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Abstract

A high-performance liquid chromatographic (HPLC) method coupled with chromatographic pattern matching was developed to differentiate
whole chromatograms of raw and steanRathax notoginsengbjectively and quantitatively. The major peaks differentiating chromatograms
of raw and steamed samples were also identified for the first time in this herb. The raw and Seeaotedinsengoots and its products
were successfully differentiated. The quantitative differences between the chromatograms were correlated to the duration of steaming. Chro-
matographic pattern matching allows rapid, simple, automated, and quantitative comparisons of complex chromatograms. It is a useful tool
in ensuring safety and quality of herbal products.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction This method does not evaluate the entire chromatographic
profile and large amounts of data in the chromatograms are
Medicinal herbs have gained popularity in many coun- discarded. Furthermore, similarintegration results may notbe
tries. This raises many concerns with regards to their quality achievable if baseline resolution is not achieved in complex
control, which is still a common problem today. The qual- mixtures. Selection of suitable markers to correctly identify
ity and chemical content of herbs vary greatly due to many the herb is also difficult and subjective. Therefore, this ap-
factors such as species variation, geographical source, cultiproach is neither sufficient nor satisfactory for quality control
vation, harvest, storage, and procesgitig Better scientific of herbs.
methodologies are still needed to evaluate and assess medic- In recent years, the use of chromatographic chemical
inal herbs and their products. fingerprinting for the identification and quality control of
Unlike synthetic drugs of high purity, medicinal herbs and medicinal herbs has attracted a lot of interf@st5]. Anal-
their products have a very complex mixture of chemical com- ysis of chromatographic profiles, generally with the goal
ponents whose identity is only partially known. Often, afew of making a classification, is known as ‘fingerprinting’.
chemical markers in the chromatograms are selected and emFingerprinting using chromatographic methods is also one
ployed in evaluating the quality and authenticity of herbs. of the requirements proposed by US Food and Drug Ad-
ministration (FDA) for botanical§6] and The European
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preparationg7]. It is of importance because the chromato- fine. The ‘coarse’ methods such as dynamic time warping,
graphic fingerprints are unique and represent powerful tools correlation optimized warping (COW), shift the peaks up to
for the comparison, classification, identification, and evalua- the same resolution as the scanning instrument. The ‘fine’
tion of samples. However, due to the complex fingerprints methods shift peaks beyond the instrument’s spectral resolu-
of herbal samples and chromatographic variations, accu-tion. The authors also developed a new search algorithm, the
rate analysis and interpretation of the chromatograms in breadth first search (BFS), which is shown to be favorable
chemical fingerprinting still pose a great challenge to ana- in terms of computational speed. After alignment of chro-
lysts. matograms and extracting the relevant information from the
One method to compare complex fingerprints is by vi- fingerprints, samples can then be classified based on several
sual comparison. This traditional method of visual chro- available multivariate data analysis methods such as prin-
matographic comparison is simple, but it is very subjective cipal component analysis (PCA), soft independent model-
and non-quantitative. For complex chromatograms with in- ing of class analogy (SIMCA), K-nearest neighbors (KNN),
complete separation of peaks, visual comparisons can beand linear discriminant analysis (LDA). Artificial neural net-
difficult and may miss subtle differences. Moreover, chro- works (ANN) are also rapidly emerging in the field of an-
matography always varies from run-to-run due to pump, tem- alytical chemistry as a powerful tool for pattern searching,
perature, sample injection variations as well as changes inmapping, and fingerprinting. There are also a number of
mobile phase and column chemistries. The resulting run-to- studies[8,9] using ANN and the comparisd8] of several
run chromatographic variations such as retention time drift ANN architectures with standard classifiers such as KNN and
and baseline drift, make the visual comparison method more SIMCA.
ambiguous. In some cases, these variations also make the Panax notoginsenBurk.) F.H. Chen or Sangqiis a highly
methods analyzing simple difference or variance of the chro- valued and important Chinese medicinal herb, belonging to
matographic response non-applicable. Therefore, there is ahe same genus as Chinese and Korean gindeampk gin-
need for a simple, valuable tool to objectively compare the seng and American ginsend?@nax quinquefoliui P. no-
entire chromatograms, detect real sample differences be-toginsengis available in two different forms—the raw and
tween them and measure the degree of differences quantisteamed forms. Traditionally, the raw form is widely used
tatively. in Chinese medicine for its hemostatic and cardiovascular
With the rapidly increasing computational power and propertieg14,15] while the steamed form has been claimed
rapid development of the field of chemometrics in the lasttwo to be a tonic used to “nourish” blood and to increase pro-
decades, it is now possible to use complex mathematical al-duction of various blood cells in anaemic conditidi$].
gorithms to analyze the whole chromatogram quantitatively, Due to their different pharmacological actions and clinical
and automatically. Such large data sets, which are previouslyindications, using the wrong form of herb may lead to unde-
considered impractical, can now be handled. This approachsirable results. Quality control of this herb is hence important.
has been applied to medicinal heifBs5], pharmaceuticals A previous study17] showed that there were visually dis-
[8], and food[9,10], etc. Typically, most chromatographic tinct differences between the chromatograms of raw and
analysis techniques involve developing a method of identi- steamed samples and the concentration of some saponins
fying some peaks to be compared, developing a method ofwere changed.
comparing the various aspects of the peaks (such as peak This study aims to use a high-performance liquid chro-
area, height), and then actually performing the comparisons.matographic (HPLC) pattern matching method as a new ap-
However, the inevitable variations of chromatographic peak proach to objectively and quantitatively differentiate between
parameters such as retention time have always been a majothe raw and steamel. notoginsengTo date, this pattern
impediment against accurate data processing in most chemomatching analysis tool has not been studied or applied to
metric analysis techniques. Multivariate chemometric anal- complex samples such as medicinal herbs. The tool will take
ysis with entire chromatographic profiles as input data, is into account 5 parameters of chromatographic variations to
very sensitive to even minute variatigesl 1-13] Therefore, align the chromatograms, and it does not require the charac-
many new approaches for retention time adjustments/peakterization of peaks or other chromatographic features that are
alignmen{3,11-13]and extracting information from the fin-  required by other known techniques. After chromatographic
gerprints[4] have also been studied to address this chal- alignment and comparison, a quantitative value showing the
lenging problem for chemometric analysis. Malmquist and relative difference between the raw and steamed samples will
Danielsson’s alignment algorithft2] involves four rounds  be generated and it is used as a criterion to differentiate be-
of iterative shifting to optimize sample-to-target correlation. tween raw and steamed samples. Major peaks in the chro-
Gong et al[3] recently used a combination of chemomet- matograms of steame@ notoginsengwhich can serve to
ric resolution with cubic spline data interpolation to select differentiate raw and steamed forms, are also identified for
marker compounds, correct the retention time shifts and re-the first time. This method will then be applied on 11 pairs of
construct the chromatographic fingerprints with correction. raw and steamelél notoginsengroprietary products to mea-
Torgrip et al.[13] suggest that the alignment methods can sure their degree of similarity or differences between each
be divided roughly into two major categories, coarse and other.
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2. Experimental 250 mmx 9.4 mm i.d., 5um) to obtain the pure compounds.
Their identities were determined by comparing th&i€
2.1. Materials NMR data, MS data and melting points with the data ob-

