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Abstract; The Guangxi endemic plants Begonia lanternaria, B. longgangensis, B. luzhaiensis, and B. pseudoleprosa

have important ecological value and ornamental potential. This study aims to clarify the composition, content and
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interspecific differences of volatile components in their flowers. In this study, headspace solid-phase microextraction
combined with gas chromatography-mass spectrometry was used to identify and analyze the volatile components of flowers
of four Begonia species. The results were as follows: (1) A total of 56 volatile compounds were detected, including 20
terpenes, 16 other hydrocarbons ( excluding terpenes), 8 alcohols, 1 phenol, 6 esters, 1 amide, and 4 other
compounds. Among them, Terpenoids were the most abundant volatile components in flower samples of B. longgangensis,
B. luzhaiensis and B. pseudoleprosa, whereas alcohols were the most abundant in flower samples of B. lanternaria. (2)
The number of volatile components showed significant differences among species. The richness of volatile components
ranked from high to low was B. longgangensis (27 kinds) , B. pseudoleprosa (22 kinds) , B. luzhaiensis (10 kinds) , and
B. lanternaria (5 kinds). No common volatile components were found among the four species. (3) (Z)-B-ocimene was
significantly enriched in flowers of B. longgangensis and B. luzhaiensis, and might be a major contributor to their
characteristic aroma. In summary, the volatile components of flowers of four Begonia species differ in composition and

relative content, resulting in unique aroma profiles. These results provide references for the evaluation of germplasm

resources, variety breeding, horticultural development, and health tourism related to Begonia plants.
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Table 1  Analysis of volatile components of four Begonia species flowers
o] R B ) ARXF £ Relative content (%)
No. Retention time A% Compound
(min) A B C D E
54 2 Terpenes
1 7.144 (1R)-a-J&%  (1R) -a-pinene — — — — 4.40
2 7.525 #H  Camphene — — — — 2.05
3 8.214 B-URME  B-Pinene — — — 0.35 5.59
4 8.540 B-AH:ME  B-Myrcene — 0.74 1.06 — 22.43
5 8.941 a-/KHEH  a-Phellandrene — — — — 0.75
6 9.288 3-FHE-6-( 1-F 3L 238 TR e — — — — 0.38
3-Methyl-6-( 1-methylethylidene ) cyclohexene
7 9.639 (8$)-(=)#1BM  (S)-(-)-limonene — — — — 42.34
8 9.800 (E)B-Z#H (E)-B-ocimene — 1.72 2.19 1.76 —
9 10.172 (Z2)-B-B ¥k (Z)-B-ocimene — 93.49  92.07 81.72 0.47
10 10.392 A-HR - (1-H 3 Z38) BIF[3.1.0] 24 — — — — 0.37
4-Methyl-1-( 1-methylethyl) bicyclo[ 3.1.0 ] hex-2-ene
11 11.233 B4 Ocimene — 0.04 — — —
12 11.233 (+)-4-84%  (+)-4-Carene — — — — 8.08
13 11.246 3-ZHk-2,5- -1, 4-0 M — — 0.21 — —
3-Ethenyl-2, 5-dimethyl-1,4-hexadiene
14 12.358 1,3,5,5-PUH 3E-1,3-0 O 4 — — 1.28 0.43 —
1,3,5,5-Tetramethyl-1,3-cyclohexadiene
15 12.438 (3E,5E)-2,6-— M1 5:-1,3,5,7-¢ 04 — 0.45 — — —
(3E,5E)-2,6-dimethyl-1,3,5,7-octatetraene
16 12.717 % #4%  Allo-ocimene — 1.23 — — —
17 14.316 1-30 R -4-(1-F L 2 58 ) SR 2 e — 0.05 — — —
1-Methylene-4-( 1-methylethenyl ) cyclohexane
18 21.077 (Z)-B-EHWHs  (Z)-B-farmesene — — 0.78 — —
19 21.086 (E)B-&48WN (E)-B-farnesene — 0.74 — — —
20 22.388 a-%WM  a-Famesene — — — 8.55 —
24 Total — 98.46  97.59  92.81  86.86
HAh R (HEHZERRSM)  Other hydrocarbons ( excluding terpenes)
21 6.328 HKIFFRT M5 Benzocyclobutene — — — — 2.48
22 8.996 5-F3E-1,3,6-F8 =J% 5-Methyl-1,3,6-heptatriene — 0.20 — — —
23 9.571 1,2-%T- "% 1,2-Cyclononadiene — 0.03 — — —
24 9.576 1,8-T- 4t 1,8-Nonadiyne 15.76 — — — —
25 9.588 (E)-1,3-JR =% (E)-1,3-pentadiene — — 0.05 — —
26 10.400 (E)-1,1-Z I 3E-2-(3-H1 -1, 3- 7T T4 4k ) BRI e — 0.33 0.72 — —
(E)-1,1-dimethyl-2-(3-methylbuta-1,3-dien-1-yl ) eyclopropane
27 11.018 T-LIRIEIR[4.2.0] 2E-1-0 — 0.07 — — —

