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Abstract

In this paper, a novel procedure for qualitative and quantitative analysis of the two-dimensional data obtained from
GC-MS is investigated to determine chemical components of essentia oils in Cortex Cinnamomi from four different
producing aress. A new method named iterative optimization procedure (I0OP) specially used to resolve embedded peaks is
also developed. With the help of 10OP and other chemometric techniques, such as heuristic evolving latent projections,
evolving factor analysis, sub-window factor analysis and orthogonal projection resolution, and etc., the detection of the
purity of chromatographic pesks can be first addressed, and then the overlapping peaks are resolved into the pure
chromatogram and mass spectrum of each component. The similarity searches in the MS database are finally conducted to
qualitatively determine the chemical components. The results obtained showed that the accuracy of qualitative and
quantitative analysis could be greatly enhanced by chemometric resolution methods. The chemometric resolution techniques
upon the two-dimensional data can be quite promising tools for the analysis of the complex samples like traditional Chinese
medicine. [0 2001 Elsevier Science BV. All rights reserved.
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1. Introduction the advantages of definite pharmacological activities
and low toxicity [1]. However, it remains difficult to

Traditional Chinese medicines (TCMs) have been establish some simple, convenient and efficient tech-
used for thousands of years in China on account of niques to determine the quality of TCMs as there
aways exist hundreds of chemical components in
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Developing new instruments and relative techniques
is urgently necessary to realize this intention. With
the advent of hyphenated instruments in the latest
decades, such as GC-MS, HPLC-MS, HPLC-DAD
(diode array detection), HPCE-DAD, etc., two-di-
mensional data, which can provide information both
in the chromatographic and spectral directions in one
run, become available. Thus, the qualitative and
quantitative identification of components can be
performed not only with retention times, peak
heights and areas but also UV and/or mass spectra.
The chemometric resolution approaches addressing
for the analysis of the two-dimensional data have
been developed quickly to meet such a need for
hyphenated instruments recently [2—12]. In general,
the data from the hyphenated instruments have
several advantages, such as non-negative spectra,
non-negative and unimodal chromatographic profiles,
the peak that elutes first will disappear first in
chromatographic direction, or say simply ‘‘first-in—
first-out’ . These features make it possible to resolve
the chemical components involved in a complex
analytical system in a successive way. Many evolv-
ing resolution techniques upon two-dimensional data,
for example, heuristic evolving latent projections
(HELP) [2—4], evolving factor analysis (EFA) [5-7],
windows factor analysis (WFA) [8,9], sub-window
factor analysis (SFA) [10,11] and orthogonal projec-
tion resolution (OPR) [12], have progressed rapidly
in recent years. As a result, hyphenated instruments
combined with chemometric resolution can make it
possible to quantify one complicate ‘“‘black’ ana-
lytical system clearly and accurately. The methods
have been successfully applied to many fields [13—
16].

However, there often exists a special case called
embedded peaks in chromatography, in which the
assumption of ‘““first-in—first-out” will not be held, in
the complex analytical systems, such as the samples
from traditional Chinese medicine. This will make
difficulty for the above resolution techniques [2—12]
to resolve them [17]. How to treat this particular
elution pattern still remains in the air. A procedure
developed in [18] claimed to resolve the embedded
peaks in hyphenated chromatography. However, the
crucial assumption for this procedure that the chro-
matographic peak of a pure component is locally

symmetric might be too strong for all the chromato-
graphic peaks to follow in real samples like TCMs.

Cortex Cinnamomi is a widely used TCM in
China as it can contribute to treatments of some
diseases [19,20]. The essentia oil, which is the main
efficacious constitution of Cortex Cinnamomi, al-
ways contains about one hundred chemical com-
ponents and so form a very complex system. In
general, the determination of the essential oil of
Cortex Cinnamomi is usualy conducted with GC
[21-23], GC-MS [24] and HPLC [25]. However, as
for above GC or HPLC methods, only few com-
ponents, for instance, cinnamaldehyde, eugenol and
so on, are determined and the identification of
chromatographic peaks is just carried out by means
of comparison of retention time with reference
compounds. If there is not the standard substance of
the component studied, it does not work at all. For
the technique in [24], much more components are
qualitatively and quantitatively analyzed, but the
determination is performed only through the direct
similarity searches in the MS database attached to
the GC-MS instrument. There exist at least two
serious problems for this approach. First, the back-
ground can not accurately corrected. Second, there
are aways overlapping peaks and even embedded
peaks for this complicated system even under good
separating conditions. Both of the above problems
can possibly result in wrong similarity matches in the
MS library, not to saying of obtaining very accurate
qualitative and quantitative results.

