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Identification and comparative analysis of volatile components in peach-

es from four regions

HAO Mingyue, FANG Weichao, CHEN Changwen, WANG Lirong, CAO Ke"
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China)

Abstract: [Objective] Peach is an important widely cultivated fresh fruit variety in China and can be
classified into melting, non-melting, and stony-hard groups based on its flesh characters. Yangshan Shui
Mi and Fenghua Shui Mi are two representatives of white fleshed and soft-melting peaches in the Jiang-
su and Zhejiang province of China. They have a beautiful appearance, rich juice, and sweet and fragrant
flavor. This study was carried out to identify the aroma components and content in these peaches from
Jiangsu and Zhejiang provinces. [Methods] 12 samples from Wuxi, Jiangsu, Hangzhou, Zhejiang and
Ningbo, Zhejiang province were collected with additional 16 white- flesh peaches from Zhengzhou,
Henan province used as controls to detect their volatile compounds and content by using a headspace
solid- phase microextraction combined with gas chromatography-mass spectrometry (HS- SPME-GC-
MS). [Results] A total of 71 volatile components was detected under 7 categories: 8 alcohols, 10 alde-
hydes, 9 terpenes, 13 esters, 6 lactones, 9 ketones, and 16 other components. Among these samples, 1,
6, and 18 had the most types of volatile substances, with 43, 40, and 40 compounds detected, respec-
tively. And samples 27, 11, and 3 had the fewest, with 25, 30, and 30 volatile compounds detected, re-
spectively. However, in terms of absolute content of volatile substances, the three samples with lowest
volatile substance content were 19, 21, and 17, all from Zhengzhou, Henan province, with contents of
23 112.24 pg-kg', 25 887.26 pug-kg', and 26 021.88 pg-kg', respectively. And the three samples with
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high volatile substance content were 3, 11, and 2, Wuxi, Jiangsu and Ningbo, Zhejiang province, with
contents of 62 102.04 pg-kg', 64 926.44 ug-kg', and 71 891.48 pg-kg', respectively. Among the sev-
en major categories of volatile components, aldehydes accounted for the largest proportion, ranging
from 13.72% to 63.84%. The main components were trans-2-hexenal, hexanal, benzaldehyde, and non-
anal. The second group was lactones, accounting for 6.62%—-48.34%, with the main components being
y-decanolactone and J-decanolactone. And the following group were esters, accounting for 0.39% to
14.44%, with the main components being ethyl acetate, octanoic acid ester, and hexyl acetate. To com-
pare the effects of climate environment and cultivation conditions on volatile compounds in peaches, this
study compared and analyzed the components and contents of volatile compounds in samples from four
regions. It was found that 52, 41, 41, and 62 volatile compounds were detected in Wuxi, Jiangsu, Hang-
zhou, Zhejiang, and Fenghua in Zhejiang province, and Zhengzhou in Henan province, respectively. The
total volatile content of the sampled peach varieties was in the range of 23 112.24-71 891.48 pg-kg'',
with an average of 43 062.56 pg - kg'. The average values in Wuxi, Jiangsu province, and Hangzhou,
and Fenghua, Zhejiang province were 47 787.19 ng-kg', 46 785.23 ug-kg', and 59 569.19 ug-kg', re-
spectively, which were significantly higher than that in Zhengzhou, Henan province (36 761.48 ug-kg").
The study found that the aldehydes in peach fruit samples from Zhengzhou, Henan province were signif-
icantly higher than those from the other three regions, reaching 42.99%. The major aldehydes identified
included 2-hexenal, acetaldehyde, and nonanal. However, terpenes in samples from Zhengzhou, Henan
province were significantly lower than from the other three regions, accounting for only 12.52%. Due to
impact of different environments on volatile components in different regions, a common variety (Hu
Jing Mi Lu) from different regions were chosen for comparative analysis. The results showed that linalo-
ol was the main volatile component in the peach, accounting for 24.22%. Next were y-decanolactone, 2-
hexenal, hexanal, 2-Butanone, 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-, and J-decanolactone, accounting
for 17.12%, 12.81%, 6.09%, 6.06%, and 5.36%, respectively. The remaining volatile components were
all less than 5%. Linalool was lower in Hu Jing Mi Lu in Hangzhou, Zhejiang province compared to
that in Wuxi, Jiangsu province and Zhengzhou, Henan province. And two lactones, y-decanolactone and
o-decanolactone, were higher in Wuxi, Jiangsu than that in Hangzhou, Zhejiang and Zhengzhou, Henan
regions. For different volatile components, this study also calculated the Odor Activity Values (OAVs)
of each components according to the previous reported literature, and ultimately identified 25 aroma
components, of which 20 had a higher OAV greater than 1. The largest contributor to aroma was lin-
alool, followed by 2-butanone, 4-(2,6,6-trimethyl- 1-cyclohexen-1-yl)-, trans-f-lonone, hexanal, non-
anal, y-decalactone, and y-dodecalactone, with an average OAV of over 100. And the others were oc-
tanal, ethyl caprylate, benzaldehyde, ethyl acetate, y-octanolactone and J-decalactone, and so on. [Con-
clusion]The results showed that the total amount of volatile compounds in peaches in Jiangsu and Zhe-
jiang regions was relatively higher, as in samples 2, 3, and 11. In terms of different aroma types, peach-
es from these regions, such as samples 9, 12, and 3, contained higher levels of esters and lactones, while
samples 3, 6, and 10 contained more terpenes. These lactones, which present fruity and floral aromas,
might be the reason for the rich flavor in peaches from Jiangsu and Zhejiang provinces. The study pro-
vide reference for selecting elite varieties for crossing breeding targeting improved quality of peaches in
Jiangsu and Zhejiang provinces.
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Table 1 Description of sampling sites and basic fruit traits of the test samples