7-Ethenylbicyclo[ 4.2.0 ] oct-1-ene
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gx1
= {4 B i) AHXF 45 Relative content (%)
ri;? Relenli('m time A& Compound
(min) A B C D E
28 11.436 1,3,3- = H3-2-Z I T I — 0.08 — — —
2-Ethenyl-1,3,3-trimethylcyclohexene
29 12.180 3-F L -4- W7 FF DA 3.2.1 ] -2-0 — 0.06 0.37 — —
3-Methyl-4-methylenebicyclo[ 3.2.1 ] oct-2-ene
30 12.447 1,2,3,4,5,88N582% 1,2,3,4,5,8-Hexahydronaphthalene ~ — — — 0.24 —
31 12.722 (1e,28,48,5x)-3,3,6,6-PUH L =3£[3.1.0.0* ] St — — — 0.23 —
(1a,28, 48, 5a)-3, 3, 6, 6-Tetramethyltricyclo [ 3. 1. 0.
0>* Thexane
32 13.090 1,4- "% 1,4-Pentadiene 7.47 0.06 0.21 — —
33 15.301 3,3,6-=H3-1,4-5¢ K 3,3,6-Trimethyl-1,4-heptadiene — 0.03 — — —
34 18.405 4-F3E1 4-B5 M5 4-Methyl-1,4-heptadiene — — — — 0.11
35 20.291 3-NEEIRC M 3-Pentyleyclohexene — — — 0.52 —
36 22.025 1,1-Z N M 1, 1-Dieyclopropylethylene — — — 0.12 —
A1 Total 23.23 0.86 1.35 1.11 2.59
E2Z5 Alcohols
37 10.840 257 0N Kk -a- F L ER P PP — — 0.19 — —
2-Isopropylidene-a-methylcyclopropanemethanol
38 11.584 JFMEBE  Linalool — — — — 1.34
39 13.842 (=) -4l BE (=) -Terpinen-4-ol — — — — 0.15
40 14.269 a-PATHEE  a-Terpineol — — — — 1.99
41 15.314 2-20fi3E-2,5- T -4 LI - 11 — 0.04 — — —
2-Ethenyl-2, 5-dimethyl-4-hexen-1-ol
42 15.999 2,7- B3R 6-5F 1B — — — — 0.54
2,7-Dimethyl-2,6-octadien-1-ol
43 17.276 6-H1%£-1-FilE  6-Methyl-1-heptanol — — — — 0.07
44 17.487 3,6- HASE-9-(2- R L P Bt ) -9- 2 B 45.90 — — — —
3,6-Dimethoxy-9-( 2-phenylethynyl ) -fluoren-9-ol
At Total 45.90 0.04 0.19 — 4.09
3%  Phenols
45 11.432 4-5UTHIE W) 4-tert-Butylphenol — — 0.15 — —
At Total — — 0.15 — —
EE 2K Esters
46 11.593 TERISHERE  Linalyl butyrate — — 0.72 — —
47 11.601 NFRFFHERE  Linalyl propionate — 0.44 — — —
48 16.701 ZER el Boryl acetate — — — — 1.68
49 18.709 ZTRFEAERE  Neryl acetate — — — — 0.34
50 19.225 LR TR Geranyl acetate — — — — 3.89
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Fas 1 FR (] FHXF i Relative content (%)
ij Retention time A& Compound
: ('min) A B C D E
51 19.526 4-HIE-2- AR 2H- (O 05-7-3E (28) -3- B SETT IR g — — — — 0.10
4-Methyl-2-ox0-2H-chromen-7-yl (2E) -3-phenylacrylate
&3 Total — 0.44 0.72 — 6.01
BipZ 2 Amides
52 8.518 (1,27 ,3a) -3-C M 55-2-( 3- 1M WL ) -N-AR LR bE 26.20 — — — —
FH I i
(la,2Z,3a) -3-ethenyl-2-( 3-pentenylidene ) -N-phenyl-
cyclopentanecarboxamide
At Total 26.20 — — _ _
Hft4k &4 Other compounds
53 12.916 FKNE  Benzyl cyanide — — — 6.08 —
54 14.434 1-( AR ) -1,3,5, 7- 3R 0% 4.67 — — — —
1-( Methoxymethyl) -1,3,5,7-cyclooctatetraene
55 17.483 4-(4-F AR ) -2, 6- " FLmENE — 0.17 — — 0.45
4-(4-Chlorophenyl ) -2, 6-diphenylpyridine
56 17.711 4-H R 2 VIR TR 4-Methyl-2-pentenoic acid — 0.03 — — —
3t Total 4.67 0.20 — 6.08 0.45

