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Abstract: Amomi Fructus with anti-oxidative activity was chosen and essential oil was obtained by SDE (simultaneous
distillation extraction), and 39 constituents were determined by GC-MS (gas chromatography-mass spectrometry).
Major components were camphor, borneol acetate, borneol, D-limonene and camphene. Three solvent extracts
such as hexanes, diethyl ether and methylene chloride from Amomi Fructus were obtained. These were analyzed
by GC-MS and 4 more constituents were identified in addition to 39 components discovered in essential oil.
Five major components such as camphor, borneol acetate, borneol, D-limonene and camphene were also detected,
however the relative peak percents of those components were different from those of constituents in essential
oil. To estimate the kind and the amount of materials evaporated at certain temperature and conditions from
essential oil and solvent extracts, dynamic headspace apparatus was used and materials evaporated and trapped
at certain conditions were analyzed by GC-MS. Recovery yield of SDE method from Amomi Fructus was
measured by using camphor and standard calibration solution of camphor methanol solution and, the yield was
82.0%. Content of Hg was measured by mercury analyzer and contents of Cd, Pb, Cr, Mn, Co, Ni, Cu and
Zn in Amomi Fructus, essential oils and solvent extracts were determined by ICP-MS (Inductively coupled
plasma-mass spectrometer). Pb, Cd and Hg were measured in the concentration of 0.72 mg/kg, <0.10 mg/kg
and 0.0023 mg/kg, respectively and these were below permission level of purity test. Contents of Mn, Cu and
Zn in Amomi Fructus were 213 mg/kg, 8.29 mg/kg and 31.0 mg/kg, respectively and which were relatively
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higher than other metals such as Cr, Co and Ni. Metals such as Mn (0.65 ~ 9.08 mg/kg), Cu (1.16 ~ 4.40
mg/kg) and Zn (1.10 ~ 3.80 mg/kg) in essential oil and solvent extracts were detected. At this point it is not

clear that the metals were cross-contaminated in the course of treating Amomi Fructus or metals were contained

in Amomi Fructus. The influence evaluation toward biological model study of these metals in essential oil and

solvent extracts will be needed.
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Table 1. Amount of essential oil and solvent extracts by SDE, HX-EXT (hexanes extraction), ETHER-EXT (diethyl ether
extraction) and MC-EXT (methylene chloride extraction) from Amomi Fructus

Used g of Amomum

Essential oil or extracts,

No Extraction villosum Loureiro g (recovery yield, %)

1 SDE 60.0 g 0.579 g (0.97£0.11%)

2 HX-EXT 300 g 0.442 ¢ (1.47£0.20%)

3 ETHER-EXT 300 g 0.553 g (1.84%0.16%)

4 MC-EXT 300 g 0.711 g (2.34£0.17%)

5 SDE After HX-EXT, 30 g 0.0423 g (0.14%=%0.02%)
6 SDE After ETHR-EXT, 30 g 0.0251 g (0.08%=%0.10%)
7 SDE After MC-EXT, 30 g 0.0167 g (0.06%=%0.13%)
8 HX-EXT After SDE, 60 g 0.0055 g (0.01%=%0.12%)
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Dried Amomi Fructus (60.0 g)

<€— 800 mL of DI
€——— 50 mL of hexanes

SDE(simultaneous distillation extraction)

under N, atmosphere (6 hrs)

,<— sodium sulfate

‘ Filtered and washed ‘

v

‘ Stripping solvent using rotary evaporator at 18 °C ‘

y v

‘ Aliquot 1uL

‘ Aliquot 1pL

Dynamic headspace
60 °C, 10min

l40 uL solvent \1,

GC/MS-scan mode
Analysis

GC/MS-scan mode
Analysis, injected 1 pL

Fig. 1. Overall analytical procedure for SDE from Amomi
Fructus.
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Dried Amomi Fructus (30.0 g)

<€—— 150 mL of solvent

‘ Immersion (24 hrs) ‘ Sonication (20 min.) ’ Magnetic Stirring (1 hr)

€—— sodium sulfate

Filtered and washed
with 50 mL of solvent

Y

‘ Stripping solvent using rotary evaporator at 18 °C ‘
Aliquot 1uL

40 L solvent

Aliquot 1uL
Dynamic headspace
60 °C, 10 min

¥

GC/MS-scan mode
Analysis

GC/MS-scan mode
Analysis, injected 1 pL

Fig. 2. Overall analytical procedure for solvent extraction
from Amomi Fructus (used solvent: hexanes, diether
ether, methylene chloride).
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Table 2. GC-MS conditions

Gas
Chromatography

Agilent 7890A

50 °C for 0 min

8 °C/min to 200 °C for 0 min.
10 °C/min to 270 °C for 5 min.
20 °C/min to 300 °C for 10 min.