In this paper, the essentia oils in Cortex Cin-
namomi from four different producing areas are
detected with GC-MS, followed by the resolution of
the two-dimensional data with OPR algorithm,
HELP technique, SFA approach and the iterative
optimization procedure (10P) proposed in this study.
Then, qualitative identification of these components
is conducted with retention times and pure mass
spectra. Finally, the quantitative analyses are carried
out with the overall volume integration method [14—
16]. Possible pharmacological activities of the essen-
tial oils in Cortex Cinnamomi from four different
producing areas will be studied in our future work in
order to further compare the differences of essential
oils in chemical components and their pharmaco-
logical activities
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2. Theory

The basic procedures of HELP, OPR, SFA and
other chemometric resolution methods have been
extensively documented in [2—12]. As for the HELP
method, the chromatogram and spectrum are ob-
tained by means of so-called full rank resolution
technique after the determination of zero-component
and selective regions of the target component. The
OPR method first constructs a projection matrix from
the zero-component region(s) followed by obtaining
the concentration curve of the component investi-
gated. The SFA approach directly extracts the spec-
trum from overlapping structures without first resolv-
ing the concentration profile in comparison with the
subwindows which have only one eluting component
in common. For the brevity of this paper, the details
of these ways are not restated here. The following is
just a brief description of the IOP applied to the
resolution of embedded peaks.

Data analysis is performed on two-dimensional
data, such as those produced by HPLC—-DAD and/or
GC-MS, etc. Four distinct embedded cases are
shown in Fig. 1. The fourth case with no overlap at
the peak maximum of the embedding peak can not
be solved by the presented method. This situation is,
however, easily detected [26]. The cases discussed in
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Fig. 1. Four different elution patterns for a chromatographic peak
embedded in another one. The second and fourth patterns can not
be resolved by the procedure proposed in this paper. The pattern a
is equivalent to the pattern ¢ mathematically.

this paper are the first and third ones, which are the
most common cases in practice. In fact, they are
equivalent to each other in mathematical principle.

The data X discussed here are a matrix with m
rows that correspond to spectra taken at regular time
intervals and n columns which represent chromato-
grams measured at successive wavelengths. For a
binary mixture, mxn matrix X can be expressed as
two sums of the bilinear matrices:

X=c,s,' +C,8," (1)
Here {¢, = (G Cior -+ +» Cum)» K=1, 2} {S¢ = (S
Seor ---» Sq), k=1, 2} are the unknown chromato-

graphic and spectra vectors of two components. On
the other hand, the data might also be expressed as
row vectors in time direction:

x'(t) =c,(t)s,” +c,(t)s,’ (t=1,2, ..., m) ()

where x'(t) is the spectral vector of mixture at timet,
c,(t) and c,(t) are the values of chromatographic
vectors ¢, and c, at time t.

These spectral vectors can be differentiated in the
time direction:

dx'(t)/dt = s] dc, (t)/dt + s] dc,(t)/dt (3

Note that every derivative vector dx'(t)/dt is still a
combination of spectral vectors of pure components.
Eq. (3) reveals a useful feature of derivative vectors
that as t moves towards t* (Fig. 2), the maximum
point of the embedding peak, dc,(t)/dt varies from a
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Fig. 2. The first elution pattern with the embedding (I) and
embedded (II) peaks. t, is the retention time at which the
spectrum of mixture reaches its maximum. t, is the retention time
at which every element of vector dx'(t)/dt is nonpositive. t* is the
maximum point of the embedding peak. t, is the retention time at
which the rank of H(t) in Eq. (5) is equal to 1.
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positive value to zero. During the same time, the
mixture spectrum dx ' (t)/dt varies from combination
of s] and s} to pure s,. The vector dx'(t)/dt|,_,. isa
vector parallel to s).

