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Compositional Changes in Essential Qil of Zanthoxylum piperitum A.P. DC. During Storage

Mi Sook Chung
Department of Foods and Nutrition, College of Liberal Arts, Duksung Women’s University

Abstract

Compositional changes in essential cil of Zanthoxylum piperitum A.P. DC. were investigated under six different storage
conditions for 3 months. Essential oil from Zanthoxylum piperitum was collected by steamn distillation method and analyzed by
gas chromatography-mass selective detector (GC-MSD). Forty-one volatile compounds, consisting of 12 hydrocarbons, 11
alcohols, 8 aldehydes, 3 oxides, 3 esters, 3 ketones and 1 acid were identified from the fresh essential oil of Zanthoxylum
piperitum. In essential oils, compositional changes occurred in particularly monoterpene hydrocarbons. Total levels of ketones,
esters, oxides and alcohols increased during storage. Moreover, aerobic condition caused decrease in a few constituents during
storage even at low temperature.
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<Table 1> Relative compositional changes in Zanthoxylum piperitum essential oils under storage condition ZP-11)

Relative peak area(%)?

Identi-

Compounds RI2 i 5T 20T 40T

fication® 0 1 mon 3 mon 1 mon 3 mon 1 mon 3 mon
hexanal 799 MS/RL 0.08 0.08 0.07 0.06 0.05 0.05 0.04
heptanal 900 MS 0.07 0.07 0.06 0.06 0.05 0.05 0.04
a-thujene 925 MS/RI 0.06 0.05 0.05 0.05 0.04 0.04 0.03
o-pinene 934 MS/RL 0.18 0.18 0.11 0.10 0.09 0.14 0.08
sabinene 973 MS/RL 062 0.60 0.55 0.49 0.37 0.49 0.30
B-myrcene 989 MS/RI 6.50 6.50 6.17 4.83 411 4.63 451
octanal 1004 MS/RI 0.13 0.13 0.13 0.11 0.11 0.11 0.11
p-cymene 1029 MS/RI - - 0.04 0.07 0.08 0.12 0.19
limonene 1031 MS/RI 33.01 33.02 32.00 31.13 29.97 30.55 28.39
f-ocimeme 1048 MS/RI 0.07 0.05 0.07 0.05 0.04 0.04 0.03
2,6-dimethyl-5-heptenal 1054 MS 0.16 0.14 0.10 0.11 0.09 0.09 0.08
y-terpinene 1061 MS/RI 0.23 0.19 0.15 0.16 0.10 0.12 0.09
cis-linalool oxide 1070 MS 0.28 0.28 0.26 0.26 0.30 0.30 0.37
a-terpinolene 1091 MS/RI 1.15 1.10 0.85 0.90 0.84 0.81 0.73
linalool 1101 MS/RI 1.64 1.57 1.51 1.41 1.39 1.50 1.10
p-menthenol 1123 MS/RL 0.83 0.83 0.87 0.87 0.89 0.94 1.10
cis-limonene oxide 1124 MS 0.02 0.02 0.03 0.04 017 0.04 0.19
isopulegol 1142 MS 4.03 4.03 4.08 417 4.16 4.20 4.80
citronellal 1153 MS/RI> 6.54 6.50 5.35 6.29 5.44 5.82 5.00
terpinen-4-ol 1182 MS 0.37 0.37 0.32 0.39 0.43 0.48 0.45
cryptone 1189 MS/RI 5.29 5.29 4.00 4.87 531 5.72 5.79
o-terpineol 1198 MS/RI 057 0.57 0.54 0.56 0.59 0.62 0.67
cis-piperitol 1215 MS/RI 0.37 0.37 0.38 0.39 0.40 0.42 0.39
trans-carveol 1222 MS 0.58 0.58 0.66 0.65 071 0.67 0.74
curninal 1227 MS 1.75 175 1.39 0.66 0.60 1.61 1.31
citronellol 1228 MS/RI> 0.74 0.70 0.77 0.74 0.76 0.71 0.77
carvone 1254 MS/RI 0.81 0.81 0.87 0.90 1.09 0.92 1.23
piperitone 1256 MS 0.04 0.04 053 0.62 0.80 0.64 097
geraniol 1258 MS/RI 3.34 3.30 397 3.21 331 3.39 3.46
phellandral 1267 MS 4.04 4.00 4.03 4.10 401 3.90 3.53
safranal 1273 MS 1.19 1.11 0.86 1.15 0.93 0.91 0.77
p-cumic alcohol 1292 MS 192 1.92 194 1.94 201 2.02 2.36
nonanoic acid 1298 MS/RI 0.58 0.63 0.84 0.66 1.20 1.10 1.25
citronellyl acetate 1354 MS/RI> 3.59 3.70 3.84 3.50 3.60 3.85 411
geranyl acetate 1383 MS/RI® 11.88 11.88 14.84 12.72 12.63 12.58 13.51
B-caryophyllene 1430 MS/RI 0.26 0.22 0.19 0.10 0.09 0.10 0.08
cuminyl acetate 1437 MS 0.06 0.10 0.19 0.08 0.11 0.10 0.18
d-cadinene 1528 MS/RI 0.20 0.18 0.07 0.18 0.12 0.08 0.06
spathulenol 1601 MS/RI 0.04 0.04 0.03 0.06 0.07 0.06 0.07
caryophyllene oxide 1592 MS/RI 0.47 0.48 0.46 0.53 0.57 0.53 0.59
8-heptadecene 1674 MS 0.30 0.30 0.13 0.17 0.10 0.17 0.14
heptadecane 1700 MS/RI 1.14 1.14 1.11 0.09 0.08 0.08 0.04

