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Preface

This issue has been born from the editor’s hope that the readers will be able to obtain
the different kinds of knowledge from many contributors. The term “Quality Control”
covers a wide and global range in different fields. Therefore, the authors invited were
experts from a wide variety of areas. The authors of this thematic issue provide a
comprehensive summary of most recent knowledge and references on quality control
in a varety of fields. Quality control is essential for natural products like natural
medicine and related food products. Since the concentration varies for bioactive
components in natural medicines or natural product extracts, and is dependent on the
place of collection, the season of its collection, the method of extraction and subsequent
treatment, the standardization of quality is necessary. Therefore, the methodology of
quality control for several natural medicines and chemically synthesized drugs has
been incorporated and discussed in this issue. The quality control of food primarily
implies safety for human beings and therefore has to be based on multidisciplinary
approaches. This is the reason why the editor selected the appropriate terms of
technology for the quality control of food production. Since new technology for not
only diagnosis, but also therapy is always required, these areas are included in the
book. It becomes evident that water conditions, including quality and quantity, have
recently deteriorated in the world. In order to bring recent water environment issues
to attention, the quality control of water was also incorporated as a topic in this book.

In this issue fifteen chapters have been included as described above, discussing in
detail various aspects of quality control. It might be argued that the notions presented
in this book can be widely applied in the field of quality control. Moreover, more than
700 references found at the end of the chapters will make this thematic issue useful not
only for phytochemical researchers, but also many scientists working in numerous
fields, emphasizing high scientific standing of the issue.

Much effort has been invested by the contributors to share current information.
Without their efforts and input this issue, “Quality Control of Herbal Medicine and
Related Areas” could not exist. The editor sincerely appreciates the time spent and the
wisdom shared in bringing this book to fruition.

Yukihiro Shoyama
Faculty of Pharmaceutical Science, Nagasaki International University,

Japan
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Method Development and
Validation of Analytical Procedures

Kapil Kalra
Dev Bhoomi Institute of Pharmacy and Research, Dehradun, Uttarakhand,
India

1. Introduction

Method validation is the process used to confirm that the analytical procedure employed for
a specific test is suitable for its intended use. Results from method validation can be used to
judge the quality, reliability and consistency of analytical results; it is an integral part of any
good analytical practice. It is the process of defining an analytical requirement, and confirms
that the method under consideration has performance capabilities consistent with what the
application requires. Use of equipment that is within specification, working correctly and
adequately calibrated is fundamental to the method validation process. Likewise the
operator carrying out the studies must be competent in the analysis under study and have
sufficient knowledge of the method/analysis to draw conclusions from the observations as
the validation work proceeds. Quite often method validation evolves from method
development and so the two activities are often closely tied, with the validation study
employing the techniques and steps in the analysis as defined by the method development.

Analytical methods need to be validated or revalidated

e before their introduction into routine use;

e whenever the conditions change for which the method has been validated (e.g., an
instrument with different characteristics or samples with a different matrix); and

e whenever the method is changed and the change is outside the original scope of the
method.

Method validation has received considerable attention in the literature and from industrial

committees and regulatory agencies.

e The US. FDA CGMP request in section 211.165 (e) methods to be validated: The
accuracy, sensitivity, specificity, and reproducibility of test methods employed by the
firm shall be established and documented. Such validation and documentation may be
accomplished in accordance with Sec. 211.194(a). These requirements include a
statement of each method used in testing the sample to meet proper standards of
accuracy and reliability, as applied to the tested product. The U.S. FDA has also
proposed industry guidance for Analytical Procedures and Methods Validation.

e ISO/IEC 17025 includes a chapter on the validation of methods with a list of nine
validation parameters. The ICH has developed a consensus text on the validation of
analytical procedures. The document includes definitions for eight validation
characteristics. ICH also developed guidance with detailed methodology.
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e The US. EPA prepared guidance for method’s development and validation for the
Resource Conservation and Recovery Act (RCRA). The AOAC, the EPA and other
scientific organizations provide methods that are validated through multi-laboratory
studies.

1.1 When should methods be validated?

A method should be validated when it is necessary to verify that its performance parameters

are adequate for use for a particular analytical problem. For example:

- Method just developed

- Revised method or established method adapted to a new problem;

- When a review of quality control indicates an established method is changing with
time;

- When an established method is used in a different laboratory, with different analysts or
with mdifferent equipment

- Demonstration of the equivalence between two methods, e.g. a new method and a
standard. Certain areas of analytical practices, such as in clinical chemistry will specify
validation requirements relevant to the method. This ensures that particular validation
terminology together with the statistics used is interpreted in a manner consistent
within the relevant sector. Official recognition of a method may require characterisation
using a collaborative study.

1.2 Strategy for the validation of methods

The validity of a specific method should be demonstrated in laboratory experiments using

samples or standards that are similar to unknown samples analyzed routinely. The

preparation and execution should follow a validation protocol, preferably written in a step-

by-step instruction format. This proposed procedure assumes that the instrument has been

selected and the method has been developed. It meets criteria such as ease of use; ability to

be automated and to be controlled by computer systems; costs per analysis; sample

throughput; turnaround time; and environmental, health and safety requirements.

1. Develop a validation protocol, an operating procedure or a validation master plan for

the validation

For a specific validation project define owners and responsibilities

Develop a validation project plan

Define the application, purpose and scope of the method

Define the performance parameters and acceptance criteria

Define validation experiments

Verify relevant performance characteristics of equipment

Qualify materials, e.g. standards and reagents for purity, accurate amounts and

sufficient stability

9. Perform pre-validation experiments

10. Adjust method parameters or/and acceptance criteria if necessary

11. Perform full internal (and external) validation experiments

12. Develop SOPs for executing the method in the routine

13. Define criteria for revalidation

14. Define type and frequency of system suitability tests and/or analytical quality control
(AQC) checks for the routine

15. Document validation experiments and results in the validation report

PN TN
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2. Steps in method validation

Successful acceptance of the validation parameters and performance criteria, by all parties

involved, requires the cooperative efforts of several departments, including analytical

development, QC, regulatory affairs and the individuals requiring the analytical data. The

operating procedure or the Validation Master Plan (VMP) should clearly define the roles

and responsibilities of each department involved in the validation of analytical methods.

The scope of the method and its validation criteria should be defined early in the process.

These include the following questions:

e  What analytes should be detected?

What are the expected concentration levels?

What are the sample matrices?

Are there interfering substances expected, and, if so, should they be detected and

quantified?

Are there any specific legislative or regulatory requirements?

Should information be qualitative or quantitative?

What are the required detection and quantitation limits?

e  What is the expected concentration range?

e  What precision and accuracy is expected?

¢ How robust should the method be?

e  Which type of equipment should be used? Is the method for one specific instrument, or
should it be used by all instruments of the same type?

e  Will the method be used in one specific laboratory or should it be applicable in all
laboratories at one side or around the globe?

e  What skills do the anticipated users of the method have?

The method’s performance characteristics should be based on the intended use of the

method. It is not always necessary to validate all analytical parameters that are available for

a specific technique. For example, if the method is to be used for qualitative trace level

analysis, there is no need to test and validate the method’s limit of quantitation, or the

linearity, over the full dynamic range of the equipment. Initial parameters should be chosen

according to the analyst’s experience and best judgment. Final parameters should be agreed

between the lab or analytical chemist performing the validation and the lab or individual

applying the method and users of the data to be generated by the method.

2.1 Quality control plan and implementation for routine

For any method that will be used for routine analysis, a QC plan should be developed. This

plan should ensure that the method, together with the equipment, delivers consistently

accurate results. The plan may include recommendations for the following;:

1. Selection, handling and testing of QC standards

2. Type and frequency of equipment checks and calibrations (for example, should the
wavelength accuracy and the baseline noise of an HPLC UV detector be checked after
each sample analysis, or on a daily or weekly basis?)

3. Type and frequency of system suitability testing (for example, at which point during
the sequence system should suitability standards be analyzed?)

4. Type and frequency of QC samples (for example, should a QC sample be analyzed after
1, 5, 20 or 50 unknown samples, and should there be single or duplicate QC sample
analysis, or should this be run at one or several concentrations?)
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5. Acceptance criteria for equipment checks, system suitability tests and QC sample
analysis

6. Action plan in case criteria 2, 3 and/or 4 are not met.

In many cases, methods are developed and validated in service laboratories that are
specialized in this task. When the method is transferred to the routine analytical laboratory,
care should be taken that the method and its critical parameters are well understood by the
workers in the departments who apply the method. A detailed validation protocol, a
documented procedure for method implementation and good communication between the
development and operation departments are equally important. If the method is used by a
number of departments, it is recommended to verify method validation parameters and to
test the applicability and usability of the method in a couple of these departments before it is
distributed to other departments. In this way, problems can be identified and corrected
before the method is distributed to a larger audience. If the method is intended to be used
by just one or two departments, an analyst from the development department should assist
the users of the method during initial operation. Users of the method should be encouraged
to give constant feedback on the applicability and usability of the method to the
development department. The latter should correct problems if any arise.

2.2 Transferring validated routine methods

Validated routine methods are transferred between laboratories at the same or different sites

when contract laboratories offer services for routine analysis in different areas or when

products are manufactured in different areas. When validated routine methods are

transferred between laboratories and sites, their validated state should be maintained to

ensure the same reliable results in the receiving laboratory. This means the competence of

the receiving laboratory to use the method should be demonstrated through tests, for

example, repeat critical method validation experiments and run samples in parallel in the

transferring and receiving laboratories. The transfer should be controlled by a procedure,

The recommended steps are:

e  Designate a project owner

¢  Develop a transfer plan

e Define transfer tests and acceptance criteria (validation experiments, sample
analysis: sample type, #replicates)

e Describe rational for tests

e Train receiving lab operators in transferring lab on equipment, method, critical
parameters and troubleshooting

e Repeat 2 critical method validation tests in routine lab

®  Analyze at least three samples in transferring and receiving lab

¢  Document transfer results

2.3 Revalidation

Most likely some method parameters have to be changed or adjusted during the life of the
method if the method performance criteria fall outside their acceptance criteria. The
question is whether such change requires revalidation. In order to clarify this question
upfront, operating ranges should be defined for each method, either based on experience
with similar methods or else investigated during method development. These ranges should
be verified during method validation in robustness studies and should be part of the
method characteristics. Availability of such operating ranges makes it easier to decide when
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a method should be revalidated. A revalidation is necessary whenever a method is changed,
and the new parameter lies outside the operating range. If, for example, the operating range
of the column temperature has been specified to be between 30 and 40°C, the method should
be revalidated if, for whatever reason, the new operating parameter is 41°C.

Revalidation is also required if the scope of the method has been changed or extended, for
example, if the sample matrix changes or if operating conditions change. Furthermore,
revalidation is necessary if the intention is to use instruments with different characteristics,
and these new characteristics have not been covered by the initial validation. For example,
an HPLC method may have been developed and validated on a pump with a delay volume
of 5 mL, but the new pump has a delay volume of only 0.5 mL.

Define and document
change

Change fits the method’s
scope, parameters
and limits?

Perform part or full
revalidation

v

Define and perform
system suitability testing

v

Part or full revalidation may also be considered if system suitability tests, or the results of
QC sample analysis, lie outside preset acceptance criteria and where the source of the error
cannot be traced back to the instruments or any other cause.

Whenever there is a change that may require part or full revalidation, the change should
follow a documented change control system. The change should be defined, authorized for
implementation and documented. Possible changes may include

e new samples with new compounds or new matrices,

e new analysts with different skills,

e new instruments with different characteristics,

e new location with different environmental conditions,

e new chemicals and/or reference standards and

e modification of analytical parameters.

An evaluation should determine whether the change is within the scope of the method. If so,
no revalidation is required. If the change lies outside the scope, the parameters for revalidation
should be defined. After the validation experiments, the system suitability test parameters
should be investigated and redefined, if necessary.

Fig. 1. Flow diagram for revalidation
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2.4 Bionalytical method development and validation

The process by which a specific bioanalytical method is developed, validated, and used in

routine sample analysis can be divided into

1. Reference Standard preparation

2. Bioanalytical method develo pment and establishment of assay procedure

3. Application of validated bioanalytical method to routine drug analysis and acceptance
criteria for the analytical run and/or batch.

3. Parameters for method validation

The parameters for method validation have been defined in different working groups of
national and international committees and are described in the literature. Unfortunately,
some of the definitions vary between the different organizations. An attempt at harmonization
was made for pharmaceutical applications through the ICH where representatives from the
industry and regulatory agencies from the United States, Europe and Japan defined
parameters, requirements and, to some extent, methodology for analytical methods validation.

3.1 Selectivity/specificity

The terms selectivity and specificity are often used interchangeably, the term specific generally
refers to a method that produces a response for a single analyte only, while the term selective
refers to a method that provides responses for a number of chemical entities that may or
may not be distinguished from each other. If the response is distinguished from all other
responses, the method is said to be selective. Since there are very few methods that respond
to only one analyte, the term selectivity is usually more appropriate Selectivity and specificity
are measures of the reliability of measurements in the presence of interferences. Where the
measurement stage is non-specific, method development should indicate which analytes do
not interfere. There will be cases where chemical interferences can be identified for a
particular method but the chances of encountering them in real life may be improbable. The
analyst has to decide at what point it is reasonable to stop looking for interferences. These
parameters apply to both qualitative and quantitative analysis. The selectivity of a method is
usually investigated by studying its ability to measure the analyte of interest in test portions
to which specific interferences have been deliberately introduced (those thought likely to be
present in samples). Where it is unclear whether or not interferences are already present, the
selectivity of the method can be investigated by studying its ability to measure compared to
other independent method/techniques. Another aspect of selectivity which must be
considered is where an analyte may exist in the sample in more than one form such as: free
or complexed; inorganic or organometallic; or the possibility of a component such as
Chromium ion being present in different oxidation states such as Cr3+ or Cré6+.

3.2 Precision and reproducibility

Precision is method and concentration specific, which in prac tice can be very varied. The
two most common precision measures are ‘repeatability’ and reproducibility’. They
represent the two extreme measures of precision, which can be obtained. Repeatability (the
smallest expected precision) will give an idea of the sort of variability to be expected when a
method is performed by a single analyst on one piece of equipment over a short timescale,
i.e. the sort of variability to be expected between results when a sample is analysed in
duplicate. If a sample is to be analysed by a number of laboratories for comparative
purposes then a more meaningful precision measure is reproducibility (this is the largest
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measure of precision normally encountered). It may be that some in-between measure is the
most useful in particular cases; for example precision measured between different analysts,
over extended timescales, within a single laboratory. This is sometimes known as
‘intermediate precision’, but the exact conditions should be stated. Precision is usually
stated in terms of standard deviation or relative standard deviation. Both repeatability and
reproducibility are generally dependent on analyte concentration, and so should be
determined at a number of concentrations and if relevant, the relationship between
precision and analyte concentration should be established. The Purpose of carrying out a
determination is to obtain a valid estimate of a “true’ value. When one considers the criteria
according to which an analytical procedure is selected, precision and accuracy are usually
the first time to come to mind. Precision and accuracy together determine the error of an
individual determination. They are among the most important criteria for judging analytical
procedures by their results. Precision refers to the reproducibility of measurement within a
set, that is, to the scatter of dispersion of a set about its central values. The term ‘set’ is
defined as referring to a number (n) of independent replicate measurements of some
property. One of the most common statistical terms employed is the standard deviation of a
population of observation. Standard deviation is the square root of the sum of squares of a
deviations of individual results for the mean, divided by one less than the number of results
in the set.

The standard deviation S, is given by

S=o= li(x -x)?
Ni:l I '

Standard deviation has the same units as the property being measured.

The square of standard deviation is called variance (s2). Relative standard deviation is the
standard deviation as a fraction of the mean, i.e. 5/x. It is some times multiplied by 100 and
expressed as a percent relative standard deviation. It becomes a more reliable expression of
precision.

% Relative Standard Deviation (RSD)= S * 100/x

3.3 Accuracy and recovery

The accuracy of an analytical method is the extent to which test results generated by the
method and the true value agree. Accuracy can also be described as the closeness of
agreement between the value that is adopted, either as a conventional, true or accepted
reference value, and the value found. The true value for accuracy assessment can be
obtained in several ways. One alternative is to compare the results of the method with
results from an established reference method. This approach assumes that the uncertainty of
the reference method is known. Secondly, accuracy can be assessed by analyzing a sample
with known concentrations (e.g., a control sample or certified reference material) and
comparing the measured value with the true value as supplied with the material. If certified
reference materials or control samples are not available, a blank sample matrix of interest
can be spiked with a known concentration by weight or volume. After extraction of the
analyte from the matrix and injection into the analytical instrument, its recovery can be
determined by comparing the response of the extract with the response of the reference
material dissolved in a pure solvent. Because this accuracy assessment measures the
effectiveness of sample preparation, care should be taken to mimic the actual sample
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preparation as closely as possible. If validated correctly, the recovery factor determined for
different concentrations can be used to correct the final results.

3.3.1 Calibration

Calibration is the most important step in bioactive compound analysis. A good Precision
and accuracy can only be obtained when a good calibration procedure is adopted. In the
Spectrophotometric methods, the concentration of a sample cannot be measured directly,
but is determined using physical measuring quantity ‘y’ (absorbance of a solution). An
unambiguous empirical or theoretical relationship can be shown between this quanity and
the concentration of an analyte. The calibration between y = g(x) the calibration function can
be obtained by fitting an adequate mathematical model through the experimental data. The
most convenient calibration function is linear, goes through the origin and is applicable over
a wide dynamic range. In practice however, many deviations from the ideal calibration line
may occur. For the majority of analytical techniques uses the calibration equation.

Y =a+bX

In calibration, univarate regression is applied, when means that all observations are
dependent upon a single variable X.

3.3.2 Standard deviation of slope (Sb)
The standard deviation of slope is proportional to standard error of estimate and inversely
proportional to the range and square root of the number of data points.

3.3.3 Standard deviation of intercept, (Sa)
Intercept values of least squares fits of data are often to evaluate additive errors between or
among different methods.

3.3.4 Correlation coefficient, (r)

The correlation coefficient r (x,y) is more useful to express the relationship of the chosen
scales. To obtain a correlation coefficient the covariance is divided by the product of the
standard deviation of x and y.

gx_x 7)
B>

The absolute recovery of analytical method as the response of a processed spiked matrix
expressed as a percentage of the response of pure standard. Which has not been subjected to
sample pre-treatment and indicates whether the method provides a response for the entire
amount of analyte that is present in the sample. It is best established by comparing the
responses of extracted samples at low, medium and high concentrations in replicates at least
6 with those non- extracted standards, which represent 100% recovery.

r=

response of an spike into matrix (processed) <100

Absolute recovery =
response of an analyte of pure standard (unprocessed)
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If an internal standard is used, its recovery should be determined independently at the
concentration levels used in the method.

3.3.5 Linearity and sensitivity of the method

It may be demonstrated directly on the drug substance (by dilution of a standard stock
solution) and/or separate weighings of synthetic mixtures of the drug product components,
using the proposed procedure. The latter aspect can be studied during investigation of the
range. Linearity should be evaluated by visual inspection of a plot of signals as a function of
analyte concentration or content.The correlation coefficient, y-intercept, slope of the regression
line, and residual sum of squares should be submitted. A plot of the data should be included.
According to the Beers Lambert Law, Absorbance is the ratio of logarithm of Intensity of
incident light and Intensity of transmitted light, or A = eCT. Knowledge of the sensitivity of
the color is important and the following terms are commonly employed for expressing
sensitivity. The absorbance (A) is proportional to the concentration (C) of the absorbing
species, if absorptivity (e) and thickness of the medium (t) are constant. When concentration
is in moles per litre, the constant is called molar absorptivity. Beers Law limits and Emax
values are expressed as jig/ml and moles/cm respectively. Sandell’s Sensitivity refers to the
number of pg of the drug to be determining, converted to the colored product, which in a
column solution of cross section 1cm2shows an absorbance of 0.001(expressed as pg/cm).

3.4 Stability

The term system stability has been defined as the stability of the samples being analyzed in
a sample solution. System stability should be determined by replicate analysis of the sample
solution. System stability is considered appropriate when the RSD, calculated on the assay
results obtained at different time intervals, does not exceed more than 20 percent of the
corresponding value of the system precision. If, on plotting the assay results as a function of
time, the value is higher, the maximum duration of the usability of the sample solution can
be calculated.

Response A&
Linear range
A{}‘F sensitivity
LOQ e.g. RSD >10%, S/N > 20
LOD eg.S/N>3
Intercept
Amount

Fig. 2. Definitions for linearity, range, LOQ, LOD

3.5 Range
The range of an analytical method is the interval between the upper and lower levels
(including these levels) that have been demonstrated to be determined with precision,
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accuracy and linearity using the method as written. The range is normally expressed in the
same units as the test results (e.g., percentage, parts per million) obtained by the analytical
method. For assay tests, the ICH (5) requires the minimum specified range to be 80 to 120
percent of the test concentration, and for the determination of an impurity, the range to
extend from the limit of quantitation, or from 50 percent of the specification of each
impurity, whichever is greater, to 120 percent of the specification.

3.6 Limit of detection
The limit of detection is the point at which a measured value is larger than the uncertainty
associated with it. It is the lowest concentration of analyte in a sample that can be detected
but not necessarily quantified. The limit of detection is frequently confused with the sensitivity
of the method. The sensitivity of an analytical method is the capability of the method to
discriminate small differences in concentration or mass of the test analyte. In practical terms,
sensitivity is the slope of the calibration curve that is obtained by plotting the response
against the analyte concentration or mass.

In chromatography, the detection limit is the injected amount that results in a peak with a

height at least two or three times as high as the baseline noise level. Besides this

signal/noise method, the ICH (4) describes three more methods:

1. Visual inspection: The detection limit is determined by the analysis of samples with
known concentrations of analyte and by establishing the minimum level at which the
analyte can be reliably detected.

2. Standard deviation of the response based on the standard deviation of the blank:
Measurement of the magnitude of analytical background response is performed by
analyzing an appropriate number of blank samples and calculating the standard
deviation of these responses.

3. Standard deviation of the response based on the slope of the calibration curve: A
specific calibration curve is studied using samples containing an analyte in the range of
the limit of detection. The residual standard deviation of a regression line, or the standard
deviation of y-intercepts of regression lines, may be used as the standard deviation.

3.7 Limit of quantitation

The limit of quantitation is the minimum injected amount that produces quantitative
measurements in the target matrix with acceptable precision in chromatography, typically
requiring peak heights 10 to 20 times higher than the baseline noise. If the required precision
of the method at the limit of quantitation has been specified, the EURACHEM (22) approach
can be used. A number of samples with decreasing amounts of the analyte are injected six
times. The calculated RSD percent of the precision is plotted against the analyte amount.
The amount that corresponds to the previously defined required precision is equal to the
limit of quantitation. It is important to use not only pure standards for this test but also
spiked matrices that closely represent the unknown samples. For the limit of detection, the
ICH (5) recommends, in addition to the procedures as described above, the visual inspection
and the standard deviation of the response and the slope of the calibration curve.

Any results of limits of detection and quantitation measurements must be verified by
experimental tests with samples containing the analytes at levels across the two regions. It is
equally important to assess other method validation parameters, such as precision,
reproducibility and accuracy, close to the limits of detection and quantitation. Figure 6
illustrates the limit of quantitation (along with the limit of detection, range and linearity).
Figure 7 illustrates both the limit of detection and the limit of quantitation.
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Limit of detection Limit of quantitation

| Signal /Noise = 2-3 I Signal/Noise = 10-20 I Signal

NS NN o

Fig. 3. Limit of detection and limit of quantitation via signal to noise

Precision (%RSD)

.

¢ Define expected precision for
limit of quantitation

e Prepare spiked matrix sample

¢ Dilute and inject 6 times

e Calculate %RSD for each
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Fig. 4. Limit of quantitation with the EURACHEM (80) method

3.8 Repeatability

From the repeatability standard deviation or or sr it is useful to calculate the ‘repeatability
limit ‘r”, which enables the analyst to decide whether the difference between duplicate
analyses of a sample, determined under repeatability conditions, is significant.

3.9 Reproducibility

From the reproducibility standard deviation oR or sR it is useful to calculate the
‘reproducibility limit ‘R’, “which enables the analyst to decide wheth er the difference
between duplicate analyses of a sample, determined under reproducibility conditions, is
significant. These calculations can be performed directly with the built-in statistics function
of the instrument, if available, or by using a pocket calculator or a PC (Personal Computer)
with a suitable software pac kage (e.g. spreadsheet program).

3.10 Measurement uncertainty

Measurement uncertainty is a single parameter (usually a standard deviation with a
coverage factor or confidence interval) expressing the range of values possible on the basis
of the measurement result. A measurement uncertainty estimate takes account of all
recognised effects operating on the result; the uncertainties associated with each effect are
combined according to well-established procedures. An uncertainty estimate for analytical
chemistry is often termed an “uncertainty budget” and should take into account:
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- The overall, long-term precision of the method;

- Bias and its uncertainty, including the statistical uncertainty involved in the bias
measurements, and the reference material or method uncertainty. It may be necessary
to increase the estimate where a significant bias is detected but left uncorrected.

- Calibration uncertainties. As most equipment calibration uncertainties will be
negligibly small by comparison with overall precision and uncertainty in the bias; this
needs only to be verified;

- Any significant effects operating in addition to the above. For example, temperature or
time ranges permitted by the method may not be fully exercised in validation studies,
and their effect may need to be added. Such effects can be usefully quantified by
robustness studies (see ‘Ruggedness’ below) or related studies which establish the size
of a given effect on the result. Where the contribution of individual effects is important,
for example in calibration laboratories, it will be necessary to consider the individual
contributions from all individual effects separately. Note that, subject to additional
consideration of effects outside the scope of a collaborative trial, the reproducibility
standard deviation forms a working estimate of a measurement uncertainty provided
that the laboratory’s bias, measured on relevant materials, is small with respect to the
reproducibility standard deviation, the in-house repeatability precision is comparable to
the standard method repeatability and the laboratory’s intermediate precision is not
large than the published reproducibility standard deviation.

3.11 Sensitivity

This is effectively the gradient of the response curve, i.e. the change in instrument response,
which corresponds, to a change in analyte concentration. Where the response has been
established as linear with respect to concentration, i.e. within the linear range of the method,
and the intercept of the response curve has been determined, sensitivity is a useful
parameter to calculate and use in formulae for quantitation. Sensitivity is sometimes used to
refer to limit of detection but this use is not generally approved.

3.12 Ruggedness (or robustness)

Ruggedness is normally evaluated during method development, typically by the originating
laboratory, before collaborating with other laboratories and is a measure how well a method
stands up to less than perfect implementation. In any method there will be certain stages,
which, if not carried out sufficiently carefully, will have a severe effect on method
performance, and may even result in the method not working at all. These stages should be
identified, usually as part of method development, and if possible, their influence on
method performance evaluated using ‘ruggedness tests’, sometimes also called ‘robustness
tests”. This involves making deliberate variations to the method, and investigating the
subsequent effect on performance. It is then possible to identify the variables in the method,
which have the most significant effect and ensure that, when using the method, they are
closely controlled. Where there is a need to improve the method further, improvements can
probably be made by concentrating on those parts of the method known to be critical.
Ruggedness tests are normally applied to investigate the effect on either precision or accuracy.

4. The validation tools

1. Reagent blanks: Reagents used during the analytical process (including solvents used
for extraction or dissolution) are analysed in isolation in order to see whether they
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contribute to the measurement signal. The measurement signal arising from the analyte
can then be corrected accordingly.

2. Sample blanks: These are essentially matrices with no analyte. They are difficult to
obtain but such materials are necessary to give a realistic estimate of interference that
would be encountered in the analysis of test samples.

3. Samples / test materials: Test materials taken from real samples are useful because of
the information they yield on interferences etc. which could be realistically encountered
in day-to-day work. If the true analyte content of a test material is accurately know it
can be used as a way of assessing the accuracy of the method. However the true analyte
content is usually difficult to determine unless there is the possibility of using other
methods which are known to show negligible bias.

4. Spiked material: These are material or solutions, which have been fortified with the
analyte(s) of interest. These materials or solutions may already contain the analyte of
interest so care is needed lest fortification inadvertently leads to levels outside of the
range of applicability of the method. Fortification with a known amount of analyte
enables the increase in response to the analyte to be measured and calculated in terms
of the amount added (assuming 100% recovery), even though the absolute amounts of
analyte present before and after the fortification are not know. Note that most methods
of fortification add the analyte in such a way that it will not be as closely bound to the
sample matrix as it would be if it was present naturally. Therefore, recovery
determinations obtained by fortification can be expected to be over-optimistic. The
nature of the spike obviously needs to be identified.

5. (Measurement) Standards: These are traditionally thought of as solutions of single
substances but in practice can be anything in which a particular parameter or property
has been characterized to a sufficient extent it can be used for reference or calibration
purposes.

6. Reference materials: frequently confused with certified reference materials. Reference
materials can be virtually any material used as a basis for reference, and could include
laboratory reagents of known purity, industrial chemicals, or other artefacts. The
property or analyte of interest needs to be stable and homogenous but the materials
does not need to have the high degree of characterisation, traceability and certifi cation
more properly associated with certified reference materials.

7.  Certified reference materials: The characterisation of the parameter of interest in a certified
reference material is generally more strictly controlled than for a reference material, and in
addition the characterised value is certified with a stated uncertainty by a recognised
institution. Characterisation is normally done using several different methods, so that as
far as possible, any bias in the characterisation is reduced or even eliminated.
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1. Introduction

Validation of an analytical procedure is performed in order to demonstrate that the
procedure is suitable for its intended use. Validation is performed in order to show that the
result(s) generated by a particular analytical procedure are reliable and accurate.

The principles and practices of validation of analytical procedures are covered by the
International Conference on Harmonisation (ICH) and are published as guideline Q2 (R1),
"Validation of Analytical Procedures: Text and Methodology". A full discussion of the terms
and methodology applicable to validation of analytical procedures is provided in these
documents.

2. Contents of the validation protocol for analytical method

- Statement of purpose and scope

- Responsibilities

- Documented test method

- List of materials and equipment

- Procedure for the experiments for each parameter

- Statistical analysis

- Acceptance criteria for each performance parameter

Full validation is necessary if;

- The method of synthesis changed from that of patented innovator’s method
- Changes in the composition of the drug product (excipients, ...etc),

- Changes in the analytical procedure (critical change)

- Or if the method is not cited in the compendia (USP/BP/Eur. Ph)

Typical analytical performance characteristics that should be considered :
Accuracy - Precision - Specificity - Detection limit - Quantitation limit - Linearity - Range -
Ruggednessll]

3. Analytical performance characteristics

Specificity

Definition— The ICH documents define specificity as the ability to assess unequivocally the
analyte in the presence of components that may be expected to be present, such as

impurities, degradation products, and matrix components. Lack of specificity of an
individual analytical procedure may be compensated for by other supporting analytical
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procedures. [NOTE— Other reputable international authorities (IUPAC, AOAC) have
preferred the term “selectivity,” reserving “specificity” for procedures that are completely
selective.] For the test or assay methods below, the above definition has the following
implications:

Identification tests— ensure the identity of the analyte.

Purity tests— ensure that all the analytical procedures performed allow an accurate
statement of the content of impurities of an analyte (e.g., related substances test, heavy
metals limit, organic volatile impurity limit).

Assays— provide an exact result, which allows an accurate statement on the content or
potency of the analyte in a samplelll.

Determination— In qualitative analyses (identification tests), the ability to select between
compounds of closely related structure that are likely to be present should be demonstrated.
This ability should be confirmed by obtaining positive results (perhaps by comparison to a
known reference material) from samples containing the analyte, coupled with negative
results from samples that do not contain the analyte, and by confirming that a positive
response is not obtained from materials structurally similar to or closely related to the
analyte.

In an analytical procedure for impurities, specificity may be established by spiking the drug
substance or product with appropriate levels of impurities and demonstrating that these
impurities are determined with appropriate accuracy and precision. In an assay,
demonstration of specificity requires that it can be shown that the procedure is unaffected
by the presence of impurities or excipients. In practice, this can be done by spiking the drug
substance or product with appropriate levels of impurities or excipients and demonstrating
that the assay result is unaffected by the presence of these extraneous materials. If impurity
or degradation product standards are unavailable, specificity may be demonstrated by
comparing the test results of samples containing impurities or degradation products to a
second well-characterized procedure (e.g., a pharmacopeial or other validated procedure).
These comparisons should include samples stored under relevant stress conditions (e.g.,
light, heat, humidity, acid or base hydrolysis, oxidation). In an assay, the results should be
compared; in chromatographic impurity tests, the impurity profiles should be compared.
The ICH documents state that when[2l chromatographic procedures are used, representative
chromatograms should be presented to demonstrate the degree of selectivity, and peaks
should be appropriately labeled. Peak purity tests (e.g., using diode array or mass
spectrometry) may be useful to show that the analyte chromatographic peak is not
attributable to more than one component.

Linearity and range

Definition of Linearity— The linearity of an analytical method is its ability to elicit test results
that are directly, or by a well-defined mathematical transformation, proportional to the
concentration of analyte in samples within a given range.

Definition of Range— The range of an analytical method is the interval between the upper
and lower levels of analyte (including these levels) that has been demonstrated to be
determined with a suitable level of precision, accuracy, and linearity using the method as
written. The range is normally expressed in the same units as test results (e.g., percent, parts
per million) obtained by the analytical method. [1]

Determination of Linearity and Range— Linearity should be established across the range of the
analytical procedure. It should be established initially by visual examination of a plot of
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signals as a function of analyte concentration of content. If there appears to be a linear
relationship, test results should be established by appropriate statistical methods (e.g., by
calculation of a regression line by the method of least squares). In some cases, to obtain
linearity between the response of an analyte and its concentration, the test data may have to
be subjected to a mathematical transformation. Data from the regression line itself may be
helpful for providing mathematical estimates of the degree of linearity. The correlation
coefficient, y-intercept, slope of the regression line, and residual sum of squares should be
submitted. The range of the method is validated by verifying that the analytical method
provides acceptable precision, accuracy, and linearity when applied to samples containing
analyte at the extremes of the range as well as within the range.

ICH recommends that, for the establishment of linearity, a minimum of five concentrations
normally be used. It is also recommended that the following minimum specified ranges
should be considered:

Assay of a drug substance (or a finished product): from 80% to 120% of the test concentration.
Determination of an impurity: from 50% to 120% of the specification.

For content uniformity: a minimum of 70% to 130% of the test concentration, unless a wider or
more appropriate range, based on the nature of the dosage form (e.g., metered-dose
inhalers) is justified[l].

For dissolution testing: +20% over the specified range (e.g., if the specifications for a
controlled-release product cover a region from 20% after 1 hour, and up to 90% after 24
hours, the validated range would be 0% to 110% of the label claim).

Example:

The effect of varying the concentration of Misoprostol on its peak area is given in table 1

* Concentration similar to that used in the test solution in the assay method.

Table 1. Effect of concentration of Misoprostol on its peak area

The regression equation is:

PA = C*72847.15625 + 6587.75

Where:

PA: peak area

C: conc. (mcg / ml)

Note: Slope: 72847.156 - Intercept: 6587.75 - 1: 0.9999, indicting good linear relationship
-A linear relationship exists between the peak area and the concentration of Misoprostol
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Misoprostol Linearity
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Fig. 1. A linear relationship exists between the peak area and the concentration of Misoprostol

[Example was taken from analytical method validation for Misotac 200 mcg tablets,
produced by SIGMA pharmaceutical industries]

Accuracy

Definition — The accuracy of an analytical method is the closeness of test results obtained by
that method to the true value. The accuracy of an analytical method should be established
across its range. [2|

Determination — In assay of a drug substance, accuracy may be determined by application of
the analytical method to an analyte of known purity (e.g., a Reference Standard) or by
comparison of the results of the method with those of a second, well-characterized method,
the accuracy of which has been stated or defined. In assay of a drug in a formulated
product, accuracy may be determined by application of the analytical method to synthetic
mixtures of the drug product components to which known amounts of analyte have been
added within the range of the method. If it is not possible to obtain samples of all drug
product components, it may be acceptable either to add known quantities of the analyte to
the drug product (ie., to “spike”) or to compare results with those of a second, well-
characterized method, the accuracy of which has been stated or defined. In quantitative
analysis of impurities, accuracy should be assessed on samples (of drug substance or drug
product) spiked with known amounts of impurities. Where it is not possible to obtain
samples of certain impurities or degradation products, results should be compared with
those obtained by an independent method. In the absence of other information, it may be
necessary to calculate the amount of an impurity on the basis of comparison of its response
to that of the drug substance; the ratio of the responses of equal amounts of the impurity
and the drug substance (response factor) should be used if known.

Accuracy is calculated as the percentage of recovery by the assay of the known added
amount of analyte in the sample, or as the difference between the mean and the accepted
true value, together with confidence intervals.
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The ICH documents recommend that accuracy be assessed using a minimum of nine
determinations over a minimum of three concentration levels, covering the specified range
(i.e., three concentrations and three replicates of each concentration) Bl.

Precision

Definition— The precision of an analytical method is the degree of agreement among
individual test results when the method is applied repeatedly to multiple samplings of a
homogeneous sample. The precision of an analytical method is usually expressed as the
standard deviation or relative standard deviation (coefficient of variation) of a series of
measurements. Precision may be a measure of either the degree of reproducibility or
repeatability of the analytical method under normal operating conditions. In this context,
reproducibility refers to the use of the analytical procedure in different laboratories, as in a
collaborative study. Intermediate precision expresses within-laboratory variation, as on
different days, or with different analysts or equipment within the same laboratory.
Repeatability refers to the use of the analytical procedure within a laboratory over a short
period of time using the same analyst with the same equipment. For most purposes,
repeatability is the criterion of concern in USP analytical procedures, although
reproducibility between laboratories or intermediate precision may well be considered
during the standardization of a procedure before it is submitted to the Pharmacopeia.
Determination — The precision of an analytical method is determined by assaying a sufficient
number of aliquots of a homogeneous sample to be able to calculate statistically valid
estimates of standard deviation or relative standard deviation (coefficient of variation).
Assays in this context are independent analyses of samples that have been carried through
the complete analytical procedure from sample preparation to final test result.

The ICH documents recommend that repeatability should be assessed using a minimum of
nine determinations covering the specified range for the procedure (i.e., three concentrations
and three replicates of each concentration, or a minimum of six determinations at 100% of
the test concentration) [3l.

Detection limit

Definition— The detection limit is a characteristic of limit tests. It is the lowest amount of
analyte in a sample that can be detected, but not necessarily quantitated, under the stated
experimental conditions. Thus, limit tests merely substantiate that the amount of analyte is
above or below a certain level. The detection limit is usually expressed as the concentration
of analyte (e.g., percentage, parts per billion) in the sample.

Determination— For noninstrumental methods, the detection limit is generally determined
by the analysis of samples with known concentrations of analyte and by establishing the
minimum level at which the analyte can be reliably detected[3].

For instrumental procedures, the same method may be used as for noninstrumental. In the
case of methods submitted for consideration as official compendial methods, it is almost
never necessary to determine the actual detection limit. Rather, the detection limit is shown
to be sufficiently low by the analysis of samples with known concentrations of analyte above
and below the required detection level. For example, if it is required to detect an impurity at
the level of 0.1%, it should be demonstrated that the procedure will reliably detect the
impurity at that level.

In the case of instrumental analytical procedures that exhibit background noise, the ICH
documents describe a common approach, which is to compare measured signals from
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samples with known low concentrations of analyte with those of blank samples. The
minimum concentration at which the analyte can reliably be detected is established.
Typically acceptable signal-to-noise ratios are 2:1 or 3:1. Other approaches depend on the
determination of the slope of the calibration curve and the standard deviation of responses.
Where LOD = 3/Slope

S = slope of calibration curve

S may be carried out based on SD of blank or calibration curve

Whatever method is used, the detection limit should be subsequently validated by the
analysis of a suitable number of samples known to be near, or prepared at, the detection
limit. [3]

Quantitation limit

Definition — The quantitation limit is a characteristic of quantitative assays for low levels of
compounds in sample matrices, such as impurities in bulk drug substances and degradation
products in finished pharmaceuticals. It is the lowest amount of analyte in a sample that can
be determined with acceptable precision and accuracy under the stated experimental
conditions. The quantitation limit is expressed as the concentration of analyte (e.g.,
percentage, parts per billion) in the sample.

Determination— For noninstrumental methods, the quantitation limit is generally determined
by the analysis of samples with known concentrations of analyte and by establishing the
minimum level at which the analyte can be determined with acceptable accuracy and
precision. For instrumental procedures, the same method may be used as for noninstrumental.
In the case of methods submitted for consideration as official compendial methods, it is
almost never necessary to determine the actual quantitation limit. Rather, the quantitation
limit is shown to be sufficiently low by the analysis of samples with known concentrations
of analyte above and below the quantitation level. For example, if it is required to assay an
analyte at the level of 0.1 mg per tablet, it should be demonstrated that the method will
reliably quantitate the analyte at that level. In the case of instrumental analytical methods
that exhibit background noise, the ICH documents describe a common approach, which is to
compare measured signals from samples with known low concentrations of analyte with
those of blank samples. The minimum concentration at which the analyte can reliably be
quantified is established. A typically acceptable signal-to-noise ratio is 10:1. Other approaches
depend on the determination of the slope of the calibration curve and the standard deviation
of responses. Whatever method is used, the quantitation limit should be subsequently
validated by the analysis of a suitable number of samples known to be near, or prepared at,
the quantitation limit[l.

Ruggedness

Definition — The ruggedness of an analytical method is the degree of reproducibility of test
results obtained by the analysis of the same samples under a variety of conditions, such as
different laboratories, analysts, instruments, lots of reagents, elapsed assay times, assay
temperatures, or days. Ruggedness is normally expressed as the lack of influence on test
results of operational and environmental variables of the analytical method. Ruggedness is a
measure of reproducibility of test results under the variation in conditions normally
expected from laboratory to laboratory and from analyst to analyst.

Determination— The ruggedness of an analytical method is determined by analysis of
aliquots from homogeneous lots in different laboratories, by different analysts, using
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operational and environmental conditions that may differ but are still within the specified
parameters of the assay. The degree of reproducibility of test results is then determined as a
function of the assay variables. This reproducibility may be compared to the precision of the
assay under normal conditions to obtain a measure of the ruggedness of the analytical
methodl.

Robustness

Definition — The robustness of an analytical method is a measure of its capacity to remain
unaffected by small but deliberate variations in method parameters and provides an
indication of its reliability during normal usage.

System suitability

If measurements are susceptible to variations in analytical conditions, these should be
suitably controlled, or a precautionary statement should be included in the method. One
consequence of the evaluation of ruggedness and robustness should be that a series of
system suitability parameters is established to ensure that the validity of the analytical
method is maintained whenever used. Typical variations are the stability of analytical
solutions, equipment, and analysts. In liquid chromatography, typical variations are the pH
of the mobile phase, the mobile phase composition, different lots or suppliers of columns,
the temperature, and the flow rate. In the case of gas chromatography, typical variations are
different lots or suppliers of columns, the temperature, and the flow rate. System suitability
tests are based on the concept that the equipment, electronics, analytical operations, and
samples to be analyzed constitute an integral system that can be evaluated as such. System
suitability test parameters to be established for a particular method depend on the type of
method being evaluated. They are especially important in the case of chromatographic
methods, and submissions to the USP [1]

4. Data elements required for assay validation

Compendial assay procedures vary from highly exacting analytical determinations to

subjective evaluation of attributes. Considering this variety of assays, it is only logical that

different test methods require different schemes. This chapter covers only the most common
categories of assays for which data should be required. These categories are as follows.

