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A study on sugar and organic acid components in different apple cultivars
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Abstract: [Objective] Soluble sugars and organic acids are important components of fruit flavor and
have a strong impact on the overall organoleptic quality of apple fruit. Current researches are mostly
limited to individual main cultivars, and the assessment of sweet and sour flavor is not comprehensive.
Therefore, understanding the fruit quality traits of different cultivars can provide breeders with valuable
information and assessment tools. The composition and contents of soluble sugars and organic acids in
86 different apple cultivars were analyzed in the study with an aim to screen appropriate indexes to eval-
uate and classify apple taste. [Methods] The soluble sugar and organic acid components and contents
of 86 different apple cultivars were determined and analyzed with high-performance liquid chromatogra-
phy (HPLC); correlation analysis and principal component analysis were used to determine the quality
index of taste; and cluster analysis was performed using K-means method to analyze and evaluate the
fruit quality of different cultivars. [Results]The results indicated that the soluble sugars in apple fruit in-
cluded fructose, sucrose, glucose and sorbitol, of which fructose content was the highest, with an aver-
age value of 51.93 mg- g, accounting for 50.39% of the total sugar content, and the two were extreme-
ly significantly related (+=0.867). The highest fructose content was found in Golden Delicious (68.96
mg-g"'). The average sucrose content was 31.33 mg- g, which accounted for 30.14% of the total sugar
content. The sucrose content of Envy was 52.25 mg- g'. The content of the four soluble sugar compo-
nents (fructose, sucrose, glucose and sorbitol) in most apple fruits showed a pattern of fructose>su-
crose>glucose>sorbitol, and the only three cultivars with glucose content higher than sucrose content

were Fuji, Cameo and Qiufu No.1. The glucose content in Dailv and RuiXianghong was close to su-
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crose content. The dominant organic acid in apple fruit was malic acid, with an average value of 4.97
mg- g, accounting for 89.440% of the total acid content, followed by quinic acid (7.81%) and citric ac-
id (1.1%), and the contents of oxalic acid and shikimic acid were low. Among them, the cultivar with
the highest malic acid content was Granny Smith. Malic acid was extremely significantly related with
total acid, with a correlation coefficient of 0.904, and significantly related with fructose. The sweetness/
acid ratio in different cultivars ranged from 11.81 to 53.96. There were 9 cultivars with sweetness/acid
ratio greater than 40, such as Dailv and Qiujing; and 63 cultivars between 20 and 40; and 14 cultivars
less than 20. The soluble sugars and organic acids in different apple cultivars were significantly differ-
ent, with coefficients of variation of 8.16% to 46.95%, respectively. The content of quinic acid had the
largest variation and the content of soluble solids had the smallest variation. The correlations between
soluble sugar and organic acid components were analyzed. It could be concluded that malic acid was
significantly correlated with fructose (=0.226), and citric acid and fructose were extremely significant-
ly correlated. The sweetness/acid ratio had a very significant negative correlation with total acid. The
principal component analysis method was used to analyze the 9 main indicators of apple taste evalua-
tion. The first 2 factors were the main factors contributing to 85.124% of the total variation. Combined
with correlation analysis, three indexes including total sugar, malic acid and sweetness/acid ratio were
selected as indexes for sugar and acid evaluation. Cluster analysis of the 86 apple cultivars showed that
they could be divided into 4 categories: high sugar and low acid, high sugar and high acid, low sugar
and high acid, and low sugar and low acid. Middle-late and late-ripening cultivars accounted for 92%,
95%, 80% and 53% in the four categories of high sugar and high acid, high sugar and low acid, low sug-
ar and high acid, and low sugar and low acid, respectively. [Conclusion] The sucrose content in most
apple cultivars were higher than glucose. The major organic acid was malic acid, followed by quinic ac-
id and citric acid, and the content of the other organic acids is lower. The total sugar, malic acid, and
sweetness/acid ratio in apple fruit are important indexes to evaluate the sweet and sour flavor of the
fruit. Middle-late and late-ripening cultivars had a higher proportion of high-sugar and low-acid variet-
ies, and a lower proportion of low-sugar and low-acid cultivars.
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Table 1 The apple cultivars of different maturity

ok A
Maturity Cultivar
FL 2 Early maturity JRPH AN SR R L 135 (4B L Z5FH Sunrise, Dailii, Empire , Huamei , Huayu, Qinyang

24 Medium maturity

W7 it ad VAT L g L H F L $  AEB Royal Gala, Jinshiji, Lihong , Modi , Punama , Xiayan , Huashuo

A

Mid-late maturity

1 #4 Late maturity

Y 7 N v AN S AN S A = AR AR 10N W N A0 I e SIS 5 o 1T R A e BN oy A =S RSN [ R N
LB RO VB R L RN e R B EH RS R 1S A RO R A
BRIEE O LR T R B DG BB E o LA

Anglin, Hokuto, Changhong, Tallman’ s Sweet, Hanfu, Benishogun, Hongjinfu, Hongtailang , Starking, Jonathan, Hua-
guan, Splendaur, Huanxi, Goldspur, Golden Delicious, Jinfu No.1, Cox Orange, Jazz, Northern Spy, Cameo, Liangxiang,
Honeycrisp, Mollie's Delicious , Jonagold, Qinxing, Qinyan, Qinyue, Qinyun, Semei, Sekai-ichi, Red Chief, Pacific Rosa,
Vallee Spwr Del, Wijcik , Smoothee , Starkrimson , Shinsekai  McIntosh , Yanguang , Yuhuazaofu, Red Delicious , Wangshan-
hong