D Samples were stored in incubator set at 5, 20°C and 40C with cap opened for 3 min once a month during storage.

2) Retention indices were determined using n-paraffins Cs-C;; as external references.

3 Tentative identification was performed as follows: Mass spectrum (MS) was consistent with that of the Wiley mass spectrum database
[2001, Hewlett Packard Co., Palo Alto, USA]; Retention index (R was consistent with that found in literature (Kondjoyan & Berdague
1996).

9 Average of the relative percentage of the peak area in the MS total ion chromatogram (n=3).

5) Identification based on reference (Wijaya et al. 2002).
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<Table 2> Relative compositional changes in Zanthoxylum piperitum essential oils under storage condition ZP-21)

Relative peak area(Qo)?

Compounds RI2 Ide‘ntt— 5C 20C 40C

fication? 0 1 mon 3 mon 1 mon 3 mon 1 mon 3 mon
hexanal 799 MS/RI 0.08 0.07 0.06 0.04 0.02 0.03 0.02
heptanal 900 MS 0.07 0.06 0.06 0.05 0.02 0.04 0.04
a-thujene 925 MS/RI 0.06 0.05 0.05 0.06 0.04 0.04 0.02
o-pinene 934 MS/RI 0.18 0.16 0.09 0.09 0.06 0.10 0.06
sabinene 973 MS/RI 0.62 0.57 0.49 0.32 0.27 0.30 0.29
B-myrcene 989 MS/RI 6.50 5.32 5.05 3.90 3.27 3.51 3.00
octanal 1004 MS/RI 0.13 0.14 0.12 0.09 0.04 0.08 0.07
p-cymene 1029 MS/RI - 0.04 0.07 Q.18 0.22 0.20 0.34
limonene 1031 MS/RI 33.01 32.78 32.01 28.09 27.01 27.96 25.79
B-ocimeme 1048 MS/RI 0.07 0.04 0.04 0.04 0.03 0.02 0.02
2,6-dimethyl-5-heptenal 1054 MS 0.16 0.14 0.11 0.10 0.08 0.06 0.06
y-terpinene 1061 MS/RL 0.23 0.15 0.10 0.10 0.09 0.08 0.05
cislinalool oxide 1070 MS 0.28 0.30 0.30 0.27 0.32 0.38 0.51
a-terpinolene 1091 MS/RI 1.15 0.89 0.86 0.71 0.71 0.62 0.52
linalool 1101 MS/RI 1.64 1.38 1.00 1.13 1.35 1.04 1.00
p-menthenol 1123 MS/RI 0.83 091 1.07 095 0.98 1.08 1.19
cis-limonene oxide 1124 MS 0.02 0.03 0.04 0.11 0.23 0.23 0.29
isopulegol 1142 MS 403 4.18 4.88 4.33 497 4.85 5.01
citronellal 1153 MS/RI> 6.54 6.11 5.50 5.56 5.71 491 2.94
terpinen-4-ol 1182 MS 0.37 0.42 0.44 0.49 0.76 046 0.81
cryptone 1189 MS/RI 5.29 5.37 4.18 6.83 7.91 7.02 7.39
o-terpineol 1198 MS/RL 0.57 0.61 0.66 0.65 0.71 0.77 0.89
cis-piperitol 1215 MS/RI 0.37 0.38 0.39 0.48 0.51 0.54 0.61
trans-carveol 1222 MS 0.58 0.67 0.70 0.87 0.99 0.76 157
cuminal 1227 MS 1.75 1.66 1.25 2.21 0.71 1.65 1.65
citronellol 1228 MS/RI® 0.74 0.79 0.90 0.81 0.93 0.83 0.90
carvone 1254 MS/RI 0.81 0.93 0.98 0.97 1.27 0.94 1.40
