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Analysis and comparison of Fuji apple quality from different regions
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Abstract: By the principal component analysis and cluster analysis, 12 main fruit quality index of Fuji apple were
determined, generally including external ,internal and processing quality ,detailed including the weight of single
fruit, skin color and luster, soluble solid content,acidity and hardness etc,the purpose was to be more intuitive
compare the difference of Fuji apple’s quality with 10 different regions,including Luochuan,Ansai and
Tongchuang etc. The results showed that the quality of the simplified evaluation index were weight of single
fruit, fruit shape index,soluble solid content,acid and juice yield. Extracting five main components from 12
principal fruit quality evaluation,it could reflect the most of the information about quality and its contribution rate
reached 85.439% .1t got an order from high to low about Fuji apple’s comprehensive quality with different
regions, Akesu>Jingning>Sanmenxia>Yantai>Yan’an>Ansai>Tianshui>Luochuan>Tongchuan>Fufeng.
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Table 1  The fruit quality of Fuji apple among different cultivating regions (x+s, n=10)
7
Bl wE W R A BT Rk Ik WA W TR e

. 2713+ 2149+ 1822+ 206.1x 210.0+ 231.2+ 214.6+ 2228+ 284.6+ 2255+
XDHEREQ 16.1 34.1 9.9 27.1 22.1 314 18.1 31.5 23.6 29.1 2263 304

X R EFE 2828+ 30.15+ 2626+ 33.10+ 2626+ 30.50+ 29.01+ 28.65+ 29.38+ 28.96+

EELA

(cd/m® 3.63 242 2.03 2.28 2.03 2.57 2.16 2.68 1.53 L1g 2006 201

X Q) EE Y 125+ 1002 102+ 108+  11.0x 144+ 123+ 141+ 105+ 104+ 101 10
(%) 0.44 1.23 0.87 0.99 0.62 0.84 0.98 0.85 1.15 2.98 : :

X (&) B (%) 0.42+ 0.37+ 0.36+ 0.43+ 041+ 0.42+ 0.41+ 0.53+ 0.51+ 0.55+ 0.44 007

0.04 0.06 0.04 0.08 0.05 0.05 0.03 0.04 0.09 0.07

- 6.934+ 7.184+ 7.827+ 7.063+ 7.104x 7.865+ 7.778+ 7932+ 6.505+ 7.849+
K5 /2
X 5B (kg/em? 0216  0.550 0.745 0492 0775 1275 0331 0.663 0573 0.827 7404 0.505

X BRNMOBFE 2296+ 2567+ 2521+ 25.10& 22.10+ 26.02+ 25.30+ 25.72+ 23.57+ 2644+

(cd/m? 0.96 1.59 0.53 0.75 1.31 1.06 1.14 1.87 2.17 1.23 2481 144
XD RABERE  0.846: 0.848+ 0.848+ 0.846+ 0.843+ 0.848+ 0.863+ 0.887+ 0.839+ 0.865+ 0853 0015
(g/em® 0.016 0.011 0.036 0.005 0.034 0.011 0.020 0.009 0.021 0.011 : )

P 0.81+ 0.86+ 0.87+ 085+ 090+ 086+ 090+ 0.86x 0.81x 0.80x
X&) RIPHH 0.03 0.02 0.06 0.02 0.06 0.05 0.04 0.10 0.03 006 08 004
X Fyts 1.055+  1.050+  1.055+ 1.025+ 1.080+ 1.066+ 1.050+ 1.060+ 1.075+ 1.060+ 1057 0015
(g/em® 0.010  0.006 0.005 0.002 0.003 0.011 0.011 0.006 0011 0.003 )
N 0.646= 0.668+ 0.610+ 0.645+ 0.689+ 0.699+ 0.697+ 0.589+ 0.703+ 0.704=
X A0 it %) 0032 0014 0028 0025 0053 0012 0020 0034 0016 0004 0065 004
XAD#AEE 0193+ 0294+ 0224+ 0.191x 0.218+ 0.259+ 0.273+ 0.200+ 0.166+ 0.300+ 0932 0.047
(AOD) 0.057 0.012 0.005 0.017 0.026 0.009 0.018 0.019 0.045 0.021 : )
XADFHEYERE  85.09+¢  91.09+ 90.98+ 109.67+ 89.06+ 97.42+ 83.71x 97.99+ 9327+ 97.77+ 93.60  7.55
(mg/g) 21.57  17.12  19.12  20.53 1995 22.66 18.12 2129 1596 15.63 ) )
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Table 2 Correlation matrix of indexes
MEXRH XD X X@3) X X (5 X (6) X (D X (8 X©® Xao Xdan  xda
XD 1.000  0.122  0.081 0432 -0.595 -0.380 -0209 -0.679 0411 0337 -0.406 -0.190
X2 0.122  1.000 0592  0.25 -0.165 0422 -0.059 -0225 -0.587 0.147  0.017  0.681
X3 0.081 0592  1.000 0368 0305 0714 0278 -0398 -0.327 -0.231 -0.035 0.672
X @ 0432  0.125 0368 1.000 0071 0184 0531 -0.599 0271  0.092 -0.150 0.364
X3  -0595 -0.165 0305 0.071  1.000 0708  0.685  0.338 -0.130 -0.241 0.564  0.054
X(@©  -0380 0422 0714 0.184 0708 1000 0519 -0.046 -0437 -0.100 0.602  0.420
X  -0209 -0.059 0278 0531 0685 0519 1.000 0.072 -0.106 -0408 0219  0.099
X(@®  -0.679 -0225 -0398 -0.599 0338 -0.046 0.072 1000 -0.055 -0.090 0214 -0.248
X (9 0411 -0.587 -0.327 0271 -0.130 -0.437 -0.106 -0.055 1.000 0432 -0.050 -0.430
X0 0337  0.147 0231 0.092 -0241 -0.100 -0.408 -0.090 0432  1.000 0377 -0.180
XD -0406 0017 -0.035 -0.150 0.564  0.602 0219 0214 -0.050 0.377 1000 -0.170
X2 -0.190 0.681  0.672 0364  0.054 0420 0.099 -0248 -0.430 -0.180 -0.170  1.000