2001 & b RPN I PR RO AR R AL b B ED E AL S S R IR AR R R
b EKE 1T R B AL B I R BRI 105 Il E 3 S s 6 T ML AL R A B E KR 2
=

2001 Fuji, Granny Smith, Danxia, Dongguang, Feixia, Pink Lady, Fuji, Miyakiji, Ralls Janet, Guohong, Hongping 1, Ji-
guan, Jinzhong, Kuihua, Liquan Fuji, Qinguan, Qiufu No.1, Qiujing, Ruixianghong , Ruixue, Ruiyang, Shengli, Orin, Yan-

fu No.10, Yanfu No.3, Yanfu No.6, Yanshanhong, Envy, Alps Otome, Indo, Changfu No.2

4.6 mm) o3 F: (5 [H Waters 23 7)) F12998 — b8 B
H G 2% (S [E Waters 23 7)) 3EAT A HLER 41500 52
TBNA N pH A 2.7 £ 0.02 mol - L' NaH,PO. V& ; it
J# 0.8 mL - min's F il % 4 210 nm; 3 FF & 20 pL.
s al: FO0E A& 0E R LA R R E T
R TR  BLR 25 BLR (35 [E Sigma 2 5D FRAEAC
JSAN [ FE I € , SR F A bRiZi g &

1.2.2 TN B4 (TSS) A=+ il < B (TA) A2 69
M o ulfEH Atago FHRATGAC(H X ATAGO 2
F]) \GMK-835F £ 77K R EE 1 (36 1H G-won A H])
HEATIE 3 IKER .
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FriEx0.7+ I ALEE S FE<0.4.
1.3 #iEaeE

F]FH Microsoft Excel 2007 B AF% B 3k 17 b 3
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Table 2 Soluble sugars content, sweetness value and soluble solids content in apple fruits of different cultivars

R wCRED wCHE D wCHERD wmn;%@?) w(ﬂi@ﬁ%%) wCRTEIE B B
Cultivar Fructoie content/ Glucoie content/ Sucros_fz content/ Sorblt(_)ll content/ Soluble solids Soluble sugar . Sweetness
(mg-g") (mg-g") (mg-g") (mg-g") content/% content/(mg-g") value

