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Comprehensive Quality Assessment of Table Grapes Varieties Using Fuzzy Mathematics and Cluster Analysis

LIU Meiying', LI Xiaolong', LIANG Zhuo', ZHANG Zhenwen'**

(1. College of Enology, Northwest A&F University, Yangling 712100, China;
2. Shaanxi Engineering Research Center for Viti-Viniculture, Yangling 712100, China)

Abstract: Fuzzy mathematics and cluster analysis were used for comprehensive quality assessment of fourteen table grape
varieties sampled from a commercial vineyard in Weinan, Shannxi province in 2013. The results showed that there were
larger coefficients of variation in berry shape, yield, total anthocyanin content, berry skin thickness, berry bloom thickness,
and berry color characteristics, whereas sensory properties and related indicators of intrinsic quality were relatively
lower. The comprehensive assessment by fuzzy mathematics analysis showed that “Red Globe”, “Summer Black”, “Ruby
Seedless”, “Wuhengzaohong” ,“Jintian 0601” and “Wink” had superior quality. “Qinlongdasui” and “Flame Seedless”
showed the lowest quality. By using Q-type cluster analysis, “Wuhengzaohong”, “Red Globe”, “Ruby Seedless” and “Wink”
with superior quality were clustered into one group, “Muscat Hamburg”, “Jumeigui” and “Hong Ru” with average quality
were assigned into another group, and “Flame Seedless” with the worst quality was clustered into a separate category. The
combination of fuzzy mathematics and cluster analysis could provide a comprehensive and objective evaluation system for
determining the quality of grape varieties.
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Table1 Information about the tested varieties
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Table2 Major economic traits for the tested varieties

Hid s G G G G G G G G G Cy Gy Gy Cs Cy Cs Gy Cy
i R 'y HRAE %20 83X23 30X260 2129 7563 91 w o8 8 166 1539 33 464 0861
T, R FoAR BE 26IX163 80X160  1TH9 M7l 46 g g 840 153 1436 37 453 0791
Lo R R BRSO Al B2X1I2 268X53 M350 185 *103 e # 8.5 158 1464 457 33 0312
Yoo EEE GaR) W FEE OB B2X120 BSX138 1057 3868 3 w w 835 000 98 29 57 0442
I; i34 ! BEK B4 M3X160 WIXMT 12352 503 88 # i 8.4 197 172 298 574 0211
ooORHEE CGREE) T4 KIS B4 25X162 300X200 29893 60LI 68 i i 4 174 1382 Mg "5 08
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) - o ) . R Table3 Sensory quality evaluation of the tested varieties
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AT e ) SR 2R T 4 e % B e
FLRERE . F TR S A I 42 B 592 (T el 3 24 240 9
o . HEEY 14 10 27 276 786
PR BRI, AT O SRR B 22 AR AR AR Sy 2R sk PRSE LS *10 20 23 83
AT [ ]
PR R T AEgER e AR EE, segmag P " 9 o o

B R REMEARF IR 4593 4, 1 (140 b Q4D FIE
5 ==
GO o Fh, PRSI R B R AR, T Zl{%igﬁﬁgﬁ&A ke L o
N il DX \IZI\ QE% > \n 3? X %%
M A A BB
@ﬁf%%f%ﬁﬁ&g SRS . KR P MR, 2R A,
214 AT Z VR, W R R LA AR5, S L
HRIH, 8 TRBEMRALIN, AR R PR S R RO R, A SRR H
B, ORELEAS R, REFSASRENEEHE  SREBEE (657, BICKZS611 (AIEEE B A
(2.04%) , HWRKNERI, HEeE00E%, 8L~ H13.6%, EJEBESE125.5 g/L) » RETHEREN
. . . . 3.59 /L, BRT8611. 4. A, 8611 5MET3 gL
VAL R 7 43 0 G B BT, BRI FRI R P K8 4 -
AR E%;Eﬁfﬁ?Fﬁf‘ff DR S, SA TS /LB E, & AR BT
PBRELR o e, BORE AR Bz, fhilla o (4.85 g/L) , %A (B R LU AR A X BRI (28.5)
TR, R RTT A8 14 5, MRS RE 14 AN SR E AT A RN0.54 melg, AL BE
(84241 , BE/RZIAEAE (77140 IRZBL (0.889 mg/g) , EDHIZZEA (0.185 mg/g) -