The resolving of the embedded peaks can be
fulfilled by the following iterative procedure:

(1) Initidly, two retention time points (t,, t;) in
the neighborhood of the embedding peak maximum
are determined. First, t, should satisfy the following
equation:

X(to: Jo) =max (X(t, })) 4

and t, is the retention time at which every element of
vector dx'(t)/dt is nonpositive, which is a point
between t, and t*, say t,=t, =t* (see Fig. 2).
Obvioudly, t, is very close to t*, and it can be
thought as the first estimate of t*.

(2) The retention time point t, corresponding to t,
is then determined by the rank analysis of matrix
H(t):

~ (de(t)/dt)tt1>
o= (xT(to) -x"(t)

_ <C’ ) ¢',(ty) >(SI>
- Cl(to) - Cl(t) Cz(to) - Cz(t) S;
t=t, +1,...,m (5)

In general, the rank of the matrix (s, s,) is 2. If the
rank of matrix H(t) becomes 1, then the rank of
matrix:

<C' 1(ty) c'o(ty) )
Cl(to) - Cl(t) Cz(to) - Cz(t)

is 1, which suggests the corresponding elements of
two rows of this matrix have same ratio. If t; =t*
and the rank of H(t) is 1, then c;(t,) = 0 and c,(t,) =
c,(t).

The retention time point t, is selected that makes
the rank of H(t) decrease from 2 to 1. Generally,
t, <t*, and one can see from Fig. 2 that c;(t,) >0,
C,(t,) <O:

dx'(t)/dt|,_, = ci(ty)s; + Ci(ty)s, (6)

while:

XT(to) - XT(t) = (Cl(tO) - Cl(t))SI + (Cz(to) - Cz(t))S;
(7)

C,(t,) — c,(t) is always positive for t=t, +1, ...,
m. Thus, if the rank of matrix H(t,) is 1, then
c,(t,) —c,(t,) must be negative, that is, c,(t,) <
C,(t2).

From above analysis, it is reasonable to determine
the last estimate of t* by the rank analysis of matrix
G(t):

- _<de(t)/dt )
O™\ -xe)

_<c'1<t) c',() )(sl)
\at) — 6ty ot —cult)/ \s,

t=t,+1, ..., m (8)

Here the primes represent the differentiation. If t*
makes the rank of matrix G(t™) drop from 2 to 1,
then, one takes t™ as the final estimate of t*.

After the maximal point of the embedding peak is
located, the pure spectrum of embedded component
can directly be obtained from the derivative at the
maximal retention time [26]. But derivative at the
maximal point usually changes fast and this point is
difficult to determine, if the chromatographic peak is
sharp. Furthermore, the random noise greatly in-
fluence this determination on account of derivation
transformation. Thus, the marker-object projection
technique [29] is used here to determine the chro-
matogram of the embedding component. The spec-
trum of the embedding component is taken as a
“marker object”’, since its spectrum, say s, could be
easily obtained in the selective region. Then, the
chromatogram at each retention time is projected on
this spectrum:

Xs, = (ClSI + Czs;)sl 9

When s, is normalized, s;s, = 1. Let s]s, = « then
Eg. (9) can be written as:

Xs,=c,+ac,=m (10)
That is,
C,=m-—ac, (11)

where c, is avector function of «. Optimization with
maximum point of c, as objective function can
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provide the pure chromatogram of embedding com-
ponent c,. In practice, the position of the maximum
of ¢, is not very sensitive to variable «, that is,
different estimates of c,, could provide the maxi-
mum at the same retention time. Thus the average of
these estimates is taken as the final result.

With estimates of ¢, and c, available, the pure
spectra for the two components can consegquently be
obtained by least squares:

s'=(Cc'Cc) 'c'X (12)

where S"=(s,, s,)', C'=(c,, C,)".

The iterative optimization procedure is as follows:

(1) Locate the selective region of the embedding
component by HELP or other chemometric resolu-
tion methods and then obtain the pure spectrum s,.

(2) Estimate the chromatogram c, of the embed-
ded component by OPR.