tained from literature[18—21] as well as by comparing
The water used was treated with a Milli-Q water purifi- their retention times with those of the standards, if avail-
cation system (Millipore, Molsheim, France). HPLC-grade able.
solvents were used for the analysis. The FRawmotoginseng
root was obtained from a Chinese medical shop in Singapore.2.5. HPLC with chromatographic pattern matching
Eleven pairs of raw and steamBchotoginsenghinese Pro-  analysis
prietary Medicines (CPMs) were also obtained from various
local Chinese medical shop&able J). HPLC analysis was performed on a Waters Alliance
Ginsenosides Rb1, Rc, Rd, Re, and Rg1 standards werdiquid chromatograph (Milford, MA, USA) equipped with
purchased from Indofine Chemical Company (Somerville, Alliance separation module 2695 and photodiode array de-
NJ, USA). Notoginsenoside R1 was obtained from National tector 2996. The reversed-phase column used was Waters
Institute for the Control of Pharmaceutical and Biologi- Symmetry Gg (250 mmx 4.6 mm i.d., 5um). The binary
cal Products (Beijing, China). 20R-ginsenosides Rg3, 20S- gradient elution system consisted of (A) water and (B) ace-
ginsenoside Rg3, mixture of ginsenoside Rg5 and Rk1 weretonitrile. Separation was achieved using the following gra-
generous gifts from Professor J.H. Park (College of Phar- dient: 0—30 min, 20% B; 30—60 min, 20-45% B; 60—78 min,
macy, Seoul National University, Korea). 20RS-ginsenoside 45-75% B; 78—80 min, 75—-100% B. The column temperature
Rh1 were obtained from Delta Information Centre for Natural was kept constant at 3&. The flow rate was 1 ml/min and