HP-5MSI (30 m x 0.25 mm x 0.25 pm
film thickness)

Split ratio : 10 : 1

Mass Spectrometer Agilent 5975C

Column Temp

Column

Ion source temp 230 °C
Injector temp 250 °C
Scan range 50-550 m/z

Table 3. Dynamic headspace conditions

HT-3(Teledyne Tekmar)

Dynamic head space

Platen/sample temp. 60 °C
Transfer line temp 230 °C
Valve oven temp. 63 °C

Sweep flow rate 50 mL/min
Sweep flow time 10 min.

Dry purge 0 min.
Desorb temp. 225 °C

Trap bake temp. 230 °C

Trap bake flow 450 mL/min.
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Table 4. ICP-MS conditions

ICP-MS ELAN DRC II (Perkin Elmer)
RF power 1250 W
Calibration standard 2 10 ug/mL, AccuStandard®
Plasma Ar gas flow 18 L/min
Auxiliary Ar gas flow 1.2 L/min
Neubilizer Ar gas flow 0.9 L/min
Neubilizer Meinhard type(quartz)
Spray chamber Cyclonic
Interface cones Platinum
Lens voltage 8V
Dwell time 50 ms
replicate 3
Detector mode Dual
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Table 5. Relative contents of volatile constituents in essential oil, HX-extracts, ETHER-extracts and MC-extracts in Amomi
Fructus by analyzing TIC obtained from GC-MS

Retention Relative contents (%)
No. . . Compound
time(min) SDE HX-extracts ETHER- extracts MC-extracts
1 4.96 a-Pinene 0.61 0.01 0.02 0.06
2 5.22 Camphene 335 0.06 0.11 0.30
3 5.68 B-Pinene 0.03 0.01 0.02 0.04
4 5.87 B-Myrcene 1.60 0.05 0.06 0.16
5 6.58 D-Limonene 4.54 0.09 0.17 0.46
6 6.64 Cineole 0.71 0.03 0.03 0.06
7 7.64 Terpinolen 0.16 0.01 0.01 0.01
8 7.95 Linalool 2.01 0.33 0.27 0.30
9 8.82 Camphor 323 6.95 6.19 7.61
10 8.96 Isobornyl alcohol 0.14 0.03 0.03 0.03
11 9.16 Borneol 8.02 3.39 2.73 2.82
12 9.29 4-Terpineol 0.19 0.03 0.03 0.03
13 9.51 o-Terpineol 0.56 0.10 0.08 0.09
14 11.22 Borneol acetate 20.2 4.56 3.71 4.17
15 12.22 a-Terpineolacetate 2.16 0.59 0.51 0.49
16 13.40 a-Santalene 0.92 0.41 0.39 0.37
17 13.45 B-Caryophyllene 1.88 0.84 0.64 0.66
18 13.83 B-Santalene 0.31 0.19 0.16 0.15
19 13.88 B-Farnesene 0.32 0.33 0.25 0.33
20 13.93 B-Sesquiphellandrene 0.36 0.44 0.32 0.34
21 13.98 a-Caryophyllene 0.31 0.22 0.18 0.17
22 14.10 Aromadendrene 0.18 0.13 0.11 0.13
23 14.29 a-Longipinene 0.31 0.14 0.11 0.11
24 14.34 a-Curcumene 0.32 0.27 0.23 0.21
25 14.40 B-Cubebene 0.33 0.32 0.23 0.21
26 14.64 a-Muurolene 0.71 0.50 0.43 0.36
27 14.75 B-Bisabolene 1.59 1.60 1.22 1.07
28 14.86 1-Cadinene 0.66 0.87 0.75 0.68
29 15.01 4-Cadinene 1.51 0.97 0.80 0.43
30 15.10 a-Patchoulene 0.40 0.38 0.33 0.16
31 15.22 a-Muurolene 0.20 0.18 0.20 0.13
32 15.38 Elemol 0.27 0.43 0.35 0.22
33 15.53 Nerolidol 0.72 0.84 0.72 0.59
34 15.96 Cubenol 0.22 1.11 0.92 0.84
35 16.76 T-Muurolol 1.01 0.72 0.70 0.65
36 16.96 t-Cadinol 1.44 1.15 0.86 0.98
37 17.13 b-Bisabolol 2.13 2.06 1.76 1.46
38 17.52 a-Santalol 1.55 0.74 0.72 0.52
39 18.16 Xanthorrhizol 0.68 0.85 0.51 0.64
40 19.06 Nootkatone - 1.44 1.60 2.02
41 20.85 Hexadecanoic acid - 5.54 5.10 3.66
42 22.74 Oleic Acid - 11.1 14.6 11.2
43 35.22 t-Sitosterol - 2.62 2.17 2.49
F flojE o} £ vuE 5o RS £43% 43 A hexadecanoic acid, oleic acid & t-sitosterolS F7}&
 AEolA e 3971 AR o]9lo] nootkatone, THsIReH, 370 &nf FEEL] F8 AR 59
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Fig. 3. Total ion chromatogram of the essential oil from
Amomi Fructus (CP: camphor, BA: borneol acetate,
BO: borneol, LM: D-limonene, CAP: camphene).

