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Abstract: The aim of this study was to analyze the differences in flavor across different lemon varieties using various techniques and
multivariate statistical methods. Gas chromatography—mass spectrometry/olfactometer (GC-MS/0) and electronic nose were used to investigate
the volatile flavor components in different lemon varieties. The comprehensive scores of the physical and chemical characteristics and odors of
different varieties of lemons were evaluated by calculating the comprehensive evaluation function in principal component analysis (PCA). The
results showed that the electronic nose-based PCA could better distinguish different lemon varieties. Sixty-five volatile flavor components were
detected using GC-MS/0, including forty-six alkenes, six aldehydes, five alcohols, five esters, two ketones, and one phenol. Eight flavor
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components with relative odor activity values greater than one, including limonene, farnesene, linalool, eucalyptol, octanal, nonanal, citral, and

decanal, were detected in different lemon varieties as key odor components. The highest overall score was obtained for Anhuang lemon,

followed by Xiangshui lemon, indicating that Anyue yellow lemon has better physical and chemical characteristics and odor. These findings can

be applied to traceability identification and quality analysis for lemons and provides theoretical support for comprehensive utilization of lemons.

Key words: lemon; flavor composition; gas chromatography-mass spectrometry/olfactometer; electronic nose; relative odor activity value;

partial least squares-discriminant analysis (PLS-DA)
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Table 3 GC-MS analysis of volatile components of lemon juice of different varieties
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2943 ZEidetds Geranylacetate 145324 42274047 21.15+£0.86 - 7.28+0.58
., 3LIS MEFHEEEAE  Neryl propionate 150426 0334006 - - -
R 28.61  ZERAETEER Nerolacetate  1437.75  130.7420.66  20.83£094  2.12:0.03  5.04+0.37
75 LB EE Ethyl Acetate 4.17+0.38 - - -
303 TagForEE  Geraniol butyrate 153296 - 0.77+0.14 - -
it 177.5141.57 42754294 2122003 12324095
. 23.22 EEai) (+)-2-Bornanone 1 39881 1.240.05 5 - -
30.41 A Acetophenone 2 014.71 £ E 2 0.91+0.08
it 1.240.03 - g 0.91+0.08
22.13 b s Decanal 136412 8612063 1.810.08 - 31.2+0.83
25.28 +—f Undecanal 13843 7.1940.74 1.920.09 - 3.57+0.09
L 1547 i Octanal 761.65 : 2 L 2.83+0.37
i 18.91 13 Nonanal 142028  17.99+1 85 4.99+0.24 0.140.02 =
30.83 4 A Perilla aldehyde  907.41 5.42+0.17 1.57+0.15 P -
29.03 ATEEE Citral 158377 58384628 = 0212004  86.44+2.00
it 97.59+9.67 10.29£0.56 0312006  123.8442.3
B 41.02 iy Phenol 1 965.65 2 i 61.71+0.77 -
it - - 61.710.77 -
23.61 LA} Linalol 141146 11.87+05 7.014027 1.94:+0.04 557403
424 FotEg Geraniol 2 009.58 5+0.88 4.0540.15 - -
ARE 4096 {57688 Nerol 19636  6.99+£1.24 6.4+0.44 g :
19.57 Rk KB Isobomyl aleohol 1 282,74 0.52+0.09 - 2 =
13.76 vt b s Eucalyptol 109778 . 597£0.19  0.62:0.11 5
Jrit 24384271 2424119 2562015 557403
it 2035.02437.52 701.52+10.63 286.32+6.26 556.51+10.37

4 TESMITSIET SR EE HAER S

Table 4 Results of the relative odour activity values of lemon juice of different varieties

