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Comprehensive evaluation of fruit quality of 12 red table grape cultivars
cultivated in Yangling area based on principal component and cluster
analyses
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Abstract: [Objective]China is the largest producer of table grape in the world. Yangling is located in
the hinterland of Guanzhong plain in Shaanxi, which is an important table grape production region in
northwest China. Table grape cultivation and production in Yangling area has been playing an important
role in increasing farmers' income and improving ecological environment. However, local table grape in-
dustry is based on a single red cultivar resulting in concentrated mature period, which prevents sustain-
able development of table grape in this area. Therefore, it is required to select high-quality red table
grape cultivars to broaden cultivar structure. The objective of this study was to comprehensively evalu-
ate fruit quality of 12 red table grape cultivars available in Yangling using statistical methods, such as
descriptive statistics, correlation analysis, principal component analysis and cluster analysis, in order to
provide reference for selecting high-quality table grape cultivars. [Methods]The experimental materials
were taken from the Grape Seedling Breeding Base of Xinji village in Yangling. Single fruit weight
(SFW), fruit shape index (FSI), L*, a*, b*, hardness, fractur ability, adhesiveness, springiness, cohesive-
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ness, gumminess, chewiness, resilience, soluble solids content (SSC), reducing sugar content (RSC), ti-
tratable acid content (TAC), sugar-acid ratio (RSC/TAC), edible rate (ER), moisture content (MC), juice
yield (JY), protein content (PC) and VC content of fruit were measured. SPSS and Excel software were
used for data analysis. Before principal component analysis, the original data were transformed with Z-
score normalization method. According to the variance contribution rate = 85%, the number of princi-
pal components was determined, and based on the component scoring coefficient matrix, the score of
each cultivar on the corresponding principal component was obtained. The relative contribution rate of
variance of each principal component was taken as the weight, and the comprehensive score of each cul-
tivar was summed to obtain the principal components score and the corresponding weight value. The 12
red table grape cultivars were ranked according to the comprehensive scores. Furthermore, the charac-
ters of fruit were further analyzed using systematic cluster analysis, and sensory evaluation of each culti-
var was conducted. [Results]1The result showed the fruit quality traits of the 12 cultivars varied signifi-
cantly. Among the traits, relatively small coefficients of variation (CV) was observed in the ER (1.22%)),
MC (2.99%) and JY (5.23%), and relatively large CV observed in the b* (377.38%) and adhesiveness
(105.69%). There was a simple correlation between some quality traits. In principal component analy-
sis, five principal components were extracted with a total cumulative contribution rate of 88.55%,
which reflected most of the quality characteristics of red table grape fruits. The contribution rate of the
