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Analysis of aroma components in fruit of the new apple cultivar ‘ Ruix-

ue’ and several common cultivars
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Abstract: [Objective]lSeven apple varieties including ‘Ruixue” ‘Fuji’ ‘Pink Lady’ ‘Gala’ ‘Jonagold’
‘Golden Delicious’ and ‘Orin’ were selected as experimental materials in the present study. The differ-
ences in their aroma components at ripe stage were analyzed. The main aroma substances in ‘Ruixue’
were further explored in order to popularize the new apple variety. [Methods]Unbagged apple fruits of
the seven varieties were taken from the Experimental Station of Northwest A&F University, Baishui
County, Shaanxi Province, China in 2017. These apple trees had the same growth conditions and man-

agement levels. They were trained into spindle shape and single-row planted at 1.5 m % 4 m tree spac-
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ings. Starch dyeing, color and maturity of the fruits were determined based on sensory evaluations.
‘Ruixue’ ‘Fuji” ‘Pink Lady’ ‘Gala’ ‘Jonagold’ ‘Golden Delicious’ and ‘Orin’ were harvested at
190 d, 180 d, 195 d, 180 d, 125 d, 150 d, and 165 d after flowering, respectively. Six apple trees (n=6)
for each cultivar were selected for fruit sampling. Fruit were harvested from the four sides of the crown
of each tree. The sampled fruits were packed and transported to the laboratory. One quarter of each fruit
was taken and cut into small pieces and mixed. The aroma components of the fruits were extracted by
the headspace solid-phase microextraction (SPME). One gram of sodium chloride and rotor were added
to a 50 mL sample bottle, and 5 g sample and 10 uL 3-nonanone (0.04 puL - mL") were added successive-
ly. The sample bottle was then sealed with tin foil, and balanced in a magnetic stirring heating plate for
10 min. After that, the extraction head was inserted into the well balanced sample bottle for adsorption.
After 40 min, the extraction head was inserted into a GC sample port at 250 ‘C for desorption. After de-
sorption for 2.5 min, the extraction head was taken out to determinate the aroma components in fruits
using the gas chromatography-mass spectrometry (GC-MSQP-2010). Helium was used as the carrier
gas at a flow rate of 1.0 mL-min"'. A HP-INNOW capillary column of 60 m in length, 0.25 mm in inner
diameter and 0.25 um film thickness was used. Injection port temperature was 230 ‘C and a non-split in-
jection mode was applied. The column temperature started from 40 C (holding 3 min) and increased to
150 °C at the rate of 5 C - min’', then rose at 10 ‘C -min"' to 220 ‘C, which was maintained for 5 min.
The MC were equipped with an electron ionization (EI source) with an electron bombardment energy of
70 €V, an ion source temperature of 240 ‘C and a transmission line temperature of 240 C. [Results]JA
total of 92 aroma substances were detected in the seven apple cultivars, including 53 esters, 12 alde-
hydes, 6 alcohols, 4 ketones, 9 olefins, and 8 other species. Among them, ‘Ruixue’ contained 46, ‘Pink
Lady’ 49, ‘Fuji’ 35, ‘Gala’ 49, ‘Jonagold’ 38, ‘Golden Delicious’ 42, and ‘Orin’ 42 of the aromatic
components. ‘Pink Lady’ and ‘Gala’ had the largest total volatile matter, followed by ‘Ruixue’, and
‘Fuji” had the lowest. Esters were the most abundant across the seven apple varieties, and it included
20-30 species, while ketones and alcohols were the least, with only 2-5 species. The common aroma
components of the seven apple varieties were butyl acetate, butyl butyrate, hexyl acetate, 2-methylbutyl,
methyl butanoate, Hexyl 2- methylbutanoate, Hexyl hexanoate, Hexanal, 2- Hexanal and a- Farnesene,
etc. The apple fruit of different varieties were clustered into different genomic groups according to the
PCA score map. Based on the distance between the varieties, they were generally classified into three
groups. The first group included ‘Gala’ and ‘Pink Lady’, located at the top left of the score chart. The
second group contained ‘Golden Delicious’ ‘Fuji’ and ‘Orin’, located at the bottom left of the score
chart. The distance was small in this group, which indicated the great similarity among the three apple
varieties. The third group included ‘Jonagold’ and ‘Ruixue’ on the right side of the score map. The
second principal component showed that the distance between the two cultivars was large, and the rela-
tive content of volatile matter and material was quite different. [Conclusion] Compared with the other
selected apple varieties, the new apple variety ‘Ruixue’ had more aroma components, including a high-
er level of hexyl 2-methylbutanoate (15.24%), 2-hexenal (17.65%) and a-farnesene (27.88%), while the
content of 1-butanol, 2-methyl-, acetate and acetic acid, hexyl ester were lower, and these aroma compo-
nents probably formed the unique flavor of ‘Ruixue’ apple.

