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Abstract

This study was performed to examine the effect of y-imadiation on the volatile organic compounds in Houttuynia
cordata Thunb.(H. cordata). The volatile compounds of non-inmadiated and 10 kGy y-inadiated H. cordata were
isolated using SDE apparatus and analyzed by GC/MS. For each treatment the number of volatile compounds were
detected at 83 and 85, respectively. The predominant functional groups of volatile organic compounds from H.
cordata were identified as alcohols and ketones. H. cordata was mainly composed of hexahydrofamesyl acetone
(12.81%), phytol, decanoic acid, dodecanoic acid, octadecanol, caryophyllene oxide, 2-undecanone and menthol.
Houttuynum which is characteristic compound of H. cordata was found in all samples and there was no significant
difference with imadiation doses. Consequently, y-inadiation of H. cordata would be an effective process for sanitation

and to increase extraction efficiency.
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Table 1. Comparison of volatile organic compounds identified in unirradiated and irradiated H. cordatas at 10 kGy

AA-G-=835]) = 158 A3& (2008)

No. RT” RI? Compound name MF.” AA S)Conml 5 10 Gy
Con. Area Con. Area
1 7.745 878 Ethyl acetate C4H;z0; 88 14.56 441 12.46 331
2 11664 1021 a-Pinene CioHs 136 4.83 1.46 501 1.33
3 13417 1065 Camphene CioHig 136 - 0.99 0.26
4 14083 1080 Hexanal CH;,0 100 - - 0.60 0.16
5 15256 1105 3-Pinene CioHie 136 8.4 2.56 8.18 2.17
6 17.815 1162 [3-Myrcene CioHis 136 722 2.19 4.59 1.22
7 19.53 1195 Limonene CioHis 136 1.34 0.41 1.19 0.32
8 20472 1215 (E)-2-Hexenal CeHioO 98 2.37 0.72 1.22 0.32
9 21082 1227 2-Pentylfuran CoHjs0 138 0.35 0.11 0.39 0.10
10 21.21 1231 (Z)-[3-Ocimene CioHis 136 0.89 0.27 0.81 0.21
11 21.83 1244 r-Terpinene CioHis 136 0.79 0.24 0.53 0.14
12 22367 1255 2 6-Dimethylpyridine CHgN 107 120 0.36 043 0.11
13 23.008 1268 p-Cymene CioHyq 134 0.79 0.24 0.45 0.12
14 23942 1286 Octanal CsHisO 128 0.18 0.05 0.22 0.06
15 24497 1296 5-Butylnonane CisHzs 184 0.63 0.19 0.55 0.15
1S 25231 1311 Butyl benzen CieHys 134 - -
16 28.135 1368 3,4-Dimethyl-2,4,6-octatriene CieHis 136 0.51 0.15 0.26 0.07
17 29.1 1386 2-Nonanone CoHis0 142 0.25 0.08 0.19 0.05
18 20322 1390 Nonanal CyH 50 142 1.70 0.52 1.99 0.53
19 29.6 1395 5-Butyldecane CiaHio 198 0.88 0.27 0.76 0.20
20 29906 1401 2-Butoxyethanol CeH140 118 0.25 0.07 0.32 0.08
21 30563 1414 Perillen CioHi0 150 052 0.16 0.44 0.12
22 31.706 1438 4 8-Dimethylundecane Ci3Has 184 - 0.31 0.08
23 32096 1445 Acetic acid CHO, 60 1.95 0.59 2.81 0.75
24 32325 1450 1-Octen-3-ol CeHiO 128 0.20 0.06 0.14 0.04
25 32724 1457 (E)-2-Octenal CsH1s0 126 0.32 0.10 0.17 0.04
26 32912 1461 Furfural CsHsO, 96 2.45 0.74 1.30 0.35
27 33366 1470 p-Menthone CioH3s0 154 4.99 1.51 427 1.13
28 34.89 1498 a-Copaene CisHas 204 3.36 1.02 2.60 0.69
29 35069 1501 Decanal CioHxnO 156 6.51 1.97 7.99 2.12
30 36363 1524 Benzaldehyde C-Hgo 106 3.60 1.11 2.96 0.79
3 37.643 1547 Linalool CioHi50 154 0.82 0.25 0.34 0.09
32 38.028 1553 (Z)-p-2-Menthen-1-ol CioHisO 154 0.37 0.11 041 0.11
33 38.711 1565 Menthyl acetate CsH:sO 110 0.49 015 0.81 0.21
34 39084 1571 5-Methylfurfural CHeOy 110 0.46 0.14 049 0.13
35 39.81 1583 Bomyl acetate Ci2H0, 196 723 2.19 924 2.45
36 40.71 1597 2-Undecanone CuHxO 170 12.54 3.80 19.21 5.10
37 40804 1598 (E)-B-Caryophyllene CisHa 204 5.03 1.52 2.25 0.60
38 41.006 1602 4-Terpineol CioHis0 154 3.40 1.03 378 1.00
39 42029 1621 [B-Cyclocitral CioH160 152 0.61 0.19 041 0.11
40 42.882 1637 y-Elemene CisHa 204 3.12 0.94 3.06 0.81
41 43.136 1641 Menthol CioHx00 156 13.75 4.17 15.96 4.23
42 43595 1649 Pulegone CoHiO 152 297 0.90 3.90 1.4
43 44128 1659 Nonanol CoHx,O 144 7.22 2.19 8.17 2.17
44 44365 1663 Terpinyl acetate CieHoO; 196 032 0.10 0.76 0.20
45 44515 1666 Estragole CieHrO 148 0.39 0.12 0.32 0.08

