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Analysis of volatile substances in peels of four citron varieties
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Abstract: [Objective] Systematic comparative analysis of the volatile components in the peel of four
main cultivated citron, screening of the characteristic volatile components in the four citrons and analyz-
ing their differences in aroma substances from the perspective of metabolism are of great significance
for better utilization of the germplasm resource of citron citrus and promoting the development of citrus
essential oil industry. [Methods] The volatile components of YN 1 lemon, Red lemon, Xiangshui lem-
on and Citron peels were detected by low temperature ultrasonic solvent extraction combined with GC-
MS, and compounds were identified with the Xcalibur software and NIST mass spectrometry database
for compound matching, combined with artificial spectrum analysis and comparison with relevant litera-
ture. The content of volatile components was determined by the internal standard method, and the data
were statistically analyzed by WPS Office 2020 software. SPSS 26.0 software was used to analyze the
variance and difference significance of means. Origin 2021 software was used for constructing graphs
with the data, and Simcal4.1 for multivariate statistical analysis to screen the characteristic volatile

components. Partial least square discriminant analysis (PLS-DA) was used to predict the stability and re-
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liability of the data. [Results] There were significant differences in the types and contents of volatile
components in the peel of the four citrons. A total of 85 volatile components were detected in the peels
of YN 1 lemon, Red lemon, Xiangshui lemon and Citron, and 72, 57, 58 and 58 were detected respec-
tively, which fell into 11 classes, including monothenes, sesquiterpenes, monoterpene alcohols, sesqui-
terpene alcohols, monothene aldehydes, aldehydes, esters, alcohols, etc. Monothene substances accumu-
lated significantly, accounting for more than 80% of the total volatile components, among which D-lim-
onene was the highest volatile substance in the peels of the four citrons. Among the 85 volatile compo-
nents detected, 34 were common to the four varieties and they were the typical volatile components of
citrons. The peel of YN 1 lemon contained 9 unique volatile components, and the peel of Red lemon
contained 7 unique volatile components, while no unique volatile components were detected in the
peels of Xiangshui lemon and Citron. YN 1 lemon peel had the highest total volatile component con-
tent (24 554.42 pg- g"), followed by Xiangshui lemon peel with 22 004.48 ug- g, Red lemon peel with
9677.24 ng-g', and Citron peel with the lowest content (6 671.86 ug-g"). Further, by partial least square
discriminant analysis (PLS-DA), the established PLS-DA model could effectively distinguish the vola-
tile components of the four citron varieties. The largest contribution to principal component 1 (PC1)
was D-limonene, followed by citronellal, citral, neral, etc., and the largest contribution to principal com-
ponent 2 (PC2) was f-pinene, followed by y-perpinene, a-pinene, f-myrcene, etc. With VIP=1, p<<0.05
as the basis, 12 volatile components with different characteristics were screened. Among them, D-limo-
nene, y-terpinene, S-pinene, citral, f-myrcene, a-pinene and neral were significantly accumulated in the
peel of YN 1 lemon. (£)-a-bergamotene and a-farnesene accumulated significantly in the peel of Red
lemon, in which (Z)-a-bergamotene was 61.14 times that of YN 1 lemon, 5.11 times that of Xiangshui
lemon and 281.27 times that of Citron, and a-farnesene was unique to the peel of Red lemon. D-limo-
nene and citronellal accumulated significantly in the peel of Xiangshui lemon, especially citronellal,
which was 111.77 times that of YN 1 lemon, 37.35 times that of Red lemon and 814.44 times that of Cit-
ron. Geraniol and perillal accumulated significantly in Citron peel, in which geraniol was 10.57 times
that of YN 1 lemon, 6.17 times that of Xiangshui lemon, and perillal was 3.66 times that of YN 1 lem-
on, and 16.01 times that of Xiangshui lemon. The contents of D-limonene, citral and neral in the peel of
YN 1 lemon and Xiangshui lemon were significantly higher than those of Red lemon and Citron. [Con-
clusion] There were significant differences in the types and contents of volatile components in different
citron citrus peel. Monopetene compounds were the most important volatile components in the peel of
the four kinds of citron varieties. The content and types of volatile components in the peel of YN 1 lem-
on were the highest, and the content and types of volatile components in the peel of citron were the
least. Based on the PLS-DA result, y-terpinene, S-pinene, a-pinene and f-myrcene might be the charac-
teristic volatile components of YN 1 lemon peel; (Z)-a-bergamotene and a-farnesene were characteristic
volatile components of Red lemon peel; citronellal might be used as the characteristic volatile compo-
nent of Xiangshui lemon peel, and geraniol and perillal might be used as the distinctive volatile compo-
nents of Citron peel. YN 1 lemon and Xiangshui lemon had rich aroma components and might be excel-
lent citrus aroma resources.