piperitone 1256 MS 0.04 0.18 0.55 0.66 0.98 0.59 1.25
geraniol 1258 MS/RI 3.34 3.45 3.64 3.78 3.97 4.10 4.44
phellandral 1267 MS 4.04 391 3.68 3.47 3.29 3.21 2.81
safranal 1273 MS 1.19 0.97 0.82 0.94 0.79 0.53 0.47
p-cumic alcohol 1292 MS 1.92 1.98 2.04 207 2.09 232 2.81
nonanoic acid 1298 MS/RI 0.58 0.97 1.03 0.92 1.71 1.11 1.70
citronellyl acetate 1354 MS/RI» 3.59 3.91 4.27 3.69 4.01 4.39 4.98
geranyl acetate 1383 MS/RIS 11.88 12.03 14.92 12.74 13.58 14.61 14.07
B-caryophyllene 1430 MS/RI 0.26 0.17 0.10 0.11 0.07 0.08 0.04
cuminyl acetate 1437 MS 0.06 0.14 0.19 0.10 0.14 0.10 0.31
d-cadinene 1528 MS/RL 0.20 0.10 0.07 0.09 0.14 0.04 0.03
spathulenol 1601 MS/RI 0.04 0.06 0.08 0.07 0.11 0.07 0.11
caryophyllene oxide 1592 MS/RI 0.47 0.51 0.59 0.56 0.62 0.69 091
8-heptadecene 1674 MS 0.30 0.27 0.18 0.17 0.08 0.14 0.08
heptadecane 1700 MS/RI 1.14 1.10 0.99 0.08 0.07 0.08 0.05

D Samples were stored in incubator set at 5T, 20°C and 40°C with cap opened for 3 min everyday during storage.

2) Retention indices were determined using n-paraffins Gs-C;: as external references.

3 Tentative identification was performed as follows: Mass spectrum (MS) was consistent with that of the Wiley mass spectrum database |
{2001, Hewlett Packard Co., Palo Alto, USAJ; Retention index (RI) was consistent with that found in literature (Kondjoyan & Berdague
1996).

9 Average of the relative percentage of the peak area in the MS total ion chromatogram (n=3).

5 Identification based on reference (Wijaya et al. 2002).
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3. Gas chromatography—mass spectrometry (GC-MS)
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USA)E B4t Microsyringes ol83te] F4 1 uLE
HP-5MS column (30 m length X 0.25 mm i.d. X 0.25
um film thickness, Agilent Co., Palo Alto, CA, USA)9
Fatglen, &8 7Ae Heé AHEEFR AL 42 1.0
mL/min2 248k, 28 258 40TA 5& KA F5
T/min2 & 525k 2204 58 A1 Injectoret
detector €&& 2t 200C % 250CE st4th, Mass
selective detector? ©| &3} 9UZ]= 70 eV, scanning
mass range+ m/z 33-3302% s}9it},

4. 37|89 59|

GC-MSOl| oJa 288 27t peak “d&-2] mass spectra
9} Wiley mass spectral data base(Agilent Co., Palo
Alto, CA, USA)®] mass spectrag v]sto] 37] "é—t-'—?:_ i
015k}, E3F Co—Cyr®l ¥ZHAldrich, Milwaukee, USA)E
AHg-31e] retention indices(RIs)E ++8t(van den Dool &
Kratz 1963), 239 A& 5& %E3to o8& AU
(Kondjoyan & Berdague 1996).