URetention time, “Retention index,

"Molecular formular, “Molecular weight, “Relative content (mgfkg), Peak area (%).
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Table 1. Continued
I;Ieglf RT" R1” Compound name ME” MW" Con‘5)contr01 Aredd Con. n Aea
46 44,797 1671 a-Humulene CisHos 204 0.96 0.29 118 0.31
47 46.255 1695 a-Terpineol CioH1:0 154 0.44 0.13 0.48 0.13
48 46.593 1701 Borneol CioHiO 154 2.09 0.63 2.54 0.68
49 46.845 1706 Dodecanal CiuHx0 184 2.40 0.73 3.67 0.97
50 47 844 1723 a-Guaiene CyisHos 204 1.46 0.44 1.38 0.37
51 48.107 1727 Piperitone CioHy60 152 2.34 0.71 2.94 0.78
52 49.365 1749 Geranyl acetate CiaHoOs 196 2.14 0.65 213 073
53 49.583 1752 6-Cadinene CisHy 204 2.12 0.64 1.67 0.44
54 49.858 1757 Decanol CioHx0 158 1.44 0.44 1.73 0.46
55 50.412 1766 a-Curcumene CisHx 202 0.64 0.19 0.62 0.16
56 51915 1790 Butyrophenone CioHpO 148 0.77 0.23 1.08 0.29
57 52.839 1804 Houttuynum Ci2HnO; 198 2.36 0.72 3.57 0.95
58 53758 1817 {3-Damascenone C;sHisO 190 1.10 0.33 1.34 0.36
59 54.529 1827 Calamenene CisHa 202 1.68 0.51 138 0.37
60 55574 1841 (E)-Geraniol CioHi0 154 1.11 0.34 1.23 0.33
61 57047 1861 Undecanol CiiHx0 172 3.65 1.11 4,84 1.29
62 57438 1866 Safrole CigHio02 162 0.53 0.16 047 0.13
63 57.755 1870 Benzy! alcohol C/HsO 108 0.82 0.25 0.80 0.21
64 60.541 1906 Phenethyl alcohol CsHiO 122 1.78 0.54 1.96 0.52
65 61.469 1921 Citronellyl valerate CisHasOs 240 2.26 0.69 2.23 0.59
66 65.629 1986 Caryophyllene oxide CisHyO 220 15.13 4.58 20.18 5.36
67 66.76 2003 Perilla alcohol CioHi60 152 0.77 0.23 0.90 0.24
68 66.949 2006 Methyleugenol CiiHuO: 178 1.30 0.39 1.66 0.44
69 67.955 2023 y-Nonalacton CoHigOn 136 0.51 0.16 1.08 0.29
70 68411 2030 Cinnamaldehyde CoHsO 132 3.50 1.06 3.94 1.05
71 68.625 2034 Nerolidol CisHxO 222 0.48 0.15 0.76 0.20
Iy 70326 2062 Tridecanol C3Hxs0 200 0.80 0.24 1.65 0.44
73 73183 2112 Hexahydrofarnesyl acetone CysH30 268 42.28 12.81 41.85 1111
74 73437 2119 1,2-Epoxyoctadecane CisH30 268 0.62 0.19 0.76 0.20
75 73853 2131 y-Decalactone CioHis02 170 1.67 0.51 2.22 0.59
76 75.622 2179 Patchouli alcohol CisHasO 222 2.79 0.85 4.03 1.07
77 76.997 2214 Methy! hexadecanoate Ci7HOs 270 0.86 0.26 1.67 0.44
78 78.845 2257 Myristicin CiH;05 192 1.13 0.34 1.11 0.29
oL 0213 2265 Decanoic acid CioHzOn 172 18.02 5.46 19.43 5.16
80 79.443 2271 Pentadecanol CisHxO 228 1.15 0.35 1.80 0.48
81 §83.948 2362 Undecanoic acid CiiHxnO 186 321 097 4.35 1.15
82 87.01 2425 1H-Indole CsHoN 117 2.62 0.79 3.61 0.96
83 88.788 2465 Dodecanoic acid CioHuOs 200 26.74 8.10 32.67 8.67
84 93327 2569 Octadecanol CisHz0 270 15.01 4.55 21.39 5.68
83 93458 2572 Tridecanoic acid CisHasOr 214 0.18 0.05 -
86 94.615 2598 Phytol CooHyO 296 2942 8.91 40.68 10.80
Total 330.12 100 376.80 100