2001 & 42001 Fuji 54.02+1.71 12.4342.73 34.79+1.26 4.44+0.26 15.13+0.32 100.73 131.14
Gy Anglin 45.67+4.06 13.56+3.53 33.30+4.84 4.26+0.48 14.13+0.49 112.78 152.40
IS Granny Smith — 40.11+1.18 15.60+1.61 23.09+0.90 4.76+0.37 14.26+0.26 91.29 119.63
b2} Hokuto 39.70+3.31 17.4342.60 29.78+3.24 5.04+£0.41 13.61£0.43 97.94 123.96
£ 41 Changhong 54.06+0.77 12.62+0.78 18.88+0.51 2.75+0.09 11.88+0.16 66.70 85.61
JRPH Sunrise 59.82+1.03 8.31+1.33 32.01+0.77 1.77+0.15 14.87+0.24 91.79 125.52
8¢ Dailii 54.61+3.52 23.94+2.98 24.68+3.35 5.68+0.42 15.01£0.44 119.39 157.62
F}#% Danxia 5431+2.71 14.43+2.32 35.16+2.20 4.03+0.36 13.84+0.37 107.64 141.41
%)% Dongguang 60.37+1.67 19.54+2.55 29.99+1.25 6.91+0.25 12.90+0.32 108.84 138.13
R Empire 49.71+0.85 10.02+1.06 19.4620.57 3.48+0.12 14.25+0.20 86.51 121.61
4[5 Feixia 58.94+2.72 20.26+2.38 28.58+2.20 2.32+0.38 13.31+0.38 90.86 113.17
HY4L 4+ Pink Lady 60.86+4.33 14.65+3.20 45.88+5.12 5.97+0.52 14.90+0.49 118.69 149.87
&+ Fuji 32.89+1.27 27.73+1.83 23.3240.92 6.10+0.18 14.31£0.19 11231 141.70
WS 7 Royal Gala 46.36+0.91 16.48+1.19 38.57+0.70 3.1840.13 13.92+0.12 116.21 152.85
H % Tallman’s Sweet  51.80+3.19 13.47+2.57 44.49+2 61 3.85+0.39 14.58+0.38 123.11 162.74
B IR Miyakiji 52.46+1.73 13.204+2.74 32.29+1.26 2.84+0.27 14.02+0.33 97.47 128.67
[ Ralls Janet 64.91+4.27 18.32+3.04 32.42+5.07 5.09+0.51 12.71+0.49 101.50 127.20
[€£I. Guohong 53.68+0.49 15.99+0.20 30.31+0.30 2.500.01 13.23+0.04 88.91 112.70
5 Hanfu 40.93+1.39 21.46+2.05 22.1+1.06 4.69+0.20 14.3240.30 102.65 134.21
1K % Benishogun 58.41+1.09 16.86+1.28 28.68+0.78 3.61£0.25 13.76£0.25 99.12 129.36
4145 % Hongjinfu 60.58+3.58 12.11£2.94 22.73+3.80 3.65+0.43 13.2120.46 82.97 110.52
£I3F 1 5 Hongping 1 40.68+0.86 13.87+1.11 27.44+0.66 2.94+0.33 14.79+0.23 85.54 110.57
41 KB Hongtailang 61.54+1.76 21.0742.25 45.92+1.31 6.69+0.29 12.6120.33 128.29 158.91
#1 & Starking 38.71+0.78 14.69+0.79 29.37+0.54 2.89+0.10 13.17+0.16 95.08 125.04
41 % Jonathan 43.02+3.72 17.07+2.96 30.46+4.29 4.87+0.43 12.72+0.47 99.62 127.01
56 Huaguan 57.50+3.32 11.23+2.58 41.90+2.82 2.96+0.40 13.28+0.41 111.18 147.36
4ET Splendaur 37.94+2.17 14.28+2.01 36.90+1.87 3.82+0.33 15.410.36 116.55 156.12
#£:3% Huamei 40.30+0.55 16.44+0.47 25.63+0.41 3.14+0.06 13.11£0.12 95.73 126.80
4E4 Huashuo 65.04+0.51 5.61+0.58 25.610.33 1.95+0.17 12.84+0.08 69.70 94.25
47 Huayu 50.38+1.81 7.66+1.75 33.53+1.43 1.74+0.30 13.22+0.34 87.33 117.29
X & Huanxi 61.66+1.59 15.6+2.85 19.28+1.18 1.25+0.44 12.76+0.32 74.84 98.44
52k Jiguan 54.80+0.95 13.45+1.29 30.13+0.75 3.3840.15 12.61+0.24 79.86 98.47
49 Goldspur 61.30+1.58 13.4542.25 30.95+1.14 2.77+0.24 14.48+0.30 104.30 141.46
427 Golden Delicious  60.06+0.54 28.11+0.89 30.59+0.40 5.21+0.05 14.82+0.09 132.87 173.03
4t 42 Jinshiji 50.52+0.93 11.24+1.20 35.75+0.71 2.92+0.14 14.75+0.23 103.78 139.05
4>/ Jinzhong 58.13+3.21 12.14+2.58 29.22+42.64 1.97+0.39 14314031 95.79 130.30
T E 15 Jinfu No.1 57.32+3.55 23.98+2.90 35.49+3.48 6.38+0.28 14.46+0.44 133.16 172.62
1#%3F Cox Orange 53.58+1.62 12.5942.50 31.23+1.20 3.56+0.25 13.57+0.32 112.29 155.06
B+ Jazz 37.41£2.09 10.87+1.93 36.54+1.63 2.26+0.33 13.5120.36 97.28 128.37
F 4 Northern Spy 55.11+3.08 8.75+1.93 23.40+1.62 1.29+0.33 12.10+0.30 71.37 96.42
“+2KEK Cameo 49.14+1.25 18.99+1.65 19.15+0.91 1.79£0.18 13.3240.26 82.94 108.44
#£4¢ Kuihua 49.07+1.91 10.68+1.87 29.02+1.58 3.0120.31 13.350.35 74.90 94.05
ALIR% & Liquan Fuji 49.96+0.87 22.75£1.10 38.85+0.58 5.47£0.12 15.210.20 127.92 163.46
fi4I Lihong 48.13+1.56 17.82+2.36 30.98+1.16 3.34+0.24 14.49+0.31 11631 157.10
U777 Liangxiang 59.85+3.34 28.32+2.77 36.20+3.26 5.71+0.41 14.71£0.43 127.74 158.96

% i Honeycrisp 64.58+3.36 16.97+1.98 35.23+£0.99 2.11+0.20 15.48+0.28 118.88 160.56
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Continued Table
A wCRBED wH & D wOEHD w(u{;ﬁ%ﬁ@ w(ﬂiﬁ‘réﬁ%%) wCRTVE TSR SR
Cultivar Fructoie content/ Glucos4e content/ SucrosJe content/ Sorblt(}l content/ Soluble solids Soluble sugar ) Sweetness
(mg-g") (mg-g") (mg-g") (mg-g") content/% content/(mg-g") value