Key words: Apple; New cultivars; Aroma components; Headspace solid phase microextraction and gas

chromatography-mass spectrometry(SPME-GC-MS)
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Fig. 1 Total ion flow diagram of aroma substances in different apple cultivars
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Table 1 The main aroma components in different apple cultivars
A £ & Relative content/%
o WE makt WL W fme oo EH
Ruixue Pink Lady Fuji Gala Jonagold Delicious Orin

g2k ZHR Tl Butyl acetate 0.07£0.01 1.34£0.05 1.74£0.18 2.50+0.01 0.85£0.03 5.30£0.02 2.93:+0.37

Esters » migt-1-T % 2B 1-Butanol, 2-methyl-, acetate - 4.14£0.28 8.02£0.01 8.76+0.03 4.53£0.21 2.70£0.03 3.47:+0.46
R T i Butyl propionate - 0.58+0.07 - 0.83+0.01 - 0.51£0.02  0.36:+0.02
LR IX TG Amyl acetate - 0.50£0.02  0.79+0.13  7.82+£0.25 1.26+0.21 0.52+0.01 0.88+0.07
TER T Fi Butyl butyrate 1.63£0.28 1.03£0.14 1.09£0.12  0.88+0.01 0.18£0.02 1.56£0.15 2.70+0.21
2-FE TR T EE Butyl 2-methylbutanoate 0.25£0.02 2.47+0.12 - 2.16+0.01 - 2.44£0.02  2.13+0.02
2-F 3T 3 TR IS Butanoic acid, 2-methylbutyl ester - 0.10£0.01 0.65+0.03 0.52+0.01 - - -
7. % Hexyl acetate 1.5740.05 12.260.25 13.29£0.39 19.12+0.22 15.04+£0.52 4.47+0.03 13.29+0.61
2-FEE T R-2-H 3£ T g 2-methylbutyl, methyl butanoate  0.29+0.02 0.26+0.03 0.36+0.01  0.3440.03 0.26+0.02 0.07+0.01  0.08+0.02
2-HIE P2 B8 Propanoic acid, 2-methyl-, pentyl ester - 0.04+0.01 - 0.46+0.04 - - -
2-F BT % 7 %5 Butanoic acid, 2-methyl-, pentyl ester  0.68+0.12 0.37+0.05 0.23+£0.01 - 0.81+0.12 0.15+0.01 0.51+0.13
2-J7% CL 1% 2-Hexen-1-ol, acetate 0.12+0.03 4.70£0.35 5.31£0.42 1.26£0.02 - 0.10£0.01 -
IR CUlE Hexyl propionate 0.82+0.05 1.55£0.07 1.56+£0.01 2.81+0.02 0.85+£0.04 1.61£0.05 0.72+0.11
2-H 3L PR 2LlK Propanoic acid, 2-methyl-, hexyl ester - 0.81+0.06 - 0.53+0.02 1.32+0.30 - 1.26+0.42
(E)-2-C.5-1-TH 1 " lig 2-Hexen-1-ol, propanoate,(E)- 0.64+0.02 0.30+0.01 - - 0.83+0.01 - -
CLER T'I Hexanoic acid, butyl ester 0.57£0.02 4.10£0.24 2.13+0.15 - 0.50+£0.01 - -
TER CLF Hexyls butyrate 6.77+0.45 4.95£029 5.77+0.74 4.84+0.28 - 6.30+0.04  7.47+0.49
2-F 3 T4 CfE Hexyl 2-methylbutanoate 15.24+0.55 18.85+0.83 11.95+0.89 11.15+0.78 11.50+0.85 13.87+0.59 14.25+0.84
