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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/O) 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/0O, 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 varicties 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 2 Analysis of physical and chemical indexes of different varieties of lemon
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* 3 FRIBMATERRIHE L RS GC-MS BRI

Table 3 GC-MS analysis of volatile components of lemon juice of different varieties

gy FEH ot % 3 & E(m=3)(ne/g)
[8]/min iR 4 AH AQ HQ XS
10.32 K Camphene 930.37  1.14+0.03 - - -
25.62 T A M Caryophyllene 1507.95 105.44+4.22 21.04+0.9  3.85+0.12 20.27+0.34
30.99 A AR Guaiene 1596.12 - - 0.12+0.02 -
12.47 o= 2K I Hi o-Phellandrene 1056.75 5.14+0.26  1.630.05 0.26£0.02  0.72+0.08
1136 - 5 s Beta terpinene 1021.37 13.32£0.19 42025 - -
14.62 - S M y-Terpinen 11253 196.23+0.5 96.8+0.81 20.48+0.47 -
12.86 a-F i s o-Terpinene 1069.06 10.49+1.85 2.72+0.24  0.43+0.08 1.2+0.04
12.14 B-F At B-Myrcene 104633 113.15£0.48 21284038  7.83:04  11.8740.15
19.09 2,6-=F F ek Cosmene 126736 0.61+0.11 0:59+0.1 0.14+0.02 -
27.18 oA K a-Cedrene 1533.54  0.28+0.05 - 0.32+0.06 -
30.15 Z XA cis-Thujopsene 1582.44 - p 2.13+0.07 -
29.25 5 M Selinene 1567.82 - - 3.74+0.45 -
29.94 O-AL A 0-Cadinene 157891 . 3u15+0.25 1.2+0.05 1.69+0.11  2.05+0.04
32.04 *AaBH Calamenene 1613.51 - - 0.61+£0.04  0.13+0.02
24.01 - E M a-Gurjunene 1481.46 4 0.15+0.03 - - -
28.95 B-4ri% bk [-Bisabolene 1562.31 247.08+£0.61 10.03£0.77 19.83£0.64 79.28+0.43
14.69 ()3Tt (+)-3-Carene 1 127.35 4 52.73£0.8 - - -
13.97 o-F ¥ a-Ocimene 1104.44 - - 0.39+0.07  0.93+0.16
9.23 b78: Cyclene 953.68 . 2.18+0.37 - - -
24.61 a- 18K M o-Santalene 1491.26  4.4+0.26 0.59+0.06 - -
HE 13.68 B Hi p-Phellandrene 1095.21 - 4.72+0.04 - 0.93+0.16

15.72 AN b Terpinolene 1160.18 75.68+1.55 10+0.32 3.01%0.05 2.69+0.3
20.31 KU Styrene 1306.16 8.69+0.15  3.39+0.16  4.67+0.48  5.52+0.31
2717 TANH Himachalene 1533.36 - - - 1.25£0.17
2678 2,6-—FHXF = | 2,6-Dimethyl 2,6-octadiene 1512.14  1.69+0.3 0.83+£0.03  0.59+0.04 -
13.74 1,5-=F % 3rF =M 1,5-Dimethyl cyclooctadiene 1097.09 - - 0.850.15 -
13.99 B-F 3% trans--Ocimene 110513 3.1340.55  1.81+0.32 - 10.08+0.69
25.78 a=<F AN a-Himachalene 1510.5 - - - 2.2140.22
22.36 a-# EHn a-Copaene 145428 0.41+0.07 - 0.47+0.03 -
10.32 L-3%k M L-Camphene 98821  1.15+0.2 - - -

27.5 o-BL A M (E)-a-Elemene 1538.75 - - - 0.67+0.06
27.19 a-K et RN a-Longipinene 1533.72  0.53£0.09 - - 0.88+0.11
13.45 D-A745 M D-Limonene 1087.87 676.89+1.74 402.51+0.12 207.56+1.69 248.99+1.58
27.71 a- B A M a-Caryophyllene 1542.19 7.28+0.99 - - 2.48+0.44
18.17 CEw S E b trans-Alloocimene 12383 2.7+0.14  1.12+0.03 - 3.17+0.26
9.44 1R-0-J& M 1R-a-Pinene 1089.03 29.57£2.77 531£0.19  0.33£0.06  0.05+0.01
322 6-3-% M delta-3-Carene 3365.68 0.05+0.01 - - -
27.85 MR K B A H cis-Caryophyllene 154457 - 5.25+0.18 - -