JBE3di Modi 57.14+0.78 13.25+0.89 22.04+0.47 2.18+0.09 12.14+0.27 77.77 102.71
JEE B+ Mollie's Delicious 57.98+4.48 16.49+3.38 37.92+5.33 2.25+0.71 12.92+0.49 110.72 144.96
% ) Punama 56.02+1.54 14.74+2.30 17.87+1.14 3.53+0.21 14.30+0.31 82.46 110.67
Fr444: Jonagold 36.53+1.88 20.88+2.89 41.49+1.41 3.1940.29 13.40+0.37 123.05 158.00
Z i Qinguan 45.3120.66 26.9120.56 24.35+0.45 6.110.08 13.91+0.14 107.31 133.03
% & Qinxing 49.94+0.68 14.98+0.58 39.96=0.54 2.110.11 12.86£0.16 107.67 139.89
Z##{t Qinyan 54.42+4.34 15.34+3.31 31.03+5.21 2.84+0.61 13.4240.49 101.01 133.55
Z:FH Qinyang 59.85+0.65 6.2740.55 25.94+0.43 3.34+0.06 11.2140.12 76.48 103.30
7 H Qinyue 52.62+0.66 17.34+0.55 28.47+0.43 1.23+0.17 12.90+0.14 101.35 136.14
Z#) Qinyun 55.59+3.18 20.29+2.57 39.42+2.28 2.97+0.39 13.82+0.38 121.09 157.03
715 Semei 44.49+2.63 18.03+2.25 43.76+2.07 6.92+0.35 15.71+0.37 133.75 172.97
K& 1'5 Qiufu No.1 50.63+0.89 27.59+1.89 25.34+0.63 3.49+0.13 12.51£0.21 114.55 147.77
K4 Qiujing 54.33+1.45 13.88+2.25 34.08+1.12 4.38+0.21 12.12+0.30 99.58 128.23
H %41 Ruixianghong ~ 55.16+2.57 27.98+2.06 28.98+1.91 3.23+0.34 14.92+0.37 120.04 154.60
H# %5 Ruixue 63.75+1.39 22.53+2.23 45.98+1.07 5.66+0.25 15.67+0.30 129.59 161.00
T B Ruiyang 32.46+2.51 24.02+1.89 33.51+1.58 2.97+0.27 14.91+0.36 114.18 145.45
Ji: 7| Shengli 47.25+2.48 14.92+2.06 33.93+1.89 4.57+0.34 16.08+0.36 98.76 125.50
% 15 Sekai-ichi 52.20+3.94 14.34+3.02 48.41+4.78 6.31£0.45 14.50+0.29 129.11 166.08
I 41 Red Chief 47.2340.52 13.59+0.38 18.46+0.34 2.08+0.02 11.82+0.08 81.15 111.09
A FPEHUER Pacific Rose  67.31+1.29 5.15+1.65 11.95+0.97 1.56£0.19 12.57+0.27 54.15 78.28
FLEL A A Vallee Spwr Del 64.18+0.84 15.40+1.02 21.20+0.55 2.81+0.12 12.21+0.20 95.42 131.11
T #k Orin 46.33+2.18 25.15+2.02 38.52+1.88 5.34+0.34 15.51£0.36 128.86 163.00
11141 Wangshanhong ~ 53.86+2.72 15.66=2.00 19.94+1.83 2.56£0.33 14.17£0.36 84.52 113.06
Ji% 2E 5% Wijeik 45.69+0.53 12.18+0.45 18.93+0.39 4.70+0.13 10.91+0.28 99.56 140.90
o442 56 Smoothee 32.22+0.71 17.71£0.76 28.95+0.50 1.55£0.19 12.60+0.16 100.83 134.06
H i Xiayan 35.48+1.54 12.52+1.55 25.39+0.89 1.76+0.17 13.10+0.26 77.08 100.32
B4 2 Starkrimson 55.42+1.87 22.38+1.80 26.45+1.48 3.22+0.11 14.1240.34 107.64 140.69
#ritt 7 Shinsekai 41.28+1.67 14.7122.50 42.65+1.20 1.95+0.25 14.01£0.32 107.72 138.45
I McIntosh 47.84+2.57 19.24+2.12 38.88+2.06 5.25+0.35 14.75+0.37 117.78 149.68
JHE 105 Yanfu No.10  44.40+2.98 21.24+2.56 31.10£2.26 3.41+0.38 15.12+0.38 113.06 147.64
JHE 35 Yanfu No.3 48.41+1.83 20.88+1.79 31.31+1.47 5.36+0.30 14.57+0.34 117.91 153.70
& 65 Yanfu No.6 47.61£1.38 18.52+2.02 30.48+1.03 4.23+0.20 15.3240.29 113.65 150.87
L5 Yanguang 52.93+0.81 9.83+0.98 18.07+0.54 1.32+0.22 12.20+0.21 69.91 96.68
#1121 Yanshanhong 57.52+2.77 16.50+2.53 37.23+2.22 3.81+0.38 14.31+0.38 110.47 142.94
12 Envy 68.96+4.48 21.53+2.82 52.25+3.34 5.224+0.41 16.11+0.44 133.79 165.30
2. Alps Otome 65.09+4.89 15.53+3.39 35.69+5.68 3.81+0.62 14.12+0.49 113.97 151.23
EV/E Indo 60.42+1.35 16.01=1.46 37.54+0.88 2.20+0.15 13.68+0.26 106.13 137.79
FHRUE Yuhuazaofu — 52.40+0.94 19.65+1.23 27.24+0.71 6.59+0.14 14.87+0.23 113.30 148.32
7t Red Delicious 54.41+1.13 18.92+1.49 37.64+0.88 4.91£0.17 13.22+0.26 115.77 147.90
K 25 Changfu No.2  47.02+1.91 23.37+1.83 40.78+1.51 5.69+0.31 15.40+0.35 130.41 165.42
P18 Mean 51.93 16.69 31.33 3.67 13.83 103.50 135.21
bRt 7 SD 8.59 529 8.07 1.55 1.13 28.11 3234

BRRECVI% 16.54 31.70 25.76 42.18 0.08 27.16 23.70
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Table 3 Organic acid content, sweetness/acid ratio and sugar-acid ratio in apple fruits of different cultivars
} w(?%ﬁfi) w(fﬁ?ﬁ@ w@ﬂ%ﬁ?) w(%ﬁ?ﬁ). w(#ﬁﬁfﬁ). w‘(ﬂiﬁiﬁﬁ?) W(E'\E?i.) AL L
hy Malic acid Quinate acid Citric acid Oxalic acid ~ Shikimic acid Titratable Total acid
Cultivar content/ content/ content/ content/ content/ acid content/ Svs./eetnfzss- Su.gar- .
(mg-g") (mg-g"  (mg-g) (mg-g") (mg-g") content/%  (mg-g") acidratio. - acid ratio