2-Fp AT CERME Hexanoic acid, 2-methylbutyl ester ~ 0.17+0.01  0.90+0.12  0.83£0.03 0.06+0.01 - 0.25+0.01 -
(D)-T R 2 CJ#ME Butanoic acid, 2-hexenyl ester, (2)- - 0.74+0.04 0.93+£0.03 - - - -
CLER I Hexanoic acid, pentyl ester - 1.21£0.02 1.6£0.03 - - - -
i3 E RS Propyl octanoate - 0.18+0.02 - 0.21+0.01 - 0.27£0.01 -
2 W 3L T 1% B# i Butanoic acid, 2-methyl-, heptyl ester - 0.26£0.05 - 0.04+0.01 - 0.08+£0.01  0.14+0.04
CLER C.BE Hexyl hexanoate 2.78+0.22 12.24+0.78 8.64+0.40 7.65:0.64 0.69£0.02 8.88+0.98 2.87+0.22
SR 1T Butyl caprylate - 2.79+0.11 0.34+0.02 1.43+0.01 - 1.95+0.09  0.75+0.06
2 T L SE RIS 2-Methylbutyl octanoate - 0.94+0.07 - - - 0.23+0.02 -
(E)-C\fE CL 8 Hexanoic acid, 2-hexenyl ester, (E)- 0.91+0.04 0.28+0.03 0.88+0.01 - - - 0.21£0.02
JE% T I Butyl heptanoate 0.62+0.03 - 0.110.02 1.71£0.15  0.040.01
R Uik Octanoic acid, hexyl ester - 1.64+0.08 - 0.31+0.04 - 0.86+0.12  0.50+0.05
PR T 1 Butyl caprate - 0.1140.02 - - - 0.29+0.02 -
Z.TR N BiE n-Propyl acetate - - - 0.43+0.02 - 0.48+0.02 -
2-FEL T ER A I Butanoic acid, 2-methyl-, propyl ester - - - - - 0.17+0.02 -
S T 5 Butyl valerate - - - 0.05+0.01 - 0.03+0.01 -
CLERTA TS Propyl caproate 0.13+0.01 - - 0.31£0.03 - 0.38+0.02 -
3-H 56T R %6 Butyl 3-methylpentanoate - - - 4.69+0.46 - 4.82+0.57 -
1% % BRJF A B Hexyl tiglate - - - - - 0.45+0.11 -
5-4% CUlE 5-Hexene-1-ol, acetate - - - 0.64+0.08 - - -
1% B Heptyl acetate - - - 0.15+0.02 - - 0.07+0.01
SR ILHE Pentyl octanoate - - - 0.37£0.11 - - -
KR E TR Octyl tiglate 0.15+0.06 - - 0.09+0.01 - - 0.23+0.02
2-7K L LRI Acetic acid, 2-phenylethyl ester - - - 0.05+£0.01 - - -
TE2 IS Amyl butyrate 0.32+0.04 - - - - - 0.09+0.01
(Z2)-4-CLR CL /%15 Butanoic acid, 4-hexenyl ester, (2)- 0.19+0.01 - 0.46+0.02 - - - -
(E)-2-C\FZ CU/ii Butanoic acid, 2-hexenyl ester, (E)-  4.31+0.37 - - - - - 0.88+0.06
CL2 °% I8 Hexanoic acid, octyl ester 0.45+0.06 - - - - - 0.32+0.02
()-8 MBS 3-Hexen-1-ol, acetate, (2)- - - - 0.3240.03 - -
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FT1(4) Table 1(continued)
X & & Relative content/%
I =
‘CE) ;ifun ; MR hakd mE R e oo EH
Ruixue Pink Lady Fuji Gala Jonagold .. Orin
Delicious