Key words: Citron; Pericarp; The gas chromatography-mass spectrometry (GC-MS); Volatile compo-

nents; Analyze
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Fig. 1 The fruits of Yunning No. 1 lemon (a), Red lemon (b), Xiangshui lemon (c¢) and Citron (d)
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745 Red lemon
F/KFTHE Xaingshui lemon
¥ Citron

80 70 60 50 40 30 20 10 0
JEE AR Set size

=F7 1 5474 Yunning No. 1 lemon

TXHH

Intersection size

3 4 MAISAHIEREIRE L 1A 5 upset

Fig. 3 The upset pilot of volatile components in the peels of four citrons

18

FhREH
Species quantity

LI A
Monoterpene
aldehydes

PRI I

Monoterpenes

P AR
Monoterpene
alcohols

5 2 0 A
Sesquiterpene
alcohols

(ERRFEH

Sesquiterpenes

M =#7 1 S¥71 Yunning No. 1 lemon
M Z0F71% Red lemon
B /K f745 Xaingshui lemon

O &# Citron
licy [} [ 1 HoAt
Acids Phenols Esters Ketones Others
i3
Aldehydes

B4 4 TG SEEREIE R R M3

Fig.4 The types of volatile components in the peels of four citrons

Fo WNERFHE, ZAF 1 SAE R R 5 i
SERE, N22742.09 pg- g, HIREF KRR
B 18 013.41 pg- g, ZLAFIE R A N9 171.61
ng gl BB R L N6304.05 ug-g's M
MR RYERS Y SR ILE FE , 20715 (94.78%) >
F5(94.49%) > =87 1 5745 (92.62%) > T K15
(81.86%) , it P [A] 72 S R HN 54.34% , ity ot ] 22 S
B3 (p<<0.05),

232 BFEHE DA USIEER PR T
13 Fofu 5 2 0 05 A R M B O 5 TELTAT A B KA T AR

FAGR B PRI 16 8. Hd 4RI ER
YRR AT 9Bl N AT I (2 -o- 10 TR I 04 B
$5 BT W + (2D -B- 5 s« (ED-B-4 55 W ~p-Hi
B a- TR B-LLE LW s a- T IHANAE BFT 15
FrA5E SR B A A I ) 5 - EE VB A  B-FE B A M v a- B
X ~ O-FERA K A AE L0A7 45 S Rz R I 3] 5 A
KA R B ARG I A R MRy . N &
THE A s RAE B KRR P & B,
N 637.83 ng-g’, e H A = KA Ik E S
F7 1578 SR H b g 462,24 pg- gt & HL 4 = k20
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fil] Ketones
0.04%