WA 7 i B 1 At = Ml s B R D TR )1 BT DR T 44 22 sy, AR AEAR 23 93] 9 3.776.2.971
e B O T A A, A NG T T S R 1.934.1.571, HA~F ARSI 7 ZE TR 53931093 1.470%
W7 BT 1D s KT Aty b 5 P 5 5 T ] 24.759%16.115%13.094% , 2 B 51k %214 85.439%
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B, AODAE 4 0.300, #5375 35 $ 5 1% (10 4 HH & 3 5, Table 4  Analysis of the principle components
AODAE 1 0.166, 22 3E VA 1] R 7K S i 37« KK TS fokr EHIY
7 i 163 A AR I v 5 SR 1 R TR KU e I 2 3 4
B B e, JE 22 7 B ARG, AR b 2 TR)AH Z5 A8 K HY RRE P 0917 -0.067 0.160  0.274
V285 THIBAT 3 9 O 5 5T S R ZK O Ho At = M 1 AT TR 0.748  0.499  0.000 -0.003
SO, B0 S T SR T At e . (R, R TE] M g ji 0.684 -0.539 0.401  -0.045
()5 RS A AR Th AN S AR B, O e, i 26 TR 0.635 0489 -0311 -0.032
HHHAT LR E VI - FAEE 0.610 -0.156 0.557 -0.387
22 ETERREXLRZREMBEFHEE R -0.009 -0.824 -0.246 -0.019
e o 8 R YR O A D A PSR e A N P o LT -0.461 0.746 0283  0.059
i T R T 2 (A7 AR A 35 DAH DS PE RAR S AR S o X6 WP 0.502  0.535 -0.445 0.386
AT 104 7= b sy 139 5 3 28 R AR . H 22 64 Rt g -0.598 0.016  0.653  0.049
V0 32 B3 43 AT RN B 2IS 3 B, JE 486 HH W T DAY 11 % 0241 0610 0652 -0.164
BB T IHHEAT 2 Hyt -0.351  0.140 0241  0.847
221 FERS T HTHIRLES  FR20E P E 1 A A AR 0357 -0.501 0302  0.666
JRAEAR AT TG AN bR AL AL T S, SRAS R AH ¢ R E0E A 3776 2.971 1934 1571
W, X (D X2 - X AD AR A L bR LT JETHRE (%) 31470 24759 16115  13.094

AR KMOAT 56 F Bartlet 3RS 5619, H 345t : KMO LR TR (%) 31470 56230 72345  85.439
11 °0.764, #RYE Bi 1 2% K Kaiser 2 85I 5 HIARTE, 24
KMOBUAE K T0.6I0, i & 5 743 #r . Bartlett 3R 2 A3 INFEATT DL H, v 251 5 A RN R
I A5 H AT HE 3 24 0.0014, /T 1 35 PE 7K 1-0.05, [A] VI €0 V36 R AT 0 P [ T 5 vk s 505 2 95 40 /N I 2
AR 2 Bartlet BRI K000 10 BB, UIE A T B T4> 2 BB SRR A ST, s 553 5 R4 A/ [ 2 B 4
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Table 3 KMO and Bartlett’ s test R SRR S ] ) o3 FH R EAT e i, 45 AR LA S, wus