2001 & 1 2001 Fuji 4.24740.949  0.462+0.002 0.022+0.015 0.017+0.001 0.002+0.000 2 0.340+0.044 4.750  27.61 21.21
55 Ak Anglin 3.512+0.508 0.787+0.029 0.056+0.002 0.025+0.006 0.003+0.000 1 0.240+0.012 4.381 34.79 25.74
INTTSE Granny Smith  9.383+£0.992  0.619+0.040 0.094+0.016  0.034+0.008 0.002+0.000 2 0.790+0.081 10.132 11.81 9.01
4t} Hokuto 3.148+0.520 0.180+0.047 0.037+0.001 0.017+0.002 0.003+0.000 6 0.210+0.074 3.385 36.62 28.93
E12]. Changhong 3.574+0.634  0.239+0.048 0.0344+0.006 0.020+0.004 0.002+0.0002 0.310+0.033 3.869  22.13 17.24
J=FH Sunrise 7.613+0.674  0.440+0.051 0.051+0.007 0.045+0.012 0.006+0.001 5 0.490+0.071 8.155 15.39 11.26
184% Dailii 2.572+£0.599  0.246+0.058 0.060+0.005 0.040+0.009 0.003+0.000 6 0.280+0.020 2.921 53.96 40.87
F}#5 Danxia 4.092+0.650 0.629+0.059 0.053+0.007 0.016+0.001 0.007+0.001 7 0.370+0.049 4.797  29.48 22.44
75 ¥ Dongguang 2.497+0.499 0.320+0.059 0.032+0.003 0.018+0.002 0.002+0.0002 0.310+0.035 2.869  48.14 37.93
K Empire 6.050+0.619  0.655+0.063 0.053+0.006 0.019+0.003 0.004+0.001 0 0.430+0.062 6.781 17.93 12.76
4 Feixia 3.134+0.587  0.502+0.067 0.041+0.004 0.021+0.004 0.002+£0.0003 0.270+0.016 3.700  30.58 24.56
#1414+ Pink Lady 7.191+0.695 0.608+0.068 0.060+0.009 0.018+0.002 0.001+0.000 8 0.570+0.075 7.878 19.02 15.07
& 1 Fuji 4.490+£0.671 0.281£0.070 0.055+0.007 0.030+0.007 0.003+0.000 6 0.340+0.044 4.859  29.16 23.11
I #7 Royal Gala 5.790+0.701  0.281+0.073 0.0574+0.009 0.030+0.007 0.003+0.000 7 0.470+0.068 6.161 24.81 18.86
‘H #% Tallman’s Sweet 4.602+0.587 0.423+£0.074 0.064+0.004 0.051+0.015 0.007+0.001 8 0.380+0.049 5.147  31.62 23.92
B I3 Miyakiji 4.160+£0.569  0.329+0.083 0.041+0.003 0.017+0.002 0.003+0.000 7 0.310+0.036 4.550  28.28 21.42
[ Ralls Janet 6.144+0.730  0.357+0.086 0.072+0.006 0.021+0.005 0.006+0.001 5 0.430+0.063 6.600 19.27 15.38
4. Guohong 2.836+0.606 0.543+0.089 0.039+0.005 0.024+0.006 0.002+£0.0003 0.310+0.036 3.444  32.73 25.82
%€ Hanfu 6.048+0.706  0.394+0.089 0.069+0.010 0.019+0.003 0.004+0.001 0 0.400+0.054 6.534  20.54 15.71
21} 7 Benishogun 5.560+0.677 0.281+0.093 0.062+0.007 0.029+0.007 0.002+£0.000 3 0.570+0.077 5.934  21.80 16.70
21 4 & Hongjinfu 2.846+0.531 0.257+0.094 0.042+0.001 0.026+0.006 0.003+0.000 7 0.300+£0.029 3.174 34.82 26.14
41315 Hongping 1 5.909+0.618 0.318+0.095 0.051+0.006 0.017+0.002 0.004+£0.001 0 0.510+0.072 6.299 17.55 13.58
£ K Bl Hongtailang 4.608+0.583  0.320+0.099 0.057+0.004 0.028+0.006 0.004+0.001 0 0.410+0.057 5.017  31.67 25.57
21 A Starking 4.260+0.562 0.369+0.100 0.057+0.002 0.036+0.009 0.015+0.0027 0.310+0.037 4.737  26.40 20.07
1. Jonathan 8.174+0.751 0.494+0.101 0.057+0.006 0.019+0.003 0.004+0.001 1 0.650+0.028 8.748 14.52 11.39
4£56 Huaguan 4.210+£0.590 0.207+0.104 0.055+0.004 0.019+0.003 0.004+0.001 1 0.380+0.051 4.495 32.78 24.73
#E1H Splendaur 7.042+0.752  0.203+0.106 0.071+0.006 0.020+0.004 0.008+0.002 1 0.520+0.073 7.344  21.26 15.87
436 Huamei 3.995+0.621 0.303+0.109 0.042+0.006 0.021+0.005 0.002+0.000 4 0.390+0.053 4.363  29.06 21.94
4EH5 Huashuo 4.164+0.636 0.677+0.110 0.046+0.006 0.028+0.006 0.005+0.001 3 0.370+0.049 4.920 19.16 14.17
£ Huayu 3.428+0.558 0.158+0.111 0.043+0.002 0.030+0.007 0.005+0.001 3 0.270+0.021 3.664  32.01 23.84
X% Huanxi 2.899+0.535 0.120+0.115 0.044+0.002 0.020+0.004 0.003+0.000 8 0.280+0.021 3.086  31.90 24.25
X5 Jiguan 5.297+0.593  0.264+0.115 0.043+0.004 0.040+0.010 0.008+0.002 2 0.260+0.016 5.652 17.42 14.13
%% Goldspur 3.750+0.649  0.448+0.061 0.049+0.007 0.016+0.001 0.005+£0.001 3 0.290+0.023 4.268 33.14 24.44