_/WF Aldehydes
e 025%

& Esters
(;73%?1?“ Icohol:
g - : it 4. Monoterpene alcohols

PG Lﬁ(ﬂdoggtelpen S X! 0.92%, P

2.62%
Sy Monoterpene aldehydes

3.4%

87— 574 Yunning No. 1 lemon

fil] Ketones
0.02%

HoAth Others
0.03%

/ 0.11%
— fi Esters

ﬁfhﬁ‘l?ﬁgl\ligzgzerpenes / -%/024%
e - 1% Aldehydes

0.32%
. PR JAEE Monoterpene alcohols
0.64%

£ ¥ 75 Sesquiterpenes
2.9%

)7 Monoterpene aldehydes
13.87%

/K45 Xiangshui lemon

{574 Sesquiterpenes g)ﬁ(ﬁ;ﬁf%@ Sesquiterpene alcohols
1.88% HAh Others
Jo 09%

HAifiE % Monoterpenes

{525 77 Sesquiterpene alcohols

Hiifi )7 Monoterpenes

fis -l )i i Sesquiterpene alcohols
0.04%

Al [ Ket
L A Monoterpene aldehydg Eg%g/o ones
0

0.74% fik Esters
_/0-09%
HAth Others

— 0.31%

A5 Monoterpene alcohols
94.78% 0.88%

il 4fi Sesquiterpenes
2.33%

21 F745 Red lemon

o e £ 475 Sesquiterpene alcohols
5215 Sesquiterpenes 0.03% duiterp
1.07%

fii Ketones
i 7 Monoterpenofaldehyéles  0.01%
2.01% % Aldehydes

0.06%

HAth Others
—Z— 0.1%
94.49% B —— [ Esters

0.24%

FLiH J75 2 Monoterpene alcohols
1.95%

% Citron

5 4 MISEHBREIEL RS HEEN S E

Fig. 5 The relative contents of volatile components in the peels of four citrons

B s A7 R H N 226.19 pg - gt R TR
ST s AR R TR R N 71.67 ng-g ' 2
SRRy« b BIE R TR BRI )
BRI (2.90%) > 44715 (2.33%) > = kr 1 5
FrEE (1.88%) > F 15 (1.07%) « A2 53 REUN 71.68%,
Al PP ) 22 57 1 3 (p<<0.05) .

233 ERHEER TEoiT I SITE . OB EK
FPAGE 2 45 SR B AP AR ARSI HE 134894 11 o 5 4
B R RSy o Horh 4 S Rh AT 1oy B 4%,
(Z)-B-KATHEE 75 FEBE | o- P T IE (- B i — 15
X7 -1(7), 8C10)- —Jfi-9-FEAXAE =47 1 FHTIE R
B HoRS I B 5 LT B B KT R AR AR D
HAREA RIS o B BT A , B I I R AE
I 1SR R S ER %, 822546 pg-g', 2
W RFEME A Hik2E&EKITERES A
141.53 pg- gy & HH VRN s R R R
130.17 pg- gy /2 H 28 = KIAoy s b R
Ry 84.74 ng- g, R = RIH Iy K
MAERMERS SRS FE, F(1.95%) > =
F7 15 F7 85 (0.92%) > L0115 (0.88% ) > 75 /K i 15
(0.64%) o 75 5 RHUN 40.35% , & Rl ] 2 5 5 3%

(p<<0.05),

234 AEFFEMBEE  AFPMIBSNIAE R
A0 I B R, R M R4 B 1 0.03% ~
0.11%. £Z=HT 1 SHHE M8 B KI5 B S%E
B ARSI 624 3 PPl izt . KR a g
AR A LR AR KR HEREREE ST 1S
Frage SR Ak M B s 204748 LB B KT IR R R
HRK R EIERME RS . WS BT HE 520
W B RTE AR B & B, N 24.04 g g
HUGE BT VSR b 22.58 pg- g FTIE R
372 pg- g AR AR N 1.96 ng- g
M R R M A SR B, KT
(0.11%) > = 1 1 5 1 £ (0.09% ) > 20 17 &
(0.04%) > F1#£(0.03%) . 2553 R HHN 90.68% , i il
) % 57 5.3 (p<<0.05).