first principle component (PC1), which included hardness, fractur ability, gumminess, chewiness, SSC,
RSC, RSC/TAC, VC, and MC, was 30.46%. The contribution rate of the second principle component
(PC2) consisting of L*, a*, b*, and TAC was 19.41%. The third principal component (PC3) included
springiness, cohesiveness, resilience and JY, with a variance contribution rate of 15.68%. The contribu-
tion rate of the forth principle component (PC4) including FSI, 5* and PC was 11.63%. The fifth (PC5)
with a contribution rate of 11.39% included SFW, ER and adhesiveness. The former five principal com-
ponent scores of each cultivar were analyzed, which showed the distribution of fruit quality. The culti-
vars with top four synthetical scores of PC1 were ‘Seedless Grape’ ‘Summer Black’™ ‘Miguang’ and
‘Kyoho’. The top four cultivars based on PC2 score were ‘Seedless Grape’ ‘Yatomi Rosa’ ‘Muscat
Grape’ and ‘Kyoho’. The top four cultivars based on PC3 score were ‘Miguang’ ‘Zana’ ‘Summer
Black’ and ‘Manicure Finger’. The top four cultivars based on PC4 score were ‘Manicure Finger’
‘Zao Juxuan’ ‘Seedless Grape’ and ‘Moldova’. And the top four cultivars based on PC5 score were
‘Summer Black” ‘Kyoho’ ‘Hutai-8” and ‘Manicure Finger’. According to principal component analy-
sis, the comprehensive score of each cultivar was gotten. The result of cluster analysis indicated that the
12 cultivars could be divided into four groups in the cluster analysis at a Eudlidean distance of 10. The
results of cluster analysis can be ranked by comprehensive scores. The comprehensive quality of ‘Seed-
less Grape’ ‘Manicure Finger’ ‘Summer Black’ and ‘Miguang’ was the best in this study, while the
quality performance of ‘Jingya’ ‘Zaojuxuan’ and ‘Moldova’ ranked the lowest. Sensory evaluation re-
sults were consistent with the comprehensive evaluation results. [Conclusion] Principal component
combined with cluster analysis used to evaluate fruit quality is reliable. However, the value of single in-
dex could not completely reflect the comprehensive quality of cultivars. For example, fruit color, fruit
rust and other external indicators were also important factors affecting the quality of table grape. Fur-
ther evaluation of other agronomic characters on the top of quality evaluation is necessary to screen ex-
cellent cultivars adapted to local regions.
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Table 1 Introduction of the tested cultivars
P FLEN Ji 77 EZN
Chinese name Species Origin Parents
LU Jingya BR £ 28 AF EAH 1 China TR S 1T Selected from Black Olympia seedlings
X % Summer Black BR324 3 F EAH H 7 Japan FiLl% X JE#% A Kyoho X Thompson seedless grape
% Miguang K25 FP EAH 1 [# China L% X 5L 35 Kyoho X Zao Heibao
FJ Zana RRAE A ES BT K £ J8 JE. Albania A1 Unknown
5% Zao Juxuan R 562 25 F EAH H A Japan g s A= 1% Y Selected from Kyoho seedlings
LA Muscat Grape FRIE A ES 1 [E China P LAY X ¥5 L2 2k Muscat grape X Shabazhenzhu
1K 85 Hutai-8 WA TP EAH [ China Fil& 2 %5 4 The second generation of Kyoho
[ & Kyoho W& AP EAH H 7 Japan 1 JF A X AR H Ishihara Early Life X Centennial Seedless
W21 4T % Yatomi Rosa KIGIEF ES H % Japan AP Unknown
JE /K % FL Moldova WK 3& 22 EAH J# /R % FL. Moldova Guzalikala X SV12375
TCFFALHE Seedless Grape R AP ES F[E America ¥ Unknown
3% A\ 4§ Manicure Finger FREFH ES H 7 Japan i Jé 3 X LRI 2 45 Unicorn X Baladi-2