Category I: Analytical methods for quantitation of major components of bulk drug
substances or active ingredients (including preservatives) in finished
pharmaceutical products.

Category 1II: Analytical methods for determination of impurities in bulk drug
substances or degradation compounds in finished pharmaceutical
products. These methods include quantitative assays and limit tests.

Category III: Analytical methods for determination of performance characteristics (e.g.,
dissolution, drug release).

Category IV: Identification tests.

For each assay category, different analytical information is needed. Listed in Table 2 are data

elements normally required for each of the categories of assays.

Already established general assays and tests (e.g., titrimetric method of water determination,

bacterial endotoxins test) should be revalidated to verify their accuracy (and absence of

possible interference) when used for a new product or raw material. The validity of an
analytical method can be verified only by laboratory studies. Therefore, documentation of
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the successful completion of such studies is a basic requirement for determining whether a
method is suitable for its intended applications. Appropriate documentation should
accompany any proposal for new or revised compendial analytical procedures.

Assay
Category II
Limit Tests Quantitative
No * * Yes Yes Accuracy
No Yes No Yes Yes Precision
Yes * Yes Yes Yes Specificity
No * Yes No No Detection limit
No * No Yes No Quantitation limit
No * No Yes Yes Linearity
No * * Yes Yes Range

* May be required, depending on the nature of the specific test.

Table 2. Data elements required for assay validation!]
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1. Introduction

1.1 How define a SIM?

According to FDA guideline (Guidance for Industry, Analytical Procedures and Methods
Validation, FDA, 2000), a Stability Indicating Method (SIM) is defined as a validated
analytical procedure that accurate and precisely measure active ingredients (drug substance
or drug product) free from process impurities, excipients and degradation products. The
FDA recommends that all assay procedures for stability should be stability indicating. The
main objective of a stability indicating method is to monitor results during stability studies
in order to guarantee safety, efficacy and quality. It represents also a powerful tool when
investigating out-of-trend (OOT) (Swartz et al., 2004) or out-of-specification (OOS) results
(CDER, 2006) in quality control processes.

1.2 How develop a SIM?
There are basically 3 steps necessary for developing a SIM:

1.2.1 Step 1: generation of degraded samples for testing selectivity of the method
Here lies one of the main concerns related to a development of a SIM, since the available
guidance documents do not state the extent to which stress tests should be carried out -
that is, how much stress should be applied or how much degradation should be aimed
for.

In fact, there is not a “gold rule” that attends this issue and therefore, it is important to keep
in mind that experimental conditions of stress tests, should be realistic and lead to
“purposeful degradation” (Ngwa, G., 2010).

Stress tests should generate representative samples to assess drug substance and drug product
stability, provide information about possible degradation pathway and demonstrate the
stability indicating power of the analytical procedures applied.

1.2.1.1 Determination of Limit of Quantification (LoQ)

In close relation to the determination of the amount of degradation is the evaluation of Limit
of Detection (LoD) and Limit of Quantification (LoQ) of the method. These limits should be
closely related to the Reporting, Identification and Qualification of degradation products, as
stated in ICH Q3B (R2) (EMEA, 2006). These thresholds are determined either as percentage
of drug substance or total daily intake (TDI) of degradation product.
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The analytical methods are usually expected to be validated for the ability to quantify potential
degradation products and drug impurities with a LoD and LoQ at least as sensitive as the
ICH threshold (see Figure 1).

Attachment 1: Thresholds for Degradation Products in New Drug Products

Reporting Thresholds
Maximum Daily Dose! Threshold>3
<lg 0.1%
>lg 0.05%

Identification Thresholds

Maximum Daily Dose! Threshold®?
<1mg 1.0% or 5 pg TDI, whichever is lower
l mg- 10 mg 0.5% or 20 pug TDI, whichever is lower
>10mg-2¢g 0.2% or 2 mg TDI, whichever is lower
> 2 g 0.10%

Qualification Thresholds

Maximum Daily Dose* Threshold®*
<10 mg 1.0% or 50 ug TDI, whichever is lower
10 mg - 100 mg 0.5% or 200 pug TDI, whichever is lower
>100mg-2g 0.2% or 3 mg TDI, whichever is lower
>2g 0.15%

Notes on Attachment 1
1 The amount of drug substance administered per day

2 Thresholds for degradation products are expressed either as a percentage of the drug
substance or as total daily intake (TDI) of the degradation product. Lower thresholds
can be appropriate if the degradation product is unusually toxic.

3 Higher thresholds should be scientifically justified.

Fig. 1. ICH thresholds for degradation products in New Drug Application (ICH Q3B)

The identification threshold (IT) varies from 0.1 to 1.0% of the labeled amount of active
ingredient in the dosage form, or from 5 pg to 2 mg TDI, depending on the maximum daily
dosage in the product’s professional labeling. The identification threshold may be lowered
for degradation products that may be exceptionally toxic.

The Reporting Threshold (RT) is either 0.1% or 0.05% depending on the maxim daily
dosage. For very low dose drug products, where this type of sensitivity is not attainable,
even after exhaustive tentative, justification may be provided describing the failed reports.
Process-related drug substance impurities that are also degradation products should have
the same limits as for ICH Q3B.
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Ideally, the same analytical methodology should be used for Quality Control and Stability
Studies. The determination of Out-of-Specification or Out-of-Trend results should be more
reliable, when using a SIM, since LoD and LoQ used allows detection of impurities and/or
degradation products adequately. In the situation in which a new peak arises during
stability study and one may expect that it should not exist and hence it would constitute a
type of OOT, the use of a well studied and well determined LoQ in a SIM, will help the
applicator to decide if additional action are needed to investigate a new substance or a OOT.
It should be mentioned that these thresholds are established for new drug products or New
Drug Application (NDA). For Abbreviated New Drug Application (ANDA) or generic drugs,
there are not specific regulations about this topic and even less, the companies dealing with
these products, have background information as those obtained in the development of
NDA. Such application is expected to contain a “full description of the drug substance
including its physical and chemical characteristics and stability as well; such specifications
and analytical methods are necessary to assure the identity, strength, quality, purity and
bioavailability of drug product and stability data with proposed expiration date”. As already
cited, for ANDA, there are not specific regulations and the same ICH recommendation has
been used. However, precisely because of the lack of information derived from the new
drug development, the complexity and responsibility in developing/validating a SIM for an
ANDA is high.

Information like aqueous solubility, pH versus solubility profile, excipients compatibility
studies, etc, all information that enable fully assume the knowledge of the product ,will help
to ensure that best (more appropriate) condition were chosen for developing a SIM, like
those related to the forced degradation design.

1.2.1.2 Overstressing/Understressing

Care should be taken in order to avoid overstressing or understressing samples, with may
lead to non representative or non-purposeful degradation. So, the use of a properly designed
and executed forced degradation study will generate representative samples that will help
to ensure that resulting method reflects adequately long-term stability (EMEA, 2003).

About the forced degradation (or stress test, both terms will be used in the text) design, it is
recommended (Klick S., et al, 2005) to include alkaline and acidic hydrolysis, photolysis,
oxidation, humidity and temperature stress. An compilation of data from literature (Klick S.,
et al, 2005; Alsante et al. 2007, Reynolds, et al. 2002, Reynolds, D.W, 2004; Kats M., 2005;
Reynolds, D.W, 2002) is shown at Table 1 and compiles the more often used conditions to
perform forced degradation studies.

These conditions can be used as a starting point in the development of a SIM. Changing
conditions to harsher or softer levels, can be applied, when too little or too much
degradation are obtained. For example, in cases in which too little degradation was obtained
in the hydrolyses stress, it is recommended to increase concentrations to 1 Mol L or higher;
for oxidation stress, increase peroxide concentration to 10% or 20% (v/v) and/or time of
reaction, as well as temperature. If co-solvents are necessary to increase solubility, it is
recommended the use of acetonitrile that does not work as a sensitizer in photostability
stress. Data needs to be evaluated as unusual degradants may form with co-solvents. If even
not all conditions may cause degradation, document efforts and severity of conditions and
should be include in final report.

By the other side, if too much degradation is detected, the severity of conditions may be
decreased, by diluting acid/bases, neutralizing, reducing exposure time.
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Solid State
Stress Condition Period of time
Heat 60° C Up to 1 month
Humidity 75% RH Up to 1 month
3 mm (powder) .
Photostability Exposed and non-exposed Follow ICH requirements
samples (“ " (Q1B)
ples (“control”)
Solution State
Stress Condition Period of time
Hydrolys Acid 0.1-1 Mol L1HCI Up to weeks and 60° C
is alkaline 0.1 -1 Mol L1 NaOH Up to weeks and 60° C
Oxidation Hx0,3% (v/v) Up to 24 hours
.1 Exposed and non-exposed Follow ICH requirements
Photostability samples (“control”) (Q1B)
Heat 60° C Up to 1 month

Table 1. “More often” used conditions for forced degradation studies

Also, need to be clarified, that synthesis impurities when are not also degradation products
do not need to be described in Stability Studies, but SIM may assure that these impurities do
not interfere on degradation products determination.

1.2.1.3 Photostability studies

Photostability tests should follow ICH requirements (EMEA, 1998) , i.e., should be done in a
sequential manner, starting with the fully exposed product and proceeding, if necessary to
the immediate pack and then to the market pack, until studies demonstrate the drug
product is adequately protected from exposure to light. Besides this, design of forced
degradation test should consider the previous knowledge of the substance or product being
tested, since photoreactivity is wavelength dependent and degradation pathways can be
different for UV and visible ranges (case by case basis). It is recommended to use artificial
sources of irradiation, like ID65 and specific filters to guarantee the exposure above 320 nm
(indoor daylight standard). Also, forced degradation may be conducted on quartz glassware
that does not filter radiation from the light sources and specific filters arrangement.

It can be found in literature (ICH Q1B) that exposition to an overall irradiation of not less
than 1.2 million lux.hours and an integrated near ultraviolet energy of not less than 200 W h.
m-2may give reasonable degradation for photosensible active ingredients. Tests may only be
valid when chemical actinometers are exposed simultaneously (preferably) to the samples
and shows a pattern of degradation. Control samples (samples in the same condition of that
exposed, except for the irradiation, i.e., protected from the light by aluminum foils for
example) should also be analyzed, in order to guarantee that the degradation is really only
due to the light and not to other factors like temperature (irradiation chamber should have
rigorous temperature control) (Christensen, K. et. al 2000). In some cases, the ANDA holder
justifies not performing photostability studies for the drug product based on the fact that the
drug substance did not show photodegradation during forced degradation studies.
However, this not must be acceptable, since in some cases, excipients or impurities may
catalyze photodegradation of the main active in the drug product.
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1.2.2 Step 2: method development (manipulating and evaluating selectivity/specificity)
Liquid chromatography is the most appropriate technique for developing/validating a SIM.
The use of diode-array-detector and additionally mass spectrometers, gives best performances
for people working with SIM development.

The goal is to manipulate selectivity by changing mobile phase composition, wavelength of
detection and pH. Related to mobile phase pH, it can be said, that the advances in LC
column technology have made possible the use of pH as a true selectivity tool for the
separation of ionizable compounds (Neue, et. al, 1999; Cheng et. al, 2010). Columns
mechanically strong, with high efficiency and that are operate over an extended pH range,
should be preferred. Acidic compounds are more retained at low pH; while basic
compounds are more retained at higher pH (neutral compounds are unaffected). At
traditionally used pH values (pH 4 - 8), a slight change in pH would result in a significant
shift in retention.

Type of chromatography used (e. g. HPLC or GC) and arrangements/detectors (GC/FID,
GC/MS, LC/DAD or LC/MS) are certainly useful tools. For HPLC, different modes of
chromatography can be used (normal or reversed phase, ion par or HILIC). Other powerful
tool is the use of Light Scattering Detector (LSD) coupled to HPLC to monitor compounds
without light absorption in uv/Vis region. Gas chromatography may only be used when no
additional thermal degradation of the sample is produced (sample inlet works on high
temperatures).

The use of HLPC coupled to diode-array detectors (DAD) in the achievement of peak purity
usually give reasonable results, mainly related to reliable determination of the main active
ingredient. It is possible to guarantee no co-elution with degradation peaks and other
impurities. Indeed, the main feature of DAD detectors is that it is possible to collect spectra
across a range of wavelengths at each data point collected across a peak, and through
software manipulations involving multidimensional vector algebra, to compare each of the
spectra to determine peak purity (Swartz & Krull, 2005; Gilliard & Ritter, 1997). In this
manner, DAD detectors can distinguish spectral and chromatographic differences not
readily observable by simple overlay comparisons (Gorenstein et al 1994; Young et al 1994,
Warren et al 1995). DAD detectors can be limited on occasion the more similar the spectra,
and the lower the relative absorbance, the more difficult it can be to distinguish co-eluted
compounds. MS detection overcomes many of these limitations. MS can provide
unequivocal peak purity information, exact mass, structural and quantitative information
depending upon the type of instrument used. MS is also a very useful tool to track peaks to
selectivity manipulations in method development. As disadvantage, MS detectors cannot
handle non-volatile buffers, which are frequently used as mobile phase in drug analysis. The
combination of both DAD and MS on a single instrument and software platform provides
the type of valuable orthogonal information required when evaluating specificity on SIM
development.

After determination of peak purity, in fact, the identification of degradation products and
also mass balance determination usually are more complexes steps of analytical development,
as in most of cases, commercial reference standards of degradation products are not
available.

Calculations using area-percent-normalization (area %) are not precise, since it is necessary
to take into consideration the response factors (area relative to amount). Degradation
products may have not the same ultra-violet spectra of that of the parent drug and even if
the UV spectra are similar, the absorptivity coefficient (Turro 2008) may have different values.
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1.2.2.1 Case studies

Case study 1: Consider the analysis of a 100 mg tablet used in medical prescriptions as 3-dose
per day and coming from a long term stability study (Figure 1).
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Fig. 1. Representative SIM chromatogram of long-term stability sample

The quantification of degradation product by %area results in 0.2% area for degradation A
and 12% area for degradation B, related to the main active. It is confirmed that the
degradation products are deriving from the main active, as a SIM was used. Information
about UV spectra of both degradation products and main active are shown in Figure 2.
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Fig. 2. Representative uv spectra of degradation products A and B



Stability Indicating Methods 31

By simple comparison of spectra of main active and degradation A, it can be assumed that
mass balance would be probably reached, due to high similarity between it; for degradation
B mass balance may give unsatisfactory results, mainly if wavelength of detection and
quantification is in the 250-275 nm region of the spectra. Other concern is related to the ICH
threshold for the degradation products. In this case, the diary dose is 300 mg and
degradation products A (0.2%) and B (12%) fall within the range of identification and
qualification, which would means to define toxicity and mutagenicity potential of these two
degradation products, and ultimately also redesign the drug product.

Case study 2:

In this second example (representative chromatogram showed on Figure 3), one may
consider that when the sample is submitted to light stress the main active degrades to seven
different products (see Table 2) and besides these seven common degradation more new
two degradation can be detected in acidic stress (Table 3).
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Fig. 3. SIM chromatogram of light stressed sample - 48 hours

Calculation of mass balance by considering % area of degradation product peaks, identified
by Relative Retention Time (RRT) is also presented in tables 2 and 3.

% peak area

8 017 | 0.24 | 0.55|0.69 | 0.74 | 0.81 | 0.88 | 0.92 |1.22 Sub- Total

kdetectcr Total Main

210nm | 02 [ 13 [ nd [ nd | 36 | 02 | 0.1 | 03 [ 09 | 66 |Activer| 80.7

245nm | 03 | 24 | nd | nd | 05 | 0.15 [<LoQ|<LoQ| 1.0 | 475 | 74.1% | 78.9

360 nm [<LoQ|[<LoQ| nd | nd |[<LoQ|<LoQ|<LoQ| 0.17 | 1.0 | 1.17 75.3

*this value represents % of main active on drug product, determined by external calibration with main
active analytical standard; nd = non detected

Table 2. Peak % area degradation products after 48- hours of light stress
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% peak area

RRT 017 | 024 | 055 | 0.69 | 0.74 | 0.81 | 0.88 | 0.92 | 1.22 Sub- Total

kdetector Total Main
210nm | 03 | 02 | 02 | 02 | 23 | 1.85 | <LQ | <LQ [ <LQ [ 5.05 | octiyer| 80.45

245nm | <LQ | <LQ | 02 |<LQ| 03 | 14 |<LQ|<LQ [<LQ| 1.9 |754% | 773
360 nm | <LQ | <LQ | <LQ | <LQ | <LQ | <LQ | <LQ | <LQ | <LQ | <LQ <LQ

*this value represents % of main active on drug product, determined by external calibration with main
active analytical standard.

Table 3. Peak % area degradation products after 120-hours of acidic stress

In the light stress (Table 2), the concentration of the main active after 48 hours is around
74.1%, and for an acceptable mass balance determination (values in % area or concentration
around target concentration value), degradation products must account for 25.9% area. As
can be seen at Figure 4, the UV spectra given from the DAD of these nine degradation
products, there are significative differences in the profiles, ie. different absorption
intensities in different wavelength and this should be an indicative of difficulties on
reaching satisfactory mass balance using % area.

When monitoring at 210 nm, mass balance reached 80.7%, since the sum of total % area of
degradation products reached 6.6% area.

When doing the same calculation for 245 nm, mass balance was lower, reaching 78.9%
and even lower at 360 nm, giving 75.3%. Degradation products identified at RRT-0.55
and RRT-0.69 were not detected at these three wavelengths, but were detected on acidic
stress (Table 3) sample, when monitoring at 210 nm and 245 nm. Any degradation product
was detected at 360 nm, in the acidic stress. Usually greater values are obtained in lower
wavelengths.

Most frequently giving acceptable mass balance values, but not less complex, is the method
in which chromatographic peaks of each degradation product is collected and identified (for
example, by infrared spectroscopy, nuclear magnetic resonance as well as mass
spectrometry analysis) and then used as analytical standards in a external calibration
procedure. The method in which, response factor of each degradation product is achieved
(also experimentally hard and complex), can give acceptable mass balance values. The
determination of each degradation product is a critical work mainly when ICH thresholds
are reached. This may trigger additional investigations about the drug product, so it is
recommended to dedicate all analytical tools and expertise available in this step of method
development.

1.2.3 Step 3: Method validation

Validation is not a efficient way to do method development so efforts should be dedicated
in Specificity step of the method, working with the stressed samples. The validation
routine may start with a protocol based on pharmacopeia and/or ICH guidelines (Q2B). For
assay procedures, that are intended do measure the analyte present in a given sample,
typical validation items should be considered: Accuracy, Precision (repeatability and
intermediate precision), Specificity, Detection and Quantitation Limits, Robustness,
Linearity and Range.
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and acidic stressed samples (b to g).
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2. Conclusion

Stress tests for developing a stability indicating method should always be designed and
evaluated with common sense and chemical knowledge, keeping in mind the
manufacturing process and the nature of the final drug product. The stability profile needs
do be established for drug product to assure safety, efficacy and quality. The results coming
from these studies can support formulation and packaging. The know-how coming from
stress tests are useful to reduce time and money, related to the drug and final product
development, giving the possibility of forecasting analytical problems.

A generic approach can be used as a starting point to set up a stress testing study, but a
case-by-case approach for stress testing is essential to allow flexibility. This is also
recognized by the regulatory agencies because very detailed instructions about how to
perform stress testing are not given in the available guidance documents. In first instance, a
SIM should be applied to quantification of the main active in a precise and accurately, even
in the presence of interferences (degradation products, impurities, and placebo). In this
manner, some evaluation of mass balance can be done, but the applicant must have in mind,
the limitation about the obtained values, since %area is a useful but not precise/accurate
tool to determine concentrations. If during long-term stability studies or quality control
determinations, the main active concentration decreases, mass balance investigations may
start, evaluating %peak, DAD spectra and in parallel, different/contributing analytical
techniques.
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Application of the Software e-SAFES®
(Based on SAFES Methodology)

to Control Disinfection in the Sugar
Extraction from Sugar Beet (Beta vulgaris L.)
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1. Introduction

Microbial contamination during extraction is an important control point in the production of
sugar. It is associated with significant losses of sugar, increased production of molasses and,
ultimately, a decline in the quality of juice extraction. Three species of microorganisms are
responsible for microbial contamination in the extraction. Bacillus stearothermofilus
constitutes the bulk of microbial contamination and the main product of its metabolism is
lactic acid. Its content in the raw juice is an indicator of infection rate and shows the losses of
sugar (Baryga, 2006); Leuconostoc is another type of organism that metabolizes sucrose and
produces glucose. Other types of microorganisms of Lactobacillus species synthesize glucose
and form dextran which has a negative impact on the technological process. With the
contamination, the purification of raw juice is less efficient, filtering is hampered, sediments
cover the heating surface reducing heat transfer, crystallization becomes difficult, and
finally sugar yield is reduced (Santos et al., 2000).

Some problems have arisen regarding the addition of formaldehyde to foods to extend shelf
life. Foods known to be contaminated include noodles, salted fish, tofu. In some places
formaldehyde is still used illegally as a preservative in foods, which exposes people to
formaldehyde ingestion (IARC Monographs, 2006). The current trend is to minimize the
application of synthetic disinfectants that may adversely affect health. Consumption and
contact with some unnatural disinfectants contaminated food is a health hazard. Consuming
contaminated food causes abdominal pain, vomiting, diarrhea, unconsciousness, cancer or
even death (Department of Health and Human Services, 2005). This is the case of formalin
which use in food production is banned in some European Union countries. In fact, formalin
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has still been found in some countries of EU. Thus, the use of new natural disinfectants has
increased considerably in order to ensure safety and minimize possible adverse effects.
Currently, numerous researches have improved theoretical understanding of sucrose
extraction process. In the last decade, new tools for process engineering have allowed a
more accurate simulation of the process, aimed not only to increase yields but also to the
facilities design (Bennar, 2010).

In recent years, a new systematic approach to food engineering systems (SAFES methodology)
has been developed and applied to several food manufacture processes. Considering the
different phases, components and aggregation states present in the food at certain stages of
the process and applying the knowledge about its structure and the interactions between its
components, the SAFES methodology makes possible to predict quality and safety attributes
based on compositional and volumetric changes. However, available information is not
always provided according to the SAFES methodology requirements for a better knowledge
on food manufacture processes. Sometimes, when applying the SAFES methodology to a
particular case of study, a lack of significant data became evident. In this case, the SAFES
methodology could be a useful tool for planning future research (Barrera et al., 2007).

The aim of this paper is to demonstrate the possibility of applying a natural disinfectant in
the extraction process and the usefulness of the e-SAFES® V 0.4 software based on SAFES
methodology on the control of the disinfecting process in an industrial line of sugar beet.

2. Materials and methods

2.1 Industrial plant

The industrial plant for the production of sugar (Figure 1), owned by AGRANA Company,
is located in Sered’ (south-western of Slovakia) and its processing capacity is 3500 tons of
sugar beet per day to produce 550 - 600 t of sugar per day during one campaign which is
normally from middle of September till end of December.

S —

In the process to obtain sugar from sugar beet, the cossettes (sugar beet cut specifically) are
fed into the extractor by means of a continuous scale. The continuous extractor DC12 is in
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use in the industrial plant. The DC12 extractor consists in a horizontal rotating cylinder
(divided into 4 chambers) with an internal helix that separates the drum into moving
compartments. The cossettes move forward with the rotation of a cylinder whereas the juice
moves in the opposite direction. In this way, a countercurrent extraction is achieved (Figures
2, 3, 4). The cossettes are introduced into the extractor at the base, while the hot water
counter-current flow is passed through from the top of the extractor. Regarding the streams
leaving the extractor, the extracted juice (raw juice) is recovered at the bottom as a liquid
grey-black extract and the pulp (wet pulp) is recovered at the top.

Pressing

= : 'E“"u pulp

Prass pulp
water

-5 P

Raw jubce

Fig. 3. Extractor DC12
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g

Fig. 4. Proces of wet pulp pressing

2.2 Plant material

Sugar beet (Beta vulgaris L.) was used as a raw material. Sugar beets were acquired from
local producers near the plant (southwestern Slovakia). Before extraction, and in order to
maximize the contact surface with the solvent, sugar beet is cut specifically as shown in
Figures 5, 6.

Fig. 5. Sugar beet cut (cosette)

- _—

Fig. 6. Cossettes in industrial line
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2.3. Disinfection procedure
2.3.1 Disinfectants

Formalin

Formalin is the most common synthetic disinfectant used in sugar extraction. It consists of a
30% and 40% aqueous solution of formaldehyde used for disinfection and preservation of
biological products. Formaldehyde, HCH = O, basic aldehyde, is an odorless pungent gas. It
is produced by catalytic oxidation of methanol. It is an important chemical raw material for
producing plastics, pharmaceuticals and dyes.

BetaStab®

One of the modern disinfectants presently used is the product BetaStab®, whose composition
is based on the beta hop acids, humulon and lupulon (Figures 7, 8). In the last decade Betatec
company (BetaStab® producer) cooperates with the sugar factory in Tulln (Austria) and
gradually settles on the sugar industry market as a producer of natural biocides.

OH §

- C

(CH;C=CHCE\ /"™ CH,CH(CHy),
N

O OH

HO  CH,CH=C(CH3),

Fig. 7. Humulon

OH ©
CHz),C=CHCH
(CHa ! C~CH,CH(CHa),
O OH

(CH3)C=CHCH; CH,CH=C(CHi)
Fig. 8. Lupulon

2.3.2 Disinfection treatments

With the aim of evaluating the effect of different disinfection treatments on the extracting
process, the following combinations were studied:

A. without disinfection - control.

Formalin 0.06 dm3.t! sugar beet in 1st, 2nd, 3rd chamber of extractor.

Formalin 0.13 dm3.t! sugar beet in 1st, 2nd, 3rd chamber of extractor.

Formalin 0.10 dm?3.t! sugar beet in 1st, 2nd, 3rd chamber of extractor.

Formalin 0.09 dm3.t! sugar beet in 1st, 2nd, 3rd chamber of extractor.

Formalin 0.09 dm3.t1 sugar beet in 3rd chamber of extractor and in press pulp water.
BetaStab® 0.04 dm?3.t! sugar beet in 1st, 2nd, 3rd chamber of extractor.

BetaStab® 0.04 dm?3.t1 sugar beet in 314 chamber of extractor and in press pulp water.
BetaStab® 0.03 dm3.t1 sugar beet in 1st and 3rd chamber of extractor and once a day in
press pulp water.

All treatments were performed during 8 days in the 2009 campaign.

FIOmEON®
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2.3.3 Physico-chemical determinations
Determination of lactic acid and glucose

Lactic acid and glucose were determined by Select™ biochemical analyzer YSI 2700. The
measuring principle of this biochemical analyzer is the use of an enzyme sensor integrated
into two platinum electrodes. The sensor applies the enzyme L-lactate dehydrogenase and
isomerase to detect lactic acid and glucose, respectively.

Determination of pH

pH was determined by potentiometer with self-calibrating system (520 pH Meter,
METTLER TOLEDO SevenEasy) and able to work with automatic temperature
compensation. As pH value was considered the average of two determinations on the same
sample, when the difference between them was less than 0.1 units.

2.3.4 Theoretical predictions of sugar losses during the extraction process
Sugar losses were calculated from different predictive models, as follows:

2.3.4.1 Kriiger’s model (1957)

Kriiger's model predicts the sugar losses P; (percentage on sugar beet) from a decrease in
the pH of raw juice. The decrease ApH = 0.3 and under “normal value of pH = 6” of raw
juice predicts losses of 0.025% on sugar beet.

P; (%) =[(6 - pH)/0.3] - 0.025 1)

2.3.4.2 van der Poel’s model (1975)

The van der Poel’s model (equation 2) predicts the losses of sugar P, (percentage on sugar
beet) as a function of: mg; = percentage of raw juice in sugar beet (w/w), mpp = percentage of
press pulp water in sugar beet (w/w), wr, rj = content of lactic acid in the raw juice (mg.dm3),
w, pp = content of lactic acid in the press pulp water (mg.dm3)

P2 (%) = [[(mry + mep)] - [((wr, &y - w1, pp) -1.38) -1.7]] / 70 @

2.3.4.3 Oikawa’s model (1993)

The Oikawa’s model (equation 3) predicts the losses of sugar Ps; (percentage on sugar beet)
as a function of mg; = percentage of raw juice in sugar beet (w/w), wy, gy = content of lactic
acid in the raw juice (mg.dm-3)

Ps (%) = mgy -2 -wr, gy ®)

2.4 SAFES methodology

According to the fuzzy knowledge of the sugar beet process provided by tradicional
methodology, a new approach tackled in this work is to apply SAFES methodology to
provide a simple control system of the disinfection process. The Systematic Approach to
Food Engineering Systems (SAFES) has been recently developed and applied in modeling
complex structured food systems using chemical, physical, biological and structural
information of the product (Fito et al., 2007).

The SAFES methodology is conceived to describe food considering its structural,
thermodynamic and physic-chemical complexity in the simplest possible way detecting the
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changes that it can suffer as a result of a stage of changes. It is based on mathematic matrices
designed to perform mass balances which include food components in different aggregation
states in rows and food phases in columns (Bennér, 2008).
The first step in the application of the SAFES methodology is the identification of those
components, phases and aggregation states that are relevant to explaining changes in food
properties along the process. After that, the process is divided into several stages of changes,
according to the main expected changes in any component, phase or aggregation state and
their relevance in the quality and safety attributes of the final product. The term “stage of
changes” replaces the traditional concept of unit operation, which can be sub-divided into
several stages of changes. Available data also conditions the selection of various stages of
changes.

Once different stages of changes are identified, appropriate information is compiled and

employed in building descriptive matrices (Mnn) of products involved in each stage of

changes (n being the number of stages of the process, the first sub-index refers to the output
in any particular stage, and the second sub-index refers to the mass of the product in any
stage). Descriptive matrices should include not only compositional information, but also
information on the main thermodynamic variables (volume, temperature and pressure).

Then, matrices of changes (MCy,n1) showing up the main changes taking place at each stage

of changes are calculated by subtracting descriptive matrices of the outputs and inputs of

that specific stage, both referred to the same basis of calculus. A descriptive matrix of a

product at any stage referred to the basis of a product at a different stage (Mn.1,n) is called

transformed matrix. Among different matrices of changes, the matrix of changes of the
whole process, obtained from descriptive matrices of initial and final products, both referred
to the same basis of calculus, shows the global changes suffered by the product during the

entire process (Betoret et al., 2007).

Application of the SAFES methodology is systematized, according to the steps listed below:

1. Define from the standpoint of structural biology the product being processed.

2. Describe the basic operations that make up the transformation process.

3. Define the phases, components and aggregation states that will display all relevant
changes in the properties of the final product without unduly complicating the
description of the food.

4. Definition of the SAFES space of phases and components, which consists of the
distribution of components and aggregation states in rows and subrows, the distribution
of phases in columns and those cells that involve combinations of phase-component-
aggregation state that are thermodynamically possible.

5. Identifying critical points and stages of changes in order to build the SAFES process
diagram.

6. Building matrices: descriptive, transformed and matrix of change. For the construction
of these matrices it is necessary to use experimental data obtained in the laboratory or
referred to in the literature, and assume simplifying hypotheses to solve those situations
where no data are available.

2.4.1 Experimental work needed to apply the SAFES methodology
Electromicroscopy

In order to properly describe the structure of the product, samples of fresh sugar beet and
those collected during the experimental extraction (30 and 60 minutes processed) were
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examined using electron microscopy at low temperatures (CryoSEM). Samples of dimensions
3 mm x 9 mm x 3 mm were put into a stainless steel carrier and frozen using liquid nitrogen.
Subsequently, the carrier with the sample was inserted into the electron microscope (JEOL
JSM - 5410 microscope) and the sublimation was carried out at -85 °C during 15 minutes.

Vacuum impregnation experiments

Vacuum impregnation of a porous product consists of exchanging the internal gas or liquid
occluded in open pores for an external liquid phase by the action of hydrodynamic
mechanisms promoted by pressure changes (Fito et al., 1996). The operation is carried out in
two steps. In the first step, vacuum pressure promotes the expansion and outflow of the
product internal gas, taking the product pore native liquid with it. In the second step,
atmospheric pressure restoration leads to the compression of the remaining gas and the
inflow of the external liquid in the porous structure (Barrera et al., 2007).

In the vacuum impregnation, the sample of sugar beet was immersed in isotonic sucrose
impregnation liquid with vacuum pressure of 50 mbar for 10 minutes. Then restore the
atmospheric pressure and the sample was immersed for 10 minutes. The results obtained
during vacuum impregnation were used to calculate the characteristic parameters: the
density of the sample impregnated with the impregnating solution (X), size of the bulk
sample deformation (y) and effective porosity (¢) and calculate the composition of extra and
intra cellular phases.

2.5 The e-SAFES® software

The e-SAFES® software is a tool based in the SAFES methodology developed by prof. Dr. P.
Fito and collaborators (Fito et al., 2007). It has been developed by collaboration between the
group of Advanced Engineering for Design of Food Products and Processes of the Institute
of Food Engineering (IU-IAD, UPV) and the Research Group in Grid and High Performance
Computing (GRyCAP) of Institute for Molecular Image Instrumentation (I3M, UPV). The e-
SAFES® is registered in the Polytechnic University of Valencia, Spain. This software guides
the user through the steps that are necessary to implement the SAFES methodology, and it
provides descriptive, transformed and change matrices.

2.6 Statistical analysis

To determine the statistical significance of the results an analysis of variance test
(ANOVA) was carried out with 95% confidence levels (p < 0.05) using the program
Statgraphics Plus 5.1.

3. Results and discussion

3.1 Study on the effect of the application of disinfectants in the sugar beet extraction
process

Application of disinfectants in the sugar extraction process is necessary to avoid the
multiplication of microorganisms that produce sugar losses as well as to prevent the
formation of undesirable compounds during the process, which would negatively affect the
performance and final quality of the product. As explained in the materials and methods
section, in the experiments BetaStab® and formalin have been applied to compare their
effectiveness.
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In Figures 9a, 9b, 9c and 9d the mean values of lactic acid and glucose in the 2nd and 3rd
chamber of the extractor, are shown respectively, for each of the treatments.

For all the combinations, the lactic acid content was lower than that obtained with the
control treatment without disinfection. The lowest content of lactic acid was obtained with
treatment C, in which formalin was added in quantity of 0.13 dm3. t sygar beet. In all cases, the
addition of formalin in the raw juice resulted in a lower content of lactic acid (0.206 + 0.043
g.dm?3) than that obtained using BetaStab® (0.346 + 0.037 g.dm?3). The best results among
BetaStab® treatments were obtained with treatment H. This treatment provides better
results than some in which formalin had been applied.

In all cases, except in treatment I, the levels of lactic acid were below 0.400 g.dm-3, which is
the accepted threshold value for economic exploitation (Hein & Pollach, 1997; Pollach, 1995;
Pollach et al., 1996). With respect to the amount of glucose in the juice extraction, in all the
treatments tested except for treatment I it was obtained lower glucose content than in the
control treatment.
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Fig. 9. Content of lactic acid and glucose in: (a) 2nd chamber of extractor, (b) 3rd chamber of
extractor, (c) press pulp water, (d) raw juice. Treatments: A - without disinfection - control,
B - Formalin 0.06 dm3.t1 sugar beet in 1st, 2nd, 3rd chamber of extractor, C - Formalin 0.13
dm3.t1 sugar beet in 1st, 2nd, 3rd chamber of extractor, D - Formalin 0.10 dm3.t! sugar beet in
1st, 2nd, 3rd chamber of extractor, E - Formalin 0.09 dm3.t1 sugar beet in 1st, 2nd, 3rd chamber
of extractor, F - Formalin 0.09 dm3.t! sugar beet in 3rd chamber of extractor and in press
pulp water, G - BetaStab® 0.04 dm3.t1 sugar beet in 1st, 2nd, 3rd chamber of extractor,

H - BetaStab® 0.04 dm3.t1 sugar beet in 3rd chamber of extractor and in press pulp water,

I - BetaStab® 0.03 dm?3.t1 sugar beet in 1st and 3rd chamber of extractor and once a day in
press pulp water
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Figure 10 shows the predicted values of sugar losses according to the pH and lactic acid in
the press pulp water and raw juice, and the quantities of raw juice and press pulp water. As
is explained in the materials and methods section, three different models have been used
Kriiger (1957), van der Poel (1975) and Oikawa (1993). The calculation of the sugar losses by
Kriiger’s model is based on the pH values of the raw juice. This calculation can only be used
as a reference point in the extraction process, since the pH is not only affected by microbial
contamination as the model predicts. The values of the sugar losses obtained by applying
the van der Poel’s model are, in all cases, significantly lower than those obtained with the
Kriiger’s model. This is due to a more accurate calculation by considering the content of
lactic acid in the raw juice and press pulp water. The highest sugar losses were obtained
using the Oikawa’s model, because in this model the sugar losses are considered twice the
amount of lactic acid produced in the raw juice.

With these results, it is possible to confirm that the application of disinfectants reduce the
sugar losses in all the studied treatments. The application of formalin or BetaStab® made
possible to minimize the sugar losses throughout the campaign. However, the losses of
sugar caused by the activity of microorganisms might be higher than those predicted with
the models because, for example, the amount of invert sugar (glucose and fructose) unable
to crystallize is not taken into account in the models used.
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Fig. 10. Predicted losses of sugar during the extraction process (% on beet) by models of
Kriiger, van der Poel and Oikawa for the different treatments studied: A - without
disinfection - control, B - Formalin 0.06 dm?3.t sugar beet in 1st, 2nd, 3rd chamber of extractor,
C - Formalin 0.13 dm3.t! sugar beet in 1st, 2nd, 3rd chamber of extractor, D - Formalin 0.10
dmd.t1 sugar beet in 1st, 2nd, 3rd chamber of extractor, E - Formalin 0.09 dm3.t! sugar beet in
1st, 2nd, 3rd chamber of extractor, F - Formalin 0.09 dm?3.t1 sugar beet in 3rd chamber of
extractor and in press pulp water, G - BetaStab® 0.04 dm3.t1 sugar beet in 1st 2nd, 3rd
chamber of extractor, H - BetaStab® 0.04 dm3.t! sugar beet in 3rd chamber of extractor and
in press pulp water, I - BetaStab® 0.03 dm?3.t! sugar beet in 1st and 3rd chamber of extractor
and once a day in press pulp water
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3.2 Description of plant material through the process by SAFES methodology

3.2.1 Microstructural description of sugar beet

The internal structure of sugar beet is similar to that of other dicotyledonous plants (Elliott
& Weston, 1993). Figures 11a, 11b shows live parenchyma cells with a diameter from 40 to
60 microns. Their main function is the storage of sucrose and constitute two thirds of all cells
in beet root.

Phloem cells (Figure 11d) focus on the transport of soluble organic matter. Living cells
divide without the core and form the tubular system, which ensures the transport of soluble
organic matter. Their metabolism is dependent on adjacent cells.

Figures 11c, 1le, 11f show the vessels of the vascular tissue with a diameter from 20 to 40
microns. Their function is to transport water and dissolved ions. The vessels are formed by
dead cells which the cell walls are reinforced with lignin. Together they form the tubular
system called xylem (Steinert et al., 1990).

Sugar is synthesized in the leaves of sugar beet and it is transported through the phloem to
the root (Lemoine et al., 1988). While the diffusion of sucrose from the cell wall through the
membrane of adjacent cells within the cytoplasm is moderately impaired, the vacuole
membrane presents a barrier in which the permeability to sucrose is extremely low (Ehwald,
1980). In living cells, this barrier is overcome by an active transport that results in a high
concentration of sugar 0.5 mol.dm=3 in the vacuoles. In contrast, the concentration of sugar in
the extracellular space is only 0.06 mol.dm=3. The resulting osmotic pressure created from 0.4
to 0.8 MPa, which depends on the metabolic activity, pushes the cell walls and confers
mechanical stability (Palta et al., 1987). The polysaccharides of cell walls form a gel in which
the mobility of sugar across the cell wall, with a diffusion coefficient of 0.6 to 0.9 -10-10 m2.s1,
is reduced to about 0.14- 1010 m2. s its level in a pure solution (Liners et al., 1994). The
denaturalization of the cells produced during the extraction process allows the transfer of
substances from sugar beet cells into the raw juice. This denaturalization increases to five
times the diffusion coefficient of sucrose solution.

Figures 11g and 11h show the sugar beet tissue during and after the extraction process
respectively. After 30 minutes of extraction, it is possible to observe a partial denaturalization
of tissues. The polysaccharides that form a gel after 30 minutes of extraction, as compared
with 11a and 11b, are present only in small quantities. At the end of the extraction process
the polysaccharide layer is almost imperceptible, so that during extraction there is a transfer
of polysaccharides to raw juice which reduces its quality and purity.

100um

100um

(a) Cells of fresh sugar beet (b) Cells of fresh sugar beet



50 Quality Control of Herbal Medicines and Related Areas

100um 100um
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(g) Cells after 30 min of extraction (h) Cells after extraction (60 min).

Fig. 11. Observation of the sugar beet tissues before, during and after the extraction process.
(a) Cells of fresh sugar beet, (b) Cells of fresh sugar beet, (c) Detail of xylem, (d) Detail of
phloem, (e) Vascular tissue vessels, (f) Detail of vascular tissue, (g) Cells after 30 min of
extraction, (h) Cells after extraction (60 min)
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3.2.2 SAFES methodology

Figure 12 shows the SAFES flux diagram of the extraction process corresponding to the
industrial process. When applying SAFES methodology to the extraction process we
decided to combine the water and the press pulp water (Mop) in a unique description
matrix in order to clearer understanding the changes (pointed out by *). The extracted sugar
leaves the lower end of the extractor as a raw juice (M1-1-). The wet pulp as a final product
(M1,1) is discharged from the top of extractor and it is fed into press machines. After pressing
the press pulp water (MPy) and the pressed pulp are obtained (Ma?).

water

press pulp water (MP)

sugar beet (M) wet pulp (M)

pressed pulp (M,,)

raw juice (My- ;')

Fig. 12. SAFES flux diagram of the extraction process in the sugar beet industry

To complete the analysis of the extraction process by the SAFES methodology it was

necessary to consider several hypotheses:

a. The composition of the intra- and extracellular liquid phases is the same and it may be
considered that all the extracellular fluid is replaced by the impregnation solution
during the first stage of vacuum impregnation.

During the extraction process 40% of saponins passes to the raw juice (McGinnis, 1982).

c.  Under factory conditions, 45% of total nitrogen remains in the exhausted pulp (wet
pulp) (Schiweck et al., 1994).

d. Extractability of ash components is 70% and it means that this amount remains in the
raw juice (van der Poel et al., 1998).

e. The water adsorbed to the solid matrix in the wet pulp and press pulp is the same than
in cossettes.

f.  Proteins stay in wet pulp and press pulp in solid phase during the whole extraction
process.

g. Extractability of organic acids is quite high; 95% of acids pass to the raw juice and 5%
stay in the wet pulp.

h. Content of organic acids increases by 40% during extraction due to acid
production/ generation (van der Poel et al., 1998).

