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Quality Evaluation of Different Varieties of Kiwifruit Based on Principal
Components Analysis and Cluster Analysis
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Abstract: To experimentally analyze the fruit quality of various varieties of kiwifruit, we established a system for
evaluating different kiwifruit varieties. Here, 18 varieties of kiwifruit were studied by employing 16 indexes corresponding
to appearance and internal nutritional quality. The variability of various nutritional indexes among kiwifruit varieties was
analyzed, and the quality of kiwifruit was comprehensively evaluated using principal components analysis (PCA) and cluster
analysis. Results showed that there were differences in the quality indexes of 18 kiwifruit varieties, and the coefficients of
variation of L, a’, b", soluble solid, Ve, dry matter, total flavonoids, total acid, and sugar-acid ratio were all greater than
20%, indicating that there were differences among various varieties of kiwifruit. PCA revealed five principal components for
extraction; the cumulative explained variance ratio was 86.851% and the top three varieties were Actinnida deliciosa ‘Bruno’,
‘Cuixiang’, and ‘Nongda Jinmi’. Cluster analysis segregated the 18 kiwifruit varieties into three clusters, with 4. deliciosa ‘Bruno’
forming a single cluster. 4. deliciosa ‘Bruno’ had the following characteristics: high moisture content, high sweetness, and
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good taste. The results of this study can provide a reference for the quality evaluation of different kiwifruit varieties and a

theoretical basis for the breeding and development of kiwifruit.
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Table 1 Appearance quality of different varieties of kiwi fruit

Bo¥iid 2 RFw/lg HFE/em  HR/em  RFEFRHK

AR 15 5698+287 543+023 3.54+021 1.53+0.18
A%  67.56+1.07 5.87+0.08 4.56+0.18 1.29+0.12
KB 73.45+2.01 598+0.12 476+0.28 1.26+0.15
418 89.87+2.67 634+026 4.87+0.13 1.30+0.11

b 15 69.76+2.67 5.86+0.07 434+0.07 1.35+0.21
448 56.09% 123 498+0.04 3.67+0.11 1.36+0.18

RRAERR 93.78+4.32 7.98+021 587+021 1.36+0.19
%A 67.98+233 587+0.17 487+0.23 1.21+0.16
RA&  8245+254 698+0.11 543+0.38 1.29+0.22
4rfa 9178 +2.23 7.45+022 4.87+0.67 1.53%0.16

HRAE 83.67+3.12 6.87+0.31 5.65+0.31 1.22+0.18
HE 67.76+2.65 7.45+0.43 554+025 1.34+0.28
defk, 54.65+2.08 6.44+032 5.76+0.17 1.12+0.17

FeR
WA 5476%2.11 6.98+0.41 5.76+0.19 1.21%0.19

72.56 £3.21 8.76 £0.36 6.67%0.26 1.31+0.27

F Bt 56.87+2.07 6.56+0.26 4.87%0.15 1.35+0.16
#a 4576 £2.12 598 +0.41 4.89+0.51 1.22+0.14

E 74.67+3.19 7.65+0.28 5.67%0.23 1.35%0.11

FH#)ME 70.02 6.64 5.09 1.31
RME 45.76 4.98 3.54 1.12
RKAE 93.78 8.76 6.67 1.53
AR E 13.79 0.94 0.77 0.10
EREH % 19.69 14.18 15.06 7.77

