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Analysis of volatile compositions in different flower parts
of two varieties of Hemerocallis citrina Baroni by HS-SPME-GC-MS
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Abstract : In order to promote the application of new varieties of Hemerocallis citrina Baroni. The volatile components of differ-
ent parts ( petals, stamens, flowering, sundried flowers, boiled flowers) of lyophilized and heating samples from H. citrine
Baroni ( HaoYunLai and XinXinXiangYin) were determined by head space solid-phase microextraction combined with gas
chromatography-mass spectrometry. The NIST. 17 mass spectrometry data base and the peak area normalization method were
used to retrieve and analysis the relative content of each component. 59 compounds were identified in the flower parts of the
HaoYunLai and 60 compounds were identified in the flower parts of the XinXinXiangYin. 3-furanmethanol and nonanal are the
major components in the flower parts of two varieties. The content of 3-furanmethanol is the highest in boiled flowers part and
nonanal is the highest in the flowering part of two varieties. This study provide reference for the subsequent rational develop-
ment of new varieties of H. citrine Baroni.
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Fig. 1  Total ion current chromatogram of volatile
compositions of sundried flowers parts from HaoYunLai
by different color extraction fiber heads
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Note:a. The white part extraction fiber head;b. The pink part extrac-
tion fiber head ;c. The blue part extraction fiber head ;d. The gray part

extraction fiber head.
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Table 1 GC- MS analytical results of volatile types of different flower parts from HaoYunLai and XinXinXiangYin
3% % HaoYunLai LoCAHER XinXinXiangYin
AR/l iES
Volatile type TEME i JriE WTTEd KR B i TFIE WiTAet K&
Petal Stamen Flowering  Sundried Boiled Petal Stamen Flowering  Sundried Boiled

fi£2% Aldehyde 10 8 8 6 6 10 9 14 3 6
BE2& Alcohol 7 8 8 9 7 6 8 6 8 7
g2 Ester 2 1 0 6 1 2 4 0 3 1
2% Ether 0 0 0 1 0 0 0 0 0 0
fiii2& Ketone 2 1 1 6 1 2 1 1 2 1
fedzds Alkane 0 1 1 0 1 2 1 2 0 1
Ji12Js Alkene 0 2 2 0 1 0 2 2 6 1
3R 2% Phenolic acid 1 2 2 1 0 3 2 1 2 0
H'E 2% Other 1 1 1 3 1 2 1 2 2 1
At Total 23 24 23 32 18 27 28 28 26 18
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Fig. 2 Total ion current chromatogram of volatile compositions of different flower parts from HaoYunLai
. E R AL ; b ISR AE R s o TR AE s d. Iz SR i T 164D s e. I8 2R /K ZAE4L Note:a. The petals of HaoYunLai;b. The stamens of
HaoYunLai;c. The flowering of HaoYunLai;d. The sundried flowers of HaoYunLaije. The boiled flowers of HaoYunLai.
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Table 2 GC-MS analytical results of chemical composition of volatile compositions of different flower parts from HaoYunLai

X 43 E i Relative percentage( % )