T R Ve Rt RPAGIE AR R LS

No. Sampling regions Variety name Fruit type Flesh color  Flesh texture  Flesh adherence Flavor

1~5 (LR EBELIK W Wk A [ # it
Huishan District, Wuxi, Jiangsu Hu Jing Mi Lu Peach White Hard melting  Cling Sweet

6 WHLBUHARBX KRE5HH W m bk = T Fh W
Yuhang District, Hangzhou, Zhejiang ~ Reddomun Peach White Hard melting  Cling Rich sweet

7 WHLBUH ARATX B W E bk = e ] i
Yuhang District, Hangzhou, Zhejiang ~ Xin Chuan Zhong Dao ~ Peach White Soft melting  Cling Sweet

8 WL BN ARBTX WIS W E bk = Ty o i
Yuhang District, Hangzhou, Zhejiang ~ Hu Jing Mi Lu Peach White Hard melting  Cling Sweet

9~12 HHTTHAIX BILER wEsk A e # e
Fenghua District, Ningbo, Zhejiang Fenghua Yu Lu Peach White Soft melting  Cling Rich sweet

13 MK KI5 A Wk A LT & et
Guancheng District, Zhengzhou, Henan Reddomun Peach White Hard melting  Cling Rich sweet

14 TR R W Wil i & A
Guancheng District, Zhengzhou, Henan Hu Jing Mi Lu Peach White Hard melting  Cling Sweet

15 TR AP A X LSS Wbk H fifi v o W
Guancheng District, Zhengzhou, Henan Nishino Hakuto Peach White Hard melting  Cling Rich sweet

16 TR R L wak i & e
Guancheng District, Zhengzhou, Henan Feng Lu Peach White Soft melting  Cling Rich sweet

17 WM AR 89 % WE A i & e
Guancheng District, Zhengzhou, Henan Ri 89# Peach White Soft melting  Cling Rich sweet

18 VAR A EIX Kl . Wbk H et [ il
Guancheng District, Zhengzhou, Henan Chang Ling Zao YuLu  Peach White Soft melting  Free Sweet

19 R AR Sk 89 was i # il
Guancheng District, Zhengzhou, Henan Tsukuba 89# Peach White Soft melting  Cling Sour-sweet

20 JATRIERM EIRIX B Wbk H et R it
Guancheng District, Zhengzhou, Henan Yu Hong Peach White Soft melting  Cling Sweet

21 VR AN E X +H Wbk H B R et
Guancheng District, Zhengzhou, Henan Doyo Peach White Soft melting  Cling Rich sweet

22 VRN E X P 19-1 Wbk H fifi v R it
Guancheng District, Zhengzhou, Henan Xi Nong 19-1# Peach White Hard melting  Cling Sweet

