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Components and variations of volatile organic compounds released from

leaves and flowers of Ruta graveolens
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Abstract: In order to reveal dynamic changes of volatile organic compounds (VOCs) released in different
stages of Ruta graveolens, leaves and flowers were used as materials to determine the components, relative con-
tent, and releasing dynamics of VOCs using the methods of headspace solid-phase microextraction (HS-SPME)
and gas chromatography-mass spectrometry (GC-MS). Results showed 29 VOCs that were identified in different
seasons of the year. The major VOCs released from leaves of R. graveolens were esters (11 components) and
ketones (7 components). Components released from leaves over one year were the most in June (18 compo-
nents) and the least in September (10 components). Relative content for esters was the most in June and the
least in December, but for ketones was the most in December and the least in June. In the course of one day,
VOC components were the order at the following daytime hours: 12:00 > 10:00 > 14:00 > 16:00 > 18:00 >
8:00 > 20:00; values at 12:00 were maximum, mainly esters and ketones. Major components released from
flowers (esters having 2-undecanone as the primary VOC) were much less than from leaves. The major compo-
nents released from leaves and flowers all had medical and health care benefits. Thus, R. graveolens, an ad-
mirable ornamental plant, could be a healthy and aromatic plant for improving a landscape. [Ch, 4 fig. 4 tab.
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Figure 1 TIC of VOCs released from leaves of Ruta graveolens in different seasons
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Figure 2 Component numbers and relative contents of classified VOCs from leaves in different seasons of a year
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Table 1 Seasonal variations of components and relative contents of VOCs released from leaves of Ruia graveolens
: , WA 1%
HERVEA LY t/min CAS =5 N
38 67 94 12/
2-octanone b i 9.37 000111-13-7 CsH 0 0.19 - - -
3-hexen-1-ol, acetate, (Z)- (2)-2.18-3-C - 1T Tig 10.99 003681-71-8 CsH 4,0, 596 241 - 2.15
2-nonanone 2- T fili] 13.86 000821-55-6 CoH g0 48.98 622 17.74 34.21
cyclohexene, 3,4-diethenyl-3-
34- " IR FH-3-H LI O b 14.99 061141-77-3 CyHyg 247 024 153 -
methyl-
cyclohexene W K 15.45 000110-83-8 CeHyg - - 291 -
cyclotrisiloxane, hexamethyl- 75 H R PR = 1 R 16.02 000541-05-9 CeH 505515 - - - 4.65
1-nonene T4 16.40 000124-11-8 CoH g - 1425 - -
butanoic acid, 3-hexenyl ester,

@) (Z)-TER-3-C s is 17.13 016491-36-4 CyoH 50, 063 086 - -
cyclopentasiloxane, decamethyl- - LR T hE A 17.54 000541-02-6 CioH30sS15 - - - 0.47
chloroacetic acid, octyl ester A LR B 18.45 005451-98-9 CoHoC1O, - - 508 -
acetic acid, sec-octyl ester 1 e g 19.07 054515-77-4 CioHy03 1693 - - -
2-decanone 2-Z il 20.05 000693-54-9 CioHx0 1.14 052 - 0.09
2-undecanone 2-+— (%5t ) 20.21 000112-12-9 C Hx0 21.89 20.02 34.13 37.88
tridecyl acetate 1 = HL AR 20.39 1000351-76-9 Cy5sH3,0, - - 243 -
2-dodecanone 2-+ B 20.83 006175-49-1 C,H,,0 068 123 - 2.04
acetic acid, nonyl ester LR T-Tig 21.38 000143-13-5 CH»0, 041 0.61 1546 10.20
butylated hydroxytoluene 2,6- RUT HE X H IR IR g 23.38 000128-37-0 CsHxO - 042 - -
2-acetoxy tridecane PAVAN %= 1B S e U 25.26 1000245-61-2 Cy5sH3,0, 072 - - -
2-tridecanone 2-1 = e 25.71 000593-08-8 C3Hy0 - 078 - 1.30
2-propenoic acid, 3-phenyl-,

