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This paper describes a pattern recognition method of Afagnoliae flos based on a gas chromatographic/mass
spectrometric (GC/MS) analysis of the essential oil components. The botanical drug 1s mainly comprised of the four
magnolia species (AL denudata, AL biondii, AL kobus, and AL [iliflora) in Korea, although some other species are
also being dealt with the drug. The GC/MS separation of the volatile components, which was extracted by the
simultaneous distillation and extraction (SDE), was performed on a carbowax column (supelcowax 10: 30 m x 0,23
mm x 0.23 ym) using temperature programmung. Variance in the retention times for all peaks of interests was within
RSD 2% for repeated analyses (n = 9). Of the 74 essential oil components identified from the magnolia species,
approximately 10 major components, which is a-pinene, B-pinene, sabinene, mvreene, d-limonene, eucarlyptol
( 1.8-cineol), y-terpinene, p-cvmene, linalool, a-terpineol, were commenly present in the four species. For statistical
analysis, the original dataset was reduced to the 13 variables by Fisher criterion and factor analysis (FA). The
essential o1l patterns were processed by means of the multivariate statistical analysis mcluding hierarchical cluster
analysis (HCA), principal component analysis (PCA) and discrinunant analysis (DA). All samples were divided mto
four groups with three principal components by PCA and according to the plant origins by HCA. Thirty-three
samples (23 trainmg sets and 10 test samples to be assessed) were correctly classified into the four groups predicted
by PCA. This method would provide a practical strategy for assessing the authenticity or quality of the well-known
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herbal drug, d/agnoliae flos.
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Introduction

Aagnoliae flos (M. flos: the dried flower buds of A fagnolia
denudata or related species) is a botanical drug officially
listed in the Pharmacopoeia of Asian countries. The drug
name is called as Shin-Yiin Korea and Japan, Xin-Yi in China.
The herbal drug has been used for managing nasal conjestion
with headache, sinusitis and allergic rhinitis. "> 1t has also a
wide range of pharmacological effects including antirheu-
matic* antiangiogenic * antiallergic.” antiinflammatory.”"
and anitmicrobial activities."’

Essential oil components of mono- and sesquiterpenes. and
many lignans are the pharmacologically active ingredients of
mognolia drugs.'~"" As major volatile components. bornyl
acetate. eucarlyptol (1. 8-cineol), c-pinene. and eudesnwl showed
anti-inflammatory effects. Other components. such as camphor,
cymene. linalool. limonene. myrcene. o-pinene. B-pinene.
terpinene. nerolidol and citral may contribute to the anti-
microbial actions of A/, flos.

The fourspecies, M. biondii, AL denudata, M. kobus, and AL
filiflora, are the well-known herbs in Korea. but others. such as
AL sprengeri and AL, sargentiana in China and AL saficifolia
inJapan. are also treated as A £ flos or substitutes in the respective
countries. Therefore. they could be misused especially when
these are traded among the countries. Because the remedy and
prescription should be different depending on plant species.
accurate identification of the species origin is essential to

assure the quality of drug in clinical applications. No reports
are available for the chemical discrimination of A7, flos as the
herbal drug to date.

We established a GC/MS pattern recognition method based
on the volatile components extracted using a simultaneous
distillation and extraction (SDE) which is a popular method
in analysis of essential 0ils."™"" The classification model for
four different Aagnoliae flos were successfully established
by the multivariate statistical analysis /.¢.. hierarchical cluster
analysis (HCA). principal component analysis (PCA) and
discriminant analysis (DA).

Experimental Section

Plant materials. Twenty specimens of AL flos (3 M. biondii,
8 AL denudara. 3 M. kobus, 3 AL litiflora. AL denudata var,
purpurascens, M lilifloravar. gracilis and M. salicifolia) were
collected from Korea and China during March to April 2008,
The 20 reference specimens identified were used. The 9 drugs
(U-1 ~ U-9) were purchased from oriental herbal stores in
Korea. and 7 samples (U-10 ~ U-16) were obtained from Dagegu
Catholic University. and dried under air prior to analysis.
(Table 1)

Chemicals. All standard of essential oils were provided by
Seoul Perfumery Co. LTD (Seoul. Korea). The HPLC-grade
diethy] ether was purchased from J. T. Baker Co. (Phillipsburg.
USA) and distillated. All other solvents emploved were of
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Table 1. Magnoliae flos (Shin-Y1) samples
Label

