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Comprehensive Evaluation of Kiwifruit Quality Based on Principal Component and Cluster Analysis
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Abstract: In this study, 157 kiwifruits from Meixian county, Shaanxi were selected and investigated for accurate evaluation
of kiwifruit quality. Nine indices including weight, long axis, short axis, thickness, volume, color, sugar content, acidity,
and firmness were measured and analyzed by descriptive statistics and correlation analysis. Principal component analysis
was employed to build a composite score mathematical model, and then the composite scores were analyzed by K-means
cluster. Fisher discriminate analysis was applied to re-cluster fruits for evaluating the reliability of K-means cluster analysis.
Results showed that all other grading indices except weight and volume presented significant differences. The 157 samples
were classified into three clusters according to their composite scores: good, 0.10-1.39; moderate, —0.44-0.09; and bad,
—1.27-0.46. The correct discrimination rate reached 98.72% when compared with the clustering analysis, suggesting that
there is a good consistency.
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Table1 Statistics of kiwifruit grading indices (n = 157)

Rk RS s, BURSCR R R AL LR . TR A
HEZM0.04 g/mL, HI7E0.18~0.46 g/mLIGHE A, 704 2k
EAGIE I, 255 RBON0.14. BEREIBBLELEUN, 4y
Al 26 S W B e, PhBBER B A, A BRERE R
WA ER AR R 2B LU R AR A, (R R AR AN K
22 MR

X R Bk SR S R % VR AN Fi bR 2 AT T B A DR 43
Br, SR WE2. REFEAGCEE RS (K, &
By B AR B %R R E KT, BRRE
BB AR K, £50.984, PAAREK, $
R EEA, I RN EELESS. K.
B REE3 AR AR ) SRR Bk i R < R R R E
g5 FLEIRIX3 AN TR BR T A DG MR IS B B AR, H
w5 B L R AR AR DG M B R R R, il
EF] T 0.851010.860, 52 P2t 7u 45 R — 5
s . K . R R RV P 5 A R R T R A TR 0
TG, JUHRMREE, 5% TUE &M R F 48 br () 5704
KM IE B 1% BB 2 35 /K7, 15 B B A SR Sz 1) &
R R, LR B ATE A b, B8 5 (A
MIEMEM BB R (0.401) , IEBIHE KT, A WER
bk bt S R B, R TERRIK, 5T 4
ST ST R AR

K2 ERENERXRR

Table2 Correlation coefficient among grading indices

MR SRR BFmL Kilem e ERlm FifV () RE% BRE (gol) BEN

ME 6860 7000 5894 4501 4041 2000 1180 0.18 15.60
BKE 12690 12000 7493 6064 5389 35800 1620 046 13120
BE 9690 9632 6658 5216 4747 16217 1378 028 64.24
% 1389 1366 39 300 265 3906 099 004 28
TRAY 014 014 006 006 006 024 007 0.14 034
fifE 008 012 003 014 -015 01 012 051 042
BE 01 083 —087  —061 034 994 077 @ =03

BRSO BV F bR IR L 7R . R
1168.60~126.90 g2 [, F4MEN96.90 g, s K, HAfih
25 5T I Ve o AR B R IR 0 A IR L R A AR A,
WETEEAKR, BAMERA R R400.14. X ORI T4
BUE R EAM RS B, mhh. B, RIS
ARV b ) A 2 2 S O Ve, JELPE A 2 TR £
i, EPFEHLEVN, HHRF0.06AF . FEHita)ER.
G. BHIZMATHIE B AHAE, RS IEwIE. GIyF-R 1E i
V. B PRA SV, Ay K ICN60~108 70~107+
63~103, A NHuei (0™ 5 N20°5358°, ¥IME N162°,
SRIGENBER, A7 RZEOER] 7024, (HEIUY IERIE >
VA PEE IR $9.94, FKORHUB BN B SR/ ATTE B A Rl o 38
ORI, (EIME N64.24 NIFJFERE I, bRifk 2=k
F721.83 N, BRI RE RN T A E ] HLEK
AR 43 A i 28 2 PR IE R, ZILLEKIOmEE, FF &5k

