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Abstract |

Floral scent emitted from many plants is the critical factors for pollinator attraction and defense for
adaptation in environments. The fragrance components of flowers are different in composition by
geographical origins, climate factors and the development stages of flowers. In the present study,
we investigated the volatile-floral compounds in flowers of Robinia pseudoacacia L. and defined
the chemical contribution for flowering periods. The volatile compounds analysis was performed by
gas chromatography with mass selective detector after solid phase microextraction (SPME). We
reported different compositional features of fragrance compounds according to flowering periods.
The abundant compounds identified in stage 1 were a-pinene (66.80%) and B-pinene (26.53%).
Those of the stage 2 were (2)-pB-ocimene (37.57%), a-pinene (15.16%), benzaldehyde (16.63%),
linalool (12.13%). The volatiles of stage 3 comprised an abundance of (Z)-g-ocimene (64.94%),
a-pinene (9.84%), linalool (8.92%), benzaldehyde (1.71%). Leaf volatiles were distinct from those in
the reproductive plant parts by their high relative amount of (E)-pB-ocimene (23.50%) and (Z2)-3-
Hexenyl acetate (27.87%). Differences in flower scents of the different stages and leaves are
discussed in light of biochemical constraints on volatile chemical synthesis and of the role of flower
scent in evolutionary ecology of R. pseudoacacia.

Key words: Robinia pseudoacacia L., Fragrance, Flowering periods, (Z)-p-ocimene, Linalool,
Benzaldehyde
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o7t AU (Robinia psedoacacia L.)+= 5-3}o <35}
£ HaRR R QA Sl ol 27
O] - Hoju 27 59 =2 AAAH
U= FEoltth fEluEAE A=
0B 2F0z A ofF
o} S glute} ofE AYALEk ]
0% AFA|8k= T2 QA E o UTthLee ef
al., 2004). o] =gt X—i Za oz ol olrtA Lt
o 2o e A B4 e g AT RS A 2
2 o] FOo|A FAA|T ofFFAI O] - et B
st 59 g = Qs HE PAikaro] 7Hasto]
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Z(Simultaneous Distillation and Extraction, SDE) ;EJ'X] =
0] 83} o} ZFA U 22 @ o] F A E-S linalool,

phenyl ethylacohol, methyl anthranilate, 1-hexanol, & 3-

Methyl pyridine ©. 2 X 31%] ] th(Bhalla and Bajpai,
2017). T3+ 31X A} =5 (Solid-phase microextraction,
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Solid phase microextraction (SPME)®oj| 2|t
ALY BINEE BN

OPZRAILHE 20| S 9F7] /42 SPMER] &=
FEoFTh. 714+ 9 &2 SPME Holder
(Supelco™ Solid Phase Microextraction Fiber Holder,
Supelco, Inc., Bellofonte, PA, USA)<]| Polydimethylsiloxane
(PDMS) fiber (100um coating thickness)S 114 5o A}
25131 t}. SPME-8- 20mL, headspace crimp vial (Agilent
Technologies Inc., CA, USA)o|| Z}Z+o] Al 2g4] AlTF
Sto] @il |, 50°C hot plateo]| A] 304 WF2| 5l =5
A A3 & Crlmp cap(20mm HS AL Crimp, Agilent
Technologies, Inc.)S ©]-&35}o] WE3} . SPME
fiber2 3|4 F7] A Hol wZA7]7] A, WA
SPME fiberE- 250°C GC injection portof] 4] 108 591 &+
A3} 519t &A1 3} E SPME fiber2] needleS vial 2]
headspace’dof| 41¢1510] 605 F2F =EA|A FHHA
B9 SZAF T S2H fiber= S A GC-MS injector
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Gas chromatography analysis