T A JTRBAESAE ; B, FEBKIRSEMEIE ; C. FEIBKIRSEMEIE ; D. EFERIRSAL; E. B O RAE, —FORARBIM

Note: A. Flower of Begonia lanternaria; B. Male flower of B. longgangensis; C. Female flower of B. longgangensis; D. Flower of B.

luzhaiensis; E. Flower of B. pseudoleprosa. — indicates undetected.

W5 (7.47%) 1-( AL ) -1,3,5,7-50 ¢ 1 f
(4.67%)F11,8-F " HL(15.76% ) , H: v iy Wi Fb it
O3 H AR R T, AR L5 4 Fl

(2) 5 i< BRI 32 . 2 W R 4K o v 246 D i 27
FpAEE VR 53, JHG v R A R E B 23 0 A H 20 Fb
M3 F, —H B EH(2)B-Z i B-A M.
(E)-B-Z ki 1,4- M55 6 Fib W, (Z2)B-
B 0 AE HE 4G R ME A B A X o B e Ik
93.49%F1 92.07% , MEALREA Lo 13 Fl, H 5 &
PR, & i 2 W 3 % i a WAL 1.23% , M4
FEA R M o AR /D A 6 B, AR 5 dE 24708
F 1%, B L nl UL, i 26 F0 8 0 #5 & 1
BT ERT LA — S HES AR,
B LA 2 o . I KRR 5 S AT SRR 5 R
TR HEZ M SA 1 DA WMERESS [1,4-
I (E) -B-Z ]

(3) FEZE K 52 . i Wy PP AL o= b LA U 10
Fh¥E B MR, EEQLE (2)BF WK
(81.72%) .a-BEWEHE (8.55% ) KI5 (6.08% ) Fi

(E)B-Zl(1.76%) . FeA KR 6 Fh H
WA R I 4 B -tk WA R 20

(4) B I RK TR 3 A W b A 2 v ARG Y 22
P kW, BN 4G (S)-(-) A7 5 0
(42.34% ) . B-H H: s (22.43% ) Fl (+)-4-¥ fs
(8.08%) 5, HAFFA BYHE A NERL S 18 i, Horb A
MNEEREN N (S)-(-) AT B, 5K
ST I BK I S E A R 5 B BK O AR LA 1 5
KR IY 0 WA 2 B B-IR M L (Z) -B-% Wid ] 2
i [B-HAEM (Z2)B-Z ik |3 Fh [ B-H A
(2)B-Z e 4-(4-KIK)-2,6- " FIEMENE]
50T RO F T

3 W54 ®

3.1 138

3.1 AREF B ARK MR 0 27 BLA XS
ok it 5 A ) Ak o 4 R M ) TR F 9 4R L HS-
SPME-GC-MS # A, {H 32 7= Hly %k K5 ¥ 5% & 44 R
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A STRBRHEAL ; B, FRBKIRSEMEAE; C. SERKIESMEAE; D. BHEBERAL; E. BUBI RS, T,

