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Abstract: To investigate the differences in the major aroma components between medium- and late-maturing Yantai apple cultivars,
headspace solid phase microextraction (HS-SPME) combined with gas-chromatography mass spectrometry (GC-MS) was employed . The apple
cultivars and their aroma components.were analyzed using principal component analysis (PCA) and cluster analysis (CA). The results showed
that 59 aroma compounds were identified from 11 apple cultivars, and 21 of these were common to all apple cultivars. Among the common
aroma components, acetate esters, butyrate esters, hexanoate esters, hexanal (including 2-hexenal), and some higher alcohols showed higher
concentrations. The PCA results indicated that the.comprehensive scores of Yang Guang and Dan Xia apples were the highest, while that of the
Extremely Precocious Fuji apple was the lowest. The comprehensive score ranking reflected the differences of the major aroma components
between the apple cultivars. The CA results showed that 11 apple cultivars could be classified into four clusters. Yantai Fuji 3, Dou Nan, Gan
Hong, Extremely Precocious Fuji, Pinova, Yantai Fuji 1, and Best Short Fuji were classified into a cluster; Dan Xia and Yang Guang were
classified into a cluster; and.Liang Xiang and Hua Shuai were classified into two clusters. Through an effective combination of PCA and CA, the
aroma characteristics of four apple cultivars (Dan Xia, Yang Guang, Liang Xiang, and Hua Shuai) were more prominent, providing a basis for
parent selection'in future apple breeding.

Key words: apple; aroma components; gas chromatography-mass spectrometry; principal component analysis (PCA); cluster analysis
(CA)
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Table 1 GC-MS results of aroma components of apples