B-1 A/ biomdis
B-2 A/ biomdis
B-3 A/ biondii

D-1 AL denndara
D-2 AL denndata
D-3 AL denndara
D4 AL denndara
D-5 AL denndara
D-6 AL denndata
D-7 AL denndata
D-8 AL denudata

K-1 AL kobus Seoul, Korea
K-2 AL kobus Cheongju, Korea
K-3 AL kobus Cheongju, Korea

L-1 AL lififlora Cheongju, Korea
L-2 AL liliflora Daegu, Korea
L-3 A liliflora Daegu, Korea

Magnoliae flos Source

Henan, China
Daegu, Korea
Yangsan, Korea

Yangsan, Korea
Gyungju, Korea
Youngcheon, Korea
Cheongju, Korea
Cheongju, Korea
Cheongju, Korea
Daegu, Korea
Gyungju, Korea

P M denudata var purpurascens  Youngcheon, Korea
S AL lififlora var. gracilis Ewnseong, Korea
G A salicifolia Dagjeon, Korea

UJ-1  herbal drug Seoul, Korea

U-2  herbal drug Daegu, Korea

U-3  herbal drug Seoul, Korea

U4 herbal drug Seoul, Korea

U-5  herbal drug Seoul, Korea

U-6  herbal drug Seoul, Korea

-7 herbal drug Youngcheon, Korea
UJ-8  herbal drug Youngcheon, Korea
U-9  herbal drug Youngcheon, Korea
U-10 plant sample Daegu, Korea

U-11  plant sample Daegu, Korea

U-12  plant sample Daegu, Korea

U-13  plant sample Daegu, Korea

U-14  plant sample Daegu, Korea

U-15  plant sample Daegu, Korea

U-16  plant sample Daegu, Korea

analytical grade quality and were redistilled before use.
Anhvdrous sodium sulfate was purchased from Samchun Che-
mical (Pyeongtak, Korea).

Sample preparation. The volatile components from A£. fos
(2 g sample plus 100 mL of distilled water) were extracted
into 40 mL diethy] ether for 2 hr using a Likens-Nickerson's
tvpe SDE apparatus (Kontes. Vineland, NJ. USA). After
cooling the extracts to ambient temperanire (30 min). the
solvent phase was collected and dried over anhydrous sodium
sulfate in a refrigerator for one day to remove residual water.
The extract was carefully concentrated to about 2 mL at 40 °C
using a rotary evaporator at atmospheric pressure, and then
finally concentrated to 1.0 mL under gentle nitrogen flow.

GC/MS analysis. GC/MS analyvses were performed with an
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Agilent 7890 series GC system coupled to an Agilent 3975B
inert MSD (Agilent. CA. USA). A supelcowax 10 column (30
m x 0.25 mm * 0.25 gun film thickness. Bellefonte. USA) was
used for the GC separation. One micro-liter aliquots of each
sample extracts was injected into the GC column with split
(80:1). The GC oven temperature was initially set at 70 °C
(hold 5 min) and ramped to 240 “C (hold 20 min) at 3 °C/min.
Helium was used as a carrier gas at 1.0 mL/min. The injector
temperature was set at 250 °C and the temperature of the ion
source and the interface were 230 °C and 280 “C. respectively.
Tonization energy was set to 70 eV and the mass range in
scanning mode was m/z 35 - 400. Inherent peaks were iden-
tified using the Mass spectral search program (Wiley library
8N05ST) and/or the library. “Identification of Essential oil
Components by GC/MS. 4 Edition (Allured. 2007)" com-
bined with home-made data base.

Temperature-programmed retention indices (TPRISs). which
seem to be more useful in the practice of essential oils
analysis. are varied in different chromatographic operating
conditions such as camrier flow-rate and temperature program.
The following quasi-linear equation proposed by van den
Dool and Kratz'* was used to calibrate and build a TPRI
database of natural volatile components.

Method validation. To check the reproducibility. three QC
samples (D-7. U-4 and U-8) were analyzed repeatedly three
times per sample on three separate days (# = 9). Variance in
the retention times for all peaks of interests was within RSD
2%. The variance in percent peak area was less than RSD 30%
for high-intensity peaks but was slightly higher than RSD
50% for low-intensity peaks, which might be unavoidable for
analysis of crude plant materials after SDE extraction on
separate days.