(3) Locate t,, t,, t, by iterative rank analysis and
get the estimate of maximum retention time t™ of the
embedding pesk.

(4) Determine the chromatogram c, of the embed-
ding component by marker-object optimization, and
findly the pure spectrum of the embedded com-
ponent by the least-squares method.

3. Experminental

3.1. Materials

Cortex Cinnamomi from four different producing
areas (Zhaoging, Guangdong province, China; Yulin,
Guangxi province, China; Yunnan province, China
and Vietnam) is purchased from a pharmaceutical
store, and identified by a professor from Institute of
Materia Medica, Hunan Academy of Traditional

Chinese Medicine and Materia Medica, Changsha,
Hunan, China

3.2 Extraction of essential oil

Cortex Cinnamomi was dried for about 60 min
under 40°C at first. About 200 g pre-weighed Cortex
Cinnamomi was then swollen with over 1000 ml of
digtilled water in a standard extractor for extracting
volatile oil and allowed to stand for 30 min at room
temperature. Next, more (about 100 ml) distilled
water was added. Then, the essential oil was pre-
pared according to the standard extracting method
for the volatile oil in TCMs in the Chinese Phar-
macopoeia [27]. The yield of essentia oils in Cortex
Cinnamomi from four different producing areas is
shown in Table 1.

3.3 Instruments

A Shimadzu GC-17A gas chromatograph and a
Shimadzu QP-5000 mass spectrometer were em-
ployed in this study.

3.4. Detection of volatile oil

In the gas chromatographic system, an OV-17
capillary column (30 mx0.25 mm 1.D.) was used.
Column temperature was first set at 60°C, and then
programmed from 60°C to 270°C at the rate
15°Cmin~*. Inlet temperature was kept at 250°C.
Helium carrier gas was used at a constant flow-rate
of 1 mlmin~*. In the mass spectrometer, electron
impact (El ") mass spectra were recorded at 70 eV
ionization energy in full scan mode in the 20 to 350
mass range with 0.2 sscan™* velocity. The ioniza-
tion source temperature was set at 230°C.

Table 1
Yield of essential oils and content of cinnamaldehyde and cinnamic acid of essentia oils in Cortex Cinnamomi from different producing
areas

Zhaoqging Yulin Yunnan Vietnam
Yield (%) 0.43 0.34 0.55 1.06
Cinnamaldehyde (g ml %) 1.2339 0.9813 1.4773 1.5232
Cinnamic acid (gml ™) 0.0335 0.0272 0.0026 0.0039
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3.5. Data analysis

Data analyses were performed on a Pentium-based
IBM compatible personal computer. All programs of
the chemometric resolution methods were coded in
MATLAB 5.1 for windows. The library searches and
spectral matching of the resolved pure components
were conducted on the National Institute of Stan-
dards and Technology (NIST) MS database con-
taining about 62 000 compounds.

4. Results and discussion

4.1. Resolution of a ssimulated two-dimensional
data

Curves | and 1l (solid lines) in Fig. 3a represent
the simulated chromatograms of embedding and
embedded components from two-dimensiona data,
respectively. Their corresponding spectra are shown
in Fig. 3b (solid lines). From this figure, one can see
that component | (embedding) elutes in first and
elutes out secondly while component 11 (embedded)
elutes in secondly and elutes out first. Thus, this
two-dimensional data can not be resolved by means
of commonly used chemometric resolution ap-
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Fig. 3. Simulated and resolved chromatograms (a) and spectra (b)
of the embedding peak | and the embedded peak 1. The solid lines
denote the simulated chromatograms and spectra while the dashed
lines represent the resolved chromatograms and spectra by the
IOPR.

proaches. However, with the help of the IOP, the
data can be uniquely resolved into pure chromato-
grams and spectra of two components. The resolved
chromatograms and spectra of the embedding and
embedded components (see dotted lines in Fig. 3a
and b) are very close to real ones.