22 BBEMRR A B E 5
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Table 2 Fruit color of different varieties of kiwi fruit

sa At L a b
AR 15 5345+298 0.65+0.09 13.98+1.78
ESES 62.34+3.12 ~1.23+0.12 21.34 +2.09
KB 45.87+1.23 -2.34+0.82 13.98 +1.02
4100 39.45+221 0.87+0.05 8.98+1.01
Zl 1% 46.89+2.09 —2.78 £0.25 2323 £2.02
o] 34.87 +1.28 -4.56 = 0.87 12.92 + 1.28
RKAH  6898+2.12 —4.53+0.71 21.34+2.78
hE& 45.67+3.65 —1.98 +0.67 10.26 + 1.45
25 76.45 +3.89 -5.87 +0.98 20.12 +2.43
41 43.23+2.65 0.76+0.07 14.87+1.23
HERfE 4123%1.08 -1.98+0.11 21.87 +2.18
EEA 68.87 £3.82 ~0.89 +0.03 15.98 +2.76
Aok, 84.75+3.45 -231+0.21 13.12+1.29
FAR  46.01%2.16 -1.56+0.67 15.56 +2.98
T4 38.98£2.12 -2.43+0.27 16.78 + 1.45
F B 50.23 £2.76 -5.12+0.71 13.23 +1.04
#o 35.45+2.66 -2.09 +0.29 21.08 +2.87
£k 54.98 £3.23 -1.23 +0.64 21.32 +1.39
- F {8 52.09 :;.-15 16.66
RME 34.87 -5.87 8.98
R KAE 84.75 0.87 2323
A £ 14.12 1.88 4.25
THEH % 27.11 56.87 25.49
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Table 3 Internal quality of different varieties of kiwi

Ko T
/% W /%

AR 15 7098+323 569.34 5444 13.98+1.23 109.23£8.98 14.89+1.87 1.12+0.23 8.45+1.88 1.67 £0.89 5.06 + 0.89

il # 7 /(mg/kg) Ve/(mg/100 g)  FH#5/% &5/ %  SAE%  BEBR/% BRI

Bk 74.67+3.12 623.81+43.44 1623+2.03 123.67+10.23 15.56+2.01 1.87+0.18 5.07+0.89 1.02+0.14 4.97 +1.12
KB 65.87+4.89 612.87+4598 11.65+1.76 119.56+14.87 21.87+2.11 1.09£0.22 6.98 +1.76 1.67£0.27 4.18 £0.91
I8 68.95£3.67 723.66+34.76 17.78+2.13  89.98+9.23 19.98+1.89 0.89+0.09 7.12£0.89 1.98+0.89 3.60 0.89
b 15 73.98+2.98 876.98+32.89 21.09+1.66 162.87+10.43 11.78+3.11 2.12+0.89 8.98+ 1.81 1.42+0.14 422+1.32
A48 71.13+3.87 698.87+41.89 23.78+2.12 131.22+10.12 14.87+1.56 1.05+0.21 9.87+1.11 2.98+0.28 3.31 £0.89
RKAEHF 6487 £4.12 812,76 +53.87 19.34+2.01 121.78+10.37 22.98+2.01 2.45+0.28 5.98+0.67 1.67 +0.62 3.58 +0.82
A 66.78£3.81 683.87£65.45 2223+1.67 210.16+18.32 13.76+1.78 2.89 £0.78 6.34+0.78 2.11 £0.81 3.00 £0.11
A 6756+4.56 712.33+53.98 31.78+1.54 154.89+15.98 17.87+1.65 1.34+0.15 7.89+1.01 1.67 £0.18 4.72+0.21
4fE 7098 £3.91 742.98+48.67 29.32+2.12 14323+11.67 1587 +1.29 1.52+0.43 823+ 1.11 1.35+0.43 6.10%0.89
63.12£4.33 73498 £51.45 23.78+1.93 212.98+20.12 16.98+1.08 2.98+0.76 7.98+1.67 2.98+0.32 2.68£1.01

[y

RA
ImE 64.89+4.58 812.78 £63.66 25.12+£2.13 142.78+14.56 22.98+£1.56 2.17+0.18 5.23+0.89 1.56 £0.78 3.35+0.11
4R 61.67+4.23 653.56+63.54 28.46+2.56 201.24+16.98 20.32+1.76 2.87+0.86 9.56 £ 1.68 2.99 +0.82 3.20 £ 0.89