Sk =212 7890B gas chromatography(Agilent
Technologies Inc)& ©]-&5}o] HE2|5F3t) o] F5A) 7]
A= AEg7tE ARSEAL, 17/ H(Column) & 2=
HP-5MS, 30m X 250um X 0.25um-2- A3} 4ct 29
O] 2% 1=40°C ol A 5E2F FAIAIX] $ 250°C7HA]
6°C/min®] =2 £& 319}l 442 Im/mino 2
%A 5}+9Ith GC-MSE-4] &%) = 7890B2} 5977B mass
selective detector 7} A A A ALgstg o BA %
AL &3t 2} GC ZO‘—TL L% = 250°C, mass
range+= 50-550 m/z, linear velocity+= 36.262 cm/sec,
ionization voltage'= 90.6 eV& A3}, 2474 =
AE7FAE AR 11 9 A SEE HIET =
H 248 GCo| B4 23 FAsH A skt
Sk A E O] 542 Agilent Chemstation(Agilent
Technologies, Inc.)-S- -8 5}0] £-4]5}93 1lmass spectral
library data A 0 2 &3S 4500, FE=H 9

Ao wha} 444 24 sl
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SPME-GC/MS+
gel Abgate A Wy

2o| B4 BE
Flamini et al., 2003), &

) 2Ak517] 9190
© 2 (Bartdk et al., 2003;
B oL obZbALE 29| st
Bl 1 P71 4R S SR 24 HSkE 2
517] $18]l SPME-GC/MSE =343} 1t} o 7hA L
29 W3S 3dA| = URQlaL Shotm FBE ZSlo]
XABL7] Aol oL vl mOAFL o 2 AR, B
ChFig. 1).
s‘-ﬁ, A7} Table 10| 4] & 4= 91 5=0] SPMEE4]
5ol A=A F 257HA1 ) A RS F
%ﬂ%@%ﬂﬁﬂ%@ﬂ»ﬁmﬂﬂgﬂ%
HubY R B L 90%0) 4t e,
SPMES: o3 ol 7HA| Lk B0l 4 B 512
S oF 35~407} A o] A K Aronne et al., 2014; Xie et al.,
2006), 3 AFATA LA 27} AL AL 3
S0.1% 0|5 202 A2/ w0l oA LR
o] Q9 3| HrA HE S monoterpeneS H| £ St
terpenoids A Fo|H, 7} THAmIE A E =9 7| =
Aol 2271 th2 7o 2 Uelyt) o] PDMS fiber
JhEl2 g HHES 22 5351 tio|n], PDMS
coating @] terpene Al A5 /4J-2 o|m] 11 = I Th(Xie
et al.,20006).
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ocimene (28.50%)x} A|HFAF S-= A| esterA| D Q1 (2)-3-
hexenyl acetate (27.87%)7} 50% ©]4} 2] SF&Fo 2 FQ

S 2} A5+ 9 9] 3)utA] Boj = Lo TH8-5]
X o T4 o] 3t S| A% 4 A

& 9] 3-hexen-1-019] ester -F-T= 4| =221 (Z)-3-hexenyl
acetate (27.87%), (Z)-3-hexenyl butyrate (2.66%), (Z)-3-
hexenyl 2-methylbutanoate (2.54%), (Z)-3-hexenyl
benzoate (6.35%)= | T2 3942%0°] st}
o] Ad o] BAHL 3=Zmalonic acid A EE AZ A4}



142 Hrlel - ofais - ey -

240 - 0lotEA - ZUME - AYS

s

14
222
gl 17 ] l
renmid L L
5.00 10.00 15.00 20.00 25.00 30.00

Abundance (X10000)
O=2=aNNWWhARO

Quonomonouno

1

Abundance (X10000)
SANNWWE B O

2

CUOoOUIOUNICOIC NICUOIO A1
Y

s 68 2123

5.00 10.00 15.00 20.00 25.00 30.00

18
1

4 l 24
B P Y
5.00 10.00 15.00 20.00 25.00 30.00

DOON D DO

TN
[SY=t=l<tetslst=t=l=]