4.2. Resolution of real two-dimensional data from
essential oils of Cortex Cinnamomi

Fig. 4 shows the real total ion chromatograms
(TICs) of essential oils in Cortex Cinnamomi from
four producing areas. Seen from these profiles, about
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Fig. 4. Total ionic chromatograms of essential oils in Cortex
Cinnamomi from four different producing areas. (a8) Zhaoqing,
Guangdong province, China.; (b) Yulin, Guangxi province, China.;
(©) Yunnan province, China,; (d) Vietnam.
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30, 32, 26 and 30 chromatographic peaks appear in
Fig. 4a—d, respectively and parts of the peaks are
overlapped with each other. However, the similarity
indices (SIs) obtained from direct searching with the
NIST MS database are quite low for many chromato-
graphic peaks. On the other hand, the same com-
ponent is possibly searched at different chromato-
graphic scan points. All these indicate the great
complexity of these analyzed systems, or saying
concretely, most of the chromatographic peaks are
overlapped. If these overlapping peaks are not re-
solved, the simple search with the database will
definitely fail, since the mass spectrum of mixtures
measured can never get a good matching index with
that of a pure component in the NIST MS database.
Furthermore, especially for the component with low
content, it is aso very difficult to be identified
correctly with the database, since a two-dimensional
data obtained by mass spectral measurement un-
avoidably contains peaks associated with column
background and residual gases. Without background
correction, both the resolution of the overlapped
peaks and the identification of the component with
low content are impossible. For commercial GC-MS
system, background subtraction is usually performed
as follows. First, a scan point, which only contains
the background mass spectrum, is subjectively found.
Next, the intensities of the same inter mass numbers
appearing in the target and background spectra are
subtracted, and so the practical target mass spectrum
is obtained. Obvioudly, the practica target mass
spectrum strongly depends on the selection of the
background point. If this selection is wrong, different
target mass spectra may be obtained. The genuine
MS to be searched is surely confused with MS
subtracted. As for HELP, EFA, OPR or SFA res-
olution methods, the local rank analysis of the zero-
component regions, which contain no components
eluting, before elution of the first chemical com-
ponent starts and after the last chemical constituent
has eluted, can together provide sufficient infor-
mation for accurately correcting a drifting base line
[2—4]. Much better background subtraction could be
obtained. After background subtraction, the resolu-
tion of the overlapping peaks becomes possible.
Now, four peak clusters named | (within 4.20-4.40
min), Il (within 7.30—7.50 min), 11l (within 9.40—
9.60 min) and IV (within 10.68—10.80 min) are taken
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Fig. 5. Total ionic chromatograms of peak clusters| (), Il (b) and
I11(c) in Fig. 4a.

as examples in Fig. 4 (1) to illustrate the data
analysis procedure.

Fig. 5 shows the TIC curves of peak clusters I, Il
and Ill in Fig. 4a. Seen from Fig. 5, all these peak
clusters look like one-component chromatographic
peaks. Using library search of NIST MS database
built in the instrument, p-cineole, capaene and
cinnamic acid can be targeted for these three peaks
shown in Fig. 5a—c, respectively. Therefore, all the
peak clusters I, Il and 11l can be easily regarded as
one-component peaks in a classic analytical way.
However, this conclusion is unfortunately wrong. If
chemometric resolution methods, such as EFA,
HELP, OPR, SFA and IOP, are applied to the
corresponding two-dimensional data, two compo-
nents named 4-ethyl-o-xylene and p-cineole in peak
cluster I, one component named capaene in peak
cluster Il and two components named cinnamic acid
and cinnamyl acetate in peak cluster 11l can be
resolved. How the results become available will be
described in detail in the following part.

Detection of peak purity of the two-dimensional
data can be conducted by fixed size moving window
evolving factor analysis (FSMWEFA) [28] or so-
called eigenstructure tracking analysis [4]. In an
FSWMEFA plot, the curve of logarithm values of
eigenvalue higher than the noise level represents the
appearance of components. If a studied system
contains only one species, only one curve is higher
than the noise level in its FSWMEFA plot. Other-
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Fig. 6. Fixed size window method (FSWM) plots of peak clusters
I @, Il (b) and Il (c) in Fig. 4a The horizontal dashed lines
represent the noise level. The regions 1, 1+2, 2 in (8 denote the
pure region of the component 1, overlapping region of the
components 1 and 2, the pure region of the component 2,
respectively. The region 3 in (b) denotes the pure region of the
component 3. The regions 4, 5 in (c) denote the pure regions of
components 4 and 5. In practice, the components 4 and 5 are the
same component. The middle region between regions 4 and 5 in
(c) is the overlapping region of the components 4 or 5 and another
one whose pure region does not exist.