No. g (min) e > : Yoo e TEHE FHE Wi EE KA
name formula (%) Petal Stamen  Flowering  Sundried Boiled
1 3.372 F O Hexanal C¢Hp, 0 97 6.41 0.92 - - -
2 3.551 2-F3L2-THEE (E)-2-Methyl-2-butenal ~ C5HgO 85 - 2.57 18.65 - 1.13
3 5.191 B Heptanal C,H,0 89 - - 1.12 - -
4 5.409 ( +)-#7BH4s D-Limonene CioHyg 93 - - 0.63 - 0.93
5 5.708 1E+ 4% Dodecane C o Hag 88 - 0.82 - - 0.67
6 5.877 2-FL I % 2-Hexenal CeH,o0 94 27.34 1.66 0.61 - -
7 6.850 1-374e-3-1% 1-Octyn-3-ol CsH, 0 80 - - - - 1.24
8 7.423 3-232-TTH Acetoin C,H;0, 94 - - - 0.65 -
9 7.885 E3E# Octanal CgH, 40 97 1.21 1.70 1.17 - 1.28
10 8.209 1-245-3-H 1-Octen-3-one C;H,0 80 0.57 - - - -
11 8.775 JI5i-2- P 475 ( Z) -2-Penten-1-ol CsHy, 0 80 - 0.51 - - -
12 9.326 M1 3 Bi75 17 6-Methyl-5-hepten-2-one CgH,, 0 94 0.58 3.97 0.30 - 0.72
13 11.319 T-f#% Nonanal CoHy30 97 9.22 12.99 30.20 1.49 8.85
14 12.156 BEES Furfural CsH,0, 93 2.55 - - - -
15  12.186 3-BERS 3-Furaldehyde C5H,0, 95 - 6.40 0.99 1.48 3.30
16 12.444 JZ2-ENE (E) 2-Octenal CgH,, 0 94 1.12 - - - -
17 12. 805 2185 Ammonium acetate C,H;NO, 98 0.65 - - 3.99 -
18 13.049 3-SR Methional C,Hy 08 87 - 1.36 - - _
19  13.312 1-3E4%-3-F% 1-Octen-3-ol CgH40 99 0.73 1.62 5.08 - 0.84
N N . .
20 13.648 1-Methl’l_-f-ftiyj(;}ixtnﬁl l-cjjgjdehyde €t 0 87 121 B N N N
21 14.234 2.3 34 Ethyl 3-furoate C,H, O, 92 - - - 0.15 -
22 14.546 3 35555“:“21%;5@6 CoHyg 88 - 0.56 - - -
23 14.834 2-Z2, 5T 2-Ethyl-1-hexanol CgH50 93 0.23 0.30 1.07 - 0.33
24 15.132 I B MBS 2-Furanmethanol -2-formate C¢Hg 04 80 - - - 0.22 -
25 15.149 2% Decanal CioHy0 93 2.38 2.43 1.63 - 1.48
s e SEEESIOMIS ae w - e
27 16.392 2-T-3E 2-Nonanol CoH,y O 83 - - 2.02 - -
28 16.398 2,3-T [ 2,3-Butanediol C,H,,0, 98 - 2.71 - 0.49 1.13
29 16.402 234 2-Decanol CioHp 0 88 1.26 - - - -
30 16.617 3%&5?&%& %Ei ¢, H, 0, 95 - 0.60 - 1.04 -
31 17.014 J5HEE Linalool CyH;s0 91 - 0.30 0.31 0.16 -
32 17.334 TESEE 1-Octanol CgH50 95 0.27 0.72 4.20 - 0.57
33 18.316 2,6-—HILAC R CgHys0 84 - 0.79 - 0.19 -