YRetention time, Retention index,

Molecular formular, “Molecular weight, Relative content (mg/ke), “Peak area (%).
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Figure 1. GC/MS total ion chromatograms of the volatile organic compounds in unirradiated and irradiated H. cordatas at 10 kGy.
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Figure 2. Mass spectrum of (a) houttuymum and (b) 2-undecanone.
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AU TR EA dRE AMEEHE o]9dx HEx}
=, &9, ]zé A, A9, 75, o)k, B 2 A 5o
285 7RA AL 914, sesqmterpene—é 3} X, & =k 3
o, & 05% 1A o M2 AR T2 3] ulol ook
9 €52 g AM8-Er) m18] 3 diterpene S A9 F
AE-S olFn 1A g, B gl T2 AR, 74, 3
A5 T12]3l A& hormones-o] 2H8-8 7FAUH43,44).

Table 2. Relative content of functional groups in identified volatile
organic compounds in unirradiated and irradiated H. cordata at
10 kGy

. Control 10 kGy
Functional groups m
C mgfkg  Area% C mg/kg  Area%
Acids | 5 5009 1517 4 5926 1573
Alcohols 21 87.77 2659 21 11392 3023
Aldehydes 12 2652 803 13 R85 7357
Esters 7 2186 844 7 2991 7%
Ethers 3 2.82 0.86 3 3.09 0.82
Hydrocarbons 18 #4.68 1353 20 3776 1002
Ketones 10 6942  21.03 10 7807 2072
N-Compounds 2 3.82 .16 2 404 1.07
Miscellaneous 5 1714 519 5 224 59
Total 83 33012 100 & 37680 100

Number of compounds.