XAERBEE E65o

22 FBEETFFMEIRIERRE T R

AR5 BB FANMA R SRR S AN R SRR A=
AR RRERE, "R EMITEIR AR A SN S, R4
AL, AN [t o () SRR TR 1 A S R R (72%)
Ui B AN [R] A B SRL TR 1 22 S k. O RS iy =
B, OAESE. BREE. R EEE MR EE T
W, HA R RBIRK NI % . 48% . 48% 47%F143%,
TR [A] bR SRS R R S R AR
K, RERprrEMmm e 7R AEREER . I
Ab, S ERPIRL N FE A P BR S AR S AN, HARIERR
(7R S RN, AR AN [ ot o 1) B B DA 40 PR A
SR BN, VLA [ b AL AR A AR E
MAESKRE, 17 NVEE T AEA R S R IANE, H#
S ARPREAS [F] SRR R BLZE BN, B0 AR S R BURI
TR bR RUE T R 1a] 1 22 S b, AR MEAR I8 B — bR X R A
st R (18 SR SIZ it A8t T P P

F4  BRBMHERSHFFEROFHERERRR

Table4  Average and variance coefficients of the major economic traits
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Fig.1  Comprehensive evaluation tree of all factors for evaluating fruit quality
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Table S MATLAB analysis and consistency check for comparison matrixes

BX X X% X X X Y w J, 0 R
X, 1 L 13 U5 15 01184 00638 50556 00139 112 00124
X, 1 113 15 15 01184 00638

X 3 3 113 13 02849 01535

X s 5 3 1 106674 03595

X s 5 3 1 106674 03595

B,X X X, M W, Do cl RI (R
X, 113 03162 025 2 0 0 0
X, 3 1 00949 075

BX Xy X X, X, Xy 4 W o CI RI R
X, 1 1 115 13 01526 0.0876 50420 00105 112 00094
X1 | I 15 U3 01526 00876

X, 1 1 115 13 01526 0.0876

X, 5 5 5 1 3 08721 05007

X, 3 3 318 1 04118 02364

AB B B B B B Y w . C R R
B, L 13 3 13 3 02849 01535 50556 00139 112 00124
B, 3 1 5 1 5 06674 03595

B, 13 15 1 15 1 01184 00638

B, 3 1 5 1 506674 03595

Bo 13 15 1 15 1 01184 00638
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Table6 Comprehensive evaluation of quality characteristics for the
tested varieties
el GE gt

it - = 5

Lok oX X L %k X X K XX K X 4B
0.010 0.010 0.024 0.035 0.055 0.210 0.000 0.048 0.218 0.003 0.002 0.002 0.015 0.014 0.666 7 I

¥, 0,010 0.010 0.013 0021 0055 0.172 0.016 0.048 0.355 0.001 0.002 0.001 0.014 0013 0731 2 I
T, 0005 0.010 0011 0.039 0.018 0359 0.008 0.000 0.295 0.002 0.002 0.005 0.003 0.007 0764 1 1
¥, 0005 0.010 0.000 0.016 0.000 0.092 0.000 0.000 0.343 0.006 0.006 0.001 0.032 0.006 0514 11 I
Yo 0.010 0.000 0.010 0.041 0.000 0.114 0.000 0.024 0.316 0.005 0.004 0.001 0.025 0.001 0551 10 [l
Yo 0,005 0.000 0.009 0.035 0.000 0.303 0.000 0.000 0.360 0.003 0.003 0.006 0.000 0.000 0724 6 [
¥, 0,005 0.010 0.001 0011 0018 0304 0.000 0.024 0.338 0.002 0.002 0.003 0.008 0.004 0730 3 [
Ty 0005 0.010 0.009 0.032 0.055 0.145 0.008 0.024 0.189 0.003 0.002 0.004 0.004 0.015 0505 12 I