(ED-Z g B2 3-Hexen-1-ol, acetate, (E)- - - 4.17+0.51 - 3.19+0.03 - 0.08+0.01
(Z2)-2-Cfi-1-B% LR 5 2-Hexen-1-ol, acetate, (Z)- - - - - 19.49+0.51 - 5.44+0.41
(2)-3-C I A TR R 3-Hexen-1-ol, propanoate, (Z)- - - - - 0.18+0.01 - -
(E)-3-T & 2.7 l5 Butanoic acid, 3-hexenyl ester, (E)- - - - - 0.224+0.11 - -
(E)-2-T 2 2l Butanoic acid, 2-hexenyl ester, (E)- - - - - 1.23£0.20 - -
4-CV - 1-FE TR IS 4-Hexen-1-ol, acetate - - - - - - 0.18+0.03
LR FEAEHE Nerolidyl acetate - - - - - - 0.07+0.01

fE25 O Hexanal 2.79+0.25 0.64+0.02 2.5+0.31 1.20+0.02 2.81+0.26 3.29+0.05 4.87+0.24

Alde- (E)-2-TUfE 2-Hexenal, (E)- 0.38+0.02 0.13+0.01 - - - 0.04+0.01 -

hydes 2-CLJ# % 2-Hexenal 17.65+0.56 7.30+0.05 6.5+0.04 6.73+0.03 19.84+0.32 4.50+0.18 14.77+1.47
¥ Octanal 0.16+0.01 0.06+£0.01 0.62+0.03 0.05+0.01 0.22+0.03 - 0.09+0.01
T #% Nonanal 0.50+0.01 0.19+0.01 1.02+0.34 0.20+0.01 0.87+0.05 - 0.24+0.02
(E)-2-3 )% 2-Octenal, (E)- 0.29+0.04 - 0.31+£0.01 0.06+0.01 0.36+0.01 0.07+0.01 0.14+0.01
(Z)-2-T:J#T 2-Nonenal, (2)- 0.21£0.02 - 0.25+0.03  0.09+0.01 0.21+0.02 - 0.07+0.0.1
(Z)-2-Pifi% 2-Heptenal, (2)- - 0.16£0.02 0.3+0.01  0.11£0.02 - 0.0940.01  0.15+0.01
Z&[% Decanal - 0.05+0.01 0.78+0.03 0.18+0.01 - - -
(E)-2-%% )% 2-Decenal, (E)- - 0.07+0.01 - - - - -
(Z2)-2-CVJfili% 2-Heptenal, (2)- 0.30+0.01 - - - 0.36+0.02 - -
(E,E)-2,4-_ C.Jfil% 2,4-Hexadienal, (E,E)- - - - - - - 0.05+0.01

2 6-FJk-5-PE)-2-Mii] 5-Hepten-2-one, 6-methyl- 0.22+0.02 - 0.41£0.01 - 0.25+0.04 - -

Ace-  1-2475-3-M 1-Octen-3-one 0.16£0.01 - - - 0.16£0.01 - -

tones (g .6,10-— M 3-5,9-+— k5 - Ji-2- i 0.13+0.03 0.09+0.01 - 0.13£0.02 0.18£0.01 - -
5,9-Undecadien-2-one, 6,10-dimethyl-, (£)-
4,4-2 32K R0 500 L - 1- 0.31£0.01 - 0.12£0.01 - - -
2,5-Cyclohexadien-1-one, 4,4-dimethyl-3-phenyl-