HEARAM ZALSE O]AEO] S|atM SQ7|AE A

10 kGy= ZA}gh Oi 329 total ion chromatogram-2 Fig,
1o YERH 31, 1 ShF2 Tables 13} 7t} 10 kGyE FAFSH
Azl ALY GBS HIEAD oAz A
7178 ¥l Ssskilan, WA APl me} O e )
o]7F AL 10 kGy 2. FALgE o/ 2ol A = 85%(376.80
mgkg)e] FL4 471430 GIERLen, ol 0] A}
& o429 wizsaigiont 1 el oizte) Ajol} U
ot 8 39d 771422 hexahydrofamesyl acetone
(41.84 mg/kg), phytol(40.68 mg/kg), dodecanoic acid(32.67
mg/kg), octadecanol(21.39 mg/kg) 12|31 caryophyllene
oxide(20.18 mg/kg)o] QU ATE ZAFGE o/ ZoljA] ]
H 3lAEES v A} o 29} 2] Afo]7) QiR o
AE AL FAIARE Bk Bgalnel 9

Aoz A7, olelg eiike] Alo) olele] 54 BiHE
ol Ug Folg MakE e @tk 54 ol 4 ze]

_|1m

A0 7] WAlE W+ houttuynum-2 3.57 mg/kg ©
= R ﬂr(Table 3). o g2 AejgAd 54 7H
¥ terpeneT= F 47FC0 8 1 TS 213.52(56.67%)
mg/kgi golxglom, Atol o8t 53k Mk U
U] ¢ettHTable 4).

Table 3. Relative content and area percent of 2-undecanone and
houttuynum in identified volatile organic compounds in
unirradiated and irradiated H. cordata at 10 kGy

Control 10 kGy
Compound
mg/kg Area% mg/kg Area%
2-Undecanone 12.54 3.80% 19.21 5.10%
Houttuynum 2.36 0.72% 3.57 0.95%

10 kGyz ZA}a oA 29 o Ter|d Shogs
alcohol—;TSl} ketone -7} 7}AF o] 2RlE]Q) © 1 alcohol
o]l & phytol, octadecanol 18] 31 nonanolo| =&
shakS- 2FA|8 3,  ketoneiFoll 4]+ hexahydrofanesyl
acetone ~1¢] 37 2-undecanone®| T8 3l3HE-2 201E|9)

Table 4. Relative content of terpenes in identified volatile organic
compounds in unirradiated and irradiated H. cordata at 10 kGy

Control 10 kGy
¢’ mgkg Area% C mg/kg  Arca%
Monoterpenes 32 8261  25.02 33 89.69  23.80
Sesquiterpenes 13 81.32 2463 13 83.16 2207
Diterpenes 1 2042 891 1 40.68  10.80
Total 46 19335 5857 47 21352 56.67

Terpenes

Number of compounds.

H| AL of A=} WARM =ALSE A9 UM RIIHE I:'l‘1
H] ZA} 014 ) 10 kGyE 2AMG o] oA Zeld
B ukg o7 R0 ke k7t zlo)7) 91 B Ao vl
8 THTable 1). H] A} o] 29| & JIA #7144 &Y
2 330.12 mg/kgo 2 ER1E T, 10 kGyE FAME
o] A Z o] A= 376.80 mgkgl & QI Th
2 Age] #5718 2] LR epeneRie] 35
£ 77} Table 237} Table 4of] YERHRITE 8] ZAF oA 2]
7198 3359 EF = acidi 55(15.17%), alcohol &
215(26.59%), aldehydeF- 12%(8.03%), esters+ 7-5(8.44%),
ether ¥+ 3<(0.86%), hydrocarbone+ 18<5-(13.53%), ketone
3 105(21.03%), nitrogenous compoundf- 25(1.16%) L&
1 718} 58(5.19%) 2.2 Sl th Terpene o] o s
X E 463(57.70%)°] 215 31, 1 < monoterpene -
7} 32%(25.02%), sesquiterpene 13<5(24.64%) 123l
diterpene 77} 155(8.91%) FRA=H AT H3h ofd %2 54
Aol kA G714 E<Q1 houttuynum(44)e] SHEFE 2.94

<]
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mg/kg(O 78%)°| XA tHTable 3). »1—7}_%
< camphene ©. 2 FAloll o]3l XA

=3 159 3l¥hE
=0|7] Hohe ] AL

NEQ 21 Fo ’é‘ﬂ"iﬂur AeFstzld HE A
Ul Ao E ALRHTE o9} fARSHA H] AL 01"4-%0“*1
SHRIEA] 92 hexanale] ZAFE Al R E BF E9l0]