H

5

20
| teer Iis 2 1 22325
g

500 10.00 15.00 20.00 25.00 30.00

Fig. 1. Divided flowing period of Robinia pseudoacacia L. by 3
stages (Left pannel: A. Leaves, B. Stage 1; Period when five
petals are growing for a lump. C. Stage 2; Period when form
into complete flower. D. Stage 3; Period when appear a
stamen and pistil) and SPME-GC/MS traces of volatile
fraction of Robinia pseudoacacia flowers (Right panel: A.
Leaves, B. Stage 1, C. Stage 2, D. Stage 3).
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Z9) tHPichersky ef al., 2006). 7}3+e] mE thA| o
Al TFol 71 =2 SR Al 92 monoterpene 2t
sesquiterpene < 3£ 315} terpenoid 4| B 2 UERTE. 0]
= Zo] Wl whet A& 23} thAtag o] g
SHA| Do A, ol ZHAI LT 222] S0]3t terpenoids
&0 A B o] SR AL {58 4=l 7t
A P71 Ee) ZEutdS A E Y, WA 75t
1A A mof| A= 8572 FdAtol AA 2L
5 BAMDY B2 HEFU 8T = S
A H-L terpenoid A & o] o] A & A| 2l g-pinene
(66.80%)1} B-pinene (26.53%)©] 93.33%E A} A3}t
7)€} terpenenoid=2! 2 Camphene (0.62%), S-myrcene
(1.62%), limonene (0.43%), (Z)-(-ocimene (1.82%),
farnesene (0.32%), caryphylene (0.30%)¢] 574 = 31t}
(Table 1). 713} 1A= Stole} elo] 3t GJolg| &2
Tdsh= Al7]0|B& oAU 2 E5-9] 714
o] H=EA| &AL pinene°| F== FHEUTE S|
RS AY Fe AU=E F st d (B)-4-
ocimene> &= x| ¢FokaL, (2)-p-ocimene”} HE =
7] Alzteloie. e Qo] o of7hA|LH R 2ol
T3} -E o & %] += ocimene- (Z)-p-ocimene©]
(Aronne et al., 2014; Xie et al., 2006), (E)-G-ocimene 2] 3+
T 1% mnte 2 ok 2 A4S S5 (B
p-ocimene>- 7N SFA| 7F A A= = Al of| A R E F]
e = ghgol o2 4 4=

et 2 A= 32l o] Mol x| 7] A ZSHH A 23 4]
O 2 OpMAUE 22O FE|E 2331 QlehFig. 1). ©]
A A T E g2 1570, A A 9
= 5 9951%0°l| 3G 5t= 2| o]t} F1571 9] $EA
E = terpenoid Al B =22 97} (a-pinene, S-pinene, [5-
myrcene, limonene, (Z)-3-ocimene, (E)-S-ocimene,
linalool, farnesene, (E)-a-bergamonene)©] ™ 81.12%5 *}
A2ttt =7t benzenoids Al F ©] $1EH/d o] FH U
=1 methyl benzoate (1.02%), benzaldehyde (16.63%),
methyl anthranilate (225%)7} 1A o]t} 7|2 2=
phenylethyl alcohol (0.31%), methyl nicotinate (0.29%),
indole (0.24%)7} -&78 =| AT}, oP7FA I 22 3F7] 7}
7HakA E717] Akeks sk 25t o] S
R0 EAL 27 F AN 2 4 glek A WAl
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Table 1. Chemical composition of the aroma identified by SPME-GC/MS from headspace samples of different flower stages and leaves

of Robinia pseudoacacia

Percentage composition (%)

Peaks RT Compounds
Leaves Stage 1 Stage 2 Stage 3

1 10.34 a-Pinene - 66.80 15.16 9.84
2 10.83 Camphene - 0.62 - -
3 11.04 (Z)-3-Hexenyl acetate 27.87 —
4 11.75 {-Pinene - 26.53 5.70 449
5 12.28 B-Myrcene - 1.62 1.27 1.66
6 1340 Limonene - 043 0.27 0.66
7 13.71 (E)-p-ocimene 28.50 - 0.32 0.53
8 1401 (Z)-p-ocimene 1.82 37.57 64.94
9 15.05 Decamethylcyclopentasiloxane 3.98 - - -
10 1532 Methyl benzoate - - 1.02 -
11 15.46 Linalool - 12.13 8.92
12 15.70 (Z)-3-Hexenyl byutyrate 2.66 - -
13 15.80 Phenylethyl alcohol - - 031 -
14 1601 Methyl sallcylate 13.32 - -
15 16.28 Cosmene - - 0.39
16 16.49 Methyl nicotinate - - 0.29 -
17 16.92 (Z)-3-Hexenyl 2-metylbutanoate 2.54 - - -
18 1847 Benzaldehyde - - 16.63 1.71
19 2034 Indole - - 024 -
20 2145 Methyl anthranilate 225 3.32
21 2398 Farnesene 551 032 1.90 033
22 2428 (Z)-3-Hexenyl benzoate 6.35 - - -
23 2458 Caryophyllene - 0.30 - 1.31
24 2501 (E)-o-Bergamotene - - 445
25 26.10 Nerolidol - - - 046