B O3 A T I R R (P A ] i MR ;P 52
KMO toat 0764 SN2 NN Dﬁi%%ﬁ)ﬁﬁ% VAL H%%’%SEEE
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Bartlett [ ERTE BG4 Sig 0.0014 AR MRIRIX P T IR o BT 45 28, K 281 8

: JR3 AT RE SR 3PN AE f BRI 5 2652 35 ) 53 W e
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Table 5 Rotating of the principle component’s analysis 3 '—
B % 12 M —
LN 6 I
1 2 3 4 ;
Rk 0.902 -0.156  0.097 0.193 7 —
AR 0.821 0.088 0.163 -0.183 11 B
AR Y 0.753 0.343 0.340 -0.089 13
T -0.732  -0.049 0438 0.239 8
i 0.021 0924  -0252  0.052 0.00 T eT Ole G e
RWER 0005 0868 0182 -0.267 Bl S P TR 22 3T
RN ERE 0.588 0.730 -0.058 0.252 Fig.1 = Cluster results on selection of fruit quality evaluation
% 0.086 0.351 0.864  —0.066 .
factors of Fuji apple
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Fig.2  Cluster results on fruit quality of Fuji apple from

different cultivating regions
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Table 6 Feature vector of indexes

PSES X X @) X3 X @) X® X (6 XD X® X©® Xao Xap  Xda2

X))  -0.2374 04330 0.2036  0.0472 -0.3283 0.0995 0.4083 0.0063 0.2727 0.1896 0.5622 -0.0399
X(@ 02585 03102 -0.3203 0.3077 0.0790 0.3448 0.3244 0.1544 0.2759 -0.0173 -0.4436 -0.3352
X@3) 03848 0.2894 -0.0006 -0.0027 -0.1035 -0.5025 0.3681 0.0040 -0.1352 0.0607 -0.2147 0.5490
X@ 01239 0.3539 04686 -0.1312 0.3042 0.2681 -0.1947 -0.1324 -0.2369 0.5591 -0.1816 -0.0306
X)) 03520 -0.3125 0.2880 -0.0360 0.0065 -0.2064 0.0941 -0.5498 0.5355 0.0720 -0.0333 -0.2178
X(@® 04719 -0.0386 0.1151 0.2189 -0.1876 -0.1499 0.0454 0.0925 -0.5319 -0.0711 0.2970 -0.5198
X 03141 -0.0904 0.4008 -0.3090 0.0060 0.4935 0.1824 0.1801 0.0163 -0.5190 0.0487 0.2361

X(@® -0.0046 -0.4778 -0.1770 -0.0154 0.4353 0.1361 0.5607 0.0688 -0.1616 0.3640 0.2155 0.0892
X(@© -0.3078 0.0092 0.4698 0.0393 0.3522 -0.4270 0.1856 0.4422 0.1124 -0.1672 -0.1861 -0.2671
X0 -0.1307 0.0809 0.1734 0.6754 0.2756 0.1034 0.0616 -0.4443 -0.1791 -0.3273 0.0569 0.2104
XD 0.1839 -0.2908 0.2173  0.5316 -0.1975 0.0873 -0.2663 0.4470 0.2492 0.2974 0.0352  0.2875
X2 03269 0.2838 -0.2240 -0.0254 0.5647 -0.1381 -0.2948 0.1336  0.2689 -0.1089 0.4804  0.0638
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Table 7 Score and general score of principal components of

different cultivating regions

i 185135y Loy HY
W 2359 1.089 -0.212 -0.846 -2.328 8
79 0320 0963 -0.936 1370 0209 6
W 0424 2250 -0.841 -1264 -3931 9
Wz 2014 1.658 -3.098 -0.085 0489 5
PR 3425 -1.836  0.138  -0.292 -5415 10

B 1229 0219 0271 1466 3.184
KK 0083 -2241 0416 0912  -0.829
=l 24220 0267 1481 —2.630 1540
WG 2415 3263 0446 0139  1.433
Fisash 1708 0792 2336 1230  6.066

[l ~ VS TN I ]

3 it

BNV 1B I = o 57 A N T 2 N~ e 8 8K M T =
b, LERE10A 77 3 SR () 22 57, I B PR R 6 SR T 4R
Bk FE ) B A v SR O R AR, 75
AT IR LA T ST A = BT 5w > e >
IS G > GE 28 > 28 FE S R IR SV >4 1 >3 Ko

