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Table 1  Average altitude of seven areas

b X MF4K/m

Producing area Altitude
#hiik™d  Hancheng 457
EM(FEAX)  Baoji( Chencang district) 557
W (H/KE)  Weinan(Baishui county) 785
JH P (#E ) Xianyang(Binxian county) 835
Kidk G E)  Yulin(Qingjian county) 960
JEZE (X)) Yan’an(Baota district) 1104
H)INCEHEH)  Tongchuan(Yijun county) 1 300

&SR GC-MS 541 B 7 47 &8 i 5

Table 2 Authentic standard of aroma compounds used in GC-MS analysis

HFRY B CAS & fdeteng  REEE REENR EREET KRERT

Aroma compound CAS number Supplier RIP RI¢ QI CF
B2 lE  Propanoic acid, propyl ester 106-36-5 Alfa 1044 1 044 57 0.41
2-H L TR & HE Butanoic acid, 2-methyl-, ethyl ester 7452-79-1 Alfa 1 065 1070 103 0.68
TR THE Acetic acid, butyl ester 123-86-4 Alfa 1070 1073 43 0. 50
./ Hexanal 66-25-1 Sigma 1090 1081 44 2.28
2-H 3L-1-TAEE  1-Propanol, 2-methyl 78-83-1 Sigma 1100 1092 43 1.02
- Z B THE 1-Butanol,2-methyl-.acetate 624-41-9 Sigma 1120 1126 43 0.42
1-THEE 1-Butanol 71-36-3 Sigma 1173 1147 56 0. 90
ZPRIGTE  Acetic acid, pentyl ester 628-63-7 Alfa 1170 1178 43 0.62
2-FH-1-T % 1-Butanol, 2-methyl- 137-32-6 Alfa 1210 1 206 56 0. 69
E-2-c ¥ E-2-Hexenal 505-57-7 Sigma 1215 1216 41 1. 66
T THE DButanoic acid,butyl ester 109-21-7 Alfa 1210 1222 71 0. 69
2-H I TR THE Butyl 2-methylbutanoate 15706-73-7 Sigma 1 240 1236 57 0.56
1-kF  1-Pentanol 71-410 Sigma 1255 1252 42 0.91
ZFRCTE  Acetic acid, hexyl ester 142-92-7 Sigma 1270 1276 43 0.76
6-H1 JL-5- P& dfi-2-il  5-Hepten-2-one, 6-methyl- 110-93-0 Alfa 1348 1337 108 1.01
IR BE  Propanoic acid, hexyl ester 2445-76-3 Sigma 1330 1 344 57 0.49
1-c i 1-Hexanol 111-27-3 Alfa 1 340 1 354 56 0.58
F Nonanal 124-19-6 Sigma 1400 1394 57 2.81
/R THE Hexanoic acid, butyl ester 626-82-4 Sigma 1410 1415 56 0. 64
T M Butanoic acid, hexyl ester 2639-63-6 Sigma 1410 1419 43 0.72
6- 1 Ke-5- P f-2-l¢  5-Hepten-2-ol, 6-methyl- 1569-60-4 Alfa 1474 1463 95 0.43
K Benzaldehyde 100-52-7 Sigma 1470 1527 108 0.67
C A lE  Hexanoic acid, hexyl ester 6378-65-0 Sigma 1617 1614 43 0.78
oM a-Farnesene 502-61-4 Sigma 1730 1754 93 0.11
R CHE  Octanoic acid, hexyl ester 1117-55-1 Sigma 1 800 1816 84 0.81
1,3-2% . 1,3-Octanediol 23433-05-8  Amatek — 2131 75 1. 84
F-fi#  Nonanoic acid 112-05-0 Sigma 2 140 2 150 73 1.09
W JelE  Farnesol 106-28-5 Alfa 2 356 2 360 69 0.41

HLRIB, HEYIEAE VE-WAXms 3% F A E 550G RIC. € A NIST Chemistry WebBook(http: //webbook. nist. gov/chemistry/) )

B8 CF RLEH F .

Note:RIP. Rentetion index on VF-WAXms Column; RI®. Retenion index from NIST Chemistry WebBook (http://webbook. nist. gov/

chemistry/) ; CF. Correction factor.
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Fig. 1 Mass fraction ratios of different volatile components of‘ Fuji’ apples in seven areas
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Fig. 2 Alcohols, esters,aldehydes and sesquiterpenes concentration during altitudes

and volatile components mass fraction during altitudes
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Table 5 Contribution of volatile components

F 4+ Principal component

TR

Aroma compound 1 2 3 1
2-H J3L-1-AfE  1-Propanol, 2-methyl- 0.418 0. 385 0.801 —0. 048
1-TFE  1-Butanol 0.761 0. 434 0. 379 0.159
2-FH-1-T & 1-Butanol, 2-methyl- 0.292 0. 302 0. 884 0.173
1-C % 1-Hexanol 0.873 0.225 0. 044 0.295
ZFRTTHE Acetic acid, butyl ester 0.799 —0.319 0. 345 0.222
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TR TE  Acetic acid, pentyl ester 0. 200 —0.616 —0.278 0.706
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2B TR THEE Butyl 2-methylbutanoate 0.923 0.185 0.278 —0.172
RO ME  Acetic acid, hexyl ester 0.823 —0. 236 0. 449 0.229
NE2C. g  Propanoic acid, hexyl ester —0.192 —0. 368 —0.015 —0. 885
T M DButanoic acid, hexyl ester 0.963 —0.014 0. 044 0. 140
2—HETMAEE Butanoic acid, 2-methyl-, hexylester 0. 940 —0.052 —0.009 0.081
O % Hexanal 0.239 0.843 0. 445 0.171
f-2-C M E-2-Hexenal 0. 904 0. 300 0. 080 0. 106
6-H1 JL-5-Pid-2-fil  5-Hepten-2-one, 6-methyl- —0.005 —0.230 0.762 —0. 265
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Analysis on Aroma Compounds Difference of
Apple from Different Area of Shaanxi

LLIU Xiaoran, SHI Jinrui, LIU Cuihua, LI Rui, ZHOU Bin,
ZHAGN Yujie and REN Xiaolin

(College of Horticulture, Northwest A&.F University, Yangling Shaanxi 712100, China)

Abstract  To investigate the effect of different altitude on apple aroma constituents, ‘Fuji’ apple
fruits sampled from seven different elevation in Shaanxi province were processed with methyl tert-bu-
tyl ether (MTBE) solvent extraction and measured by gas chromatography-mass spectrometry (GC-
MS). The difference between aroma concentration and categories of these seven regions were also ana-
lyzed. According to the calculation of aroma activity values (OAVs), the main characteristic aroma
compounds in ‘Fuji” apple were 1-butanol, butyl 2-methylacetate, butyl acetate, hexyl acetate, hexyl
2-methylbutanoate, hexanal and E-2-hexenal. The principal component analysis (PCA) based on the
characteristic compounds of seven regions were also performed and showed that these seven regions
could be separated by different PCs. Additionally, the total concentration of aroma compounds in-
creased with the altitude then decreased, peaking at Yulin with total mass fraction of 42 778. 65
ng/kg. The lowest total aroma mass fraction was observed in ‘Fuji’ apple from Hancheng(20 969. 20
ng/ k).

Key words Apple; Gas chromatography-mass spectrometry (GC-MS); Aroma components; Altitude
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