FAM Rt A
B = FE i Hir 42 ) A #E +
-7 (B Ak B 2.00 017002  0.2640.32 n.d. n.d. 0.98+056  0.30 +0.06
TE 2.24 0114011  0.9930.07 n.d. n.d. 0.91 +0.04 n.d.
T8 LB 7.12 n.d. 3432007 137054 033003 0642005  0.350.03
CERT By 7.89 367088 5854018 5294048 6432042 9.15%056 11.74 +0.57
TEE 8.12 499 +0.9 517#.10 621+1.00 258+0.06 596015 117.360.50
2-F AT A THBEE 8.89 8.04+135  203#0.11 1.10+010 104097 . 1258 +233 11.94+1.38
AT BS 9.31 n.d. 0.1740.03 0.74+008  0.66 +0.02 n.d. 0.94 +0.37
1-TE 10.19 2.090.76 8214200 26540.09 636+129 674142 434035
TERT By 11.00 n.d. 1154010 1774034 153018 1744009  /0.980.18
2-F A TERT B 11.25 0.4820.13 0.35#0.03  0.02#0.00 033003 058043  0.76 +0.29
8% LBs 11.31 1.4740.45 0.8420.04 nd. 0.73£0.01 124034  0.96+0.28
2-THEk 11.50 34194313  1943#.06 27.88#1.12 1930086 14264121 2416231
L8 2.5 12.33 358 +0.5 3494047 511048 3464042 5104055  6.14+1.70
Ft 12.78 047 £017 04149012 2614025 085104 040016  0.2140.07
TEL A B 13.28 0.06 £0.01  0:350.02 nd. 024001 078005  0.46 +0.02
SR B LS 13.57 0514005 0294901 032+005 0.21+006 034005 030008
2-T s 13.69 1.0740.14 n.d. 2.44 +0.53 n.d. n.d. 0.77 +0.09
6- 5 35 M -2- B 13.93 0.0420.01 0.07#0.01  0.19:0.05 0.04 +0.00 nd. 0.06 £0.04
1-T.B 14.34 3.90#0.15 7254167 582037 4654117 521418  7.10%051
T 14.91 0.3320.06 1:0940.24 1124017 065+0.14 0964001  0.710.14
TELT B 15.15 4294076/ 472043 3274030 253+011 635010  6.88+0.46
T 8 TS 15:22 0.5940.04 25940.18 324048 638+186 4.89+062 180031
2- T -1-% TBL g 15.35 1.1340.27 0.6520.01 192012 089+030 053+0.10  0.41=0.03
2-F A T B TER 15.44 4.0742.96 3054020 049004 10204197 460007 1294011
FE LB 15.63 0.3120.03 0.1520.01 015001 005+000 0124002  0.140.08
T 16.36 0.830.18 n.d. 1744098 047 +0.11 n.d. n.d.
TR 16.39 n.d. 0.1640.03 nd. 0.25+005 015004  0.110.01
2-T ke E 16.98 nd. 0.060.03 nd. 0074002 004001  0.020.00
1-FFRBR 17.15 0.1740.03 0.3420.10 146043 025+001 0.34+005 023001
Fook 17.60 0.4840.1 0.2840.07 012009 010+0.03 006002  0.06 +0.02
- bk 18.10 nd. 049#0.06 039015 028+002 0454007  0.23=0.08
158 18.42 nd. 0.3820.09 0.30%0.07 0254006 0314005  0.10=0.03
2,6,10-= F A+ Ak 18.91 0144001  011#003 012009 008+006 008001 0.7 %0.02
OB OB 19.36 281498 1954009 2764034 448+191 157017  1.030.09
2,6,10,14-19 ¥ X+ A bz 19.78 0.2840.12 0.1740.02 019+005 0.15+0.17 017=+0.07  0.09 +0.02
2-R Wk 20.34 1124019 1494007 1284028 0744009 1324013  0.66+0.16
1-F82 20.50 014002 124468 0214004 024010 021+001  0.06=+0.02
+-bi% 20.66 0.38+0.05 0164001 0244007 027007 015+004  0.22+0.04
xR AR F B 20.88 0.2520.02 2194040 156+044 2164006 169032  0.26 +0.06
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FE B 23.37 0.2440.04  0.0420.00 031003  0.34+0.09 nd. nd.
2,4-% Wik 23.79 nd. 0.3240.10 nd. nd. 0.16 £0.04  0.06 0.05
1-F 8 -4-(1-A M )R 24.08 n.d. 0.5640.18  0.40 +0.16 n.d. 0.24+0.02  0.34=0.06
6,10-—%F }-5,9- =%
. 24.44 0.1840.02 nd. 0.37+0.09  0.26 +0.06 nd. 0.18 +0.07
1+ 26.40 nd. 1.1940.30 nd. 1.08£023 2.06+0.18 0.87 %0.08
SR S 2752 nd. 0.04+0.00 0.05=0.02 nd. 0044001  0.04 20.03
B N-AE-2-2 K -1-FXRSEA
AR 28.62 0.09+001  0.0320.03 nd. 0.06 £0.03/ 0.0740.02  0.04 +0.01
- Ao 29.28 nd. 0194001 017010 0.15+006 1.0120.19 nd.
=i 30.02 0.450.03 nd. nd. 0.22 +0.08 nd. 0.12 +0.04
-5 IR, 30.04 0.03#0.00  0.2440.04  0.18%0.02 nd. 007 +0.02  0.11+0.00
2- % AL -3-(2- A M A)- KBy 30.17 0.11+001  15640.16. 0182004 025+005 0264004  0.11+0.01
KT B-2- LA TR B 30.29 0124004  0.06 #0.02 nd. nd. 0.224007  0.08 +0.03
+ oA P By 30.67 0.04 +0 0.0820.01 nd. nd. 0064001  0.030.01
AR = F B = F By 3247 0374001 0132002 014002 0154001 0514003  0.12=0.09
4- (2-AKAk) Ky 32.84 nd. 0.6040.17° 0.15+0.06 0224005 100028  0.27+0.11