1A A iR HE T 25.78 000103-26-4 CioH 00, - - - 0.96
methyl ester
7H-furo [3,2-g][1 ]benzopyran-
KAv 24 30.29 000066-97-7 CyHeO5 - - 472 -
7-one
4-(3.4-methylenedioxyphenyl )-2-  4-(3,4-3F F 3 5 FL 7R 3L ) -
30.64 055418-52-5 CH 04 - 5.64 12.89 6.06

butanone 2-T

1,3-benzodioxole, 5-(2,2-
) KA % 33.45 028140-80-9 C,H,0, - - 311 -
dimethylethyl )-
2H-furo [2,3-H ]-1-benzopyran-2- )
A 34.46 000523-50-2 C,H,0, - 059 - -
one
(Z2,2.)-9,13-octadecadienoic acid  (Z,2)-9,13-+ )\t 1R £ g 34.78 000060-33-4 CisH30; - 16.80 - -
(7.,7)-9,14-octadecadienoic acid ~ (Z,2)-9,14-+ )\ ki — 4R Z g 34.85 000060-33-5 CigHz0, - 1081 - -
(7.,2)-9,15-octadecadienoic acid  (Z,2)-9,15-+ )\ kg — 1 iz £, T 35.08 000060-33-6 CsH0s5 - 329 - -
n-Hexadecanoic acid + kg 38.06 000057-10-3 CeH30, - 531 - -
(72,2.)-9,12-octadecadienoic acid  (Z,2)-9,12-+ )\t 4512 £ Tig 40.92 000060-33-3 CsH+0, - 10.01 - -
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Table 2 Components and relative contents of VOCs released from leaves of Ruta graveolens in one day