235 HREMEER FLGEJERERIEIX 4 PR
MERE RS ERE, SRR B 2R 0.74%~
13.87%. fE AT 1 S LTI & KFT R &5
TR AR ORI 4.3 .43 FlRGE RS 2K, Ho
AN TSR LA 2 B, A S BERAT RIS s AT
RN MAR IR Wiy M G &N B N Ak
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AR o WS ETHE , Sl I 8RR
KBRS R E, 305116 pg-g', HAAIE
RS & I 13.87% , A2 A KT A X ) HoA 3
A b ol ) 32 B R M R A LA ORI
HIRR T | SR N 834.79 ng- g, 5 4%
R B IR 3.40% , A2 AR ORIy s B
B R R 133,78 ng- gy A IE R MR S R
2.01% , A& A R AL Ir s SRR L0A7 A S
7166 pg- gty SRR MRS B 1) 0.74%, & H
TR s P E P BT KIT R &
BRI B, Sk 2 466.85 pg- g 5w KA R
B R R Y SR 11.21%, )8 T 55 — KIER M
DRI e sl IR R AR R - S & A i
R, RS SER 11177 15 AT B 37.35
I 814.44 15 . B 57 RHUN 136.46% , fi B
F) 2 57 . 3 (p<<0.05) .

23.6 EEER ARSI R B PR RO
2R 0 B, o5 HE R PE R B R 0.06% ~
0.78%. TEZ=AT 1 SHH LA B KA B i R
FerF AR UK Y 8.7 4 4 FhBE 5. Hirb 44N fh AP L
BIERMER S 3T, N Tl IR0+ — W ; R A AE
R LSRR IR R RELL AT R
H I B s B4 A KA S B A ARSI R 4
KRR NEETTE, BRI ERE &
R, N 7539 pg gty ORI R MR S RN
0.78% ; H R AE B KT R 114 69.64 pg-g's
SRR VE RS S 0.32% s 15 547 1 578 51 iz v
96038 pg- gy AR RS 19 0.25% s S AR AT
FGRFN3.69 ng- gy 5 RIE R MR A T
0.06%. 755 ZEN 60.08% , fh A A 2 5 8 E (p<
0.05).

237 BRE AR ME—ATIN R A R PR L
B AAER AN BB R PR, S ERMb . 7
BRI R E T 076 png-g's G RIERMER DS
H10.003 5%; FERBE R LT 240 pg- g’ 5 AHE
Ry & B 0.036%. 285 RN 143.44%,
b l|) 22 7 2 3 (p<<0.05)

238 B A BEEE RN ME AT ORI R IR
MUy, RIE AT 1 S B G R ER & &
Mo IR VSR N 0.84 pg-g', HEIER
PER AT 811.0.003 4% FEF R N0.77 ug- g
HORE RS SR 0.012%. R RN

115.71%, dt A a] 22 57 2. 25 (p<<0.05) -
239 BEE A FIMIGSENIG R IR R TR
Big /b, 4 R M Ay 8 119 0.09%~0.71% . 1E
AT 1S AT B KA B R R AR TS
M 6.2.4 3 FPERZE . FHorb 4N LG o 1 Fh,
R 2-FHESE G F e s S A B S 5 TR S AR R R A
ST VST R R s 278 B B KT
R AR BRI R . NS BITHE B
KIERHT VAR b & B s, 17491 pg-g's
ORI R ME R S R 0.71% s HORAE & KT B
Feroh53.50 pg- gt R R A B 1K 0.24%
TR N16.10 pg-g', 5 BIERMERS & &
[10.24% ; AR R AELLATE R PN 849 pg-g',
SRR MR &R 110.09%. 225 REUN121.73%,
i e ) 22 57 35 2 (p<<0.05) &
2310 BRE 4 FPA R A AE S B HE R M A
BRI D o5 R RS B B 1 0.01%~0.06% -
TE AT 1S A7 A5 S B rhoAS DN HE A i« SH AR 7- FF 4
R GHKIM, HE NG99 ng- g FELLAT B B rh
oW Y 5- 20 FE-2(5H)- MK R il FN 7- FE AR R AR R 2
B, &8N S.T70 g g S TEFKITE HFBREH R
fril o 7- AR F TR LM, S 08520 pg-g's
0.86 ug-g's R RBUN64.34%, i Fhla) 2 7 B 2E
(p<<0.05).
2311 FAe 4 PGSR AE B R b A 3 H
by B R DI 5 1 A 1) 0.03%~0.31%. TE=F7 1
ST R R AR  6- SR\ 2-
F B3Rl SR N 22.14 pg - g AELLAT R SR K
HAL- AR5, 8- L+ kL 6-H I+ )\t 2-
HIE - ILke 4 B, & 8N 29.75 ng - g 1 B K AP I
B I AR- e 6- IR )\ 2 Fh, S B A
741 pg- g s AEFGAR B At 6-F - \be  2-
3L ke 2 Fl, S BN 640 png-g's BRAEN
69.59% , i ] 22 57 . 3 (p<<0.05) o
24 AMMABEHBREEAMRIEENESS
#r