The following phases were considered:

a. Solid matrix phase (SM) - Formed by the cell wall, cell membrane and cytoplasmic
organelles, all insoluble in water. The components in this phase are the constituents of
the membranes and adsorbed molecules.

b. Extracellular and intracellular liquid phases (IL and EL) - Are made up of water,
soluble sugars (saccharose, glucose, fructose, raffinose, pectins), soluble nitrogen
components, other components (organic acid, saponins), minerals, which are located
inside and outside of the cells.
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c.  Soluble solids in solid state (SSs) - Formed by soluble solids that have become solid as a
result of crystallization.

d. Gas (G) - Gaseous components which are located mainly in the intercellular spaces.

e.  Whole food (WF)

The components were considered:

Water

Insoluble solids - structural components of cells

Sugars - saccharose, glucose, fructose, raffinose

Nitrogen components - proteins, amino acids, nitrate, amides, nucleotides

Other components - organic acids and saponins

Minerals - K, Mg, Ca, Na, P, Cl, S

The aggregation states considered in this work were gaseous (G), liquid (L), adsorbed (A),

rubbery (R), vitreous (V) and crystalline (C).

The thermodynamically possible combinations of phases-components-states of aggregation

yields the SAFES space of phases and components.

™o a0 oe

3.3 Implementation of the e-SAFES® V 0.4 based on SAFES methodology as a tool to
control disinfection in an industrial line of sugar beet

The e-SAFES® software V 0.4 (Fig. 13) was used as a control tool for monitoring the
application of disinfectants in the sugar extraction process (Figure 13).

|_Create Product | | Create Template |  Edit Library |
 voayproauct | | oy Tempite

 Create M of Changes |

Fig. 13. Initial window of the e-SAFES® software

The steps of the e-SAFES® program to apply the SAFES methodology and identify the

changes that occur in the process are:

1. Add the phases, components and aggregation states for the specific product-process, so
that these will be available subsequently in the list to create a template or product.

2. Create template - choose phases and components for the template.

3. In the template defined by components, phases and aggregation states, introduce
equations or relationships required to fully define the template.
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4.

5.

6.

Create product - Bibliographic and experimental values are introduced into the

appropriate cells to obtain the descriptive matrix.

Get transformed matrices or matrices of changes by modification of the descriptive

matrices.

Study the changes and effects produced along the process from the matrices of changes.
Figure 14 shows the library window of phases, components and states of aggregation. In the
library phases and components which will be used to create a template can be added. It is
possible to save the phases and components created for next uses.
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Fig. 14. Library of phases, components and states of aggregation
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Once the phases and components are added to the library, if needed it is possible to choose
the appropriate components (water, insoluble solids, sugars, nitrogen components, lactic
acid, other components and minerals) and phases (solid matrix, intra and extra cellular
liquid, soluble solids and gas) (Fig. 15.).

Sugar beet template is presented in the Figure 16. In the template, F(x) stands for equations
that are introduced in order to calculate the corresponding values.

Fig. 16. Template of fresh sugar beet (M 0,0)

To obtain the amount of water in the solid matrix it was considered that water in solid
matrix is the monolayer adsorbed water, which was calculated by the GAB model with
experimental data (Rouilly et. al., 2006). To calculate the intra-and extracellular liquid phase
we considered that the composition of the intra-and extra liquid phase is the same and that
all the extracellular fluid was replaced by the impregnation solution during the first stage of
vacuum impregnation. The rest of components have been divided between intra and
extracellular liquid phase using data from vacuum impregnation and product composition.
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Insoluble solids and nitrogen components have one part of total amount presented in the
solid matrix. Product composition of fresh sugar beet has been obtained by experimental
and bibliographical data.

Figure 17 shows the descriptive matrix of sugar beet. Once the template of fresh sugar beet
is created the values of composition in the equations and also experimental data can be
added on it. After adding of these values the template recalculates all the equations and the
descriptive matrix of fresh sugar beet (Mo,) is obtained.

Fig. 17. Descriptive matrix of fresh sugar beet (M 0,0)

In this matrix it is possible to see the mass fraction of sugars 0.17gsugars/ sugar beet. These
sugars are distributed between the intra- and extracellular phases. Most of the sugars are
contained in the intracellular phase (0.1578gsugars/ 8sugar beet) Which justifies the need for
thermal membrane denaturation.

The lactic acid has been considered as a significant factor for the control of the disinfection
process. The low value of lactic acid in this matrix (0.0002 giactic acid/ gsugar beet) indicates that
sugar beet is in good condition. In some cases the lactic acid content increases, which would
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indicate poor storage (microbial contamination) or use of rotten sugar beet. The contents of
other components (solid insoluble, nitrogen components, other components and minerals)
tend to have very low variability.

All descriptive matrices have been done using the same principles. A template was created
for each stream of the process, which include the appropriate equations that allow
calculating each product composition. In addition, experimental or bibliographical data
were added to the corresponding template. Descriptive matrices of wet pulp (M2), water,
press pulp water(MPFy), water and press pulp water (Mo0’), raw juice (M1-1-) and pressed
pulp (M>) were also obtained.

Once the template is done, this can be used as a basic template to make the other ones. After
that, it is possible to create the descriptive matrix (product) and modify product (Figure 18).

PRESS PULPWATER+WATER PRESS PULP WATER+WATER
PRESS PULPWATER PRESS PULPWATER
PRESSED PULP PRESSED PULP

RAW JUICE RAW JUICE

SUGAR BEET
WATER
WET PULP

(a) Modify template (b) Create product

PRESS PULP WATER+WATE e
PRESS PULPWATER

PRESSED PULP

RAW JUICE

SUGAR BEET

TRANSFORMED MATRIX RAY |
TRANSFORMED MATRIX WE

WATER
T

(c) Modify product

Fig. 18. Windows for specific operations with the aim to create new templates or products
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The e-SAFES® software also allows the creation of matrices of changes, which are useful to
study the changes undergone by the product as a consequence of a single or multiple stages
of changes (or unit operations). A matrix of changes is the result of substracting two
descriptive matrices, for which one of them needs to be previously transformed, i.e.
multiplied by a factor that relates the mass of the product before and after the operation
being studied (Fig. 19, 20).

M SUG AR BEET

Fig. 20. Creating a Matrix of Changes

Figures 21, 22 and 23 show the matrices of changes of sugar beet MC;- for each disinfection
process. It is possible to detect a decrease in all components of the intracellular liquid phase.
This indicates that each soluble component migrates from the cellular structure of cossettes
because of cell membrane denaturation. Water content, together with soluble solids,
decreases a 23.53%. Decreasing of soluble components is different, because of their different
behavior in the extractor. The solubility of sugars is very high (the content of sugars have
decreased in 93%), but for example solubility of saponins is less than 40%. This means that
all components can leave the cells of sugar beet, but the amount of components which ends
in the raw juice is different as it is possible to observe in the matrix of changes.

The increasing of sugars in the raw juice is the aim of the extraction operation, but other
components (nitrogen components, ash, etc) are also increasing which debase quality of raw
juice. From the point of view of disinfection, the focus must be placed on the cell that
displays the lactic acid content, which would increase as a consequence of microbial growth.
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Figure 21 shows the matrix of changes MCy for the control treatment. In this matrix it is
possible to observe a decrease in all components in the solid matrix and intracellular liquid
phases. At the same time there is an increase of all components in the extracellular liquid
phase.

Fig. 21. Matrix of changes MCy- for treatment without disinfectants. MCy-0=M1-0- Moo
(where M- -transformed matrix respected to matrix of fresh sugar beet My-1°)

The increase in lactic acid (+0.0005 g jactic acid/ sugar beet) is produced as a consequence of
microbial contamination during the extraction process without application of disinfectants.
The lactic acid content in raw juice is too high (0.603 g.dm?3) taking into consideration the
amount recommended for raw juice cannot exceed 0.400 g.dm?3. High values of lactic acid
involve significant loss of sugar during the extraction process. The growth of microorganisms
is accompanied by a decrease in other components such as nitrogen components used as
nutrients by microorganisms.

Figure 22 shows the matrix of changes MCy-p for the treatment with the application of
BetaStab® treatment H of 0.04 dm3. t1 sugar beet in the 3rd chamber of extractor and in press
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pulp water. In this matrix it is also possible to see a decrease of components in the solid
matrix and intracellular liquid phases. The content of lactic acid (+0.0002 giactic acid/ sugar beet)
has raised with respect to sugar beet, although significantly less than for the control
treatment.

The lactic acid content after extraction was 0.310 + 0.043 g.dm= and is under the value 0.400
g.dm3. Thus, the process could be done using this disinfectant. In this case, the lower
microbial growth is also linked to a smaller decrease of nitrogen compounds.

Fig. 22. Matrix of changes MCy- for treatment of BetaStab®. MCy- =M - Moo (Where My-o-
transformed matrix respected to matrix of fresh sugar beet My- 1)

Figure 23 shows the matrix of change MC;j ', ¢ for the treatment E of formalin application of
0.09 dm3. t1sugar beet in the 1st, 2nd and 3rd chamber of extractor. In this matrix we can also
see the decline of the components in the solid matrix and intracellular liquid phase and the
increase of components in the extracellular liquid phase. The content of lactic acid
(+0.0003 giactic acid/ Gsugar beet) has also raised with respect to sugar beet, although significantly
less than for the control treatment.
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In this case, the lactic acid content after extraction was 0.346 + 0.037 g.dm-3, under the value
0.400 g.dm=. Thus, this disinfectant is appropriate for the extraction process. As before, the
lower microbial growth is related to a smaller decrease of nitrogen compounds.

Fig. 23. Matrix of changes MCy- for treatment of formalin. MCy-p=My-0- Moo (Where M-
transformed matrix respected to matrix of fresh sugar beet My- 1)

x?wp
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The damage caused to the cell membranes by thermal denaturalization is an important data
to take into account because sucrose transference though the tissue depends on it. In this
work, efficiency of extraction related to membrane damage (EEMD) is defined as follows
(equation 4), consisting of the proportion of soluble solids in the liquid intracellular phase of
wet pulp (x%pss/xwPpp) divided by the proportion of soluble solids in the liquid intracellular
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phase in sugar beet (xsbss/xsPpp). In our case, this parameter resulted in 85.43% of the cell
membranes damaged by denaturation.

4. Conclusion

The results show that the application of a new natural disinfectant (BetaStab®) for the
extraction of sugar (sucrose) from sugar beet ensures acceptable results, as well as the
application of formalin. The best solution for reducing microbial contamination in the
extraction process must take into account the possibility that microorganisms develop
resistance to disinfectants, so that rotation should be considered during all campaign.

It has been demonstrated the usefulness of e-SAFES® tool for the detection of changes
associated with the application of disinfectants in the manufacturing process. The simplicity
of the interface with the user is an advantage in its application as a tool of control.
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1. Introduction

The development of new methods that might or might not involve sophisticated techniques
for the quality control of food products continues increasing according to consumer
requirement of food safety and authenticity issues. The production of fakes is a worldwide
problem that includes food products. Some examples can be found on olive oils, honeys and
alcoholic beverages such as table wines and spirits (Contreras et al., 2010; Gallardo et al,
2009; Marcos et al., 2002; Zhang et al., 2001; Zhu et al., 2010). Therefore, food authentication
concerns both authorities and food processors to avoid the unfair competition from
counterfeiters who exploited the economic advantage by producing and selling fake food
products.

Food companies have adopted different strategies to improve the positioning of their brands
on the market. These strategies not only include the food quality control based on the
identification and reduction of forbidden compounds but also on monitoring the key
compounds that enhance the food value. In this chapter a practical review of methods for
quality control on compounds and on the confirmation of food authenticity is presented.
Non-destructive testing sample methodologies that have found new applications in the field
of quality assurance are discussed in terms of their potential use in food industry. Thus, the
use of spectroscopic techniques with chemometric analysis for the classification of food
samples based on quality attributes is also discussed in this chapter.

The optimization of the analytical methods is based on the selection of fundamental
working conditions (sampling, pretreatment, selectivity, linearity, range determination,
sensitivity, limit of detection, precision and accuracy, etc.) according to which the suitability
of a selected method might be evaluated. One of the most important steps in the analytical
method for compound determination in biological matrices is the sample pretreatment. The
purpose of a pretreatment is to release analytes from compounds and phases as well as to
remove components which have adverse impacts on the analytical signal.

On the other hand, before any analytic treatment it is necessary to take into account
some preliminary procedures that involve statistic analysis (Cochran, 1977; Hinkelmann &
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Kempthorne, 1994). When making surveys within different research fields, the access to the
entire population of items/subjects/individuals/samples is almost impossible and
expensive and thus, sampling techniques come into play. Industry and business make use of
sampling techniques to increase the efficiency of their internal operations. In particular, for
industry sampling techniques are important tools for quality control to ensure that final
items are ready for marketing. In particular, for food processing decisions regarding any
change on the quality control to accept or reject lots would be well grounded if the selected
data from the population is done with the appropriate sampling technique. In this way you
can be confident that your decision about acceptance or rejection of lots is right. That is,
sampling procedures are focused on the selection of a subset of sample observations within
a population attempted to yield some knowledge about the entire population of concern.
Sample observations bring out data values of some measurable properties of the subject.
Therefore, the cost of collecting data about a population by gathering information from a
subset instead of the entire population is reduced. In addition to this, making use of the
appropriate sampling technique the data can be collected and summarized more quickly
since the data set is smaller and the accuracy and quality of the data can be improved.
Therefore, this chapter starts with the sampling procedures followed by the most common
analytic methods focused on food quality control.

2. Sampling procedures

If the population regarding any survey is almost impossible to reach and expensive to try
every single sample, then how large should the subset of samples be to ensure that the
results obtained from it would be generalized? A single answer to this question is not
possible. However, it is clear that the larger the sample size the more closely your sample
data will match that from the entire population. For sampling procedures one counts with
the probability sampling and non-probability sampling procedures.

The probability sampling procedure refers to a given population where one is able to identify
distinct samples; each possible sample has some known probability of selection and thus,
one can select, and identify, any sample through a random process. That is, each sample
within the population has its own probability to be randomly selected. In contrast, the non-
probability sampling procedure refers to the case when the sample to be selected is part of the
population that is readily accessible or it might occur that the population consists of
volunteers or that the samples were haphazardly selected. In any case, for this procedure
some samples have no chance of selection and information about the relationship between
samples and the entire population is very limited. For the non-probability sampling no
known probability is assigned to the samples of the population and it will almost certainly
contain sampling biases.

When the sample is selected on a random basis 3 main types of random sampling
techniques can be identified, i.e., the simple random sampling, stratified random sampling and
systematic sampling.

For the simple random sampling method, any sample from the population has an equal chance
of being drawn, that is, every sample has the same probability of being selected. If the
selected sample is removed from the population for subsequent draws, then the method is
random sampling without replacement. However, if the selected sample is not removed
from the population in such way that for any new draw the population remains fixed to the
original, then the simple random sampling is without replacement.
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The stratified random sampling method is based on the fact that sometimes the entire
population might embrace certain number of distinct samples which would be divided into
subpopulations. If this is the case, these subpopulations are called strata and the sum of
them is the total population. For stratified random sampling each stratum is sampled
independently and each individual in the subpopulation is randomly selected, i.e., a simple
random sample is taken in each stratum. For this method, each subpopulation can be
considered as independent and thus each stratum is a population in its own and one is able
to get inferences from each of them.

When the population can be ordered in some scheme and the samples are drawn at regular
intervals through that ordered list, then the sampling method is called systematic sampling.
For this method and to start the sampling is convenient to select the first sample randomly
and then drawn the next samples at regular fixed intervals till the end of the list. That is, the
first element to draw should be selected randomly instead of selecting the first of the list.
Notice that for this method the complete list defines a stratum and each regular interval
defines a stratum that contains the fixed number of elements defined by the interval. Thus,
the difference between this method and the stratified is that the former is defined by regular
strata and each individual occurs at the same relative position within the stratum. On the
other hand, for the later the strata might not be regular and the individuals are selected
randomly in each stratum.

2.1 Normal distribution

By doing a survey with the appropriate sampling method one ends up with a collection of
data that represents the measurement of one or more properties of the chosen samples from
the given population. To make predictions based on statistical inference it is convenient to
make use of the probability functions. The normal distribution is a continuous probability
function and it is considered one of the most important in the field of statistics. This
probability distribution is used in different fields such as statistics, natural sciences, medical
sciences, business and social sciences. Some of its advantages come from the fact that the
random variables get around a single mean value and a large number of results can be
derived in explicit form. The normal distribution is also called Gaussian distribution and
because its plot is a curved flaring shape, it is recognized as a bell curve.

Therefore, the simplest case for a normal distribution is

1
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where x is the random variable. This expression corresponds to the so called standard normal
distribution. The shape of this expression is a “bell curve” where the coefficient (1/+2m)
ensures that the total area under the curve is equal to one; meanwhile the coefficient %2 in the
exponent makes the width of the bell curve also equal to one. If ;1 is the mean value and o2
the variance of a population, the above equation can be expressed in a more general form as
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The parameter p localizes the peak of the bell curve while the root square of o2 is the
standard deviation, o, which defines the width of the distribution. This expression is called
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probability density function and is represented in Figs. 1 and 2. In Fig. 1 the mean value p and
variance 02 have different values to see how the shape of f(x) changes; notice that by making
pu=0 and 02=1 one obtains the standard normal distribution. p and o? are two important
parameters in sampling, probability theory and statistics. Most of the time u is referred as
the mean of a set of values and corresponds to the arithmetic mean, that is,

iz 0

where N is the total number of values {x j}. In statistics p is the expected value of a random
variable and when sampling a statistical population the used term for mean is the sample
mean.
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Fig. 1. The normal probability density function with different p and o2 values

The variance measures how far a set of samples are spread out from each other and it is
defined as,
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For a discrete distribution P(X) with N possible values of x;, the variance is
2
Uzzzp(xi)(xi_:u) ©)
i

and for a continuous distribution,
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o? = [ P(x)(x - ) dx (6)

If variance tells us how far a set of samples are spread out from each other, the root square
of the variance tell us how far samples lie from p, i.e., it describes the spread of the data
around the mean, see Fig.2. In this figure the values of 2|01, 2|02], 2|03| and 2| 04| are
68.2,95.4,99.6 and 99.8 %, respectively, of the unit area under f(x) given by Eq. 2.
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Fig. 2. The normal probability density function with standard deviations.

2.2 Accuracy, precision and errors

When doing measurements of some property of individuals, objects or samples the terms
accuracy, precision and errors show up since they are intrinsic in doing any measure. Thus,
the accuracy of a measurement or of an experiment is related to how closely the
experimental results agree with a true or accepted value. Meanwhile precision is related to
how reproducible the measurement or experiment is. To illustrate these two concepts,
consider a set of data, the set of random variable {xi}, which comes from the measurement of
some property of an object. This set of data is distributed normally according to Eq. (2). The
true or reference value might be on the left or right of the mean. Thus, the mean represents
the peak of the distributed data and the standard deviation tells us how the data spreads
around the mean. Meanwhile accuracy is the separation between the mean and the true
value and, since each measurement might not agree well with each other, precision is
expressed by quoting the standard deviation.

Systematic and random errors can easily be understood by considering two sets of data,
related to two measurements, each defined by normal distribution. One set of data is
reported with poor accuracy but very precise and the other with good accuracy but poor
precision. For the first case, the difference between the mean and the true value is large;
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meanwhile the bell curve of the distribution is very slender, see for example the case for p=0
and 02=0.2 in Fig. 1. That is, each measurement is very similar to each other but all
measurements are not close to match the true value and all have a large error. This kind of
error is the systematic error and it happens exactly in the same manner every time a new
measurement is performed. For the second case, the peak of the bell curve, i.e. the mean, is
very close to the true value but the shape of the bell curve is very broad, see for example the
case for p=0 and 02=4 in Fig. 1. In other words, the measurements as a whole are correct but
each measurement by itself is a poor measure of the true value. This is the case for random
errors which change each time the measurement is repeated.

3. Methods based on chromatographic techniques

Chromatographic techniques have been widely used because they offer good information
about sample composition. Their principal advantages are separation efficiency; identification
of almost any type of molecule present in a food sample; and depending of which technique
is employed, it is possible to obtain very low detection limits for a wide range of analytes.
Liquid chromatography, in particular HPLC (high performance liquid chromatography), can
detect compounds such as aldehydes, proteins, amino acids, phenolic compounds and
carbohydrates (Ball 1990; De Zan et al., 2009; Francisco & Resurreccion 2009; Rubio Barroso
et al., 2006; Schultheiss et al., 2000; Thoma et al., 2006). On the other hand, GC (gas
chromatography) is more suited to the analysis of volatile or semi-volatile compounds; some
substances must be extracted from the food sample, e.g., fatty acids from triglycerides; but
others, such as alcohols, can be injected directly into the column (Petrovic et al., 2010; Wang
et al., 2004). The most commonly detectors used for chromatographic techniques involve
UV-Vis (ultraviolet-visible), fluorescence, electrochemical, MS (mass spectroscopy), FID (flame
ionization detector), ECD (electron capture detector), electronic nose, etc. The methods
developed through these techniques have established patterns of composition of several
types of samples by monitoring the specific compounds. The principal disadvantage of
chromatographic techniques is the complex operation which requires special training to
ensure that the technique is performed correctly. False results are obtained when the
laboratory equipment involved with the technique is not operated correctly. Besides, long
analysis times are required.

3.1 Gas chromatography

Basically, chromatograph equipment consists of four systems: gas supply, the sampling, the
column and the detector system. The gas supply system provides, depending on the kind of
detector that is chosen, the necessary type of gas or gas mixture. The sampling system
usually contains an automatic injector that is situated inside a thermostatically controlled
enclosure and generally has its own oven, but sometimes shares the column oven for
temperature control. The injector can have a complex transport system that can take
samples, wash containers, prepare derivatives and, if necessary, carry out a very complex
series of sample preparation procedures before injecting the sample onto the column. The
column is the principal device that actually achieved the necessary separation, and has an
oven to control the column temperature. Finally, for detection there is a wide range of
detectors available each having unique operating parameters and its own performance
characteristics. The best selection depends on the sample nature and this system also has its
own oven (Holley et al., 1995). Table 1 shows an overview of GC detectors.
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The analyzed substances through GC must be volatile and should be vaporized and moved
through a long column by an inert carrier gas. The column is filled with a packing material
covered with a not-volatile liquid. The molecules of each substance will be distributed into
the gas and the liquid. The more volatile a substance is the longer it will be moving with the
carrier gas, and the quicker it will emerge from the column (Otles et al., 2008). The sample
pretreatment usually is complex and the compounds of importance, usually, must be
extracted from the matrix but if they are not volatile then derivatization techniques must be
used (Herraiz, 2000).

Detector Characteristics Eic;ts::ion
Flame ionization detector (FID) Non-selective ng L1
Thermal conductivity detector (TCD) Non-Selective pg L1-ng L1
Electron capture detector (ECD) Halogens pg L1
Nitrogen-phosphorus detector (NPD) Nitrogen and Phosphorous ng L1
Photo-ionization detector (PID) Aromatic compounds ng L1

Flame photometric detector (FPD) Sulfurous and phosphorous ng L1

Pulsed flame photometric detector (PFPD) Calibrating for several elements ng L-1
Atomic-emission detector (AED) Calibrating for any element ng L1
Electrolytic conductivity detector (ELCD) Halogens, sulfurous, nitrogen, ng L+

Mass spectrometric detector (MSD) Selective ng L1-pg L+

Table 1. GC detectors more common applicable for the determination of food components

The extraction of an analyte utilizes the partitioning of a material between two phases and it
is based on solubility or insolubility in various solvents. Extraction is useful for sample
preparation and purification, but is also often a first step in qualitative analysis. There are
several kinds of extraction process such as liquid-solid, liquid-liquid, SPE (solid phase
extraction) and SPME (solid-phase microextraction).

In liquid-solid extraction, a solvent (hydrophilic or hydrophobic, acidic, neutral or basic) is
added to a solid. Insoluble material can be separated by gravity or vacuum filtration, and
soluble material is extracted into the solvent. A sequence of solvents, by varying polarity or
pH, can be used to separate complex mixtures into groups. Then, the filtered solution can be
injected into the GC system. If the two phases are immiscible liquids the technique is called
liquid-liquid extraction. Usually, one phase is aqueous (hydrophilic) and the other is a
hydrophobic organic solvent. A sequence of extractions with more than one solvent can be
used to separate, with considerable efficiency, relatively complex mixtures.

SPE uses the affinity of solutes dissolved or suspended in a liquid (known as the mobile
phase) for a solid through which the sample is passed (known as the stationary phase) to
separate a mixture into desired and undesired components. The result is that either the
desired analytes of interest or undesired impurities in the sample are retained on the
stationary phase. The portion that passes through the stationary phase is collected or
discarded, depending on whether it contains the desired analytes or undesired impurities. If
the retained portion on the stationary phase includes the desired analytes, they can then be
removed from the stationary phase for collection in an additional step in which the
stationary phase is rinsed with an appropriate eluent.
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SPME involves the use of a fiber coated with an extracting phase, that can be a liquid
(polymer) or a solid (sorbent), which extracts different kinds of analytes (including both
volatile and non-volatile) from different kinds of media that can be in liquid or gas phase.
The amount of extracted analyte by the fiber is proportional to its concentration in the
sample as long as equilibrium is reached. Then the fiber is transferred to the injection port of
the gas chromatograph where desorption and analysis of the analytes is carried out
(Pawliszyn, 1997).

The most typical applications on GC for food analysis pertain to the quantitative and/or
qualitative analysis of food composition, natural products, food additives, flavor and aroma
components; a variety of transformation products, and contaminants, such as pesticides,
fumigants, environmental pollutants, natural toxins, veterinary drugs, and packaging
(Holley, 1995).

Among the natural products analyzed by GC one can highlight the analysis on olive oil
samples. Recent studies are based on the determination of several kinds of analytes such as
undesirable compounds, e.g. pesticides and herbicides (Dugo, 2005; Aramendia, 2007);
monoaromatic volatile compounds (benzene, toluene and ethylbenzene) (Gilbert Lopez et
al., 2010); beneficial health compounds such as phenolic compounds (Garcia Villalba et al.,
2011); studies that involve the interpretation of the responsible compounds of oil aroma
(Garcia Gonzalez & Aparicio, 2010) and so on. There are other works that analyze changes
of patterns focused on comparison of their fatty acid composition through chemometric
analysis (Lee et al, 1998). Chemometric analysis of the triacylglycerol and fatty acid
composition is usually a media to determine their varietal and geographical authenticity
(Luykx & van Ruth, 2008).

GC offers good information about distillated beverages composition and its utility has been
proved on the analysis of spirit beverages like tequila, vodka, cognac, ron and brandy.
Through a variety of detectors such as FID, MS, electronic nose, etc.,, coupled to GC
equipment it has been possible to establish patterns of composition and concentration not
only for white but for rested alcoholic beverages (aged in barrels) too. For these beverages
aldehydes, phenols, terpenes, higher alcohols, volatile organic acids, esters, fatty acids, etc
are monitored (Campo el at., 2007; Cardeal & Marriot, 2009; Pefia Alvarez et al., 2006;
Plutowska & Wardencki, 2008; Wang et al., 2004).

Other studies have been successfully applied to analyze and authenticate other food
products. For example, coffee has been studied to detect dichloromethane,
methylimidazole, adulterations of ground roasted coffee with roasted barley; other
properties of coffee as fingerprint of coffee flavor and discrimination among several
varieties has been done with the help of chemometric analysis (Casal et al., 2002; Hovell et
al.,, 2010; Huang et al., 2007; Oliveira et al., 2009; Russo et al., 1989). Detection of pesticides,
vitamins, sugars and organic acids on vegetables, fruits and fruit juices has been reported
(Barden et al., 1997; Gonzalez et al., 2008; Pereira et al., 2006; Sanz & Martinez Castro, 2004;
Wegener & Lopez Sanchez, 2010; Xiao et al., 2006; Yang et al., 2011). GC was used in
conjunction with LDA (linear discriminant analysis) and PLS (partial least squares) to
differentiate apple juices (Reid et al., 2004). The adulteration of strawberry puree with
different levels of apple puree was detected using SPME-GC and PLS analysis at levels of
25% (Reid, O’'Donnell, Downey, 2004). Sulfur compounds, fatty acids, flavor compounds
and organochlorine components on milk (Luna & Juarez, 2005, Vazquez et al., 2005;
Vazquez Landaverde et al., 2006; Vetter et al., 2000). Table 2 shows the typical conditions
and applications when using GC for food analysis.
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Abbreviations: SPME, solid-phase microextraction; FID, flame ionization detector; MS, mass spectroscopy;
PTV, programmable temperature vaporization; DSI, direct sample introduction; DMI, difficult matrix

introduction; ECD, electron capture detector; NPD, nitrogen-phosphorus detector; FPD, flame photometric
detector; PFPD, pulsed flame photometric detector; AED, atomic-emission detector; PID, photo-ionization

detector; ELCD, electrolytic conductivity detector; CyP-Phe, Cyanopropyl-phenyl; DMPS,

dimethylpolysiloxane; DPhe, Diphenyl.

Table 2. Gas chromatographic conditions for most common compounds analyzed in food
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3.2HPLC

HPLC is a separation technique that involves the injection of a small volume of liquid
sample into a tube packed with tiny particles (3 to 5 pm in diameter). Individual
components of the sample are moved down the packed tube (column) with a liquid (mobile
phase) forced through the column by high pressure delivered by a pump. For the case of LC
(liquid chromatography) samples are transported along the column by a liquid moved by
gravity.

In principle, LC and HPLC work in similar way but HPLC has some advantages over LC such
as speed, efficiency, sensitivity and ease of operation, and they make it vastly superior to LC.
The compounds in a sample are separated one from the other by the column packing that
involves various chemical and/or physical interactions among their molecules and the
packing particles. These separated components are identified at the exit of the column by a
flow-through device (detector) that measures them. The detector device can be based on
several techniques such as a spectrophotometric, fluorescence or electrochemical detection.
The output from the detector is called a chromatogram. The HPLC equipment is constituted
by four principal components, i.e. the pump, the injector, the column and the detector systems.
Pump. The pump system forces a liquid (mobile phase) through the column at a specific
flow rate and normal flow rates in HPLC are in the range of 1-to 2-mL/min. Typical pumps
can reach pressures in the range of 6000-9000 psi (400-to 600-bar). During the
chromatographic experiment a pump can deliver a constant mobile phase composition
(isocratic) or an increasing mobile phase composition (gradient).

Injector. The injector serves to introduce the liquid sample into the flow stream of the
mobile phase. Typical sample volumes are 5-to 20-microliters (uL) and the injector must also
be able to withstand the high pressures of the liquid system. When the user has many
samples to analyze or when manual injection is not practical then the use of an autosampler
is recommended (this is an automatic version).

Column. The column system is considered the “heart of the chromatograph”. The column’s
stationary phase separates the sample components of interest using various physical and
chemical parameters. The pump must push hard to move the mobile phase through the
column and this resistance causes a high pressure within the chromatograph. It is important
to take into account that the correct selection of the column packing and the mobile phase
are the most important factors in making the best performance with HPLC.

Detector. The detector can determine individual molecules that come out (elute) from the
column. A detector serves to measure the amount of those molecules so that the chemist can
quantitatively analyze the sample components. The detector provides an output to a
recorder called chromatogram.

To separate most compounds there are four major separation modes, i.e. RPC (Reversed-
Phase Chromatography), Normal Phase or Adsorption Chromatography, Ion Exchange
Chromatography and SEC (Size Exclusion Chromatography).

For RPC the column packing is non-polar, e.g. C18, C8, C3, phenyl, etc. and the mobile
phase is water (buffer) + water-miscible organic solvent, methanol and acetonitrile for
example. RPC is by far the most popular mode (over 90%) and can be used for non-polar,
polar, ionizable and ionic molecules. All this makes to RPC very versatile for samples
containing a wide range of compounds; gradient elution is often used. One begins with a
predominantly water-based mobile phase and then adds organic solvent as a function of
time. The organic solvent increases the solvent strength and elutes compounds that are very
strongly retained on the RPC packing.
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The Normal Phase technique or Adsorption Chromatography is useful for water-sensitive
compounds, geometric isomers, cis-trans isomers, class separations, and chiral compounds.
The column packing is polar (e.g. silica gel, cyanopropyl-bonded, amino-bonded, etc.) and
the mobile phase is non-polar (e.g. hexane, iso-octane, methylene chloride, ethyl acetate),
normal phase separations are performed less than 10% of the time.

Ion Exchange Chromatography, in this mode the column packing contains ionic groups, e.g.
sulfonic, tetraalkylammonium and the mobile phase is an aqueous buffer, for example
phosphate or formate. Ion exchange is used for about 20% of the cases and it is well suited
for the separation of inorganic and organic anions and cations in aqueous solution, Ionic
dyes, amino acids, and proteins. In fact any salt compounds in brine water.

In Size Exclusion Chromatography there is no interaction between the sample compounds
and the column packing material. Instead, molecules diffuse into pores within a porous
medium and depending on their size (relative to the pore size) molecules can be separated.
Thus, molecules larger than the pore opening do not diffuse while those smaller do and get
separated. Large molecules elute first while smaller molecules elute later. The SEC technique
is used by 10-15% of the cases, mainly for polymer characterization and for proteins.
Modern agriculture and food processing often involve the use of chemicals. Some of these
chemicals and their functions are listed below:

e  Fertilizers: increase production of agricultural plants

o  Pesticides: protect crops against weeds and pests

e Antibiotics: prevent bacteria growth in animals during breeding

e  Hormones: accelerate animal growth

e  Colorants: increase acceptability and appeal of food

e Preservatives and antioxidants: extend product life

e Natural and artificial sweeteners and flavors: improve the taste of food

¢  Natural and synthetic vitamins: increase the nutritive value of food

e  Carbohydrates: act as food binders

Such chemicals improve productivity and thus increase competitiveness and profit margins.
However, if the amounts in the final product exceed certain limits some of these chemicals
may prove harmful to humans. Therefore it is very important to have control of the right
amounts of chemicals and on important technique is HPLC. The number of applications of
this technique in food quality control is in continuous growth, and Table 3 shows some
applications.

On the other hand, Fig.3 shows the polarity and volatility characteristics of the most
common compounds in food products. This figure gives a major idea about which technique
is better between GC or HPLC for several kinds of compounds and which type of column or
separation mode is the best choice according of the compound polarity.

It is possible to find several HPLC applications for many kinds of compounds in food
products. For example the determination of vitamins Be, K, By, D3, and C in honey, animal
products and in a wide range of fortified food products like fruit juices, in fruits directly and
milk (Breithaupt, 2001; Ciulu et al., 2011; Fontannaz et al., 2006; Kall, 2003; Romeu Nadal et
al., 2006; Salo et al., 2000). Analysis of the whey protein b-lactoglobulin has enabled
detection of the adulteration of ovine and caprine cheese with bovine milk at levels as low
as 2% v/v, and of caprine milk with bovine milk (Chen et al., 2004).

Several types of distilled beverages have been analyzed through HPLC such as tequila,
rum, cognac, whisky and vodka for the determination of aldehydes (2-furaldehyde,
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Abbreviations: SD, stem distillation; SPE, solid phase extraction; UV-Vis, ultraviolet-visible spectroscopy;

LE-UB, Liquid Extraction with ultrasonic bath; LLE, liquid-liquid extraction; ACN, Acetonitrile; UV-DAD,
ultraviolet-diode array detector; Drvt, derivatization; OPA, o-phthalaldehyde; MPA, mercapto-propionic

acid; LSE, liquid-solid extraction; TDC, tetracycline dissociation; DVT online derivatization with

bromophenacyl bromide; SDI, sample direct injection.

Table 3. HPLC conditions for most common compounds analyzed in food
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5-hydroxymethyl-2-furaldehyde and furfural), amines, carbohydrates and toxic compounds
like arsenic. However, there is poor information concerning methods for the identification of
adulterate distilled beverages, see Sec. 4.3 below. Some authors have reported methods for
determination of aging markers in tequila such as phenolic compounds (gallic acid, vanillin,
syringaldehyde, sinapinaldehyde, so on) and through these compounds is possible to
recognize adulterate tequilas (Alcazar et al., 2006; Coelho et al., 2005; Munoz Munoz et al.,
2008; Soga, 2002; Vidal Carou et al., 2003).
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Fig. 3. Comparison of the physical and chemical properties of the main analytes of food
products

Wines from different areas of origin in Canary Islands were correctly classified at levels as
high as 100% using HPLC analysis. The study was on selected polyphenol compounds
combined with PCA and LDA (Rodriguez Delgado et al., 2002). Spanish table wines were
correctly differentiated at levels of 83-86% using PCA and LDA of the HPLC data obtained
for selected biogenic amine compounds in the samples (Romero et al., 2002).

On the other hand, HPLC analysis of the triglyceride and tocopherol composition of coffee
samples was combined with PCA and LDA to differentiate coffee samples on the basis of
variety (Gonzalez et al., 2001). Another important food product that has been the subject of
analysis by several techniques is the olive oil. The analysis of several phenolic acids is
carried out by HPLC where the overlapped peaks are resolved by using chemometric tools
such as MCR-ALS and PARAFAQC?2 (parallel factor analysis) (Marini et al., 2001). Other works
are focused on the pre-treatment, Tasioula-Margari et. al. propose the simultaneous
extraction and HPLC determination of phenols and tocopherols in virgin oil and an average
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recovery of 80% was achieved (Tasioula Margari & Okoger, 2001). Adulteration of olive oil
with soybean oil can be detected by methods of triacylglycerol evaluation with HPLC-
APCI-MS-MS (Fasciotti & Pereira Natto, 2010).

3.3 Electronic nose

Electronic nose technology is based on chemical gas-sensor array technology, i.e. the
detection by an array of semi-selective gas sensors of the volatile compounds present in the
headspace of a food sample. Some of the advantages of the electronic nose technology over
other techniques are the high number of samples that can be analyzed in a short period of
time, with good reproducibility and accuracy. However, this technique employs sensors that
are not very selective for particular types of compounds, thus preventing any real
identification or quantization of individual compounds present in a food sample.

Electronic nose technology in conjunction with chemometric analysis (PCA and ANN) has
also been successfully applied to the analysis of changes of aroma, along days, released from
a flavour encapsulated in a polysaccharide gel matrix, i.e. the time dependence of the aroma
pattern emitted by an encapsulated essence (Rodriguez et al., 2010). Chemometric analysis is
also applied to alcoholic beverages such as wine samples. Spanish white, red and rose wines
were differentiated using a combination of electronic nose and principal components
analysis (Guadarrama et al., 2001). On the other hand, authenticity studies have also been
carried out for the differentiation of honey samples. Other applications include the
determination of the geographical origins of food products and the differentiation of olive
oils from adulterated samples with other kind of oils (Cerrato et al., 2002; Cosio et al., 2006).
Despite its drawbacks, electronic nose technology remains an area of research that holds
much potential for future development in a higher number of applications related to food.
Numerous electronic nose studies related to food already have been published. Many of
them represent preliminary feasibility studies, but a limited number of them represent basic
studies including long term validation of the technique on a specific application.

4. Spectroscopic techniques and chemometric tools

Spectroscopic techniques have the potential to simplify and reduce analytical times. This
section reviews the use of some spectroscopic techniques which combined with
chemometric assess food quality. Among the techniques that will be considered are Raman,
NIR, MIR, NMR, UV-Vis and fluorescence.

Some of the main advantages of spectroscopic methods are simplicity, rapidity, and
practically there is no use of sample pre-treatment. However, the capacity of simultaneous
determination of several analytes in the same sample or the determination of a single
analyte in complex matrices through direct spectroscopic measures diminishes because the
spectral overlap. Chemometric tools such as the MVCM (multivariate calibration models) allow
the spectral resolution and quantification in the presence of interferents. Further, the
detection of discrepant samples of prediction is possible and recently, multiway
chemometric techniques have been introduced for the analysis of complex samples (Bro,
2006; Culzoni et al., 2007; Ornelas, 2008; Rodriguez et al., 2008). The advantage of using data
involving high-dimensional structured information is the higher stability towards
interferents and matrix effects compared with first-order methodologies. There are several
algorithms for analyzing second-order data, such as PARAFAC, BLLS (bilinear least-squares)
and N-PLS (multiway partial least-squares) (Rodriguez et al., 2008).
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PARAFAC is a decomposition method, which conceptually can be compared to bilinear
PCA. The decomposition is made into triads or trilinear components, and each component
consists of one score vector and two loading vectors. An advantage of PARAFAC is the
uniqueness of the solution. This means that the true underlying spectra will be found if the
right number of components is used and the signal-to-noise ratio is appropriate (Bro, 1997).
The decomposition of EEMs (excitation-emission matrices) data into three-dimensional arrays,
by PARAFAC, exploits the second-order advantage (Culzoni et al., 2006). This advantage
allows direct extraction of the spectral profiles as well as the relative concentrations of
individual sample components (Munoz de la Pena et al., 2006).

BLLS is a technique based on a direct least-squares procedure (Linder & Sundberg, 1998). It
starts with a calibration step in which approximations to pure analyte matrices at unit
concentration are found by direct least-squares. To estimate the pure analyte matrices, the
calibration data matrices are first vectorised and grouped and, an analogous procedure to
classical least-squares is then performed (Faber et al., 2002). Concentration estimation is
usually carried out through the least-squares predictor (Linder & Sundberg, 1998).

A promising alternative is NPLS, which is a genuine multiway method. But these algorithms
do not present the second-order advantage unless they are coupled with a procedure known
as RBL (residual bilinearisation) (Cardeal & Marriott, 2009; Casal et al., 2002; Russo & Goretti,
1989). Recently, two reviews about the algorithms and applications of second- and third-
order multivariate calibration have been published (Bro, 2006; Escandar et al., 2007).

4.1 The Raman, Mid-infrared (MIR 4000 to 400 cm'1) and Near-infrared (NIR 14000-4000
cm'1) spectroscopic techniques

The use of Raman, MIR and NIR spectroscopic techniques in chemical analysis has been
broadened for the past two decades due to the advance of technological and scientific
innovations. The involved instrumentation in these three techniques is easy to implement at
any laboratory, for academic or industrial use, due to the increase of improved instruments
in the market. Furthermore, for routine processes these techniques are very practical since
special training is not required and the cost of the equipment would be much less than any
of those use in chemical analysis. The main feature of these techniques when applied to any
sample is that they are not destructive and the time to obtain results is short compared to
wet analysis. Thus, if they are applied to food products for quality control the sample under
study does not require any pre-treatment.

When Raman spectroscopy is compared against IR spectroscopy, it presents the advantage
of low sensitivity to water; therefore lends itself for making measurements in liquid
environments. On the other hand, it presents high sensitivity to C=C, C=C and C=N bonds
and thus, the fatty acid composition in foods is easily determinate. Raman spectroscopy also
gives high selectivity to inorganic compounds like salts.