2 ,6-Dimethyl-cyclohexanol
34 19.101 B-F e B-Cyclocitral CioH;60O 88 - - - 0.47 -
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%23 2 ( Continued Tab. 2)
N . FAXTEH 4> ¥ i Relative percentage (% )
s RENE Lt SR HE ’
e I~ . .
No. 1y (min) Chemical Molecular  Similarity I ws A W KB
name formula (%) Petal Stamen  Flowering  Sundried Boiled
35 19.435 Je 220 15-1- (E)2-Octen-1-o0l CgH,,O 91 - - 0.52 - -
36 19.714 K% Benzeneacetaldehyde CgHg O 98 3.90 2.96 8.12 0.54 0.54
37 20.682 i 2-Furanmethanol CsHg0, 96 - - - 0.27 -
38 21.075 3-FIIL AR 3-Methyl-pentanoic acid CeH,,0, 85 - 2.36 - - -
B 40 0L T R .
CgH,0 - - - -
¥ 21.092 Methyl 4-hydroxybutanoate 81676 81 0.92
40 21.095 2-H LT R 2-Methyl-butanoic acid CsH,,0, 84 - - 0.48 0.45 -
41 21.492 3-15 R B % 3-Furanmethanol C5Hg O, 97 32.33 45.13 19.19 72.27 73.49
2-FPHE 192 P i .
C,H,,0 - -
42 22.474 2-Methyl-methylvalerate 7H14 0, 83 1.18 0.28 0.74
5 Fj1 -2 1) e P st
CeHs O - - - -
= 22.987 5-Methyl-2-furanmethanol 682 88 0.29
C TR TR .
CgH,;s0 - - - -
4 25.706 Diethylene glycol monobutyl ether g ot 0.1
45 26.161 LR A 1 Phenethyl acetate CyoH, 0, 95 - - - 0.09 -
3-FEE-1,2- 3R S
? CeHgO - - - -
46 26.470 3-Methyl-1,2-cyclopentanedione 6rs 93 0.17
47 27.428 IECLfi® Hexanoic acid CeH,, 0, 96 1.28 2.17 0.62 - -
48 28.117 2Kl Benzyl alcohol C;HgO 92 - - - 0.12 -
49 29.285 K Z 1% Phenylethyl alcohol CgH,, 0 98 - - - 1.64 -
- LB O .
CioH;0O - - -
0 29.926 a-Ethylidene-benzeneacetaldehyde 107710 o4 0.25 0.25
51 30.472 B-L% 2 B-Tonone Ci3Hy 0 95 - - - 0.53 -
52 31.261 2-Z B FENLE 2-Acetylpyrrole CeH,NO 98 - - - 5.72 -
DL-Z ik N Bk
C¢H,00 - - - -
33 3.5 2 (3H) -Dihydro-3-hydroxy4 ,4-dimethyl- furanone ® ' * % 0.27
54 33.994 Mg i Furaneol CeHgO4 96 - - - 0.43 -
55 35.680 T K% 5-Methyl-2-phenylhex-2-enal Ci3HisO 85 - - - 0.21 -
2,3-T43,5- -6 - H LA H-n i 4 -
56 40.305 2,3-Dihydro-3 ,5-dihydroxy-6-methyl CeHg Oy 95 - - - 4.11 -
-4H-pyran-4-one
AR P
57 41.873 2(4H) -Benzofuranone 5,6 ,7,7a- Gy Hig0, 93 - - - 0.46 -
tetrahydro4 ,4 ,7a-trimethyl-
3,5- BT HIKR
’ C4H,0 - - _ -
8 41.938 3,5-Bis(1,1-dimethylethyl ) -Phenol 147 82 0.38
2,4-TRUT IR
’ C,Hy,O0 - - - -
o 41.942 2 ,4-Di-tert-butylphenol 1 %0 0.24
3 Wig PR 48 T TR 5 45 501 AT AL B[R] AL 4R LA

N Gpaz e SRR AE AN TR R ASE 4387 < A6 H A
AL (B AERS TFAE W T 4 K Z D) ¥ &
A 3 g R T, L 3-SR
i, RO T o AR AT 3222 DL SR 2 hy
T LA 6 PR R R A < 103 - B
P -2 JA T 1 -FP B33 O 0 -1 - HT R 2- 24 A

BESS TR N T, LSS RO L AE 3 FhoRs A 4 A 1 1
3 -2 e 3 - PP R B PN \3- Y TG IR 5 O AE 3
BT 6 FRFA A LAY Bk 3,5 ,5-= I k22
M 2- T S o201 3,5-ORUT HEAR
WG AERIER A BR 1 7 RS MIEEIE S, e 2 Al 2k
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Fig. 3 Total ion current chromatogram of volatile compositions of different flower parts from XinXinXiangYin
T a DO AHERAESRE s b, OO AHENAE RS s e OO AHED AL s O O AHER I T 4640 s e. O O AHEN K AE4L, Note:a. The petals of XinXinXiangYin;
b. The stamens of XinXinXiangYin;c. The flowering of XinXinXiangYin;d. The sundried flowers of XinXinXiangYin;e. The boiled flowers of XinXinXiangYin
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Table 3 GC-MS analytical results of volatile compositions of different flower parts from XinXinXiangYin

FIXF H 4 & 1 Relative percentage( % )