Statistical analysis. Thirteen peaks according to Fisher cri-
terion were selected as components for data analysis. Mul-
tivariate statistical analysis, HCA. PCA and DA. were per-
formed using the statistical package. SPSS (version 12.0.
SPSS Inc., Chicago. USA). The HCA was performed by
Ward’'s method using squared Euclidian distance as a measure
of similarity. For PCA analysis. the eigenvalues of > 1.0
obtained by Kaiser and the cumulative proportion of eigen-
values of > 80% were considered sufficiently conspicuous for
interpretation. The DA was performed to develop a classifi-
cation model from the model subsequently validated.

Results and Discussion

Volatile components from Magnoliae flos. Figure 1 shows
GC/MS chromatograms of the four A/, flos (3. biondii. A
denudata, AL kobus and M. liliflora). The chromatographic
profiles were obviously different from each other’s chromato-
gram depending on the plant origins. Although we identified
total 157 inherent peaks from the 36 AL flos samples tested,
the 83 components were included of trace (their relative
intensity <0.05%) inA/ flos samples or were detected in some
few of the same species. Therefore. we selected only the 74
components that comprise more than 0.053% or have charac-
teristics for the species. Table 2 shows the 74 components
listed according to their elution order on a carbowax column
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Figure 1. Representative GC/MS chromatograms of Magnofize flos
SPECIes.

with their relative peak areas of the total oil components. The
main components comprising the mono-. sesquiterpenes and
their oxides showed the content in the range of 80.4 ~ 83.4%
for AL biondii. 79.0 ~ 91 9% for AL, denudata, 78.9 ~ 90.0%
for A kobus. and 82.3 ~87.8% for AL /iliflora. Our components
study showed the similar result with the previous leport'9 on
the essential oil components from the three kinds of magnolia
species (AL biondii, AL denudata and AL sprengeri) that the
main components were found to be eucarlyptol (1. 8<cineole).
sabinene, p-pinene. a-pinene, trans-carvophyllene.

In the present study, some components were present with
remarkably large content from one or two species. /... farne-
sol (74) in AL biondii; terpinen-4-ol (36) in Af. denudata: B
-carvophyllene (35). é-cadinene (52). |.6-germacradien-5-ol
(62) in AL kobus; camphor (27), t-muurolol (72) in both A £
biondii and A{. kobus: terpinen-4-ol (36) and B-eudesmol (71)
inboth 3. denudata and AL liliflora. It was noticeable that a
few components represent the plant specificities irrelevant to
their content: citronellal (25). geranyl acetate (59) and methyl
isoeugenol (67) were detected only in A biondii: u-eudesmol
(70) and B-eudesmol (71) inboth Af. denudata and AL liliflora.
2-nonanone (20) in both AL biondii and M. kobus.

Principal component analysis (PCA), Of the 74 components
represented in Table 2. some components showed large
difference of the content within the same species because of
the place of origin. harvest time. dryness condition. erc.
Therefore. the components for statistical analysis were selected
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Figure 2. Score plot by principal component analysis (PCA) of 36
magnolia samples.

by Fisher method,z') a coefficient based on the between- and
within-group variations. The higher the value of Fisher
coefficient is the better variable. The 13 components, which
are equal to the number of the principal factors. were
determined by the PCA of the 74 components. The Fisher
coefficients for the selected 13 components were as follows:
139.8 (myrcene). 96.6 (d-limonene): 39.7 (f-eudesmol): 39.4
(0-3-carene); 37.1 (B-caryophyllene): 24.6 (terpinolene). 19.5
(y-terpinene). 16.7 (pcymene): 11.6 (eucalyptol): 11.3 (farnesol):
9.7 (transsabinene hydrate). 3.3 (linalool). 2.6 (c~terpineol).
Prior to the PCA analysis. the suitability of the data for factor
analysis was checked. The Kaiser-Mever-Olkin measure of
sampling adequacy was 0.61 exceeding the recommended
value (0.6)”. that means the matrix is appropriate for PCA.
The four principal components with eigenvalues exceeding
one were extracted according to the Kaiser criterion. which
explains up to 81.7% of the total variance. The 1% - 4% principal
components were responsible for 39.8%. 19.1%. 13.5% and
9.4% of the entire information. respectively. The first factor
was mainly influenced by the components with the factor loadings
> 0.5 were §-3-carene. d-limonene. eucalyptol. y-terpinene.
p-cymiene. terpinolene, trans-sabinene hydrate. p-caryvoph-
vllene. a-terpineol. The second factor was closely related to
myrcene. f-eudesmol. farnesol. Likewise. the third factor is
related to terpinolene. B-carvophyllene. and the fourth factor
is related to linalool.