wise, there are at least two curves higher than the
noise level. From the FSWMEFA plots of peak
cluster I shown in Fig. 6a, there are obviously two
curves higher than the noise level at peak region. It
suggests that the peak cluster | is certainly not a pure
one and the region of 1+ 2 is the overlapping region
of the first and second components. The regions of 1
and 2 show the pure regions of the first and second
components, respectively. While, in Fig. 6b only one
curve is higher than the noise level and so peak
cluster 11 may only contain one component. For peak
cluster 111, there are two curves higher than the noise
level (see Fig. 6¢) but of different shape from peak
cluster 1. Anyway, there may possibly be at least two
components within this region. It is interesting to
compare the mass spectra in the regions 4 and 5, one
can find they are quite similar, just like the spectra
from the same component. This suggests that the
cluster 111 might be the embedded peaks mentioned
above.

In order to further confirm the conclusion obtained
from FSWMEFA, the evolving latent projection

graphs (ELPGs) [2—4] are also plotted. The ELPG is
actually a principal component projective plot. In the
ELPG from the chromatographic direction, the
straight-line section represents the pure selective
region of one component, while the curving section
denotes the overlapping region containing at least
two components. The ELPGs of peak cluster I, 1l and
I1, are shown in Fig. 7. From Fig. 7a, one can see
that peak cluster | is a two-component system. The
two straight lines (marked by 1 and 2) indicate
clearly the selective information from two different
components, which strongly supports the result ob-
tained from the FSMWEFA. While, in Fig. 7b one
can only see one straight line (marked by 3) with
some noise fluctuation. It suggests that there be only
one component in peak cluster 1l as only the first
principal component presents the signal and the
second one may be just the random noises. The most
interesting plot is shown in Fig. 7c. The first straight
line (marked by 4) suggests selective information of
a pure component, while the middle curve part
indicates the mixture of two components. However,

4
4

-1
1 05 0 05 1 15 2 25 3

Fig. 7. Evolving latent projection graphs (ELPGs) of peak clusters
I @, Il (b) and 11 (c) in Fig. 4a. The straight lines 1 and 2 in Fig.
7a denote the pure region of the component 1 and 2 while the
curve 1+ 2 represents the overlapping region of the components 1
and 2. The straight line 3 with some noise fluctuation in Fig. 6b
denotes the pure region of the component 3. The straight lines 4
and 5 in Fig. 6¢ denote the pure regions of components 4 and 5. In
practice, the components 4 and 5 are the same component. The
middle curve between straight lines 4 and 5 in Fig. 6¢ represents
the overlapping region of the components 4 or 5 and another one
whose pure region does not exist.
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the last straight line (marked by 5) goes back to the
first straight line again. It is a typical elution pattern
of the embedded peaks [26]. Thus, the results
obtained from FSMWEFA and ELPGs are consistent
with each other.

Based on the information discussed above, the
resolution of these three peak clusters can be con-
ducted differently. For the peak cluster I, the simple
least squares can be directly used to resolve the
overlapping peaks, since one can easily pick up the
two pure spectra from the selective information
regions. But, for the peak cluster 111, one have to use
the IOP method described in the theoretic part. The
resolved chromatograms and mass spectra are shown
in Figs. 8 and 9, respectively. In order to further
confirm the results obtained, one specially focuses
one's attention on the peak cluster Ill. All the
chromatograms at every m/z point are shown in Fig.
10. From this plot, one can easily see that they really
contain some embedded peaks from some selective
m/z points.