7 Note: EAH. European and American hybrids; ES. Eurasian species.
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Table 2 Major fruit quality traits of 12 red table grape cultivars
i ) Al 2 | W e 25
i MR R BE O WERE o RAETECEECRERRE R
. L* a* b* Hardness/  Fracturability/ Adhesiveness/ Springi- Cohesive- Gumminess/
Cultivar SFW/g  FSI B
g g (g-sh ness ness g

LF Jingya 10.00 ¢ 1.05fg 24.03de  1.92def -1.28 d 89482 g 137341 ef -21.51 de 047 de 0.12ef 106.01 g
Hm 9.30d 1.01g 23.04¢ 0.96 ef -0.75¢cd 382731b 354046a -29.46 ¢ 0.60ab 0.19¢ 704.20 b
Summer Black
£ 556¢g 1.12ef 2430cde 1.81 def -0.87cd 2196.23¢ 2303.78 bc -2.08 a 0.62a 0.24a 518.88 ¢
Miguang
“EH Zana 6.97 f 1.08 fg 26.56ab 294 cd -042c¢ 1761.46d 1689.60de -2.39a 0.58 abc  0.21 be 359.34d
HEE 7.51e 1.14 def 24.90bcd 2.29 de -1.23d 124428 f 1620.08 de -13.98 bed 039f 0.10f 12228 g
Zao Juxuan
RYE 438h 1.24¢  26.06b 3.87 be -0.17bc 121028 fg  968.90 f -229a 0.56 abc  0.23 ab 273.68 def
Muscat grape
FK8%5 10.54 b 1.08 fg 2540bcd 5.20Db -0.50 cd 1639.44de 2034.31cd -19.20 cd 0.43ef 0.14de 235.92 ef
Hutai-8
F % Kyoho 12.65a 1.08 fg  25.69bcd 4.45bc -0.28 bc 2231.82¢ 2217.58bc -11.38 abc 043 ef 0.15de 318.17 de
EAAR A5 6.95f 1.21cd 2595bc  3.93bc 039b 159590de 1486.45¢ -9.59 ab 0.52bed  0.22 ab 355.32d
Yatomi Rosa
IR Z B 4.75h 1.18 cde 24.21cde 045f -0.84 cd 1359.44ef 1276.25¢f -6.05 ab 047de 0.16d 214.64 f
Moldova
P AR 485h 141b  27.84a 9.06 a 143a 4301.10a 3437.59a -5.62 ab 0.52cd 0.24a 1033.78a
Seedless Grape
YN} 7.01ef 1.83a 2652ab  548b 146a 2524.14c 2547.07b -2.09 a 0.54bed 0.23ab  577.00 ¢
Manicure Finger
FIE 7.55 1.19 25.31 3.49 -0.27 1 969.55 1961.90 -9.82 0.51 0.19 385.16
Mean
PRz 2.53 0.24 1.72 2.54 1.00 967.12 822.73 10.38 0.09 0.05 253.17
Standard
deviation
B 33.50 19.84 6.78 72.71 -377.38 49.10 41.94 -105.69 17.23 2742 65.73
CVI%

; pRER R (AT . (TR 52 kg § (EEEFD (@73 3
fih RO g T cemen  2TWE e wak ks mips KD v CRER

. - s z Rl 0) 0, 0,

Cultivar ness/g Resilience SSC/% RSC/(g-L" TAC/(g-L") RSC/TAC ER/% MC/% IY/% (mg-g") Ve/(mg-g")
B Jingya 4929 g 0.05 fg 16.42d 174.42d 7.57¢ 23.05¢ 100.00a 88.19b 73.99cd 1.76de 0.57 de
2R 420.24 b 0.08d 1727 ¢ 177.38 ¢ 7.88b 22.52¢ 100.00a 85.55d 74.64c 2.15bc 0.68 ¢
Summer
Black
ED0 319.30 ¢ 0.10bc  17.78 b 188.88 b 6.72d 28.14d 96.77¢ 8250f 69.12¢ 227b 0.82a
Miguang
“EHS Zana 206.94 d 0.08cd 13.47i 122.13 539¢ 22.64 ¢ 97.25d 86.57¢c 69.75¢ 1.94 cd 0.46 f
RE% 4720 g 0.04 g 12.38j 96.86 k 10.04 a 9.65¢g 98.10c 87.65b 77.61b 1.74 de 0.44 f
Zao Juxuan
RHME 153.01 def 0.09cd 1437¢ 134.15h 420¢g 31.94b 9830c 8544d 7256cd 237D 053¢
Muscat
Grape
Fik8%5 105.37 fg 0.05ef 1563 f 139.52 ¢ 7.49 ¢ 18.61f 98.41bc 8591cd 77.39b 3.14a 0.64 cd
Hutai-8
F§Kyoho 137.90 ef 0.06 ¢ 16.05¢ 145.65 f 478 f 3047 c 100.00a 85.12d 82.60a 2.38b 0.62 cd
ML ATE 187.31de 0.08d 14.09 h 131.251 439 ¢ 29.90 ¢ 98.07¢c 893la 7695b 1.94 cd 045f
Yatomi Rosa
FEIRZ T 99.60 fg 0.06 ¢ 1575 147.08 f 7.64 ¢ 19.24 f 97.02de 82.98ef 7839b 1.63 ¢ 0.44 f
Moldova
TCAF 4% 535.62a 0.12a 22.07 a 238.80 a 439 ¢ 5441 a 100.00a 80.19g 7320cd 1.22f 0.67 ¢
Seedless