T, 0010 0.00 0002 0022 0.000 0.101 0.000 0.000 0.264 0001 0001 0.004 0003 0001 0418 13 11
Y, 0010 0010 0001 0.000 0.037 0.000 0000 0.000 0225 0003 0.001 0.004 0003 0.010 0304 14 [V
T, 0005 0010 0007 0040 0.055 0.197 0016 0.048 035 0002 0,002 0.003 0010 001 0641 § 11
Y, 0010 0010 0003 0.038 0.037 0294 0.000 0.000 0309 0000 0.000 0.000 0015 0011 0727 4 [
Y, 0.010 0010 0010 0.026 0.055 0229 0.008 0.048 0300 0002 0.002 0.002 0012 0.013 0726 5 1[I
Y, 0.000 0.000 0004 0.034 0.037 0.123 0008 0.024 0333 0004 0.003 0.002 0015 0.000 0587 9 I
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Fig.2  Q-type clustering tree of 14 grape varieties

ASEE DL 17 N MR IR AR MR HE, Xt
14 A SRR B 22 °F J5 fvk: (Wardik) #HTQM ARG %R
FHTE, MEESE R (E2) ATAL, fERRICHE
B=50F, 14 NSRS N4 95 iR, BB T R
BEA. LD A ZOHBER. 8611, 4 PMEAERSE. B
TR RN FEETT & AR RN TR
L, FERDIVEAN RS, SRA R T BN R .
HIEBALES M. P R85, HE, Bie. &M
0601 FIEE /R Z L, IX5 AN Sb P e n] i 14 [ T A0 56 P9 E i ot
febr LRI AT 1S, R RRAE—iE, HAp R
2 T HoAthd S8 PP EE B B0 . SIS A BT AL 1) i
N B BB, FBRRRE, 43, MhREEER I



XA SE

i

6o s

i =2 2015, Vol.36, No.13 63

PEAD SRS A LE it B BN IR, WO — 2K B IV IEHE R
ALA R, BT, HMFELE S PR 15 R AR,

LR AR .
3 9 #

AT TS 14 FhF £ 5 2 b Pl B9 17 A R A
R FRATR R R E KRBT 75 4, EZEAM
FE R B HIE G B 2 R R Bl BE s SRtk . 7 O
W14 AV E T, REERME R REERK,
Wi B ORI AR (0 2 B R VR T S A R i 2= 5. kR =
AR S REER, Hoh B s = R PR 20 3k
8611, BN\ ZL5 A 2R AW IR i Fh . fE i
T WO ERE . SRR R R e R AR S R R
RZ, VAN A SRR R SE bW 7= s R SR A
PERERCK, Hep, k85, HE. BREZLETEOR
TR A

i £ R A 1R 25 T — M AL FE RO ORE K A S
W AREREE . A MR AR R A R
& 2 TR bR 2R G PEAN,  DAAE 0 A & o B B AR TR
W, IR AR BIA SRR R K, (H R B A
THE. R, pHIES RIS b, MDA AR R A,
JEFE . RAIR S AR BE AT bR B 2 2 . T B AN
FERCE VRS HE WRR AT AR B AR AR, A Z
FIVEH G E MR R TH, B TCIEINA Feds: & 5t s
AR SN R Rk, AHE 7Tl w5 b
B R SLLEA RPN R, LB IR MRS,
T 1T ) RSO 507 DR B SR SE R 25 AT VAR . P
M DRI (0B 2 2 IR AR EAT S VP A I R A, PRI A SR
FIFA I FE b, PPN P i R e T IR ORI
I, AR SR SEVEAN PP R T B S B N R AS LN E
o 0 R R A i R PR R R T AL AN UL R
CRAEL Bk, HORE. REEERRES , WE
i CEPEE. SKE. BRE. EARSRSY) , Mg
PEOCHRE . Wt s ST R R
A PEA R, SRR T T TR — IR UED, 2
B4 TR DR AR ) R AN e AR, R R B, RRK
/IS PR L i SR AR /N A LB T SR AR IR AR
S B R A AL R — TR E AR AR, T R BRI R
RMFTEARE S RS HE T B I HE T, WA B
A, AEEK. REKEAEDS#EK, #EEnE, R
FEBR A5 21 AR SZIG AR 1 3 TSRO AN ] Aol o 2 SR
SR EAL AN R T T iR bR AL . Uk
Gb, FREN R G R IR EERNE, 7
RS MAEREEARS, LRI R R
T SR I PN 7 5 G el T [ T R SR R LU 5

