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Abstract

This study investigated the chemical composition of headspace gas from white-flowered lotus (Nelumbo nucifera
Gaertner). Volatile flavor compositions of headspace from white-flowered lotus (floral leaf, stamen, flower stalk, stem) were
investigated through the solid-phase microextraction method using polydimethylsiloxane-divinylbenzene fiber. The headspace
was directly transferred to a gas chromatography-mass spectrometry. Sixty-three volatile flavor constituents were detected
in the headspace of lotus floral leaves, and undecanoic acid (7.81%) was the most abundant component. Fifty-three volatile
flavor constituents were detected in the headspace of lotus stamina, and isobutylidene phthalide (7.94%) was the most
abundant component. Forty-four volatile flavor constituents were detected in the headspace of lotus flower stalks, and 3-butyl
dihydrophthalide (11.23%) was the most abundant component. Fifty-nine volatile flavor constituents were detected in the
headspace of lotus stems, and ligustilide (16.15%) was the most abundant component. The content of phthalides was higher
in the headspace of flower stalks and stems, while alcohols and acids were the predominant compounds in lotus floral leaves.

Key words: white-flowered lotus (Nelumbo nucifera Gaertner), headspace composition, volatile flavor component, solid-

phase microextraction

M B 2 Zd flollA F24, Agh H2 A, SN Zo] 1714 5]

, BYLE BF 162470010, &2 oF 407olth & W2
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3. Gas chromatography(GC)

PDMS-DVB fiberZ 3|@A F7|HES ZHT Fof| GC
(Agilent 6890N, CA, USA)®] =] Fol|A 287t 3]ury 33}
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204 S 231907, B0TA 208 $Askick FU7 2L A
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indices(RIs)yE Al4Fel7] &l 5L GC =75}l 4] n-alkanes
(CrCr)& AHESIATH

4. GC-mass spectrometry(GC-MS)

A ItE BAS 8] GCo A% Varian Saturn
2000R MSE A3 TE SPME fibers= Varian 8200 Autosampler
(Walnut Creek, CA, USA)E ©]83}4] GC-MS systemo]] Z-&
311t} Headspace gasE 408 3% %, DB-Wax fused silica
capillary column(60 mx0.25 mm i. D., film thickness 0.25 pm,
J & W Scientific, Folsom, CA, USA)Z #A&F3t Varian Saturn
2000R 3800 GC(Walnut Creek, CA, USA)2] F=]Fof| A 287k
A BRbES BRI Carrier gas= &9 1.1 mL £
o2 HEAFE HXEE 70CoA 2837 423 F230C
A BT 20K 52349, 230 CellH 202 fAISHAL
A7 % A1) LEE 250CR Sk 2279 split rato
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Table 1. Volatile flavor composition of white-flowered lotus by solid-phase microextraction