4R 7021+3.98 567.87£72.56 24.67+1.33 178.23+13.56 1022 +1.08 1.03+0.14 5.98*0.91 2.12+0.73 2.82+0.67
B4 63.88+5.34 912.78+53.98 32.78+2.43 211.32+21.09 21.43+1.78 2.79+0.29 7.34+0.67 3.11 +0.29 2.36 +0.45
FPBL 70.09+4.79 612.67 6434 2843 +1.25 201.23+15.42 16.78+1.56 3.43+0.21 7.11£0.45 1.18+0.17 6.03%0.53
4 69.98+3.41 989.98+61.65 20.09*1.76 154.23+17.87 1532+1.09 1.23+0.11 8.56=1.81 2.78+0.26 3.08 +0.87
£k 77.73+4.23 487.56+32.87 11.78+122 21623 +13.98 14.33+2.04 1.54+0.28 7.98 +1.45 1.89+0.56 6.32*0.45

F A 68.74 712.76 22.35 160.27 17.10 1.91 7.48 2.01 4.03
RME 61.67 487.56 11.65 89.98 10.22 0.89 5.07 1.02 2.36
KRR 77.73 989.98 32.78 216.23 22.98 343 9.87 3.11 6.32
AR E 4.17 126.95 6.27 39.60 3.66 0.80 1.35 0.66 1.20
;‘5; 6.07 17.81 28.06 24.71 21.42 41.75 18.05 32.78 29.87

& 4 PRk mBUEIRREXE ST

Table 4 Correlation analysis of quality indexes of kiwi fruit

A X X, X, X, X; X, X, X, X, X Xy X, X X, X X
X, 1.000

X, 0310 1.000

X, 0.083 -0.044" 1.000

X, -0.080 0.250 -0.341 1.000

X; 0550 -0.191 0.042° -0.065 1.000

X, 0540 0.161 -0.006" 0.486 0.324 1.000

X, -0232 0.162 0408 0.031° -0.058 0.116 1.000

X, -0327 0.636 -0.077 0295 —0.064 0.114 0.463 1.000

X, -0.533 -0.314 -0.312 0.062 -0.409 —0.517 -0.069 0.251 1.000

X, 0.038* -0.176 -0.318 0.270 -0.071 -0.195 -0.848 —0.221 0.385 1.000

-0.361 0.354 -0.411 -0.162 —0.686 —0.439 —0.223 —0.081 0.080 0.032" 1.000

2
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gk4
A X X, X, X, X; X, X, X, X, X, X, X, X, X, X, X,
X, -0.543 -0.016 -0.301 -0.191 -0.083 -0.494 0.083 0.525 0.761 0.025" -0.056 1.000
X, -0.408 0362 -0351 0.529 -0.166 0.246 0.657 0.636 0.182 —0.482 0.048 0.279 1.000
X, 0052 -0.189 0520 -0.414 0.292 -0.187 0.341 -0.488 -0.542 —0.494 —0.104 -0.377 -0.200 1.000
X5 -0.607 0451 0.084 -0.267 -0.280 -0.117 0.597 0.564 0.149 -0.616 0.199 0.504 0.541 0.008" 1.000
X, -0451 0.123 0487 -0.865 0.123 0.732 0.134 0.834 -0.321 -0.234 0.645 0.313 -0.398 0.844 0321 1.000
Er OO AT 0.05 KT () ERF, P<0.05; 7 KT 0.01 KR (M) EMEE, P<0.01. X-K5; X,

B X- AR E B X-Ve; Xe- T X- S5, X-,
R EFE X14'L*§ Xls‘a* > )(lé'b*°

242 KRB SA RIS R FEAT TR T AR
iy

2421 FRERE ST AR bR E R HT

= 5 BREBkGRBEIRR ER S BETERE . FHIEEFD
Table 5 Principal component load matrix, eigenvalue and
variance contribution rate of kiwi fruit quality indexes