Grape
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Cultivar ness/g Resilience SSC/% RSC/(g-L" TAC/(g- L") RSC/TAC ER/% MC/% Y /% (mg-g") Ve/(mg-g")
EIN| 31249 ¢ 0.10b 1558 f 15327 ¢ 6.64d 23.10 e 98.80b 83.75¢ 72.18d 1.11f 0.75b
Manicure
Finger
SFEE 205.73 0.07 15.90 154.11 6.43 26.14 98.56 85.26 74.86 1.97 0.59
Mean
PRtz 147.19 0.03 241 35.74 1.77 10.53 1.20 2.55 3.92 0.55 0.13
Standard
deviation
A Z AL 71.55 34.06 15.18 23.19 27.47 40.29 1.22 2.99 5.23 27.96 21.86
CVi%

W FNG FREARIROR 2 53 2% (p < 0.05),

Note: Different small letters indicates significant differenc at p << 0.05.

82.60%, < E O BAK N 69.12%. 1K 8 5 A VA
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Table 4 Eigenvalues, variance contribution rates, cumulative contribution rates and rotated component matrix

AT ey A B % EHsr2 EHS3 EHGr 4 E4S
Trait PCI1 PC2 PC3 PC4 PC5
PR fE SFW -0.094 -0.105 -0.342 -0.275 0.800
R AL FSI 0.097 0.330 0.155 0.858 -0.090
L* 0.007 0.864 -0.008 0.383 -0.125
a* 0.334 0.791 -0.130 0.326 0.147
b* 0.289 0.701 0.184 0.589 0.070
18 /& Hardness 0.823 0.165 0.247 0.222 0.287
fifg P Fracturability 0.797 -0.014 0.217 0.227 0.441
Fi# 1 Adhesiveness -0.135 0.481 0.242 0.297 -0.700
#14: Springiness 0.269 0.035 0.930 -0.083 -0.150
HEIEE Cohesiveness 0.302 0.492 0.740 0.143 -0.265
JE: 4 Gumminess 0.796 0.297 0.373 0.284 0.095
fiif W 7% Chewiness 0.774 0.220 0.490 0.245 0.087
[ & 1 Resilience 0.532 0.467 0.610 0.264 -0.223
A PE I T4 SSC 0.964 0.188 -0.011 -0.015 -0.043
T JFHERSC 0.934 0.139 0.112 -0.015 -0.059
T 5 B TAC -0.097 -0.899 -0.254 0.189 0.099
HERR L RSC/TAC 0.642 0.714 0.086 -0.037 -0.131
AR ER 0.435 0.188 -0.296 0.046 0.695
HIKFEMC -0.770 -0.130 -0.046 -0.217 0.419
HITERIY -0.134 0.027 -0.782 -0.131 0.306
AR PC -0.223 -0.009 0.007 -0.783 0.240
4k Z C ¥ & Vitamin C content 0.636 -0.036 0.376 0.077 0.219
L {E Eigenvalues 6.70 4.27 3.45 2.56 251
Tk Contribution rates/% 30.46 19.41 15.68 11.63 11.39
LA TTHRZ Cumulative contribution rates/% 30.46 49.86 65.54 77.17 88.55

FC & a5 IR AR B 3G K, T 2 7K 28 0] 2 %
fIX, PC1 TR RS AR 5 R FR o

F2ERSAE THEGEEER 19.41%, H
WL a DA BRI IE RBUA , EATX PC2 P24 IE
[ 520, TR S TR i UK 9 R AU, B X PC2
A A AN RS, B PC2 ORI, RS L a’ b o i
K, T AT 28 R 2 5 ) 2= k7N, PC2 RTRR A SRS (0356
FaP5 o

53 TR T ETTRRE N 15.68% , FHo, #:
WA | R A BRI IE REUE e 1X) PC3 7~
A TE TR R, TS BRI S R U B PC3
AL AR E RIE N RN B R
TR S A O, T H R8N, PC3 RTRR A SR
SR AR A -