I 22 o0 Se vt J7 7 v 10 22 893 43 BT R 3R
JEoy HTUSIBR 5 X 4% 22 W IR EAT S5 A 5, L
K125 20, BEAELR B TR AR 005 B A T3 X Fads )
A&y i A B /0 HLAR e BT (0 23 A FR A, 43 e &
SRR N W AR 2 M B AR A o A SR N T . BRAK
SRR Y 5 A3 43 BT Xk AN [E] R 3 R SR sz ) 3
L TR ARREAT 43 BT, JEPE T R T A ] [
W) RBE S VPN R bR, AT I VAN T AE R AL,
I AR SC 5 7 ANIF T 45 AT e /) 2 Ak, I1F T ol dd, £/
UE T & 3 G S 45 A BTV H8 b B8 AT B,
TBE o T H I e KB ] BE R T 1 BT FE AR, I
T AR e, A AT b AN [R] b e S R AT 4 26
th BE A AN [A) 7= b e o R R s g 5 s 2 =k
RS R R T E R R P . (H SRR
S BTIR B2 AR 22 2 WA 320 E D] 2% 5 i AR oo,
HH A FE A I 1 i34 L EE B K L H LR R
T 451 MG B /K SP-25, D] b2 IR = M AS [a] g 52 0
WA ZE R . ] LLIM G ) 3 e s i ] 25 O F 9T ik £
SXoF 2GR T R IR RE A U, MU by B e L R
e RH A A AT R 7, T S I O S R T 4
P v R B A 55 4 7, BN A 2 R .

MRS Wit

Sk

(1] s, Tk =, 5%, F. 5 LFRILA SR IEFEI>H]]
WL R A, 2007(2):18-19.

[2] $timsd, A= SR 87, 4. Akl AT RAE R 5 e R
RILARTRT]. KAL) F AT ,2005,23(6):583-587.

[3] &4, R B, RAR. BRI R A KR X ILREE A
B[] 99 kAR G S 4R, 2008,23(1):100-103.

[4] K3, 3Rk, A, 5. AR S &SR B T 69 £,
Rk TA2 4R ,2006,22(8):235-239.

(5] AT, FiFd, 22T, F. RREFRY DAL SR
# B2 S F FILJ]. RAEAFS,2000,17(4):286-289.

[6] M)A, Giaik, Rerde 5. & B A 5 R ILK R %
X 4 R 5 S R AR ()] B 2 54k ,2004,31(5):584-588.

[7] St sk, B A= SR8, 4. ) 2R 5T i B 40T /R I
Fa Fa 0GR B F)]. 4P RS R E IR, 2004(12) :663-666.
[8] X 54, B K. FRREBMMNE RIEEFE JABLE A4S
R X A)]. RAEIR,2001,18(1):11-14.

O] &% k. R feE T FRRFARMLAL P 69 b &
A )] B bRk 5 4R ,2007,16(1):210-216.

[10] IGLESIAS I, ECHEVERRIA G, SORIA Y. Differences in
fruit colour development. anthocyanin content, fruit quality and
consumer acceptability of eight ‘Gala’ apple strains[J]. Scientia
Horticulturae, 2008, 119(1):32-40.

[11] THTSKESA L. M M,KONOPACKI P J,SCHOUTEN R E, et
al. Biological variance in the color of Granny Smith apples
modeling the effect of senescence and chilling injury[J].
Postharvest Biology and Technology,2008,50(2/3).

[12] Edna Pesis,Susan E Ebeler. Short anaerobiosis period prior
to cold storage alleviates bitter pit and superficial scald in
Granny Smith apples[]J]. Journal Science Food Agriculture,2010,
90:2114-2123.

[13] F4%. ¥R A I T L PR B EHEHD],. LT+
Rk K ,2004:25.

[14] & 247, S RBR, 5. Hricde L F R & RFESITF
M), RAt 4R ,2003,20(6) : 503-505.

[15] ZR &35 R 4r, Mk 4. B R £ R o #47 fe J K i
P IB oA 18 R % £ S]] T8 R Ak 54k, 2008 :21.

[16] &4k, K&, 2 5F .5 AT S A% FER
T PR35 AR 09 SR B [T]. RA AR ,2011,28(5):918-923.

[17] RIRS, W R B £ o #7255 89
KAL) AR AL ,2005,34(2) :25-28.

(18] F 4k =, iK%, LR F 5. RESIERE R F
4 5 A 18 B HT(). BAERE,2000,17(2):128-100.

[19] 224, 2R, TR AR, ¥R SFME L6k +
R A,1997(4):14-15.

[20] R, R R, BH%, 5. Yaas L ERRETHREE
B B EFAE[]]. b5 R, 201001):31-32.

SR SIS SIS SIS ST ST ST U SIS S-S S S-SR S S S S S SRS SIS S S S S S ST -SSR S

(E#EFI07TR)

protein emulsions[J]. Food Chemistry,2007,105:94-100.
[16] MIYASHITA K, NARA E, OTA T. Oxidation stability of

polyunsaturated fatty acids in an aqueous solution[J]. Biosci Biotech

112 505z % 14

Biochem, 1993,57(10) : 1638—1640.
(7] 5. BAEE G KM K G bR b o) 3 A
A B FR[D]. AT X 2 ,2010.