R RERE BB kB RBW O FE O W& WE O BE BE
HRGE 1000 - - - - - - - -
8 0984+ 1000 - - - - - - -
KAKR 08485 08385 1000 - - - - - -
EHKE 0851 0860%  0622%F 10N - - - - -
EJE 0766 0745 0518 0556 1000 - - - -
Bl 0161 —0159¢  —01%4  —0145 0098 1000 - - -
BE 0059 —0066  —081* 0148 0108 0173 1000 - -
Bl 03005 —0298% —0273% —0227% —0280% 0071 —0165* 1000 -
BE 0138 —0039  —008  —0158* —0163* 0064 0048 0401% 1000

T 2w 78 0.01 KCE GIUID ERZEFDG, . 7E 0.05 KF GO i
EMK, - HIECH, ATHEL,

23 ERSHT
23.1  ERMASHTIEE A E
KMOFlIBartlett {16 5. KMOI6 5% 14 40.783,
CAILF “ES” WIFRHE. Bartlett BRI B 30 (H R
1240.019, 7FHHERN36M, CUAREKY, ALY
T, HP<0.05, Ron&BREAMAL, K550
& HFERA T
232 ERSREL
PL157 NFEAR9 AN FRARK B9 X 15T HIHERE,  FIH
SPSS 18.04u TH A3 AT e sy 7 b, SRS 15 FE bR AT
MARFIEE . DTBRE (GR3) RIAFHm R (k4D o 2
IR DTk R K T-85% IR 1, HER3 W ANRTS A EH T




XAERBEE E65o

2014, Vol.35, No.19 9

FITAE R A5 B a5 B 091.055%, R4 BRE 1A
EHFER.

F3  RLRRERREEE R TR
Table3 Factor eigenvalues and contribution rate of grading indices
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Table4  Component matrix of principal component analysis of grading indices
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Table 5 Cluster analysis in comparison with discriminant analysis of fruit samples
KA 1 g3l gl
20 4 114 134 150 190 20, 21, 22, 24 25, 28, 29,
32, 33, 34, 35, 39, 40, 42. 43, 44, 45, 46, 47, 48,
a1 49, 52, 72, 77. 79, 80, 88. 90. 91. 94, 95, 97, 98, g B
99, 100, 101, 102, 103+ 104, 106, 107, 108, 109,
111, 1124 1134 114, 1164 119, 120, 122, 124, 125,
127, 128, 129, 130, 131, 140, 148, 150, 154
I, 6. 7. 94 104 12, 144 16+ 17, 18, 23, 26, 27,
30, 31, 364 37, 38, 51, 63, 78, 82, 83, 87, 93,
FA - 96, 105, 110 115, 117, 121, 132, 133, 138, 139, 3
141, 142, 143, 144, 145, 146, 147, 149, 152, 153,
155, 156, 157
5, 41, 50, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 64
BN — — 65, 66, 67, 68 69, 70, 71. 73, 74, 75. 76, 81, &4

85, 86 89, 92, 118, 123, 126, 134, 135, 136, 137, 151

JEAE39 MR NI (Z408) , EHELAMES N
I CHE .

EHRS AT AL, 50 43 R SR SR 28 A0 M A S 58 T2 11
FERRS 7 AEE 125, EOREZRHT IR A ST 53 4
NI, HAMFES R R —8, BB 51
T2 2845 B — BRIk F)98.72%. 45 BFEW, TRHH
R 30 43 BT R i 7 sk AR S BT B A B A Ak i R A
III o A AR G — Bk

3 4 ®

ARSI XoF B VT 44 B8 PN 2 BB AR A A IR A AT
T RS BARAETN TR TS, SRS LR R ELE R
D AT THER G TE KA G BRARAR S B 55 )
ZFAHES, HRE DRI MR EER,
REHE., ME. MENRESRREE. AR, K
M. RS REES R AAOAESG; KA. FRRIEEE3 MR
o [ S W bk 1 K 5 B SR ER B, &5 B R IX 3 A
FEPRP P A K RIIE BT KT, 2) e TR TE
53 3 AT S By Wit G5 A VP REAR IR SR A Ak 20 b HE D
AR, JEREL TS NS hTas R 1 R
KANEBEHPRFRE. KA. Eih. BE. mBE;
F2ER KN EEMGEE ., BRERE; HIEMTM
KANFEBEB R G0, e B4R RN E R
R B, R BEREE: BBSERT IR/ FEEH
BV o 3) BEAT T 31 32 5 43 1 32 i 23 158 0 1
K-means M. 157 DNBRAERRFE A 247 T2 4T,
ZERYN3 K, 0.1~1.39; 1, —0.44~0.09; =,
—1.27~—0.46. XMILEFEANLEER S, GRER
157 AN B B FE ) b B RTRE i BCE Al e AR
68 4 1, 494N %, 404, 4) FIFFisherd 5 4 #r i
SXof B i B AT 58 2 UG IE K -means B8 2840 #r 5 - 1 A 42