The Raman spectroscopy has been employed for determination of food proteins. For this
case Raman spectra of modified proteins trough analysis of a new C=O stretching
vibrational band attributed to y-carboxyl groups of aspartic and glutamic acids was used
(Wong et al., 2004). For quantitative measurements of carotenoid, collagen and fat in fish
muscle the Raman technique was also used (Marquard & Wold, 2004). In the case of edible
oil analysis, the Raman technique allowed to investigate the chemical changes taking place
during lipid oxidation in several edible oils through oxidative degradation of several
vegetable oils by using heating at 160 °C (Muik et al., 2005).
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Raman spectroscopy with chemometric analysis was successfully employed for determination
of adulterants in honey. For this case honey is adulterated by using cheap invert sugars.
Also, it was employed to successfully differentiate honeys of various botanical and
geographical origins of the nectar which are related to the chemical composition of honey.
Because of consumer preferences, prices of honeys from single plant species are much
higher than those of common polyfloral honeys (Lema et al., 2010; Paradkar & Irudayaraj,
2002).

On the other hand, the analysis of food samples by using MIR or NIR gives information
about molecular bonds and can therefore give details of the types of molecules present in
food products. By using NIR spectroscopy one can easily quantify various properties of food
such as online measurement of water, proteins, pigments and fat content. When these IR
spectroscopic techniques are used jointly with multivariate analysis some results have been
reported. For example, the quality control of potato chips was tested trough extraction of oil
from potato chips with a carver press; the spectra were collected by using a temperature
controlled ATR (attenuated total reflection) accessory (Shiroma & Rodriguez, 2009). These
techniques were employed to differentiate between apple juice samples on the basis of apple
variety; for this case chemometric procedures were applied to MIR and NIR data where
PLS2 and LDA for varietal differentiation applied to PC (principal component) scores (Reid et
al., 2005). For the detection of adulterate oil samples and classification of other vegetable oils
according to their botanical origin the FTIR with chemometric analysis was used (Gurdeniz
& Ozen, 2009; Wang & Li, 2011).

NIR and MIR have widely employed for meat quality control. Several works test the ability
of both spectroscopic techniques to follow meat freshness decay in high-oxygen modified
atmosphere packaged at different temperatures (Sinelli et al., 2010); determination of C22:5
and C22:6 for marine fatty acids analysis in pork adipose tissue (Flatten et al., 2005). FT-IR
was exploited to measure biochemical changes within the fresh beef substrate, enhancing
and accelerating the detection of microbial spoilage (Ellis et al., 2004). The potential of near
infrared spectroscopy to predict texture and colour of dry-cured ham samples was
investigated by analyzing of 117 boned and cross-sectioned dry-cured ham samples. The
overall accuracy of the classification as a function of pastiness was 88.5%; meanwhile,
according to colour was 79.7%. Partial least squares regression was used to formulate
prediction equations for pastiness and color. The samples were classified into defective or
no defective classes with a correct classification of 94.2% according to pasty texture
evaluation and 75.7% as regard to colour evaluation (Garcia Rey et al., 2005).

4.2 NMR spectroscopy

NMR spectroscopy involves the analysis of the energy absorption by atomic nuclei with
non-zero spins in the presence of a magnetic field. The energy absorptions of the atomic
nuclei are affected by the nuclei of surrounding molecules, which cause small local
modifications to the external magnetic field. NMR spectroscopy can therefore provide
detailed information about the molecular structure of a food sample, given that the observed
interactions of an individual atomic nucleus are dependent on the atoms surrounding it.
High-resolution NMR (HR-NMR; frequencies above 100 MHz) has been applied in many
food products. NMR is conventionally used to obtain detailed chemical information on
liquid-state systems. Recent advances in techniques and hardware now allow the routine
acquisition of high-resolution 13C NMR spectra from solid materials. Although 1H is the
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most abundant NMR nucleus, there are technical difficulties in high-resolution solid-state
1H NMR that make 13C the nucleus of choice (Gidley, 1992).

The MNR studies are diverse such as the study of the acyl positional distribution on fish
phospholipids in the carbonyl region. A selective enrichment of saturated and
monounsaturated fatty acids in the sn-1 position, and a corresponding sn-2 location of
polyunsaturated fatty acids (PUFA) was found (Medina & Sacchi, 1994). High resolution 1H
NMR has been applied to monitor the changes in the composition of natural mango juice
subjected to spoilage and to microbial contamination with Penicillium expansum; this study
was made through monitoring of typical fermentation products, organic acids, amino acids
and less abundant components such as oligosaccharides and aromatic compounds (Duarte
et al., 2006).

An important field for NMR analysis is to assess geographical origin of traditional food;
diverse countries have adopted different denominations to label their typical food products
in order to give them additional value (Consinni & Cagliani, 2010). The relative deuterium
concentration and specific deuterium-site locations in a molecule can be determined using
SNIFNMR (Site-Specific Natural Isotope Fractionation-Nuclear Magnetic Resonance). This can
provide information about the chemical pathway of formation and, in some cases,
information about the geographic origin of a sample can also be discerned (Cross et al.,
1998). In this context, food products such as olive oil, dairy milk and cheese have been tested
(Bescia et al., 2005; D'Imperio et al., 2007, Karoui & Baerdemaeker, 2007). The major
disadvantage of HR-NMR is that it is one of the most expensive analytical techniques to
employ.

4.3 Fluorescence and UV-Vis spectroscopy

Fluorescence spectroscopy has been used to assess different food proprieties by using
different methods such as synchronous front-face fluorescence spectroscopy along
chemometric methods. A review on this matter has been reported by Sadecka and Tothova,
2007. In particular some applications of such methods have been reported, for example for
the determination of microbial load on chicken breast fillets stored aerobically (Shar et al.,
2011). Studies of olive oil adulteration and classification of virgin olive oil from other types
were also made (Guimet et al., 2004; Guimet et al., 2005). Similar to other spectroscopic
techniques, fluorescence spectroscopy has a large potential for being used in food research
and this potential has been increasing during last years. Fluorescence spectroscopy can
determinate some properties of food products without sample preparation since it is a non-
destructive technique; there is no use of chemicals; food can be solid or liquid and the time
of performance to obtain results can be very short when compared against those wet
techniques; it can be used to analyze compounds at concentration as low as parts per billion,
and among anything many food products contain intrinsic compounds that emit light when
excited with the proper light-wavelength.

Other food products that have been studied under different techniques are alcoholic
beverages, e.g. beers, table wines and spirits. Some works have shown the effectiveness of
applying chemometric methods to different spectroscopic techniques. For example, NIR
spectra to estimate the ripeness of wine grapes (Herrera et al., 2003), and to FT-IR and UV
spectra for the characterization and classification of wine (Guillén et al., 2005). The alcohol
content in beverages has also been done through spectroscopic techniques (Barboza &
Poppi, 2003). Differentiation between brandies and wine distillates has been achieved and
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reported through luminescence (Tothova et al., 2009). Thus, it can be claimed that
multivariate data analysis has played a good rule jointly with chromatographic and
spectroscopic methods when applied to food products, in particular, for alcoholic beverages
(Barbosa Garcia et al., 2007; Edelmann et al., 2001; Mattarucci et al., 2010; Navas & Jimenez
1999; Savchuk et al., 2001).

On the other hand, with UV-Vis spectroscopy table wines have also been classified and
differentiated (Urbano et al., 2006) and the authentication of whiskeys through absorption
spectroscopy has been reported (MacKenzie & Aylott, 2004). The UV-Vis spectroscopy with
chemometric analysis is a simple way to distinguish the types of the popular spirit made
from the juice of the agave plant, i.e. tequila (Barbosa Garcia et al, 2007). Two kinds of
tequilas are produced, the 100% blue agave and the mixed which is only 51% of blue agave.
Mezcal is another spirit made from different type of agave and also could be distinguished
from tequila with similar methodology. The quality control of these spirits, along the
process of production, could be possible in situ. Another result from these studies is the
differentiation among different brands of tequila and all these results can be extended to
other spirits. Therefore, adulteration and authentication of tequilas is possible to be
recognized though a simple method. These results were made through the UV-Vis
absorption spectroscopy and validate through HPLC (Contreras et al., 2010; Munoz Munoz
et al., 2010).

5. Conclusions

In addition to sensory parameters such as aroma, colour or taste, the quality of food all over
the world is based on measurable factors such as chemical and nutritional composition
(percentage of sugar, fatty acids, antioxidants, protein, fibre etc.), as well as microbiological
control. In this chapter, an overview of some of the most used methodologies for quality
control of food products has been shown. It is clear that chemical analysis plays an
important role in this matter and the choice of appropriate analytical method should be
treated as an essential aspect. This is so since the chosen method for analysis should be
adequate to the purpose for which results are required, e.g., determination of forbidden and
permitted substances (application of food laws and official regulations) or monitoring of key
compounds that enhance the food value. Besides the suitable method of analysis, it was
pointed out in this chapter that sampling and pre-treatment of food products play an
important rule in the quality control process for food products. A short review of sampling
procedures was given and the pre-treatment on food was pointed out along the presented
analytical method.

New trends on the quality control processes are clearly seen nowadays. Industry needs
to reduce costs and time during the test of food products. Besides high levels of specificity
and accuracy, analysis along the line of production is needed. Pre-treatment of samples
should be minimized to reduce costs and times for testing food products. Thus, in this
chapter it was shown that there are a great variety of analytical methods for food quality
control. However those based on chromatography are the best bet since new methodologies
with chemometric analysis are rising up. The main developments in chromatographic
methods are focused on the reductions of analysis times. Nowadays there are
chromatographic runs lasting only a few minutes. These improvements increase the industrial
potential of chromatography, although the use of MS detection would vastly increase the
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cost. The electronic nose technology has the advantage of being relatively cheap, quick and
easy to operate. On the other hand, spectroscopic methodologies are the newest that are
becoming stronger in the field. They have some interesting features not seen in other
analytical methods, e.g. no-pretreatment of samples, the cost of laboratory equipment for
routine analysis is low, can be fast compared to other methods, can be performed in situ
along the line of production and so on. Moreover, some other techniques as NMR
spectroscopy, despite its high level of specificity and accuracy in food characterization, have
disadvantages in cost terms for online applications like chromatographic techniques.
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1. Introduction

Increasing costumer demand for safe food has lead food industry to build up food safety
and quality systems. The food safety and quality are affected by insufficiency on
administration, supplier, production technologies, working environment, human resources
and control activities.

Hazard analyzes and critical control points (HACCP) is a system that identifies, evaluates
and controls hazards which are significant for food safety. It is a structured, systematic
approach for the control of food safety throughout the commodity system, from the farm to
the plate. It requires a good understanding of the relationship between cause and effect in
order to be more pro-active and it is a key element in Total Quality Management (TQM).
The HACCP system has 7 elements called the HACCP principles and pre-requisite programs
that must be in place for the system to operate effectively. HACCP is focused in two main
steps, namely; (1) Hazard analysis and critical control points (CCPs) determination and (2)
HACCP plan for the food processing. First step includes hazards identification, hazard
assessment, preventive measure establishment, CCPs determination and their critical limits.
The following step is to carry out HACCP plan preparation; monitoring system, corrective
actions, verification system and related record system on each CCP.

Statistical tools are an effective way for improving process quality and safety. A large
number of managers have achieved the benefits from statistical process control (SPC)
implementation. SPC includes flow charts, pareto analysis, histograms, cause-and-effect or
Ishikawa diagrams, scatter diagrams, and control charts. Control charts enable the
monitoring of key variables during production and they give warning when the process is
out-of-control. The best-known charts are the X and s charts that show the temporal
variability of the average and standard deviation of the sample subgroups. SPC tools are,
particularly control charts, for trend analysis, monitoring and evaluating the critical control
points (CCPs) statistically, obtaining advance warning on the status of a critical control
point and not just a “Pass/Fail” classification and measuring process outputs and
identifying if they vary within statistically defined upper and lower control limits. Use of
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these tools is discussed by considering traditional sucuk (sausage) process. Sucuk, is a term
used for a fermented dry meat product, is a very popular meat product in Turkey and
countries located in Balkans, Middle East and Caucasus. Similar type products are also
known in most Middle East countries and in European countries. This meat product has
been chosen because of its liability to deteriorate easily.

Assuring HACCP effectiveness for food safety relies on application of many prerequisite
programs. In addition, some processes (Documentation and record process, internal audit
process, etc) applied with ISO 9000-Quality Management System (QMS) standard are used
with the HACCP system. ISO 22000-Food Safety Management System (FSMS) standard is
being introduced as organizing all of these requirements; moreover it is desired to be used
as a single standard in the world. These management systems require statistical tools to
have an effective implementation.

2. Food safety and quality systems

Food safety is a scientific discipline handling, preparation, and storage of food in ways that
prevent food borne illness. HACCP is a management system in which food safety is
addressed through the analysis and control of biological, chemical and physical hazards
from raw material to the end product. ISO 22000 concentrates exclusively on food safety and
will instruct food producers how they can build up the food safety system itself. Food
quality is the quality characteristics of food that is acceptable to consumers. The ISO
9000:2000 includes all management, production, distribution, and product design and
service activities.

2.1 TQM and ISO 9000-Quality management system standard

Total Quality Management (TQM) is a comprehensive and structured approach to
organizational management that seeks to improve the quality of products and services
through ongoing refinements in response to continuous feedback. TQM covers to meet
customer requirements, to improve teams, to reduce product and service costs and to
provide continuous improvement. TQM techniques have demonstrated an ability to
significantly increase productivity and improve profitability. Total Quality Management
(TQM) is a comprehensive philosophy of living and working in organizations that
emphasizes the relentless pursuit of continuous improvement (Chase & Aquilano, 1995).
The principles of TQM and other management systems are summarized in Table 1.

The basic principles for the Total Quality Management (TQM) philosophy of doing business
are to satisfy the customer, satisfy the supplier, and continuously improve the business
processes. Organizations depend on their customers and therefore should understand
current and future customer needs, should met customer requirements and strive to exceed
customer expectations. Nearly every organized activity can be looked upon as a process.
This process is supported by on organization consisting of people and their relations,
resources and tools. Continuous improvement is an integral part of a total quality
management system. Common tool to achieve to continuous improvement could be the
plan-do-check-act (PDCA) cycle, often called the Deming Wheel, which conveys the
sequential and continual of the continuous improvement process.

ISO 9000:2000 is in fact families of standards developed to assist organizations implement
and operate effective quality management systems (QMS). ISO 9000:2000 consisted of
quality systems that focused on documenting all quality assurance and improvement
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processes in a company (ISO, 1999). Although the ISO 9000:2000 was originally developed
for the manufacturing sector, it had been applied to many service organizations and was
gaining some acceptance in the food industry.

TQM ISO 9000:2000-QMS  HACCP ISO 22000-FSMS
¢ Focuson e Customer focus e Hazard e  Customer focus
customer e Leadership analysis e Leadership and team
e Leadership e Involvementof ©®  Critical control work
e Leteverybody people points (CCPs) & Involvement of
be committed ¢  Process e Critical limits people
e  Approaching approach e Monitoring e  Process approach
of process e  System approach procedures and food safety
e Focus on to management e  Corrective e  System approach to
system e Continual actions management
management improvement e Verification ¢ Continual
e Continuous o  Factual approach procedures improvement
development to decision ¢ Documentation e  Factual approach to
e Reality making procedures decision making
approaching 4 Mutually e  Mutually beneficial
e  Cooperation beneficial supplier
with suppliers supplier relationships
relationships e Legislation,
regulations

e  Science and
experience

e Interactive
communication

Table 1. The Principles of TQM, ISO 9000:2000-QMS, ISO 22000-FSMS and HACCP

The ISO 9000:2000 standard describes a basic set of 8 elements by which quality
management system can be developed and implemented. Table 2. represents the structure
of ISO 9000:2000-QMS Standard.

2.2 HACCP and ISO 22000-Food safety management system standard

For the food industry, the HACCP program is currently recognized as the best approach to
control food safety. Although concerns such as quality and economic adulteration are not
included in the HACCP system, the implementation of an HACCP system means greater
control over production process, which results in improvements in both the quality and
safety of food. The HACCP system has 7 elements called the HACCP principles (Table 1.)
and pre-requisite programs (Table 2.) that must be in place for the system to operate
effectively (FAO, 1998; Codex, 2003).

The food processing industry has long used HACCP programs to make their products safer.
Application of HACCP systems in many different manufacturing processes has led to more
efficient prevention of adverse health effects associated with the consumption or use of the
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products. In addition, HACCP focused on the elimination of food-related health hazards.
Companies involved in HACCP attempted to identify all critical points at which health
hazards could be introduced into food and control those points to eliminate the associate
risk (Mortimore & Wallace, 1998).

Strategic Operational Support
" QP.1 Market Research and  |QP.6 Product Design (QP.8 Purchasing
S Customer Relation QP.7 Food IQP.9 Internal Audit
OII QP.2 Internal Manufacturing QP.10 Data Analysis
1= Communications IQP.11 Maintenance of
8 QP.3 Document and record measurement’s and
§ Control process equipments
2 | QP4 Planning IQP.12 Calibration of
O ,
) QP.5 Resources measurement’s
Management equipment
PR.1 Construction and lay-  |PR.4 Supplies of air, IPR.10 Management of
out of buildings and water, energy and purchased materials
» associated utilities other utilities (e.g. raw materials,
% PR.2 Lay-out of premises, PR.5 Supporting services, ingredients, chemicals
e including workspace including waste and and packaging), and
é and employee facilities sewage disposal supplies
‘?o! PR.3 The suitability of PR.6 Cleaning and
S equipment and its sanitizing
& accessibility for PR.7 Pest control
8 cleaning, maintenance |PR.8 Personnel hygiene
= and preventative PR.9 Measures for the
maintenance prevention of cross
contamination

QP: Quality Process, PR: Pre-requisite

Table 2. Some quality processes and prerequisite programs

HACCEP is a system that identifies, evaluates and controls hazards which are significant for
food safety (FAO, 1998). It is a structured, systematic approach for the control of food safety
throughout the commodity system, from the farm to the plate.

ISO 22000-2005 FSMS aims to harmonize the requirements for food safety management in
food and food related business (ISO, 2005). ISO 22000-2005 FSMS assists the food
manufacturers in the use of HACCP principles. Main elements in ISO 22000:2005 FSMS are
compatible with ISO 9000:2000 QMS. Both models consist of 5 major elements. For the
proposed-integrated models, the principle aim is to provide simplicity and applicability. A
common documentation system is provided by the integration (Figure 1.).

HACCP system had been required operational applications such as GMP, GHP, and SSOP
before ISO 22000-FSMS Standard had been published. ISO 22000-FSMS Standard has
included and organized the definition and detailed contents of these applications.
Prerequisite programs, in this study, are classified as strategic, operational, and
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supportive programs (Table 2). ISO 22000-FSMS and ISO 9000-QMS have the same
framework properties. The standards have built on customer focus, continuous
improvement, and process approach. Figure 3 shows the properties and similarities of the
standards. ISO 22000-FSMS standard includes HACCP principles with prerequisite
programs (ISO, 2005). The prerequisite programs and processes that are required both ISO
9000-QMS and ISO 22000-FSMS are shown in Table 2. For example; the followings are in
both standards; documentation and record process (QP 3), which are the fundamental
items in both standards are in the article number 4. The planning (QP 4), and internal
communication (QP 2) are in the article number 5, resource management process (QP 5)
are in the article number 6.

2.3 Continuous improvement

Continuous improvement is a management philosophy that approaches the challenge of
product and process improvement. Specifically, continuous improvement seeks continual
improvement of machinery, materials, labor utilization, product quality and safety, and
production methods through application of suggestions and ideas of team members (Chase
& Aquilano, 1995).

ISO 9000:2000 Quality Management System and ISO 22000:2005 Food Safety Management
System are based on the process model which includes the continuous improvements from
suppliers to the customer chain. In both models the influence of Deming’s cycle can be seen
(Table 3.). In ISO 9000:2000-QMS and ISO 22000:2005 a far greater emphasis is placed on the
use of measurement and analysis of results, feeding into the review and improvement
process. The continued auditing and verification of HACCP system demand more attention
than the initial development of a HACCP plan. Food companies sometimes focus on the
process control portion of HACCP without documenting the product design. Important
process in HACCP system verification includes the initial validation of HACCP plan and its
periodic revalidation. HACCP is brought to a standard structure with ISO 22000:2005 which
has similarities with ISO 9000:2000 QMS. Moreover, integration of standards will provide
simplicity in practicing of them.

Figure 1 represents the continuous improvement of process models in product quality with
ISO 9000:2000 QMS and product safety with ISO 22000:2005 FSMS. Continuous
improvement can be well designed by applying the following steps;

2.3.1 Management responsibility

In both models top managements make/decide quality and safety policies. After this step,
objectives to reach quality and safety policies should be determined. The customer
requirements have to be included in this determination. Food quality and food safety
management system planning is then followed. Planning will include strategies, resources
and cost estimation.

2.3.2 Resource management

The required resources such as human resources, infrastructures, equipments, and work
environment have to be organized. Infrastructure covers the hygienic and sanitary design of
equipment and buildings. Required continuing education for employees has to be planned
and supplied.
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Deming Wheel (PDCA
Cycle)

Quality and safety 1SO 9000-QMS

improvement
steps

ISO 22000-FSMS

Plan (P): The plan phase of
the cycle is an improvement
area and a specific problem

1. Theme Selection 5.3. Quality Policy

5.2. Food Safety
Policy

with it to be identified. In 2,' Cu1jrent . o4 Qw.uahty 53 FS,MS

this phase, objectives and situation review planning planning
strategies are developed and and analysis

necessary sources are 3. Preventive 5.4. Quality 5.3. FSMS
determined. action planning  planning planning

Do (D): The do phase of the 4. Action 7. Product/Service 7. Realization of
cycle deals with Realization safe product
implementing the changes 7.5. Production &  7.9. Operation of
according to the plan. Service Provision FSMS

Check (C): The check phase 5. Analysis 8. Measurement,  8.2. Monitoring

deals with evaluating data
collected during
implementation.

Analysis, and
Improvement

and measuring

Act (A): During the act
phase, the improvement is
codified as the new standard
procedure; necessary
revisions are applied and
replicated in similar
processes throughout the
organization.

6. Standardization

7.5. Production

8.4. Validation of

of the and Service control measure
countermeasures  Provision combinations

7. Identification of 8.3. Control of 8.3. FSMS
remaining Nonconforming verification
problems product

8. Evaluation of
whole plans and
procedures

8.5. Improvement
5.6. Management
review

8.5. Improvement
5.6. Management
review

Table 3. PDCA cycle with ISO 9000-QMS and ISO 22000-FSMS

2.3.3 Product/service realization
Following steps have to be studied in safe product and service realization;
¢  Planning of safe product and service

¢ Implementation of pre requisite programs

e Hazard and risk analysis

e Design (Safe product and/or service, HACCP plan, Operational procedures)
e  Realization of purchasing after evaluating of supplier
¢  Realization of safe products and service by customer requirements

2.3.4 Measurement, verification, validation and improvement
Data obtained from suppliers, customer satisfaction, product quality and safety, process
trends, critical control points, pre-requisite programs and quality-safety system have to be
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analyzed. Quality and safety systems are usually analyzed and verified through internal
audits (Sperber, 1998). After that, outputs coming from auditing are validated. In both
systems, the control of non confirmative products (in terms of quality and safety aspects) is
required. Preventive and corrective actions provide us to get improvements.

Management starts the review the data obtained through the former stages. Then, re-
planning and validation are conducted.

4. Quality Management System (QMS)
4.1. General Requirements
4.2. Documentation

. —
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. o
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H | |
: . 28 o] =1
H | g y @ . o
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H . £ 6. Resource Management 2 I d =
. | B : 8.1. General E ntegrate: <
: E 6.1. Provision of Resources 82 Monttoring and Measurin H .
/ \ . El 6.2. Human Resources =N 8 suring 5 | Documentation <
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Continuous ! b 6.3. Infrasturcture 44 Analysis of Data 4 System g
Improvement | & 6.4. Work Environment Lanay = : ]
{; 8.5. Improvement &, (/5]
Plan (P) Integrated | £ 8 Manuel g
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Do D) | 7.4. Purchasing 1 @
4. Action H J 75 Production and Service Provision . =1
Check(O) | 7.6. Control of Measuring and |
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dett) | .
6. Standardization . 4. Food Safety Management System(FSMS] |
of the | 1. General requirements (=== ===
countermeasures ! 43 Detimmanon requirements
7. Identification of
remaining problems |
8. Evaluation of .
whole plans and | 5. Management Responsibility
\ procedure ) miemiemeem.em .= o[ 5.1 Management commitment
T 5.2. Food safety policy
—
. — 5.3. FSMS planning — 7
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H o] s 5. Food safety team leader
feceescesectscccccees ..........., 5.6. Communication N
p N 5.7. Contingency preparedness and respons =)
- construction and lay-out of buildings 5.8. Management review 8
and associated utilities Q o
- lay-out of premises including =]
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Fig. 1. Continuous Improvement Models in ISO 22000-Food Safety Management System and
ISO 9000-Quality Management System (ISO, 1999; ISO, 2005)
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2.4 Process management

Process is a collection of related, structured activities that produce a specific service or
product from inputs given for particular customers. All of these activities are connected to
each other with logic relations of processes. They provide the results by using sources of a
organization to attain the goals. Process management between functional units of the
institution within the hierarchical structure of production is a simple management system
that provides work flows. In addition it is an effective management system in which
responsibilities of employees are considered, inputs and outputs are clearly stated,
performance criteria and the size of success are being measured, and continuous
improvements are provided (Juran & Gryna, 1998).

Voice of process
Suppliers Customer
N N ()
R PROCESS
Resources »
. @ w)
(Equipments, | £ E Product/
hardware, 2. & .
» = =1 Service
software, — o}
employee..) >
— \. J
Customer . Customer
. —— Voice of customer f————— " .
requirements satisfaction

Fig. 2. Process model

ISO 9000:2000-Quality Management System standard requires process management
activities, resource management, product / service implementation and identification of
processes during monitoring. Within this scope, the processes specified in Table 2 can be
prepared.

Documentation required by these processes vary according to the organizational structure,
however, the documents should be prepared in accordance with ISO 9000:2000-Quality
Management System standard, the necessity, their validities must be approved and
implemented.

3. Statistical process control

Statistical process control (SPC) is defined as the application of statistical techniques to
control a process. SPC is concerned with quality of conformance. There are a number of
tools available to the quality engineer that is effective for problem-solving process. The
seven quality tools are relatively simple but very powerful tools which every quality
engineer. The tools are: flow chart, run chart, process control chart, check sheet, pareto
diagram, cause and effect diagram, and scatter diagram (Juran & Gryna, 1998).
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3.1 Flow charts

Flow charts are defined as the graphical representation of the steps of in a process. Flow
charts facilitate an analysis of the steps in a process to determine relationships between the
steps.

3.2 Check sheets

Check sheets are useful during data collection. They provide a simple means for recording
data by categories and enable the analyst to determine the relative frequency of occurrence
of the various categories of the data.

3.3 Cause and effect diagrams

Cause and effect diagrams (CED) are simple techniques for dissecting a problem or a
process. CED identifies all possible relationships among input and output variables, that is,
the five categories on the following skeleton (materials, machines, man, methods, and
environment).

3.4 Histograms and pareto charts

A histogram is a bar chart showing the variation or distribution of the observations from
a set of data. The pareto chart is a form of bar chart with each bar representing a cause
of a problem and always arranged so that the most influential cause of a problem can
be easily recognized, that is, arranging the problems in descending order. This
information is helpful in focusing attention on the highest-priority category (Srikaeo &
Hourigan, 2002).

3.5 Scatter diagrams
Scatter diagramming is a tool to study how different variables relate to each other or how
they correlate. A scatter diagram demonstrates the results of a series of experiments which is
conducted to document the relationship between the variables. Table 4. represents the
mathematical models.

3.6 Process control charts

The primary function of a control chart is to determine which type of variation is present
and whether adjustments need to be made to the process.

Variables data are those data which can be measured on a continuous scale. Variable data
are plotted on a combination of two charts- usually an x-bar (X) chart and a range (R) chart.
The x-bar chart plots sample means. It is a measure of between-sample variation and is used
to asses the centering and long term variation of the process. The range chart measure the
within sample variation and asses the short term variation of the process (Juran & Gryna,
1998; Grigg, 1998).

Attribute charting is used for various types of defects, primarily by counting the number of
nonconforming units or the nonconformities per units. The most commonly used attribute
control chart is p-chart or the percentage of defective unit with variable sample size. The np-
chart is used to monitor the percentage defective unit for constant sample size. The c-chart is
used to monitor the number of defects on an item for constant sample size. The u-chart is fro
number of unlimited defects in variable sample size.
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Expression =~ Mathematical models =~ Geometric shape Applications
Sigmoidal _%0, Growth curve
(Gompertz) y=yp+ae © ’ Inactivation of

microorganisms
Sigmoidal y=yo+ (Banani et al., 2007)Ray
. X \b
I+(—
(Lojistic) ( X )
Sigmoidal y=yo+ —
. . (X%
(Sigmoid) e )
Moisture sorption

. _ abex isotherms

Sigma (GAB) ¥ = (1 —ax + abx) (Ayranci & Dalgic, 1992)
Linear relationships
Polynomial (Wu et al., 2007)
(linZar) Y=Yotax
(Gao et al., 2007)
Polynomial _ 5
(Quadratic) y=Yyo+ax+bx J
Polynomial a
(inverse first y=yo+—
order) X
Peak {_O,S(my} Distrubition
(Guassian) y=y,tac (Peng & Lu, 2007).
Peak Y=y /\
(Lorentzian) 1+ (T‘))2
Drying
Exponential Y=Y, +t ae ™ +ce ™ Destruction curve for
decay microorganisms
(Bruce et al. 2009)
Growth curve
Exponential bx dx (Daniela et al., 2009)
growth y=y,+ae” +ce

Table 4. Some mathematical models’formulas and their geometric shapes
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UCL & LCL Mean n* A; Ds Dy
2 18 0 327
UeL Y:§+A2E f)’c 3 102 0 257
X-Chart = = z_oa 4 073 0 228
LCL —=x-A R -
2 n 5 058 0 211
6 048 0 200
7 042 008 192
UCLp = D4R 3
R.Chart R 4R . LR, 8 037 014 1.86
LCLg = D3R - 9 034 018 1.82
10 031 022 178

* Number of observations in each sample, UCL: upper control limit, LCL: lower control limit, Az, D3,

and Dy are constants

Table 5. The control diagrams for variable data and control chart factors (Juran & Gryna,

1998)

Chart UCL and LCL Center line
- 1/_ 1-p - Xn

p UCLaLCL —p+3¥PLZP) p=="P
v n
—_ — p— Zn

np UCLOLCL = np + 3y/np(1 - p) np = Tp
_ = >c
c UCLaLCL = ¢+ 3vc =
- u - C
u UCchLCL:uJ_r3£E I
; Tn

n: the number of observations in each sample, k: number of samples

Table 6. Control diagrams for attributes

3.7 Failure mode and effect analysis

A failure modes and effects analysis (FMEA) is a procedure in product development and
operations management for analysis of potential failure modes within a system for
classification by the severity and likelihood of the failures. Failure modes are any errors or
defects in a process, design, or item, especially those that affect the customer, and can be

potential or actual. Effects analysis refers to studying the consequences of those failures.

Failure mode and effect analysis is a tool that examines potential product or process failures,
evaluates risk priorities, and helps determine remedial actions to avoid identified problems.
The spreadsheet format allows easy review of the analysis (Arvanitoyannis & Varzakas,

2007 and 2008).
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4. A case study: Some applications of SPC in traditional sucuk processing

A traditional sucuk processing was partly investigated by SPC. The process data were
retrieved from an industry and analyzed by SPC techniques. Data were obtained over a
period of 3 months. The process variables considered were and moisture content, pH change
during ripening. In addition to these, some and product variables (flavor, texture, saltiness
etc.) were determined from a survey conducted in Gaziantep, Turkey. The SPC techniques
included Check sheets, Cause and effect diagrams, Histograms and pareto charts, Scatter
diagrams, Process control charts, Failure mode and effect analysis
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Fig. 3. Sucuk manufacturing process flow chart by various departments

4.1 Traditional sucuk processing and properties

Sucuk dough is prepared from meat (about 18% fat) mixed with tail fat, salt, sugar, clean
dry garlic, spices, NaNO2, NaNO3, vegetable oil (generally olive oil), antioxidants and
antimicrobial. Meat, fat and spices are added into sucuk dough according to the following
recipe; 900 g sheep red meat (about 18% fat), 200 g tail fat, 5.5 g cumin, 1.1 g cinnamon, 11.42
g allspice, 0.48 g cloves, 5.5 g red pepper, 11 g black pepper, 20.76 g garlic, 4.4 g sugar, 18 g
salt and 2.1 g olive oil are used to prepare sausage dough. A flow-chart of sucuk preparation
is given in Figure 3. The meat is minced in a meat mincer to about 1.3-2.5 cm. After that
spices and starter culture are added and mixed with minced meat. Starter culture mixture
(P. acidilactici, L. plantarum and S. carnosus) is used as a 20 g commercial culture mixture per
100 kg meat. After that nitrate/nitrite, potassium pyrophosphate, dipotassium hydrogen
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phosphate, ascorbic acid and potassium sorbate which are dissolved in 25 ml of distilled
water, are added into the prepared of sucuk dough. The sucuk dough is conditioned at 0-4
°C for 12 hours. The minced refrigerated tail fat is added and mixed into the sucuk dough.
After that, the dough is filled into artificial collagen casings, of 38 mm diameter, under
aseptic conditions, using a filling machine. Sucuks are fermented and matured from 95% to
60% RH and from 22 to 18 °C during 15 days. Sucuk samples are then stored at 50% RH and
30 °C (Bozkurt & Erkmen, 2007).

4.2 Application of pareto analysis in traditional sucuk processing
A survey study was done to collect customer complaints about the properties of sucuk
products. According to Pareto analysis; the percentage of complaints are listed by the
descending order and cumulative percentages are obtained by adding each other to
previous ones. The priority problems are being identified by this order.

40 100, %

0,
35 90, %
80, %
30
70,%

2 60,%

20 50,%

Frequency

15 40,%

30,%
10
20,%

10,%

,%

COff flavor
Rancid

COff color
Poor texture
Too oily
Too salty
Without salt

Too many broken
Opening of bag

Fig. 4. Pareto analysis of customer complaints for sucuk product

4.3 Application of control charts in traditional sucuk processing

The amount of moisture in the production of sucuk is one of the quality parameters.
Moisture content should be around 40%. The X-bar (x) and R-chart graphics in Table 7 are
created from the moisture contents of 5 samples of 10 runs. The control limits drawn in both
plots were obtained by using equations given in Table 5.
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Final moisture content for each run (kg water/100 kg total sucuk)
n
1 2 3 4 5 6 7 8 9 10
1 43,36 43,54 42,38 41,17 40,15 43,25 41,15 40,97 40,75 39,98
2 42,45 44,05 43,56 43,78 42,38 42,97 43,54 41,43 43,35 42,75
3 43,38 42,48 42,15 43,56 43,75 44,06 41,91 44,38 44,09 44,75
4 42,96 43,54 43,75 44,17 44,51 43,65 42,54 43,76 42,75 43,75
5 43,78 44,15 4296 41,24 43,75 43,54 43,89 42,54 41,76 42,75
X 43,19 43,55 42,96 42,78 42,91 43,49 42,61 42,62 42,54 42,80
— 45,00
UCL- X =44,52
44,00 -
LCL-X =4137 | %]
42,00 -
= 41,00 T
X =42,94 1 2 3 4 5 6 7 8 9 10
R 1,33 167 1,6 3 436 109 274 341 334 4,77
— 8
UCL-R =5,77 p
_ 4 4
LCL-R =0
2 4
R=2,73 0
1 2 3 4 5 6 7 8 9 10

Table 7. A control chart showing the amount of moisture in a sucuk production line

4.4 Application of scatter diagrams in traditional sucuk processing

The formation of lactic acid bacteria in fermented meat products prevents the formation of
undesirable bacteria. The lactic acid produced during ripening decreases pH to 5.3. If the
value of pH is below 5.3 the water holding capacity of meat proteins decreases and the
product dries quickly. Table 8 shows changes in pH during the ripening process. The
parameters given in Table 8 are obtained with these experimental data modeled with the
logistic equation.

In this application, Logistic model was applied to determine the best fit for the experimental
data of ripening of sucuk. Modeling was carried out using the least square method and the
Microsoft Excel spreadsheet (Microsoft Office 2003, USA) was used to perform this task
using the SOLVER tool based on the Generalized Reduced Gradient (GRG) method of
iteration. This is a search method to minimize the sum of squares of the differences between
the predicted and experimental data (Hii et al., 2009).
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Logistic parameters 66
Yo X0 a b 64
5,43 2,38 0,93 3,44 ¢ Experimental
6,2
Time (day) | pHexp | PHpre | (PHexp-pHypre)? — Lojistic
0 6,35 | 6,36 0,0001321 6
T Y=Yt
1 6,33 | 6,32 0,0001823 . 1+( 2y
3 571 | 572 | 6,714E-05 8 o
6 550 | 547 0,0012100 56
9 543 | 544 5,581E-05
12 539 | 543 | 0,0017230 a
15 545 | 543 0,0004161 52 ‘
0 5 10 15 20
Sum 0,0037865
Time (days)

Table 8. Scatter diagram of pH during ripening

4.5 Failure mode and effect analysis of sucuk processing

Hazard analysis begins with identification of food safety hazards associated with the raw
material. First, a complete list of hazards that could potentially be of concern is prepared.
Cause analysis is based on determine potential hazard sources and classifying the causes
(Arvanitoyannis & Traikou, 2005). This classification is done by fish bone diagram (Figure 5)
and results are shown in Table 9.

Man (P) Method (1) Material (R)
(Personnel) | (Instructions) || (Raw material)

AEY 4& X-.{ HAZARD EFFECT

Machine (M) || Environmental
(Equipment) (E)

Fig. 5. Cause and effect analysis (Fish bone diagram)

A number of questions given in Figure 6 have to be answered for each hazard to identify
significant hazards that could be of concern at each sucuk production step (ILSI, 2004).
Hazard analysis starts questioning of the presence of a potential hazard whether it is
significant or not in raw materials or in the processing steps. Questions and their results are
shown in Table 9.

Sucuk processing basically consists of dough formation (mincing and kneading) and
fermentation/ripening steps. One of the main hazards comes from properties of raw
materials such as microorganisms, antibiotics, hormones and biogenic amines. Additives
and spices may contain foreign matters, insects, mycotoxins etc. In fermentation and
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ripining process, residual nitrate and nitrite may have a potential chemical hazard. Metal
contamination is a major hazard during mincing since these processes are mechanic. These
hazards, as shown in Table 9., have to be tested and controlled in every batch. Results
obtained from hazard analysis give a sign for the magnitude of hazard in a next step,
moreover, whether it is a CCP or not.

Q2. Is the presence of a potential
hazard in the line or the environment
probable ?

Q1. Is the presence of a potential
hazard in raw material probable ?

\ \
‘ NO NO ‘
YES L Nohazard* |« YES

l l

Q4. Is an unacceptable level,
survival, persistence or increase at «——YES
this step ?

Q3. Is an unacceptable
contamination at this step probable ?

‘ NO NO
YES L+ Nohazard* «—

i o)

Q5. Is reduction, if any, at a further
step adequate ? NO

(Significant) HAZARD

Fig. 6. Hazard analysis (decision tree)

It is generally agreed that risk assessment should be an independent scientific process,
distinct from measures taken to control and manage the risk. The overall risk analysis
process includes risk assessment, risk management and risk communication, and also
involves political, social economic and technical considerations (ILSI, 2001; Serra et al, 1999;
Sperber, 2001) reported that hazard analysis was qualitative and risk assessment was
quantitative process. Therefore risk assessment after hazard analysis done has to be
quantified. It was stated that risk assessment was a compound of probability and severity
(Barendsz, 1998). In this study, probability and severity of the hazards are considered as a
five class hazard score matrix. This is shown in Table 10. Significant hazards found in
hazard analysis (Table 9) are used for determination of risk assessment by five class hazard
score matrix which was given in Table 11. Microorganisms in both meat and additives are
found to be 4th risk class (Table 11) by risk analysis after determining hazard analysis.
Interestingly almost all processes are classified as 4th risk class.

ISO 22000-Food safety management system standard requires definition of all hazards
starting from raw materials to finished products in the plant (clause 7.4.2. of ISO 22000-
FSMS). In the mean time, the possible severity of unfavorable health effects and the
likelihood of their occurrence have to be evaluated (clause 7.4.3. of ISO 22000-FSMS). After
assessment of hazards, control measures have to be considered for preventing, eliminating,
or reducing these food safety hazards to be defined acceptable level (clause 7.4.4. of ISO
22000-FSMS) (ISO, 2005).
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Table 9. Failure mode and effect analysis of sucuk manufacturing process
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Risk Classes
Catastrophic | Death or lasting damage E|3 |4 |4 | 4|4
Critical Man.y concerned people and lasting or plaslslalala
continuous damages
Z Many concerned people, no lastin,
'S Serious Y peopie, & Cl2]3|3]|4]|4
> damages
) . .
D ow Sll:lg'le case, no lastlr.1g damages or Blolo213l3 4
minimal concentration
Ignorable Hazard toibe chscoivgred prior to N al1 12121313
consumption or minimal indisposition
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Control measures I Ir || Iv
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—_ = =
® 3| =~ &
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Table 10. Five-class hazard scoring matrix

4.5.1 Critical control points in the sucuk processing

Critical control points are location, operation, procedure, or process where control can be
carried out to remove the hazards for food safety or to reduce them to an acceptable level.
Critical control points of Bulgur processing were determined. A decision tree was used for
determining steps which could be designated as critical control points (ILSI, 2004; Bolat,
2002; Lee & Hathaway, 1998; Sandrou &Arvanitoyannis, 2000a, 2000b; Arvanitoyannis &
Mauropoulos, 2000) (Figure 7). Critical control points of sucuk processing are listed on Table
11.

After questioning, all processing steps of traditional sucuk manufacturing are found to be in
CCP structure. Significant hazards at those processes have to be followed by special
monitoring systems.

Critical limits are minimum and/or maximum values to which a biological, chemical, or
physical parameter must be controlled at a CCP to prevent, eliminate, or reduce to an
acceptable level to the occurrence of a food safety hazard. These limits show if the identified
hazards can be put under control or not. Critical limits may be determined for factors like
temperature, time, physical dimensions, etc. Critical limits for each critical control points for
sucuk processing were evaluated on Table 12. These were taken from literature, legal
provisions, or from comparable standard procedures. Identified CCPs have to be and to be
controlled in HACCP plan as defined in clause 7.6.2. of ISO 22000-FSMS.



Improvement of Food Safety and Quality by Statistical Process Control (SPC) in

Food Processing Systems: A Case Study of Traditional Sucuk (Sausage) Processing 109
Ql1.Do preventive measures | Modify step, process
exist at this step or subsequent or product
steps for the identified hazard ? %
‘ YES
\
YES NO Is control at this step
i necessary for safety ?

Q2. Does this step eliminate or

reduce the likelihood of NO NO
occurrence of this hazard to an

acceptable level ?

A

Q3. Could contamination with
identified hazards occur in excess
of acceptable levels or could these
YES increase to unacceptable levels ?