B¢ IE O 1-Hexanol 2.13£0.02 - - 0.14+0.04 3.05+0.07 - -

Alco- fz 302 HIHEIK L EE Cyclopentanol, 2-methyl-, trans- 0.10£0.01 0.18+0.02 - - - - -

hols g o _s4# 2 2-Decen-1-ol, (E)- - - - - 0.69+0.01 - 0.11£0.02
1-WRIE A B 1-Propanol - - - - - 0.21+0.02 -
1- T % 1-Butanol - - - - - 0.20+£0.01 -
2-TJ#i % 2-Nonen-1-ol - - - - - 0.03+0.02 -

Jfi)% . 7K Ethylbenzene 0.34+0.02  0.93+0.07 2.13+0.01 0.23+£0.01 - 1.17+0.23

K AR o-Xylene 1.38+0.47 1.92£0.09 4.73£0.56 0.27+0.01 1.47+021 - -

Ole- 1,3-2 152K Benzene, 1,3-dimethyl- 1.24+0.22 1.42+0.03 9.51£1.02 0.13+0.02 0.38+0.02 0.15+0.01 6.95+0.6

fins o gk T IR 20 Oxirane, (2-methylbutyl)- 1.31£0.27 - - - - - -
(E)-a-%: ) lfi (E)-a-Famesene 0.08+0.01 0.36+0.02 - 0.14£0.02 - 0.33£0.02  0.08+0.01
a-¥2:Je )i a-Farnesene 27.88+1.04 5.29+0.24 3.38+0.93 5.26+0.15 1.03+0.13 27.85+0.69 9.27+0.38
(ED-1-F 5 -4-(6-F H-5-Pifi-2- W HO IR UG- 1-M (E)-1- 1.80+£0.28  0.63£0.22 - 0.05£0.01 0.26+0.02 1.89+0.21 0.13+0.01
Methyl-4-(6-methylhept-5-en-2-ylidene)cyclohex-1-ene
Bicyclo[7.2.0]undec- 4- ene, 4,11,11- trimethyl- 8- methy- 0.81+0.03 - - - - - -
lene-,[1R-(1R* 4Z,95%)]-
2,6 52,6 % Jfi 2,6-Octadiene, 2,6-dimethyl- - 0.04+0.01 - - - - -

HAth JRa(-3,6- = £ HE-3,6- — WK - = 50 5L B DU GUAM % #h 1.54+0.24 - - - - - -

¥ [3.1.0.02.4)] V%

Oth- Tricyclo[3.1.0.0(2,4)]hexane, 3,6- diethyl- 3,6- dimethyl- ,

ers trans-
J2a-3-(4, 8- HIHE-3,7-F 5D - 0.12+0.03 - - - - - -
Furan,3-(4,8-dimethyl-3,7-nonadienyl)-, (E)-
Jz 3O 5 IR IR £5 trans-2-Hexenyl isovalerate - 0.14+0.02 - - - - -
TE K Estragole - 0.04£0.01 - 3.70£0.06 3.31x0.26 0.76+0.02
2 LT Butanoic acid, 2-methyl- - - - 0.69+0.01 - - -
2-FILIR 4 4, )5% 3-Oxirane, (2-methylbutyl)- - - - - 1.06£0.02 - -
a-/ %8 4-Vatirenene - - - - - 0.13£0.02 -
B cis-Thujopsene 0.12+0.03 - - - - - -

TE - RN AR R

Note: -not detected.
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Table 2 Aroma components and content of different apple cultivars
WURBI w/(pg kg
waE Odour
Compound Thresholds/ Ffi % LI EANE [N WL 7 Trah4: A B
(ng-kg')  Ruixue Pink Lady Fuji Gala Jonagold Golden Delicious Orin