Fig. 11a shows the TIC of the peak cluster V.
Seen from Fig. 11a, this peak cluster might be more
complicate than above peak clusters. Likewise, the
two-dimensional data involved the peak cluster 1V
can be resolved into pure chromatograms and mass
spectra. The results of the resolved chromatograms
obtained are shown in Fig. 11b. Their corresponding
spectra are mainly shown in Fig. 12. For the brevity
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Fig. 8. Resolved Chromatograms of peak clusters | (a), I (b) and
Il (¢) in Fig. 4a

of the paper, the procedure about how to resolve this
peak cluster has to be dropped. Anyway, the readers
who are interested in the resolving procedure for
overlapping peaks of multi-components can refer to
the reference [16].

4.3, Qualitative determination of chemical
components of essential oils in Cortex Cinnamomi

As the pure chromatographic curve and mass
spectrum of each component have been resolved, the
qualitative analyses can then be directly performed
by means of similarity searches in the NIST mass
library now. It shows that the components in peak
cluster I, Il and Il are 4-ethyl-o-xylene and p-
cineole, capaene, cinnamic acid and cinnamyl ace-
tate, respectively. Their resolved mass spectra to-
gether with the standard spectrum of each component
from the NIST MS library are given in Fig. 9. From
the plot, one can see that the resolved mass spectra
are aimost the same as the corresponding standards.
This also explains that the resolution results obtained
are reliable.

As for the peak cluster 1V, with the help of the
same similarity searches, four of these resolved
components, marked by 6, 7, 8, and 10 in Fig. 11b,
are §-cadinol, o-methoxycinnamaldehyde, bisabolol
and eudesmol, respectively. While, the component
marked by 9 can not be accurately determined, since
there might be not the spectra of the corresponding
component in the database. However, one can pos-
sibly deduce that its molecular formula may be
C,sH,:O with molecular mass 222. Their resolved
chromatograms and mass spectra are showed in Figs.
11b and 12.

4.4. Quantitative analysis of chemical components
of essential oils in Cortex Cinnamomi

As two-dimensional data from GC-MS can be
resolved into pure chromatograms and mass spectra
by means of chemometric resolution techniques, the
peak area integration at every m/z point of each
component can be easily calculated. Its sum, which
is caled the overall volume, is directly proportional
to the content of the corresponding component [14—
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Fig. 9. Resolved mass spectra and their standard mass spectra of peak clusters |, Il and Il in Fig. 4a. Resolved () and standard (b) mass
spectra of 4-ethyl-o-xylene; resolved (c) and standard (d) mass spectra of p-cineole; resolved (€) and standard (f) mass spectra of capaene,
resolved (g) and standard (h) mass spectra of cinnamic acid; resolved (i) and standard (j) mass spectra of cinnamyl acetate.
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16]. This quantitative method is certainly superior to
the common quantitative approach with which the
quantitative analysis is usually conducted with the
peak area integration based on the TIC. The de-
termination of the content of all components is
conducted by use of the overall volume technique in
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Fig. 11. Totd (a) and resolved Chromatograms (b) of peak cluster
IV in Fig. 4a

this paper. The results show that in the essentia oils
of Cortex Cinnamomi from Zhaoging, Yulin, Yunan
and Vietnam, there are 88, 94, 93 and 89 com-
ponents separated, 61, 64, 61 and 58 of them
determined representing about 93.62%, 93.39%,
92.03% and 92.59% of the total relative content,
respectively.

Something should be pointed out here: the content
of cinnamaldehyde is very high for every sample
studied and it is possibly over the linear detection
region of GC-MS (See Fig. 4). Therefore, the
detection with diluted samples and low injection
volume is carried out. On the other hand, the content
of cinnamaldehyde and cinnamic acid is determined
with their corresponding standard components (see
Table 1).

5. Conclusion

From the above resolving process and results
obtained by the use of chemometric resolution
methods upon two-dimensional data together with
the big mass spectral database, one can see that the
real complex sample, like traditional Chinese medi-
cine Cortex Cinnamomi, can be elegantly qualita-
tively and quantitatively analyzed. This shows that
the hyphenated instruments combined with chemo-
metric resolution methods will provide a completely
new way for the quick and accurate analyses of real
unknown complex systems. These methods, especial-
ly the 10P developed in this paper can not only
greatly enhance the separation ability but also the
qualitative identifying ability of the hyphenated
chromatography, which shows the prosperous pros-
pect for analysts to directly address very difficult
problems in analytical chemistry.
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