Total 90.73 98.44 99.51 98.56

WS 1A o] B3] E2}2] monoterpene &2 3R] 9]
Hstol ok N}t 1Al A A FHHdE 5 9333%
= 2}A] 3} ¢ o-pinene, f-pinene 2] H|E-0| 7| 3254
of| A= 2086% 2 SH/dw-0] A )l SFu|I7E 2
43}t ¥ (Z)-B-ocimene (37.57%), linalool
(12.31%), farmesene (1.90%), (E)-a-Bergamonene (4.45%)
= MEA B8 52 FEHI7E skl 23 A ol A
T8 A EC = Q15 I} Monoterpene> A=
O] 2P AFAHE YA T4 2 2-C-methyl-d-erythritol 4-
phosphate (MEP) 3 25 A A A A =4
(Eisenreich et al., 1997), 57t Al A& Q1 geranyl
diphosphate (GPP) 7} monoterpene synthase 2| 2}-8-0 &2

Z 1l ©] o] (Z)-B-ocimene (ocimene synthase, OCS),

linalool (linalool synthase, LIS) 50 & L3 % ¢l H3l=
S}A| Flth(Lange et al., 2000). ] 5 &3l 1S} 1, 2044

o AT}E )W) 2 f, o ALY 2] A5} oA
ulc} geo] -2 0 monotepene R 7k EElA =
< 2o e B ol A Z42+8] monoterpene®td B
4~ 2lmonoterpene synthase 52| 4317 th2 7] wj &
© = s o Aok T3 1A o H] Bl 2tHA of| A
ZFH] 7} =2 monoterpene profiles®| A A o} 7FA| L
2 59 ARt S WAkshE AR 24
= g 5 ok e 2 A of) A E S

A 5742 A=) W& A d
| 4| shikimic acid 7 2 & A| 2o 2 AR =
benzenoids 7] & (Methyl benzoate, benzaldehyde, indole,
methyl anthranilate) Z}phenylpropanoids#| & phenylethyl
alcohol 2] &}3HE-2l(Dudareva et al., 2006)0| HZE 2
the Holch o] % A 2] gub R A 1) A2

Mg FAHY B0 1,2) A2 FejE A
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Aok TR S T FHEARA A4
&|w o] 2=4HQl phenylalanine © 2 B 5= %= 4
2ol upsFEA 2 | 1% v} 9 th(Boatright er al., 2011).
webd % A 20] Sl RE S oA o] 4
SRR SIS AN D02 B4
MTEA] AL E5) o} AR
o 5 g0 @) £4% FAsI] WshE Aoz
Z}gk 4= Utk 53] benzenoids®| 2 JEo= o
& Zlbenzaldehyde+= burnt sugardgf-S 74| = JH 0=

o= E(amond)o| A 2= FelH 7R m &
A x| o} EQ o] 3kS el HTHXiao ef al., 2014).
o] PR visht et 2 5 ole] 2o Fa
7] JeoR wald A7 AN} Stk ol,
2004; 0] 2} 71,2002).

OPhAILLE: 0] 2470 ek 3l 135
7o gEdol AEE el A w2 98.56%
= 2} gtt}. 0] terpencids A 2] £2-2 o-pinene
(9.84%), p-pinene (4.49%), [;-myrcene (1.66%), limonene
(0.66%), (E)-f-ocimene (0.53%), (Z)-f>-ocimene (0.53%),
linalool (8.92%), cosmene (0.39%), farnesene (0.33%),
caryophyllene (1.31%), nerolidol (046%) = Z117}A]7}
5 % % t}. Benzenoids A € 2] &2 2] benzaldehyde
(1.71%), methyl anthranilate (3.32%)+~= WYX & £5
o] E4of sfgtet. 7}k 2kA of] vlsl F7]/4dE9
% 5+ benzenoids Al E o] =7} AT WhH,
sesquiterpene©]| 35 Sh= A= S7FSHAT 7St
3A | A = (Z)--ocimene 2] /g H]&©] °F 65%°]
o2 AR =2 H|-8S VeI (2)-5-ocimene 2]
THdH| S7HAASE sk A Aol A yEhA
&=l oMU Zo] Ads A ol o] =21 (Z2)-4-
ocimene®| 7M=& AEl 2 FAHS 21T 4= 3l
UL} Xie 5-o] H3xsh A-FA o] wh=m op7kAI L
I Z2o] A<4:7]Y u (Z)-f-ocimeneXHinalool 2] 7w
0] 50% o1’ AFA|h=H| 53] (Z)-f-ocimene?] H =
o) A0 R 1794 5410 1318 )