A. Flower of Begonia lanternaria; B. Male flower of B. longgangensis; C. Female flower of B. longgangensis; D. Flower of B. luzhaiensis;

E. Flower of B. pseudoleprosa. The same below.

B1 4MBRBEYERERERS LRSS

Fig. 1 Types and proportions of volatile components in flowers of four Begonia species

FERSE I S50 A5 (0 5 ) 45 ) R 2 P 43 D
TRAAAIEZS BN, T & 35% (2021) AR H 5
17 B A A6 B T S I A PR I 4 R MW TR 21
Pl ARESS R (57.12% ) , HooE s (17 43.53% 5 1fif
LA o K OB S5 (ME AR ) N 21 B A AR RO S (i
A6 B R e 500 0 ok 32 Fh A 44 Fh, BAE Fhty
PUEEZ R 3 (50.10% F1 38.22% ) , Wi 5 4 it 48 1k
Yy (kM) 5 R 22 (21.90% A1 20.00% ) , ZE 0%
FIEE (2022) XF T PN 51 Fob ke 435 1) 7 A6 Bk v 352 e 46 70
VKAEIEAT B 9T, e B0 HL R 2 M oy 35 A2 R 2
(65. 10% Fl 62.40%) , 1-3¢ J-3-B 5 M % &
(33.48%H120.78% ) , it {644 K M 4135 63 i, 5L
it B G T T A5 A (2021) A 14 [R) AR )
LA (21 F) X T REIR TAE S 122 5 K&
BACTRAL AR, A, BR IR AT 45 (2022) I BF 9 &
PR, B AL 2R TR B DK AEREA b R Ak A )
R R AL, A R (2025) RS R W, 1L

RO 5 A6 45 1k W DL 26 (16.03%) |\ F2 2
(25.05%) FE25(22.16%) B 25 (16.95%) M+,
L AT UL, ) b 7 M A6 2% B 2B (e WA ) S
HARFORZS (AL VKAL) B 2257 2o X 4 e M il
iR S Bl o S A DR | o N o
(2022) % AR JEE i Tk i S o v AR RK O 5 DA s 28
R FE(75.44%F1 78.61% ) , M Bk Vg % 1 L [Q Bk
FUIRE/ RN R IO I RER 5 ENKR
BN Ay 0 it K S (28 A ) B K U 3R
(23 Ffr) W AR BRI B (21 A | HLERRKIEE % (15
Py o DRG] A (2025 ) M\ SURK I 3 A6 H A I
30 PR ML, A2 A 3 (60.14%) 5 1M 1
IR 4 (56 Fi) FNEL = 2 0 Bk Ui 3 (44 F) H LU
B2 3 (46.90% 1 56.09% ) . ABF5E 5 ik ¢
AR E K B, Bk 5 T R A M iy B A A R
SO AR M T A3 T 0 2 ) o e AR A AR
SR 2 B AR L S RO | R €
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Fig. 2 Principal component analysis
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Fig. 3 Venn diagram analysis of volatile components

in flowers of four Begonia species

R S LA B AR - Bk T 55 329 LA s SR W Jo ol
X5 R SCICAE (2022 ) il A BRE i Bk T S v AR
SE LT N R AR S Tk G N Cileal 1 52
TEBLRE 5 A5 2 il 09 24k b 5 b Bk T 5E 5 RE FE K
HEHEAE o PR R AR R DL S [(Z2) B-2 )