DS H 1 85 R4 R MR & R AR R B 5
B, 4 PpoH R ARG G MR v B AR & it SIM-
CA.14.1 1 fl f5 /> — Ffe 3% ) 31 4> Mt (PLS-DA,
6). KX ALTEMAIEIR (R N1, HEE
LA F8 B (Ry2) 4 0.999, 1 7Y F il 15 %1 (Q2) Ky
0.999. Rx2.Ry2.Q2 34K T 0.9, K I ALN {5 AL
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BX KRR Y BRI ), LR
R TR0 L A 5 1) T B A7 5 12 A R UL & SR T 4
2, 23200 KCE WAL, 1 6-A B, Q2 7l )H
2 5 MR N T 0, BT R R A S LA
BRI AE A 20, N R Z 4 B mT F T 0X 4 R iR i
R o

BT S AR A b 2 1 (PCD BT Z 5Tk RN
69.1% , = il 73 2 (PC2) [ 77 22 DU ik R N 28.4% , %
5 Z TRk N 97.50% , H: RE W5 X 3R BoE B Ak
PLER — 32 e AER 32 43 M el A A b 28 ST
IR R VEAL A W (1) A DG PR 43 23 B A 1 ] CFE 6-
B~C) , R IAE i B AR BLBE 7E 95% [ B A5 X I Y, %
FE S RILH B B0 R R RIS B AR R
i BH 42 37 1) PLS-DA 5 B4 AT X 4 A 5 A dE AT 40 2
1 & 6-B FT DL Y, 4 A A 45 S & R 115 2 1
B EAS R G PR TR — A R 1 32 20 45 43 B0

FEEMERE . {EPCI L, 4 AN FIAG AT 5 Fh AT DL
B X 43 s fE PC2 by 47 1 S AP LA & K
FrE MG — @ X5 B, KB GA
RESE A iEAT X 20 o Ui W 4 Fh MM MG IR B 48 &
PR R A7 AE — & X 51, AT LA SE IR 4 AN #0 S A
FhRE S0 A ALK 4 o R v B — 24 B A
5 U I A o 2 S o BT E B .
6-C 1] LA i, X PC1 BT Mk B K 1 /2 D-Fr 8 4 5 K
PR HF B B LRSS, v] LA PCLARR
(12 D-Fr M & B AT RIS A A
(R FE A B2y 5 K PC2 BT ik B K 2 A s 1K Ik 2
- KA VA < - R M < B- TR M 55, TR Ik PC2 AR 3R T LA
I~y T I o= VR I < B- TR M 55 N B R4 R P

93

I PLS-DA 1745 & 4% 5 8 2 & (VIP) 43 AT A
[ 42 P 20 X6t 4 b A A SRME A TR i A R P DR 2

A ORrR2 HQ2
1.0 o D
150
i I P 100
o6t | W _ ..
_____ ' ,/" < 50 Xs1
0.4 P | S -
" o o XY3 R2
0.2 g e E 5
g -50
0.0 v = = Vg
,;’ _ Y2
02 L H E 100 v3
04 E ] -150
0.6 -200
0 02 0.4 0.6 0.8 10 -300 -200 -100 0 100 200 300
PC1(69.1%)
c 067 o5
L LK)
04r
02r ict
§ L - 10
oo
g 00 s
I L
@)
&~ —02r
-0.4F e
70.6 1 1 1 1 1 1 1 1
-0.2 0 0.2 0.4 0.6 0.8 1.0