457 Golden Delicious 5.575+0.710 0.235+0.064 0.048+0.010 0.024+0.006 0.022+0.008 0 0.410+0.061 5.904  29.31 22.51
4t 42 Jinshiji 5.771+0.697 0.689+0.065 0.061+0.009 0.024+0.006 0.009+0.003 4 0.250+0.012 6.554 21.22 15.84
4%l Jinzhong 2.292+0.504 0.394+0.065 0.0434+0.001 0.019+0.003 0.002+0.000 4 0.300+0.030 2.750  47.38 34.83
& 15 Jinfu No.1 5.427+0.597 0.470+0.066 0.061+0.005 0.040+0.010 0.005+0.001 3 0.460+0.066 6.003  28.76 22.18
13 Cox Orange 5.658+0.928 0.235+0.066 0.067+0.013 0.035+0.008 0.009+0.000 2 0.520+0.073 6.004  25.83 18.70
41 Jazz 8.265+0.693  0.323+0.067 0.057+0.009 0.023+0.006 0.008+0.000 4 0.560+0.075 8.676 14.80 11.21
F #ih Northern Spy 4.505+£0.649 0.238+0.067 0.064+0.007 0.014+0.001 0.005+£0.001 4 0.260+0.016 4.826 19.98 14.79
“RKEK Cameo 3.713+0.574  0.189+0.068 0.038+0.003 0.030+0.007 0.003+0.000 8 0.400+0.055 3.973  27.29 20.88
Z%1t Kuihua 3.490+0.545 0.172+0.069 0.038+0.002 0.026+0.006 0.005+0.001 4 0.310+0.038 3.731 25.21 20.07
AL 7 & Liquan Fuji 5.986+0.680 0.492+0.072 0.067+0.008 0.029+0.007 0.005+0.001 4 0.380+0.052 6.579  24.85 19.45
4L Lihong 6.005+0.649  0.543+0.073  0.062+0.007 0.030+0.007 0.009+0.001 5 0.420+0.061 6.649 23.63 17.49
{57 Liangxiang 4.004+£0.631 0.558+0.076 0.057+0.006 0.020+0.004 0.003+0.000 8 0.300+0.030 4.642  34.24 27.52
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Continued Table
y w(#%ﬁ?) w(??ﬁ@ w.(ﬁ%?ﬁﬁ) w(ﬁiﬁﬁ?). w(%%ﬁﬁ). w.(ﬂ?ﬁiﬁ?i) w()éﬁ?i? AL WL
i Malic acid Quinate acid Citric acid Oxalic acid ~ Shikimic acid Titratable Total acid
Cultivar content/ content/ content/ content/ content/ acid content/ Svs./eetn?ss- Su.gar- .
(mg-g") (mg-g")  (mg-g) (mg-g") (mg-g") content/%  (mg-g") acidratio.acid ratio
% Jifi Honeycrisp 4.82740.617 0.424:£0.077 0.042+0.006 0.018£0.002 0.002+0.000 4 0.520+0.075 5313  30.30 22.38
JéE i Modi 4.283+0.668 0.174£0.077 0.045£0.007 0.025£0.006 0.006+0.001 5 0.380+0.053 4.533  22.66 17.16
JEE B+ Mollie's Delicious 4.513+0.671 0.559+0.078 0.062+0.007 0.019+0.003 0.004+0.001 1 0.380+0.053 5.157  28.11 21.47
W EH3 Punama 3.457+0.545 0.293£0.078 0.053+0.002 0.020+0.004 0.003£0.000 8 0.180+0.081 3.826  28.93 21.55
Fr 444 Jonagold 4.18740.579  0.333£0.079 0.050£0.004 0.027+0.006 0.003+0.000 8 0.380+0.053 4.600  34.35 26.75
Z il Qinguan 3.191£0.611  0.255+0.079 0.056+0.006 0.020+0.004 0.006=0.001 5 0.290+0.023 3.528  37.71 30.42
% A Qinxing 3.115£0.601  0.298+0.083 0.05120.005 0.032+0.008 0.006£0.001 6 0.290+0.023 3.502  39.95 30.75
Z i Qinyan 5.132+0.681 0.414+0.084 0.033+0.008 0.019+0.003 0.003£0.000 9 0.510+0.072 5.601  23.85 18.04
7B Qinyang 2.643+0.525 0.235+0.087 0.055+0.001 0.024+0.006 0.007+0.001 8 0.250+0.014 2.964  34.85 25.80
% H Qinyue 3.129+0.536  0.432+0.087 0.047£0.002 0.024:0.006 0.003£0.0009 0.370+0.049 3.635  37.45 27.88
Z#) Qinyun 2.926+0.525 0.158+£0.088 0.036+0.001 0.021£0.005 0.002+0.000 4 0.350+0.047 3.143  49.96 38.53
7% 19 Semei 5.862+0.723  0.151£0.090 0.032+0.006 0.021+0.005 0.001£0.000 5 0.460+0.068 6.067  28.51 22.05
X % 15 Qiufu No.1 4.84240.682  0.636+0.091 0.062+0.008 0.028+0.007 0.002+0.000 5 0.300+0.032 5.570  26.53 20.57
A Qiujing 1.964+0.508  0.463+0.092 0.036£0.004 0.029+£0.007 0.005+0.001 4 0.110+0.047 2.497  51.34 39.87
¥t 741 Ruixianghong 4.746£0.577 0.228+0.093 0.041£0.003 0.019+£0.004 0.018+0.008 0 0.310+0.038 5.052  30.60 23.76
55 Ruixue 5.685+0.691 0.639+0.093 0.051£0.009 0.026+0.006 0.003£0.0009 0.470+0.069 6.404  25.14 20.23
%] Ruiyang 3.398+0.548 0.332+0.094 0.050+0.002 0.020+0.004 0.002+£0.000 5 0.300+0.032 3.802  38.26 30.03