The score plot of the first three principal components
(Figure 2) showed the clear differentiation of the species.
From the scatter points, the samples could be classified into
four groups. which were marked as group [-IV according to
the species: AL, biondii (Group I): M. denudaia (Group II): A,
kobus (Group III) and AL fififlora (Group V). M. denudata
var. purpurascens (P) was clustered into group IV. while A7,
salicifolia (S) and AL filiflora var. gracifis (G) were not clustered
into any of the four groups. From the score values on the
principal components for each species. it can be interpreted
that the contents of d-3-carene (6). d-limonene (11). y-terpi-
nene (14). p-cymene (16). f-carvophyllene (35) on the first
PC loadings are higher for AL kobus than the other species,
while eucalyptol (12). trans-sabinene hydrate (23). a-terpineol
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Table 2. Chenucal composition of the essential oils from A fagnofiae flos specimens (min-max, %)

Magnoliae flos (%)

Peak™ RT(min) RI” Class® Components ;:f::r;:' AL biondii M. densedata AL kobus AL liiftora
(B-1~B-3) (D-1~D-3) (K-1~K-3) (L-1~L-3)

1 483 1026 1 w-Pinene C10H16 287 -537 192 .66l 342 - 433 243 -6.32
2 3.53 1063 1 a-Fenchene CI0H16 0.02 -002 000 -0.03 001 -002 Q000 -005
3 5.69 1072 1 Camphene C10H16 0.38 -6.58 0.14 - 055 022 -272 0.21 -0.52
4 6.62 1118 1 B-Pimene CI0H16 3380 -936 578 -1542 864 -9095 373 21256
3 6.92 1123 1 Sabinene C10H16 523 -7.89 443 - 1663 323 -587 2.65 -11.31
6 7.73 1153 1 3-3-Carene CI0H16 0.02 -006 004 -0.11 015 -031 008 -023
? 8.02 1163 1 My reene C10H16 0.78 - 1.30 408 - 1083 373 -503 11.11 - 28.87
8 8.22 1170 1 a-Phellandrene CI0H16 0.09 -020 010 -0.24 078 -1.56 025 -0355
9 8.62 1184 1 a-Terpinene CI0H16 037 -126 057 -1.02 123 -3.66 107 -135
10 8.92 1194 2 2.3.Dehydro-1.8-cineole CI10H160 0.04 -0.09 0.00 -0.21 0.00 -004 0.00 -0322
11 9.24 1205 1 d-Limonene CI0H16 353 -660 198 -4.79 1563 - 1881 283 -618
12 936 1213 2 Eucaly ptol (1,8-cineol) CI10H160 16.73 - 3493 18.54 - 2971 749 21544 11.86 - 2346
13 10 41 1236 1 cis-ocimene CI0H16 0.04 - 006 000 -0.02 006 -010 002 -003
14 10.84 248 1 y-Terpinene C10H16 0.85 - 291 0.75 -223 265 2914 1.82 -3.00
15 1103 1254 1 trans-[}-ocimene CI0H16 0.05 -016 003 -0.16 031 -047 013 -043
16 11.76 1273 1 p-Cymene CI0H14 1.02 - 217 090 -4.69 +4.72 - 713 1.31 -323
17 12 21 1286 1 Terpinolene CI0H16 0.29 - 064 023 -047 049 -0.63 035 -078
18 1343 1318 N 2-Heptanol CTHI6O 001 -002
19 14.29 1339 + 6-Methyl-3-heptene-2-one C8H140 0.03 - 0.05 0.00 -0.03 001 -001 0.01 -0.67
20 16 40 1392 4 2-Nonanone COHIRO 0.05 -008 046 - 038
2 16.69 1399 1 w-Fenchone C10H160 0.07 -0.30 0.02 -0.04 001 -014 0.01 -0.06
22 18 43 1442 2 Linalool oxide CI0H1302 0.04 -007 002 -0.22 000 -0.04 004 -012
23 19.32 1464 1 trans-Sabinene hydrate CI0H180 047 - 0.80 0.74 - 1.64 043 - 044 0.32 -091
24 19 87 1470 2 Linalool oxide CI0H1302 0.04 -003 001 -0.13 000 -0.02 003 -008
23 20.01 1481 2 Citronellal CI0H180 0.01 0.26
26 2059 1493 3 a-Copaene Cl3H24 0.02 -003 001 -0.08 003 -005 003 -009
27 21 40 1816 2 Camphor CI0H160 Q45 - 2543 048 -1.73 025 -933 014 -209