Aud w4 HE&e oS3 ZSkthcamphor (CP,
6.19%~7.16%), borneol acetate (BA, 3.71~4.56%), borneol
(BO, 2.73~3.39%), D-limonene (LM, 0.09~0.46%) 2]
L camphene (CAP, 0.06~0.30%)). 2t ¥ =.2] Atz =
Z g gk FEFAA] HEE 3.23%~12.6%
ojATH AFe & FEES TICAAN Fo8E
57l (camphor, borneol acetate, borneol, D-limonene,
camphene)®] A WA Bl &(FHETARE: 4.15%~
13.2%)S A4St Fig 49 JeRNJTH A2 A$-
F9 Bl AA WA gl g 38 4
WA WA v R E ol fiE GC-MS 4 27
(Tuble 2914 Rl Fol Fiid oz W] oe

[e

¢

ol

T

ol
i
o2 T

el
olm, g9 F&E| A GC-MS B4 2A F
WeHA] e Fol Fe W obuzt A9 FdshA &
= YE Bk Jloew dddEn. S4ewst Y =
AollM Aot &rf FEE2FH Jdeles 2EES
Z579F Azl HE&S =457 $8ke] dynamic

35 4
m ESSENTIAL OIL
30 SS o)
m HX-EXT
25 ® ETHER-EXT
20 MC-EXT

s
ul

Relative peak percent, %
=
o

%

CcpP BA BO LM CPN

Fig. 4. Relative peak percent of five compound (CP: camphor,
BA: borneol acetate, BO: borneol, LM: D-limonene,
CAP: camphene) in essential oil and solvent extracts
(HX-EXT: hexanes extracts, ETHER-EXT: diethyl
ether extracts, MC-EXT: methylene chloride extracts)
obtained from Amomi Fructus by direction injection
into GC-MS.

headspaceE ©]&3te] 54 271X s =4
< Eflo)] X3 F GC-MSE EA3191t}.

Aok gu) 3252 7+ 1 uLe dynamic headspace
8710 FYBIL 60 °CollA 10%7F 33l &=
ZHT T GC-MSE 23 TICAAM, AH A=
71 B g 38A Bdo] AEHYeH, t
2ZE(MC-EXT)9 A$7 geos
g ¥ FZE(ETHER-EXT)°] th&
o2 Wty e FEEMHX-EXT)NAN 718 42
Fol g BHo] Fol AEHAY. o] & A FEY
TICOI A A s =] WA v&2 th3} Zokth;
SDE:HX-EXT:ETHER-EXT:MC-EXT=6.1:1.0:1.1:

1.7. Dynamic headspaceE ©]-&3lo] 4 AF-<} &)

lle

Kl

1)
2 o oo

Table 6. Relative contents of volatile constituents of essential oil, HX-extracts, ETHER-extracts and MC-extracts by analyzing

TIC obtained from dynamic headspace-GC-MS

Retention time

Relative contents (%)

No. . compound
(min) SDE-HX HX-EXT ETHER-EXT MC-EXT
1 4.96 o-Pinene 2.94 0.86 1.12 1.93
2 5.22 Camphene 9.71 3.63 6.76 12.9
3 5.68 -Pinene 0.67 0.33 0.33 0.59
4 5.87 -Myrcene 8.63 2.833 3.82 6.58
5 6.58 D-Limonene 41.6 7.99 12.8 24.7
6 8.82 Camphor 12.9 50.9 50.1 32.7
7 9.16 Borneol 1.86 4.80 3.79 2.55
8 11.22 Borneol acetate 5.54 12.9 10.4 8.22
9 13.45 B-Caryophyllene 0.63 1.29 0.72 0.60
10 14.75 -Bisabolene - 0.52 0.41 0.45
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Fig. 5. Summation of total peak area in TIC for four samples
(essential oil, HX-EXT: hexanes extracts, ETHER-
EXT: diethyl ether extracts and MC-EXT: methyle-
nechloride extracts), respectively.
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Fig. 6. Relative peak percent of five compound (CP: camphor,
BA: borneol acetate, BO: borneol, LM: D-limonene,
CAP: camphene) in essential oil and solvent extracts
(HX-EXT: hexanes extracts, ETHER-EXT: diethyl
ether extracts, MC-EXT: methylene chloride extracts)
obtained from Amomi Fructus by dynamic headspace-
GC-MS.
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34& A4S SDE ¥HY AH 35E 097%
(Table 1)3} =] 3]4-&o] Zoia 7P sk AASEA

ks, Mol ARE-SFAAT.