23 VRN E X LR Wbk H fii v R W
Guancheng District, Zhengzhou, Henan Aichi Hakuto Peach White Hard melting  Cling Rich sweet

24 VRN E X X1l 500 % Wbk H B R W
Guancheng District, Zhengzhou, Henan Okayama 500# Peach White Soft melting  Cling Rich sweet

25 JTRIERMEIRIX #96-5-38 WrE bk H el 4 it
Guancheng District, Zhengzhou, Henan Zheng 96-5-38# Peach White Soft melting ~ Free Sweet

26 JTRIERMEIRIX T Pk 8801 Wbk H ffiys ) i
Guancheng District, Zhengzhou, Henan Jilin 8801# Peach White Hard melting  Semi-free Sour

27 TR EIRIX kw155 Wbk H ffiys R ilf
Guancheng District, Zhengzhou, Henan Beijing 15# Peach White Hard melting  Cling Sweet

28 VTR EIRIX ARBA/MilBE W E Bk H B R it
Guancheng District, Zhengzhou, Henan Dongxi Xiao Xian Tao ~ Peach White Soft melting  Cling Sweet
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Table 2 Analysis of the contents of major volatile substances in 28 peach fruit samples
% T FHE BKE %ME bt 2 Iﬁ?@‘c
Type Volatile substance Averagi/ Max./ . Min./ . Star}dgrd C0§fﬁc1ent of
(ng-kg"  (ug-kg"  (ug-kg' deviation  variation, CV/%
Ji 1-JX % 1-Pentanol 1.44 40.29 0.00 7.61 5.29
Aleohols 5 147w > Hexenol 34.64 325.13 0.00 82.92 239
5-F 3L-2-BE i 5-Methyl-2-heptanol 2.50 69.87 0.00 1320 529
2-£,%k-1-CL % 2-Ethyl-1-hexanol 621.62  1957.56 0.00 43582 0.70
3-E#¥ 3-Nonanol 318.05 71233 0.00 171.84  0.54
1-2£% 1-Octanol 4822 341.86 0.00 8128  1.69
1E L% n-Nonanol 127.87 638.44 0.00 17474 137
1FZ&0% n-Decanol 2.31 64.73 0.00 12.23 5.29
=S CLA% Hexanal 405029  11231.79 72442 307431  0.76
Aldehydes 5 iy g > Hexenal 6679.81  18663.07 0.00 474462 071
T )&% Nonadienal 35.86 122.27 0.00 43.25 121
S Octanal 65.34 227.58 0.00 7244 111
T-% Nonanal 109478 2 847.66 163.17 681.44  0.62
Z4[% Decanal 13.44 376.24 0.00 71.10 529
7 % Benzaldehyde 255717  13737.41 790.09 265421 1.04
“}+—i% Undecanal 1.69 4732 0.00 894 529
2,4-%% )75 2,4-Decadienal 12.56 230.78 0.00 4848  3.86
-+ J\E& Octadecanal 1.63 45.60 0.00 8.62 5.29
WSS 7RI % Tea Spirox 814.36 1891.48 0.00 58438  0.72
Terpenes s 4my Linalool 5931.70 2783872 0.00 841898 142
a-5EFA ) a-Isopinene 3.86 108.15 0.00 2044 529
o i B a-Terpineol 48.51 262.26 0.00 92.11 1.90
TA-B- % 4] Dihydro-p-violetone 2502.85 5315.41 412,69 1119.54 0.45
% I3 A B Geranylacetone 428.75 1632.27 0.00 33244 0.78
-4 2T f-Volanone 163.49 1203.00 0.00 240.20 1.47
T -p-4 B 2L Dihydro-p-violet alcohol 259.24 911.18 0.00 21979  0.85
K47 Longifoliaceae 6.05 169.43 0.00 32.02 5.29
FES Z.1% 2.1 Ethyl acetate 21.58 388.75 0.00 77.31 3.58
Esters 2.1 C.Ii Hexyl acetate 182.11 983.45 0.00 236.35 1.30
LR BT cis-3-hexenyl acetate 937.10 2 166.75 0.00 508.15 0.54
2- V- 1-Fi £, R 1R 2-Hexen-1-ol acetate 76.22 271.20 0.00 96.69 1.27
SR 2.5 Ethyl caprylate 220.18 3131.61 0.00 591.14  2.68