Organic Compounds, China. the injection volume was fl. The UV detection wavelength
was set at 203 nm. Sample analysis was processed by Wa-
2.2. Sample preparation ters Empower software 2002 with chromatographic pattern

matching tool.

A 10 ml volume of 70% (v/v) methanol was addedto 1 g The chromatographic pattern match processing method
of the powdered sample. The suspension was ultrasonicallyparameters used for the comparisons of samples were opti-
(230V, Branson model 5510, Danbury, CT, USA) extracted mized as follows. Replicate injections of identical samples
for 20 min and filtered. This extraction was repeated two ad- were carried out and used to develop method parameters,
ditional times. The combined filtrate was evaporated to dry- namely, scan startand stop times, peak width, alignmentinter-
ness in vacuo. The residue was then dissolved in 5 ml of 70%val, retention time search limit, detection threshold, response
(v/v) methanol and filtered through a 0.4 nylon filter value, and percent peak height. The scan start and stop times

membrane prior to HPLC analysis. were 10 and 78 min. The detection threshold was set at 350.
The response value and percent peak height were 0.0005 and
2.3. Steaming of raw P. notoginseng herb 4.3%, respectively. After the parameters were optimized, the

same pattern match processing method was then applied to
Samples of the powdered rav notoginsengoot were all the samples compared.
steamed at 120C using an autoclave (Hirayama, Japan) for Statistical data analysis in this study was performed using
2, 6, and 9 h. The powder was then dried in a vacuum oventhe unpaired Student'gest with a minimum of six replicates.
at about 80C until constant weight and extracted using ul- Differences were considered to be significant whelues
trasonication as described above. were <0.05.

2.4. Isolation and identification of peaks in steamed P.
notoginseng 3. Results and discussion

Two hundred and thirty grams of steamBd notogin- 3.1. Identification of major peaks in steamed samples
seng(9h) was extracted with methanol (21) by ultrason-
ication for 2h and filtered. This step was repeated for a  Eight major potential markers (20S-ginsenoside Rhl,
total of five times. The combined filtrates were evaporated 20R-ginsenoside Rh1, 20S-ginsenoside Rg3, 20R-
in vacuo. The residue (34 g) was dissolved in 140 ml wa- ginsenoside Rg3, ginsenosides Rk3, Rh4, Rkl1, Rg5)
ter, washed with 200 mh-hexane (three times), and ex- that play key roles in differentiating the chromatograms of
tracted with 300 ml water saturategbutanol (five times). raw and steameld notoginsengvere identifiedFig. 1). This
The major differentiating peaks were then isolated from is the first report of the detection and isolation of ginsenoside
the butanol extract using normal phase open-column chro-Rk3 fromP. notoginsengerb. These peaks were not detected
matography (silica gel 60, 63—2@0On, 500 mmx 30 mm, or were present in very low amounts in raw samples. The
gradient elution using dichloromethane and methanol), fol- steaming process has caused chemical degradation and
lowed by semi-preparative HPLC (Agilent Zorbax SBgC conversion of some saponins to new compounds and their
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Table 1
Pattern match standard deviations (PMSD) of raw and steamed root, and the 11 pairs of products (raw form is taken as the reference)
CPM pair no. Samples Brand name Pattern match standard deviation (AU)
RawP. notoginsengoot (replicate injections) 0.0004
SteamedP. notoginsengoot (replicate injections) 0.0004
Steamed (2 h) vs. raR. notoginsengoot 0.0024
Steamed (6 h) vs. ra®. notoginsengoot 0.0096
Steamed (9 h) vs. raR. notoginsengoot 0.0120
1 Pure raw pseudoginseng powder Meihua 0.0041