AR = F B = CBY 33.63 0.0840.03 " 0.090.01 nd. 009+0.00 0394032  0.13=0.07
13- = FFH-15-
. 34.90 nd. n.d. n.d. n.d. 0.12+0.08  0.14+0.18
&[4, 23] 7%
FERS R \ ARSI ___
FA Kk g — Fak, REAET
-7 2B T A B 2.00 0.24 40,08 0.12 20.02 nd. nd. 0.09 +0.01
S 2.24 0.294005 0022000 243+186 1354007 0.4520.16
T8 B 7.12 0.51 #0.14 nd. 057 +0.05  0.36%0.12 nd.
LR T B 7.89 1142 +061 11.85+005 6.73+0.30 11.7+0.87 4.16+0.30
S 8.12 358 +0.97  6.21+058 4562079 3304074 5.14+1.29
2-FA T 8.89 1142+141 245012 8004055 3622022 7.68+0.68
AT BS 9.31 0.74 +0.35 nd. nd. 0924096  0.2520.05
1-T 8% 10.19 2334092 3114029 3342029 3274045 1524025
TER T B 11.00 1.26 +0.26 n.d. 128+040 086011 0.840.03
2-F A TR T BE 11.25 0674006 0392001 0.25+0.02 nd. 0.37 +0.07
CER LB 11.31 0.80 0.09 nd. 2.10 +1.60 nd. 0.37 +0.09
2- T i 11.50 14.88 +£0.65 25114095 23524108 19.78+1.18 40.34 +1.42
TR B 12.33 4584059 4554017 578041 3434062 546028
FiE 12.78 0.28 +0.16 nd. 0734018 036002 0.50=+0.08
8% A By 13.28 0.50 +0.10 nd. nd. 0.16 +0.02 nd.
BB LS 13,57 0.26 +0.01 nd. 114+019 0254001 0.230.05
2-TEE 13.69 nd. 0794023 5354103 1.38+0.10 0.98=0.11
HBTR
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6-F H-5- & M-2-HF) 13.93 0074002  0.1120.01 nd. 0.08+0.04  0.04 20.01
1-T8 14.34 6314023 7.16+046 6894026 814007 4.06+0.07
e 14.91 0574013 075+011 175+058 0.88+003 1.6620.15
TEAT B 15.15 3944068 7.25+009 640%114 4304042 411029
TR B 15.22 3354161 289+120 1352008 151+029 1.38+0.17
2- T )-1-B5 L BL Bg 15.35 1724036 1614002 0822009 143+013 1.01+0.06
2-FATERTEE 15.44 584024 5624017 0942010 145018 2.64+0.17
FE LB 15.63 0174002 0082000 035005 0.26+0.37 0.1520.02
& 16.36 0424020  0.4520.03 nd. 3.36+0.35 0.60 +0.10
+Ak 16.39 0.25 +0.01 nd. nd. 0.35+0.05"  0.25+0.04
2-T OB 16.98 nd. nd. nd. 0.11 +0.00 nd.
1-F#iB 17.15 nd. nd. 049 +0.03  0.64 +0.06 nd.
+0% 17.60 0174006 0.0920.01 040002 0132006 0.08 +0.05
2- it 18.10 0.28 +0.06 nd. 050 +0.05 ~ 0.66+0.03 | 0.60 +0.07
1-F 8 18.42 016001 0542006 037003 [0.33%0.01 0.2620.02
2,6,10-= ¥+ Ak 18.91 0.11 +0.01 nd. 0124001 0212002 0.21 +0.04
8% OLBS 19.36 3694052 3784005 0642000 444+087 0.79 +0.60
2,6,10,14-m9 ¥ L+ A bz 19.78 0184002 011004 028+003 0.35+0.05 0232001
2- R Wk 20.34 0584009 045005 /1624003 1284007 1702033
1-E8 20.50 0.16 4004 0.090.00 026006 ~0.26+001 0.16 0.01
+-6kz 20.66 0624013 012003 013+004 028010 0.290.03
x5 P AR OK F Bk 20.88 n.d. 1.01+043 040007 1754026 0.80+0.07
o-ik RMs 22.10 13.96 +1.10. 11.63+1.02 367037 672+090 7.16 +0.56
2+ — ikt 22.53 0.36 £0.04° 02380.06 201+223 1084026 1.40=0.15
A% 22.85 0.17.+0.02 nd. nd. 0.26 +0.06 nd.
F B LB 23:37 071011  0.22 +0.01 nd. 1324017  0.13 +0.07
2,45 Wi 23.79 0.06 +0.01 nd. 0074004 0132003 0.10+0.01
1-F EU-A-(1- A )R 24.08 n.d. n.d. 0.30+0.01 0.79+0.16 n.d.
6,10-— ' #-5,9- — -2+ —k B 24.44 0.08#002 0132002 033+008 040009 0.29+0.03
1+ 26.40 1.94 +0.43 nd. 3224063 255062 1.39+0.12
") 8 R R B 27.52 0.03 +0.02 n.d. n.d. n.d. 0.08 +0.03
B N-AE2-2R-1-FKS A
PR 28.62 0.11 20.03 n.d. n.d. nd. 0.09 +0.01
- A R 29.28 0.21+0.22 nd. n.d. 0.55 +0.13 n.d.
£ 30.02 0.30 +0.13 nd. 0174007 043015 0.37+0.13
-5 IR 30.04 n.d. n.d. 0.16 +0.07 n.d. n.d.
2-FHEA-3- (2-"MA) REy 3017 n.d. 034002 021002 0.69+0.24 n.d.
FFER-2- LA T AP 30.29 n.d. 0.08+0.01 0.09 +0.01 n.d. n.d.
+oo A T By 30.67 0.06 +0.01 nd. nd. 0.66 +0.09  0.06 20.00
ARR =T R = F B 3247 0.46 +0.30 nd. 0144001 0254012 0.16+0.05
4- (2-RH L) KBy 32.84 nd. 0594012 0.1620.04 0.64+0.35 nd.
AR = B = L BY 33.63 0274017  0.1020.01 nd. 0.78 +0.12 n.d.
1,3- =¥ R HE-15-7F-[4, 23]-Fk%  34.90 0.01 +0.01 n.d. 0.88+0.06 0.310.44 n.d.
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Table 2 Relative contents of different types of aroma components in apples