Retention index

Relative peak area percent

no. Component (DB-wax) Floral leaf Stamen  Flower stalk Stem
(Hydrocarbons)
Aliphatic hydrocabons
1 Decane 999 0.28 - 0.17 0.08
2 Undecane 1,094 0.92 - 0.56 0.19
3 Tetradecane 1,392 0.46 - - -
Subtotal 1.66 0.73 0.27
(Monoterpene hydrocarbons)
4 a-Pinene 1,034 0.56 - 0.24 0.30
5 Camphene 1,082 0.40 - 0.17 -
6 [3-Pinene 1,115 0.37 - 0.18 0.23
7 Sabinene 1,138 0.23 - 0.28 0.18
8 6-3-Carene 1,141 0.62 - 0.12 0.20
9 Myrcene 1,146 0.30 - 0.17 0.15
10 a-Phellandrene 1,152 0.60 - 0.32 0.33
11 a-Terpinene 1,197 0.49 - 0.27 0.35
12 Ocimene 1,,256 0.36 - 0.18 0.12
13 p-Cymene 1,292 0.30 - 0.15 0.15
14 y-Terpinene 1,267 0.34 - 0.40 0.37
15 Terpinolene 1,298 0.45 - 0.20 0.15
Subtotal 5.02 - 2.68 3.05
(Sesquiterpene hydrocarbons)
16 a-Copaene 1,498 0.45 2.58 - 1.38
17 cis-[3-Farnesene 1,656 1.79 0.30 0.70 0.22
18 Valencene 1,727 - 0.34 - -
19 Bicyclogermacrene 1,742 1.59 1.56 10.17 0.98
20 Germacrene-B 1,813 0.90 0.12 - 0.41
Subtotal 4.78 4.90 10.87 2.99
Total 11.46 4.90 14.28 6.31
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Table 1. Continued
Retention index Relative peak area percent
No. Component
(DB-wax) Floral leaf Stamen  Flower stalk Stem
(Aldehydes)
Aliphatic aldehydes
21 Hexanal 933 0.31 - 0.33 0.06
22 Nonanal 1,398 0.80 0.18 0.23 0.24
23 Undecanal 1,598 - 0.28 0.29 -
24 trans-2-Decenal 1,639 - 2.11 0.39 0.16
25 Dodecanal 1,714 - 0.20 - -
26 Tetradecanal 1,923 0.35 1.87 - 0.42
27 Tetradecenal 1,946 0.53 0.14 - 0.29
Subtotal 2.01 4.78 1.24 1.17
(Terpene aldehydes)
28 Citronellal 1,496 1.23 0.13 0.27 0.83
29 4-Hydroxy-3-methoxy benzaldehyde 2,590 3.66 1.60 - 3.27
30 4-Hydroxy-2-methoxy benzaldehyde 2,591 - 1.62 - -
Subtotal 4.89 3.35 0.27 4.10
Total 6.90 8.13 1.51 5.27
(Alcohols)
Aliphatic alcohols
31 2-Methyl-2-butanol 1,012 0.45 - 0.22 0.08
32 Propanol 1,039 0.35 0.13 -
33 2-Methyl-1-butanol 1,211 1.75 - 2.13 0.55
34 3-Methyl-1-butanol 1,212 297 - 3.65 0.76
35 p-Mentha-1,8-dien-10-ol 2,292 0.58 0.14 - 0.29
36 1,9-Nonaediol 2,439 0.52 0.36 - 0.23
Subtotal 6.62 0.50 6.13 1.91
(Monoterpene alcohols)
37 Borneol 1,524 0.34 - - 0.28
38 Terpinene-4-ol 1,611 - 0.20 0.23 -
39 Carveol 1,872 - 0.23 - -
40 Geraniol 1,879 - 0.14 - 0.16
41 Isoeugenol 2,242 - 0.18 - 0.22
Subtotal 0.34 0.75 0.23 0.66
(Sesquiterpene alcohols)
42 cis-Nerolidol 1,971 - 0.23 - -
43 trans-Nerolidol 2,050 0.57 0.35 0.56 0.24
44 3-Elemol 2,094 0.62 0.17 - -
45 Cedrol 2,131 0.88 0.32 - 0.23
46 Cadinol 2,171 0.77 0.35 - 0.25
47 Muurolol 2,285 0.40 0.17 - 0.25
48 trans,trans-Farnesol 2,419 0.31 0.86 - 0.20
49 Fanesol 2,550 6.26 0.81 - 0.89
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Retention index