Pure steamed pseudoginseng powder

2 Raw tienchi ginseng tablet Meihua 0.0021
Steamed tienchi ginseng tablet

3 Yunnan tienchi powder (raw) Nature’s Green 0.0012
Yunnan tienchi powder (steamed)

4 Yunnan tienchi tablets (raw) Nature’s Green 0.0009
Yunnan tienchi tablets (steamed)

5 Tienchi powder (raw) Yunfeng 0.0050
Tienchi powder (steamed)

6 Tienchi tablets (raw) Yunfeng 0.0028
Tienchi tablets (steamed)

7 Tienchi powder (raw) Camellia 0.0026
Tienchi powder (steamed)

8 Tienchi tablets (raw) Camellia 0.0025
Tienchi tablets (steamed)

9 Tienchi tablet (raw) Yulin 0.0005
Tienchi tablet (steamed)

10 Yunnan tian qi powder (raw) Kiat Ling 0.0004
Yunnan tian gi powder (steamed)

11 Chinese yunnan tien chi tablet (raw) Luen Shing 0.0004
Chinese yunnan tien chi tablet (steamed)

structures are shown Fig. 2 Therefore, the standardization ratio, baseline offset, baseline drift, retention time offset, re-
of the steaming process is important in ensuring consistenttention time scale). It measures and applies these alignment
quality of steamed products. This is also the first report of parameters to the reference chromatogram. The response ra-
14 well-resolved saponins in a single HPLC chromatogram tio refers to the factor by which the reference chromatogram

of P. notoginseng is multiplied along they-axis to best align with the sample
chromatogram. The retention time offset refers to the amount
3.2. Chromatographic pattern matching software of time by which the peak apices of reference chromatogram

is adjusted. Retention time scale refers to the amount by

The chromatographic pattern matching softwi@,23] which the retention time scalg-@xis) of the reference chro-
treats the entire chromatogram as a pattern and comparesnatogram is stretched or compressed to best align with the
chromatograms in pairs. One is specified as reference (typ-sample. Baseline offset refers to the amount by which the
ically a known standard) against which the software com- reference chromatogram was adjusted in the y-axis while
pares the other sample chromatogram. In this applica- baseline drift refers to the slope applied to the reference chro-
tion, the raw P. notoginsengsamples were specified as matogram baseline. In measuring all these values, only the
reference. It uses a chromatographic alignment algorithm raw data is used and no peak integration is performed. The
to align corresponding retention intervals from two chro- pattern matching algorithm simulates, or models a possible
matograms. range of responses for the reference chromatogram and finds

The alignment algorithm is based on a two-step proce- the values for the five parameters by finding those values that
dure. First, the algorithm fixes the responses in the sampleminimize the sum of squared differences between the two
chromatogram and mathematically adjusts the reference re-chromatograms.
sponses by least-squares optimization to produce the best fit Secondly, after alignment, the algorithm calculates the de-
between the two chromatograms. The algorithm is based ongree of differences (in terms of standard deviations) between
the assumption that the normal chromatographic variationsthe sample chromatogram and the parameter-adjusted refer-
can be described by five parameters (concentration/responsence chromatogram. The standard deviation is the square root
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Fig. 1. HPLC chromatograms of (A) raw and (B) stearRedotoginseng?2 h). (1) R1, (2) Rgl, (3) Re, (4) Rb1, (5) Rc, (6) 20S-Rh1, (7) 20R-Rh1, (8) Rd, (9)
Rk3, (10) Rh4, (11) 20S-Rg3, (12) 20R-Rg3, (13) Rk1, (14) Rg5.