A3t 22 1%
FRAPE
i EES M B S AR
g = 42074438 31294562 15284151 737064 0114001  0.26 +0.02
A& 30.35+149  31.16+1.03 12414264 1866+404 2164033  028+035
S 4061+243 2770164  12.98+148 1287+138  0.34+0.09 n.d.
e 2496 +1.14 4719244  997+101 1290277 047001 .~ 0.06%0.03
A 2466 +152  5030+296 2854041 1489343 1264031 104058
T+ 33724226 4527090  476+100 1349080 0.29+0.16" 0.34 +0.07
wE 25.89+0.89 4582187 1396+1.10 10.90%+0.85 nd: 0.35 +0:10
ik 3276 £1.57  4069+176  11.63+1.02 1169083 0934014/ 0.12+0.02
g — 37204035 36344205 367037 19.92+154. 0.37+0.06 nd.
rask 28824198  3668+234 6724090 1669 +118 ...1.33 £0.59 nd.
RRAEE 51.89+149  29.10+088  7.16 056 8.36 £0.28 nd. 0.19 +0.03
o _ _ #axﬁ?%/%
g RS BEIE Ze3R H At
g = 1314021 0.21 +0.03 1.27 +0.05 nd. 0.37 +0.05
A& 0.42 +0.03 0.07 £0.01 1.44 #0.33 nd. 2.82 +0.45
g 2.09 +0.99 0.56 +0.14 0.75 +0.26 n.d. 1.96 +0.58
Hir 0.85 +0.25 0.31 +0.06 0.90 %0.36 nd. 2.16 +0.06
e 1.08 +£0.20 nd. 0744017 012008  2.16+0.27
Mg+ 0.25 +0.17 0.2440.11 0614005 010015  0.69 +0.15
A 0.75 +0.23 0.15 #0.02 144+030  0.01+0.01 n.d.
ik 0.45.40.03 0.24#0.03 0.30 +0.08 nd. 1.09 #0.14
g — 0.35 +0.14 0.33 +0.08 0884006  002+001  0.790.08
rak 4.3140.45 0.40 +0.09 1.48 +0.37 nd. 2,54 +0.41
RpsEE 0.97 +0.05 0.33+0.05 1.04 £0.11 nd. 0.80 0.07