2.2 %1% Octyl acetate 233 65.28 0.00 1234 529
FH R 7 186 Octyl formate 20.92 252.14 0.00 63.50  3.03
4-Z5 4R T 3L B Methyl 4-decenoate 12.16 165.90 0.00 38.22 3.14
7 IR . Ethyl benzoate 68.65 1365.37 0.00 25830  3.76
Jii -3 - L4 5 3 BRI cis-3-Hexenyl Octanoate 11.99 142.77 0.00 36.63 3.06
22,4- = HIE-1 3R T TR T IR 26.28 445.44 0.00 8824 336
2,2,4-Trimethyl-1,3-pentanediol diisobutyrate
2,2,4- = HIBL RIR-3-FR M S N A 7 T g 10.52 195.20 0.00 38.61 3.67
2,2 4-Trimethylpentanoic acid 3-carboxyisopropyl isobutyl ester
2 H R -3 - CUM I cis-3-Hexenyl Benzoate 12.54 104.33 0.00 3193 2.55
A i y- . B y-caprolactone 176.71 400.08 0.00 119.14 0.67
Lactones ¢ py i y-octanolactone 117.62 261.50 0.00 7574 0.64
7-%% B y-Decalactone 790545 1716490 2004.63 387496  0.49
5-%& A i 0-Decalactone 2071.14  7907.49 43073 147200  0.71
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%2 (&) Table2 (Continued)
K R T¥ME  EKE %‘/Mﬁ bRz Ea‘%?ﬁz
Type Volatile substance Averagci/ Max./ ) Min./ ) Star}dgrd Coc?fﬁment of
(ng-kg"  (ug-kg")  (ug-kg') deviation  variation, CV/%
-1 P9 1i§ y-Dodecalactone 825.25 5176.45 0.00 124206 1.51
g 2C-4- 52 -6~ 1 IR N TR 9.24 153.85 0.00 3457 374
cis-4-Hydroxy-6-dodecenoic acid lactone
[lEES 3£ sec-Octanone 109.85 264.50 63.56 4751 0.43
Ketones 3 g1t 5 pis5-2-i 3-Methyl-5-hepten-2-one 5.56 85.97 0.00 2054 3.69
5-2.3-4-H 3E-5-BE 431 5-Ethyl-4-methyl-5-hepten-3-one 1.34 37.48 0.00 7.08 529
4-%fi] 4-Decanone 3.75 61.84 0.00 13.99  3.73
2% T acetophenone 4.16 4223 0.00 12.25 2.95
3-0F F k- 1 -5 2R I 4.5] 5% -2- il 12.68 355.16 0.00 67.12 529
3-methylene-1-oxaspiro[4.5]decan-2-one
6-1% % -2- M M 6-Pentyl-2-pyrone 74594 255122 0.00 581.63 0.78
Xt £, %7K £, p-Ethylacetophenone 1.79 50.19 0.00 9.49 5.29
X HIii| Benzophenone 81.81 296.45 0.00 6623 0.8l
oAt 8] — B % m-Xylene 268.51 6032.73 0.00 1164.00  4.33
Others 1,2,3,5-V0 H 3£ %5 1,2,3,5-tetramethylbenzene 11.30 316.51 0.00 5982 529
6-5-4-F 32K IR LI 6-Hydro-4-methyl-chroman 7.61 122.19 0.00 28.26 3.71
#%fij Camphor 151.17 1 166.87 0.00 349.16 231
% Naphthalene 818.00  2244.71 282.04 390.13  0.48
7K £ Benzothiazole 27.20 101.05 0.00 37.43 1.38
2-H%:2% 2-methylnaphthalene 239.05 821.86 0.00 17042  0.71
2-£,%:2%% 2-Ethylnaphthalene 110.69 340.79 0.00 78.91 0.71
1,6- - H1 2% 1,6-Dimethylnaphthalene 147.39 1187.52 0.00 260.92 1.77
T A #2 B SR Butylhydroxytoluene 468.62 1607.21 0.00 443 .81 0.95
2,2'- - FREEIE S 2,2'-Dimethylbiphenyl 1.57 43.86 0.00 829 529
3,5- "2 5L % %K 3,5-Dihydroxypentylbenzene 94.23 1104.32 0.00 242.42 2.57
2K IFHRIR Dibenzofuran 429.75 1172.40 168.09 24506  0.57
%j Fluorene 162.43 614.41 0.00 117.75  0.72
2,4- K5 T 525 2,4-Di-tert-butylphenol 358.71 1009.72 90.85 204.13  0.57
T Anthracene 263.43 609.92 0.00 145.69  0.55