112 E - laevo-f-Pinene 101641 135474149 24.45£0.66  0.1940.03 -
2692 (E)-p-Abskth (E)--Famesene 152921 17.8242.16 2324016  1.6540.12  14+0.48
2837 (H)-H A S (+)-Ledene 1553.14  6.73:0.5  2.64+0.11  0.19+0.03 ;
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gk3
g RO o4 %% fr& EEE=3)(g/e)
8] /min G4 AH AQ HQ XS
28.17 O-FBH J-Selinene 1 549.87 - - - 1.68+0.3
21.46 4-% 4-Carene 13429 - - - 0.93+0.12
30.17 e Bisabolene 1582.7 12.26+0.85 - - -
19.88 (E)-7-+wWsi#s  (E)-7-Tetradecene 1 363.28 - 0.05+0.01 - -
26.49 - B A M y-elemene 152224 - - - 2.840.17
Nt 1735.54423.57  624.2845.94 281.33+£5.25 414.78+6.82
29.43 LB A et B Geranyl acetate  1453.24  42.27+0.47 21.15+0.86 - 7.28+0.58
., 3LIs RERAEFEEZEE  Neryl propionate 150426  0.33+0.06 - - -
ik 28.61 LB AR TEES Nerol acetate 143775  130.74+0.66 20.83+0.94 2.12+0.03 5.04+0.37
7.5 LB LB Ethyl Acetate 4.17+0.38 - - -
303 T B A vt Geraniol butyrate 1 532.96 - 0.77+0:14 - -
it 177.51£1.57 42.75+£2.94 2.124+0.03 12.32+0.95
- 23.22 A% B (+)-2-Bornanone 1 398.81 1.2+0.05 - - -
30.41 RKTER Acetophenone 2 014.71 - - - 0.91+0.08
it 1.2+0.05 - - 0.91£0.08
22.13 Kt Decanal 1364.12 8.61+0.63 1.81+0.08 - 31.240.83
25.28 +—m Undecanal 13843 7.19+0.74 1.92+0.09 - 3.57+0.09
sk 15.47 FHE Octanal 761.65 - - - 2.83+0.37
18.91 LES Nonanal 1420.28 17.99+1.85 4.99+0.24 0.1£0.02 -
30.83 HIREE Perilla aldehyde  907.41 5.42%0.17 1.57+0.15 - -
29.03 ArAREE Citral 1583.77  58.3846.28 - 0.21+0.04 86.44+2.00
it 97.5949.67 10.29+0.56 0.31+0.06 123.84+2.3
BmE 41.02 KBy Phenol 1965.65 - - 61.71+£0.77 -
Nt - - 61.71+£0.77 -
23.61 SABET Linalol 1411.46 11.87+0.5 7.01+0.27 1.94+0.04 5.5740.3
424 Aet B Geraniol 2009.58 5+0.88 4.05+0.15 - -
BE& 4096 TR Nerol 1963.6  6.99+1.24 6.4+0.44 - -
19.57 Sk A B Isobornyl alcohol  1282.74  0.52+0.09 - - -
13.76 Hertih A Eucalyptol 1097.78 - 5.97+0.19 0.62+0.11 -
Nt 24.38+2.71 24.2+1.19 2.56+0.15 5.57+0.3
At 2035.02+£37.52 701.52+10.63 286.32+£6.26 556.51£10.37