ALY FE A A4S AP &5 dRkd
A A=Y S AFets AP FELE 23
7IFES T AT AREEte 71719 22 &=
T 55 4w 2do] ddEn 29 AEE 573
sl7] flate] AR AAjEel $19 A PR 4
Afet & FE2EO Ui TFE AES AN
b AR Ff B &) FEEC] F9] Hege 2
EA7](MA-2, €& =432, Cr, Mn, Co, Nij,

Cu, Zn, Cd ¥ Pb= ICP-MSZE &4 819 th(Table 7).
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Table 7. Determination of metals in essential oil, HX-extracts, ETHER-extracts and MC-extracts by mercury analyzer and ICP-

MS
Concentration, mg/kg
Hg* Cr Mn Co Ni Cu Zn Cd Pb
SDE-HX <0.001 0.30 0.65 <0.10 <0.10 1.16 1.10 <0.10 0.18
HX-EXT 0.0023 0.32 6.30 <0.10 <0.10 4.40 3.80 <0.10 0.53
ETHER-EXT <0.001 0.34 222 <0.10 <0.10 2.60 1.90 <0.10 0.18
MC-EXT <0.001 0.47 9.08 <0.10 0.19 343 2.86 <0.10 0.43
Amomi fructus 0.0023 0.40 213 0.14 0.70 8.29 31.0 <0.10 0.72

*: Mercury analyzer
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Hg ©] 0.72 mg/kg, <0.10 mg/kg 2 0.0023 mg/kg ©I FE A T Ao, ole Iz nE
AEHJoH ol EEAIY F87|EA] o8t HE d EAY 27 4L SAHY  dve =4
ojth, F=Ak AR ghekAle] Ko isiA T4 AESA g4 A7) 2% 287 2 4 Aot
QB e Bt glom 2 Z=2ak Allel] gk As,  SDE WMHOE AR Af I FeS AHE o] &3
Pb, Cd 2 Hg A& 4 B &ald o|5 AEo] o] AAMG A2 82.0%= 3 Hollom, LA
7+7} 0.095 mg/kg, 0.044 mg/kg, 4.18 mgkg 2 0.002 o] & AR Ao B A ZH F
mg/kg ©] AEEATES AL, A+ 2 309 &) F Z"9¢l SDE Wie] A5 =y, &v FEE+= 3
Z o) thalA Cr, Mn, Co, Ni, Cu 2 Zn9] &S F AR ol T2 Ao EAslnz F$-of ue}
Z72 Axetgen, AFlelA Mn (213 mgkg), M &l FEE &4 Aol 43 4 Uk AL
Cu (829 mgkg) 2 Zn(31.0 mgkg)e] ¥lwd =& ek Az Ff 2 & F=dof thallA Hg, Cd & Pbe]
o2 AEHAL A Sl FEEANME Mn (065~ — FHE BF £EAY 387FXA o8tz PEHAUT
9.08 mg/kg), Cu(1.16~440 mgke) 2 Zn(1.10~3.80 mg/ 2} A1, AH & 370¢] &nf) FZE) thafr]
kg) AEHAT. o5 FEAEE] AFHEANAN 2 7F2 ZAFE Cr, M, Co, Ni, Cu 2 Zn9] ¥L2 %
HE AJA oFUH ARleA 7]A3k= AAA ] o HEH ARRIIA Mn (213 mg/kg), Cu (8.29 mg/kg) 2
3 ZAA T 227 Daste, B35 AN &R Zn(31.0 mgke)ol HlwE =& FFoE HEHJO
Mn, Cu ¥ Zn# 7+e F40] AAEA AllelA 7] W Afot Sl FEEINANE HZA 5L 49 olE
st AA ot H FEHA oy HAFAA A 2 FEE0] AEHUY. o5 FEAAEY A4 Ui
HE AJUA|, T o] F&E0] AESH A AP o] By ol F4E59 Qe &4 AT
o] oJH G FEAT FHE B art of o P& FeXE FEE dart Yk
4. 2 B HALe 2

ok ARQloA 3 A BAE o] &3 AETHE o] Ate nHAERIYER A TAHFHA NS
2 Agds A FRe] ol "asiH, A% Z 2015003195)2] ATH| 2 Ao olo] A} =
3} SDE W 7180 FEWH 25T o] 52 ¥ Hurt.
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