38b  42.29+1.75a 23.33£0.82a 42.29+1.75a  50.89+1.98 ab
Tongnianweidao
DRC564 33.38+0.37¢c  14.5240.65¢ 23.92+0.76 a  40.11£0.12¢  42.95£1.06a 16.85£0.88 c 42.95+1.06a  48.38+0.78 bc
TSH 36.83£1.09b  22.96+£0.65b 16.70+0.46a  49.48+0.75b  35.39+£1.43b 19.85+0.41 bc 35.39+1.43 cd 48.42+1.19 be
2T1068 40.60+£0.35a  30.53£0.27a 17.95£0.71b  54.21+0.43a 43.68+1.34a 23.56+0.87a 43.68t1.34a  56.56x1.20 a
2 HE By 40.18+0.84ab  23.14+0.61 b 14.25£0.31b  49.06+0.61 b  38.13x1.96ab 19.10+0.76 ¢ 38.13£1.96 bed 47.41+1.51 be
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Fig. 1 Correlation analysis of fruit quality traits of different tomato varieties
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Table 3 Principal component analysis for tomato fruit
quality evaluation

fobi ﬁﬁﬁ%ﬁ:ﬁﬁi(ﬁ?ﬁ@%)'
Indicator Component matrix (Eigenvector)

F F F; F,
fERCHE -0.907 -0.041 0397  -0.084
Vitamin C content
Al IR o -0.811 -0.004  —0.453 0.369
Titratable acids content
CIFGIER s -0.682 0.428  -0.442 0.370
Soluble sugar content
PR Sugar content -0.628 0.651 -0.124  0.114
AL VERE T & -0.732 0.657  0.151  -0.087
Soluble solids content
R F H Single fruit mass 0.775 -0.111  -0.620 0.026
SR -0.305 0.793  —0.103 0.489
Lycopene content
B SEAFEE Fruit hardness 0.738 -0.275  -0.018 0.589
[l 2t Solid-acid ratio 0.130 0.513  0.643  -0.532
PERR L Sugar-acid ratio 0.493 0.776  0.169  -0.081
Rz L* Skin L* 0.839 0.333  -0.270 0.031
B a* Skin a* 0.887 0395  -0.003 0.239
R b* Skin b* -0.201 0.707  0.431 0.315
B AE Skin AE 0.797 0.554  -0.002  0.241
B L* Flesh L* 0.146 -0.533  0.547  0.467
B a* Flesh a* 0.947 0.080  0.132  —0.262
A b* Flesh b* -0.521 -0.599  0.303 0.395
B AE Flesh AE 0.499 -0.031  0.581 0.614
HFIE{H Eigenvalue 7.980 4346 2439 2212
T1Hk# Contribution rate/%  36.684 25778  16.083  15.767
Wiy 36.684 62.462 78545  94.312

Cumulative contribution rate/%
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Table 4 Membership function value of each index of tomato

' A E R O 1 3 Y " o AL .

o girERC L AVEERE SR SRR P BRE L o ROUHE R
v o A TE . L REE : S

. Vitamin C . Soluble Sugar ., Single fruit Fruit Solid-acid
Variety Titratable Soluble solids Lycopene .

content . sugar content  content mass hardness ratio
acid content content content
2T719 0.118 0.425 0.536 0.000 0.154 1.000 0.000 0.345 0.179
HAEWRIA Tongnianweidao 0.506 0.000 0.000 0.262 0.308 0.452 0.054 0.173 1.000
DRC564 1.000 1.000 0.777 0.411 0.462 0.013 0.233 0.187 0.000
TSH 0.763 0.646 1.000 0.953 1.000 0.000 1.000 0.000 0.851
2T1068 0.000 0.255 0.391 0.009 0.000 0.909 0.472 1.000 0.185
D HE T Provence 0.393 0.953 0.999 1.000 0.538 0.800 0.897 0.203 0.107
BERR L

i WAL e Mmar R BEAE  RWL® RWar RAb* RWAE
Variety ratigo Skin L* Skin a* Skin b*  SkinA E Flesh L* Flesh a* Flesh b* FleshA E
2T719 0.648 0.719 0.545 0.000 0.535 0.000 1.000 0.000 0.206
RIS Tongnianweidao  0.566 0.824 0.566 0.011 0.000 0.861 0.742 0.638 0.000
DRC564 0.000 0.000 0.000 0.153 0.599 0.927 0.861 0.126 0.004
TSH 1.000 0.479 0.527 1.000 0.972 0.170 0.748 0.477 0.685
2T1068 0.772 1.000 1.000 0.414 1.000 1.000 0.000 1.000 1.000
2 HEHT Provence 0.402 0.942 0.538 0.039 0.725 0.444 0.818 0.845 0.800

x5 HEMBMBOEEITN

Table 5 Comprehensive evaluation of tomato varieties

= Eh

2T1068 1341  0.612 0425 2.044 1.103 1
TSH -0.234 2376 0.798 1.146 0886 2
2 0.181 1247 -0246 1.619 0.640 3
Provence

2T719 1.064 0.738 -0.452 0376 0.601 4
HAERRIE 0.605 0.467 0.773 0.098 0.511 5
Tongnianweidao

DRC564 -0.507 0.446  0.198 0.844 0.100 6
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