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Abstract

Mineral and volatile flavor compounds of Pimpinella brachycarpa N., a perennial Korean medicinal plant of the
Umbelliferae family, were analyzed by inductively coupled plasma-atomic emission spectroscopy (ICP-AES} and simultaneous
steam distillation extract (SDE}gas chromatography mass spectrometry (GC/MS), head space solid phase micro-extraction (HS-
SPME}GC/MS. Mineral contents of the stalks and leaves were compared and the flavor patterns of the fresh and the shady air-
dried samples were obtained by the electronic nose (EN) with 6 metal oxide sensors. Principal component analysis (PCA) was
carried out using the data obtained from EN. The 1st principal values of the fresh samples have + values and the shady air-dried
have - values. The essential cil extracted from the fresh and the shady air-dried by SDE method contain 58 and 31 flavor
compounds. When HS-SPME method with CAR/PDMS fiber and PDMS fiber were used, 34 and 21 flavor compounds. The
principal volatile components of Pimpinella brachycarpa N. were a-selinene, germacrene D, and myrcene.
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<Table 1> Operating condition for ICP-AES

RF power 1.2 Kw

Torch height 15 mm from inductive coil
Coolant gas rate 14 L/min

Plasma gas rate 1.2 L/min

Carrier gas rate 1.0 L/min

Purge gas rate 3.5 L/min

Optical system Double grating in

Czemy-turner mounting
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Wiley 275 L mass spectral database (Agilent Co.,
Palo Alto, CA, USA)Y mass spectra H) a8l &Qls}
AT GC/MSY #A2-E (Table 2)9F Zth, C7-C22
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<Table 2> GC/MS operating condition for volatile components

analysis
GC Agilent 68901
Column HP-3MS (30 m X 0.25 mm X 0.25 zam)
Oven temperature 507 3T/min, 2807
Injection temperature 250T
MSD Agilent 5973 N
Interface temperature 250
Ionization voltage 70 eV
Carrier gas He (flow rate : 0.8 mL/min)
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<Table 3> Mineral contents of the Pimpinella brachycarpa N. by

ICP-AES unit :mg/100g fresh weight
Mineral Stalk Leaf

Na 1.18 nd
Mg 15.63 65.122
Al nd?® 1.25

P 4251 141.68

S 6.37 55.12

K 674.93 705.56
Ca 38.02 117.62
Mn nd 0.55
Fe nd 2.21
Zn nd 0.51

D nd : not detected
? Values are the mean of triplicates
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<Figure 1> Principal component analysis (PCA) of sensitivity by
EN of the Pimpinella brachycarpa N. by different

drying status

<Table 4> The volatile flavor compounds of fresh Pimpinella

brachycarpa N. by SDE-GC/MS

HUEY R824 249

Compounds RT (sed)? RI? Peak area% I1D?

xylene 6.23 <900 0.01 MS-RI
a-thujene 8.47 921 0.02 MS-RI
a-pinene 8.72 926 0.31 MS-RI
camphene 9.39 941 0.03 MS-RI
B-pinene 10.98 975 6.69 MS-RI
myrcene 11.81 993 3.08 MS-RI
octanal 12.18 1001 0.09 MS-RI
6-3-carene 12.46 1005 0.02 MS-RI
a-terpinene 12.72 1011 0.08 MS-RI
p-cymene 13.14 1020 0.29 MS-RI
limonene 13.36 1024 0.71 MS-RI
(2)-ocimene 13.92 1036 0.02 MS-RI
phenylacetaldehyde 14.18 1041 0.02 MS-RI
(E)-B-ocimene 14.42 1046 0.01 MS-RI
y-terpinene 15.04 1058 3.60 MS

a-terpinolene 16.27 1083 0.03 MS-RI
linalool 16.97 1097 0.02 MS-RI
nonanal 17.18 1101 0.02 MS-RI
octenyl acetate 17.64 1111 trace MS