\
YES
v

Q4. Will a subsequent step
eliminate the identified hazards or

< NO— duce the likelihood of occurrence YES )

to an acceptable level ? Not a CCP

——NO—>|

Critical
Control
Point

Fig. 7. CCP analysis (Decision tree)

4.5.2 Implementation of HACCP system-HACCP plan

Ideally, a HACCP study should be carried out as part of product and process
development, so that potential hazards can be “designed out” at the earliest stage. In any
case, a HACCP study results in a HACCP plan that should be correctly implemented to
ensure that the appropriate control measures are put in place before products are put on
the market.

The HACCP plan is a controlled document which consists of significant hazards, critical
control points, critical limits for each hazard at each CCP, monitoring procedures for each
hazard at each CCP, and corrective actions if critical limits are exceeded. Some hazards are
considered to be control points (CPs) because the hazards can be controlled by prerequisite
programs (Derosier et al., 2002).

Monitoring is systematic and planned observation to make sure that CCPs are under
control. When monitoring results show that criteria are not met, appropriate and immediate
precautions should be taken to correct the deviations. For example, corrective actions may
be re-heating or re-operating, increasing the operation temperature, extending operation
time, decreasing pH, changing equipment of measurement, changing equipment of process
and maintaining, extra training for employees, revising HACCP documents, change in
process flow, etc. Procedures should be improved for corrective actions (Arvanitoyannis &
Traikou, 2005; Efstratiadis & Arvanitoyannis, 2000).
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Process Risk Preventive CCP analysis
name Significant hazards _ assessment* actions/control (Y/N)**
/step S P RC measures Q1. Q2. Q3. Q4. no:
Certified
suppliers with
B: microorganisms E IV 4 HACCP Y N Y N 1b
program,
Raw ‘ Microbiological
E/Iaterlial analysis
ecelitlon C: antibiotics, Chemical
(meat) hormones, biogenic E III 4 analvsis Y N Y N I1c
amines (BA) y
. . Physical
P: bone pieces B MO 3 observations Y - - 1p
Certified
suppliers with
Raw B: microorganisms D IV 4 HACCP Y N Y N 2
Material program,
Reception Microbiological
(Additives, analysis
spices ) C: pest1c1.de residues, B I 3 Chem1.c:al Y N Y N 2
mycotoxins analysis
P: metal B II 2 Metaldetector Y N Y Y 2p
Meat storage B: microorganisms E I 4 Temp.control Y N Y N 3
B: microorganisms E III 4 Temp.control Y N Y N 4b
incing C: msgff.laent r.n.trate E m 4 Cheml.cal Y N Y N 4
and nitrite addition analysis
Conditioning B: microorganisms E I 4 Temp.control Y N Y N 5
M1nc1r}g and B: microorganisms E I 4 Temp.control Y N Y N 6
kneading
B: microorganisms E I 4 Temp.control Y N Y N 7b
Fillin :
& P: tearing c 1v 4 Physical Y N Y N 7
observations
. B:microorganisms E I 4 Temp.control Y N Y N 8b
Fermentatio _ : .
n/ripining C: res%dl'lal of nitrate E m 4 Chem1.c:al Y N Y N 8
and nitrite analysis
Metali P: metal residue E 1II 4 Calibration Y Y 9
detection
Product . .
B: microorganisms E I 4 Temp.control Y N Y N 10
storage

*Risk assessment (Table9), **CCP analysis (Figure 8), S: severity, P: probability, RC: risk class

Table 11. Risk assessment and CCPs in the processing of sucuk
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Natural casings must be controlled for each batch. Temperatures of storage, mincing,
conditioning and fermentation processes have to be monitored. Monitoring results should
be continuously recorded.
Verification is the effort to determine whether the HACCP plan is valid and whether the
system operates as planned or the HACCP plan is scientifically and technically evaluated.
All stages in the process should be documented in order to enable retrospective observation,
verification, and validation of the HACCP system. A recording procedure should be

Process CCP Significant Critical limits Monitoring** Corrective
name/step No: hazards M. F. R. action
Raw Material 1b B: microorganisms * MA EB LT Reject
Reception 1c C: antibiotics, No CA EB LT Reject
(meat) hormones
1p  P:Bone pieces No CA EB LT Reject
Raw Material 2b B: microorganisms Usually no, MA EB LT Reject
Reception depends on
(Additives, types of spice
spices ) and additives
2c C: pesticide No CA EB LT Reject
residues,
mycotoxins
2p  P:metal No CA EB LT Reject
Meat storage 3 B: microorganisms * MA EB LT Discard
Mincing 4b  B: microorganisms * MA EB LT Discard
4c C: insufficient 150 ppm CA EB LT Discard
nitrate and nitrite nitrite, 300
addition ppm nitrate
Conditioning B: microorganisms * MA EB LT Discard
Mincing and 6 B: microorganisms * MA EB LT Discard
kneading
Filling 7p  DP:tearing, air No PE EB LT Discard
pockets
7b  B: microorganisms * MA EB LT Discard
Fermentation/ 8b B: microorganisms * MA EB LT Discard
ripening 8c C: Biogenic amine Dependson CA EB LT Discard
types of
amines
Metal 9 P: Metal residue ~ No Metal EB LT Discard
detection detector
Product 10 B: microorganisms * MA EB LT Discard
storage

* Microorganisms limits: No E.coli, 5102 S. aureus, No Salmonella (Anon 2000)

** MA: Microbiological analysis, CA: Chemical analysis, PE: Physical examination,

EB: Every batch, LT: Lab. technician M: Method, F: Frequency, R: responsible
Table 12. HACCP plan for the processing of sucuk
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prepared documenting the methods applied and the procedures followed. Verification
should be implemented through internal audits with involves reviewing the pre-requisites,
the hazards and risk assessment, critical control points, and critical limits.

The followings should be included in the HACCP plan according to the clause 7.6.2. of ISO
22000-FSMS; food safety hazards to be controlled at the CCP, control measures, critical
limits, monitoring procedures, corrective actions to be taken if critical limits are exceeded,
responsibilities, authorities and records of monitoring.

4.5.3 Quality system for the sucuk processing

ISO 9000:2000-QMS consisted of quality systems that focused on documenting all quality
assurance and improvement processes in a company (ISO, 1999). Although the ISO
9000:2000-QMS was originally developed for the manufacturing sector, it had been applied
to many service organizations and was gaining some acceptance in the food industry.

As seen in Figure 1., ISO 9000-QMS standard is consisted of five main parts. Namely; these
are Quality management system, Management responsibility, Resource management,
Product realization, Measurement, analysis and improvement. Standard articles are in
Deming's cycle (PDCA) are continuously improved. The standard is worked out by essential
processes. The processes are classified as strategic, operational and supportive processes are
shown in Table 2. As seen in Figure 1, those processes cover all articles of the standard and
also some procedures along with these processes are mandatory.

Q1.Do preventive measures Modify step, process
exist at this step or subsequent [* or product
steps for the identified quality
hazard? t
| T
YES NO .| Is control at this step
i necessary for safety ?

Q2. Does this step eliminate or

reduce the likelihood of NO NO
occurrence of this hazard to an

acceptable level ?

A

Q3. Could contamination with
identified hazards occur in excess
of acceptable levels or could these
YES increase to unacceptable levels ?

\
YES
v

Q4. Will a subsequent step
eliminate the identified hazards or

N reduce the likelihood of occurrence YES i

to an acceptable level ? Not a QCP

Fig. 8. Quality control points analysis (Decision tree)

——NO—

Critical
Control
Point
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Traditional sucuk processing is not a long-chain process. However, biological processes are
usually involved in sucuk processing. Quality parameters of sucuk processing in small scale
plants are affected by technological and administrative applications. Quality parameters of
sucuk processing and quality hazards in the process are given in Table 13.

Quality control point (QCP) means a procedure where a control can be applied and a quality
hazard (for example, taste, appearance, nutrition, color and so on) can be prevented,
eliminated or reduced to acceptable levels (Figure 8).

Raw materials reception, mincing, conditioning, fermentation and ripening processes are
analyzed as quality control points (Table 14). Defects on meat and additives directly affect
quality, are however not able to be eliminated through the process. Color is an important
quality parameter during many processes. Color of the sucuk is desired to be bright red
color. This is usually controlled by temperature and other processing parameters as well as
by addition of nitrite/nitrate. Critical limits, monitoring and corrective actions of quality

parameters determined through the QCPs are given in Table 13.

Process
name/ step

Quality Hazard

Preventive
actions/ control
measures

QCP analysis (Y/N)*

QL Q2 Q3. Q4 no:

Raw Material
Reception (meat)

Rigor meat, dark or light red
color, acidity

Effective supplier
assurance

Y N Y N 1

Raw Material

Reception Not having their specific color  Effective supplier

o Y N Y N 2

(Additives, and flavor etc. assurance

spices )

Meat storage Color Time and temp. Y N Y N 3
control

Mincing Color Temp. control Y N Y N 4

Conditioning Color, juiciness, drip loss Temp. control Y N Y N 5

Mincing and
kneading

Heterogeneous ingredients
distribution

Cutter operation
parameters control

Filling

Heterogeneous fat appearance
on natural casings, bursting of
casings

Casing control

Fermentation/
ripening

Dark red color, Water lost, Soft
or hard texture formation, case
hardening, pH

Time, temp. and
relative humidity
control

Metal detection

Product storage

Water lost or gain

Temp. and relative
humidity control

Table 13. QCPs in the processing of Sucuk
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QCp Process Quality parameter . Monitoring Corrective
name Limits .
/hazard M. F. R. action
/step
Raw Material Rigor meat, dark or Brioht red
1 Reception light red color, colgr VE EB LT Reject
(meat) acidity
2 pY specific color and P VE EB LT Reject
(Additives, and flavor
. flavor etc.
Spices ) etc.
3 Meat storage Color Bright red VE EB LT Ad.] ustment of
color nitrate level
4 Mincing Color Bright red VE EB pr Adjustmentof
color nitrate level
5 Conditioning Color, juiciness, drip Bright red VE EB LT Ad']ustment of
loss color nitrate level
. Heterogeneous .
6 kMI:::(li?I% and ingredients le:/losea;:ance VE EB LT Reprocess
& distribution PP
Heterogeneous fat
7 Filling appeatance on no VE EB LT Reprocess
natural casings,
Bursting of casings
Dark red color, Water
: 0
8 F.er.m.entatlon/ lost, Soft or ha?d 40 % water VE & CA EB LT Reprocess
ripining texture formation, content,
Case hardening, pH pH:5.4
0
9 Product Water lost or gain 40 % water VE & CA EB LT Reclassify
storage content

** VE: Visual examination, CA: Chemical analysis, EB: Every batch, LT: Lab. technician M: Method, F:
Frequency, R: responsible

Table 14. Quality plan for the processing of Sucuk

5. Conclusion

The SPC techniques in food processing operations can play an important role of quality
control and safety. The use of SPC techniques enables plant operators to take corrective
actions quickly when needed before the variation affects significantly the CCPs of the
plant. Traditional sucuk processing was used as a demonstrated process and some simple
SPC techniques were used as the tools. Pareto analysis indicates that the priority problems
of customer complaints. First five problems, namely off flavor, rancid, off color, poor
texture and too oily cover approximately 90 % of total complaints. Control charts show
that the process is in statistical control for moisture content in traditional sucuk
production line. The control charts did not show out-of-control conditions in this study.
Of course, we may expect out-of-limits. The pH change during ripening was modeled to
Logistic equation. Scatter diagram of this change indicated a decrease and a leveling in
pH after 5 days.

In this work, an effort was made for safety and quality parameter analyses (e.g. Failure
mode and effect) of traditional sucuk production by describing and outlining the incoming
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hazards in every process stage, starting from raw materials to the final product. Hazard,
cause and risk analyses for traditional sucuk production lead to have CCPs in every
production steps. All production steps were also determined to be quality control points. A
more efficient correction of the process is possible by use of these SPC tools.
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1. Introduction

The increase in allergic diseases in Westernized Countries is an established phenomenon,
which has been extensively documented by several large epidemiologic studies (Sicherer
and Leung, 2010). Allergies affect nowadays a proportion of the general population as large
as one out of five individuals. The most prevalent clinical expression of allergies include
respiratory allergies, such as allergic rhinitis and asthma (Chu et al., 2010), skin allergies,
such as atopic dermatitis (Spergel, 2010a), and food allergies (Chafen et al., 2010). The
pathogenesis of allergic diseases, and the reasons for their increased incidence is partially
known and include environmental and genetic factors (Kuriakose and Miller, 2010). In all
cases, the hallmark of all these borne fide allergic diseases is the presence of specific antibodies
of the immunoglobulin E (IgE) isotype against protein antigens, which are indicated as
allergens on the basis of their capability to elicit allergic reactions. The presence in the
biological fluid of IgE to a given allergen is indicated as “sensitization” to that allergen. In
most cases, IgE are measured in serum, where they are more easily detected and also on the
ground that allergy is a systemic condition, with clinically relevant expression in different
individuals at different target organs (e.g., lower respiratory tract in the case of allergic
asthma, nasal mucosa in the case of allergic rhinitis, etc.) (Pucci and Incorvaia, 2008)
depending on organ-specific characteristics, which have been only partially identified.

The correct identification of sensitizing allergens is required to put in action the most
efficient strategies to counteract the clinically relevant effect of allergies as well as their
remarkable effects on the quality of life (Cummings et al., 2010). Useful measures include
allergen avoidance, when applicable, proper symptomatic therapy and, most importantly,
allergen specific immunotherapy, which is the only intervention capable to actually modify
the pathogenic mechanisms of allergic diseases and their natural history, known as the
allergy march (Spergel 2010b).

IgE can be measured in vivo with prick testing and in vitro with immunochemistry testing.
Notably, as compared to immunochemistry testing of other immunoglobulin classes,
specific enhanced procedures have to be used for allergen specific IgE determination, due
their concentrations in biological fluids, which is in the range of ten to hundred thousand
times lower as compared to the most represented immunoglobulins, e.g., those belonging to
the IgG isotype. A major issue to be considered in allergen-specific IgE determination is the
quality of the antigen to be used for testing. Indeed allergens, which are encountered by
patients in natural context are complex mixtures of relatively heterogeneous proteins. This
fact poses several problems to Manufacturers of allergen extracts, including the
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standardisation of procedures used to obtain them from raw allergen sources and the
possibility that they are not fully representative of the actual contents in terms of allergen
components, as compared to environmental allergen sources. In the last twenty years the
advent of molecular allergology has introduced revolutionary changes in the possibility to
properly diagnose and treat allergic individuals by using single allergen components rather
than allergen extracts. Molecular allergology has also made it possible to standardize
allergen extracts themselves, which can now be used with a much higher knowledge about
their appropriateness as diagnostic or therapeutic tools in patients with sensitization profiles
defined at the level of single allergen components.

Allergen products require registration by government institutions (Becker et al., 2006), such
as the FDA in the United States and the Paul Ehrlich Institute in Germany. Basic researchers,
physicians, regulatory authorities and manufacturers have long tried to define a common
methodology to standardize allergen vaccines (Terho and Frew, 1995; van Ree et al., 2008)
The quality of mite and pollen allergen extracts is better defined today than it was in the
past, and the quality of food and epithelial allergen extracts has also improved (Fernandez-
Caldas et al., 2006; Ferrer et al., 2005). However, further improvement is needed, particularly
for food allergen extracts, since preliminary studies have shown efficacy also in this hi-
impact clinical application, using sublingual food allergen extracts (Enrique et al., 2005).
Thus, the heterogeneity of allergen extracts used for diagnosis and immunotherapy makes it
necessary to develop methodologies to assess their potency and ensure their consistency,
stability and safety. In general terms it is essential to apply standardization in order to
control all aspects of the production process, including the variability intrinsic to the source
materials and the consistency and reproducibility which have to be granted for the sake of
safety and efficacy in the clinical use (diagnosis, immunotherapy, quantification of
environmental allergens).

Nowadays, different types of standardizations are still largely used by different laboratories
and manufacturers, which variably addresses crucial issues underlying these preparations,
such as the qualifications applied to collectors of raw materials, the establishment of
manufacturing procedures in compliance with good manufacturing practice (GMP)
regulations, and the choice of formulations of allergen extracts intended for clinical use
(Larsen and Dreborg, 2008).

Although a limited number of major allergens (King et al., 1994) stimulate IgE production in
a greater part of patients, any antigen in a given source material has the potential to elicit an
IgE response. Thus, on one side it is essential to ensure that all protein allergens in the
allergenic source material, to which humans are exposed in real life, are actually contained
in the raw material used for diagnosis or immunotherapy. On the other side, since the IgE
binding capacity of an allergen extract is related to the content of one or a few major
allergens, it is also important that the standardization procedure ensures consistency, not
only in the overall IgE binding potency, but also in the relative and absolute content of
single major allergens. Due to this complexity in the composition of allergen extracts, the
use of standards is a key element in standardization (Lowenstein, 1987). In Europe, each
laboratory and manufacturer establishes In-House Reference (IHR) preparations for each
source material. The IHR must be thoroughly characterized by in vitro methods as a basis for
equilibration of subsequent batches. These methods have traditionally been based on whole
extracts, whereas only in the last decade reference to single allergen components has been
progressively introduced. Although it is still widely supported the notion that the biological
activity of allergen extracts (also known as “allergenicity” or “reactogenicity”) has to be
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determined in humans by in vivo methods, i.e. prick testing, it is time for all stake-holders to
be put in the position to compare each new batch by using in vitro methods exclusively. In
order for this advancement to be achieved, international standard (IS) preparations should
be made available and in vitro methods should be validated by international health
authorities for each allergen source. All laboratories in the world should be put in the
condition to compare the allergen contents of extracts, which are used in everyday clinical
practice to diagnose and treat such a large proportion of the population. This chapter
describes the principles and problems related to standardization of allergen extracts for
research and clinical use.

2. Mechanisms of allergy

The immune system of allergic individuals is erroneously reacting against innocuous
molecular markers of environmental elements, as if they were markers of invaders, i.e.,
virus, bacteria or parasites, which could potentially impair the integrity of vital functions.
Allergen specific IgE are the immunological heralds of such a reactivity, which was
evolutionarily developed in mammals to react against parasites (Chinen and Shearer, 2007).
Circulating basophils (and tissue resident mast cells) are the short-term reacting effector
cells, which are activated when allergen-specific IgE, bound to their membranes via Fc
epsilon receptor type I (indicated as “cytophilic IgE”), are triggered by allergen binding to
release inflammatory mediators stored within secretory granules (Abramson and Pecht,
2007; Holowka et al., 2007; Macglashan, 2005). Remarkably, the action of these mediators
takes place within a few minutes since allergen recognition, and includes as dramatic
changes of the local tissue as increased permeability of the microvasculature, egress of
several types of inflammatory cells, mainly lymphocytes and eosinophils, secretion of large
amounts of fluid secretion from mucosal glands and contraction of smooth muscle fibres
(Barrett and Austen, 2009; Hamid and Tulic, 2009; Holgate, 2008). The latter may induce
bronchial constriction, which is clinically expressed as asthma. Allergy therapies include not
only symptomatic drugs, which provide release to the short-term effects associated to the
release of these mediators (Al Suleimani and Walker, 2007; Bush and Saglani; Novak, 2009),
but also allergen avoidance and specific immunotherapy. Only allergen avoidance and
specific immunotherapy can radically modify the course of allergic diseases. However,
avoidance, which per se is always dramatically effective, can in most cases rather help
patients to live together with allergy than preventing its effects (Dykewicz and Hamilos,
2010; Hamilton, 2010; Simons, 2010), due to the fact that exposure to most sensitizing
allergens in the population is virtually unavoidable. In contrast, immunotherapy is a disease
modifying intervention, which can change the pathogenesis of the underlying allergic
condition (Akdis and Akdis, 2010). For all allergy therapies the proper identification of the
sensitizing allergens is a prerequisite for success (Hamilton) and only the careful
standardization of hundreds of allergens identified until now allows put in action accurate
and effective therapeutic interventions (Mothes et al., 2006; Pittner et al., 2004; Valenta et al.,
2007). In particular, in the case of immunotherapy, the performance of the diagnostic
procedures is mostly crucial, since it influences the appropriateness of years-long
procedures patients have to undertake (Hankin and Lockey, 2010) in order for their immune
system to modify reactivity to armless antigens (Abramson et al.; Calamita et al., 2006;
Radulovic et al., 2010). In front of this widely accepted circumstances, the determination of
allergen specific IgE is still performed with criteria which do not allow to distinguish rather
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common occurrences which make it difficult or impossible to properly define the sensitization
profile of allergic patients. Indeed, approximately 75% of allergic individuals are poly-
sensitized, i.e. they produce IgE reacting with multiple allergen sources (Scala et al., 2010).
This polyreactivity can in some cases be attributed to IgE reacting to major allergen
components in different allergen sources, i.e., it is associated with bona fide multiple allergies
in clinical terms. However, in as much as one third of cases IgE react to multiple allergen
components to the presence of IgE to evolutionarily conserved, structurally homologous
allergen components, which are collectively indicated as panallergens (Hauser et al., 2010).
In particular, the most common panallergen, profilin, has been found targeted by IgE is as
many as 50% of subjects sensitized to grass and birch pollens (Chapman et al., 2007). On a
clinical stand point, as a food allergen profilin usually elicits mild reactions, such as oral
allergy syndrome, is not modified by processing and is especially important in allergy to
some fruits, such as melon, watermelon, banana, tomato, citrus fruit and persimmon (Santos
and Van Ree, 2010). In front of this well-defined scenario, diagnosis with allergen extracts
cannot distinguish subjects sensitized to major allergens of those extracts from subjects
sensitized to one profilin cross-reacting in one extract with profilin of one or more extracts
tested in parallel. There are several negative outcomes stemming from this situation, among
them the most disturbing are the following: patients do not receive suitable information to
evaluate their allergic disturbances and are not prescribed proper immunotherapy. In fact,
although allergen specific immunotherapy with single allergen components is not yet
commercially available, yet the limits of extract-based diagnosis are certainly capable to
negatively affect the management of extract-based immunotherapy. Most allergists do not
prescribe immunotherapy to patients with a polysensitization pattern, without investigating
whether this pattern is ascribed to a real multiple allergies rather that to cross-reactivity via
panallergens, despite the fact that clinical benefits have been reported in immunotherapy-
treated polysensitized subjects (Ciprandi et al., 2010a; Ciprandi et al., 2010b). Thus, the present
knowledge of the pathogenesis of allergic diseases has dramatically improved on the ground
of increased cloning of allergen components but it is still waiting a thorough change in the
clinical management of patients, due to the poor application of molecular allergology to the
principles of allergen standardization. Along this line, the natural history itself of allergic
diseases may be more efficaciously dissected by using allergen components than extract. For
instance, a functionally relevant T-cell response to conserved regions of panallergens was
demonstrated to underlie the possibility in single patients allergic to one given allergen to
react against another allergen source expressing a homologous, conserved component, such
as a profilin. These results suggested that a reciprocal modulation of the response to one
sensitizing allergen can occur following natural exposure to or immunotherapy with
another allergen and may certainly have relevance in the management of patients with
multiple allergies (Burastero et al., 2004). Thus, extract-based diagnosis and immunotherapy
need to be standardized also on the ground of the possibility to properly monitor the
evolution of allergic disturbances. In the next future all stake holders, patients first, will
have to fully exploit the remarkable advancements that molecular allergology allowed to
achieve over in-house reference extracts based allergology of the previous century.

3. Standardisation of allergens for allergy diagnosis

The diagnosis of allergic disease requires, besides a detailed history and physical
examination, the determination of allergen-specific IgE (Hamilton, 2010). In order for this
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diagnosis to be properly performed, preparations containing allergens have to be utilized,
both for in vivo and for in vitro testing. In vivo the presence of IgE can be detected with a low-
cost procedure, which provides results in a matter of minutes, known as prick testing. Prick
testing is performed by creating a 1-mm deep wound with a skin pricker, which put in
contact single solutions containing each allergen to be tested with skin mast cells. These
mast cells mediators include histamine and leukotrienes, which promptly increase the
permeability of local vessels and generate erythema and oedema, a local effect read locally
as “wheal and flare reaction”. By measuring the size of the wheal, the extent of the
degranulation is semi-quantitatively assessed, and can be used as an approximate measure
of IgE levels. A part from the efficacy of the allergen extract used for prick testing, several
other individual factors affect the results of this procedure, such as individual reactivity to
histamine, age and sex of the pricked person, the site of reaction, the presence of non specific
irritants, such as environmental pollutants, the season of the year, etc. (Bordignon and
Burastero, 2006). This biological background has long represented a major limit in the
possibility to accurately assess the allergen content of preparations containing allergens for
diagnostic purposes.

In fact, allergen extracts are complex mixtures of protein materials obtained by
Manufacturers from relevant allergen sources and the possibility to easily assess skin
reactivity by sensitized subjects has long represented the criterion for assessing the
appropriateness of each preparation (Ferndndez-Caldas et al., 2009). Indeed, this biological
approach has obvious advantages over more complex analytical approaches, since it
warrants to any Manufacturer the possibility to validate the allergen extracts they
commercialize. However, this method also brings about a peculiar and an extremely
complex set of standardisation problems, which -incidentally- are not shared by the
remaining pharmaceutical industry. Firstly, in the absence of any obvious general criterion
to assess the allergen content with a simple analytical approach, as the one that could be
applied to measure the active substance in any drug preparation, each Manufacturer is
encouraged by trivial commercial reasons to maintain strictly confidential all the relevant
details of preparation procedures. This confidentiality is often used to claim that one given
specific preparation is better performing as compared to that of competitors on several
grounds. The latter include the efficiency of allergen recognition by patients IgE, the
representativeness of the allergen source found in the environment in real life by patients,
the capability to trigger clinically relevant symptoms and, last but not least, batch-to-batch
consistence. As a matter of fact, all these criteria are rather difficult to verify on a scientific
ground, not only because they are related to totally or partially unveiled industrial
procedures but also because they are applied to complex protein mixtures.

Indeed, several studies have reported differences among commercially available diagnostic
products for skin prick testing, see for instance Pagani et al. (Pagani et al., 2009). Another
study quantified and compared the allergen content of different grass pollen preparations
for skin prick testing (SPT) used in Europe (Sander et al., 2009). Strikingly, protein
concentrations ranged from 15 to 427 pg/ml, and the concentration of Phl p 5, a major grass
allergen, ranged from 0.15 to 18.3 pg/ml (Sander et al., 2009). Major allergens are allergen
components within a given allergen source, which are recognized by the majority of patients
sensitized to that allergen source, as established by gold standard criteria (Grier et al., 2002).
Gold standard criteria include the appearance of clinical symptoms upon environmental
allergen exposure and thus represent the most incontrovertible parameter of efficacy. Yet,
extracts are still preferred to allergen components on the ground that conformational
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epitopes may not be properly expressed in single E. coli cloned and expressed protein
allergens (Pomes, 2009), that glycosilation, which contribute to allergenicity (Shakib et al.,
2008), is not maintained in recombinant allergens, and that a panel of several, yet to be
completely defined, allergen components has to used to replace the comprehensive
repertoire of protein allergens within an extract. Along this line, the quantification of single
allergen components is considered an unsatisfactory criterion to define the characteristics of
allergen extracts. Extracts in the United States are more homogenous with respect to total
allergenic potency than the extracts produced in Europe, mainly because the FDA provides
the same standardized reagent for internal use by all manufacturing companies (Slater,
2004). However, great differences have also been shown among non-standardized mold
allergen extracts in the USA (Esch, 2004).

4. Standardisation of allergens for immunotherapy of allergic diseases

Specific immunotherapy is the practice of administering gradually increasing doses of
allergen vaccines to reduce allergic symptoms and the need for medications. Thus,
immunotherapy is the only curative intervention in the treatment of allergies, since it can
modify allergen-driven immunological responses and restoring, to a certain degree, the
Th1/Th2 balance (Akdis and Blaser, 2001). B and T lymphocytes, blocking antibodies, IL-10
and other cytokines play an important role in the response to specific immunotherapy
(Chinen and Shearer, 2004). Effective allergen immunotherapy depends on the accuracy of
the diagnosis and on the usage of well-characterized allergen extracts. The latter should
ideally be prepared according to a patient-tailored approach, whereby only allergen
components one given patient is sensitized to are administered (Vrtala, 2008). Although
available allergen preparations do not allow this approach, yet numerous double-blind
placebo-controlled studies using unmodified aqueous allergens (Gurka and Rocklin, 1988)
and allergoids (Ferreira et al., 2006) (modified allergens) have demonstrated efficacy.
Sublingual immunotherapy, using drops of aqueous allergen extracts under the tongue and
then swallowed (Radulovic et al., 2010), or tablets (Bufe et al., 2009; Dahl et al., 2008) with
similar type of extracts, also appear to be clinically beneficial, particularly for grass-induced
rhinoconjunctivitis.

The comparison of different products from different companies at national and international
levels is complicated due to the lack of international standards, similarly to the above
quoted problems related to diagnostic products. Larenas-Linnemann and Cox (Larenas-
Linnemann and Cox, 2008) reviewed the information obtained on unit definition and dosage
of allergens from European manufacturers of allergen extracts used for sublingual
immunotherapy (SLIT). They concluded that the monthly maintenance dose the
manufacturers recommended for SLIT was 5-45 times higher than the recommended dose
for subcutaneous immunotherapy. However, since each manufacturer in Europe uses its
own in house reference preparations and its own units to express potencies, the comparison
of different products from different companies at national and international levels is almost
impossible. The amount of major allergens has started to be used, which represent a major
improvement at least in principle, to overcome a bona fide anarchism, which is strongly
supported by Manufacturers, in my opinion, for mere commercial reasons. In fact, in the
absence of simple international units, such as microgram o micromoles, every manufacturer
is legitimated to predicate the better performances of each own product, on the basis on not-
verifiable statements and procedures. As a matter of fact, details on the procedures for
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allergen standardization, which are listed and described in paragraphs below, are never
made publicly available on the ground of industrial protection issues. Thus, an inviolable
system tends to self-perpetuate, which is hard to be challenged by the physiological
dialectic, which should drive scientific issues towards their solution. Along this line, far
from promoting the usage of homogeneous testing to quantify major allergen contents (e.g.,
same protocols, same monoclonal antibodies for capture and detection in sandwich ELISA,
etc.) most commentators and opinion leaders support the notion that since the reference
extracts and antibodies used can influence the outcome of such assays (Larsen and Dreborg,
2008) basically there is no strong scientific basis to move from good old in-house reference
units to micrograms of major allergens. This position certainly makes it less embarrassing to
comment on the fact that the maintenance doses of the commercially available vaccines have
been found to range from 0.2 to 21.6 pg in terms of Phl p 5 content (Larenas-Linnemann and
Cox, 2008) which should per se indicate that in house reference should be limited to internal
quality control procedures. Moreover, doctors and patients should be made really aware of
what they are actually continuously administering or assuming, respectively, for the
average two to four years treatment time, rather than counting on the reassuring, only
partially verifiable statements of Manufactures.

5. Standardisation of allergens for measuring their environmental amount

The measurement of allergens in the environment is a well-established approach to assess
the level of exposure of sensitized individuals in real life settings. This applies mainly to
dust mite, animal allergens, cockroach, and molds. Epidemiologic studies, population
surveys, and birth cohort studies have plainly defined levels of allergen exposure in
Western populations and found strong associations between exposure and the development
of asthma (Arbes et al., 2003; Heinrich et al., 2006; Illi et al., 2006; Sears et al., 2003; Sporik et
al., 1999; Woodcock et al., 2004; Zock et al., 2006). Guidelines have been developed to
indicate exposure levels that are risk factors for sensitization (Platts-Mills et al., 1997).
Allergen assays are used for testing the efficacy of allergen avoidance procedures and
devices and for monitoring clinical trials of avoidance and the efficacy of remediation
(Morgan et al., 2004; Platts-Mills et al., 2000; Woodcock et al., 2004). These assays are used in
the US indoor air quality industry for evaluation of allergen exposure in homes, the
workplace, and public buildings. In this context, although allergen measurements have
become routine, the same issues, which are commented above about the lack of international
standard apply here. However those tests, which are routinely used to this aim necessarily
include the usage of allergen components (mainly in recombinant form) in order to run the
standard curves, since the latter are the core element of the assay itself, rather than prick
testing. Thus, the quantification of allergen content in the environment, even in the absence
of international standards, is expressed in conventional amounts of major allergen by all
available assays (Hamilton, 2005), rather than according to the obscure and bizarre in-house
reference units which still prevail in the diagnostic and immunotherapy fields.

6. International efforts to standardized allergens

The widespread use of allergen measurements in the fields of allergy, indoor air quality, and
environmental exposure assessment has created an urgent need for internationally
recognized purified allergen standards and for validated and certified immunoassays. Due
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to the common generalized mind-set by manufactures, immunotherapy products are still
licensed based on their total potency as established by in-house, non-comparable reference
units. Nevertheless, allergists increasingly use specific allergen measurements for dosing of
immunotherapy. Maintenance doses of 5 to 20 mg of major allergen are associated with
clinical improvement after immunotherapy, and natural allergenic products are being
formulated, at least in part, based on specific allergen content (Nelson, 2007; van Ree, 2007).
Allergen concentrations should be monitored not only to establish dose-response
relationships between allergens and treatment efficacy but also to compare allergenic
products from different manufacturers, and to formulate recombinant allergen diagnostics
and vaccines (Becker et al., 2006; Chapman et al., 2000; Scheiner et al., 1994; van Ree, 2007).
Although the progressive characterization of major allergen components and the
development of techniques to quantify them, such as ELISA systems based on monoclonal
antibodies, have led more manufacturers to provide information on the major allergen
content of their extracts, identification of major allergen content is not currently mandatory,
except for a limited number of extracts, such as cat and ragweed. The World Health
Organization and some other regulatory government institutions now recommend that
allergen manufacturers state the content of representative major allergens in mass units for
their allergen products (Nelson, 2000). However, differences in assays and methodologies
for measuring the major allergens still preclude direct comparisons among products of
different manufacturers (Alvarez-Cuesta et al., 2006). In fact, although recombinant
allergens are being used to develop new diagnostics and vaccines, yet the structural and
immunologic properties of cloned allergen components had not been systematically
compared with those of their natural counterparts in international collaborative studies. The
World Health Organization (WHO)/International Union of Immunological Societies
Allergen Standardization Sub-committee has been influential in coordinating international
standardization. The committee established WHO-approved international standards for
dust mite, dog hair, and birch, timothy, and short ragweed pollens and produced the WHO
position paper that recommended the use of standardized allergen vaccines of defined
allergen content for dosing in immunotherapy (Bousquet et al., 1998; Platts-Mills and
Chapman, 1991). This approach was also endorsed by a position statement from the
American Academy of Allergy, Asthma & Immunology (Cox et al., 2010). In 1999, the
WHO/International Union of Immunological Societies Allergen Standardization Sub-
committee initiated a specific program aimed to develop highly purified allergens that could
be used for the standardization of in vitro assays which is the underlying issue in the
implementation of this approach. This provided the genesis for a European Union-funded
study entitled ““Development of certified reference materials for allergenic products and
validation of methods for their quantification” (acronym: CREATE) (van Ree et al., 2008).

The aim of the European Union CREATE project was to produce international standards of
purified allergens with verifiable allergen content. Such standards would enable allergen
manufacturers, academic organizations, and government and regulatory agencies to use a
common international standard for specific allergen measurements. A second aim was to
compare the specificity, sensitivity, and reproducibility of ELISAs for allergen analysis.
Allergens were selected for the project based on the following criteria: (1) the allergen was a
major allergen of well-documented clinical importance; (2) purified natural and
recombinant forms of the allergen were available in greater than 20-mg amounts from
academic or commercial laboratories; (3) there was strong evidence that the recombinant
allergen had equivalent IgE binding to its natural counterpart and there was extensive
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structural data on the allergen; and (4) ELISA kits to measure the allergen were available
from 1 or more laboratories.

To carry forward with this project, eight major allergens originating from four of the most
important inhalant allergen sources were selected: Bet v 1 from birch pollen, Phl p 1 and Phl
p 5 from grass pollen, Ole e 1 from olive pollen and Der p 1 and 2 and Der f 1 and Der f 2
from house dust mites. Three allergens were found to be suitable as biological reference
materials; the rest, except rPhl p 1a, did indicate potential for optimization, but only if
specific aspects of their protein expression processes will be modified. As a result of this
study, recombinant Bet v 1 and Phl p 5 are being produced under Good Manufacturing
Practice and presently being evaluated by the European Directorate for the Quality of
Medicines as biologic reference preparations to be included in the European Pharmacopoeia
as international standards. Consequently, at least for these allergens, standardization will
become global and will hopefully permit comparisons among different manufacturing
sources (Himly et al., 2009).

A detailed account of the aims, scope, and methods used in the CREATE project has been
published elsewhere (van Ree et al., 2008)

7. Techniques for the standardization of allergen products

Allergen products, which are routinely used to diagnose and treat allergic diseases have
been used for over 100 years. The quality of these allergen products is a key issue for both
diagnosis, environmental monitoring of allergen levels and specific immunotherapy, and
the standardization of allergen extracts is of primary importance to improve their quality
and offer physicians worldwide a reliable method to diagnose and treat such widespread
diseases as food allergies and allergic respiratory diseases. In particular, effective diagnosis
and treatment, using skin test reagents and specific immunotherapy requires the optimal
amount of allergens for testing and the maintenance dose of vaccine for treatment,
respectively. Although a tremendous amount of information is available to implement this
objective, internationally accepted rules are still lacking. The unavoidable empirical steps,
which are preliminary to the production of allergen extracts form natural allergen sources
are usually considered the only relevant aspect of the whole standardisation process, since
this position is instrumental to support the concept that quantification of allergen
component in weight (or molar) units are non-applicable and misleading. Obviously, any
single step in the preparation of allergen extract has to treasure decades of previous
consolidated experience in as trans-disciplinary expertises as zoology, palynology and
biochemistry. Yet, the final products of such processes will have to be validated by
international standards, in order to make it possible to evaluate their allergenic potency and
compare the corresponding preparations of different Manufacturers, if quality is something
different from a jealously kept secret of happy few.

8. Collection of raw source materials

Inhalant allergens are present in airborne particles derived from natural allergen sources.
These particles constitute the material which humans are exposed to. The selection of raw
material is finalized to provide extracts containing the same active allergens patients will
encounter in real life in a manageable form. Although in most cases, the optimal source
material is rather obvious, in some cases the allergen source is still debated (for instance, for
cat allergy it is not yet established whether the best allergen source is saliva or dander and,
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in the case of mouse allergy, urine or dander). In principle, the source materials should be
specific and include all relevant components in sufficient amounts to be recognized by
serum IgE from the whole population displaying clinical symptoms when exposed to the
corresponding allergen in a real life setting (Lowenstein, 1987). Collectors must be qualified
to verify the identity and quality of the source materials, so that only specifically identified
allergenic source materials that do not contain avoidable foreign substances should be used
in the manufacture of allergenic extracts and methods should be applied to trace the
materials from their origin. This includes complete identity labelling and certification from
competent collectors. Avoiding non-allergenic, contaminant material is particularly crucial
also on the basis of the fact that same doubts were raised about the possibility that
immunotherapy extracts could raise sensitization to previously non-sensitizing protein
components. Along this line, the processing and storage of source materials should be
performed to ensure that no unintended substances, including microbial organisms, are
introduced into the materials. Records should describe source materials in as much detail as
possible, including the particulars of collection, pre-treatment, and storage.

8.1 Pollens

The natural sources of inhalant allergens from plants are the pollens. Pollen may be
obtained either by collection in nature or from cultivated fields or greenhouses. The
collection may be performed by several methods, such as vacuuming or drying flower heads
followed by pulverizing. In brief, anthers, which are long, slender filaments in a flower that
have two lobes at the top, are best collected from intact, partially opened buds. The pollen
may be cleaned either by passing through sieves of different mesh sizes or by flotation.
Finally, pollens are dried under controlled conditions and stored in sealed containers at -
20°C. The maximum level of accepted contamination with pollen from other species is 1%
by number. Pollen should be devoid of flower and plant fragments, with a limit of 5% by
weight. Pollens may show large modifications in quantitative composition depending on
season and location of growth. In order to achieve a relatively constant composition,
harvests from different years and sites of collection should be pooled for the production of
allergen extracts, after thorough in vitro characterization.

8.2 House dust mites

House dust mites are grown in cultures and the source materials for mite allergen extracts
can be represented by either pure bodies or whole mite cultures. Extracts based on whole
mite cultures include eggs, larvae, and faecal particles as well as mite decomposition
material and contain all the material to which mite-sensitized individuals are exposed under
natural conditions. The culture medium should ideally be antigen free or, alternatively,
contaminants from the culture medium should be shown not to be allergenic. The pure mite
body extracts avoid extensive contamination with debris from the culture medium. In one
clinical study, vaccines based on whole mite cultures and pure mite body extracts have
shown similar clinical efficacy (Wahn et al., 1988).

8.3 Mammals

Allergens of mammalian origin may be present in various sources (typically, dander, serum,
saliva, or urine). The allergens to which humans are exposed depend on the normal
behaviour of the animal and the optimal source of allergens from mammals should be
systematically investigated using a large panel of sera from patients sensitized to each given
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animal. Notably, no matter if they are derived from dander or deposited from body fluids,
most mammal allergens are present in the fur. Only healthy animals must be used for
collecting allergens, and post-mortem collection is allowed only in exceptional cases and if
stringent precautions to minimize decomposition were taken.

The optimal source materials are often dander, because hair proteins are insoluble. Use of
whole pelt would increase the proportion of serum proteins, which are generally of low
allergenic activity. In the case of the popular dog allergen extracts, remarkable differences
were reported when deriving the material from different dog breeds (Larsen and Dreborg,
2008; Lindgren et al., 1988), a mixture of material from different breeds should be selected
representing a balanced content of the major allergens (Uhlin et al., 1984).

8.4 Insects

The most common insect allergen is hymenoptera venom, which is brought in contact with
the human immune system by sting. In this case, the purified venom itself is the best
allergen source. In more uncommon cases the route of exposure may be biting or even
inhalation. In this cases whole insects (including insects debris) and saliva are the proper
allergen source, respectively.