Mo & BRI M 5 FESE 0 M BRI DR dh 20 2K —
BURILH198.72%, A —F BARIFH— Bk,

% 30k -

[1] AL, k. 5™ 5 B OB 3 R H R[], Al &
1, 2006(1): 30-33.

[2]  ARAE, A THE, SN, SNSRI AR BRI 2> 95 0).
b mtEYBE S TR, 2009, 28(5): 531-533.

[3] KA, Z55FF, T2k, S5 BRIk 2 20 R S 3K B R ARG 7 YA D).
RAULTEFT, 2012, 34(10): 139-142.

[4]  TH, BRI, AT, S ARG N BRI S
F R T, R E AR, 2014, 14(1): 285-292.

(51 %75, BH3E, S, & sk R SE TR bRk R (). i E
£ bR, 2013, 13(1): 158-164.

[6] i, XUBhE, HE4xU, 5. LT 3 o A b 11 R A B R BT
Hri]. B EE AR, 2012, 12(6): 204-211.

(71 A, B, b, 55 A FESFCER RS ST faE
2,2012, 33(17): 68-72.

[8]  EZER, ok, ¥ A, & RESFHIR TS 72850 5 0 L OFR D).
B, 2014, 35(1): 34-38.

[9] WY, ROUR, I, L AR E RS IR A SR
ST, B R, 2013, 34(8): 195-198.

[10] 5k, M, FLobke, 4. 2T 3R AR 2R 5 S
VP R ). B R, 2012, 33(22): 225-230.

[11]  SHE, Gz, F 3R ik £ 4 h 9 S5 i B &= 0],
PR R 7T, 2011, 7(2): 132-135.

[12] 5K S TR RER o A2 B 3 B4 0 BT S HL 5 B 2 Ak 5%
PERFFL). 2R, 2011, 39(30): 18767-18770.

[13] fEde, 2RaEE, S5E, % M BRSNS 10].
YEFEAO K 222447, 2011, 33(4): 670-673.

[14] I FEFA N E R, DB440300T 25.7—2006 75 4125 Brfi bk
HYEK[S]. 2006-03-01.

[15]  thie NRILFIE LR ES. NYT 1794—200950 Bk 25 2 4% [S]. b
ai: R EOE R A, 2009-12-22.

[16]  pREBT BB 2> MR BRI B S5 Z bR HELS). 2010-06.

[17]  27K% . BRERk RSt RIC 200 H 22 4 Gobr e AR [3]. 79 )1 SR,
1994(1): 15-16.

[18] KAVDIR I, GUYER D E. Evaluation of different pattern recognition
techniques for apple sorting[J]. Biosystems Engineering, 2008, 99: 211-219.

[19] ARG, TSCRE. ERAT 15 o0 i i R AL SPSS Hf—
X R, TEUSERIERIMEN]. G5, 2005, 22(3): 65-69.

[20] BAFmAS, (L5, FHEH, 55, BT 32 o AR o bt (i AL ) 1 )
R SRR LR A VPN I, S EE R, 2012, 33(4): 90-94.

211  BEABL, W E2. HA 9 RSPSSHIfi ], BB RS T,
2008, 8(13): 3567-3571.

[22] RAFAEL C G, Richard E W. Digital image processing[M]. JL5T: HL
F ol A, 2008.

[23]  Z=PF, B RS, SKRAE, 5. JET- St o Wbk s ER 47 7 22 05
LI TL]. RALLHTE T, 2014, 36(4): 167-170.

241  THE XEE, Koy, OB R SRR R E D] TRERE,
2010, 31(20): 473-476.

[25]  FLag, SEAEHE. SPSS it AT M T TRIEIE M. dbat: AHE e
fitt:, 2009.