M, 73z 9l vk
AN z2u) Ao FrIREE F 477 EelEgleH,
o] 79 hydrocarbon 12%&(terpene hydrocarbons 10
%), alcohols 115, aldehydes 8%, oxides 3%, esters 3%,
ketones 3% 9 acid 1&0] Z3E 0] At} FelE Aol A
23l peak WAL F 95.13%F AAstelch, 29 FHE A
ZAshHA 3 ol 18] 3E AR viald F4L2 Enit ot
A Z719F BEAIZ] A RE(ZP-1)olA BlE A& At
peak HAL (Table 13 2t} A% 2= 5CoAA 127 A%
312w Holel ARo] At A<l peak HA> 94.82%, 347F
AFRE W= 94,4195 2|90} AR E 20CAM 12
7+ et o 89.43%, 3E AA A 87.81% 12|11 40
A1 9 3 2RSS o 242 90.70% 2 89.65%2] AFThA]

2l peak HH-E YEFHIITE (Table 2=
WA 3lFo] 13] 35 FoF A8 vial] F74
2719} BRG] A 2(ZP-2)0 A 2H1H A& ’b}fﬂﬁ?l peak
HH L A B9t AT 5Tl 127 A6t of &<l
= A2 A el peak &2 93.90%, 3¥ZF A3
94.55%% Ve Sit, A%-2= 20T A 197 A%st%
) 88,88%, 3% A% Al 90.86% 12 al 40°CoIM 1€ 2 3
ARsIE-e W 2k 90.56% L 90.50%2) At <) peak B
& AA|sk,

z3 o gd dEEY hydrocarbons 5§39,
monoterpene hydrocarbons ##-2 A2 A glo]
AA}7) 7o) Ao|ALE 7hAhdte AgS BYrh Limonened
23] Aol 71 ol s AEo R gelEglen], ejvet
ulekA A Eo] 499 ZaABRog T BuEEE QthlLee &
Chung 2003). A48t 23] AFoA limonened 33.01%2]
AthA el peak HAE AR 8FA oL ZP-190A= A% 37HE 5
T, 20C 2 40 CoA 22 32.00%, 29.97% X 28.39%= 7
AEch ZP-20) K= A% 3708 5T, 20T % 40TColA 27
32.01%, 27.01% 2 25.79%=% FaF ol ZP-12t} ZP-2 A%
Z79A limonene®] Z47} o ZA YERtth Sawamura &
(2004)2 lemon AFE 25CHA 674148 AReAS o
limonene® 0] 50% ol AAEIHT 1%l o, AR
© & monoterpene hydrocarbons®] = Akt 9 Z-3H4HS-
of ogt oz A Qlrt, LA FAF s A
limonene®| carvonel & 4t&}tE|0] terpene noted HEZE
carvone2 L2 FA9 offflavorZ L&A ch(Belitz &
Grosch 1999). & AH¥% limonened H&she W
carvone® At Al peak WA AlASH 21] Aol A 0.81%
& ARt oLt 7P-13t ZP-29 AL 5T, 3A4Y A% A
oA 242} 0.87% 2 0.98%0] e A 40T, 3/1E
AZ ARol A 242 1.23% L 1.40%E S7HE], &5 2 37
7} limonened| Al carvone 2290 ASPHES-S XIS & 4
ol\;}

a-Pinene A+ A% 52 AAg FAE Ueto], ZP-1
oA 20, 7MY AZSIAL ol 50% 4= Glar 40TolA 374
o A7 5192 ol oF 56%9] ZAE Ve ZP-291A4 5
TeE, AR 3MEoe 50% FaHAT, o3t Hae
Sawamura 5(2004)0] 213 lemon A5 A8 At 43
3t} a-Pinene Wof| 23] trans—pinocarveol & A=
dl(Sawamura % 2004), & A& M= trans—pinocarveol
o] stolxjn ororeh 1 AL9 AR E¢F monoterpene
hydrocarbons®] 74+ yuzu A ¥ Thompson navel
orange AlAE A= UHNjoroge 5 1996; Usai 5
1992),