Relative peak area percent

re. Component (DB-wax) Floral leaf Stamen  Flower stalk Stem
Subtotal 9.81 3.26 0.56 2.06
Total 16.77 4.51 6.92 4.63
Ketones
50 2-Methyl-2-butanone 940 0.72 - 0.18 -
51 3-Buten-2-one 952 0.25 - - -
52 2,3-Pentanedione 1,055 0.59 - 0.25 -
53 Camphor 1,530 0.42 1.85 0.18 0.24
54 Cis-carvone 1,745 0.42 0.41 - 0.25
55 Carvone 1,870 - 0.50 - -
Total 2.40 2.76 0.61 0.49
(Esters)
56 Ethyl acetate 906 4.97 0.61 2.62 -
57 2-Ethyl-2-butanoate 939 - - - 0.49
58 Propyl propanoate 1,044 0.28 - 0.12 -
59 3-Metyl butyl acetate 1,149 0.24 - - -
60 Ethyl hexanoate 1,220 0.38 - 0.60 1.80
61 Heptyl acetate 1,361 1.53 - 0.67 0.28
62 Citronellyl acetate 1,666 - 0.31 - 0.44
63 Decyl acetate 1,695 - 0.27 - -
64 Terpinyl acetate 1,701 - 0.16 - -
65 Neryl acetate 1,724 0.60 1.07 1.38 0.22
66 Geranyl acetate 1,765 2.82 0.13 0.48 1.37
67 Geranyl propionate 1,888 - 0.18 0.70 0.18
68 Dodecyl acetate 1,918 1.70 0.11 6.23 1.06
69 trans,trans-Farnesyl acetate 2,271 - 0.18 - -
70 Ethyl hoptadecanoate 2,341 - 0.36 - -
71 Methyl octadecanoate 2,462 - 0.47 - 0.52
72 Ethyl octadecanoate 2,470 - 0.98 - 2.59
Total 12.52 4.83 12.80 8.95
(Phthalides)
73 Isobutylidene phthalide 2,602 3.90 7.94 - -
74 Ligustilide 2,620 3.27 2.01 - 16.15
75 3-Butyl dihydrophthalide 2,634 3.02 2.49 11.23 4.92
76 Butylidene dihydrophthalide 2,658 1.01 2.36 9.67 3.88
Total 11.20 14.80 20.90 24.95
(Acids)
77 Ethyl hexadecanoic acid 2,261 - 0.11 - -
78 Undecanoic acid 2,578 7.81 0.88 - 2.83
79 Dodecanoic acid 2,585 1.85 1.60 - 2.39
80 Myristic acid 2,712 0.73 - 4.18 2.40
Total 10.39 2.59 4.18 7.62
Total 71.64 42.52 61.20 58.22
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(Chae 5 1996). & ZYA = Bi-g 2wl AT g =9
R0 gl ¥ Ao yehgrh
A Zolo] A PR 3 Qs =Re AH 2"
PR 6.90%F AAFGE, ©o] F AE JYF=F
[e)

(aliphatic aldehydes)7} 2.01%, |23 & 65| = F(terpene al-
dehydes)7} 4.89%F A}A|5}H ) ©] £ 4-hydroxy-3-methoxy
benzaldehyde”} 3.66%=% 71 =4t SIZSH+= 16.77%S
A FFH o H, A= T - F(aliphatic alcohols)7} 6.62%,
ELg 23 ¢F-&F(monoterpene alcohols)7} 0.34%, A AF
23 o3 -2 F(sesquiterpene alcohols)”7} 9.81%S X} X3}
t}. o] = farnesol®] 6.26%= 7H} =90ttt AERF= 240%=
XA TFE AL, A AHERE F 12.52%Z ethyl acetate®] $hHaF
0] 497%= 7} =3ttt TEEho] =F(phthalides)~= 11.20%
=, isobutylidene phthalide”} 3.90%=2 7} =¢ton, A=
10.39%= x}A]3}9 11, undecanoic acid7} 7.81%= HEES
A7) 5Hch.

A 29 A IR TFRE dEeaF F Ot
b o] & cis-B-famesene2 citrus T o FHE-E RS
2, IWAE gtebeole gEo] qith o] AR 5% 7t
AFE Fofdts o= HE vF ckChoi HS 2003).
Famesene & %2 THAISE7| o] 7]oi5hu], Ao Thopgt of
HAZ EAD. ke o)A % (EB-o-famesenco] 74
kA o)1, o] AR AlThe] SHH ] 4ol o
st olz) Buo] BeHol Yk SER A Ao
(Arctander S 1969). & Z919] IV|AE F dIFLZF7} AHA]
sl vl 7HY w3t=l, olRAE 2 famesolo] 7] 2183
o} o] AR AAaFHEH 43& ARCE 27|, B,
Pzt g TFE Ao Tk 4 293t

3} 9 S 7] e, 5 %

o

& A EFFET A
2 ¥l Arctander S 1969). AF2 % 71 gHaFo] =& undecanoic
acid= ZFAAlol de] £E3h= AR StUE Z7)d A=
IR 7| =7t 4] ¢S Aot Arctander S 1969).

HE &9 headspaceol| A= F 5359 7470l &l
%L, & headspace®] FY F7|HE F 42.52%F A
). 71 ol -85 AE-2 isobutylidene phthalide(7.94%)9]
a1, o]oJA] a-copaene(2.58%), 3-butyl dihydrophthalide(2.49%),
butylidende dihydrophthalide(2.36%) <=©]3ith.