of the average of a squared difference. The formula is: of the pairwise differences calculated by the corresponding
formula.
ZN (i — a;)? In this method, the variations due to normal chromato-
1=

Standard deviatios- graphic variations will not affect the comparisons, revealing

only changes due to the samples. This alignment algorithm
where f;, are the response values in the fixed, sample has th_e adyantage (_)f adjusting for five underlying chroma_to-
chromatogram andy are the adjusted response values graphic vgnatlons simultaneously. F_u_rthermore,_no sele_ctlo_n
from the reference chromatogram. The indexanges of peaks, internal standards, or trad|_t|onal peak mtegrauon is
over theN time samples in the comparison interval. The needed, comp_ared to known tec_hnlques. The algorithm de-
value for N is reduced by 5 to take into account the ef- tects peaks using the second derlva'tlve.oft.he chr_omatogram.
fect of the five-parameter alignment on the magnitude of The apex of th_e inverted _second d_erlyatlve |qent|f|es the apex
differences. of a peak. Besides showing how similar or different the sam-
During a scan of the entire chromatogram, the algorithm p_Ies are, it can also rapidly identify which s_pegi_fic retention
centers an alignment interval of fixed width (typically 2- time interval of the chromatograms have S|gn|f|c§1nt pattern
peak widths) on each point over the entire chromatogram, differences or new peaks. This may help to identify and iso-
regardless of the presence of peaks. It performs the a”gn_late the differentiating peaks of. interest. Other than chro-
ment for each interval and computes the five alignment pa- Matograms from LC separation, it can also be applied to GC,
rameters as well as the standard deviations for each intervalCE Separation or other imported data.
within the scan region (from start to stop time). From the
whole scan, the pattern match standard deviation (PMSD) 3.3. Optimization of pattern match processing method
value is computed. It is the root-mean-square value of all
the individual standard deviations measured within the en-  The pattern match processing method was developed
tire scan region. A Matlab implementation of this alignment with repeated r{> 6) replicate injections of the raw sam-
algorithm is available in the referen{22]. The term “stan- ples, as well as replicate injections of steamed (2 h) sam-
dard deviation” although being statistically meaningless for ples, to detect true differences between samples. The scan
a pair of samples, is used in this paper and means a valueaegion of 10-78 min was chosen to include the region of

(N -59)
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Rc -Glc-Gle  -H -Glc-Ara(f)
Rd -Gle-Glc  -H -Glc

Re -H -0-Glc>Rha  -Gle

Rot -H -0-Gle -Gle

R1 -H -0-GIc>Xyl  -Gle
20S Rg3 -Gle-Glc  -H -H

20R Rg3 -Gle-Glc  -H -H

20S Rh1 -H -0-Glc -H

20R Rh1 -H -0-Glc -H

Rz

Saponins R R-
Rg5 -Gle-Gle  -H
Rh4 -H -0-Gle

R0

Saponins R R,
Rk1 -Gle-Glc  -H
Rk3 -H -0-Gle

Fig. 2. Structures of 14 saponins, including those saponins (in bold) that are
characteristic for the steamed samples. Abbreviations: Glc, glucose; Ara(f),

arabinose in furanose form; Rha, rhamnose.

interest and to exclude regions of void volume, injection ar-
tifacts at the beginning and the re-equilibration region at the
end of the chromatogram. In the preliminary pattern match-
ing method, the scan time was selected while the software
automatically calculated the rest of the parameters (align-
ment interval, retention time search limit, peak width, de-
tection threshold, response value, and percent peak height)
for the pattern matching process. In the optimization rou-
tine, the autocalculated values can be further optimized to
suit the particular set of samples and applications of the
study.