Monoterpene hydrocarbonsol Al o2z o2 A4t =
Aoo| Fro-5)R] okt p-cymened AGE AASHA A
H artifact® EQIELL, AlZko] 2UA 1 kol XAt

ZI
e
=

mR -ﬁ

¢

rlr

OlN o, _E



7bete AL Hlth p-Cymene o-terpinene % y-
terpinene?| dehydrogenation¥} rearrangementel {3}o]
AXRE 4 9101 limonene? double bond rearrangement
¢} hydrogenationol oJsiA= AL 5= ook d={A Yt
(Njoroge % 1996). o]} dash= AHE £ HFHAA= y-
terpinene ¥ limonene? &fo] A7]7to] F7rgkol utet 4
2} A28kt p-Cymene citrus 0il®] 83k off-flavor
2 984 9oy yuzu ¥ lemon M E A%7I7t0] Ao
o) we} 1 gHako] Flshe AFE EArHSawamura &
2004; Njoroge %5 1996). 21 A4 A&27 ZP-19 5T A
2 7hY ARl ME p-cymeneo] EAFZ| ¢foroenz xy
A5 AF ol 43 of, Aol ©713F A73te] p-cymene
o] AYAE g o] sighalsital HgkE,

Monoterpene alcohols®] ThREL 21| FH-9) A4 <
27} 2415 B}t E3) terpinen—4-olZ} trans—carveol©]
AR5 F7istd e, o83t 7= 4 monoterpene
hydrocarbons® &3¢ #&o] 9tk Dieckmann &
Palamand(1974)o] @2% myrcene©] AH5AMS}F 5o
linalool, geraniol ¥ nerol& AT 4 Aot stglet], &
Ao A= AA7|7ko] Aol w2t myrcened TAdHHA
geraniol Tk Z71ohe A9S Eglon, Zp-1Et} ZP-29|
A 2 Z7pF Besldnh 28 linalool Adhes A3ka B
%1}, Linalool 37] $9)A4 linalool oxide® 432 4= Sl
4|, olgfet Alghe 21 Ffolld L7t HEFE, A7l
ZojA 2 o] Uelton 7P-131}F ZP-29] 40T o)A 37HY
7t AA5H9S 1 linalool oxide] A Al peak WA o] Ztzt
0.37% % 0.51%2 ZP-2014 o &9ttt

Z1) 3-89 2% 52t a-terpineols %78} limonenes
A2t e, o= limonene® AFSHE Y| 2J3to] a-
terpineol®] A4 Eth= Dieckmann & Palamand(1974)8] &
19} A Fjgtct Njoroge $(1996)2 yuzu A9 artifact 2t
59 3h}Z spatulenol® EI8PHA bicyclogermacrene®]
7] Fol A AkslE]o] AYE = ookl apich Ty 2 Y
Al Mg 23] oA uFS spatulenolo] =S
O2 artifact® o™, ZP-1 9 ZP-2¢A =7} oA 1L
A A}7|7ko] AojZof wket spatulenol L S7FsH T

23] J7-9] aldehydes TFS A& FAE oY, E3]
%9 9] aroma—active compounds2 HEIH octanal,
citronellal @ cuminal®] A2l peak WA AAgH A5
oA 8.42%% Uelglort ZP-1 9 72P-29] 40T A 37/HE
7H AR A BAE Zh2E oF 24% W 45%2] At LERd
Silva $(2004)2 citronellal®| cyclization® ] 4] isopulegol
S A Bastled] 2 Aoz #A%7|7te] dojA
% citronellal$ 745 A isopulegol®] F7FH= 235
By dE AolME A% 7|7k dojd4E aliphatic
aldehyde? octanal®] geFo] 31X 3] ZaEduty HH vt
AthSawamura 5 2004).