1-ethyl-2 4-dimethyl benzene  17.79 1113 trace MS

terpinen-4-ol 20.62 1171 0.02 MB-RI
a-terpineol 21.30 1186 0.02 MS-RI
dodecane 21.76 1195 trace MS

methyl geranate 27.52 1321 0.40 MS

methyl nerate 27.84 1348 trace MS

§-elemene 27.98 1332 0.50. MS-RI
a-cubebene 28.46 1343 0.01 MS-RI
a-copaene 29.39 1364 0.01 MS-RI
a-ylangene 29.59 1368 0.01 MS-RI
calarene 29.76 1372 0.02 MS-RI
B-elemene 30.04 1379 0.32 MS-RI
y-muurolene 31.19 1406 0.17 MS-RI
B-caryophyllene 31.66 1417 4.32 MS-RI
germacrene 31.94 1424 0.18 MS-RI
v-elemene 32.14 1429 0.22 MS

a-guaiene 32.33 1433 0.45 MS

a-humulene 32.93 1448 1.01 MS-RI
(BE)-p-farmesene 33.85 1470 9.67 MS-RL

<Table 4> continued
Compounds RT (sec)” RI® Peak area% ID?
1-dodecanol 33.94 1472 IS»  MSRI
S-cadinene 35.06 1499 trace MS-RI
a-selinene 35.62 1514 37.89 MS-RI
B-selinene 35.73 1517 0.85 MS-RI
zingiberene 35.83 1519 0.08 MS
7-epi-a-selinene 3593 1522 0.09 MS
B-himachalene 36.40 1534 1.01 MS
elemol 36.96 1548 0.19 MS-RI
germacrene B 37.18 1554 0.17 MS
nerolidol 37.57 1564 0.81 MS-RI
famesol 37.84 1571 0.06 MS
caryophyllene oxide 38.13 1578 0.18 MS
ethylphthalate 38.70 1593 0.17 MS
§-guaiene 40.64 1645 0.14 MS
S-epi-necintermedeol  40.88 1651 0.99 MS
a-bisabolol 4198 1681 0.34 MS-RI
heptadecane 4244 1693 trace MS-RI
aristolene 44.16 1742 0.11 MS
neophytadiene 47.32 1833 0.50 MS
hexadecanoic acid 51.79 1925 0.54 MS-RI
phytol 5612 1973 074  MSRI

D R'T. means retention time.

2 Retention indices were determined by using n-alkanes (G-Cx)
as external references.

¥ LS. means an internal standard.

# Tentative identification index was performed as follows: MS/R,
mass spectra were identical with those of Wiley mass spectral
database 92001 (Hewlett Packard Co., Palo Alto, USA), and
retention indices were consistent with those of the literature;
MS, mass spectrum was consistent with that of Wiley mass
spectrum database.
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<Table 5> The volatile flavor compounds of dried Pimpinella
brarchycarpa N. by SDE-GC/MS

<Table 6> Relative constitution by functional group in Pimpinefla
brachycarpa N. by SDE-GC/MS

Compounds RT (se)? RI®  Peakarea%  ID? Functional group No. of peak % of Peak area
octanal 12.17 1000 0.17 MS-RI Fresh Dried Fresh Dried
8-3-carene 12.37 1004 0.05 MS-RI Aldehyde 3 4 0.13 0.48
limonene 13.29 1023 0.06 MS-RI Alcohol 9 7 3.00 1.52
2-ethylhexanol 13.52 1027 0.04 MS Ester 4 - 1.07 -
phenylacetaldehyde 14.16 1040 0.03 MS-RI Hydrocarbon 5 1 0.80 0.18
linalool 16.95 1096 0.03 MS-RI Terpene hydrocarbon 34 17 61.61 38.56
nonanal 17.16 1101 0.16 MS-RI Ketone 1 1 0.11 0.30
terpinen-4-ol 20.56 1170 0.07 MS-RI Miscellaneous 2 1 10.69 4.20
p-cymen-8-ol 21.05 1180 0.11 MS-RI Total 58 31 7741 45.24
B-cyclocitral 22.60 1212 0.16 MS