2 22.39 1341 3 B-Cubebene C13H24 0.01 -0.02 001 -0.06 002 -004 0.00 - 0.04
29 2263 1347 1 Linaloal CI0H130 371 -4380 1352 -4.06 198 -323 113 -507
30 2322 1362 1 tis-p-2-menthen-1-ol CI0H180 0.06 -0.13 0.10 - 043 0.04 -003 0.10 -0.11
31 23 45 1368 1 Pinacarvone CI0HI4O 000 -0.11 002 -0.03 000 -005
32 23.03 1380 1 Bomyl acetate C12H2002 0.06 - 1.09 0.00 - 065 006 -1.01 0.32 -0.350
33 24 42 1392 3 B-Elemene Cl1sH24 0.02 -113 002 -027 003 -010 001 -010
33 2432 1393 3 exo-methyl camphenilol 0.00 -2.42 005 - 019 003 -1.07 0.00 -0322
35 24 68 1399 3 B-Caryophyllene Cl1sH24 0.24 -049 014 -1.11 156 -1.74 027 -070
36 2477 1601 1 Terpinen-4-ol CI0H130 0.66 -199 130 -6.62 036 -112 112 -175
37 2485 1603 2 Carvacryl methyl ether C11H160 0.03 -008 0.03 . 0.10
38 2551 1620 1 B-cvelacitral CI0H160 001 -0.03 000 -012 000 -007
39 237 1626 1 1-Terpineol CI10H180 0.04 -0.09 0.00 -0.33 000 -008 0.00 -0.08
40 2577 1627 1 MyTtenal CI0HI4O 000 -0.06 000 -002
41 25.90 1631 1 Sabina ketone COH140 0.00 -0.03 0.00 -0.00
42 2641 1644 6 3-oxocingole CI12H2002 000 -0.21 000 -005
43 26.71 1652 1 trans-Pinocarveol C10H160 004 -013 0.00 -002 0.00 - 0.04
44 2737 1669 3 a-Humulene Cl1sH24 0.27 -047 037 -1.11 036 -068 042 -0352
45 28 37 1696 1 u-Terpineol CI0H130 413 -737 343 - 1088 247 -4.61 333 -577
46 28.43 1697 1 I-Borneol CI10H180 0.03 -0.14 0.00 -0.07 000 -008 0.03 -0.14
47 2R 93 1711 3 (Germacrene d C1SH24 032 -057 038 -242 037 -0.68 063 -117
48 29.23 1720 2 exo-2-hydroxycineole C10H1802 000 -019 0.00 -041
49 2941 1724 3 a-Muurelene ClsH24 010 -018 017 -0.70 021 -027 000 -017
30 20.73 1733 3 Bicytlogermacrene C13H24 0.00 -0.26 0.00 - 044 000 -021 0.00 -0.18
Ry 3034 1750 3 a-Famesene ClsH24 0.00 002 000 0.55 035 076
32 30.65 1759 3 8-Caclinene C13H24 0.38 - 085 005 - 125 106 -1.48 0.25 - 092
33 3082 1764 1 Citronellol CI10H200 039 -179 000 -0.09 Q00 -004
3 3106 1770 3 B-Sesquiphellandrene C13H24 000  0.03
335 3172 1789 1 Myrtenol CI10H160 0.00 - 0.01 002 -011 0.00 -002 0.00 -0.03
6 3202 1797 1 Nerol CI0H130 010 -021 016 -049 008 -0.09 018 -049
37 3323 1830 1 trans-Carveol CI10H160 0.00 -0.04 0.00 -003 0.00 -0.01
38 33 56 1840 1 Geramol CI0H130O 000 1.04 000 019
39 33.01 1853 1 Geranyl acetate C12H2002 0.00  0.06
60 3918 2007 2 Methyl eugenol ClIHI402 001 -0.10 000 -022
61 40.13 2036 3 trans-Nerolidol C13H260 0.00 - 0.02 0.16 - 0.69 005 -010 011 -026
62 40 44 2046 3 1.6-Gennacradien-3-ol C18H260 0.87 -386 037 -1.76 234 -338 027 -040
63 4133 2074 3 Elemol C18H260 017 -0.83 000 -0.02 000 -020
64 42.68 2117 3 Spathulenol C13H240 0.10 - 015 006 -0.22 004 -016 0.12 -027
63 4402 2161 1 Thymol CI0HI4O 0.04 -036 000 -0.09 008 -034 000 -020
66 44.03 2162 3 +Eudesmol C13H260 006 -0.28 0.00 -043
67 44 44 2173 7 Methyl iseeugenol ClIH1402 0.07 -027
68 44.39 2180 3 w-Cadinol C13H260 0.36 - 047 0.07 - 044 0.17 -112 0.00 -041
69 4528 2205 3 Bulnesol C13H260 004 -0.13 000 -006
70 43.60 2213 3 o-Eudesmol C13H260 0.31 - 148 0.31 -061
Ea | 45 34 2222 3 B-Eudesmol C13H260 082 -4.44 124 -173
72 4593 2224 3 t-Muurolol C13H260 1.04 -150 000 -0.14 136 -3.20
73 49.20 2337 2 Isoeugenol CI0H1202 0.00 -0.14 0.03 -029
74 49 54 2349 3 Farnesol C13H260 691 -959 000 -0.20 000 -0.51 000 - 005