B

m M9 F7INE Wat 437

oo

z1] H8olA citronellyl acetate, geranyl acetate %
cuminyl acetate® 22 esters7} EIE A o &7} F715}
39 Az 77ke] Aoje) met 1 ol Frlet o,
geranyl actate 3 A2 240 utet E4F2lsHA Uttt
Yuzu A-GolAs A&7 7k wAIG 0] geranyl acetate?]
o] AdAs Tt B39t Njoroge 5 1996). ZT] A-FolA
stolEl 3717 oxides$! linalool oxide, limonene oxide
caryophyllene oxided] TF= Z7Hsled], olF B/
linalool, limonene ¥ caryophyllene®] Z}zt Attsto] Q415
L EBZolc}, 23] A8 ZP-120h ZP-200A oxides Tgo] ¥
Ueht, 2719 9Ja}o] oxides Aol HHEE & 4= 9t 2l
9 ketones 7F&Hl cryptone®} piperitoneS 21 7|9
aroma-active compoundsZ 215 o] J=H(Chung 2005)
AZ7I7E Ho 2 gpol 7t HFE Blth. E$ nonanoic
acide ALASE AGolA AthEel peak Wa o] 0.58%FALH,
ZP-1 9 7ZP-29] 40CollA 37¥7 A%eE ARl = 244
1.25% ¥ 1.70%% Heo] @A 7+ ZA.

21 A4 ARLE7L B0 AA7|7o] S7El w2l
g 7] AR & A peak WAL AAaEoH, A FeF
PAEE p-cymene°] 9| artifacts & AFol|A EsHA|
o}, 23] FHE 4FoA FusA E FA FoE B
259 Ao e 21 FHE Agstde o &
ot MEA BAHE artifacts B

21 AHE 228 gEste] ARstHA g gl 13] 383t
21 4 o7} oA Frieh vt
SAZIEA ZF A7) 7] E0] W3S 170 W 37 Yol #-4
st} A 20 4G9 4R & 47HA7) SRl gL
™ o] 7}-&-d| hydrocarbons 12%(terpene hydrocarbons 10
%), alcohols 11%, aldehydes 8%, oxides 3%, esters 3%,
ketones 3% 9 acid 1£o°] Z¥ =0 At

Z3] G0l eH4-H HFE9] hydrocarbons 53], limonene,
a-pinene? Z-& monoterpene hydrocarbons &2 %
2o BAGlo] AA7ITte] dojdeE Hadle AFgFS B
o}, 28y p-cymene-S FH+E ARSHHA AHdH artifact®
SRIEIQISL, Ajzto] AUtHA] 1 gHeko] At Sk AdE
B4t} Monoterpene alcohols® tiF-E2 2] 50 A%
Lot 271 2415 Bt} 53] a-terpineol, trans—carveol,
spatulenol ¥ geraniol> $7}8t%l e, ol&fdt S7k= 4%
monoterpene hydrocarbons2] 23¢} #alo] qlct, &7|4=
% aldehydest A%7|7to] Aojglof utet FaE G on, 53]
2319 aroma-active compounds®2 ¥ I¥ octanal,
citronellal ¥ cuminal®] ZH47} F318Fh Acid®t oxides,
esters 9 ketones®] tiE-E-2 AA7| ko] ojdo| whet St

=
ot
do
=
o,
10
A
X
o
ne
32



438 BEIEEEXLBEE Vol.21, No.4(2006)

=2 .
4Tt 22 ATE Au, 27 44
o

S} bobd4g 12l

a7] el WEbt 37 e 42 & 4 ot 559 ¢
), I P PAREAE T U 23 AR A4
o A sk 3719 vk AEkA 23 Hak ohet Ale)
O FAZ AL 4 Uk w25 329 01§ A, 4
2o AR F7]0] FE Ha2h she Ho] ST
£ 4 g}

AREIEY

2 ATE 20059 HAoiAsl @R ROR o] 2ol

m EHIEHA

Belitz HD, Grosch W. 1999. Food Chemistry. Springer-Verlag
Berlin Heidelberg, Germany. pp 322-323

Cho EJ, Yokozawa T, Rhyu DY, Kim SC, Shibahara N, Park JC.
2003. Study on the inhibitory effects of Korean medicinal
plants and their main compounds on the 1,1-diphenyl-2-
picrylhydrazy! radical. Phytomedicine 10: 544-551