The retention time search limit affects the alignment re-
sults. It was further optimized to ensure the retention time
offset encompasses the largest possible retention time offsets
between the chromatograms. Retention time search limit of
15 s specified the retention time range over which the refer-
ence chromatogram was offset in search for the best align-
ment. The detection threshold affects the interpretation of the
results. It was set to determine which peak apices were de-
tected and plotted on the chromatogram. Detection threshold
was set at 350 for optimal number of detected peaks in this
case and to prevent over-clustering of peak apex markers in
the plots.

To objectively determine if a difference is genuine (notdue
to baseline noise), the individual standard deviations should
be compared against a threshold. The threshold values do
not affect the alignment or the standard deviation values. It
only helps in the interpretation of the results. This standard
deviation threshold is obtained from comparing similar chro-
matograms (replicate injections). This threshold is calculated
automatically by the software from response value and per-
cent peak height. These two parameters were further opti-
mized to correspond to the highest standard deviation values
that an interval could have when the compared samples were
the same. It ensured that the standard deviations of the repli-
cate injections (identical samples) were detected below the
threshold line. Therefore, itis a kind of limit-of-detection test,
which should be sensitive to detect true differences between
different samples and not similar samples. The formula for
the standard deviation threshold is:

Standard deviation threshold
= (responset percent peak height00)

x (maximum peak heightin the interval)

The response is the minimum value for the standard devia-
tion threshold. The percent peak height adds a value to the
response that is proportional to the peak height within the
compared interval.

3.4. Chromatographic pattern matching results of raw
and steamed P. notoginseng roots

Before comparing the raw and steamed samples, pairs
(n> 6 pairs) of identical raw samples (replicate injections)
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Fig. 3. Typical results from chromatographic pattern matching for (A) replicate injections oPrawtoginsengherb and (B) raw and steamed (2h)

P. notoginsengEach of the top plots shows an overlay of the chromatograms, with black markers on peak apices. Each of the middle plots shows their
corresponding standard deviations for all points in the scan region. Each of the bottom plots shows response ratios (sample/referenceaftai poars

region.

were compared. Replicate injections of identical steamed viations were small and below the threshold line and they
samples 1f> 6 pairs) were also performed and they gave represented the background noise present. For replicate in-
similar results as replicate injections of raw samples. The jections of rawP. notoginsengand replicate injections of
typical pattern matching results of a pair of replicate injec- steamed (2 H. notoginsenghe pattern match standard devi-
tions of raw samples are shown ig. 3(A). The top plot ation values were found to be below 0.0006. Response ratios
shows the overlay of a pair of chromatograms in the scan (sample/reference) of the peaks in both chromatograms were
region between 10 and 78 min. The middle plot shows their close to 1 for identical samples, as shown in the bottom plot.
individual standard deviations of all points within the scan The response ratios measure the approximate ratio of con-
region. The standard deviation is a measure of the magnitudecentrations within the compared intervals, if the alignment is
of point-to-point differences between the two chromatograms good.

after alignment, as shown by the formula above. For similar ~ Using pattern matching analysis, the raw and steamed
samples (such as these replicate injections), the standard desamples were successfully differentiated. The top plot of
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0.016 - from the pattern match plots. The pattern match standard
0.014 { deviation values of these eight pairs ranged from 0.0009 to
0.0124 0.0050. Values above 0.0008 were found to be statistically

0.010+ different (p<0.05) from the replicate injections of identical

0.008 1 samples. Interestingly, three raw and steamed pairs (pairs
0.006% 9-11) were found to have similar chromatographic patterns
il from their pattern match plots. For pairs 9 and 10, the prod-
g:ggi | . | ucts Iabgled as ‘steamed’ were found to have_chromatograms
replicate replicate  steamed (2h) steamed (6h)steamed (9h) resembling a raw sample. V\_/h,ereas’ for pall‘.ll, the prod—

injection (raw  injection VS raw Vs raw VS raw uct labeled as ‘raw’ have distinctive peaks in the region
e s T SRR oM 63—76 min, resembling a steamed product. The pattern match
standard deviation values for the three pairs were also close