a) The bold-character number denote the peaks slected for statistical analysis. b) Retention index definded as shawn in experim ental selection. ¢)
Chenneal class: 1. Monoterpene hvdrocarbons: 2. Monoterpene oxiders: 3. Sesquiterpene hvdrocarbons; 4. Ketones: 3. Alcohols; 6. Esters. 7. Ethers
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Figure 3. A Dendrogram of hierarchical cluster analysis (HCA) of 36
Magnoliae flos samples.

(43) are lower. From the second PC loadings. myrcene (7)
showed the highest contents for AL /i/iflora among the four
species. and the content of farnesol (74) is highest for Af.
biondii. From the third PC loadings. terpinelone (17) showed
the higher content both for A4, saficifolia (S) and AL filiflora
var. gracifis (G) than the other species. From the fourth PC
loading. linalool (29) showed higher content for AL biondii
than the other species.

Hierarchical cluster analysis (HCA). The dataset for HCA
was consisted of the 13 selected components and relative peak
area for a total of the 36 magnolia samples. Dendrogram
obtained from HCA was shown in Figure 3. The 36 samples
were grouped into the predicted four clusters (I-IV):; AL
biondii (group D). M. denudata (group 11): AL kobus (group I1I)
and AL filiflora (group 1V). The three species with each one
specimen. AL saliciflora (S) and ML Jiliflora var. gracillis (G)
were grouped into group III. while AL denwdata var. pur-
purascens (P) was classified into to the group IV.

Discriminant analysis (DA). DA was performed to develop
a discrimination model of the 4 groups classified by the PCA
using the relative peak area of the 13 selected components as
input data. The four groups of the 33 samples determined by
PCA are in the predicted groups. The three specimens (only
one sample per species). AL denudata var. purpurascens (P).
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Figure 4. Discriminant analysis (DA) plots of the Magnoliae flos
samples on the space detined by the first two discriminant functions.

A salicifolia (S) and AL lififlora var. gracifis (G). were not
included in DA Feature selection was performed by stepwise
DA using a Wilk’'s Lambda selection criterion. The 8 featured
components, d-3-carene (6). myrcene (7), d-limonen (11),
eucalyptol (12). y-terpinene (14). terpinolene (17). 3-eudesmol
(71), famesol (74). were selected as the most important
variables for differentiating the 4 groups of samples. All
samples in the predicted groups by PCA were correctly
classified (100%). To determine the predictive ability of the
resulting model. 23 samples (training set consisting of 8 A+,
biondii, 9 M. denudata, 3 M kobus. 3 AL liliflora) were
selected at random to constnict a DA model that could thenbe
used to predict the group of remaining 10 samples (U-7 ~
U-16, test set). A 100% correct classification was also obtained
when the validation procedure was used. Figure 4 shows the
33 samples on the plane defined by the two discriminant
functions obtained. and test set was represented as asterisks.
The 10 test samples were classified in A/ biondii (U-7 ~U-9),
M. denudata (U-11~U-16). and AL lififlora (U-10). The
assignment of the 10 samples of test set pemnnits to estimate the
good possibilities of our procedure.

Conclusion

A GC/MS pattern recognition method based on the data of
essential oil components successfully characterized the herbal
drugs according to the four classes of plant origins. The
method was able to facilitate discrimination of the fingerprint
patterns from different A7, flos samples. The 33 samples were
classified into 4 groups by PCA and all group members
determined by PCA were in the predicted group that 100% of
all samples correctly classified by DA. This fingerprint
pattern recognition would provide a practical strategy for
assessing the authenticity or quality of the well-known herbal
drug. AL flos.
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