8.5 Fungi

Allergens should be extracted by moulds, provided that they are grown under strictly
controlled conditions (Larsen and Dreborg, 2008). The harvested raw materials should
consist of mycelia and spores. In order for fungal cultures to maintain constant composition,
it is recommended that extracts are derived from several independent cultures of the same
species obtained from established fungal culture banks, i.e, American Type Culture
Collection. All batches should be derived from the same strain to secure a stable
composition, since it is well established that they may vary even under apparently
analogous growth conditions (Steringer et al., 1987; Wallenbeck et al., 1984). The cultivation
medium should be devoid of allergenic ingredients (i.e., serum proteins) and any safety
measures should be taken to avoid contamination by any microorganisms, including other
fungi

8.6 Foods

The supply of standardized material for the preparation of food allergen extract is limited,
due to the complexity of this area. In fact, foods are often derived from various subspecies,
grown under a broad variety of conditions reflecting geographical variation. Moreover,
foods are often cooked prior to ingestion, and the cooking procedures may differ
geographically. Consequently, the source of allergen exposure is highly variable both in
qualitative as well as in quantitative terms (Lemanske and Taylor, 1987). The possibility to
prepare sets of food allergen extracts reflecting the local species, the habit of cultivation,
harvesting, storing, and cooking is a conceptual academic attitude which is raising more
problems than those it can solve. For this reason, unsatisfactory results have been observed
from commercially available reagents, which have resulted in many clinicians using
untreated foods from retail trade for diagnosis by the prick-prick method (Dreborg and
Foucard, 1983). Examples are fresh fruit, cow’s milk, and hen’s egg. Undiluted cow’s milk
and hen’s egg have the best-documented diagnostic properties (Verstege et al., 2005). In this
scenario, the usage of purified food allergen components, in either natural of recombinant
form appears as a by far more suitable approach to circumvent these limitations. Moreover,
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the characterization of the profile of sensitization to single allergen components allow to add
up important clinical information, which cannot be extrapolated from diagnosis with whole
extracts. For instance, the appearance of IgE to defined allergen components was
documented in cohorts of milk allergic children (Hochwallner et al., 2010; Ott et al., 2008),
which allows to follow up the clinical evolution of milk allergy. Another added value stems
from the possibility to distinguish sensitizations associated with different profile risk. For
instance, individuals with sensitization to nut allergen extract may have IgE to Cor a 1,
cross-reacting birch allergens of the Bet v 1-like, PR-10 protein family or to Cor a 2, cross-
reacting with profilins from several different allergen sources (fagales, grasses, pellitory,
etc.). Alternatively, a positive skin prick test, or in vitro specific IgE determination assay,
may be associated to the presence of IgE to the Lipid Transfer Protein Cor a 8. The former
situation is associated with limited clinical symptoms (for instance, oral allergic syndrome)
whereas the latter may be associated with severe systemic reactions. These two strikingly
divergent scenarios, which can be referred to the acid and heat sensitivity of profilins and
PR-10, versus the resistance to physical stimuli of lipid transfer proteins cannot be
distinguished by extract-based diagnosis.

9. Preparation of allergen extracts

Allergens to be used for diagnostic purposes have to be as intact as possible in terms of
molecular structures, which are recognized by allergic patients’” IgE. Thus, any preventative
measure has to be taken to prevent denaturation in the preparation and storage of allergen
to be used for diagnosis or immunotherapy. On this basis, organic solvents, elevated
temperatures, and extreme pH and ionic conditions should be carefully avoid whenever
possible. The extraction should be performed under conditions resembling the physiological
conditions (i.e., physiological pH and ionic strength) and suppressing possible proteolytic
degradation and microbial growth (Lowenstein et al., 1981; Lowenstein and Marsh, 1981,
1983). As a matter of fact, the optimal extraction time is usually a compromise between yield
and denaturation of the allergens, and in general, the processing time is minimized and
extraction performed at low temperatures. Low molecular weight, i.e., below 5000 Dalton,
non-antigenic material is removed from the extract by conventional biochemical techniques,
such as dialysis, ultra-filtration, or size exclusion chromatography. However, it should be
kept in mind that any substance excluded from the final product must be directly shown to
be non-allergenic, before being systematically discarded. The final extract should be stored
either lyophilized or at low temperatures (i.e., -20°C to -80°C). Often 50% glycerol and non-
allergenic proteins (e.g., certified human serum albumin) are used as stabilizers.

9.1 IHR preparations

In Europe, the in-house reference preparations (IHR) are prepared by individual
laboratories or Manufacturers, whereas in the United States, the US Food and Drug
Administration (FDA) authorizes general standards of some common allergens for the
purpose. IHR are specifically used by Manufacturers/laboratories for equilibration of the
potency and composition of each batch of manufactured extract. By this procedure the
batch-to-batch standardization is performed by comparison to the IHR using in vitro
techniques exclusively.

Usually, three batches of the extract are produced in order to verify consistency and
reproducibility of the production processes. The three batches are compared and, if
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consistency is achieved, one is selected to represent the new IHR, which is subsequently
dispended into freeze-dried aliquots of suitable size.

The THR is defined by the determination of the dry weight, protein content and
composition, with particular reference to major allergen content and total allergenic activity
by in vivo and in vitro methods. The evaluation of total allergenic activity by skin prick
testing is usually performed only occasionally, i.e., not for all batches, and has been shown
to correlate with major allergen content (Dreborg and Einarsson, 1992). In general, the use of
major allergen determination with a validated assay is considered sufficient to validate
results of IHR units, when combination with a specific IgE potency assay is available.
However, if in vitro methods alone are used for the establishment of the potency of the IHR,
comparison is best made with the international standards (IS), which is not available for all
allergens (see below).

9.2 International standards

Besides IHR reparation, allergen extract standardization requires the use of an
internationally defined standard for each source material, indicated with the acronym IS. IS
of allergen extracts can be obtained from the National Institute of Biological Science and
Control, NIBSC, London, United Kingdom (Health Protection Agency, 2010), and are
produced under the auspices of the WHO according to guidelines established by the
Allergen Standardization Sub-Committee under the International Union of Immunological
Societies (IUIS). IS enable comparison of specific activities of products from different
manufacturers and can be used as calibrators by new producers and laboratories.

IS are presently available for the following allergen extracts: Ambrosia artemisiifolia (short
ragweed) (Helm et al., 1984), Phleum pratense (timothy grass) (Gjesing et al., 1985), the house
dust mite Dermatophagoides pteronyssinus (Ford et al., 1985), Betula verrucosa (birch), and
Canis familiaris (dog) (Larsen et al., 1988)

9.3 Units and measure

The strength or potency of an allergen extract (allergenicity or reactogenicity) corresponds
the extent of the response it will elicit in human allergic subjects, to be considered as a
representative population of all individual with clinically relevant symptoms when exposed
to that given allergen. Allergic patients react to allergen extracts with different strength
because they are differently sensitized, i.e., they have different IgE levels to different allergen
components within the extract. Thus, the degree of sensitivity differs from patient to patient
as well as for each allergen in the extract. Since extracts from different producers differ in
composition there is no straightforward relationship between potency and response when
comparing products from different Manufacturers and their potency cannot be compared in
a satisfactory manner. Prick skin testing of human allergic subjects is the prevalent in vivo
method for the assessment of allergen extract potency (Platts-Mills and Chapman, 1991) and
also constitutes the standard underlying the determination of biological units of allergen
extract potency. In this context, criteria of patient selection are obviously crucial, since potency
measures will be dependent on pattern of sensitization in the panel of selected patients,
Moreover, besides the characteristics of the sensitization to single allergen components,
several other in vivo factors have been reported to variably influence prick test readings,
such as age, sex, site of pricking, environmental pollution, season of the year (Bordignon
and Burastero, 2006). According to the Nordic Council on Medicines HEP were adopted as
the Nordic Biological Unit for allergens, which imply to determine the concentration of
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allergen inducing a weal of the same size as that of histamine dihydrochloride, 10 mg/mL,
as evaluated by a skin test run in parallel, in a panel of at least 20 patients attending an
allergist who poses a diagnosis of allergy to the allergen of interest. The median concentration
corresponds to 10,000 biological units (BU) (Dreborg et al., 1987). With proper patient
selection this Unit has been shown to be relatively reproducible between different regions of
Europe (Dreborg et al., 1987). European manufacturers use their own company-specific
units, most of which are based on the same method. In the United States, the FDA uses a
unit based on intra-dermal testing with the allergen extract and subsequent measurement of
the flare rather than the weal size. This intradermal end point is expressed as the number of
threefold dilution producing a summed erythema diameter of 50 mm. The mean value of 15
individuals defines the potency of the allergen extract, which is expressed in Allergy Units
(AU). Later on, the Center for Biologics Evaluation and Research (CBER) in the United States
proposed the Bioequivalent Allergy Unit (BAU). The method for assigning BAU is named
ID50EAL. According to ID50EAL the intradermal dilution for 50 mm sum of erythema
diameters determines the allergy unit (Turkeltaub, 1987).

In this context, labelling of the potency of allergen extracts based on the microgram amount
of single allergen components, as progressively characterized by molecular cloning, to begin
with the most representative major allergens, represented a revolutionary change in the
field. Indeed, the major allergen content was found to correlate with the biological activity
(Dreborg and Einarsson, 1992). If the same antibodies and methodology are used in the
immunochemical determination of major allergen content determination of major allergen
content can replace other methods for potency declaration.

Until a few years ago, each manufacturer used to express the allergenicity of each
preparation using exclusively In-House Reference Units, without any reference to major
allergen content. In my opinion, this scientifically unacceptable situation was strongly
supported on a commercial ground, likely because allowed each manufacturer to prevent
direct comparison between corresponding preparations of competitors. For more than a
couple of decades this circumstance prevented allergists to know how far a given
preparation was performing as compared to the corresponding preparations of the same
allergen source from other manufacturers. Several surrogate markers were introduced, to
compensate for this indefensible deficiency, including the bizarre ratio between the amounts
of allergen used by each manufacturer in sublingual versus subcutaneous immunotherapy
(Burastero, 2005; Gidaro et al., 2005). Even now that information of major allergen contents
has become a unavoidable requisite on a cultural ground, although not yet a regulatory
requirement (Moingeon, 2006), a sort of intellectually ambiguous position is maintained, by
publicly supporting the notion, in congresses and meetings, that since different
immunochemical methods are used to quantify such parameters, than it is still legitimate for
each manufacturer to claim best performance of its own preparation regardless the amount
of major allergens. As a matter of fact, extract potency can only be compared if at least
uniform test methods and reference extracts are used (Larenas-Linnemann and Cox, 2008),
which is by far a more acceptable, although in-development situation, than any alternative
anarchism. Thus, even if in most cases the composition of test materials and the specificity
of anti-allergen antibodies vary between laboratories, the content of a single major allergen
does allow comparison of overall potency between marketed allergen extracts by far
superior to any previously available methods.

Rather than persisting in old methods on the ground that the new ones has limits, new
techniques will have to be developed and extensively applied in the next future to answer to
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the following questions: a) How far is one given extract qualitatively representative of the
repertoire of allergen components which are actually encountered in real life by sensitized
patients in different areas of the world? b) How much is each allergen component
quantitatively represented?

10. Stability testing

Criteria, methods, and limits for stability are established in a not satisfactory fashion. In
Europe, a total allergenic activity in the interval between 30 and 300% of the arbitrarily
defined in house reference titre is accepted. In contrast, US authorities limit the variability to
50-200% of the labelled activity. The underlying problems in this context are obviously
related to the lack of precision in methods used of allergenicity measurement. For stability
assessment the extract should be stored at several different temperatures to assure safe
storage at room temperature, in a refrigerator, and at 20°C. Accelerated degradation studies
designed to measure the kinetics of breakdown of the allergen extract can be performed by
incubation at multiple high temperatures.

The reference for stability testing is usually the In-House Reference Units itself, a strategic
choice, which allows each Manufacturer to safely claim superior stability of its own product
without the risk that controversy can be raised. The application of assays providing results
in milligram or molar amounts of major allergens are highly needed also for the proper
evaluation of stability of allergen extracts from different Manufacturers.

11. Batch-to-batch control

Having established an In-House Reference Preparation, batch-to-batch standardization is
still performed by calibrating new freeze-dried batches in bulk with the IHR before
dispensing into vials for distribution. Batch-to-batch standardization usullay include the
steps indicated in Table 1

Although these sophisticated immunochemistry assays are helpful, they do not allow a
straightforward comparison between different extracts, which could be performed with
standardized assays based on the weight or molar amounts of major allergens.

12. Other techniques used for standardization

Beyond the use of monoclonal antibodies, other physico-chemical approaches have been
explored for allergen standardization and offer new possibilities. Evaluation of mass
spectrometry (MS) has been performed to determine its capacity to characterize the
composition of allergen extracts (Heick et al., 2010; Houston et al., 2010). One advantage
offered by the use of MS includes the measurement of several different allergenic components
(allergens and isoforms) simultaneously rather than measuring individual allergens. This is
advantageous while working with allergen preparations that contain a wide group of IgE
binding proteins, such as mite extracts. Additionally, MS-based methods are available to
discriminate between allergen isoforms, which is difficult to accomplish using immunologic
based methods. This method could also be useful for the standardization of allergoids, since
measuring major allergens is not possible in these preparations due to their chemical
modification with aldehyde. The issues with MS-based protocols are that they are not
quantitative and are not addressed in regulatory policies. Similarly, proteomic approaches
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are extremely informative about the composition in major and minor allergens within
complex extracts, although they do not allow provide quantitative results (Corti et al., 2005).

Scope Full description Acronym Ref.
Determination of dry weight
Assessment of allergenic CIE/CRIE
composition to ensure the presence Cross-(radio)- (Lowenstein,
in the final product of all allergens immunoelectrophoresis 1978)
present in the source material
Sodium dodecyl-sulfate |SDS- .
. (Laemmli,
polyacrylamide gel PAGE 1970)
electrophoresis
1B (Kyhse-
Immunoblotting Andersen,
1984)
. . IEF (Brighton,
Isoelectric focusing 1975)
Quantification of specific major Quantitative QIE (Lowenstein,
allergens immunoelectrophoresis 1978)
Enzyme-linked ELISA (Engvall and
immunosorbent assay Perlmann,
1972)
Qu.ar}tification of the total allergenic Radioallergosorbent test RAST (Ceska et al,,
activity 1972)
RAST-inhibition

Table 1. Steps in batch-to-batch control of allergen extracts

13. Recombinant allergens and allergen components

Allergen extracts are complex mixtures of substances, including mainly antigenic
glycoproteins and variable amounts of non-antigenic, non-protein material, which may have
some relevance in the trigger and in the establishment of the allergic reaction (Gutermuth et
al., 2007; Traidl-Hoffmann et al,, 2005). Since the beginning of the Nineties, allergen
components has started to be characterized by molecular biology tools, namely by allergen
cloning (Valenta et al., 1991), and the complex scenario of the composition of the clinically
most important allergen sources has been gradually unveiled (Heiss et al., 1999; Kazemi-
Shirazi et al., 2002; Valenta et al., 1999). For instance, presently as many as 50 allergen
components from the Phleum pratense grass species have been identified
(http:/ /www.allergome.org/). Phleum pratense is a representative species in the group of
grasses, which are known to trigger allergic symptoms. It has been extensively
demonstrated that the homology among corresponding allergen components from different
grasses is so high that, in the immune system perspective, the derived cross-reactivity of
grass specific IgE make it possible to simplify grass allergy diagnosis to the point that one
single species can be used as representative of the whole grass family (van Ree et al., 1998).
A similar consideration has been extrapolated for Fagales (Van Ree et al., 1999). Thus, on one
side it is acceptable to narrow down the number of species of a given family of allergenic
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plants to one representative species, on the other within each given species the complexity
of the allergen components which are composing the extract has to be considered as
comprehensively as possible. In fact, it is well established that individuals sensitized to one
given allergen source are variably reacting with the different antigenic components of the
raw allergen extract. For instance, grass allergic subjects mainly react against Phl p 1 and Phl
p 5 allergen components, yet complex patterns of reactivity can be observed in single
individuals (Rossi et al., 2001; Rossi et al., 2000). Remarkable advantages derived from the
application of molecular allergology to the overall comprehension of allergic diseases
pathogenesis, including the understanding the molecular characteristics of allergens, the
study of allergen structures, the characterization of the humoral (or B-cell-mediated, or
antibody-dependent) and cellular (or T cell- mediated) immune responses (Burastero et al.,
2004). Moreover, sequence similarity searches have identified the biological functions of
many allergens and allowed to characterize mechanisms involved in typical allergic
phenomena such as airway hyper-responsiveness and airway inflammation correlated to
allergen exposure. For instance, Der p 1 is a glycoprotein with sequence homology and thiol
protease function similar to the enzymes papain, actinidin bromelain and cathepsins B and
H (Chua et al., 1988). Only a limited number of clinical trials have been performed until now
to compare the efficacy of recombinant allergens as compared to raw allergen extracts,
although clinical benefit when using the former either in native (Jutel et al., 2005; Pauli et al.,
2008) or modified forms (Niederberger et al., 2007; Purohit et al., 2008) have been reported.
Recombinant allergens will overcome some of the pitfalls of using natural allergen products
for immunotherapy by enabling physicians to administer only the clinically relevant
allergens, thus avoiding exposure to unnecessary antigens. In this context, although the
recombinant allergen era has not started yet for immunotherapy, yet quality control criteria
must include the quantification of major allergen content in allergen extracts, as an
invaluable tool to compare extracts from different manufacturers used for diagnosis or
immunotherapy (Larsen and Dreborg, 2008).

14. Conclusion

Methods to achieve the standardisation of allergens used for diagnostic or therapeutic
purposes should be homogeneous throughout the world. The present situation, whereby
different Manufacturers use different units generate confusion and unreliable information,
which may imply either underestimation or overestimation of the potency of allergen
extracts. These differences may depend on the variability of the raw material used, the
production methods and the lack of batch-to-batch consistence of the preparation procedure.
The determination of the content in major allergen is essential to overcome these difficulties.
Results of the CREATE project highlight a few limitations of recombinant allergen-based
methodologies, which could support the implementation of this approach. In principle, as
different factors as incorrect folding, aggregation, poor solubility and insufficient stability
may affect the possibility to use a given allergen component as reference standard
(Chapman et al., 2008). Nevertheless, knowledge generated by molecular allergology cannot
longer wait to be integrated in the know-how to be developed and applied in this scenario.
Along this line, the European Medicines Agency (EMEA) recommends proving that each
allergen extract contains the relevant allergens by antibody-based techniques or mass
spectrometry. In this context, new promising techniques, such as nuclear magnetic
resonance and small angle X ray scattering, can also be applied to characterize allergenic
molecules in the laboratory.
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Overall, this growing awareness is slowly affecting the methods by which allergen extracts
are standardized. This is a necessary achievement in modern allergology, not only in the
perspective of better patient care, but also under the prospect of definitely accompanying
this discipline to the podium it deserves. Development of standardized methods to measure
allergen content are also eagerly needed by the imminent improvement of specific
immunotherapy, which will imply the usage of recombinant (or purified) allergen
components, instead of allergen extracts. This step will definitely promote the development
of internationally accepted, standardized methods to measure allergen content, and to
quantify the homogeneity, folding, aggregation, solubility and stability of recombinant
products.

There is no doubt about the fact that allergen standardization is a fast developing field,
which will soon allow to complete the progress of allergology from the present transition
status where much is still managed according to traditional approaches based on allergen
extracts and old cuisine to the full implementation of molecular immunology. The dramatic
social relevance of allergies will warrant the encouragement of the medical and scientific
community to this transition.
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1. Introduction

Pharmaceutical stability may be defined as the capability of a particular formulation, in a
specific container/closure system, to remain within its physical, chemical,
microbiological, therapeutic, and toxicological specifications, during transport, storage
and use. Chemical degradation may results in a loss of potency or an increase in drugs
toxicity, so that clinical use of a medicine must be unacceptable if the degradation is
relatively great. When a drug dosage form is altered (by dissolution, pulverization, or
addition to other materials) or the environment of the drug is modified by changes in
storage conditions, the stability of a drug may be affected [1-5]. Although there are
exceptions, 90% of labeled potency generally is recognized as the minimum acceptable
potency level (Gennaro, 2000).

Stability testing forms an important part of the process of drug development; it provides
evidence on how the quality of drug substance or drug product varies with time under the
influence of a variety of environmental factors, such as humidity, temperature, and light.
The stability studies of drugs can be performed at the original product (“real-time” tests or
long-term tests at specific temperatures and relative humidity representing storage
conditions experienced in the distribution chain of the climatic zone(s) of the country or
region of the world concerned; accelerated stability tests; pharmacies storage tests) or at
remainder doses of these products. The chemical stability is evaluated by testing quantity of
drug at different time during the storage (Lund, 1994; USP, 2007).

The aim of the stability studies is to determine the shelf life of the product and its optimum
storage conditions (Connors et al., 1986; Lund, 1994; The Sixth ICH International Conference
on Armonization of Technical Requirements for Registration of Pharmaceuticals for Human
Use [ICH], 2003; The United States Pharmacopeia [USP], 2007; Watson, 2005; Yoshioka,
2000).

Therefore, the authors have been developing and validating HPTLC methods with the aim
of quantification of drugs in dosage forms, suitable for stability and quality control studies,
as at original products as at its remainder doses.
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2. Drugs

Some drugs analyzed by HPTLC developed methods had been Fluphenazine, Haloperidol
and L-DOPA.

2.1 Fluphenazine

Fluphenazine is a phenotiazine antipsychotic agent. The drug is a propylpiperazine
derivative of phenotiazine (Delgado et al., 1998; Hardman & Limbird, 2006; Mc Evoy, 2006;
Sweetman, 2003).
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Fig. 1. Chemical structure of Fluphenazine
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Fig. 2. Chemical structure of Haloperidol

Drug therapy with fluphenazine is integral for the management of acute psychotic episodes
with violent behavior in patients with schizophrenia and generally is required for long-term
stabilization to improve symptoms between episodes and to minimize the risk of recurrent
acute episodes (Hardman & Limbird, 2006; Mc Evoy, 2006; Sweetman, 2003).

Fluphenazine hydrochloride, decanoate, and enantate are all sensitive to light. Therefore, it
is very important to determine the quantity of fluphenazine in its dosage forms because in
the presence of light, photolysis occur rapidly, resulting in drug loss and potency reduction
(Delgado et al., 1998; Hardman & Limbird, 2006; Mc Evoy, 2006, Moffat el al, 2004;
Sweetman, 2003).
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2.2 Haloperidol

Haloperidol, a butyrophenone derivative, is used for the symptomatic management of
psychotic disorders, in the same way that fluphenazine (Delgado et al., 1998; Hardman &
Limbird, 2006; Mc Evoy, 2006; Sweetman, 2003).

When haloperidol injection is used, dose is depending on the severity of the illness, the age
of the patient and on their response to the pharmacotherapy. Therefore, sometimes the dose
corresponed only to a portion of the injection. The portion which is not used is stored for the
next administration or is discarded (Delgado et al., 1998; Hardman & Limbird, 2006; Mc
Evoy, 2006). The stability of this portion is unknown.

2.3 L-DOPA
L-DOPA, the levorotatory isomer of dihydroxyphenylalanine, a natural amino acid, is the
precursor of the neurotransmitter dopamine.

HO
HO
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CHj ---- C---- COOH

H
Fig. 3. Chemical structure of L-DOPA

The actions of L-DOPA are mainly those of dopamine. Unlike dopamine, L-DOPA can
readily enter the Central Nervous System and is used in the treatment of conditions, such as
Parkinson’s disease, which are associated with depletion of dopamine in the brain (Delgado
et al, 1998, Hardman & Limbird, 2006; Mc Evoy, 2006, Sweetman, 2003). L-DOPA is
considered by many clinicians the drug of choice in the management of idiopathic
parkinsonian syndrome (Mc Evoy, 2006).

It is very important to determine the quantity of L-DOPA in its dosage forms, because, in
the presence of moisture or atmospheric oxygen, it is rapidly oxidized resulting in drug loss
and potency reduction (Carstensen, 1990; Mc Evoy, 2006; USP, 2007; Sweetman, 2003).

3. Methods

Some methods have been reported for the analysis of fluphenazine, haloperidol and L-
DOPA in pharmaceutical preparations or in biological fluids. These methods include:
spectrophotometry (Blanco et al., 2000; Damiani et al., 2005; Karpinska et al.,, 2005;
Madrakian et al., 2004; Madrakian et al., 2006; Marcolino-Junior et al., 2001; Nagaraja et al.,
2001; Nagaralli et al., 2002; Nour El-Dien et al., 2005; Pistonesi et al., 2004; Talebpour et al.,
2005), gas chromatography (Jemal et al., 2005), liquid chromatography (Ali & Aboul-Enein,
2005; Chana et al., 2004; Crevoisier et al., 2003; Fernadndez et al., 2001; Karimi et al., 2006;
Kircherr & Kiihn-Velten, 2006; Lea et al., 1982; Nyholm et al., 2002; Sagar & Smyth, 2000;
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Saxer et al., 2004; Trabelsi et al., 2002; Wang & Fang, 2006), electrophoresis ( Zhang et al.,
2001) and voltammetry (Maia et al., 2005). Nevertheless, these methods have often suffered
from diverse disadvantages with regard to cost or selectivity, with complex sample
preparation procedures, and long analysis time.

Also, one method by TLC was found for determination of fluphenazine hydrochloride in
coated tablets, but not in ampoules (Maslanka & Krzek, 2005). Only one paper of stability of
haloperidol in injections is discussed in literature, but this paper deals whit the stability of
haloperidol in 5% dextrose injection (Das Gupta & Stewart, 1982).

3.1 High performance thin layer chromatography (HPTLC)

High performance of HPTLC is due to it fastness, solvent economy and high throughput of
samples. Chromatography of samples simultaneously with standards it is another
advantage, allowing to run up to 60 spots simultaneously (27 samples plus standards by
each side of the plate). Sensitivity of HPTLC is normally in the range of nanograms in
absorbance and picograms in fluorescence mode.

The authors have performed some works using HPTLC for quantitative determination of
drugs in biological fluids (Mennickent et al., 2003,2007a, 2007b, 2009, 2010a, 2010b) and in
dosage forms ( de Diego et al., 2007a, 2007b, 2010a, 2010b; Mennickent et al., 2007a, 2007b,
2007¢, 2010), with exact and reliable results.

The HPTLC methods developed are simples, rapids, with low LOD and LOQ values, with
very good accuracy and precision, with robustness, and economical.

3.1.1 Method for fluphenazine injections

For the quantification of fluphenazine in injections, the method was linear in the range of
100 ng/band to 500 ng/band (r=0.998).The limit of detection (LOD) and limit of
quantification (LOQ) were 1.45 ng/band and 4.40 ng/band, respectively. The intra-assay
and inter-assay precision, expressed as the relative standard deviation (RSD),

were in the range of 0.73%-1.77% (n=3) and 1.18%-1.86% (n=9), respectively. The recovery of
fluphenazine hydrochloride was in the range 98.29% and 101.53%, with a RSD not higher
than 1.87%. The method was selective for fluphenazine hydrochloride from the
preservatives of the injections (Rf for fluphenazine hydrochloride was 0.33, whereas
parabens run to the solvent front) (Fig. 4 and Fig. 5).

Stability-indicating capability of the HPTLC assay was studied by forced decomposition of 5
mL of a solution of fluphenazine 1 mg/mL, with 10 mL of 0.1 N hydrochloric acid, 10 mL of
0.1 N sodium hydroxide and 10 mL of 3% H;O,. The mixtures with NaOH and with HCI
were heated on hot plates at 60°C for 60 minutes. The mixture with H>O, was storage at
room temperature (25°C) for 60 minutes. Then, each mixture was diluted to 100 ng/uL with
ethanol and analyzed.

Also, stability-indicating capability of the assay was proved by conducting forced
degradation conditions of UV and VIS radiation on fluphenazine standard, as solution of
100ng/uL.

One degradation product was found after treatment of fluphenazine with HCIl, and two
degradation products were found after treatment with NaOH. Rf for fluphenazine was 0.30,
whereas Rf for degradation product with HCl was 0.01, and Rf for degradation products
with NaOH were 0.03 and 0.23 respectively. None degradation product was found with
HzOz (Fig.6).
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Fig. 4. Selectivity of the method. Study with parabens. Peak observed: fluphenazine. Rf:
retarding factor. AU: absorbance unit

Fig. 5. Picture (video store, CAMAG) of plate at selectivity with parabens. Tracks 1-3 (from
left to right of the plate) : fluphenazine hydrochloride; tracks 4-6: fluphenazine
hydrochloride + methylparaben; tracks 7-9: fluphenazine hydrochloride + propylparaben;
tracks 10-12: fluphenazine hydrochloride + methylparaben + propylparaben. Bands of
parabens can be observed at the solvent front
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Fig. 6. Degradation study of fluphenazine with HCl, with NaOH and with H,O,. Tracks 1-3
(from bottom side to the upper side): fluphenzine; tracks 4-6: fluphenazine + HCI; tracks 7-9:
fluphenazine + NaOH; track 10-12: fluphenazine + H>O». Rf peak pluphenazine = 0.30.
Other peaks at tracks 4-9: degradation products. Rf: retarding factor. AU: absorbance unit
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Fig. 7. Degradation study of fluphenazine with VIS radiation. Peak 1 (from left to right):
fluphenazine; peak 2: degradation product. Rf: retarding factor: AU: absorbance unit
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When the drug was exposed to forced degradation with VIS radiation, another peak
different to the peak of fluphenazine was found, therefore it could be a degradation product.
Rf for fluphenazine = 0.30 and Rf for degradation product = 0.56 (Fig. 7). One of the
products of photolysis mentioned in literature is a sulphoxide (Lund, 1994).

Values for precision study of the method can be observed at the Table 1.

Relative standard deviation (RSD), %

Concentration (ng/ul) Intraassay precision® Intermediate precision?
100 1.77 1.86
300 1.64 1.47
500 0.73 1.18

an=3; analyzed on the same day (for each concentration)
b n=9; analyzed on three different days (for each concentration)

Table 1. Precision of the HPTLC method for fluphenazine injections

Values founded for the accuracy of the method are presented at the Table 2.

Added concentration Found concentration

(ng/uL) (ng/uL) 2 Accuracy, % b RSD, % ¢
Intraassay (n=9)

80 79.90 +1.31 99.87 1.64
100 100.45+1.10 100.45 1.10
120 121.84 +2.28 101.53 1.87

Interassay (n=27)

80 78.63 +1.34 98.29 1.71
100 99.74 £1.65 99.74 1.65
120 120.90 +1.83 100.75 1.52

a Each value is the mean + standard deviation.
b (Founded concentration/ added concentration) x 100.
¢ Relative standard deviation (coefficient of variation).

Table 2. Method accuracy

3.1.2 Method for haloperidol injections

For the quantification of haloperidol in injections, the method was linear between
10ng/band to 100 ng/band (r = 0.999), the method was selective between haloperidol and
the parabens, the preservatives in haloperidol lactate injection (Rf for haloperidol was 0.70,
whereas parabens run to the solvent front) (Fig. 8-10). RSD for precision was < 1.92%, and
accuracy was from 98.59% to 101.90% of recovery. LOD was 0.89 ng/band and LOQ was
2.71 ng/band.

Stability-indicating capability of the HPTLC assay was established by forced decomposition
of 5 mL of a solution of haloperidol lactate 1 mg/mL, with 10 mL of 0.1 N hydrochloric acid
and 10 mL of 0.1 N sodium hydroxide. The mixture was heated on a hot plate at 60°C for 60
minutes, cooled to room temperature, diluted to 100 ng/uL with methanol and analyzed.
Also, stability-indicating capability of the assay was proved by conducting forced
degradation conditions of VIS radiation on haloperidol standard.
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Fig. 9. Selectivity of the method. Study with parabens. Tracks 1-3 (from the bottom side to
the upper side): haloperidol; tracks 4-6: haloperidol + methylparaben; tracks 7-9: haloperidol
+ propylparaben; tracks 10-12: haloperidol + methylparaben + propylparaben. Peak 1(from
left to right): haloperidol; peak 2: solvent front. Rf: retarding factor. AU: absorbance unit
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Fig. 10. Picture (video store, CAMAG) of plate at selectivity between haloperidol and
parabens. Tracks 1-3: haloperidol; tracks 4-6: haloperidol + methylparaben; tracks 7-9:
haloperidol + propylparaben; tracks 10-12: haloperidol + methylparaben + propylparaben.
Bands of parabens can be observed at the solvent front

After treatment of haloperidol lactate with acid none degradation product was found.
However, after treatment with basic, one minor peak was found, which probably correspond
to a degradation product, with a resolution of 2.4 between haloperidol and another peak
(Fig. 11)

All tracks @254 nm
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[AU]
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180.0

Fig. 11. Selectivity of the method. Study at forced degradation of haloperidol with 0.1 N HCI
and 0.1 N NaOH. Tracks 1,2,7,8 (from the bottom side to the upper side): haloperidol; tracks:
3-4: haloperidol + HCI; tracks 5-6: haloperidol + NaOH. Peak 1 (from left to right):
haloperidol; peak 2: solvent front. Minor peak at tracks 5-6: degradation products. Rf:
retarding factor: AU: absorbance unit
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When the drug was exposed to forced degradation with VIS radiation, no degradation
product was found.

The degradation products for haloperidol mentioned in literature are acrolein, chlorobenzene,
p-fluorobenzaldehyde, p-fluoroacetophenone, p-fluorophenyl propenyl ketone, when
haloperidol was irradiated with a sterilising dose of gamma radiation (Lund et al., 1994).
Another studies found 4-(4-chlorophenyl)-4-hidroxypiperydine and 4-fluorobenzoic acid,
presumed to be hydrolytic products of haloperidol (Jemal et al., 2005; Karipnska et al., 2005)
and 4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-fluorophenyl)-1-butanone N-oxide;
and 4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-hydroxyphenyl)-1-butanone;
4-[4-(4-chlorophenyl)-3,6-dihydro-1(2H)-piperidinyl]-1-(4-fluorophenyl)-1-butanone  (Lund
etal., 1994).

Values for the precision study are shown at the Table 3.

Relative standard deviation (RSD), %

Concentration Instrumental Intraassay Intermediate
(ng/ul) precision? precision® precisionc
10 0.81 1.31 1.92
50 0.37 1.74 1.53
100 0.51 0.38 1.11

an=10; analyzed on the same day
b n=5; analyzed on the same day (for each concentration)
¢n=9; analyzed on three different days (for each concentration)

Table 3. Precision of the method

Values for the accuracy of the method can be observed at the Table 4.

Added concentration Found concentration o
Accuracy, % b

(ng/uL) (ng/uL)
Intraassay (n=9)

80 78.87 +2.98 98.59 3.78
100 101.21£3.78 101.21 3.74
120 119.05 £1.75 99.21 1.47

Interassay (n=27)

80 81.52 £3.59 101.90 4.40
100 99.74 +4.41 99.74 442
120 119.35 £5.37 99.46 4.50

a Each value is the mean + standard deviation.;
b (Founded concentration/ added concentration) x 100;
¢ Relative standard deviation (coefficient of variation).

Table 4. Method accuracy

Stability study of haloperidol lactate injection 5mg /mL was realized at the following
conditions: 25 + 2 °C, because it is the more common temperature founded at hospitals in Chile
and is the temperature mentioned by ICH guidelines for stability studies at dosage forms; and
refrigeration temperature (8 + 1 °C) in its original glass ampoules after it was opened, removed
a portion of drug, and sealed with Teflon. The samples at room temperature were stored
under light exposure and light protection. The study was performed over 15 days.
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Samples were taken at appropriate time intervals (0, 3, 5, 7, 10 and 15 days), and analyzed in
duplicate by HPTLC to determine haloperidol concentration. For stability study, 100 uL of
the haloperidol lactate injection 5 mg/mL was transferred to a 10 mL volumetric flask and
diluted with methanol to volume (final concentration of 50 ng/uL).

The percentage of haloperidol remaining after each interval was determined by comparing
the concentration at that time with the initial haloperidol concentration, measured before
storage (t = 0) at the different conditions. Haloperidol lactate injections, when stored at 25 *
2 °C under light exposure and light protection, and when stored at refrigeration temperature
(8 £ 1 °C) in original glass ampoules opened and after closed with Teflon retained at least
90% of the initial concentration over 15 days (Table 5).

Storage time Initial concentration remaining (%) (Mean * SD)

(days)
23+2°C 8+1°C
Exposed to light Protected from light

0 100 .00 100.00 100.00

3 94.77 £ 0.6 962021 98.99+0.3

5 93.64+14 94.79£0.8 98.75+1.2

7 9326 £21 9320£1.8 96.99 1.4

10 91.87£0.3 92.88£2.0 9475+21

15 90.69+1.7 91.71£ 0.5 9253 £0.8

Table 5. Stability of injectable haloperidol

3.1.3 Method for L-DOPA tablets

For the quantification of L-DOPA in tablets, the method was linear between 100 ng/band to
500 ng/ band (r = 0.999). The intra-assay variation was between 0.26% and 0.65% and the
inter-assay was between 0.52% and 2.04%. LOD was 1.12 ng, and LOQ was 3.29 ng. The
accuracy ranged from 100.40 % t0101.09%, with a coefficient of variation not higher than
1.40%. The method was selective for L-DOPA (Rf = 0.37) and carbidope (Rf = 0.79) (Fig. 12).
Table 6 shown the values for the precision study of the method.

The values found for the accuracy of the method can be observed at Table 7.

At Table 8 can be observed the values found for the determination of L-DOPA in tablets by
the proposed HPTLC method and by the USP HPLC method.

Accelerated stability study was performed on commercial tablets of L-DOPA. The
temperature used was 40+2°C and the relative humidity was 75+5 (Zone II, OMS). The study
was carried out by three months, taking samples to t=0 and one time each month.

Relative standard deviation (RSD), %

Concentration Instrumental Intraassay Intermediate
(ng/pL) precisiona precisionP precisionc
100 0.45 0.48 2.04
300 0.68 0.65 0.77
500 0.23 0.26 0.52

an= 10; analyzed on the same day; "n= 5; analyzed on the same day (for each concentration)
¢n=9; analyzed on three different days (for each concentration)

Table 6. Precision of the method
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All trads @ 467 nm

Fig. 12. Selectivity of the method. Peak 1 (from left to right): L-DOPA; peak 2: Carbidope
(dopa-decarboxilase inhibitor)

Added concentration (ng/pL)  Found concentration (ng/pL) @2 Accuracy, % ® RSD, %
Intraassay (n=9)

320 32210 £4.20 100.66 1.30

400 404.22 £3.70 101.06 0.92

480 485.25 +1.20 101.09 0.25
Interassay (n=27)

320 321.27 £4.50 100.40 1.40

400 402.30 £ 3.80 100.58 0.94

480 482.83 £2.35 100.60 0.49

a Each value is the mean + standard deviation; * (Found concentration/ added concentration) x 100.

Table 7. Method accuracy

Parameter HPTLC HPLC

Labelled claim (mg per tablet) 100.00 100.00
Amount founda (mg per tablet) 90.99 90.00
RSD (%) 2.40 1.53

F calc.: 11.86; F theoreticalb: 13.61

a Each result is the mean of nine experiments (three solutions, three determinations of each of them).
b =0.05

Table 8. Comparison for determination of L-DOPA in tablets by the proposed method and
by HPLC

Tablets were processed as follow (USP, 2007): 20 tablets were weighed and ground into fine
powder and an accurately weighed portion equivalent to 30 mg of L-DOPA was diluted to
100 mL with water: methanol (7:3, v/v) . The solution was centrifuged and then, 1 mL of the
supernatant was diluted to a 10 mL with the mixture solvent.
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Results of the accelerated stability study can be observed at Table 9.

t(months) Percentage L-DOPA per tablet Quantity L-DOPA per tablet (mg)
0 100.00 90.99
1 96.65 87.94
2 87.21 79.35
3 85.60 77.89

Table 9. Results for the accelerated stability study of L-DOPA tablets

Therefore, at the second month of accelerated stability study, L-DOPA tablets don’t have a
change significant at the percentage of active principle per tablet, but at the third month of
the study, the change at the percentage is more than a 5% (ICH, 2003).

4. Conclusion

The proposed HPTLC methods are a new analytical alternative for quantification of the
mentioned drugs in these dosage forms. None HPTLC method for quantitative analysis of
fluphenazine hydrochloride in injections, haloperidol in injections and L-DOPA in tablets
were found in literature before our methods.

These methods are simple, fast, precise, sensitive (low LOD and LOQ values), accurate and
specifics for the quantification of these drugs in the dosage forms studied. Moreover,
HPTLC allows for a large number of samples to be measured simultaneously, very
important, especially in quality control.

The procedure works without separation steps, only centrifugation, because the excipients
are not dissolved by the working solvents.

Therefore, the proposed HPTLC methods are very good methods for quantitative analysis of
fluphenazine hydrochloride in injection, haloperidol lactate in injections, and L-DOPA in
tablets, being appropriates to stability studies.

By the other side, the results indicate that haloperidol lactate injection (glass ampoules)
could be stored for at least 15 days and use when needed, reducing wastage and
unnecessary expenses. This could result in substantial money savings for some institutions.
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1. Introduction

The general thinking of quality control of the chiral drugs is that we need to conduct the
research following the characteristic of the chiral drug besides principles already existingfll.
During the research, according to the way by which the chiral center being introduced, we
should adopt the effective measurement to control the optical purity of chiral material and
each step resultant; choose the appropriate way (direct or indirect) to prove the absolute
configuration according to compound's unique feature as well as research foundation
already existing such as its preparation craft, the comparison of structure confirmation, the
literature data and so on.

2. Synthesizing technology for chiral drugs

Chiral drug is a kind of special chemical drug. Its particularity must be considered in the
research except the guideline for chemical drugl?. We need to pay more attention to the
change of chiral center and the optical purity in the process momentarily.

During the research, both the optical purity of the starting material and the control of the
process are important, which may have effect to the final product. So the internal control
standard should be established especially the control of the optical purity. According to the
way by which the chiral center being introduced, we should adopt different method to control
the optical purity of each intermediate material. Moreover, we should monitor the change of
the configuration in the reaction by establishing the appropriate process control target.

2.1 Route analysis for synthesizing technology of chiral drug

As it was said in the guidelineB], both asymmetrical synthesis and the resolution have
superiority to obtain chiral drug - although the selectivity is better and the optical purity of
final product is higher, asymmetrical synthesis has more steps; on the contrary, the route of
resolution method is shorter, but the chiral purity is not meet the requirement sometimes,
especially when there are more than one chiral center exist in the drug. We can choose the
rational method according to the feature in the actual application.

For the process of asymmetric synthesis, we consult the relevant literature as much as possible
before establishing the process, and adequately understand the mechanism, reaction
conditions and stereoselectivity about the different reactions, then find out the corresponding
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reaction. Because the steric hindrance of materials, some reactions have larger stereoselectivity,
and the needed configuration may be the one that is obtained from the reaction. If the needed
is not the predominance configuration or that is not ideal proportion, some measurement
should be adopted to improve the reaction selectivity, introducing a large group into the
starting material such as salt or ester, then improve greatly the stereoselectivity. For example,
some chiral drug evaluating needs to form two chiral carbons, the researchers induce a tert-
butyl group to the starting material, after forming the chiral center, the inducing group is
eliminated, the result confirm the inducing group that will improve the stereoselectivity from
60% to 98%, then get high yield, and the sequent purification process had been simplified
synchronously. The strategy to the synthesis such as figure 1.
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Fig. 1. The strategy to the synthesis: improving the stereoselectivity

In addition, the different reaction conditions such as temperature, pressure and the addition
of special chiral catalysts may likely affect the stereoselectivity of the reaction, there are a lot
of books and literature can be consulted, the test can be designed according to the actual
situation and the literatures. It should be noted that the current use of some common chiral
catalysts such as ruthenium, rhodium, etc have high toxicity, and so the strictly measurement
should be adopted to control the residues of the mental catalysts. Identify of the limits can
consult Guideline on the Specification Limits for Residues of Metal Catalysts or Metal
Reagents issued by the EU EMEALI4.