E: ndATAEREZENT .

23 EHO @G RERMN

RIS AR I LR )5

TERE, Kk PC2 FR

XA ] it SR e 5 2R SRS AT o oy
M, S5 RUIER 3, 3K 4 Pk, MR 3 A1, Ri=NE
R ) BTG 25 0TRRE IS B T 72.979%, AT LAERE 11
M EHRRIGHEME S . R, H—Ems PCL
FRRE T AR S B 33.907%, FELEE T RS
Y. B AEAEERYIERIE S, HAPEREss
—F o ERIERS, SENEY). RIS
SRR, FERAEX ) LA a2,
DRI PCLFR N “BRZERF7 5 B3 isr PC2 ik
TRARRE R 21.407%, FELES TS, B
HAR BE B, =8 E s FH R IER 0,

274

N CBERIET s =Ry PC3 R T AR RER
1) 17.666%, FELZE [k, BRI
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o)A, BEREAN A, FRESRIEX L5
R, HUIk PC3 RN “BERRT” o Fis—
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R 3 EHNDMBREER

Table 3 Total variance explained of principal component analysis

R AFAEIE TTREM  BITTERE%
1 3.730 33.907 33.907
2 2.355 21.407 55.313
3 1.943 17.666 72.979
4 1.106 10.051 83.031
5 0.951 8.641 91.671
6 0.541 4921 96.592
7 0.160 1.453 98.046
8 0.159 1.441 99.487
9 0.050 0.455 99.942
10 0.006 0.058 100.000
11 1.06E-16 9.66E-16 100.000

FERVA I e N 5 st NS A AT E Wy £

PC1=-0.4498>Zscore( 5 %\ )+0.4065>Zscore( fi )
-0.4216>Zscore( 7% ¥ )-0.3735>Zscore( fif )-0.0110%
Zscore()+0.3564>Zscore(7<)-0.0088>Zscore(/)+0.11
93>Zscore( kit £ )+0.2628>Zscore( 1 )+0.2013>Zscore
(5 4%+0.2532Zscore(f)

PC2=0.0716>Zscore( & AL )-0.1691>Zscore( Hi )+
0.0585>Zscore( 4% ¥4 )-0.0120>Zscore( fif )+0.5860x
Zscore(%y)+0.4001>Zscore(#:)+0.5360>Zscore( i )+0.2

327>Zscore( kit 1& )-0.2150>Zscore( & )-0.1691>Zscore
(15 475)+0.2074xZscore(Z)

PC3=-0.0328>Zscore( & % )-0.1620>Zscore( ffi )
0.3154>Zscore( 74 ¥ )+0.3560>Zscore( Fg )-0.0456
xZscore(f)-0.0052>Zscore(#<)-0.2073>Zscore(f)+0.4
579>Zscore( i )& )-0.4756>Zscore( fi& )+0.5102>Zscore
(H5475)+0.0723%Zscore(fiZ)

o Zscore BN IS FRUEAL JE IBUE .