Fig. 4. Pattern match standard deviation values of replicate injections and to that obtained for replicate injections. The standard devi-
P. notoginsencherbs that were steamed for 2, 6, and 9h. Values were ations were below threshold line and their response ratios

meanst S.D.,n> 6. For the steamed samples, the pattern match standard were close to 1, which were similar to the typical results

deviation values were obtained from the pattern matching comparisons with f the replicate iniections. This implies that th irs of
the corresponding raw sample (before steaming). The asterisk (*) denotes®! € replicate njections. S Implies that these pairs o

statistically significant differences between the PMSD values of the steamed S@8Mple were similar, although they were |abe_|ed as ‘ra‘_N’
samples and replicate injectionsat 0.05. and ‘steamed’. Thus, there may be possible mislabeling, in-

sufficient steaming of the ‘steamed’ CPMs, or high temper-

atures during processing/harvesting may have changed the
Fig. 3(B) shows the typical overlaid chromatograms of raw ‘raw’ CPMs. Our previous paper (Lau et al. 2003) reported
and steamed (2 i) notoginsengThe main differences were  the clear differentiation of chromatographic fingerprints of
in the region 63-76 min. The steamed form showed nu- extracts of raw and steame® notoginsengThe current
merous peaks eluting out in this region. These peaks weremethod in this paper provided quantitative comparisons of
not distinct in the chromatogram of the raw samples. In pairs of such products. Visual chromatographic comparisons
addition, the standard deviations increased above threSh-of the extracts of three pairs out of 11 pairs of such prod_
old line at various points in the scan region, especially ycts showed that the differentiation between the pairs was
in the region 63-76 min, as shown in the middle plot of not clear and was inconsistent with the label claims. Indeed,
Fig. 3(B). This indicated that the samples were not simi- ypon quantitative comparisons of the chromatograms, we
lar. Response ratio also increased to a value of 45 at onehave demonstrated that the method is able to detect such
point (65th minute). The pattern match standard deviation discrepancies. The lack of quality control and standardiza-
value was also significantly higher than that obtained from tions of herbal products and samples is an important issue
replicate injections of samples. As the duration of steaming to address. In the preparation of raw samples, the raw root
increased, the differences between the chromatograms als@nay have been subjected to excessively high temperatures
increased. This is reflected in the pattern match plot. The during harvesting or drying, and this may have caused some
average pattern match standard deviation values increase@hemical components to be changed. Thus, these raw prod-
with duration of steamingRig. 4). The values Table J ucts may have chromatographic profiles that resemble those
increased from 0.0024 to 0.0120 for 2 and 9h of steam- of steamed products. On the other hand, if the steamed prod-
ing, respectively. These were about 3-17 times the PMSD ycts are not steamed/processed sufficiently, they may yield
values for replicate injections of identical samples and the profiles similar to those of the raw products. Currently, among
PMSD values were statistically highgn<0.05, Student’s  the different manufacturers, there is no standardization of the
t-test) than that obtained for replicate injections. Therefore, processing conditions used to steam the Samp|es_ Such in-
these values gave useful indications of the Slmllarlty of the formation is also not available and is kept confidential by
sample pairs and may serve as a similarity or match in- the manufacturers. As quality control and standardization of

pattern match standard deviation (AU)

dex. the processing methods are currently not present, the wide
variations of results for different pairs of CPMs are not un-

3.5. Chromatographic pattern matching of raw and expected.

steamed P. notoginseng products From the values of the pattern match standard devia-

tion, additional useful information regarding the degree in
After establishing the method and differentiating the which the raw herb was steamed or changed by the pro-
known raw and steamed samples, the chromatographic patcess may also be obtained. Among the CPMs, pair 10 has
tern matching method was then applied to the comparisonsthe lowest PMSD value, while pair 5 has the highest value.
of 11 pairs of raw and steamd®l notoginsengroprietary The greater the differences, the greater the degree in which
herbal products. Their pattern match standard deviation val-the herbs were steamed or the components were changed
ues were summarized ifable 1 Eight pairs (pairs 1-8) by the processing method, with respect to the correspond-
of raw and steamed CPMs showed distinctive differencesing raw sample. This is useful in standardization of the
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