2.2 Control of the starting materials

The chiral starting materials, besides some common chiral materials like L-amino acids,
D-tartaric acid, other chiral starting materials purchased from other companies should be
established the corresponding chiral purity control item, and should be provided the
production techniques and detailed quality control about it, evaluated the rationality of the
process. In the actual evaluation, a lot of applicants did not provide the production
techniques and detailed quality control about the chiral starting materials purchased, and
did not carry out the optical control on the chiral starting materials, directly impact on the
quality control of starting materials and the evaluation on its quality. For example: a
purchased key side-chain has two chiral centers that is used in the synthesis of antilipemic
drug Atorvastatin calcium by some applicants ( the structure described in Fig. 2 ), but the
applicants don’t accomplish the corresponding chiral purity control item, that will affect on
the evaluation of the drug application, and the drug standard doesn’t include the chiral
quality index about the product, so that the application isn’t approved.
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Fig. 2. The key side chains in the synthesis of Atorvastatin calcium

And some applicants have already accomplished a rough chiral purity control item, such as
controlling the optical rotation of the starting materials. but the control of optical rotation is
not enough to ensure the high content of the optical isomerism, especially when the starting
material contains two or more chiral centers, and the different chiral center will contribute to
the addition of optical rotation, it’s not enough that only to utilize the optical rotation of the
starting materials to afford a high content of steric isomerism. in addition, the range of the
optical rotation is usually too rough, even if there is considerable quantity of of isomerism
impurities, the optical rotation can still meet the requirement of the limit. For example, the
optical rotation is usually controlled in the range + 5° in the current specification, if a chiral
drug contains one chiral center, even if there is only 5% enantiomers in the final product, the
determination of the optical rotation traps in the range of the standard, and these should be
limited more exacting than the limits. So if the optical rotation is used as a chiral purity
control item, sufficient validation about its accuracy and precision should be made to ensure
its confidence, and must be shown an accurate definition. There is a chiral drug with
multiple chiral carbon atoms, because each chiral carbon atom contributes to the apparent
optical rotation of the final product, then it will is more complex to calculate the optical
rotation, here to control the optical purity through the optical rotation of the product will be
more difficult. If a following chemistry reaction is achieved by the use of a low purity of the
starting material, it will be more difficult to develop the sequent purification and quality
control, and it will greatly increase the cost of the synthesis of final product.

Based on those reasons, we suggested that appropriate optical purity guideposts about the
chiral starting material should be established, and the chiral HPLC method should be used
if necessary. In addition, it should provide detailed production process of chiral starting
material and detailed quality control process to evaluate the rationality of the craft.

2.3 Intermediates control

In addition to the introduction of chiral centers from chiral starting materials, it may also be
introduced during the reaction. We should focus on steps that generate chiral centers. The
intermediate, which will generate the new chiral center, should be controlled and internal
quality control standard should be established. After introducing this chiral center, possible
stereomeride should be focused on and monitored. In order to fully control the optical
purity of products, we should understand the reaction mechanism of introducing chiral
center, analysis isomer structure and different isomer proportion; establish effective isomers
separation control method. It could not only depend on refining to improve the optical
purity of final products. It needs to note that if this starting material used containing more
than one chiral center, and this step reaction did not affected other chiral center, then this
step reaction formed the diastereoisomer which could be separated by the ordinary HPLC
methods. This requires adequate method validation. By those, we could control such key
intermediates effectively intermediates.
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2.4 Process control and process control index

Comparing with non-chiral drugs, in-process control is very important in synthesizing of
chiral drugs, especially when the chiral drugs containing more than one chiral center. Each
step stereoisomer impurities should be detected, analyzed and possibility of conformational
changes be monitored, rather than using an ordinary HPLC monitoring method or TLC
method.

Optimizing reaction parameters, monitoring the optical purity of reaction products could
help us to determine this step reaction process condition and reaction products optical
purity control item. After the introduction of chiral centers, follow-up reaction can make
configuration changes. According to the difficulty of the final product quality control,
different control methods were used to control the optical purity of the final product.
During the process research, the stereoisomers of impurities were detected after the
introduction of chiral centers in each step, the possibility of conformational changes were
analyzed and monitored. If there were no configuration changes, it should strictly control
the process parametersits in the preparation process according to the results of process
optimization and verification. If such changes may occur, indicators should also be targeted
using the optical purity of the intermediate control, in addition to strictly control the process
parameters.

With the reaction mechanism in each step and possible side effects, we should
comprehensive analysis the stereoisomers structure of impurities, determine the scope of the
possible structure of impurities, and to verify the method of structural confirmation. So to
reduce the work load of the impurities structure confirmation. For example, an innovative
chiral drug, the reaction generated 4 diastereoisomer in step; these isomers were isolated
and determined by NMR spectra. Combined with the reaction principle and the theoretical
values determined different isomers structure were confirmed, and the formation of these
isomers ratio of process parameters were optimized, and also provides a strong proof to the
confirmation of the final product structure.

3. Characterisation research of chiral drugs

3.1 The general principles to the structure identification of chiral drugs

During the study of structural confirmation of chiral drugs, it should not only be
consistent with the general principles of structural confirmation, but also pay particular
attention to the research and conclusive evidence of configuration according with the
requirements of the guiding principles. For innovative chiral drugs, chiral centers on the
absolute configuration should be confirmed clearly; for generic drugs absolute
configuration should be confirmed with orignal drugs. Since enantiomers have the same
general physical and chemical properties, chromatographic retention behavior (non-chiral
packing column) and spectral characteristics (IR, Ultraviolet spectrum, nuclear magnetic
resonance (NMR) spectroscopy, mass spectrometry), so the conventional method can not
corroborate the configuration of chiral drugs, even if the conventional structure
comparison with the configuration of standard product, still can’t confirm their stereo
configuration. In the actual evaluation about chiral drugs, we can often see that some
drugs have multiple chiral carbons, but the applicants work over only by the four
conventional spectrum analysis methods in the structure corroboration, not for chiral
center,which causes the supplement rate of these drugs higher than the normal drugs in
the structure corroboration.
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It should be known that, the methods of structure corroboration about chiral drugs are
classified, and the main method of configurational corroborating respectively is introduced,
which are comprehensive. The methods concreted and their principles may refer to the
guiding principle and relevant professional books, which are not mentioned in this no
longer. In the following, only the questions found in the structure corroboration and the
specific application of various methods will be stated.

3.2 The direct methods

Single-crystal X-ray diffraction method belongs to the direct methods, and is the preferred
method of configuration corroboration about chiral drugs. The indirect methods need a lot
of jobs to do, especially in corroborating innovative drug configuration or in the drugs of
multiple chiral centers. but the single-crystal X-ray diffraction method can provide directly
configuration information. So we should get the drug samples of single crystal
determination of single crystal X-ray diffraction as far as possible through various measures.
Of course, if the indirect method is simple, and can be relatively easy to identify the absolute
configuration, there is no need to perform the single crystal determination. The point need
stressed is that the object of single-crystal X-ray diffraction structure analysis only to be one
crystal among the samples to be measured, which will not be representative. So it is
necessary that the drug samples will be measured with powder X-ray diffraction, and gets
the theoretical powder X-ray diffraction spectrum of chiral drugs through the calculation of
single crystal structure data., and then is compared with that of sample drugs powder. The
single-crystal sample will be proved to be representative when two crystal diffraction
spectrums are consistent, and then corroborate configuration of the chiral drugs. Although
the point is stressed in this guiding principle, but the declaring enterprises all do not have a
research about this, which can cause evaluation personnel some questions, ever if some
samples have a detection of the single-crystal X-ray diffraction. So attention must be brought
to the applicants.

3.3 The indirect methods
When it is difficult to raise single crystal, more indirect combined application methods
should be made. Usually, an indirect method to identify the absolute stereo configuration is
limited, should as far as possible use more than one indirect methods to mutual self-evident.
In the following, the application of indirect methods will be introduced though some
examples in the evaluation.

3.3.1 The specific rotation

For the chiral drug only containing a chiral center, such as Levocarnitine, (S)-Amlodipine, its
stereo configuration can be determined by rotation detection and enantiomer control. If the
result of rotation detection is consistent with literature value, and the enantiomer can be
generally effective controlled in the quality standards, the chiral drugs’ stereo configuration
may be identify in according to the conventional method. But if the chiral drugs are
innovative drugs, their absolute configuration should still be corroborated.

3.3.2 Chiral HPLC positioning method and specific rotation
For the chiral drug containing two chiral centers, such as Sertraline Hydrochloride, it has a
enantiomer and two diastereomers. These isomers can be separated and positioned through
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chiral HPLC conditions in the reference when their configuration are corroborated.
According to the result of specific rotation detection, we affirm that its configuration would
be consistent with the marketed drug if they have the same chromatograms. If marketed
standard substance to be available, we affirm that its configuration would be consistent with
the marketed drug through the way combining chiral HPLC method with NMR
spectroscopy.

NHzCH3 +HCI

Fig. 3. Sertraline Hydrochloride

3.3.3 Literature comparative method

For the chiral drug containing multiple chiral centers, the determination of other items must
be detected in order to corroborate three-dimensional structure of every chiral center
besides specific rotation detection. For these compounds, the literature data obtained
outside is also very important, except for the methods mentioned in this guiding principle of
direct or indirect method. Because of multiple chiral centers, the presence of the final
product including enantiomers are less, rather than non-enantiomers in the NMR spectrum
are obvious differences, through the literature data by comparison with the measured data
confirm the stereochemistry. Such as the muscle relaxant Vecuronium Bromide (Figure 4),
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Fig. 4. Vecuronium Bromide

H



Manufacture, Structure Confirmation and Quality Control of the Chiral Drugs 167

the structure contains ten chiral carbon, but one of the six chiral carbon in a rigid steroid
ring, in the subsequent reaction of steroid body chiral carbon on the ring flip is unlikely
occurrence, follow-up of non-response is only possible non-enantiomers. The literature clearly
shows the various possible non-enantiomers of the NMR data and maps, which compare the
sample through the NMR measured values with the literature, combined with other
evidence of testing to confirm the relatively easy three-dimensional product configuration.

3.3.4 The inverse method of intermediate configuration

The determination of the intermediate single crystal X-diffraction is significant to the
determination of the structure of the final product. Sometimes, the end product of the single
crystal can not be obtained. At the same time, they can study and explore the availability of
the last step reaction of the intermediate 1,2-crystal. When the intermediates of single crystal
can be obtained, and chiral center does not changes or changes in control centers in the
subsequent reaction, these intermediate configuration of the confirmation of the final
product configuration is the very useful evidence for confirmation. such as the Chiral drug
A, its single crystal is not available. But the intermediate steps before a chiral drug
L-Menthylacetat single crystal is available, through its configuration can be anti-speculation
chiral drug A by the conclusive evidence, shown in Figure 5.

CH;

Chiral drug A Chiral drug A-3-L-Menthylacetat

Fig. 5. Anti-speculation process

3.3.5NMR

NMR is useful to the confirmed of general structure of the drug. But he confirmed of the
structure of chiral drugs has serious limitations, because the isotropic probe in the NMR
determination is connatural. It makes the map of measured isomer NMR spectrum is
identical. If distinguished by NMR mapping isomers, enantiomers shoud be changed into
diastereoisomers, and then receive the appropriate tests. The methods of Common detection
include: adding chiral shift reagent, add chiral solvent and chiral derivatization method and
so on. After adding chiral derivatization reagent, it can make the formation of chiral drugs
covalent bond. Then though the determination of NMR spectra, it can effectively distinguish
different enantiomers with the configuration of the end product. This method is in common,
and the different structure of chiral drugs can have a variety of derivatization reagent for
selection. Referring to the specific relevant professional books, the guidelines are an increase
Mosher Law adding chiral derivatization method.
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3.3.6 Theoretical analysis & NMR

Reasonable theoretical analysis for the validation of the configuration of the final product is
important. When a chiral drug in the chiral center from the starting material or reagent
introduced, and the chiral centers in the subsequent reaction is not affected, or the
configuration of chiral center of the quantitative impact is clearly occurring At this point, if
the starting materials or reagents of three-dimensional structure is known, by classical
chemical correlation method can be confirmed in the API configuration of chiral centers.
Such as cisatracurium besylate (structure shown in Figure 6) confirmed the structure of the
drug exists in four chiral centers, configuration is 1R, 1'R, 2R, 2'R type, and its structure
confirmed by theoretical analysis and nuclear magnetic resonance methods: the synthesis of
this product to R-Tetrahydropapaverine synthesized R-Tetrahydropapaverine does not
involve the chiral carbon papaverine chiral reversal, the basic validation of 1,1 '-bit
conformation; 2,2 '-bit configuration determined using NOESY spectra, NOESY spectra of
Cl1-bit display connected to the methylene on the benzyl hydrogen and N2 connected
propionate methylene hydrogen are related, but and N2-methyl hydrogen does not exist on
the relationship, indicating that the connection C1 and N2 connected benzyl propionate in
the cis part of the basic goods can confirm the stereochemistry.
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Fig. 6. Cisatracurium besylate

In addition, impurities can be combined with process research and study results to
determine the configuration of end products, such as some examples in the Technology
Application Unit of which the results of theoretical synthesis of the four possible isomers
were separated and identified, but also for configuration of the main components of the
quality of the establishment and follow-up study provides strong evidence.
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1. Introduction

The herbal medicines (HMs) and their preparations have been widely used for thousands of
years in many oriental countries, such as China, Korea, Japan, etc, (Liang Y.-Z. et al.,2004)
and it is attracting more and more attention from all over the world. But the uncontrollable
quality of HMs is the obstacle for internationalization and modernization. For HMs, both
single and combinations contain a myriad of compounds, and multiple constituents of HMs
represent their therapeutic effects. Moreover, the chemical constituents in herbs in the HM
products may be diverse due to various harvest seasons, plant origins, origins, processing
and other factors (Liang Y.-Z. et al.,2004).As to one kind of herbal medicine, any difference
from above aspects can lead to variant efficacy. This point was illustrated in many
literatures. (Pan Ruijing, et al., 2011;Qiu YQ, et al.,2007;Zeng Y.-X., et al., 2007;Zhang YY, et
al., 2008) The content of bioactive components in the roots of Salvia miltiorrhizae (danshen)
was closely related to germplasm and harvest time (He Chun’e, et al., 2010).As for HMs, the
specific quality control of the tested samples usually was achieved through the identification
and determination. Because of uncertainty and complexity, there is great difficulty in
establishing a specific method of quality control of HMs. The techniques of authentication
are not powerful enough to identify all the ingredients in a HM, target setting is too general
to determine the active ingredient and the components that are regarded as markers are
often not active. Hereby there are some problems in developing specific and objective
quality standards of herb medicines. And just on based of this point, adulteration or inferior
quality drugs appeared more and more in markets.

Subsequent evaluation revealed some products to be adulterated with other related plants
from the same genus(Ma C.-H.,2011), for instance, in the U.S. market black cohosh products
are adulterated widely with other species of Actaea, which are lower-priced and exert
unknown effect on menopausal symptoms (Jiang B.,et al.,2006). At the same time also a
large number of substitutes enjoy the same name but have different ingredients and
efficiency, which causes confusion medicinal species and affects the safety and efficacy of
HMs. In order to eliminate these quality problems, on one hand we must actively foster the
concept of pharmaceutical production of good quality and the concept of legal system, and
on the other hand, the scientific and technologically advanced quality control standards
should be established as soon as possible.
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The quality control standardization of HM contains standardization of herb medicinal
substances, cut crude drug and preparations, and nowadays the emphasis is laid on that of
HM substance. Without Quality control standardization of herb medicinal substances, there
is not standardization of cut crude drug and preparations at all. The morphological
identification and microscopic identification are utilized to determine the authenticity of
HMs, and the physical and chemical characters are used to evaluate the quality of herbs in
the existing quality standards. But by all above methods, the complexity of herbal medicines
can not be elaborated, yet the chromatographic fingerprinting analysis was featured by the
fundamental attributions of “integrity” and “fuzziness” or “sameness” and “difference”,
which can chemically represent the characteristics of the HM investigated( Xie P. S., 2001 as
cited in Liang Y.Z. et al., 2004). Two key issues are involved in the development of a
fingerprint method: (i) how to gain more effective and stable information and (ii) how to
evaluate the similarity and difference with chemometric method( Liang X.-M. et al., 2009).
Mork and Chau grouped authentication and quality control of herbal medicines into the
‘component-based” approach and ‘pattern-based” approach (D.K.W. Mok & F.T. Chau,2006).
In 2008, Zeng et.al (Zeng Z.D. et al., 2008) refined these two approaches into compound-
oriented approach and pattern-oriented approach respectively. The compound-oriented
approach includes the marker approach and the multi-compound approach. Generally,
marker approach is utilized when the active ingredient was identified, such as paclitaxel
and ephedrine. And multi-compound approach will be used when a single compound can
not represent the efficacy of the HMs. Pattern-oriented approach namely fingerprint
analysis is more popular now, because most HMs" chemical ingredients have been studied,
but it is difficult to determine which compound is effective. In recent years, the combination
of qualitative fingerprint profiles and quantitative multi-compounds detection was
proposed and was applied into the quality control of HMs (Kong W.]. et al., 2009; Zhou
F.Z. etal., 2008; Su J et al., 2008).

So far, during the production and circulation of HMs, there is no comprehensive and
integrated quality control measure to reflect the variations of HM products, and to
effectively control the quality in the whole process. The research and establishment of
fingerprints contributed much to solving the problem. It can evaluate the integrative and
holistic properties of herbal medicines by comparing the similarity and correlation of the
analytes among the whole producing process, such as manufacture, processing and storage
of raw materials for preparation, intermediate products, finished products and distribution
products. The fingerprint analysis have been internationally accepted as one of the efficient
methods to control the quality of herbal medicines (Liang Y.Z. et al.,2004). In this chapter we
reviewed the quality control methods of HMs, especially fingerprint analysis methods.
Moreover, a section named case study was given at the end of fingerprinting techniques. In
this part, three carefully selected cases were described in details, aiming to demonstrate the
whole process of fingerprint analysis.

2. Compound approach

On basis of the Chinese Pharmacopoeia, identification and quantification of chemical
markers are crucial to the quality control of herbal medicines. Totally, 525 quantitative
monographs by chemical markers were documented in the Chinese Pharmacopoeia (2005
edition) for control and evaluation of herbal medicinal materials, prepared slices, herbal
extracts and preparations. For example, a HPLC method was used to identify and quantify
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the syringoside (content>0.050%) in radix acanthopanacis and chrysophano (content>0.20%)
and aurantio-obtusin (content=0.080%) in semen cassize (CPh.2005,pp.288). Of course,
additionally, the combination with morphological, phytochemical and physicochemical
identification is essential. M.H. Jeon et al. developed a reversed-phase high-performance
liquid chromatography-pulsed amperometric detection (RP-HPLC-PAD) method for the
detection of albiflorin and paeoniflorin in Paeoniae Radix (Min-Hwan Jeon et al.,2009).As
many herb medical substances contain the same compounds, thus just one or several
markers approach fails to confirm the identity of a specific plant, let alone make any
evaluation regarding its quality. This problem will appear when a specific class of
compounds simultaneously exist in two substances (Xie P.S. et al., 2006). So the multi-
compound approach and fingerprint approach are proposed, and the fingerprint approach
will be discussed in the next section. Compared with marker approach, multi-compound
approach study on more compounds, and does not necessarily require specific chemical
markers. Chemometric deconvolution and resolution are the main methods in this approach
(Zeng Z.D.,2008). Such as iterative OPA or non iterative EWOP (Guo F.Q., 2004), Artificial
Neural Networks (ANNSs), k-nearest neighbor (k-NN) (Tian R.T. et al., 2008.) et.al
Chemometric methods for evaluation of chromatographic separation quality from two-way
data were reviewed in the literature (Xu L et al., 2008). For instance, total terpene lactones
and total flavonol glycosides were detected for the quality control of ginkgo substances,
ginkgo extraction and ginkgo tablet (CPh.2005, pp.292/322/663).A method, HPLC-DAD-
ESI-MS, was established to qualitatively identify and quantitatively determine the 10 major
active coumarins of Zushima (Su J. et al, 2009).And a HPLC-DAD method is firstly
established for the simultaneous determination of 10 major components in different origins
of Carthamus tinctorius, by L. Fan et al. (Fan L et al., 2009).

3. Fingerprint approach

By definition, a chromatographic fingerprint of a HM is, in practice, a chromatographic
pattern of the extract of some common chemical components of pharmacologically active or
chemically characteristics (Liang Y.Z.et al, 2004). Specifically, fingerprints of herbal
medicine refer to the profiles which can illustrate the specific properties of the analyte
including raw materials, slices, semi-finished products and finished products after
appropriate processing, and be obtained by certain analysis techniques. The research of
fingerprinting of herbal medicines is really an interdisciplinary and comprehensive
research, which is based on the chemical composition of traditional Chinese medicine
system. It needs crossover of herbal medicine, separation science, analytical science, and
bioinformatics to provide a platform for the quality control of traditional herbal medicines.
Those features make fingerprint analysis especially suitable for research on HMs which
bearing characteristics of a complex mixture of chemical compounds.

Fingerprinting is now globally accepted as a quality evaluation model of herbal medicine.
Due to different national conditions and traditions, the research thoughts and methods of
fingerprinting are diverse in different countries. Japanese scientists accept the decoction of a
prescription consisting of trueborn crude drug slices as standard extraction, and the
fingerprint obtained from the standard extraction is taken for standard fingerprint. Food
and Drug Administration has also started to accept fingerprint, because fingerprint method
can be utilized to the quality control of the Botanical Drug Substances and Botanical Drug
Products in application material named chemistry, manufacture and control (CMC) of
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Investigation New Drug (IND). Furthermore, France, Germany, Britain, India and the WHO,
adopted fingerprinting to evaluate the quality of medicinal plants. And Chinese
manufacturers are required by the Chinese State Food and Drug Administration (SFDA) to
standardize the injections and their corresponding raw materials made from Traditional
Chinese Medicine, by using chromatographic fingerprinting method.

Just as in any single HM and its combinations, there are lots of unknown components and
many of them are in low amount, researchers applied more and more techniques into this
field. Fingerprinting, generally, was divided into chemical and biological fingerprint
patterns. Chemical fingerprint is used to analyze the chemical constituents in HMs,
consisting chromatographic fingerprint, such as thin layer chromatography (TLC), high-
performance liquid chromatography (HPLC), gas chromatography (GC), capillary
electrophoresis (CE) and spectral fingerprint, for instance, UV, IR, MS, X-ray and so on,
and their hyphenated techniques. The biological fingerprints mainly refer to genomics
fingerprints. Since genetic composition is unique for each individual, DNA methods for
HMs’ identification are less affected by age, physiological conditions, environmental
factors, harvest, storage and processing methods. Genomic fingerprint has been used
widely for the differentiation of plant individual, genus, homogeneity analysis, and
detection of adulterants (Cheng KT et al,, 1997, Huang Y et al., 2002; Wang C.Z. et al,,
2007; Zhang X. et al., 2006). However, as for herbal instances processed or extractions of
plants, DNA fingerprinting techniques usually can not do anything. Moreover, the
efficiency of Chinese herbal medicines is based on the chemical components they contain,
chemical analysis therefore better reflect the intrinsic quality of medicine. Consequently,
DNA fingerprinting should be used as a complement tool of other quality control
techniques.

In this part, the emphasis was put on chemical fingerprinting techniques, of which the
classification and application were discussed in details, and at the end of this section, several
carefully selected and systematical cases were presented to illustrate the methodology of
fingerprints.

3.1 Chromatographic fingerprint analysis techniques and classification

3.1.1 Thin layer chromatography

TLC is the common fingerprint method for herbal analysis because of its simplicity, rapidity
and economy. A major advantage of TLC is that it can provide the light images and
fluorescence images, which is one more visual parameter than Chromatograms, and you can
get different levels of profiles and corresponding integral data with chromatography
scanning and digital processing, especially for routine analysis and on-site inspection test.
But TLC analysis also has shortcomings: low resolution, low sensitivity and the difficulty of
detection of trace components, etc.

Four species of herb medicines bailahuén-species Haplopappus remyanus, Haplopappus
multifolius, and Haplopappus taedaare are all used in popular medicine for the same
purpose, we supposed that chemical compounds would be very similar. But H. Vogel et al.
identified them easily by TLC of the resins (Hermine Vogel et al., 2005). With this technique,
authentication of various species of Ginseng and Radix Puerariae is possible, as well as the
evaluation of stability and consistency of their preparations from different manufactures
(Xie P.S et al., 2006). HPTLC fingerprint is mainly used to study the compounds with low or
moderate polarities, but Di et al. established a fingerprint of fungal polysaccharide acid
hydrolyzates by using automated multiple development (AMD) ( Di X et al., 2003). Micro
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emulsion thin layer chromatography (ME-TLC) which differs significantly from conventional
TLC, provides higher detection sensitivity and separation resolution and reproducibility
(Cui SF. et al.,2005). Researchers from Hong Kong Polytechnic University applied high
performance thin layer chromatography (HPTLC) combining with digital imaging technology
to compare the fingerprints of Radix Puerariae Lobatae and Radix Puerariae Thomsonii., and
directly revealed the chemical outline of two different species (Chen SB et al., 2006).

3.1.2 GC and its hyphenated techniques

Gas chromatography (GC) and GC-MS with high specificity, high sensitivity, stability and
small amount of sample characteristics, are unanimously accepted as the method for the
analysis of volatile constituents of HMs (Jiang Y, et al.). The combination of GC-MS
fingerprinting analysis along with relative retention index (RRI) and related Chemometrics
methods was developed to distinguish Scutellaria Barbata D. Don (SB) and its adulterants,
simultaneously witness the consistent of SB from nine different origins (Pan R]J. et
al.,2011). GC can detect almost all the volatile chemical compounds with high sensitivity,
which is especially true for the usual FID detection and GC-MS. Moreover, the high
selectivity of capillary columns enables separation of many volatile compounds
simultaneously within very short time. However, it is not convenient for the analysis of
samples of polar, non-volatile and heat-labile ingredients (Liang Y.Z. et al., 2004). The
samples must be gasified by the tedious sample pretreatment such as derivatization, but
the ingredients in most herbal instances are high polar compounds, which limits Gas
chromatography’s application in the chemical identification and authentication of HMs. To
solve this problem, and expand the gas chromatography in the identification of herbal
medicine, Chinese University of Hong Kong and Shanghai Innovative Research Center of
Traditional Chinese Medicine combined to firstly set up off-line pyrolysis - gas
chromatography - mass spectrometry fingerprint method to obtain the fingerprints of HMs
(Chen W.D. et al., 2007).

3.1.3 HPLC and its hyphenated techniques

HPLC has been a popular and commonly used method in the research field of fingerprint
analysis for Chinese medicines because it is easy to learn and use and is not limited by the
volatility or stability of the sample compound (Liang Y.-Z. et al., 2004). Thus HPLC is
utilized more widely than GC as the complement. One of the main advantages of HPLC is
that many detectors can be connected to it, such as UV, DAD, ELSD, FLD, RID, MS, and
NMR, etc, and even connect with two or more of them(Wang H.L. et al.,2010), which
supplies much more possibilities for detecting different constituent types(Qi L.W. et
al.,2008). HPLC fingerprinting technique is advisable for good quality control of Wuweizi
(Lu Y. & Chen D.F., 2008). A method of HPLC-UV/MS was developed to determine the
fiavonoid profile of S. baicalensis in (Liu G.Z.et al.,2009). Another method using liquid
chromatography coupled to electrospray ionization mass spectrometry (LC-ESI-MS) has
been optimized and established for the qualitative and quantitative analysis of ten active
phenolic compounds originating from the pigeon pea leaves and a medicinal product
(Tongluo Shenggu capsules)( Liu W et al.,2010). To investigate the possibility of using two
non-official species of Herba Cistanche as alternatives to the official species, a high-
performance liquid chromatography-diode array detection-mass spectrometry (HPLC-
DAD-MS) fingerprint method was developed to comparatively analyze the crude herbs of
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these four species (Jiang Y. et al, 2008). C. Ma et al. used HPLC-ESI-TOF-MS/MS and
chemometric analysis to identify marker compounds in the assessment of 4 species of
Actaea. This method successfully distinguished different species of Actaea and made the
black cohosh products high quality and unadulterated (Ma C.H. et al.,, 2011). And in recent
years, coulometric electrode array detection (HPLC-CEAD) and charged aerosol detection
(CAD) (Bai C.C.et al., 2009) have also been used for the analysis of HMs. CAD is a quality
detector (R.W. Dixon & D.S. Peterson,2002), and has similar properties with ELSD, suitable
for detecting the compounds without or with weak UV absorption, but with higher
sensitivity, wider test range and better reproducibility (Jiang Y. et al.,2010; Bai C.C. et al,,
2009). A binary chromatographic fingerprint analysis was developed using hydrophilic
interaction chromatography (HILIC) and reversed-phase liquid chromatography (RPLC) to
gain more chemical information about two parts of water-extracted fraction: the polar
compounds and weakly polar compounds. The fingerprint of the polar compounds was
analyzed with HILIC, whereas the fingerprint of the weakly polar compounds was analyzed
with RPLC (Jin Y et al., 2008).

Except availability of more sensible detectors for HPLC, the appearance of capillary HPLC
and ultra-performance (UPLC) have increased the analysis efficiency, so that shorter
analytical time and better separation have been achieved (Zheng X.T. et al., 2008; Chen J.H.
et al., 2008).UPLC also can be connected with different detectors, for instance, UV, TOF/MS,
Q/TOF/MS, PAD and even two or more of them combined together. Those hyphenated
techniques with the virtue of the high resolution, high speed of UPLC and the accurate mass
measurement of TOF-MS, can get more information about the complex characteristics of
herb medicine and can identify and quantify multi-components in HMs. Thus in recent
years, UPLC technique, especially the hyphenated techniques are usually utilized in this
field (Li S.-L. et al., 2009; Cheng ] et al., 2010; H. Liu et al., 2009; Kong W.]. et al, 2009).
Moreover, the UPLC-PDA-Q-TOF-MS was used to evaluate decocting-induced chemical
transformations (S.-L. Li et al., 2010a)and chemical consistency between traditional and
dispensing granule decoctions(S.-L. Li et al., 2010Db).

3.1.4 Capillary electrophoresis and its Hyphenation

Capillary electrophoresis is the combination of a classic electrophoresis and modern micro-
column separation technology, and in recent years it presents a rapid development and has
been widely used in the medicine field. Capillary electrophoresis (CE), with high resolution,
minimal sample and solvents consumption, short analysis time and high separation
efficiency, is an effective tool for drug quality control. The methodology of CE was
established to evaluate one herb drug in terms of specificity, sensitivity and precision, and
the results were in agreement with those obtained by the HPLC method. Furthermore, the
analysis time of the CE method was two times shorter than that in HPLC and solvent
consumption was more than 100-fold less (Sombra L.L. et al., 2004). A characteristic
fingerprint of Flos Carthami established using CE, simultaneously contributed to several
objects in a study: identifying the raw herb, helping distinguish the substitute or adulterant
and further assessing the differences of Flos Carthami grown in various areas of China (Sun'Y
et al., 2003). In addition, CE has a wide range of applications such as for use of organic,
inorganic, neutral molecules, biological macromolecules, and so on. The hyphenated CE
instruments, such as CE-DAD, CE-MS and CE-NMR, have been utilized in the past decades.
However, Overlapping peaks in complex samples and irreproducible migration times are
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unintelligible defects of CE and hyphenations (Christophe Tistaert et al., 2011). Comparison
of the CE and HPLC fingerprints of radix Scutellariae showed a decrease in analysis time
from 40 to 12min for CE, but also a decrease in detected peaks from14 to 11(Wang L.C. et al.,
2005).

3.2 Evaluation of chemical fingerprint of herbal medicine

The whole process of evaluation of chemical fingerprint of herbal medicine was showed in
fig.1. Evaluation of fingerprinting is important and critical for the quality assessment and
quality control of herbal medicine. Due to experimental variations and column aging, shifts
in retention time between fingerprints occur. However, data handling techniques require the
same variable to contain synchronous information in every fingerprint. So when the
fingerprints were obtained, peak-alignment or warping techniques are commonly applied to
compensate for minor shifts in retention times. Many techniques in peak alignment have
been proposed including target peak alignment (TPA), dynamic time warping (DTW), fuzzy
warping (FW), parametric time warping (PTW), semi-parametric time warping (STW)and
correlation optimized warping (COW) (Christophe Tistaert et al.,2011). And then, data
information of fingerprint profiles should be normalized by being organized in a data matrix.

Development of fingerprint:

TLC, HPLC, GC et al.
[ Peak-alignment and warping techniques ]
[ Fingerprints are organized in a data matrix ]

J

Classification and discrimination:
Similarity, PCA, clustering et al

Fig. 1. The whole process of evaluation of chemical fingerprint of herbal medicine

The objective of this step is to achieve the relative proportions of the data (either peak height
or peak area can be selected to express peak intensity) obtained from fingerprints. A
chromatographic peak inheres in each profile is addressed as reference, and the ratio of peak
height/area between other peaks and reference peak should be calculated in every sample.
On the basis of the normalization processing, peaks whose peak height/area ratios change
slightly in the same species but vary seriously between different species, could be picked out
as candidate feature peaks using Stepwise Discriminant Analysis. The selected candidate
feature peaks would be developed into characteristic spectrums that are used to evaluate the
similarity and difference of fingerprints of analytes by some chemometric techniques such
as Similarity Analysis, Principal Component Analysis, Clustering Analysis, etc.
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Because of complexity and multiplicity of information from the fingerprints, pulsing minor
differences in concentrations of some detected samples, more and more chemometric
methods were applied to quality control and evaluation of HMs. Similarity comparison as
one of the most common and earliest tools representing the equivalence of fingerprints of
herbs, consists of both the point-point approach and the peak-peak approach. And the
relationship within a set of fingerprints could be analyzed by (dis)similarity comparison of
the substances with a certain standard fingerprint. So a reasonable standard (reference)
should firstly be achieved. Popularly, the reference may be derived from not only standard
extract or proportioned mixture of HMs (e.g. EGb761) but also computation by some
mathematical methods (e.g. Principle Component Analysis) (Liang, Y.-Z., et al., 2004).
Similarity evaluation could be achieved by many methods including congruence coefficient,
correlation coefficient, distance coefficient, Nei coefficient, improved Nei coefficient, etc.
These methods have their own characteristics and scope of application, which has be
discussed in the reference (Nie L et al, 2005). Generally, congruence coefficient and
correlation coefficient (Jin Y. et al., 2008)was the workhorse of chemometrics in the similarity
analysis of data sets. However, it has been aware that the (dis)similarities of the herbal
objects have shortcomings (Liang, Y.-Z., et al,, 2004; Christophe Tistaert et al., 2011): a
reference fingerprint is necessary, but in many instances, the herbal medicines, selected for
producing reference fingerprints, often do not have the best efficacy, which might influence
the outcome. And a second concern is the subjective threshold consideration for quality
control and discrimination. Different thresholds may be used in different studies (Li Y. et al.,
2010; Fan X.H. et al., 2005, Wei H. et al., 2010). And sometimes masking and swamping
effects might occur, explicitly and implicitly.

In order to overcome the drawbacks of similarity evaluation, more methods appeared.
Principal component analysis (PCA) and hierarchical cluster analysis (HCA) were used to
discern HPLC fingerprints of 30 Cortex cinnamomi samples from different species and
regions (Yang, J. et al.,, 2007). Ni et al. using pattern recognition models, PCA and HCA,
successfully distinguished the fingerprints of 46 Eucommia bark samples originating from
different locations, produced by the combination of LC-DAD and LC-MS techniques (Ni, Y.
et al., 2008). Both PCA and HCA are exploratory data analysis tools which might be able to
represent a multivariate data table as a low-dimensional plane: original variables are
transformed into latent variables (LV) summarizing the systemic patterns of variation
between the samples. Robust PCA (rPCA) (M.Hubert et al., 2001), Projection Pursuit (PP)
(Daszykowski M. et al., 2002) also were devoted to gain insight in the structure of a
multivariate data table as exploratory data analysis besides PCA and CA. Clustering
techniques are divided into two subtypes: hierarchical (HCA) and non-hierarchical (FC,
Fuzzy Clustering). And Hierarchical Clustering Analysis (HCA) is one of the most popular
clustering techniques applied on herbal fingerprints, because of its flexibility to alter the
similarity measurement criterion and the applied linkage method to suit different
applications (Massart D.L. et al., 1997, as cited in Christophe Tistaert et al., 2011).

Another approach commonly used is Pattern Recognition that diverges from all above
methods, as it makes use of discrete information on the samples in the calibration set. This
information is described in a response vector Y. Recently, Pattern Recognition has been
intensively used for the classification of data sets, including numerous linear and non-linear
classification techniques. The most popular methods for the classification of herbal products
include Linear Discriminant Analysis (LDA) (Lerma-Garcia M.] et al., 2009; Ni Y. et al,,
2008), K-nearest neighbors (k-NN) ,Artificial Neural Networks (ANN)( Tian R.T. et al.,2008),
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Soft Independent Modelling of Class Analogy (SIMCA) ( Chen Y. et al., 2008), Partial Least
Squares-Discriminant Analysis (PLS-DA) ( Toh D.F. et al., 2009) and Orthogonal Projections
to Latent Structures-Discriminant Analysis (OPLS-DA) (Li S.L. et al., 2010). Advantage and
disadvantage of each technique were reviewed in the literature (Christophe Tistaert et al.,
2011).

3.3 Case study

The details of 3 carefully selected cases were discussed in this section, presenting
establishment and evaluation of fingerprints.

Case I: Development, optimization and validation of a fingerprint of Ginkgo biloba extracts
by high-performance liquid chromatography (Ji Y.B. et al., 2005)

This case presented four-step strategy for method development, optimization and validation
of an HPLC fingerprint of Ginkgo biloba extracts (GBE 20030106): 1) Selection of a suitable
chromatographic system including separation mode, stationary phase and mobile phase; 2)
Screening design of some controllable parameters and the range of the factors; 3) Gradient
optimization using a uniform design; 4) Methodology validation identical with that
discussed in other cases. The theory of Screening design and uniform design could be
discovered in the reference (Ji Y.B. et al.,2005,2006).

1) Selection of a suitable chromatographic system

Most compounds of interest are high polar components consisting of glycoside derivatives
of quercetin, kaempferol and isorhamnetin, so reversed-phase liquid chromatography
methods with ODS columns and acetonitrile-water mobile phases are recommended. Three
columns were screened with a 30min-linear gradient elution, where acetonitrile/0.1%
phosphoric acid (B/A; B%: 15%-30%) as mobile phase. And the Alltima C18 column (C) was
selected according to selectivity and resolution. Then several mobile phases were
investigated: methanol/ 0.1% phosphoric acid, acetonitrile/0.1% phosphoric acid and
isopropanol and tetrahydrofuran added in mobile phase as organic modifier. Finally it was
decided to use the chromatographic system consisting of the Alltima C18 column and an
acetonitrile-0.1%phosphoric acid mobile phase combination.

Factor Units Level (-1) Level ( +1)
X1: concentration of phosphoric acid % 0.1 0.5
X2: detector wavelength nm 350 370
X3: column temperature °C 30 50
X4: initial concentration of o
acetonitrile (B%) ’ 12 18
X5: gradient time min 30 50
X6: injection volume ul 5 10
X7: concentration of isopropanol in 9 0 10

mobile phase

Table 1. Factors and levels investigated in the screening design
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2) Screening design

A fractional factorial design was utilized as screening design to identify significant main
effects. The peak number was used as response and seven factors were examined (table 1).
And the main effect plot determining the important factors and the best factor setting was
shown in fig. 2. The main effect plots (Fig. 3) illustrated that detection wave-length and
column temperature have main effects on the peak capacity (the total number of peaks
observed). And it is reasonable that more information can be obtained using a higher
injection volume.
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Fig. 2. Main effect plots from the screening design

From the results of the screening experiments, the values of some important controllable
parameters can be selected and determined: detection wavelength (350nm), column
temperature (30°C), acid concentration (0.1%) and injection volume (10 x1), while no
isopropanol was needed in the mobile phase. Another two factors, the initial concentration
of organic solvent and the gradient time did not seem very important as presented in fig.2.
However, the gradient optimization always be considered as a point of a general strategy to
improve the HPLC separation. Hereby, it was selected for the next step.

3) Gradient optimization

Two parameters were chosen as optimization factors, the gradient time (tc) and the
concentration of organic solvent at the beginning of the gradient (B%). The optimization
region selected was 28-52min for tg and 11 to 17% for B%, according to the result of the
screening experiment of step two. Uniform table Uy (72) was given (table 2). And both the
specific level investigated and the results including the values of hierarchical chromatographic
response function (HCRF) were presented in table 3. HCRF can simultaneously assess the
number of peaks that may be detected, the resolution and time of analysis.
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No. Bo(%) tc(min) HCRF

1 14 40 43,068,057
2 13 52 41,068,045
3 15 28 39,056,069
4 12 32 39,034,066
5 11 44 40,067,053
6 17 36 41,080,057
7 16 48 46,068,049

Table 2. Uniform design table of U7 (72)

No. Factor
X1 X2
1 4 4
2 3 7
3 5 1
4 2 2
5 1 5
6 7 3
7 6 6
Table 3. The result of the uniform design
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Fig. 3. HPLC fingerprints of Ginkgo extract in two different experiment conditions. (A) No. 1
(B) No. 7 experimental runs in a U7 (72) design, HPLC conditions as in text

From the results of Table 3, the conditions of Experiment Nos.1 and 7 were selected (Fig. 3a
and b). These two chromatograms are very similar, but shorter analysis time can be obtained
in Fig. 3a, and the resolution of the peaks around 10min is better. So the conditions of
Experiment No. 1 was chosen as optimized conditions: a linear gradient elution with
acetonitrile/0.1% phosphoric acid (from 14/86 to 30/70 in 40min) as mobile phase, a column
temperature of 30 °C, a detection wavelength of 350 nm, and an injection volume of 10 x L.
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4) Methodology validation

The methodology of HPLC fingerprints from Ginkgo biloba extract was validated by
identification and purity determination of chromatographic peaks, injection precision,
repeatability and sample stability.

Conclusion and discussion

The process of development, optimization and validation of HPLC fingerprints of Ginkgo
biloba extract was introduced in this case. The methods of development, optimization and
validation of fingerprints are not limited to those discussed above, but all fingerprinting
methods can be established imitating the process detailed in this part. A sequential
procedure based on a uniform design approach was also applied in the development of CE
fingerprints of Ginkgo biloba extract (Y.B. et al., 2006). Yet the authentic sample should be
obtained or extracted from crude herbs before establishing the fingerprints, which is also
very important for the final result. Recent developments in sample preparation techniques
for the analysis, such as the extraction, clean-up, and concentration of analytes from HMs
can be found in the references (Deng C.H et al., 2007). ( Huie C.W., 2002).

Case II: Quantitative and chemical fingerprint analysis for quality control of Rhizoma
Coptidis chinensis based on UPLC-PAD combined with chemometrics methods (Kong W.]J.
et al., 2009)

Rhizoma coptidis (Huanglian in Chinese), on one hand, as a traditional Chinese medicine, has
been commonly used for the efficacy of suppressing fever, dispelling dampness, removing
toxicosis and anti-microbes for many centuries, and on the other hand, phytochemical and
modern pharmacological studies revealed that alkaloids therein it have the significant
efficacy of anti-virus, anti-inflammatory, anti-cancer and anti-microbes (Huang et al. 2006;
Enk et al. 2007; Hsu et al. 2007; Yan et al. 2008).

Since application of Rhizoma Coptidis is growing steadily, a quality control method using
UPLC-PAD was developed to differentiate the Rhizoma coptidis from various sources by
chemical fingerprints which were investigated by SA, HCA and PCA. Simultaneously, five
markers were selected to carry out quantitative diagnosis. All the ten samples are dried and
share the same origin: Coptis chinensis Franch. Sources and origins of raw herbs studied is
presented in table 4.