M B S RV B 2 e M ) B R AR . A SR R
] AR AR, SRR A RS B RS AR Z,
G B AR S SR, LR, SR B R A 2
B EYIIRRD, B R K S AR e, i
P14 96 2 T 5 SRR R R B A SR ) ST, IR A S
SRR Sk B BEAE VT S S M R FE AR . BB AR, AR
SO AR AR S A Ay AR B )\ A R AT 2E AR
b4 It e £ 4 DRI I SR AR AR B o R A 4R,
SET 10 A3 SR SR KURAE, R SR SR E IR A A
A TN

w4, AR TAELEA 25 52 A A B SE 456 b i)
LN TN O e N (N =l i L [ e e
14 NMEFR, I8 R KA HTik AR B A T2 B ALE
&, MM LB 28 & VP IR, R RS R $ 2 R 5
HE 14 &) SR EAT SR A 15 5 HEFP AT DAXE A & R
Z MR AR AT 2T R A R VR, T 97 3 A [
LS. BEAN, ARBFFARYE bRk e B VR R
P14 A& ST TR BT, R LR M H R
B 2 b I B AR AE . AR — e RE P b s i B )
WSRO ZR, T 3 AN [R] 200 () & ol o R FH S R80
LAV TR GG R, RERE LS T AN B Bl 5
BONATH . W VEA Ao B, O A SR S R 1 4
A VP R T T LR AN T

AHIF X Ik G ¥ I X 14 AN £ 80 7 W R 17 33
AW G T AR AR BEAT 40 T I, AN [R] it A ] 5 s b
W A S o R OO, T SR S P LE T
VR TR SR I H R A R 2 R . ORI
M BRI 23 A b b AR R RO LR . B
ML 8611, 40601, BRI K8 S A jiE
K, EHE. BOE. AAMERZILAMREES, 1
FHARH, BHELENGE MR E. BESERER
By, 8611, ek, A A, F R8T . Mg AL
MR ER N2, AR RSB E R . SR
SMBIA . BRI AT I, SRR EN IS
T MR —H . BRI S5 & VP A e 45 1
BN A TR SRR R DGR OC RN R, B

4

AV TR S 6 R HmT FH R 20 #7804 RS2 B 1K)
(E
&% Wk :

(11 JEBi, WveAx, 250, 2. 6 AN A e 5 SRk b 5t LL et 72 [0).
TEPEAR AR, 2011, 23(12): 45-47.

[2]  BKEN, S, BT AR AR HT IR SR A P 2 MR
LLESHIF7E[D). K ERF, 2004, 23(3): 178-183

[3] 5K XURE. T 32 o oAk /oK & TN AR B 1 2 ST (0.
FRACLD R 224 4R, 2011, 42(8): 7-12.

(41 eUBRLR, B S, BRI AN SRR T R VPRI FEI]. HR R
AR, 2011, 26(9): 20-24.