a-copaene 29.54 1367 0.06 MS-RI AT 2 % ?-5]:7 /H)_:'LO ok 54 537 ol o o A 0]
p-cubebene 3018 1382 0.11 MS-RI w7k A ° 192 o 54.53%c192w, R ﬂ;
B-elemene 30.34 1386 6.08 MS-RI elemol, nerolidol, farnesol, caryophyllene oxide &
tetradecane 3071 1394 0.18 MS o] 1.24%E Uehldit. T57) "EE guslolE 3%,
B-caryophyllene 31.39 1411 213 MS-RI UZE 9F, oAHZR 4F, EBleaR 53 HE2d g
ionone e 0% MR AR a4, ARRIE, 719 950 Bsdl,
v-elemene . . oS AURoAL 23700 = 210 .
whumulene 3279 1444 Lol MS-RT ST HuEAls 33749 peak 3 31 il peak7t
(E)-B-farnesene 33.13 1452 3.56 MS-RI 2ol 9l 0 H(Table 5, a—selinene”} 12.59%Z peak
a-muurolene 33.46 1461 0.26 MS-RI area%’} 71 Eth, a—Selinene, f-selinene, f-
1-dodecanol 3394 1472 18 MS-RI elemene, caryophyllene oxide %°] 83 37| &
a-selienene 34.63 1491 12,59 MS-RI . o g T o rm e ;\/\
(+)-cuparene 34.96 1500 1.65 MS 44 71 =4 1%, Bed 2 gekeas 63, die
EBE-afamesene 3517 1502 0.39 MS-RI 17091 B3 1% va4 13719 &4 3%, g@aF 1474
-<ardinene 33 1505 029 MSR B 9% Aar|E2d gulesd 15208 el
mynisticin 35.70 1513 1.26 MS Limonene, linalool, a—copaene, f-cubebene, y—
B-himachalene 35.98 1518 0.34 MS . .
nerolidol 36.22 1523 0.0 MS-RI elemene, a—humulene, f—himachalen, nerolidol,
farnesol 36.78 1535 0.26 MS farnesol & g FUHES &7 JEO= U3
spathulenol 37.81 1556 0.96 MS c}, TEr|HEE dosiolE 4%, dIEH 7, B3
caryophyllen oxide  37.99 1559 4.20 MS A2 1% g2 BahaR 178, AER 12, 78 15

D RT. means retention time.

2 Retention indices were determined by using n-alkanes (G~Cx)
as external references.

¥ 1S. means an internal standard.

9 Tentative identification index was performed as follows: MS/RI,
mass spectrum was identical with that of Wiley mass spectral
database 92001 (Hewlett Packard Co., Palo Alto, USA), and
retention index was consistent with that of the literature; MS,
mass spectrum was consistent with that of Wiley mass spectrum
database.

A B 1%, w3 2070 2E 2% FAEHUT o
Thujene, a—pinene, camphene, f—pinene, myrcene
5] 10,13%, 6~3—carene, a—terpinene, f—cymene,
limonene, (Z)-ocimene, (E)-f-ocimene, y-
terpinene, a—terpinolene 5°| 4.78%% X :-HZH &
sharh A 7)1 A4E 14.91%, RHEH ] {2
9l linalool 0.02%7} &< H Ut a—-Selinene, f-
selinene, zingiberene, 7—epi—a—selinene, -
himachalene, germacrene B & Al&7|€ 23 &34

o7 slEgleom, AlAgh ItEat vastel (Table 6)
of I AIE yEtY ot Linalol, f-elemene, y~
elemene, e—humulene, (E)-fg—-faresene, 8-
selinene, a—selinene, f—~himachalene, nerolidol,
farnesol, (E)-p-farnesene % caryophyllene oxide
£ AAE AUE 2o AdxE JyEolA peak area’t
WA YErgth S A AL o Bop i 3]
AE9] peakT7t A2 B olyzl peak area & W
A el A, o2 A (Song 5 1997a) 23} F-AHSHA
Upebstt, A sl A e ElEA o4x, g
oA gels AREL 9-ethylhexanol, p-cymen-—
8-ol, f—cyclocitral, f—cubebene, tetradecane,
(E,E)-a~farnesene, y—cadinene, a-muurolene,
myristicin, spathulenol 22 Ax & 7] A4E9] 9]
Ao 2 AGHE HAolAY R AR ¢ sehst
o 93t 24 == UcHCharles & Simon 1990).
CAR/PDMS fiber HS-SPME-GC/MS : Alxdgh Zut
EolA 34709 peak7t AE R 2w (Table 7),



<Table 7> The volatile flavor compounds of Pimpinella
brarchycarpa N. by HS-SPME with carboxen/ PDMS

fiber

Compounds RT (se)” RI® Peakarea% ID?