® 4 TEGMATEEXN SIKEEENER S

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

Jr5 bt BAN“4Y (ug/g)  GC-MS/O £ 4 k34T & A IR M4 ROAVEA

XS AQ AH HQ
1 B AEH 0.1 R 23k 009 006 007 0.1
2 3k Hi 1.86 Hfim A A 0.01 - - -
3 D-Ap A M 0.2 AR, HHEEA 861 689 1061 1171
4 o T A Wi 0.16 FhH KA. HEEA 047 044 078 027
5 ¥ i 0.034 HER 1.13 0.1 0.4 -
6 o-FE N 0.041 AR A 005 044 103 022
7 6 s 41 AR A 001 002 006 0.2
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R4
5 ] BEN4Y (ng/g)  GC-MS/O 24 Ak 34T & A k04 ROAVP
XS AQ AH HQ
8 3-% 4 44 MARE - 0.01  0.08 -
9 B M 0.02 HA A, #E 177 042  1.09  1.06
10 WA AR 0.01 F&H A% - - - 0.19
11 FAEE 0.00022 e, RE, AEEA 100 100 100 100
12 Hevt i BE 0.003 FHHE A RE A - 6.72 - 9.04
13 Licwaiy 0.68 A, R2ZEA. RE 0.1 0.1 0.18 -
14 FHE 0.003 HA 7.01 - - -
15 SIS 0.0011 AR A A - 17.67 4133 294
16 PRI 0.04 AR 9.62 - 774 019
17 KEE 0.003 Mk, FEk, R AgRE 44.8 2.2 4.54 -
18 T etg 0.15 WAEH A, BOA 0.18. 047 043 001
19  TERAETEES 2 A, Ktk 0.0 003 009 001
Er R kAR
:ig; & 6 IR mBEIR E R BT AERE
10+ = AH3 Table 6 Principal component load matrix of lemon quality index
g st "H :‘28; % PCl PC2  PC3
5 3 8 & '§$2 :ﬁg? pH{E  -0.007 0936 -0.352
§ Sl llel2 AHO?2 B 0.062 -0.997 -0.052
*10 AHQ3 EM4 0999 0028 0018
10} & XS1 22
o XS2 El# 0865 0501  0.04
B s D0 5 0 5 10 15 *Xs3 BAEC 0658 -0.681 0322
PC1 (48.44%) %284% 0691 -0.686 -0227
4 FRIER MR S ER S T THE 0599 -048 -0.637
Fig.4 Principal component analysis of lemon volatile components 2 XK 0.9 -0.434 0.038
Er HABRRT AR £ AR A R, #EIF 0972 0236  0.016
Wk 5 s, 3 ASE G Bty 2 sk fE ik 2 F¥HH 0021 0936 0352
100%, Ui B 3 4> 3 ek fie ARG 17 B Sl 5 18 A 1 4 3 A 0983 013 013
G, W&k 6 Prons R PCL T 2 Tk 1E N bWt 0669 0717 -0.197
48.61%, FRUEAE N 826, ENUAE 4. #5 . #r FEE 20269 0911 0313
B TRECL R 5 iR N BB FR AR . T PC2 L8 0954 -0.122 -0273
LA pH fH &80 DL BT RRIE D9 = o i I I ) 2 FAREE 0323 0946 -0.007
PC3 ) EE R 4EFr . R TTERE PR, I7EE FAEEE 0994 0093 0.054
an AR AR EE R AR EEY) . BB pH, R getimiy 001 -0.669 0.744

YRR 7 R AT . Bl YREE. PG
PR T BB S FE A
®5 ITERRRERS S ETHE
Table 5 Variance contribution rate of principal components of

lemon quality

ERG  AFEE FETRREY BB ETREY%
1 8.264 48.611 48.611
2 7.138 41.986 90.597
3 1.599 9.403 100

DL 4 PR B R . pH . FEIRGEL. R
AR Z My, 4ErER C A8 Fibrig oot MR 4L o0 NEi by
YA FERR, BT R RRIEAE . DrmkE N B TR
HAT R LR AR AT LA AT 7T

RAELEG PCA ERU FI T35, B 4 Fiy
BERS R U LEGEER, R T is. R4E PCl
H FAC 1890 s, AH 80 (1.32) HIkZ AQ

(0.12), BRI AH ShFp[E ). [ERREG. #6 B2
Frigf. DL AT RERER T XS FMTHQ, BN AH 5
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AQ R F—FEHIANFIREA, BEF RS 1 HAFEIR KR
FEE. BHERE1S 0 s, WS TR EON R, &
SAE N UL TR E AR T HoAth i Fp,  RISR B 22 e dy
BHIES THER A, T FAC2 1540 Bon XS fhifi 5,
VLB 2 s DL ATIE IS . A &GS AR IS EfrEE
SIS B T AR, BISHIE B AT
WHRIRRS, XS FERUFESNFE, ZHTHEHEZEEH
BERA AN .
#z7 TRISMITENER S EFE

Table 7 Principal component factor scores of four varieties of

lemon
#& FACl FAC2 FAC3 %467F%5 (F) M4
AQ 012 -092 1.8 -0.22 3
AH 132 008 -0.71 0.61 1
HQ -1.04 -053 -094 -0.82 4
XS 04 137 047 0.42 2
3 &g

AH PP R P By S S U T o i Ry
B, AQ YR C TR R . GC-MS Hdli Wontrs
FERVEAIIAT 63 B, TEOUMIE, MK, IR IS
BSSRmYSE, T ma Ry, RELEY. By,
A BB T B RR TR R o I AR IR
E73HT, ROAV>1 [RGB &G04 8 ft, JHerhJs
MRl B AP RIS DAR SR TTIREL
S5 L) 25 R R A AT AT AR AR AR AR 7y = 1
Moy

A AN A AT A B R R . SRR AU i AT
SOV, AREIR: AH SRERRE . Hoe
XS Frig, AH Frig 2RO ITE FER L B B DU
SSRGS, W] AHBENBE S 2R &M, 11 XS
FIRAE FAC2 B/ U R B, Dl XS A G &
THIZAMECEE AN
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