Cho MG, Kim H, Chae YA. 2003. Analysis of volatile compounds
in leaves and fruits of Zanthoxylum schinifolium Siebold
et Zuce. & Zanthoxylum piperitumDC. by headspace
SPME. Korean J. Med. Crop Sci., 11(1): 40-45

Chung MS. 2005. Volatile compounds of Zanthoxylum piperitum
AP. DC. Food Sci. Biotechnol., 14(4): 529-532

Dieckmann RH, Palamand SR. 1974. Autoxidation of some
constituents of hops. The monoterpene hydrocarbon,
myrcene. J. Agric. Food Chem., 22: 498-503

van den Dool H, Kratz PD. 1963. A generalisation of the retention

 system including linear temperature programmed gas-

liquidchromatography. J. Chromatogr., 11: 463-471

Draughon FA. 2004. Use of botanicals as biopreservatives in
foods. Food Tech., 58: 20-28

Holley RA, Patel D. 2005. Improvement in shelf-life and safety of
perishable foods by plant essential oils and smoke
antimicrobials. Food Microbiology, 22: 273-292

Kim TH, Kim TH, Shin JH, Yu EJ, Kim YS, Lee HJ. 2002.
Characteristics of aroma-active compounds in the pectin-
elicited suspension culture of Zanthoxylum piperitum
(prickly ash). Biotechnol. Lett., 24: 551-556

Ko YS, Han HJ. 1996. Chemical constituents Korean chopi
(Zanthoxylum piperitum) and sancho (Zanthoxylum
schinifoliumy). Korean J. Food Technol., 28(1): 19-27

Kondjoyan N, Berdague JL. 1996. A Compilation of relative
retention for the analysis of aromatic compounds.
Laboratoire flaveur, de recherches sur la Viande.
Clermont-Ferrand, France

Lanciotti R, Gianotti A, Patrignani F, Belletti N, Guerzoni ME,
Gardini F. 2004. Use of natural aroma compounds to
improve shelf-life and safety of minimally processed fruits.
Trends in Food Science & Technology, 15: 201-208

Lee CB. 1985. Korean Dictionary of Plant. Hyangmunsa, Seoul,
Korea. p 502

Lee JS. 2005. Inhibition of pathogenic bacteria by acidic
polysaccharide and essential oil from Camellia sinensis.
Masters degree thesis. Duksung Women’s University. pp
37-39

Lee MS, Chung MS. 2003. Analysis of volatile compounds in
Perilla frutescens var. acuta by solid phase
microextraction. Korean J. Food Culture, 18(1): 69-74

Njoroge SM, Ukeda H, Sawamura M. 1996. Changes in the
volatile composition of yuzu(Citrus junos Tanaka) cold-
pressed oil during storage. J. Agric. Food Chem., 44(2):
550-556

Sawamura M, Son US, Choi HS, Kim MSL, Phi NTL, Fears M,
Kumagai C. 2004. Compositional changes in commercial
lemon essential oil for aromatherapy. Int. J. Aromather.,
14: 27-36

Silva KA, Robles-Dutenhefner PA, Sousa EMB, Kozhevnikova EF,
Gusevskaya EV. 2004. Cyclization of (+)-citronellal to (-)-
isopulegol catalyzed by H;PW,,0,/Si0;. Catal. Commun,,
5: 425-429

Sylvestre M, Pichette A, Longtin A, Nagau F, Legault J. 2005.
Essential oil analysis and anticancer activity of leaf
essential oil of Croton flavens L. from Guadeloupe. J. of
Ethnopharmacology, 103: 99-102

Tomaino A, Cimino F, Zimbalatti V, Venuti V, Sulfaro V, De
Pasquale A, Saija A. 2005. Influence of heating on
antioxidant activity and the chemical composition of
some spice essential oils. Food chemistry, 89: 549-554

Usai M, Arras G, Fronteddu F. 1992. Effects of cold storage on
essential oils of peel of Thompson navel orange. J. Agric.
Food Chem., 40: 271-275

Wijaya CH, Hadiprodjo IT, Apriyantono A. 2002. Identification of
volatile compounds and key aroma compounds of
andaliman fruit(Zanthoxylum acantbopodium DC). Food
Sci. Biotechnol., 11: 680-683

(20062 62 30U T4, 2006 83 3Y AHEH)