1

PC2(20.407%)

-1 05 00 05 1
PC1(33.907%)

E3 FrkHETETE
Fig.3 Plot of principal component analysis
A Bd CEE A R R REFERAREBE AR
S EER—. FoIRS LR (“BER AR I A,
EF BRI, BRA[S5]; “Fk” ARALR, 2 TFEI
o TAEZA[-1,1])

I 4 ERSHITERESTHIEEE

Table 4 Loading matrix.and eigenvectors of principal components

PO 2R 1 3R 2 2R3

B it & B It E B Rt E
Zscore(4-R) -0.8686 -0.4498 0.1099 0.0716 -0.0457 -0.0328
Zscore(Br) 0.7851 0.4065 -0.2595 -0.1691 -0.2258 -0.1620
Zscore(4<3R) -0.8143 -0.4216 0.0898 0.0585 -0.4396 -0.3154
Zscore(f&) -0.7214 -0.3735 -0.0185 -0.0120 0.4963 0.3560
Zscore(&) -0.0213 -0.0110 0.8992 0.5860 -0.0635 -0.0456
Zscore(F1#) 0.6883 0.3564 0.6140 0.4001 -0.0072 -0.0052
Zscore(B%) -0.0171 -0.0088 0.8225 0.5360 -0.2890 -0.2073
Zscore(ko)iR) 0.2305 0.1193 0.3571 0.2327 0.6384 0.4579
Zscore(%%) 0.5076 0.2628 -0.3299 -0.2150 -0.6630 -0.4756
Zscore(r?'& ﬁf?) 0.3887 0.2013 -0.2594 -0.1691 0.7112 0.5102
Zscore(fR) 0.4890 0.2532 0.3183 0.2074 0.1008 0.0723

BRI =S TR 7 22 TTRFRAE IR R 5 g

3355 10 2o, A1 T3 SR ZRaf Aok

O~ Og BTPHNEAY, S=0,2PCl+0,PC2+05PC3 it
HAR RMEERLEAETS, R WES fr. HE
5 A, LG TN NI RIS, AT e
F—RIRIE]. LRERH 3 25 8 Al T-Hum 2
— ZZRRZFEFENRR W, L5177 5HI S
BE— BREENRRAE L, MTE=2WR. &5

Ji SR HH AN TR] it S SR ) 2 A SRR R 22 5 RN

i SPSS Statistics 17.0 7»#r#kfl, TAHKTiEN
ML, EEEbMERTHRRIGEER, TN ERS
REoHT, dRWE 4R, B 405, SRR
15 B, K 1L FSERAIE, FRKRET T
mfl, BE =, e, Ha, WRREL, Rk,
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MWE—, BRREE. ZRNFERIGR S BT
HEKY, TR ZER. B RRE T 24N ad, R
FHER, BHOG. AR, M2k, keke. HAbiks
YrE e, HhESYm S EErs, X5 ERS D
HrrR PC2 43 Hr ) 45 R— 5 I & AARIh 43 i B A —2,
Hrptehisde, SEULEY. RIMCEYE B,
WERABER R & B A%, A BIESEY 5T, T
MRS, EER S BAER, M. BER. WAl
Y& AU, AR IS, X PIRSER
HIRERYI TS B, X5 E R PCL 20 4h
R
5 TEIFMEERNGABIFHE
Table 5 Comprehensive scores and ranks of different
cultivars of apple

SuAP LeiFy H2
rak 1.263 1
& 0.901 2
& 0.567 3
e 0.257 4
g = -0.035 5
g — -0.192 6
j &1 -0.240 7
RRET -0.243 8
FA -0.284 9
e )b -0.958 10
HF-#E+ -1.037 1

SIS AR RSk o giv PRV N
SR AR AR, AR R R
Sfgiumime LA, SERE S, NDUSER
Ji A RS AR SR AR TR o

CASE 0 5 10 15 20 25

4 FEIRMERIVEEN

Fig.4 Cluster analysis of different cultivars of apple
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23058 9 5RE—SMNTE SRR L5515 75% 10
%, DTG RG22 R EE A 15
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