A 29 YA FAEE T BEeaie HA 24
H F7EE 4.90%F AT, 25 AlAAEH = w3t
FaFE UEHH dH5ERe A4 248 IR T
8.13%E AA|etH L, ALZFH LHs|=R7T 4.78%, HEZ
A3 ER7}F 3.35%2 AR5 TE ©] 5 trans-2-decenal o]
211%2 7F =9t AT LEL 451%E 2X|5tEEd), X
HE 4T T} 0.50%, Zi-H 28 dFLFH7}0.75%, A&
A 2 dFLEI} 3.26%S 2R3 ©] F trans trans-
farnesol©] 0.86%=% 7} =A4th AERLE= 2.76%= A 51
3, | AHEZERE= Z 483%2 neryl acetate?] o] 1.07%2
7 =30t ZEEo| =R 14.80%% LEREAL, isobutylidene
phthalide7} 7.94%=% 714 &t) AbFE 2.59%E 2|31
=, Z2HoA =A YelGE undecanoic acid= H| 2] A
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A 29 I FAEE T £HT Bty FEg
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531 30 Aelele) B4 WlgEo wg v
(Choi 5 2001).
o1 2rH 2 £7|9| headspace
Z 9 headspaceo] A= & 4459 7|40l ERlE
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o} 7F go| g-5-8 AJE-2 3-butyl dihydrophthalide(11.23%)
©]%1aL, bicyclogermacrene(10.17%), dodecyl acetate(6.23%),
myristic acid(4.18%), 3-methyl-1-butanol(3.65%) <=°|%lth
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St p o] dhero] H55] EoTh GHISIERe A £4
H F7AEE 5 151%=E W AA FRE AL, o F
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A BEE7 =2 A0 2 ZAE It Arctander S 1969; Heath
HB 1986). 9 E7]= T2 Rerris Zgejo|=re| 3
o] A Uehgtt Zetelo| = 2o &5k ligistilide, butylidene
phthalide 5- 7+et 2u5e] W7]8 Yehfo], YEahe
B35 v} 9loj(Choi 5 2001), A E71& oFE A2 e
58 Aoz AztErh weh Aol R PrHRe
sl G0 WA AEAYC] Bgo| Fh5T Ao
Helth

=

Q0 3 #E

el A8 Beld HEy WY 242 99 29
2 5%, 2, 7|2 YUyo] SPME HH 9 2 headspace gas
£ 5] GC 9 GCMSZ £451th A YA += un-
decanoic acid(7.81%)2] dgFo] =9k, 1 th2-2 famesol
(6.26%), ethyl acetate(4.97%), isobutylidene phthalide(3.90%),
4-hydroxy-3-methoxy benzaldehyde(3.66%) =o|itt & & 4
% 9] headspace]| A] = isobutylidene phthalide (7.94%)2] $HF
o] =931, o]0 A a-copaene(2.58%), 3-butyl dihydrophthalide
(2.49%), butylidende dihydrophthalide(2.36%) <=°]%itt & &
o) headspace?| U4 F7IHE 5 7HE Wol FHE HE
2 3-butyl dihydrophthalide(11.23%)°] %132, bicyclogermacrene
(10.17%), dodecyl acetate(6.23%), myristic acid (4.18%), 3-
methyl-1-butanol(3.65%) = H|x2] theF g-G5o] ek 4
7] 9] headspaceol| A= ligustilide(16.15%)2] steFo] &=9ka1,
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0]o] 4] 3-butyl dihydrophthalide(4.92%), butylidene dihydroph-
thalide(3.88%), 4-hydroxy-3-methoxy benzaldehyde(3.27%)2]
stafo] Egteh e Boutt dme Rl Ao
aero] BT, F S2oldE BolEARY Pt TR 2
o] Bls) W, QYIS =R, AER Feo] kol F7] =
o] 7% Ao Yehdrt 5, o 2 oz 4
BT Aol F £&S TS TEIAE Aol $5T A
o2 B, Bt BoeaRel Bol R Kol
. ASAZF YFE ot 4F 2AZN B

Aoz 2AEGT @ 27]% T F9ucks Zeeo)
P R A P
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