No.  tg(min) : Yoo qEm iy AL WA KAEAEA
name formula (%) Petal Stamen  Flowering  Sundried Boiled
1 3.408 IEC B Hexanal CeH,,0 97 1.52 0.59 0.92 - 0.28
2 3.573 2-HIFE2-T (E)-2-Methyl-2-butenal ~ C5HgO 94 - 1.30 1.25 - -
3 4.699 A kM B-Myrcene CioHye 97 - - - 4.91 -
4 5.191 BEh Heptanal C,H,0 89 0.33 - 0.62 - -
5 5.491 ( +)-F##E D-Limonene CioHyg 93 - 0.99 0.60 23.55 1.11
6 5.573 iF+ = %¢ Dodecane Cyp Hyg 88 - 0.59 0.49 - 0.74
7 5.877 2-EL I 2-Hexenal CgH,p0 94 1.55 1.31 0.69 - -
8 6.208 21 IR 2-Pentyl-furan CyH,, 0 81 1.17 0.61 0.51 - -
9 6.320 (E)B-2#))f trans-B-Ocimene CioHys 95 - - - 0.15 -
10 6.567 y-FA I y-Terpinene CioHyg 97 - - - 0.58 -
e (EETRELCINES onow oo sm
12 6. 850 1243 1-Octyn-3-ol CgH,, 0 80 - - - - 1.33
13 7.885 3R Octanal CgH,60 97 1.49 1.17 1.50 - 2.04
14 8.228 1374753l 1-Octen-3-one CgH,, 0 80 0.56 - - - -
15 9.315 Gaifsshikfff@ne CgH,0 94 0.69 0.90 0.56 - 0.79
16 9. 886 1F CL % 1-Hexanol CeH,, 0 84 0.70 - - - -
B 5
17 10.532 (E,Z)—2,6—Dﬂfh§—?,4,6—octatn'ene Crothie 88 - - N 0.25 -
18 10.826 + =% Tridecane Ci,Hy 82 0.40 - - - -
19  11.285 T/ Nonanal CoH ;g0 97 0.98 11.82 29.89 0.38 13.22
20 12.180 3B 3-Furaldehyde CsH,0, 95 2.09 4.89 0.90 0.51 3.77

21 12.434 JX2- Wil (E)-2-Octenal CgH, O 94 1.39 - 0.79 - -
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2:5% 3 ( Continued Tab. 3)

FAXTEH 4> ¥ i Relative percentage (% )