=21t} Hexanal<- green note (45)= A2 tfj 3+ —4 A&
R %—ﬂ“ﬂ oA A EE AT w C6 XA Hikehg-
Aot} o] 1Nt of g} H] AL AlgollA FRIFHIH
tridecanoic acid7} Z}2}2] A eko 2 FA}3 Al gojAi= &
ol%]x] ¢rok=d] o|7 w3t 9o} AL} 7o 0|50l Ao
Z A7t 10 kGy R AR o} d 2ol Ty s
< acid¥- 4°€(15.73%), alcohol 7+ 215(30.23%), aldehyde &
135(7.57%), esteri 7%(7.94%), etherF 3(0.82%),
hydrocarbone 7+ 205(10.02%), ketonedF 10(20.72%),
nitrogenous compoundy+ 2%(1.07%) 18|11 7|E} 5=
(5.90%) 0.2 FRI% N W, terpeneF-o| FFo R HH &
47E(56.67%)°] 2R1E UL} 8] AL Al 5oF ZASH AR
A terpeneFe] & Aoy gl9le™, monoterpene &,
sesquiterpene 7 “12] 1. diterpene 2] zfo| % BHQlxn]x] oF
Skoh RE AR BN HBA f71ARe T2 B
7]+ alcohol i 2 ketoneF on, & o] A HAQ a4
FHE EFEH terpeneFUt A€ SFHET P &
Std= AFA 8. Terpeneft+= isoprene T &
2 7FA a1 Silt natural products groupe] LHEAC] o]E 0 2
o] IFAEEL AV} & 5rH terpenoid = 222 21 th46).

SPSES _4 St @ o2+ X450l <8P, 2-undecanone,
B-myrcene, (-ocimene, decanol houttuynumol 35
fractionol| A =2 3+FAIS JeERQITE BT terpene—n-7 5
] 59l fractionol| A &= Vibrio parahaemolmxus ! Yersinia
enterocolicica®] s o] F8ldHA Felx Q).

ok, ALY Z2AME oM xo] FEE-o) Salmonella
typhimutium|| T 9+ A3 Ho| o) 7Hd¥o] flo g 2kg-
StA] o, A LFE Fof fFAgHoz =48 Yeh)
A It B aE I TH4T).

ool Azhel Zol ¥l ZAL ol 22 10 kGye] Ao
2 ZAE oA oA FEA O R alcoholF 9} ketone 7}
ChaF SRIEA 0™, terpene FHEE B2 o] &5
ATt 2B AR AL mE o] o] EAAQ AR

B3l golx)x] ook}

o Ok
Il =

= AreME dA FEiveels 1 anlgo] Frtsta
3L, AE 7B o] ERIE A Y= kA Fo] shuel
ABZE 10 kGy= ZAele] FLA §719%e] WaE
H]| W 8} T}, n-Pentane¥} diethylether 23180 S Z&-8v]

o= ‘:E*/‘Hi 5‘-*}1 *If—wﬂ A ERlE EA fU e
747} 83%7} 85%0] BlEQITh AAA HeIE A
o2 aICOhOI‘[T-Q:I‘ ketone 57} FEHA| = AFS Kol of
Azxe] Fa A IsEdd 24 d¥= Ale AL
2 AU o) g2 HEAS AT Al e R
hexahydrofarnesyl acetone, phytol, decanoic acid, dodecanoic
acid, octadecanol, caryophyllene oxide, 2-undecanone %!
menthol 5°]¢1th E3] houttuynum-E 1 gHdo] T} & F4.
B Ao R W gelsglont ojgiel 54
Q) vlely RS ojali BT AT £,
o)dzel Fa AT AE o, FE, AT, FAE,
Pz 2 GG 59 ofe] 7h ol 4FH R Yt
terpene 2] ATH9 AT The ATk 24l uf
£ e u] ARG 2 Ao & Holx| akgiek meby
oz g4zt He) B T v PAR 2ALE
ol g3k ol AE & Qo ARSI, Bepilel A4
g Wk QA BUs AP U AN 24 E
9% ol Q7% e 713 ARS B84 5 A e
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