64 2015, Vol.36, No.13 itz XIHERBDTSE
[5] DROGOUDI P D, MICHAILIDIS Z, PANTELIDIS G. Peel and flesh 211 WhskAE, 225 2, JKBE, S5 A T 7ok e B FLAE BRI
antioxidant content and harvest quality characteristics of seven apple fS 9], dE77 [ E, 2011, 2(2): 202-205.
cultivars[J]. Scientia Horticulturae, 2008, 115(2): 149-153. [22] JESFs. R4 RS 1) b AR Y S SCID). M TEALR MR
6]  AFa. EHGr AT, BT AT, R AL RATD]. (AR # HR2#, 2006: 39-43.
H B M), 2008, 22(6): 23-26. (23] ESCHR. RS RBC AR B RO A M G R BRI,
(71 EREERE, 2B N TSR RSN AT T ] R E R T E Zii, 2007(6): 41-42.
WA, 2014, 47(2): 357-365. [24] T, FE3R, BRI TR O RO 25 A5 VAN TE K R B
8]  BEAKSL, XM=, EEE. 2B TEHIBCEARRLD]. BORI%eE, 1983, SEA R ). ZRAEAKCRIK HL, 2003, 21(8): 22-24.
1(1): 61-69. [25] LUO Jiaguo, GONG Kuihua, ZONG Xueping. The Cluster Analysis
[91 ~ CHENG Yonggian, SONG Qianwu, MA Hongmei. Research on on the Type of Experimental Courses by SPSS[C]//International
optimization of water quality monitoring sites using principal component conference on electronics, information and communication engineering
analysis and cluster analysis[C]//Computer distributed control and (EICE 2012). Paris: ASME Press, 2012.
intelligent environmental monitoring (CDCIEM), Changsha: Institute of [26]  ARIH, FEZ, X, 25 3T 14 5 B4 WIS S T
Electrical and Electronics Engineers, 2011: 570-573. BRI Aol T FE224R, 2014, 30(13): 276-285.
[10] NIU Cencen, WANG Qing, CHEN Huie, et al. Application of principal (27) B E e tH T A R R S SR AL AT, TP MRS 5 A I,
component analysis and cluster analysis to evaluation of black soil 2001(5): 54-58.
degradation in Jilin[C]//Multimedia technology (ICMT). Changsha: (28] I, B, TR, 4. BRI SRR T R B, AT
Institute of Electrical and Electronics Engineers, 2011: 1467-1470. o .
(1] SFEEL. SRR VETRHEA FMI. T ZLEATA, 1990; 106-144, 01 fﬁf}ﬁg‘)‘jézg;iﬁbj T
(121 IPGRL UPOV. OIV. Descriptors for Grapevine (Vitis spp.)IM]. Rome, of grape variety, climate and soil on grape composition and on the
Italy: International Plant Genetic Resources Institute (IP-GRI), 1997: . . . .
3438, composition and quality of table wines[J]. Vitis, 1971, 10: 33-50.
[13]  EHe AR FRIIMI. 1650 o E Foll AR, 2004: 125-127. [30] KADER A A. Postharvest quality maintenance of fruits and vegetables
(14] Bl R HUA: T2 90 R M. 7522 1545 52 7). 2000: in developing countries|[M]//Post-harvest physiology and crop
160-162. preservation. US: Springer, 1983: 455-470.
[15] MENG Jangfei, FANGF Yulin, QIN Minyang, et al. Varietal [B11 TR R SR T PE . TEIR A BT, 1994(3): 17-19.
differences among the phenolic profiles and antioxidant properties of (321 B AERBERIDHAL. RARZ K, 2006(6): 23.
four cultivars of spine grape (Vitis davidii Foex) in Chongyi County (33] O, LR, R0, 5. SEPRERAT AR AR it A
(China)[J]. Food Chemistry, 2012, 134(4): 2049-2056. HRIED]. BB, 2012, 33(19): 1-5.
(6] BRALES. FraA—F i A (DI P . ik, 1993(9): 8. (341 5K, SRIERE, TUHERT, S5 EHRAL )X RAT 6] ah R HOSE A LD). 3T
(7] BT, Babh. BV Ik URRIE 0 LA, R4 TREIS PRACIR S 548, 2008, 30(2): 226-229.
5528, 2004, 9(9): 23-33. [35] JHI&¥4, AR5EE. A S S U EE R Sk o R[], I E AR,
(18] LG, 2%, AW B THIBEHL— SR bR R 9 5E00). 2006, 33(1): 28-32.
TN LR SR, 2002, 38(12): 45-47. [36]  SRULER, SEIEG. AN R I SR R R IR W S L AT,
(191 i, BEMITE, 2558 9. 36T AHPH A ARG E PRI ] 2 4 VRN D). L7 Z, 2013(10): 30-31.
A9t 4 B LAY, 2013, 65(5): 92-95. [37]  SKIEE, Tk 5. A=A S & A LT PRI 2, 2003(5): 41.
[20]  Z0C2E, TrUIZz, Sk, PEBR AR b OR 6 S5 A DAL B % FiE bR AR I e ] [38]  SETC¥R, SO, JRIE GF A4l i T AT ). AR SR, 1995(3):

HIEhASARA). PaAbAR L 244R, 2012, 21(4): 121-126.

4-7.