E RS

EEE
1 2 3 4 5
Ko -0.176 0.179  0.321  0.079 0.564
LA -0.788 0271 0275 -0.520 0.495
TEMEEHY 0664 0536 -0419 0.132 -0.023
Ve 0.170  -0.060 0.827 -0.110 -0.404
T4 -0.495 0291 0237 0544 0367
% -0.253  0.457 0.760 -0.048 -0.012
B 0.857 0.788 -0.116 0.184 —0.303
By -0.759 0219 0367 0.194 0.324
AB B b 0.686 0.642 —0.122 0432 -0.266
$RFF -0.249 -0.866 0.236 0.052 0.077
IS 0.334  -0.338 -0.293 -0.775 0.056
A iE 0.664 -0.334 -0.182 0.577 0.248
RZIBE 0.740 0352 0.391 0.019 -0.302
L -0.387 0.554 -0.580 -0.061 -0.158
a 0.779 0398 -0.286 0.013 0.207
b 0.125 0412 0.162 0541  0.623
HFAEAE 4240 3336 2580 1.804 1.068
TARE/% 28270 22238 17.200 12.025 7.117
Rt kE/% 28270 50.508 67.708 79.734 86.851

F R A R R R T &R AR L S A A
FA 5 ) B R /ANRR RS, 2% 5 e 1 R[] i B
B S IR B B e BT s . HIER S AT AL R
5 ERr BT TR A £ 86.851%, H A 1 K

=1
o

Yo Xo- BBR; Xo- BERR ML, X, - £ R F; X, - YI2; X, - #4125 X

S B2EMS FE3IERS. F4EHRSME
5 E B 0T 22 TTERZE 53 ) R 28.270% 22.238%
17.200%- 12.025% A1 7.117%, FWIHT 5 £ K01
BREAR SR TR bR VA TR S SRR, BB AT S e
BRAERE L SR R ZE S VP B FEEAE R B 1 ERr
FRIEAE N 4.240, FELZEE 70k, Rfas B
FRtb. o {H. BER. TG E, HbEk, Js
TR WEERLL. o (E/EZE 1 Er ERIER S0,
MR B RAUA AR, BIES 1 R BUE ORI,
SR Rsfe . BERREL. o [EE, BER. BT
FRAGs 58 2 EMOUFIEEN 3.336, FELEE TR
PEBETEY). SpE. MERRLL. BRFE. L AN
SR, Hoh R, BERRLEXT S 2 R BUE A R E
B, AR TE — e FE R b SRR S S IR
s 553 ERMEEE N 2.580 5 5 4 R RFIEE
9 1.804 5 255 TR Y 1.068 5 FH AT ATHT
5 ERAEEE S KT 1, HAFEE BitstikE N
86.851%. 18I I By 73 B AT LATS B 25 & VRN R
FEEZH 6 MEFR DR K D& AT PERE Y
Ve. FERRLL. Rscfafh. L' (Y.
2422 FERSAGT MEEE VI

3 6 Al %N, MR4ER 6 MK T3 KA X
HOGE LR FE RSy, AT LAS BBk 3 B3 49 95 I 5
GV, HH Fiy Fy Fyn Fyo Fs 033808 % £
35, b X~X,o 2 RN Koy BT vk
B, Voo TR, MR . SR, B2, PR
Eo. PRE. B, B, BSES. L. o b
216 TR R

F,=0.143X,-0.091X,-0.044X,-0.059X,,+0.045X
0.151X,+0.041X,-0.162X+0.288X,+0.058X .-
0.115X,,+0.346X,+0.062X,,-0.123X,,+0.122X,5+0.453X ;¢

F,=—0.081X,-0.065X,+0.184X,-0.032X,-
0.034X.+0.001.X,+0.325X,+0.011.X,-0.027.X,~0.283 X, ,~
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0.085X,,-0.028X),+ 0.159X;+0.216X,,+0.154X,5+0.312X,
F,=-0.023X,-0.054X,-0.150X,+0.438X,-0.107 X+