Atk Xie et al., 2006). f-ocimene-2- 2t U 2t 22 H]E
5} ol | Lo A HAYs= SRR 2 o e A Q=1
(42} ©],2004; Suchet et al., 2010), S| 2-2- x\j 2 Z9
Tl webA ocimene®] F420] (B)- 52 (4)-%F

o % AThe Holth. oA AR 2ol Fa
ocimene©| (Z)F g2l v, Fojxet 2= Antirr-
hinum majus 2] 20| 4] A8 A &)= ocimene2- (B)-& Eff 7}
T2 HE=E 9 tKSuchet et al.,2010). k5 220 =
M4 JLA] 2 0] EX X A of IhE f-ocimenel] 8
2 BEsT Yoty A2S Wels a7 2ae
Z1 0 & HQIT} hH, f-ocimene> H O] AL3] ] 35
275 3urE A 2 o A thHe ef al., 2016;
McAfee et al., 2016). =, f-ocimeneS HH O] S| &2
molulA BHe] HAUES Sl WAL R
71%-8 7H1 3 Atz Aolch. Hol7} g 41417
e E ol 2l 2% oS e fEit Ho] &
= 9lelf focimene2 WrEFTEAL YA QAch(He er
al., 2016). =3+ Argo|ut A sHE vt =EH
5 B HH 7] Aol A g-ocimeneo] W E o] W<
Hol H4g=L8 GHA| 7] 7| = St (McAfee et al.,
2016). o] gt A+ A= A=tk EH of| 4] S-ocimene
of AgHy A2 EAIs ST e} Aol wre)
ek Tl SRR A e o
v et 9k 223k Bo] Al4ets mat Yol 4
ocimene g4 Tl tFt 4157
Ao 7 Helth,

oM AILLE: 2o
shei5o| v g3} peio] k. 2o
Fo S4L AWH O 5|2
el W) AASHE Aere Lkl 4
5,2003). =, Z o] HojA A HAlo] L &

A 53t NS 7)ol EH e WEEE

A YEb=d o)= 0}77}/\] U 2
= & ol a3k
a9 T %Olﬂi‘* M
A AT T Ak oAU 22 ATl
AJsHA S50 TS Waiksty & o+ 4
3}
Z

=]
L 7h e 2 1R R G 4R
. ;

mlo >

[-ocimene 2]

7] 8

O]

2
=
&
)

29] 37] 4

< gl %, e 1A
ANM= %% ol 3| = Ho l?i pmene% 27
o A= 20% = 74t WHH (Z)-F-ocimene, linalool,
benzaldehyde”} 60% o)A} 2} x| 8}5ich. 73} 24479l

=3t 3thA| of| A = (Z)-B-ocimene, linalool, benza-
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ldehyde®] $H-8-2F0] 70% o] A} =] 2|5t ZF B2 of| chat
A0 = Bl g 2|o| & K o]t (Z)-f-ocimene?] §F
fol GEA O Z1E AL ATt A
A 22z T o] WaleEo| ks A| AL 2
Hol 712} 2, 3kA o A 3= = TR e] Zru)
g AT L8 E AT YAR FEE D
7—|L7]t]f?l Eﬂ%oloﬂ/ﬂ AA|st= Ao = OPEﬂP@E}
(Jung et al., 2014). 3% 2F7] w0l gt EH O Ao
Ae A P5Hke-Z ol oAU

i

o7

FEH Y i%*&l off 7lgkgtet. & Ato] Abg-E
gAY AlER R E TR AR

o 37} 7Hs-8kaL, AHE-SH= fibere] 5ol what =
578 A B 7H 4= 7] w2 ol AREH 9
7He AL @ g o] st & At oAU 2o

zFst A 3K Aronne et al., 2014; Xie et al., 2006) ©}7FA]
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