Fig2k 6 Fh, BASS O Fb, Hof 16 b A BANEESL 4% K
PED BRI 2E B, BN 1.6 A1 18 4% K W i Rl 2%
%, 5 N 43 .40 F40 s B 4 27 11 F1 3 I8 &
PEV o Bh e d5e b, 5390 9 2530 F1 30 Ff
BBk LS E R B RGN 23 112.24~
71 891.48 png-kg', F14 4 43 062.56 pg - kg'; o 4%

KA & BRAR 3 0 FE S R 58 19, 21%u17,
Bk H B INE X, & 8537 9 23 112.24 pg-kg'

25 887.26 pg-kg' 126 021.88 png-kg'; 3% K LW i
SRR AN T3 L2, R ETL L
B R X R S I T B R R, A
B3 5N 62 102.04 pg - kg' 64 926.44 pg - kg Al
71 891.48 ng-kg' (1o

W FL RIS EAT T BRSSP I 1 o
A A BT, 4 R AR R B SR AR SR B ROK

AR 5 BHON 43.25%~529.15% , Fordr 5-FHEE2-Pifis
X L FER L - BE ST - 57 P8 T I RN 2R =

BiE 45 14 P R 1 B2y 148 S R B0 i FL O (] —
FHR . 2,4-28 &S R HR L B85% .
L RBFTE RS, & &b s K2 %

MR CE D, A 13.72% (3 5 FE § ) ~63.84%
(5 FFESD , FEY TN -2- O  CURE K H
MFEE . HUGENERE, 5N 6.62%(14 S D~
48.34% (9 S HE D , EEY A y- 2 W EEFI 5-25 Y
fo 0l o B N BRI 71.19%F0 18.65%.  FF
PRI, 5 H4.71% (21 5 RE 5 ) ~56.03%(6 5
FEaD , FEY TN AR — A -p- 2% 22
IR 1 A B IS FNRE 2 5 B i e e (IR
NS, EILFI31 340.68 pg kg, K E WL T H
WKCN28%5(24091.62 pg-kg HF1125(24036.6 pg-kg"
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Fig. 1 Volatile matter content of different peach species
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J BT T BT (R 3D EVLH S IR
I T B R B 40 N R 23 ARSI 31 52041
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Table 3 Relative content and number of volatile substances in fruit of peach samples from different regions

m R fi 2k (&S [ S RIEES i 2 HoAb
Sampling region Alcohols Aldehydes Terpenes Esters Lactones Ketones Others
LA T IX 2.81%(5) 23.76%(7) 38.12%(8) 3.10%(9) 23.96%(5) 2.33%(5) 5.91%(13)
Wuxi, Jiangsu(n=5)

WL HLX 2.25%(4) 23.27%(6) 36.88%(7) 2.98%(5) 24.52%(5) 1.73%(3) 8.36%(11)
Hangzhou, Zhejiang(n=3)

W2 X 1.34%(4) 26.88%(6) 28.52%(7) 1.72%(3) 31.96%(6) 2.92%(4) 6.65%C11)
Fenghua, Zhejiang(n=4)

VAT T A A X 3.28%(8) 42.99%(9) 12.52%(7) 4.96%(11)  24.33%(5) 2.06%(8) 9.85%(14)

Zhengzhou, Henan(n=16)

TE BRSBTS IZI X R RE A B . TS 7 S0 R BT RORAZ I X AZ SR R M D R B

Note: The numbers in brackets in the first column indicate the number of peach samples in this region. The numbers in brackets in the last 7 col-

umns of each row indicate the quantity of volatile substances of this category in this region.
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Fig. 2 Comparative analysis of fruit volatile substances in peaches from four regions
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Fig. 3 Comparative analysis of volatiles in fruit of the same variety from three regions