. o o DA 2 /%
8:00 10:00 12:00 14:00 16:00 18:00 20:00
3-hexen-1-ol, acetate, (Z)- (2)- . 1%-3-C - 1-BE iR 1099 232 096 135 141 182 132 0.68
2-nonanone 2Tl 1386 3.84 35.10 28.04 31.54 34.76 36.96 36.39
(R)-(-)-5-hexen-2-ol (R)-(=)-5-0 s-2-1 1460 - - - - — 094 -
cyclohexene, 3,4-diethenyl-3-methyl- 34-Z 0 H-3-H R O b 14.99 - 1.58 - - 202 - 1.92
1,3-cycloheptadiene 1,3-3F B — 46 16.07 - - - - - 1.77 -
3-cyclohexene-1-methanol 3-FR 2 M-1-H 16.07 - - 178 183 - - -
butanoic acid, 3-hexenyl ester, (7)- (Z)-T W-3-2 M Tig 17.13 - 0.38 049 049 044 041 031
acetic acid, octyl ester LR i 18.69 - 042 040 038 040 040 -
acetic acid, decyl ester LR 54 Tig 18.69 - - - - - - 0.48
acetic acid, sec-octyl ester LR =R 19.07 - 21.81 22.65 21.49 2325 22.88 23.48
2-decanone 2-2% i 20.05 037 124 1.11 122 131 156 134
2-undecanone 2-— (%5t ) Rl 20.21 17.24 20.86 2231 21.46 24.25 23.75 26.73
pentafluoropropionic acid, nonyl ester A fir %4 20.63 569 - - - - - -
2-dodecanone 2-+ bR 2083 036 - - - - - -
acetic acid, nonyl ester 2R T- W 21.38 052 048 0.71 042 047 051 0.63
2-acetoxy tridecane 2-2 A = e 25.26 - 1.01 134 1.12 122 0.18 147
2-tridecanone 2-F =L R 25.71 090 0.70 0.85 0.73 090 1.66 1.03
2-propenoic acid, 3-phenyl-, methyl R 2 Y 2578 039 ~ _ ~ ~ ~
esler
4-(3,4-methylenedioxyphenyl )-2-bu A )
4-(3,4-0 W 3 — AR 3L )-2- T 30.64  3.61 021 026 037 030 026 -
tanone
2H-furo[2,3-H ]-1-benzopyran-2-one AT 34.46 - 0.11 - 0.12 - - -
hexadecanal el 35.58 200 - - - - - -
tetradecanoic acid -+ U ke iR 35.65 0.58 032 037 028 - - -
n-hexadecanoic acid RAYSH A 38.06 3990 246 578 289 269 028 1.35
cyclopentadecanone, 2-hydroxy- 2-¥3 I I+ L E R 38.45 - - - - 033 - -
(Z)-11-hexadecenoic acid J-11-F 7N R 38.45 - - - 007 - - -
9-tetradecenal, (Z)- (Z)-9-+ U J T 38.72 1.51 - - - - - -
9-oxabicyclo[6.1.0 Jnonane 9- XU IF S - e [6.1.0 1 Tt 39.95 - - 0.09 - - - -
cis-9-hexadecenoic acid -9-+ 75 he s iR 40.29 - - 091 - - - -
hexadecanoic acid, trimethylsilyl ester 44 B2 = FH 3L 5k i 40.81 137 - - - - - -
(7.,2.)-9,12-octadecadienoic acid (7,7,)-9,12-+ )\ bt -} 1R . s 40.92 - 723 076 1.67 - - -
cis,cis-7,10,-hexadecadienal N, Mi-7,10--1 7 B — 4 B 41.27 - - 022 - - 535 -
oleic acid bitlivd 41.84 1931 036 720 923 421 - 3.66
(7)-9,17-octadecadienal (7)-9,17-+ )\ b s s 41.84 - 195 071 - - - -
cis-13-octadecenoic acid M -13-+ /\ i I iR 42.19 - - 1.08 - - 0.02 -
2-octyl-cyclopropaneoctanal 29 PR S o T 42.47 - 1.87 1.58 235 037 - 0.54
cis-9-oxabicyclo[6.1.0 Jnonane iT-9- AL FA 48 2 e [ 6.1.0 1 b 42.72 - - - - 0.51 1.00 -
7.7-10,12-hexadecadien-1-ol acetate 1-4 1§ %-7.,2-10, 12-+75 4291 - - - 024 - - -
1,2-benzisothiazole,3- (hexahydro-1H-
ENES 4302 - 023 - - - - -
azepin-1-yl)-, 1,1-dioxide
7.,7-3,13-octadecadienol-2-methyl KA 43.15 - 0.05 - - - - -
7-pentadecyne -+ T 43.29 - 0.69 - - - - -
(7,)-9-octadecenal (Z)-9-+ /\ Jo s 1t 43.47 - - - 0.71 074 075 -
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Table 3 Classified statistic about components and relative contents of VOCs released from leaves in different time of a day

b 21 ARRS B 4/ %
i i i i M2 e i3 [ it
8:00 10.29 - - 26.31 59.80 - 3.60 - -
10:00 31.28 - 2.59 58.11 3.13 0.69 3.82 0.16 0.23
12:00 26.36 - 1.43 52.57 15.34 - 2.52 1.78 -
14:00 25.85 0.24 1.12 55.33 12.46 - 3.05 1.94 -
16:00 26.38 - 3.75 61.86 6.90 - 1.11 - -
18:00 25.51 1.77 1.18 64.20 0.30 - 6.10 0.94 -
20:00 25.57 - 3.39 65.49 5.01 - 0.54 - -
BEWT s =T ORI B BN A AR
x4 ZBUMBERNELZMEENVYR S RERANEE
Table 4 Components and relative contents of VOCs released from flowers of Ruta graveolens
HER AT DL tmin CAS 5 HA At
2-nonanone 2-T-fifi] 13.86 000821-55-6 13.18
cyclohexene, 3.4-diethenyl-3-methyl- 34-" 2 H-3-H BL A 2 e 14.99 061141-77-3 1.82
I-nonene BN 16.40 000124-11-8 11.20
2-decanone 2-24 i 20.05 000693-54-9 2.09
2-undecanone 2-+— (%t ) Tl 20.21 000112-12-9 66.10
tridecyl acetate LR =15 20.39 1000351-76-9 4.74
2-dodecanone 2-+ R 20.83 006175-49-1 0.34
2-tridecanone 2-+ = e i 25.71 000593-08-8 0.53
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