* 6 ETFRoREIERR

Table 6 Matrix of factor score coefficients

0.233X,+0.116X;+0.059X,+0.103X,+0.025X,,—-0.085.X,,— Join EN ¥
0.102X,,+0.305X,5,-0.160X,,~0.106X,5+0.165X 1 2 3 4 5

F,;=0.228X,-0.049X,+0.069X,-0.041.X,+0.405 Kp- 0.143  -0.081 -0.023 0.228  0.029
X+0.173X,+0.005X,+0.133X,-0.068X,+0.006.X, - #0091 -0.065 0054 -0.049 0.499
0.376X,+0.116X,,~0.059X,;0.037X,,-0.037X5+0. 118X, STHEWEFHS 0044 0184 -0.150 0.069 —0.075

F=0.029X,1+0.499X,-0.075X,-0.087X,+0.096 X~

Ve -0.059 -0.032 0.438 -0.041 -0.087
0.105X,-0.083.X,-0.315X,-0.232X,-0.052.X,,+0.15LX;,
FMR 0.045 -0.034 -0.107 0.405 0.096
+0.070X,+ 0.008X,5-0.151X,,+0.22 1.X,+0.545.X,

G5 AN B TR A IR UL A T 2 B XK R -0.151 0.001 0.233 0.173 -0.105
N, MR R A H L A G004 0325 016 0005 0083
R0 F o BB -0.162  0.011  0.059 0.133 -0.315

F 225153 7y =0.283F,+0.222F,+0.172F+0.120F, P 0.288 -0.027 0.103 -0.068 —0.232
+0.071F; ¥RFEE 0058 -0283 0.025 0.006 -0.052

MG b 25 A PEAN B A T 55 L A (5] P R Ak wiE ~0.115 -0.085 -0.085 -0376 0.151
AR R A3 B, SRR T, hRT A2 0346  -0.028 -0.102 0.116  0.070
AT, w18 ANASIE] SRR R Mk 2 B i R B e
;;zm;%jsﬁ'ﬁﬁ;;gg” Mz;i;:{;j;;fﬁﬁjk R 0062 0159 0305 -0.059 0.008
L o A L -0.123 0216 -0.160 -0.037 -0.151
R, RRKEPR; Wik, RELBFPFEREES S .

B U, BHES S, FEK 2 A a» 0.122  0.154 -0.106 -0.037 0.221
B2 o R e B 2 b 0453 0312  0.165 0.118  0.545
x7 BFEHEEEES
Table 7 Factor scores and comprehensive scores

2 AR F, F, F, F, F, Fonnn He 2
4K 1% 0191  -1251 0415  1.723  -0.581  -0.129 12
E -0.542  -1.173 0477  -0.493  -1.533  -0.498 17
A 1.089 0.815  -0.707  -0.991  -0.129  0.238 9
A -1.722 1595  -0375 1318  -0.667  —0.084 11
ZL1% 0157  -0.012 -1968 0362 0267  -0.322 14
] -1211  -1.014  0.118  -1.051  0.749  -0.394 15
RKAH 1334 0.013 0.871  -0213  -0.583  0.463 3
A 0.348 0.897 0.604  -0.593  0.604 0.372 7
BE 0.357 0.129 1.395 0.661 1.874 0.580 2
4rfm 0.451 -0387  0.375 0.315 0.378 0.247 8
iR -0.245  -0.647  0.613 0.617 0.145 0.374 6
®E 0.345 0247  -0.167 -0.154  -0.214  -0.620 18
A p, 0.251 0.641  -0317 -0.174 0317  -0.457 16
HER -0.198  -0.167  0.612 0254  -0241 0412 4
oI -0.167  0.521  —0.341  0.346 0.318 0.378 5
F L 0274  -0.174 0308  -0.164  -0.415  0.147 10
#ir 0.267 0341  -0.167 0741  -0314  -0.312 13
£k 0.574  -0.451  0.379 0.369 0.514 0.678 1
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