PC1(69.1%)

A:R2=(0.0,0.266) ; Q2=(0.0,-0.394) ; 200 permutations 4 components; B: Y. 7 1 5471 : R. ZLA75 : XS, F K71 XY, &# . citronEl-
lipse: Hotelling”s T2 (95%); 45 [A £ 1.
A: R2=(0.0, 0.266);Q2=(0.0, —0.394);200 permutations 4 components; B: Y. Yunning No. 1 lemon;R. Red lemon; XS. Xiangshui lemon; XY. Cit-
ron. Ellipse: Hotelling’s T2 (95%). The number of Fig. C are same Table 1.

6 4 MG R AIE R MR S PLS-DA AR R A2 N IGIELE R (A) 1557 Bl (B) RIGTEHE (C)
Fig. 6 The results of permutation test (A), score scatter plot (B) and loading scatter plot (C) for PLS-DA analysis of volatile

components in the peels of four citrons
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(£ Do W p<0.05 H VIP=1 HbsitE, ik =47 1
ST LTI A AT B R R 4 R M R 22
SRR R M B 5) » FEOR G B 12 Fh 22 A IE 38 R
B (3R 2D, 43 il A D-F7AGE M - R A% e M B- Tk
Wi~ - TR ~ (2D -a- (T AT A -G B s 7 P
o B NTIE IS VKD R RS JRARYE L B E A A
Bt Wl 7R, o8 1SR K+ D-i7E
Wi~ y-AR TS AR TR B B-TR M - DRI P AE TS
SEREERE,MAE a-&& X, 2 I H 821
AR TR B R s L0478 S K (2D -o- 0 T A 3 4

o ENIE G EREN R REA o- &G WM A

.
A RN, R I MR B T A R
A 5 B AKFT R B D-Fr I B 5P i R B E
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Table 2 The volatile components of peel characteristics to the four citrons

FF5 D% AR R iR L plE
Number Compounds Odor description VIP p-value
1 D-F715)% D-limonene MG F745 FS. Citrus, lemon aroma 4.82 1.35E-10
2 y-FATH )% y-terpinene A4 FrE < Citrus, lemon aroma 3.96 4.50E-11
3 127 Sabinene FA A # Turpentine, Wood aroma 3.80 2.89E-12
4 7 2F I Citronellal H 9L AWk Strong citronella smell 2.81 1.14E-12
5 FrIEEE o-citral WAR K45 & Wk Strong lemon scent 1.72 4.84E-12
6 M- Geraniol AR B SRUS Mild, sweet rose smell 1.32 2.84E-11
7 (D) -a-FAM M (2)-o-bergamotene TEHHIAEE A Fresh fragrance, fruit aroma 1.28 1.81E-10
8 B-IR M p-pinene FAZR B4 i # < Pine , resin aroma 1.22 1.59E-13
9 a-JE M a-pinene AR SR Costustoot aroma, sweet smell 1.21 2.64E-11
10 a-% 5 M a-farnesene M%7 £ Citrus, fragrance 1.05 1.26E-10
11 295 Perillal 95 E A Perilla, fragrant aroma 1.04 4.12E-09
12 FEAEEE Neral WABATEE A Intense lemon smell 1.01 5.84E-13

AL Neral

2L 51 Perillal

a4 Wi a-farnesene
a-JR M a-pinene
B-TR M5 p-pinene

(D) -a-fFAtM M (2)-0-bergamotene
B Geraniol

Fr g% o-citral

72T Citronellal
1J# Sabinene

y-FA T H y-terpinene

D-F# i D-limonene

=i 1B TR KT fi s
YunningNo. I lemon Red lemon  Xaingshui lemon  Citron
7 4 MARSSAHER B HEE SR & M Ak 2 A E

Fig. 7 The heat map of characteristic volatile components in the peels of four citrons
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