I 10 32 A RO S LRSS [ (S)-(-) kg
I B-HEER ] o 3, IR R Bk IAE 5 R v AR K i
FWLL B-41 P10 | o WE AR A A i 2o . 4T
SRACHE F A6 05 RV DL O X 5 3R e
FIAE (2025 ) I8 1Y 5 R 3 5 1 % 20 3 Bk TR
e R e R o 2 B — S A B Y R
Y BTRP WA [F] 53 80, A B 58 R il s B A5 9
P2/ A AIF 5 LW s 28 0 o 7 5 1 BK O 35 |
JRE FE RIS I P K O S A 4 R R M 1 43 v A
XF o b, R RTE RO S8 th R IR —
S EEENIG, B ROE SR I AT R WL —
PR W 4 R v o b ) i H B S I O A AE
R SRS FEIRE A (2025)
R BRTESEIR) 4 A it B A v A% 1 T 28 R Bl 2 Ak
A0 R B 95.00% , Hoh YZ)2 5 R
(Z) -B-Z s At & ik (78.26+6.50) %, A
LEAE (2025 ) A 0 HS M0 0 05 A R A DL B-AK A M
(77.49% ~80.65% )} £, BLAk, Blik 2855 (2025)
UESZIRM 45 7 PR A 287K SR 2R J s s 24k & )
FXF SN 89.6% ~97.2% , D-Frigdda & Hob i &
BNGY DRGSR i S U R A
91.2%, LMY R G W - A H R EEZ R
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AL R AR S B S, b B 2L A
SRS BCEUIY 2R O B A 4 A
IR LS B2 (32 /D RS, 2002) o 5F i B 5
JREZE RO 5 L) B AR I BT S 5 R ) D W T R
M DX, A B R R U SRR IR B R AR
fd ARy A B L Y A TR A AR AR AE | LSS I A
Uiy () - HE RN K A3 25 4, AN RR L A 4 R M
LI, AN RENE S B AR P A0 0 4 5%, T 2
ESRE Y 0% B A (A G AR L R, 2022)  (Z) B-
BEGAE R B-% Bl Id (1 [6) 43 S M A4, 78 5 B Bk g
RN REFE K FE A8 7 Al &, o] RE A A X A%
K W5 | sk Bt Ha B AR A 3 07 g N B8
R R AHOC TR 5 AN TR IE A X, &
WFIEREAS R B AR 35 R R, A 48 Sy T 1 )8
B N Tk 15 0858 n B8 X 76 A T A6 2 48 % 1
GYTEHE RS A 3K B O R — 4 R T A AR
i i B9 B IR 22— | Be At AT RE S BORE A
K MERRAE IS S5 A ¢, ST RBOE AT LY
J/b B 2 il 2540 G, BRI A AR R B S A T
FIE -5 MR Y A S A B BT SR W A G AT T g
S B S (AR TR ) (BT s BT
WSHOEBESFIFEN SR, A AT A B F A
R ANEW) R 5, A0 5 15 O BRI 35 B AL 9
HRGI T 3-FF k-6 (1-F 3K 23 ) 3R 2 4 45
a3, X R BRI S T AR ) 5 M R P E R T
B AR AL A | W B AR AR e 2E a2
A A WAL A K 58 U5 & R R B AR T T 1
3.1.2 R BB D RS0 % % AL

YRR IEA DAL S (VOCs) 1 ¥ Ak
R T Z =), 78 H AR RSB TG h ii E 2
HEAM, XL 2R/ N G
FEVE T RE A 5 ] A 85 [B) (5 B sS T b i o
VEF (2272 ,2016) | il HLAE 76 £ a5 B 25 fd Rl ARl
A7 B S 1 R 3R R U o0 P R 9 T 4 450
Jre B H T R o AT 5

it A D TS ZREAL I A W 06 1 5 R AR
JE MR A S B AN, FEARBEIE W 4
AL b A T 3 ) 0 S A0 G AR X R
F A B-Z WM L (S)-( =) R A B-H A
Hrp g-F i B A EMNIERER AE (2)-5
(E)-BiF L AR, iz b & AU — R 54
YIBE G 35 DIAE 55 0 (45, 2012)
WEAT — & P MBS TG M E KRR BN

B s At 5 IT b B RN 1. A
A BT B PO PR BT B
JESEAYNE T, C T 2 N TR | BE 24 5
DA KRR AR B A0 v i oh, HEAS R R S Bk
FEAE AR AN R B B — E Y i A
N FHRTBE (20T 45,2023 ), H RER & — Bl I
A A NG BT IR A IR A, TR OB
il 3 AR R R, BAT AR IE PR SRR
PO VB PR AT o3 i ACSHE T (Surendran et
al.,2021; F oo % ,2022) . 4 FF = % (2005)
FEUESE A7 L R 1 362 J A ) R 0 1) 4 2 M Joie )
1 %) BR 8 ( Staphyllococcus epidermidis ) . K I ¥ 1#
( Escherichia coli) 1 H & %2 ¥ H ( Candida
albicans)ﬁ:ﬁﬂ‘ﬁo UE T 5 b BRI 52 | R ZE K B AR
RS (Z)-B-% ke B9 A XS & & o5 s,
SN Ry X TR R ) 0 AR AR Sy R AR AE IR 2
A9 )52 SBUBT R FUAR PR DT SOk . B Ak T
FAET (S) -( =) -Frihe & f s ik 42.34% % 51
AT AR R AR XU R Rt S8 AR5, 36 FT AR M A )
BA T HEMBIG .