LR T T 66 0.82(-1.91)  81.89(0.09) 4.74(-1.14) 94.87(0.16) 10.54(-0.80) 289.67(0.64) 79.76(0.08)
Butyl acetate
NI T Mg 25 - 35.64(0.15) - 31.66(0.10) - 27.85€0.05) 9.88(-0.40)
Butyl propionate
LR N T 43 - 30.84(-0.14) 5.11(-0.93) 297.14(0.84) 15.71(-0.44) 28.33(-0.18) 24.06(-0.25)
Amyl acetate
TR T MR 100 17.9(-0.75)  63.29(-0.20) 7.01(-1.15) 33.41(-0.48) 2.29(-1.64)  85.13(-0.07) 73.63(-0.13)
Butyl butyrate
2-FE- TR T R 17 2.79¢-0.78)  151.3(0.95) - 82.24(0.68) - 133.3(0.89) 57.95(0.53)
Butyl 2-methylbutanoate
LR CE 2 17.18€0.93) 751.17(2.57) 61.27(1.49) 726.84(2.56) 186.71(1.97) 244.36(2.09) 361.96(2.26)
Hexyl acetate
IR L1 8 8.97(0.05) 94.9(1.07) - 106.66(1.12) 10.56(0.12)  87.92(1.04) 19.74(0.39)
Hexyl propionate
CUR T B 700 6.23(-2.05)  251.05(-0.45) 13.66(-1.71) - 6.24(-2.05) - -
Hexanoic acid, butyl ester
2- L TR LR 6 167.17(1.45) 1155.08(2.28)19.33(0.51) 423.86(1.85) 142.73(1.38) 757.66(2.10) 388.08(1.81)
Butanoic acid, 2-methyl-,
hexyl ester
T Ol 250 74.27(-0.53) 303.27€0.08) 11.4(-1.34) 184.1(-0.13) - 343.98(0.14) 203.39(-0.09)
Hexyls butyrate
OOl 64 000 30.45(-3.32) 750.07(-1.93) 10.53(-3.78) 290.71(-2.34)8.51(-3.88)  484.89(-2.12) 78.12(-2.91)
Hexyl hexanoate
LR W 2 000 - - - 16.48(-2.08) - 26.04(-1.89) -
n-Propyl acetate
TR I 59 3.52(-2.81) - - - - - 2.41(-3.19)
Amyl butyrate
2-FH - IR UG 6 - 49.55(2.11) - 20.14(1.21)  16.41(1.0D - 34.32(1.74)
Propanoic acid, 2- methyl- ,
hexyl ester
L% Hexanal 10.5  30.6500.47) 39.16(0.57) 25.07(0.38) 45.73(0.64) 34.93(0.52) 179.67(1.23) 132.70(1.10)
(E)-2-CUJf s 17 4.15(-0.61)  8.05(-0.32) - - - 1.96(-0.94> -
2-Hexenal, (E)-
6- 1 H-5- P i -2 0.05  2.39(1.68) - 2.63(1.72) 3.11(1.79) - -
5-Hepten-2-one, 6-methyl-
T:% Nonanal 1 1.70€0.74) 11.41(1.06) 4.00(1.82) 1.92(0.87)  2.76(1.03) - 2.32(0.82)
(E)-2-2F )l 90 3.21(-1.45) - 1.98(-1.66) 2.12(-1.63 ) 4.46(-1.30)  3.72(-1.38) 3.78(-1.38)
2-Octenal, (E)-
(Z2)-2-BE)fis 13 - 9.75(-0.12)  1.94(-0.83) 4.24(-0.49) - 4.93(-0.42) 4.12(-0.50)
2-Heptenal, (2)-
1-3%Jf-3-Hd 1-Octen-3-one 0.6 1.74(0.46) - - - 1.97(0.52) - -
1ECUEZ 1-Hexanol 500 23.4(-1.33) - 5.18(-1.98) 37.84(-1.12) - -
1- T 1-Butanol 500 - - - - - 11.13(-1.65) -

TE AR, 77 SRR, 355 A (KB Dy 77 SRR P B

Note: -not detected , Aroma threshold"'?, the values in parentheses are the usual pairs of values of the aroma value.