(Z)-3-hexenol 4.69 847 1.00 MS-RI
B-pinene 10.08 973 0.42 MS-RI
myrcene 11.04 992 15.50 MS-RI
limonene 12.84 1027 0.54 MS-RI
undecane 16.69 1100 0.04 MS
tridecane 26.33 1300 0.11 MS
a-cubebene 28.42 1347 0.15 MS-RT
a-copaene 29.51 1373 0.11 MS-RI
B-elemene 29.94 1383 3.87 MS-RI
B-cubebene 30.16 1386 0.38 MS-RI
3-dodecanol 30.67 1399 1.38 MS
dodecanal 31.09 1409 11.63 MS-RI
trans-caryophyllene 31.34 1415 1.76 MS-RI
y-elemene 32.02 1431 8.11 MS
a-guaiene 32.19 1435 023 MS
a-humulene 3276 1448 0.34 MS-RI
(Z)-p-famesene 33.06 1455 2.87 MS
germacrene D 33.17 1458 1.68 MS-RI
1-dodecanol 33.94 1476 1S»  MSRI
a-selinene 34.53 1491 4.32 MS-RL
zingiberene 34.71 1495 2.07 MS
pentadecane 34.88 1499 4.55 MS
d-guaiene 34.99 1502 1.88 MS
(E,E)-a-faresene 35.21 1507 1.61 MS-RI
7-epi-selinene 35.40 1512 1.45 MS
calamenene 3571 1520 1.00 MS-RI
B-himachalene 36.00 1527 0.46 MS
germacrene B 36.94 1551 5.63 MS
hexadecane 38.07 1596 2.99 MS
safranal 39.58 1620 2.60 MS-RI
heptadecane 42.38 1696 0.11 MS
octadecane 45.88 1798 1.34 MS
neophytadiene 47.19 1869 0.23 MS
nonadecane 49.22 1899 0.54 MS
eicosane 52.41 1999 0.19 MS

D RT. means retention time.

2 Retention indices were determined by using n-alkanes(C,-Cy,)
as external references.

® LS. means an internal standard.

9 Tentative identification index was performed as follows: MS/RI,
mass spectrum was ide ntical with that of Wiley mass spectral
database 92001 (Hewlett Packard Co., Palo Alto, USA), and
retention index was consistent with that of the literature; MS,
mass spectrum was consistent with that of Wiley mass spectrum
database.
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elemene 7.25%, f—cubebene 4.40%, f—elemene
2.74%, myrcene 2.45%, f—farnesene 1.90%, (E,E)-
a—farnesene 1.20%, pentadecane 1.02%, f—pinene
0.88%, 6—guaiene 0.79%, (Z,E)-a—farnesene 0.72%
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<Table 8>The volatile flavor compounds of Pimpinella
brarchycarpa N. by HS-SPME with PDMS fiber

Compounds RT (se® RI®  Peakarea%  ID?
B-pinene 10.21 966 0.88 MS-RI
myrcene 11.12 981 2.45 MS-RI
limonene 12.90 1013 0.34 MS-RI
undecane 16.72 1089 0.06 MS
a-cubebene 28.42 1342 0.03 MS-RI
a-ylangene 29.35 1364 0.01 MS-RI
a-copaene 29.53 1368 0.11 MS-RI
B-clemene 30.12 1382 274 MS-RI
3-dodecanol 30.77 1397 0.37 MS
dodecanal 31.21 1407 3.49 MS-RI
B-cubebene 31.44 1413 4.40 MS-RI
v-elemene 3221 1430 7.25 MS
a-guaiene 32.31 1433 0.23 MS
B-famesene 33,20 1453 1.90 MS-RI
germacrene D 34.12 1475 16.84 MS-RI
1-dodecanol 34.24 1478 183 MS-RI
(Z,E)-ofarnesene 34.85 1492 0.72 MS-RI
pentadecane 35.04 1497 1.02 MsS
§-guaiene 35.12 1498 0.79 MS
(E,B)-a-farnesene 35.37 1504 1.20 MS-RI
6-cadinene 35.84 1517 023 MS-RI
B-himachalene 36.11 1525 0.68 MS

D RT. means a retention time.

? Retention indices were determined by using n-alkanes(C,-Cy,)
as external references.

® LS. means an Internal Standard.

® Tentative identification index was performed as follows: MS/RI,
mass spectrum was identical with that of Wiley mass spectral
database 92001)(Hewlett Packard Co., Palo Alto, USA), and
retention index was consistent with that of the literature; MS,
mass spectrum was consistent with that of Wiley mass spectrum
database.

<Table 9> Relative constitution by functional group in fresh

Pimpinella brachycarpa N.
. No. of peak % of Peak area

Functional group

CAR/PDMS PDMS CAR/PDMS PDMS
Aldehyde 2 1 14.23 3.49
Alcohol 2 1 2.38 0.37
Hydrocarbon 7 2 10.01 1.06
Terpene hydrocarbon 23 17 58.93 39.59
Total 34 21 85.55 44.52
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