Bg o eddr RMEMMige)  GC-MS/O 254 Sk ATE S ik 0 RbAH

XS AQ AH HQ
1 Fl#E#5 0.1 ey 3 009 006 007 0.1
2 P 1.86 HNEH A 0.01 . 2 -
3 DA A b 0.2 A, ATHREA 861 689 1061 117
4 -7 Hr b 0.16 FEH. RE. MiGER 047 044 078 027
5 L 0.034 HrE & 1.13 0.1 0.4 .
6 o-TR I 0.041 te A A 0.05 0.44 1.03 0.22
7 % i 41 EHY 001 002 006 002
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k4
BS  fubd EE i ugle)  GC-MS/O 854 LAkt 47 A Ahig 10 st
XS AQ AH HO
8 3-8k 44 A 0.01 0.08 -
9 e e 0.02 FE&. L& #F .77 042 .09  1.06
10 A AH 0.01 FEHRR - - 0.19
11 FiEaE 0.00022 tEF, A AFEFL 100 100 100 100
12 Fizet i A% 0.003 FHEFAANEE A 6.72 - 9.04
13 fafeas 0.68 i, KEFA. BEF 0.1 0.1 0.18 -
14 i 0.003 HE 7.01 - - -
15 =i 0.0011 HAREF A 1767 4133 294
16 AP 0.04 AT AL 9.62 - 7.74 0.19
17 B 0.003 HAfiek, FHEok, RRFAeRE 44.8 22 4.54 2
18 ZBEFetEs 0.13 IR, HOLE 0.18 047 043 001
19  ZREEIEES 2 R, RIEH 0.01 0.03 0.09 0.01
PERIRSS G F ¥ i
| iﬁé = 6 SRR E R S A TER
10 a AH3 Table 6 Principal component load matrix of lemon quality index
g st 0473, ::g; M4 PCI PC2  PC3
E o 8 6 ‘3]‘1.3 «AQ3 pH{L  -0.007 0936 -0.352
o A BB 0062 0997 -0.052
9] sL 11#12 aHO2
*10 AHQ3 B4 0999 0028 0018
aer :ig; El& 0865 0501  0.04
B T T e S T TR @AFC 0658 0681 0322
PC1 (48.44%) 84E 0691 068 -0.227
E 4 triFE LRSI ER S SR THE 0599 048 -0.637
Fig.4 Principal component analysis of lemon volatile components FREAE 09 -0434 0038
i HERATAT AR L, AR S R, BEF 0972 0236 0016
mE 5 fras, 3 EMG RIF T ETERELE FHH 0021 0936 0352
100%, 1 3 R REANER 17 FhabE fE baa 24 FriRiE 0983 013 013
58, N3k 6 s, £ PCl HETEVEN EAAHE 0669 0717 0197
48.61%, FSE{EN 8.26, ELLETEY. BEH. i F8 0209 0911 0313
Bk, TRECL RS HRLA £ BEMIRER. T PC2 E =4 0954 12 027
B pH A PG LA AT RN 3o B il B ) 2 FriREE 0323 0946 -0.007
PC3 WyEZERZmdRr. MRAETEN R, FERER FAEE: 0994 0093 0054
an AR bR EE R RE M E . BEE . pH, R HetibBi 001 -0.669 0744

PR BRRL 7 1 ERFTR M. £8E. FSHERE. Z 8
DA B by e S5 AR A -
5 ITERREN S EREE
Table 5 Variance contribution rate of principal components of

lemon quality

EmA A FETAREN ERFETREN
1 8.264 48.611 48611
2 7.138 41.986 90.597
3 1.599 9.403 100

DL 4 Fibri A SRR, pH . FRRH. EEY
VARZW. 4% C Al 8 Frigoc R Rk 7 i s
PR bR, AT ERRMRIEE . STk R E i Tk
HHEG B MR A AT 17

WAELE S PCA £ TS, B 4 Fpfr
¥ ER D0 LR ERGR5r, R 7 Frn. 84 PCI
T FACI 340, AH #3408 s (1.32) HIOR AQ

(0.12), BIZEHH AH SR, BRgth. BT,
Frigfd. TRELLR SRR T XS M HQ, AN AH H
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WS G LRI . & SR SE AR R
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®7 FRGMTENERSEFSSH

Table 7 Principal component factor scores of four varieties of

lemon
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3 g
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