M7 Shengli 2.532+0.560 0.513+0.095 0.056+0.002 0.023+0.006 0.003+0.000 9 0.270+0.020 3.127  40.14 31.59
5 15 Sekai-ichi 4.754+0.632  0.138£0.103 0.045£0.006 0.014+£0.001 0.007+0.002 0 0.330+0.043 4.958  33.50 26.04
4 Red Chief 3.816+0.601 0.477+0.069 0.067+0.005 0.037£0.009 0.006£0.001 6 0.270+0.020 4.403  25.23 18.43
IOTBEHCHE Pacific Rose  3.301£0.578  0.699+0.069  0.022+0.003  0.017£0.002 0.012+0.000 1 0.290+£0.024 4.051  19.32 13.37
FLELJE Y Vallee Spwr Del  4.292+0.641  0.146+0.069  0.040+0.006  0.0010.001 0.005+0.001 4 0.290+0.024 4.484  29.24 21.28
T #k Orin 3.118£0.564 0.269+0.070 0.064+0.003 0.021=0.005 0.013£0.000 6 0.250+0.014 3.485  46.77 36.97
Y1114 Wangshanhong ~ 3.047+0.576  0.025+0.008 0.048+0.003 0.003+£0.001 0.001+0.000 9 0.320+0.043 3.124  36.20 27.06
J8k FE 5T Wijeik 7.602+0.715  0.833+0.072 0.053£0.010 0.024+0.006 0.006£0.001 6 0.440+0.065 8.518  16.54 11.69
o545 Smoothee 3.769+0.606 0.350+0.073 0.044+0.005 0.015+0.001 0.002+0.000 5 0.280+0.023 4.180  32.07 24.12
B i Xiayan 2.6580.568 0.087+0.075 0.048+0.003 0.015:0.001 0.001£0.0002 0.290+0.028 2.809  35.71 27.44
T4 Starkrimson 4.503+0.631 0.728+0.077 0.040£0.006 0.030£0.008 0.014+0.004 7 0.250£0.016 5315  26.47 20.25
i Shinsekai 6.57620.681 0.371+0.080 0.058+0.008 0.047+0.013 0.002+0.000 5 0.420£0.061 7.054  19.63 15.27
Ji& MclIntosh 6.060£0.750 0.596+0.081 0.063£0.007 0.039+0.009 0.004+0.0012 0.570£0.077 6.762  22.14 17.42
JH'E 10 5 Yanfu No.10  3.740£0.525 0.433+0.084 0.068+0.001 0.018+0.002 0.006+0.001 6 0.300+0.032 4.265  34.62 26.51
JH'E 3 5 Yanfu No.3 3.42020.678 0.307+0.085 0.046:+0.008 0.030+0.008 0.003x0.0009 0.330£0.044 3.806  40.39 30.98
JH'E 6 5 Yanfu No.6 3.640£0.517 0.303+0.087 0.042+0.001 0.060+£0.016 0.002+0.0005 0.360+0.049 4.047  37.28 28.08
#EJE Yanguang 2.478+0.644 0.145+0.087 0.021£0.006 0.022+0.005 0.002+0.000 7 0.120£0.081 2.668  36.24 26.20
#1120 Yanshanhong 3.912+0.531 0.363+0.088 0.053+0.001 0.018+0.003 0.007+0.0020 0.290+0.028 4.353  32.84 25.38
3% Envy 4.368+0.739  0.397+0.090 0.041£0.006 0.017+0.002 0.004+0.001 2 0.440+0.065 4.827  34.25 27.72
Z,% Alps Otome 6.559+£0.786  0.225£0.095 0.055+0.012 0.023+0.006 0.002£0.000 5 0.570+0.077 6.864  22.03 16.60
E[E Indo 2.967+0.492 0.177+0.097 0.055£0.001 0.029+£0.007 0.006+0.001 7 0.300£0.033 3234 42,61 32.82
T4 L% Yuhuazaofu 5.597+0.585 0.413+0.097 0.066£0.004 0.039£0.009 0.006£0.001 7 0.370+0.049 6.121 2423 18.51
JEJi Red Delicious 5.424+0.581 0.397+0.098 0.061+0.004 0.040+0.010 0.012+£0.004 1 0.340+0.046 5.934  24.92 19.51
K& 245 Changfu No.2  4.761+1.012  0.361+0.100 0.071+0.008 0.030£0.008 0.002+0.000 6 0.310£0.041 5225  31.66 24.96
P44} Mean 4.520 0.372 0.051 0.025 0.006 0.363 4973 2945 22.55
Bt 22 SD 1.526 0.175 0.012 0.010 0.003 0.114 1.597 8.82 6.89
G RZECVI% 33.78 46.95 24.35 38.21 44.65 31.42 32.12 29.94 30.55
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Table 4 Correlation analysis of sweet and acid contents in apple fruits of different cultivars
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S2E8Z =20 5 & WL Soluble sugar 0.984 0.015
HE % FE{E Sweetness value 0.980 0.048
S ?2 o 4R Malic acid 0.193 0.964
SSSS383S3| = & HHTotal acid 0.198 0.962
| .« | BT b Sweetness-acid ratio 0.301 ~0.919
S s s é ?j;* W_E ‘% BEWZ L Sugar-acid ratio 0.341 -0.907
DSSSSD 2| K 5 AR Soluble solids 0.709 0.054
‘ ¥ 5 AIHSER Titratable acid 0.275 0.807
¥ % T -2 J7Z 5Tk Variance contribution/% 44.853 40.271
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Fig.1 Hierarchical clustering pedigree of 11 sweet and sour flavor indicators