No.  fg(min) ' Yo e 1 FlE TR KA
name formula (%) Petal  Stamen  Flowering Sundried  Boiled
22 12.805 ZTR% Ammonium acetate C,H,NO, 98 - - - 1.80 -
23 12.956 Zi# Acetic acid C,H,0, 96 - 1.21 - - -
24 13.012 T L% Z B8 S-Ethyl ethanethioate C,Hg0S 78 1.14 - - - -
25 13.024 3-( Meth?fl_t?if? }%;)rfiffaldehyde CaH; 05 87 N - 197 N N
26 13.339 1-3FJ5-3-E 1-Octen-3-ol CgH,0 99 0.77 1.69 4.26 - 0.69
27 14.521 3 ,35’,557?1‘_;331%3:5@% CoH 89 - 0.32 0.27 - -
28 14.811 2-2, 30 2-Ethyl-1-hexanol CgH ;g0 93 0.33 0.28 0.22 0.13 0.57
29 15.152 4% Decanal CioHyO 93 2.09 2.42 2.05 - 2.03
30 15.380 HHIE Benzaldehyde C,Hg0 97 - - 2.61 - -
31 16.341 [ 2-FH (E)-2-Nonenal CoH 0 95 - - 2.98 - -
32 16.378 (E)2-T- (Z)-2-Nonenal CoH,60 94 1.96 - - - -
33 16.384 2-T- 3% 2-Nonanol CyH,y0 83 - 0.94 - - -
34 16.387 5-Fi 3£2-CV i 5-Methyl-2-hexanol C,H,s0 80 - - - - 0.72
35 16.644  3-URIEH R Z TG 3-Furylmethyl acetate  C;HgOs 95 1.03 0.38 - 0.14 -
36 16.969 F¥ AR Linalool CioH;50 91 - 0.41 - 0.09 -
37 17.390 TESEE 1-Octanol CgH,s0 95 0.56 0.98 4.09 - 0.66
38 17.798 2,3-T [ 2,3-Butanediol C,H,00, 98 0.22 0.60 0.82 0.43 0.70
39 18.115  Jg-2-i-6-T Wik (E,Z)-2,6-Nonadienal CoH,40 91 0.38 - 0.25 - -
40 19.136 B-HFHEmE B-Cyclocitral CioHs0 88 - - 0.49 - -
41 19.407 R 2-34-1-B (Z) 2-Octen-1-ol CgH 0 92 - - 0.47 - -
42 19.676 H 2% Benzeneacetaldehyde CgHgO 98 4.92 2.84 13.37 - 1.64
43 20.692 HEE 2-Furanmethanol CsH( 0, 96 - - - 0.07 -
44 20.859 JK A% 2-Hydroxy-benzaldehyde C,Hg0, 94 - - - 0.16 -
45 21.095 2-FIBE TR 2-Methyl-butanoic acid CsHy00, 90 0.49 - - 0.18 -
46 21.109 Metfyﬁiﬁi;ﬁﬁ e CgH6 04 81 - 0.55 - - -
47 21.430 3=k i 3-Furanmethanol CsHg0, 97 58.92 56.95 26.11 55.21 68.55
(E)2-(2-WEIL LI ) 2- P BE-2-46% L 18
48  24.270 ( E)-2-(2-Methoxyethoxy) CioHy 0, 89 - - - 0.27 -
ethyl-2-methylbut-2-enoate
49 22.474  2-HILGERH S Methyl 2-methylvalerate  C;H, 0, 83 - 0.69 - 0.10 0.89
50 27.492 IECR Hexanoic acid C¢H,, 0, 96 0.82 1.58 1.02 - -
51 28.117 I Benzyl alcohol C,Hg0 92 - - - 0.20 -
20 292 Cblz ;?iyiéf:‘zﬁﬁiiﬁigf e CuHN,0, g0 - 0.82 - - _
54 29.340 Z 2. Phenylethyl alcohol CgH,0 98 2.34 2.83 - 0.30 -
55 31.316 2-Z, R EEMEE 2-Acetylpyrrole C¢H;NO 98 - - - 1.58 -
DL-32 it P i
56 33.591 2(3H) -Furanone , dihydro- CoH; 04 96 - - - 0.18 -

3-hydroxy4 ,4-dimethyl-
57 39.084 3-HfiR 3-Furancarboxylic acid CsH, 04 97 - - - 0.70 -
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2,3-4-3,5- T dE-6- 4 H-nik i -4 -
58 40.308 2,3-Dihydro-3,5-dihydroxy- CeHg O, 94 - - - 2.33 -
6-methyl4H- pyran4-one
3,5-TURUT HOR
’ C,H,O0 - - - -
» 41.930 3,5-Bis(1,1-dimethylethyl) -phenol 4 82 0.24
60 41.942 2 4-TRUT HFEE) 2 ,4-Di-tert-butylphenol €y Hy O 90 - - - - 0.25
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Fig. 4 Total ion current chromatogram of volatile composition
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of different flower parts from HaoYunLai
TEa BT AR b, A6 s o JE8E; d. TP e K ZAEAL, Note:a.
The part of sundried flowers;b. The part of petals;c. The part of

stamens ;d. The part of flowering;e. The part of boiled flowers.
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Fig. 5 Total ion current chromatogram of volatile composition
of different flower parts from XinXinXiangYin
TEca. W TAERT b, 2B ¢ BHE ;. TP AL e. ARFEAERL, Note:a.

The part of sundried flowers;b. The part of petals;c. The part of

stamens ;d. The part of flowering;e. The part of boiled flowers.
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Fig. 6  Comparison chart of volatile components from HaoYunLai and XinXinXiangYin
TE s 518 50D AE TR T LU b. 45328 5 00 4B S B X LU IR s e 2385 0 P AE R X FEIET s d. 432 550 O W T 2B X LU IR 5
e. R 5.0 0 KBS XF HLE , Note:a. The chart of petals comparision;b. The chart of stamens comparision ;c. The chart of flowering

comparision ;d. The chart of sundried flowers comparision ;e. The chart of boiled flowers comparision.
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