54 ERTT ZETTRREE N 11.63%, Hod, B
FeE b BRI IE RBUE , EAITX PC4 =4 IE [R5
WA, B T A BRI R BUE B PC4 A
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55 ER T ETTRE N 11.39%, Hor, Hkr
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RS20, B T A ORI 7 R B, B0 PCS A A
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MZEE MK, PCS AT R SE KNS ] & br
232 ARSRH HOARERMGLELSIFN E
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BN RV S oY s AR - S 5 R =)
U, 58 2 S B B A O AR R 4 A
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Table 5 Principal component scores, comprehensive scores and ranking of fruit quality of 12 red table grape cultivars

o WL E 7 o e
Cultivar Rank Rank Rank Rank Rank Score
7l Jingya -0.08 6 -0.75 8 -0.77 9 -0.52 8 0.38 5 -0.35 10

5 2 Summer Black 1.10 2 -1.41 12 1.11 3 -0.42 7 1.65 1 0.42 3
%% Miguang 0.84 3 -0.78 9 1.39 1 -0.83 12 -1.21 11 0.10 4
’EB Zana -1.02 11 0.39 5 1.14 2 -0.19 6 -0.31 8 -0.13 8

L E % Zao Juxuan -0.99 10 -1.21 11 -1.13 11 0.97 2 0.00 7 -0.68 12
FLILIEA Muscat Grape -0.78 9 1.04 3 0.63 5 -0.68 9 -0.83 10 -0.12 7
JK 8 5 Hutai-8 -0.24 8 0.11 -0.69 8 -0.79 10 0.83 3 -0.18 9

[5 1% Kyoho 0.10 4 0.94 4 -1.24 12 -0.79 11 1.01 2 0.05 5

By 41 P # Yatomi Rosa -1.06 12 1.07 2 0.42 6 -0.15 5 0.31 6 -0.03 6

& /K % TL Moldova 0.07 5 -0.99 10 -1.09 10 0.12 4 -1.89 12 -0.61 11
THF4147 Seedless Grape 2.28 1 1.45 1 -0.55 0.71 3 -0.46 9 1.04 1

3¢ A\ 48 Manicure Finger -0.21 7 0.15 6 0.78 4 2.57 1 0.52 4 0.50 2
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Fig. 1 Cluster analysis of 12 red table grape cultivars
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Table 6 Sensory evaluation of 12 red table grape cultivar fruits
B e N o _ . V)
mn A IR 5 2tk AR FPA R Tk SRR Senso 4
Cultivar Flavor Succulency Flesh firmness  Flesh texture ~ Aroma and degree of aroma score Yy Rank
LU 1% Sour i Medium  #% %X The softest ¥ Thick R A RV TR 5.60 11
Jingya Light strawberry aromas
2R Rl Sour-sweet ' Medium  fi# Hard 41 Thin R R IR AR 7.00 3
Summer Black Rich strawberry aromas
%Yt Miguang R Sour-sweet  H'Medium " Medium 21 Thin B AR AR Rich rose aromas 7.00 4
’EJIf Zana FE Tt Sour-sweet /b Less * Medium ZH Thin UL A 5 1% Light rose aromas 6.17 8
REE P& The sourest % More K Soft # Thick R IR T IR 5.10 12
Zao Juxuan Light strawberry aromas
REAE & # Sour-sweet  H'Medium %X Soft H Thick PR AT HAD 6.42 7
Muscat Grape Rich rose aromas
FK85 % Sour-sweet £ Medium ' Medium 1 Medium O A 4 6.75 6
Hutai-8 Medium rose aromas
S 1% Sour % Medium "1 Medium FH Thick R R A 7.00 5
Kyoho Medium strawberry aromas
by AR 2 1% Sour % Medium ' Medium Hil Thick BOHLA G % 5.90 9
Yatomi Rosa Light rose aromas
PEIRZ T W& The sourest % Medium % Soft # Thick J& None 5.78 10
Moldova
P/ AR %t The sweetest o Medium A1l The hardest 4l Thin B AR IRAR 9.00 1
Seedless Grape Rich rose aromas
ENI Rl Sour-sweet £ Medium 71 Medium 21 Thin 7 None 8.33 2

Manicure Finger
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