AL E IR B, NIRR TR bR . 45 G A ST, B R
LU 5 R WE RN 22 A m] s A 4H 7 AR I A 8 3 O
FHIG, 53 R ALE R & 8 R I H A B 35 A Ok
DA, e 38 B 2 2 R R & R R EL 3 T 4R A
S RWERR AL 73 B 2B VPN TR bR
2.5 mibEEEITMN

PR R EE S B CERIR & & EHR L 3 TR
b NS %, R K-S{E LT 86 /4N il Rl B AT 5 25 5
KR4S, BB R RS R FERR 4 7 P
(£ 6). H1RFEMNIL25A, BAFE 2 AP R, 14
A F 6 2 R O A IR A A, TR AL 23 R AAE DR
B =R, b S B e R B R R R U A R A

Uk 40 Ao LR FE S B W B A AL e TR 5 2
FAEARIL 234N, A 1A B, FLAR B0 rh 24
ARG 24 i Rl JX S P RS & B RS B
R B R L AR fo vy i o B 2 B B (B L £
PR EDFESE 55 3 RAE Al 3L 224N, A0 48 3 LR il
1 T i A, 10 4> RS 2 it i, 8 /SR 2 it i, BT
RFAE D e Wl B TR 5 vy » BH R LU 5K, (PR »
RN S R P EDG B LA R 4 KRR 3L e
AN 2 B, 4 A4S o B R, 7 A TR 2 R 3
AN I 2 A, BE R 2H 70 R AR N AR AR IR , WE & E i
GRS EAUIR IR L P &%, IR P VR T RT3
PO AN

Fo6 REAREPLK 86 MmFHIRELR

Table 6 The final cluster center and cluster results of 86 cultivars

ALt e L H R LR B I ek B S SR LR R VITAL R B T

N TEW K 15 BB S HR 1 S B RER O KRR o K2

Pink Lady, Fuji, Royal Gala, Tallman’s Sweet, Hongtailang, Splendaur, Golden Delicious, Jinfu
No.1, Cox Orange, Liquan Fuji, Lihong, Liangxiang, Honeycrisp, Jonagold, Semei, Qiufu No.1,
Ruixianghong, Ruixue, Sekai- ichi, McIntosh, Envy, Alps Otome, Yuhuazaofu, Red Delicious,

EAR GG S VIS G PHER VAO VBT R R AR Bl R B L R TR R AR R I R
JEF EA S E 105 HE 35 W 65 L4 BN

Anglin, Hokuto, Dailii, Danxia, Dongguang, Huaguan, Goldspur, Jinzhong, Mollie's Delicious,
Qinguan, Qinxing, Qinyue, Qinyun, Qiujing, Ruiyang, Shengli, Orin, Smoothee, Yanfu No.10,

2001 & b RPNTE I SREA BIR AR B D AL TR W VLD AL S AR VAR
LV /N i UV TR QN 32 ARSI TR e 1

2001 Fuji, Granny Smith, Sunrise, Empire, Feixia, Miyakiji, Ralls Janet, Guohong, Hanfu, Ben-
ishogun, Hongping 1, Starking, Jonathan, Huamei, Jiguan , Jinshiji, Jazz, Qinyan, Vallee Spwr Del,

wCEHD wOERER ..
2071 Soluble Malic acid AR A
Sweetness- .
Group sugar con-  content/ acid ratio Cultivar
tent/(mg-g") (mg-g"
1 122.63 5.28 28.43
Changfu No.2
2 108.21 3.29 39.05
Yanfu No.3, Yanfu No.6, Yanshanhong, Indo
3 97.11 5.70 22.15
Wijcik, Starkrimson , Shinsekai
4 76.13 3.51 27.59

EEAREAR: V= T R RO €A SE Ui N S NI XN SR 3 s N VeI AN N S 26 2]
IIEONZE NS

Changhong, Hongjinfu, Huashuo , Huayu, Huanxi, Northern Spy, Cameo, Kuihua, Modi, Punama,
Qinyang,Red Chief, Pacific Rose , Wangshanhong, Xiayan, Yanguang
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