Table 4 Comparison of aroma vigor values of different test samples

F4 FREHERNESEHELR

A E

IR Aroma 7 No.
Aromatic substance threshold/

(ng-kg" 1 2 3 4 5 6 7 8
1- /% 1-Pentanol 4000 0 0 0 0 0 0 0 0
2-£,3k-1-CL % 2-Ethyl-1-hexanol 27 000" 0.04 0.04 0.02 0.02 0.02 0 0.02 0.08
1-2£ % 1-Octanol 110 0 0 0 0 0.50 0 0 1.18
1F%4[% n-Decanol 100" 0 0 0 0 0 0 0 0
CLl Hexanal 5t 413.52 71038 401.92 42922  952.64 408.58 42822  806.14
¥ Octanal 0.7 260.46 0 108.6 9730  117.54 294.92 0 325.12
-/ Nonanal 1.5% 152072 11747  1053.96 429.68 4737  1360.06 165.02 1162.32
Z4W% Decanal 700 0 0 0 0 0 0 0 0
2 HI % Benzaldehyde 3501 6.52 12.54 470 4.84 2.52 2.80 420 2.64
+—% Undecanal 5 9.46 0 0 0 0 0 0 0
J5 %% Linalool 1.5% 529926 18559.14 1109536 3955.02 377216 16693.42 642836 2515.56
A -p-4 % 4B Dihydro-g-violetone G 2085.6 314216 53154 245624 191598 3199.96 2447.96 3324.48
751 3L A B Geranylacetone 601" 2.7 6.94 12.32 4.86 3.32 7.04 2.46 9.28
-4 £ i p-Violanone 0.007 597.18  4292.78  2427.36 0 334262 1942.68 2908.62 0
R .1 Ethyl acetate 5 0 0 0 0 0 0 0 0
2.1 CUE Hexyl acetate 50 2.46 4.08 1.76 1.06 2.38 3.96 22 3.24
LR LT cis-3-hexenyl acetate 131 66.9 166.32 56.22 25.38 79.84 113.04 63.16 46.86
TR £.15 Ethyl caprylate 10" 16.04 0 0 0 6.42 3.74 0 0
PR 3E T Octyl acetate 120 0 0 0 0 0 0 0 0
- LN B y-caprolactone 1600 0.08 0.1 0.1 0 0.1 0 0.06 0.06
7-3F P y-octanolactone 7% 14.26 21.26 36.5 16.38 15.84 13.16 15.80 19.90
7-%% P31 y-Decalactone 1 530.88 89822 1246.1 74876 366.72 538.12  789.68  896.58
-4 9 i 6-Decalactone 1000 15.32 23.9 413 20.48 12.74 1570 2592 34.52
-+ - P y-Dodecalactone 7% 53.94 106.88  140.3 82.14 21.76 2962 9318  132.62
7k 2T Acetophenone 65 0 0 0 0 0 0 0 0
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%4 (4 Table4 (Continued)
S W) Aromatic substance %5 No.
9 10 11 12 13 14 15 16 17 18
1-I% % 1-Pentanol 0 0 0 0 0 0 0 0 0 0
2-Z.3-1-CLF 2-Ethyl-1-hexanol 0.02 0 0.02 0 0.02 0.04 0 0 0.02 0.04
1-3§% 1-Octanol 0 0.56 0 0 3.10 0 0.72 1.48 0.90 0
124 1% n-Decanol 0 0 0 0 0 0 0 0 0 0
CL% Hexanal 634.96 567.20 202898 1014.84 25854  612.66 1181.66  732.18 44546  603.02
8 Octanal 100.80 121.80 0 0 110.52 0 11422 277.60 0 89.16
/% Nonanal 248.24 552.40 182.84  108.78 189844 72028 606.30 1282.16 605.62 612.02
Z& Decanal 0 0 0 0 0 0 0 5.38 0 0
7 H1 % Benzaldehyde 426 226 3.16 5 4.60 6 5.32 5.64 7.28 5.28
~+—# Undecanal 0 0 0 0 0 0 0 0 0 0
75 K1 Linalool 7406 14 107.70 10 286.66 4329.84 1066.88 10511.08 0 0 891.88 0
T -p-4 % 22l Dihydro-g-violetone 4 528.12  3929.10 3020.58 2743.92 269834  412.68 2031.88 2595.66 1169.34 1595.48
7 I ZE A Geranylacetone 13.24 13.62 13.48 5.88 3.58 1.96 5.70 6.54 3.42 4.06