PEZE R, IR BI/MK IR 3 557 (34.03%) > 4277
(30.22%)>“ & 17 (19.98%)>‘ F W’ (17.60%)> ¥}
2L 4+ (10.89% ) > M 7 7 (6.05% ) > Ir 4 4
(4.43%), “Hi %" 2w T HAh LA S A A 2
XS ERY, WS BEmT E L haxt’
ML R IR 7 R i I S S o A | e B N

WARME] . FEERAX & 'R, e B E
AT ERE L0 T R E T Al S AN S
At ARk, ML et CE A B
DR, A 4 A 5 FhoE) 22 7 B 3, IR I
(4.25%) > Fe g 4" (2.91%)> Fi & " (1.89%)> &
687 (0.09%)
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Table 3 Relative contents of different types of aroma components in different apples
HH X} 45 & Relative content/%
ih , M s A H , M s A ; N A
Variety R Num- e Num Mk R Num- MR Num- Rk Num- it Num-
Ester Aldehyde Olefins Alcohol Ketone Others
bers ber bers bers bers bers
b 38.06+0.84a 21 22.28+1.13b 8 34.84+0.88f 8 2.23+0.11b 2 0.82+0.10d 4 0.24+0.17b 3
Ruixue
MO+ 80.26+0.58d 30 8.60+£0.60a 8 10.89+£0.48b 7 0.18£0.03a 1 0.09+0.01a 1 0.18+0.05 2
Pink Lady
Ehn Fuji 70.74£2.27 ¢ 21 8.28+0.31a 8 19.98+0.60d 4 - 0 1.01£0.11¢ 2 - 0
EH Gala  80.57+0.48d 31 8.62+0.33a 8 6.05£0.11a 5 0.14£0.03a 1 0.25£0.09b 2 4.39+0.18¢c 2
Trens: 63.25£1.33b 19 24.67£1.61¢ 7 3.37+0.40a 5 3.74£0.64 ¢ 2 0.59+0.02¢c 3 4.37+0.05¢ 2
Jonagold
R 60.45£1.39b 28 7.99£0.78a 5 30.22+0.58¢ 4 0.44+0.14a 3 - 0 0.89+0.08a 2
Golden
Delicious
FEAHM Orin - 61.92+1.17b 28 20.38£0.87b 8 17.60£1.20¢c 5 0.11£0.02a 1 - 0 - 0

T+ - 2R ARAGIN BHZ 5T 5 A [F] /05 TR AE AN ) o 6] 19 28 35 22 57 KT (p < 0.05) , A H Rl

Note: - indicates that no such substance has been detected; different lowercase letters represent significant difference between different cultivars

(p <0.05),Duncan Assay.

DA [F) it o 3 SR 5400 O P 288 B FLAR X 7 90
ERONEAR IR AT R i, R 2. TE
PCA #7 ff, PC1(49.55% ) fll PC2(29.6%) R it 5 %
TIRR N 79.15% . REWS s WLREAS (1) K 4015 5, Rl Uk
W ELH A L2 (PC1-PCO AT 0 M. B 2 AT LA
A AR CRO B3R 5 ) RS AE PCA 1551 B
(AN [ DX o AR AR G P 25 1) ol 1140 R /N 5 4 AR o3 1)

FRMED N3 IO MR Wkt
TR LT 5 RO i E M,
RT3 A2 T 7 B RS TRV RR B0 » 2R AR UL
KB ZRNTrME M T T E>ENA
M, 78 58— o L PR 18] B BE A, S R AL
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\%
2.001
® )47 4+ Pink Lady
@ & 1| Fuji
17 Gala
® 45 Golden Delicious
Tr444: Jonagold
® 55 Ruixue
1.00 @ EHK Orin
<
o
QA 0.00 —~
I
)
o
® L
-1.00
L ]
™
-2.00
I | I I |
-2.00 -1.00 0.00 1.00 2.00 3.00

PC1(49.55%)

B2 7MERRMFOPCABL
Fig. 2 Scores plot of PCA of the seven apple varieties
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