LI il K 2 W o B ft E R 1Y 2 RE I HE 3
FEFE 297 A B IR Ul 0y B FH o A B SR I Y
56 PRI R AEY) Boh, Hovh 29 Fif 28 SCHRAG R B
UESE BA B 0 5 A& RRAE R 3 78, 20145 #1303
85,2022 5 5K A, 2025 ), 2Bl A S | WS A P
FKAEY X By 5T AN [ ) Aol R 1) RS
J o AEABOR BRI e B AL T RN B B Y B-
TR (5.59% ) WK HE MY B9 A AR T S5 A4 500 <
KL B-HEEN (22.43%) STRRIE IR F NG, (S)-
(=) -FTBIG (42.34% ) i R B AT B A Ik, 57
B BRI 5 | JEE ZE R S DL A B R F Y (Z) -
B-% Wl g 3, WAk e REAE R e AL AR XS
L 5% W IEAT o-1k WM (8.55%) , L B AT 75
A TRIRAETT B o 2R B e ) 5245 B Ao AT SRR
BT R FE MY BT H HT IR 1Y SRR OE
55 UYEA R AR A A W 00 A T B e ) 2
IRIRI DT BT . X — 2D SCHF T 4 Rk 57
TR SRR O B A S
29 FhIF AR MER BT, 0] (B Bk T S A 1Y
(S)-(=)-F7ihs , LA K S5 i Bk T 36 R G A T 5 4K
i SRR (Z2)B-Z R G bR
YT AR E M, ER, RN E R, N Fr
BM 2 Wy X B KA RO, R R R AR T RE
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B H MR 0 ol ) 22 R X 22 B M OR (A B TE
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EHAESRFEM R 25 b, ARUFR R HS-
SPME-GC-MS B ARTE 4 Fl ™ V4 ¢ A BRI 5 A 1) i
e 56 FHERMERHLLA Y, X Be 85 % 1
BB 8 R BI/INMER IR R 5% X B S (27
o) AR K R 3 (22 B ) | E ZERKIRE 5E (10 Ff)
FVET SRR 3 (5 Fl) | 3X 4 FhRKIE 3% 0 16 25 15 &
PEY I Z A TC A 1A, A8 TR R M LA D
B Bk e F 22, 18 B, 5% b Bk 34 13 Fib
(HEAE) T 6 B (MEAL) FEAHE LY, REZEBE 5 A
6 Flt KT SR AR 5 KA 4 FlRE A By, 5% MR
B R R RN A I RO B S T B A AR
T T SRR 5 ) AR SR BE DS Ay 2 AR
UHRE (1Y) ( Z) -B-2 iy i I 348 00 Ay K g 55 4 % M il
SYRRGE AN T OB I AR AE BT AT SR RO R Y R
P28 B4 U 82 7R 122 D8 AT 40 1T RE A 1 A ke B Uk
AR K R AN S HE T X RO A2
ZREPER R, B8 5 S A 5T 0% 8 A G 15 R
SAVEILE N R GE T B R R, I, X S5 &
PE RS 1) 8 35 22 57 T T AS TR A 28 RO 3 4% H
FEI D5 75 R, B8 Sk BRI T AR 11 b I 9% U
il Rl BT 25 N I & LA R B 3 ik Ui 4 45Tk
WS E . KRBT ] Lt — R R 6] PR 8 4%
AR S B A3 W 5 ), LA R 4 M I A N TR
TN E b () 43 AT B, DU Ol Bk 5 R AR 4 1)
FARR BRI X U S A T & A
L B2 S AE 0 1 T 5 52 1) R A 2 DR 2 L ) 2
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