S-22% 241 B-Violanone 17185.78  1100.90 33558 987.64  807.02 0 778.62 1187.12 0 135222
.8 .1 Ethyl acetate 0 0 0 0 0 0 0 0 0 0
2.1 Tl Hexyl acetate 2.02 232 0.80 1.12 2.58 1.64 228 1.76 110 19.66
LR EE TG cis-3-hexeny] acetate 105.96 89.50 3258  43.20 7838  166.68  57.10 80.62 5842  28.12
W% 7.1 Ethyl caprylate 0 0 0 0 17.62 450 1158 2728 1012 16.68
LT Octyl acetate 0 0 0 0 0 0 0 0 0 5.44
y- T\ i y-caprolactone 0 0.08 0.26 0.08 0.24 0.04 0.04 0.10 0.12 0.18
- NI y-octanolactone 0 0 0 19.34 22.66 4.38 4.54 12.32 8.26 30.44
7-%% i y-Decalactone 1 560.44 883.86 471.04 127932 57728 18224 281.24  455.14 284.08 846.40
6-Z% I I 5-Decalactone 79.08 22.08 21.94 37.28 12.92 4.30 7.58 1142 11.26 9.42
-+ i y-Dodecalactone 662.22 321.10 12270 739.50  26.32 7.82 590 10590 84.62 145.64
2K .1 Acetophenone 0 0 0 0.58 0.64 0 0 0 0 0
S W) fi Aromatic substance 5 No.
19 20 21 22 23 24 25 26 27 28
1-J% 8% 1-Pentanol 0 0 0 0.02 0 0 0 0 0 0
2-Z.3#£-1-E. /% 2-Ethyl-1-hexanol 0 0.02  0.04 0.04 0.02 0.02 0.04 0 0.02 0.02
1-2£ ¥ 1-Octanol 0 0 0 0 0 0 1.34 1.02 0 1.46
1E 28 n-Decanol 0.64 0 0 0 0 0 0 0 0 0
TV Hexanal 14488  577.16 55326 16478 1800.08  281.74 224636 1956.74 195550  371.00
% Octanal 217.96 5768 0 148.46  171.38 0 0 0 0 0
T-% Nonanal 1297.60  806.60 581.54 81496  724.18 24234 44782 55858 44120  363.88
24 1% Decanal 0 0 0 0 0 0 0 0 0 0
2K 2 Benzaldehyde 2.70 320 13.56 39.24 4.14 13.82 9.12 3.58 4.68 20.94
+—% Undecanal 0 0 0 0 0 0 0 0 0 0
757 Ml Linalool 622.92 0 0 0 418.98 0 0 0 96.84 0
- % 24 Dihydro-g-violetone 2 077.48 259230 793.50 1323.06 4490.48 2004.02 1813.86 1531.62 2453.46 2387.22
Fr I HE A Geranylacetone 6.30 296 0 4.50 27.20 3.10 9.32 13.68 7.94 4.64
B-45 >4 B-Violanone 0 0 0 7203.80 4964.82 117948 342822 411520 139330  844.78
2.1 7.1 Ethyl acetate 0 0 0 0 0 77.76 0 22.70 0 20.40
L% CUfE Hexyl acetate 0 3.16 292 0 0 6.72 3.86 18.56 222 8.12
LR EET cis-3-hexeny] acetate 103.34 59.00 68.94 0 15.24 76.20 99.32 66.92 58.44 112.72
TR £.18 Ethyl caprylate 16.08 27.16  19.98 0 0 75.22 13.12 16.38 2142 313.16
LR E I Octyl acetate 0 0 0 0 0 0 0 0 0 0
-, N TEE y-caprolactone 0.10 0.12 0 0.20 0.22 0.16 0.22 0.10 0.18 0.14
7-2 P I y-octanolactone 7.54 2112 0 37.36 23.58 20.16 27.94 28.54 24.06 25.14
7-3& i y-Decalactone 277.96 89540 231.16 104550  492.74  757.92  667.66  888.08 79632 1234.08
0-%% Wi 5-Decalactone 434 1822 8.02 25.34 23.24 16.20 17.28 13.00 20.42 26.68
-+ T y-Dodecalactone 99.70 1544  52.08 69.84 0 39.96 14.34 15.58 35.36 76.50
7k 2T Acetophenone 0 0 0 0 0 0.56 0 0 0 0
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Fig. 4 Cluster analysis of the test samples based on the characteristic aroma substances
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