Sample number Sources Harvesting time
S1 Shizhu, Sichuan August, 2007
S2 Longchi, Sichuan August, 2007
S3 Shuanghe, Hubei September, 2007
S4 Huangshui,Chongqing August, 2007
S5 Shizhu, Sichuan December, 2007
56 Huangshui,Chongqing August, 2007
S7 Shizhu, Sichuan February, 2007
S8 Wangsi, Sichuan August, 2007
S9 Moudao, Hubei September, 2007
S10 Xinchang, Sichuan August, 2007

Table 4. Sources and origins of raw herbs
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Development of fingerprint

In this study, the UPLC-PAD method was validated by linearity, detection limit and
quantification limit, precision, reproducibility and stability after optimization. And then, ten
fingerprints of Rhizoma Coptidis with reasonable heights and good resolutions were
obtained.

Evaluation of fingerprints

There were 11 characteristic peaks (from peak 1 to peak 11) in the chromatogram, as shown
in fig. 4B. Peaks purity was identified by comparison of retention time and PAD spectra.
Peak 11 (berberine) with the biggest area peak, was chosen to calculate the relative retention
time (RRT) and relative peak area (RPA) of all the other peaks.
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Fig. 4. Chromatogram of mixed standard compounds (A) and standardized

chromatographic fingerprint of 10 batches Rhizoma Coptidis samples obtained by UPLC-PAD
method at 350 nm(B)

Similarity analysis (SA)

The simulative mean chromatogram as reference fingerprint was derived from computation
by Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese
Medicine. And the correlation coefficients between each fingerprint of Rhizoma Coptidis
samples and the simulative mean chromatogram were 0.997, 0.981, 0.980, 0.983, 0.995, 0.971,
0.994, 0.981, 0.965 and 0.977, respectively. As we can see from the above results, different
samples have different correlation coefficients and diverse internal quality. The correlation
coefficients of the samples from the same source were similar, such as S1, S5 and S7,
illustrating that productive origin is more influential than harvest time.

Hierarchical clustering analysis (HCA)

A hierarchical agglomerative clustering analysis was performed based on the relative peak
areas of all the 11 common chromatographic peaks of Rhizoma Coptidis samples, using SPSS.
The results of HCA as shown in Fig. 5, revealed the quality characteristics more clearly.
Supposing an appropriate distance level (Level I) chosen, the samples could be classified
into three quality clusters. Cluster-I including the samples collected from Shizhu city,
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Sichuan province. The cluster II comprised the samples collected from other cities of
Sichuan province and Chonggqing city and cluster III was formed by samples collected from
Hubei province. If a higher distance level (Level II) was adopted, the quality of samples was
changed to two clusters, the first cluster comprised all samples collected from Sichuan
province and Chonggqing city, and the samples from Hubei province consisted in the second
cluster.

Dendogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine
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Level I
S1 [ Level II
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Fig. 5. Dendrogram of clustering of Rhizoma coptidis samples. This dendrogram was
performed using SPSS 13.0 software (Chicago, USA). The Ward’s method as the
amalgamation rule and the squared Euclidean distance as metric were used to establish
clusters

Principle component analysis (PCA)

PCA was employed to evaluate the discrimination ability of these common components
used in SA and HCA, using the relative peak areas of common peaks as input data instead
of the full fingerprints. The first two principal components PC1 and PC2 are used to present
the inhomogeneity in the data sets. Fig. 6 showed the clear differentiation of samples in
terms of cultivating locations, which is correspondence with the SA and same to HCA.

PCA analysis was also used to find the possible main chemical markers which have the
most influence on the discrimination among different samples. For the log-centered data set
with 81.26% of explained variance by the first two principal components, the loadings plot
of the scores (Fig. 7) indicated that circled peaks 5, 8 (epiberberine), 9 (coptisine), 10
(palmatine), and 11 (berberine) may have more influence on the discrimination of the
samples from different sources than other components. These peaks could be found in
Fig. 4. The sequence of the total contents of the five alkaloids in different samples was
S1>S57>852>55>54>53>58>510>56>S59. The higher content of five alkaloids, the
better quality raw herbs have. This finding is also corresponding with the above results. So
the five compounds may be used to qualitatively identify Rhizoma coptidis from various
regions and harvest times.
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Conclusion and discussion

A method with the combination of UPLC-PAD and chemometrics techniques in this study
successfully classified ten samples of Rhizoma Coptidis from different regions, which is more
effective than that in the official Chinese pharmacopoeia (China Pharmacopoeia Committee
2005). In Chinese pharmacopoeia berberine alone was detected for the quality evaluation of
Rhizoma Coptidis.
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Fig. 6. The loadings plot from PCA for the common components. The loadings plot were
performed with the original relative peak areas of the common compounds as input data
using software of Unscrambler 9.7 from Camo AS (Trondheim, Norway); possible markers
were marked with a circle
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Fig. 7. Scores plot of PCA of Rhizoma Coptidis samples from various sources on the first two
PCs. This plot of PCA on the first two PCs with the original peak areas of the 11 common
compounds as input data was obtained using software of Unscrambler 9.7 from Camo AS
(Trondheim, Norway). The labels of the sample refer to Table 4
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The combination of fingerprint with multi-component quantification would be more powerful,
because the qualitative and quantitative information of the analytes can be obtained at the
same time. It has been proved to be a comprehensive method to assess the quality of herbs
and herbal products. In this method, Zushima, Carthamus tinctorius and some preparations,
such as ShuangHuang-lian oral liquid, xuesetong injection, etc. were successfully analyzed
(Su]. etal., 2009; Fan L. et al., 2009; Cao Y.H. et al., 2006; Lai C.M. et al., 2005)

Case III: Combinative method using HPLC fingerprint and quantitative analyses for
quality consistency evaluation of an herbal medicinal preparation produced by different
manufacturers (Li Y, et al., 2010)

Yiging is a medicinal preparation derived from the well-known traditional Chinese
medicine (TCM) formula named San Huang Xie Xin (SHXX) decoction, composed of three
herbs including Rhizoma Coptidis (Coptis chinensis), Radix et Rhizoma Rhei (Rheum officinale)
and Radix Scutellariae (Scutellaria baicalensis). Fifteen samples (S1-15) of Yiqing preparations
from twelve manufacturers were assessed using a combinative method of HPLC fingerprint
and quantitative determination through analyzing nine bioactive compounds from Yiqing
preparations. Meanwhile, four samples (S1-4) are different batches from one manufacture.

Development of fingerprint

Sample pretreatment conditions and HPLC chromatographic conditions were first
optimized by investigating the effect of extraction solvents, extraction time and methods on
the extraction efficiencies, and the effect of mobile phase and detection wavelength on the
chromatographic separation efficiencies for marker compounds. And the optimal extraction
and chromatographic conditions for Yiging used in this study can be found in the literature
(LiY, et al.,, 2010). Consequently, a typical HPLC chromatogram fingerprint with satisfactory
resolution of the nine chemical markers was shown in Fig. 8. Chromatographic fingerprints
were achieved for 15 Yiqing samples from 12manufacturers, and about 40 peaks were found
in each individual sample (Fig9. A). A simulative median fingerprint was generated by the
professional software by analyzing all the 15 samples (Fig. 9B).
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Fig. 8. The typical HPLC chromatographic profile of nine standards. The peaks marked with
3,6,10,15,16,17,19, 21 and 22 are berberine, baicalin, wogonoside, baicalein, wogonin,
aloe-emodin, rhein, emodin and chrysophanol, respectively
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Evaluation of fingerprints

15 samples’ similarity values compared with simulative median fingerprint were 0.929, 0.982,
0.978, 0.978, 0.995, 0.997, 0.985, 0.987, 0.969, 0.781, 0.844, 0.980, 0.988, 0.780 and 0.978
respectively. Most of the similarity values were in the range of 0.992-0.997 for samples S1-S9,
S12, S13, and S15, suggesting that similar chemical components were present in these samples
regardless of manufacturer. But another three samples (510, S11, and S14) demonstrated low
similarity values of 0.871, 0.884 and 0.780, indicating that these three products were different
from the other samples. Overall, the results from the chromatographic fingerprints illustrate
that the principal components of Yiqing preparations were relatively stable.

Quantitative determination of the nine marker compounds

The Quantitative determination method was validated by the investigation of correlation
coefficients, linear ranges, limit of detection (LOD) and limit of quantification (LOQ), intra-
day and inter-day precision, repeatability and Recovery. The validation results indicated
that the conditions used in the quantitative determination were acceptable. The contents of
the nine marker compounds in 15 samples from 12 manufacturers were determined with
above method. And the contents of each individual marker between manufacturers were
different, and the RSD values are 118.20, 36.53, 115.20, 125.09, 116.31, 124.39, 128.05, 118.24,
100.92 respectively, almost of which beyond 100% except for baicalein (36.53%), indicating
the large variations in their quality.
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Fig. 9. HPLC chromatographic fingerprints of 15 Yiqing samples (A) and simulative median
chromatogram obtained by Similarity Evaluation System for Chromatographic Fingerprint
of Traditional Chinese Medicine software (B). The chromatograms marked with S1-515, and
R represents 15 Yiging samples and the simulative median chromatogram, respectively. The
peaks marked with 1-22 in the simulative median chromatogram represent 22 characteristic
peaks
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The HPLC fingerprint method combined with multi-component quantification utilized in
this study is an efficient and comprehensive tool for quality control or consistency evaluations
of herbal drugs and preparations. In terms of utilization of complex and large amount of
information of fingerprints, chemometric techniques should be introduced into the study. It
is believed that with chemometric techniques, much more principles could be found.

4. Conclusion

Due to long historical clinical use and reliable therapeutic efficiency, herbal medicines are
attracting and increasing global attention. However, the herbal medicine’s efficiency is
based on their complex chemical constituents, so quality control of herbal medicine also
raised the researchers’ attention. Fingerprinting of herbal medicines is utilized on the
authenticity and quality control of HMs and the total producing process of herbal
preparation. The combination of qualitative fingerprinting and quantitive multi-
component analysis is a novel and rational method to address the key issues of quality
control of herbal medicine. This method is thought of more effective and rational than
simple fingerprinting.

Generally speaking, fingerprinting technique concludes three phases: information
acquisition, information processing and information excavation. Only if the specificity,
reproducibility, stability of fingerprinting were guaranteed, a set of developed quality
control standards could be established. However, to achieve good reproducibility and
stability is not an easy task, because of the diversity of HMs’ collection sources and time,
processing methods, etc and the difference of experimental conditions (e.g. columns,
solvents, equipment type, etc.) when analysis was undergoing. This is the main reason that
fingerprinting technique is still hard to be generalized.

Fingerprinting analysis should be interdisciplinary collaborative researches involving the
multi-dimensional fingerprint, efficacy testing and information processing. In fact, the
fingerprint discussed in this chapter is the first step of quality control, because the discussed
methods can only solve the problem of comparing the integrated sameness and difference of
HMs, and controlling the stability of the available herbal products, the next step should
combine the fingerprinting profiles with the therapeutic efficiency. In recent years, the
fingerprint-efficacy study caused the scientists” interests, and many studies have been down
or ongoing. For instance, for quality control of artificial Calculus bovis, an attempt on
fingerprint-efficacy study of artificial C. bovis was developed in the literature (Kong W.J, et
al., 2011). In this study, the chemical fingerprints of 10 batches of artificial C.bovis sample
from various sources were established by UPLC-ELSD. Then, the antibacterial effects of
these samples on E. coli growth were determined using microcalorimetry. The relationship
between the fingerprints and efficacy of artificial C. bovis was elucidated. The fingerprint of
most therapeutical HM should be determined as a reference for the quality control, and the
result will be more convincing. Generally the fingerprint-efficacy study will provide a
powerful way and feasible ideas for the quality control of HMs.
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1. Introduction

For thousands of years mankind has used the resources of flora in the treatment of various
diseases. There are reports, for example, of the use of plants for therapeutic purposes dating
back to 3000 BC in the Chinese work Pen Ts'ao by Shen Nung (Tyler, 1996; Ko, 1999). In 78
AD, the Greek botanist Pedanios Dioscorides described about 600 medicinal plants and this
treaty remained as a reference source for more than fourteen centuries (Robbers et al., 1996;
Tyler, 1996). The therapeutic properties of certain plants were discovered and propagated
from generation to generation as a part of the popular culture through observation and
experimentation by primitive people (Turolla & Nascimento, 2006).

In the sixteenth century, the Swiss physician Philippus Aureolus Theophrastus Bombastus
von Hohenheim, known as Paracelsus (1493 - 1541), formulated the "Theory of Signatures"
based on the latin proverb similia similibus curantur, which means "alike cures alike".
According to this theory it was believed that the shape, color, flavor and odor of the plants
were related to their therapeutical properties, giving clues to their clinical use. Some of these
plants have become part of the allopathic and homeopathic pharmacopoeias since the
nineteenth century, when their therapeutic basis started to be investigated (Elvin-Lewis,
2001). The isolation of morphine from Papaver sommniferum in 1803 by the pharmacist
Friedrich Wilhelm Adam Sertiirmer marked the beginning of the extraction process of active
ingredients from plants. Since then, other substances have been isolated, such as quinine
and quinidine obtained from Cinchona sp in 1819, and atropine from Atropa belladonna, in
1831, which started to be used instead of plant extracts (Tyler 1996; Schulz, 2001).

The production of drugs by chemical synthesis, the growing of the economic power of
pharmaceutical industries and the lack of scientific evidence on the efficacy of substances
from plant origin combined with the difficulty of chemical, physico-chemical, pharmacological
and toxicological control of plant extracts used so far, boosted their replacement by synthetic
drugs (Rates, 2001). After the 1960s, there was a lack of interest from pharmaceutical
companies and research institutes in the search for new substances from plant origin. This
fact was due to the belief that the main active ingredients from known herbal drugs had
already been isolated and all possible chemical modifications in these substances had
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already been performed (Schenkel et al., 2000). However, since the 1980s, technical advances
and the development of new methods for isolation of active compounds from natural
sources have enabled faster identification of substances in complex samples such as plant
extracts. And so, there was a resurgence of interest in the research of these substances as
prototypes for the development of new drugs from medicinal plants. According to Carvalho
(2004), these medicinal plants are the ones which are selected and popularly used as
medicine in treating diseases. They are defined by World Health Organization (WHO) 1978,
as being any plant, which applied in a particular form and by any means to the human
being, is capable of causing a pharmacological effect.

So, even after the development of large pharmaceutical laboratories and synthetic drugs,
medicinal plants remained as an alternative form of treatment in various parts of the world.
In the last decades, a revaluation of the use of herbal preparations was observed. These
preparations are defined as any medication obtained and prepared, using only vegetable
raw material with prophylactic, curative or diagnostic purposes, causing benefit to the user
(Carvalho, 2004). Thus, some pharmaceutical companies began to make efforts toward the
improvement of herbal medicines and their production on an industrial scale. This new
development of herbal medicines, far from returning to the past, is characterized by the
pursuit of industrial scale production, differently from the handmade forms which
characterized its early stages (Turolla & Nascimento, 2006).

Currently, preparations derived from medicinal plants are widely used in many countries.
In Africa, for example, 80% of the population depends on the use of these preparations,
which represent alternatives to the high costs of synthetic drugs (Turolla & Nascimento,
2006).

The consumption of medicinal plants and herbal products has been somewhat surprising in
recent years, constituting a promising pharmaceutical segment. This fact is primarily noted
as a result of easy access, low cost and its popular or cultural compatibility (Tyler, 1996).
Medicinal plants are an important source of substances with biological activities. Many of
them have become prototypes for the synthesis of a large number of bioactive compounds.
Research indicates that Brazil is the world leader in plant diversity with about 55,000
described species and 350,000 to 550,000 estimated ones. From the cataloged ones, 10,000
species can be medicinal, aromatic or have other utilities (Borges et al., 2003).

Therefore there’s a need to combine empirical knowledge about the popular use of
medicinal plants with scientific research based on detailed studies of the plant species, as
well as botanical, phytochemical, pharmacological, toxicological aspects, and the
development of scientific and technological methodologies (Petrovick et al., 1997). The result
of this scientific breakthrough is the development of a differential therapeutic herbal
product, as unlike the traditional preparations obtained from plants in folk medicine, the
scientific and technological grounding provide the development of herbal medicine
(Wagner & Wiesenau, 2006; Leite, 2008).

So, the plant species that will be used in the development of phytotherapeutics deserves
cares in its acquisition, like a previous unequivocal botanical identification, as popular
names of the plants are very often regional, varying according to the region where they
grow, so, it is very common that the same plant species has different vernacular
denominations. On the other hand, different botanical species may have the same vernacular
denomination, Furthermore, for a few different species, with some morphological similarity,
the unequivocal distinction between them becomes very difficult; being not rare the cases of
poisoning due to incorrect identification of the plant species (Farias,1985; Mengue, 2001).
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Therefore it is indispensable the standardization of the starting material and intermediates
in order to assure the quality of the product derived from them.

Standardization of material derived from plants represents a major challenge, especially for
reproduction of biological effects. Botanical derivatives, when used for therapeutic purpose,
are more complicated concerning the requirements of composition, constancy, stability,
microbiological counts, etc. (Yunes et al., 2001).

The chemical standardization of derivatives of medicinal plants, like extracts and fractions,
demands the application of methods and techniques that aim at detecting and characterizing
substances that guarantee the quality of the plant material used, either by the aspect of the
metabolic composition, chemical marker; or by the pharmacological activity, substances
related to the activity of the plant, able to be quantified. However, studies prove that the
plant secondary metabolism can vary considerably according to air temperature, water
availability, ultraviolet radiation, nutrients, soil altitude and air quality in the place where
the vegetable grows. Even mechanical stimulations or pathogens’ attack can induce such
variability, leading to the seasonal production of those potential markers (Gobbo-Neto,
2007).

The method used in the standardization of the starting material and derivatives must be
validated considering the following parameters: specificity/selectivity, linearity, interval,
precision, limit of detention, limit of quantification, accuracy and robustness, which must be
determined and verified (Brazil, 2003).

The concern of regulatory agents about the standardization of herbal medicines provides the
evaluation of important aspects such as efficacy and safety of these medications. The
traditional use of various medicinal herbs based on folk knowledge and the belief that,
being natural does not provoke adverse reactions, caused just a few of them to be evaluated
through preclinical and clinical studies to prove their efficacy and safety (Turolla et al.,
2006).

Vegetable raw material such as plants, pharmacogens or derivatives (extracts, tinctures,
essential oils or dried products) has been widely used in drugstores and pharmaceutical
industries. What worries most the scientific community is the use of new plant species as
medicines without proven data about their biological action, non-toxicity (assessed in
humans), side effects, safety, efficacy and others. Although these herbal medicines have
natural active constituents, they should be assessed as drugs and therefore subjected to strict
controls at every stage of their idealization, evaluation and development.

2. Definitions

2.1 Phytotherapy (Gaedcke & Steinhoff, 2003)

The term “phytotherapy” means the “prevention and treatment of human diseases using
plants, parts of plants or preparations of plants”.

The phytotherapy is a form of medicine that has grown noticeably over the years to the
point that currently the world market for herbal medicines is around 44 billion dollars.

For Weiss and Fintelmann, it is a decisive aspect that the plant or parts of a plant which are
used for pharmaceutical purposes are regarded as an active substance as a whole. Herbal
medicinal products, in this regard, are always mixtures of a number of substances.
Phytotherapy has to be distinguished from other acknowledged therapeutic disciplines
which also utilize plants such as homeopathy, invented by Samuel Hahnemann, and
anthroposophy, whose background is on the Rudolf Steiner philosophy. The main difference
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is that homeopathy is based on the principle “similia similibus curentur” - similar
symptoms are healed by similar medicines. Besides that, homeopathy mostly uses very low
doses. Efficacy is increased with the degree of dilution (potentiation).

Similar to homeopathy, anthroposophic medicine is based on a global approach to diseases.
It focuses on the strong connection between human being and nature. Besides that,
anthroposophy takes into account cosmological aspects when selecting the right medicine
for individual cases of illness. In the same way as homeopathic medicines, anthroposophic
medicines are mostly obtained from natural origin. They are partly manufactured according
to the principles of homeopathy, sometimes also using heat (e. g. roasting, carbonization).

In contrast to homeopathy and anthroposophy, phytotherapy should definitely be
understood as an allopathic discipline because the effects which are expected from herbal
medicinal products are directed against the causes and the symptoms of a disease. Because
of these important differences, phytoteraphy, in contrast to actual interpretation, in
Germany for example, should not belong to the so-called “special therapeutic disciplines” or
to “alternative medicine”. It should, moreover, be classified as a regular discipline of natural
orthodox science-oriented medicine, because the respective medicinal products have to
comply with the same scientific requirements as those of the chemically defined substances
in terms of quality, safety and efficacy.

2.2 Herbal drugs

For the term “herbal drug”, the following definitions can be found in literature:

Drugs are herbal or animal organisms or organs transformed into a storable condition by
drying. Furthermore, the definition comprises other matter extracted from plants or animals
without organic structure such as resins, gums, fats, essential oils (Gaedcke & Steinhoff,
2003).

Drugs are complex active substances which are either used by patients as original herbal
drugs or which serve as industrial starting materials for the manufacture of finished
medicinal products or for the isolation of purified active substances or mixtures of
substances. Drugs are either organized on a cellular basis, i. e. microorganisms, plants,
animals or parts of these which have been dried or submitted to otherwise preservation or
they are mixtures of substances which have been extracted from microorganisms, plants,
animals or parts of these which do no longer have cellular structures, such as essential oils,
resins, starch, fats, waxes, isolated mucous substances or animal toxins (Teuscher, 1997).
Herbal drugs are plants or parts of plants which have been transformed into storable
conditions by drying, such as herba-, folium-, flos-, semen-, and radix drug (Hansel, 1991).
According to pharmaceutical linguistic rules, herbal drugs are dried or processed plants or
parts of plants used for the manufacture of pharmaceutical preparations (Saller et al., 1995).
According to pharmaceutical linguistic rules, herbal drugs are dried herbal or animal
starting materials (Bauer et al., 2002).

Herbal drugs are herbal matter used for pharmaceutical purposes. A “herbal drug” or a
produced preparation therefore, is regarded as one active substance irrespective of the
question of whether the active constituents of the herbal drug are known or not (Gaedcke &
Steinhoff, 2003).

The definition for herbal drug in the European Pharmacopoeia is mainly whole, fragmented
or cut, plants, parts of plants, algae, fungi, lichen in an unprocessed state, usually in a dried
form, but sometimes fresh. Certain exudates that have not been subjected to a specific
treatment are also considered to be herbal drugs. Herbal drugs are precisely defined by a
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botanical scientific name according to the binomial system (genus, species, variety and
author).

According to the definition of the European Pharmacopoeia, the expression “herbal drug”
shall apply to herbal materials in dried as well as in fresh conditions, which from a specific
point of view makes no sense. As a consequence, two kinds of herbal drugs would have to
be distinguished, frist, the so-called “fresh herbal drug”, which is a contradiction in itself
(oxymoron) because the term “drug” implies that a material has been submitted to some
kind of drying process, and second the so-called “dried herbal drugs” which due to the
same reason, is linguistic nonsense.

Therefore, the starting materials used for the manufacture of herbal medicinal products
should preferably be named “herbal drug” or “fresh part of plant”.

2.3 Herbal medicinal products

Herbal medicinal products (Phytopharmaka) are regarding the active substance(s), more or
less enriched preparations of plants or herbal drugs which, besides that, contain other
concomitant substances exerting or not exerting therapeutic activity (Vogel, 1982).

Herbal medicinal products (Phytopharmaka) are those medicinal products which, as active
substances, solely contain herbal drug preparations, such as comminuted parts of plants,
extracts, pressed juices or distillates of plants. Isolated plant constituents such as digitoxin or
menthol, as well as homeopathic medicinal products, are not regarded as herbal medicinal
products.

Herbal medicinal products (Phytopharmaka) are complex preparations of herbal origin, i.e.
galenic preparations of plants used within the sense of allopathic therapy. Isolated biogenic
pure substances and complex preparations obtained from plants intended for use within
alternative therapies such as homeopathy or anthroposophy do not fall within this
definition (Teuscher, 1997).

2.4 Herbal drug preparations

According to the definition given in the European Pharmacopoeia Supplement 2000, herbal
drug preparations are obtained by subjecting herbal drug to treatments such as extraction,
distillation, expression, fractionation, purification, concentration and fermentation. These
include comminuted or powdered herbal drug, tinctures, extracts, essential oils, fatty oils,
expressed juice and processed exudates.

Extracts obtained from herbal drugs comply with the monograph on Extracts. Tinctures
obtained from herbal drugs comply with the monograph on Tinctures.

Herbal teas comply with the monograph on Herbal teas.

Instant herbal teas consist of powder or granules of one or more herbal drug preparation(s)
intended for the preparation of an oral solution immediately before use.

Extracts are preparations of liquid (liquid extracts and tinctures), semi-solid (soft extracts) or
solid (dry extracts) consistency, obtained from herbal drugs or animal matter usually in a
dry state.

Different types of extracts may be distinguished. Standardized extracts are adjusted within
an acceptable tolerance to a given content of constituents with known therapeutic activity;
Standardization is achieved by adjustment of the extract with inert material or by blending
batches of extracts. Quantified extracts are adjusted to a defined range of constituents;
adjustments are made by blending batches of extracts. Other extracts are essentially defined
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by the production process (state of the herbal drug or animal matter to be extracted, solvent,
extraction conditions) and their specifications.

Soft extracts are semi-solid preparations obtained by evaporation or partial evaporation of
the solvent used for preparation.

Dry extracts are solid preparations obtained by evaporation of the solvent used for their
production. Dry extracts usually have a loss on drying or water content not greater than 5
per cent m/m.

Liquid extracts are liquid preparations of which, in general, 1 part by mass or volume is
equivalent to 1 part by mass of the herbal drug or animal matter. These preparations are
adjusted, if necessary, so that they satisfy the requirements for the content of the solvent
and, where applicable, for the constituents.

Tinctures are liquid preparations which are usually obtained using either 1 part of herbal
drug or animal matter and 10 parts of extraction solvent or 1 part of herbal drug or animal
matter and 5 parts of extraction solvent.

Different types of extracts may be distinguished. Standardized extracts are adjusted within
an acceptable tolerance to a given content of constituents with known therapeutic activity;
Standardization is achieved by adjustment of the extract with inert material or by blending
batches of extracts. Quantified extracts are adjusted to a defined range of constituents;
adjustments ar made by blending batches of extracts. Other extracts are essentially defined
by the production process (state of the herbal drug or animal matter to be extracted, solvent,
extraction conditions) and their specifications (Gaedcke & Steinhoff, 2003).

2.5 Classification of extracts in terms of their physical state

Depending on the physical state of an extract the following types can be distinguished:

- Liquid preparation: liquid extracts (fluid extract, tincture), oily macerates,

- Semi-solid preparations: soft extracts,

- Dry extracts: dry extracts.

The difference between fluid extract and tincture is that tinctures are not concentrated but
diluted preparations.

The comminuted, mostly dried parts of the plant and the extraction solvent are combined in
the extractor. This mixture is allowed to stand for several hours depending on the extraction
process. Generally, extraction with additional extraction solvent is repeated until no more
constituents are transferred to the extraction solution. In the next step, the extraction
solution (miscella, eluate) is separated from the herbal drug residue. Since it contains the
extractable herbal matter, the eluate represents an important intermediate product during
the total manufacturing process.

If the extraction solvent is ethanol or water or a mixture of both, the preparations resulting
after filtration are liquid extracts (fluid or tincture, depending on the grade of
concentration). If the extraction is carried out with vegetable oils (e. g. rape oil or olive oil)
oily macerates are obtained which are usually filled in soft gelatin capsules.

If the resulting preparation is a dry extract, processing of the eluate continues with cautious
evaporation of the majority of the extraction solvent in the vacuum-evaporator. The
resulting aqueous soft extract is evaporated to dryness using suitable drying aggregates, e.
g. spray dryer, belt dryer or spray belt dryer. In most cases, suitable technical excipients
such as maltodextrin, lactose or silicium dioxide have to be added. After grinding and
sieving, flowable powder is obtained which can be further processed to tablets or coated
tablets or filled in soft or hard gelatin capsules (Gaedcke & Steinhoff, 2003).
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2.6 Ratio of the herbal drug to the extraction solvent
Maceration (extraction under steady-state conditions)

In this procedure, the ratio of the herbal drug to the extraction solvent is a decisive factor for
the effectiveness (= extent) of the extraction. The quantity of extractable matter is increased
with the quantity (mass, volume) of extraction solvent, as using higher amounts of
extraction solvent, steady-state conditions are reached later.

The ratio of the herbal drug to the extraction solvent is, therefore, a relevant parameter for
the quality of the extract and has to be exactly defined to ensure batch-to-batch conformity.
It has to be specified as a fixed ratio, e.g. of 1:5 or 1:10.

Percolation (= exhaustive extraction)

In this extraction procedure, a fixed quantity of herbal drug (mass) is treated with a variable
quantity (mass/volume) of extraction solvent until the extractable matter is completely
transferred from the herbal drug matrix to the eluate (percolate). The ratio of the herbal
drug to the extraction solvent may therefore vary from batch to batch within a certain range.
It depends on the characteristics of the herbal drug (content of extractable matter, loss on
drying, etc.). Herbal drug preparations manufactured by percolation procedures are
described by the average quantity (mass/volume) of extraction solvent with a defined
range, e.g. 1:12 (1:10 to 1:14).

This means that in case of tinctures the relevant factor for the quality of the preparation is
the ratio of the herbal drug to the extraction solvent, and not the ratio of the herbal drug to
the final tincture which is determined after the expression of the extraction solvent.
Depending on the effectiveness of the expression process, the resulting ratio can be as
follows:

- For tinctures 1:10 - a ratio of the herbal drug to the tincture of 1:7 to 1:9,

- For tinctures 1:5 - a ratio of the herbal drug to the tincture of 1:4 to 1:4, 5.

Subsequent filling-up to the initial ratio of the herbal drug to the extraction solvent of 1:10 or
1:5 is not in compliance with pharmacopoeial standards unless it is necessary for the
adjustment of the preparation to a defined content of constituents or a group of constituents
with known therapeutic activity (Gaedcke & Steinhoff, 2003).

3. Harvest and postharvest processing

Botanic is an essential area in the study of medicinal plants, which constitutes a very
heterogeneous set of plants distributed in different taxonomic groups, with very different
morpho-anatomic characteristics and whose unifying factor is their richness of
pharmacologically active compounds. As a considerable proportion of medicinal plants are
wild, the correct identification of plant material must be made by literature and consultation
with experts and herbarium. The lack of scientific identification, or misidentification, will
compromise the rest of the scientific work on the plant. So, for medicinal plant research, we
should perform a harvesting for botanical identification and another one for phytochemical
and pharmacological studies, each one with specific recommendations. From an anatomical
standpoint, medicinal plants have aroused interest due to their abundance of secretory
structures such as idioblasts, cavities, channels, laticifers and glandular trichomes, among
others (Fahn, 1979; Evert, 2006), and the chemical diversity of their secretions which are rich
in terpenes, alkaloids and phenolic compounds (Harbone, 1997). These secretions can be
identified by conventional chemical analysis or by histochemical methods, which identify
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the compounds in situ, such as tests for lipids and terpenic substances, tests for phenolic
compounds,tests for proteins, tests for alkaloids , tests for carbohydrates and tests for
crystals.

3.1 Harvest

For each medicinal plant there is an appropriate time for harvesting the crop. The
phytochemical monitoring of the active compounds allows the establishment of the right
time to harvest. However, for plants whose active principles are not known yet, there are
some general rules which can be applied. The bark should be harvested in spring, early
summer and autumn. The humid environment facilitates the detachment of the bark. The
bark should be carefully removed by cutting vertical segments. Care must be taken not to
"roulette" the trunk, that is, to remove peels in horizontal cotes surrounding the trunk. This
procedure prevents the circulation of the sap, resulting in the plant’s death.

The underground organs: roots, rhizomes, tubers, bulbs of perennial plants should be
harvested during winter, the dormant period, when the concentration of active principles
reaches its maximum in these organs. The herbaceous plants and leaves are harvested when
they start flowering. Some plants allow more than one cut. Sometimes, when there are well
defined rainy and dry periods, the harvesting of the leaves is done during the dry season,
allowing the plant to regenerate them during the rainy season. The shoot tips are harvested
in full bloom and before seed formation. The flowers are cut before opening up completely,
but sometimes the open inflorescences are harvested. The fruits are harvest "at once", i.e.
before reaching the mature state. The seeds are harvested when ripe. If they are from fleshy
fruits, the leftover pulp which surrounds them should be removed and the seeds dried.
Periods of drought and rainfall influence the content of active principles. Thus, the alkaloid
content decreases after the rain whereas the content of essential oils increases. The content of
essential oils decreases after the drought. The concentration of active principles varies
according to the time of the day. In general, glycosides reach their highest concentration in
the afternoon, while essential oils reach their maximum level around noon. The exception is
chamomile (Matricaria recutita), which reaches higher levels and better quality of essential oil
during the night (Sharapin, 2000).

3.2 Post-harvest processing

The post-harvest processing aims at the conservation of the physical, chemical, organoleptic
and pharmacological characteristics of the plant drug. The inadequate post-harvest
processing results in low quality raw material, with loss of active ingredients, increased
microbial load and bad commercial presentation.

The loss of active ingredients involve: degradation by metabolic processes; active principles
hydrolysis; decomposition by light; enzymatic decomposition; degradation of thermolabile
substances by heat ; volatilization of essential oils and contamination by bacteria and fungi.
The first stage of post-harvest processing involves examination and manual separation of
parts which are damaged, stained and with signs of attacks by insects and / or fungi. The
next recommended step, is to wash the drug in running water.

The most important stage of post-harvest processing is undoubtedly drying. The industry
uses dried plants, enabling their preservation for prolonged periods of time. The exceptions
are plants used to obtain essential oils, homeopathic tinctures and some extracts like
artichoke (Cynara scolymus), which are processed fresh.
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The moisture content in fresh plants varies from 60% to 80%. The drying process reduces the
moisture content to 5% - 12%. According to the plant organ, the weight losses during drying
are:

- Leaves: 20% to 75%

- Bark:40% to 65%

- Wood: 30% to 70%

- Roots: 25% to 80%

- Flowers: 15% to 80%

The drying process stops the degradation processes caused by yeasts or enzymes, prevents
the development of microorganisms and oxidation and hydrolysis reactions. However, as it
involves heat, there are losses of essential oils and volatile substances, as well as the risk of
degradation of thermolabile substances during the process. Most medicinal plants can be
dried at temperatures between 30°C and 60°C. Plants containing essential oils or volatile
substances should be dried at temperatures below 40°C. In all cases good air circulation
should be ensured, favoring the process.

The method of drying must be experimentally determined for each plant drug. The slow
drying may cause harmful changes, by the action of enzymes, fungi and bacteria, before the
process is completed. A very quick drying hardens the superficial layer of the cells and
prevents the evaporation of water inside the organ, which also results in the action of
enzymes (Sharapin, 2000).

3.2.1 Storage

However great care has been taken during harvesting and drying, the plants lose active
ingredients by degradation during storage. Although the recommended time limit for
storing leaves and shoot tips is from12 to 18 months, and for bark and roots from 12 to 36
months, some plants lose active ingredients soon. The conservation of vegetable raw
material for a longer period of time depends on storage conditions. Appropriate conditions
prevent the product from having contact with the sun, dust, rodents and insects and other
degradation factors, thereby, impeding the loss of volatile principles. The material can be
wrapped in burlap sacks or bales. The use of plastic bags should be avoided as it does not
allow adequate ventilation. The bags should be labeled with the scientific name of the plant
and the part used entry date, supplier name origin and approval of quality control.

3.2.2 Grinding

The grinding is intended to reduce the particle size of the plant drug, making it suitable for
the next step of the process which is extraction. The extraction of a drug as a whole or
divided into coarse fragments will be incomplete due to poor penetration of the solvent in
the plant tissue. It will also be very slow, since the cell membranes act as real barriers
hindering the extraction procedure. In the case of previously divided drugs, such
membranes are partially destroyed, making the dissolution of the cellular components in the
outer liquid easier and more efficient. However, the excessive division and the formation of
very fine dust may cause problems during the extraction process. In the percolation process
there is a powder compaction, which impedes the passage of the solvent, resulting in an
incomplete extraction of the drug. In the maceration process the very fine particles might
pass to the extract and bring it to a cloudy appearance. The milling process is preceded by
screening to remove impurities. In this operation strange material, such as large pieces of
wood, other types of metal are removed manually.
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4. Microbiological quality control of drug plants and their derivatives

4.1 Raw material

The microbiological quality assurance of herbal medicines must necessarily involve a proper
stance regarding the Good Agricultural Practice. Researchers have even recommended the
cultivation indoors, with full control over the climate and the presence of pathogens, and the
possibility of genetic enhancement combined with biotechnological studies, indicating a
tendency to domestication instead of harvesting from the wild (Calixto, 2000, Blumenthal et
al.,, 1998; Bauer & Tittel, 1996). Yet the benefits that the cultivation of medicinal plants may
bring to the achievement of desirable objectives related to the eight Millennium
Development Goals proposed by the United Nations (UN) and addressed by the World
Health Organization (WHO, 2009) (See still missing basic needs - Table 1) indicate the
strategic importance of these products to the various traditional communities. These
communities include family farmers, indigenous communities, Maroons, and other
groupings in a vulnerable socioeconomic position, which have a historical knowledge of the
properties and use of various medicinal plants, as it has been noted by several academic
papers focused on the etnopharmacy (Pieroni & Vandebroek, 2007; Yoney et al., 2010;
Leonti, 2011).For the success of this strategy it is necessary to ensure these communities with
the access to this information and know-how, since they supply raw materials. This
connection apparently seems to be unattainable due to social, anthropological and cultural
incompatibilities. But what we have observed in practice is the gradual development of
market relations between the major urban centers and the more reserved communities,
which generally seek to avoid contact with the outside elements. This fact demonstrates the
tendency of many of these communities to open channels for knowledge and values
exchange in order to facilitate the development and quality of life without their identity loss.

4.2 Regulatory aspects

Heterogeneity exists not only between countries but even within the same country in
relation to the maximum microbial limits which are acceptable for herbal products.
Moreover, the treatment or application of plant material also involves different microbial
limits and surveillance strictness. In some countries, herbal drugs for oral, topical or
episodic use, produced by infusions, decoctions and maceration, have different laws when
compared to plant drugs presented as capsules, tinctures, tablets, extracts and syrups.
However, in general, the tests used to verify the presence of microorganisms in plant drugs
show no significant variation and follow the recommendations used for non-sterile
pharmaceutical products (Table 1).

4.3 Tests

4.3.1 Sampling and sample preparation

Initially 10 ml or 10 g of sample are needed for the performance of the assays. In case of raw
materials, an interesting strategy to homogenize the sample and facilitate the interaction
with the culture medium used, is the previous hand-grinding with a properly sterilized
mortar and pestle in a sterile environment such as a laminar flow biological safety cabinet.
So, when our analysis objects are leaves, stems or other plant constituents in their raw state,
the sample preparation becomes important. On the other hand, thinner powders interact
well with the solutions used in the homogenization and in the adjustment to near-neutral
pH (pH = 7.0), favoring the growth of microorganisms present in the sample. Therefore, the
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pharmaceutical form may provide different strategies for sample preparation. In some cases
it may be necessary to use other previous procedures, such as the use of inactivating agents,
if evidenced the presence of preservatives in cosmetics based on herbal medicines, for
example. When there is doubt about the presence of substances with inhibitory microbial
growth a preparatory test for assessing the inhibitory capacity can be used. Carry out a
transfer of each of the viable strains of Staphylococcus aureus, Pseudomonas aeruginosa,
Salmonella, Escherichia coli and Candida albicans to 5 ml of soyabean casein broth and incubate
at 30°C-35°C for 24 hours for bacteria and at 20°C- 25°C for 24 hours in the case of Candida
albicans, making decimal dilutions in buffered peptone solution to obtain a suspension
containing 50 to 100 viable cells. Use 1 ml of the microorganisms’ inoculum separately in the
presence or absence of the sample and incubate again as described for bacteria and fungi. If
there is massive growth of microorganisms, microbiological assays may be undertaken; in
case of little or no growth of viable strains it is necessary to use inactivating agents, for
example, 0.5% soy lecithin, 4% polysorbate 20, 0.1% polysorbate 80, among others.

Japanese Pharmac.™® United States Pharmac.® British Pharmac® Latin Amer. Pharmac.

. d .
Category 1 Category 2 Source 1 Source 2 Source 3 Category 1 Category 2 Argentine Brazil °©

7 5 5 4 2 7 5

Aerobic bacteria 10 10 10 10 10 10 10 10710*  10710%10*
Molds and yeasts 10* 10° 10° 10° 10 10° 10* 10%10° 107107107
Enterobacteria

and other Gram g 10° 10° ‘ " v 10 10*10>  10*10°107
negative bacteria

Escherichia coli 10° absence absence absence g 107 absence absence 10%/10/absence
Salmonella absence  absence absence absence * N absence absence absence
Staphylococcus g N ¥ + ¥ N g absence */*/absence
Pseudomonas * y * * * 8 g absence *

* Certain species of Bacillus ceveus . clostridia . Burkholderia , Aspergillus and Enterobacter are also necessary to be tested depending on the origin of the
herbal drug raw materials
® Category 1: Herbal drugs to which boiling water is added before use and Category 2: Other herbal drugs and their preparations
“Source 1: Dried or powdered Botanicals and Botanicals to be treated with boiling water before use.
Source 2: Tinctures. Powdered Botanicals Extracts, Fluidextracts and Nutritional Supplements with Botanicals
Source 3: Infusions/Decoctions.
4 The first value represents raw materials and final products for infusion preparations and the second value represents final products for topical and oral use
© The first value represents Herbal drugs to which boiling water is added before use. the second value represents Herbal drugs to which the extractive process
made in cold temperature and the third value represents final products for oral use.
“The limits are not specified.

Table 1. Recommended microbial limits for herbal drugs and their products or botanical
ingredients and products

4.3.2 Viable microorganisms count

After preliminary tests, pour 10 ml or 10 g sample into a container containing 90 ml of
soyabean casein broth, nutrient broth, buffered peptone broth or other appropriate diluents.
It is important to attempt to the fact that the pH should be near-neutral and the
characteristics of the sample, such as raw materials from forest origin, may contain higher
amounts of fungi and therefore prone to high levels of aflatoxins. So, an appropriate
medium would be one that favors the growth of fungi capable of producing these
substances. From this first dilution, transfer 1 ml to tubes containing 9 ml of the used
diluent, for example, soyabean casein broth, so as to obtain serial dilutions of 10-1, 102 and
103. In some cases the number of dilutions can be increased to improve the counting (Figure
1). From each dilution, transfer volumes of 0.1 to 0.5 ml to Petri dishes in duplicate
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containing Soyabean Casein Agar or Sabouraud-Dextrose Agar for counting bacteria and
fungi, respectively. The spreading is accomplished with the aid of Drigalski spatula or a
sterile glass rod. In case of bacteria, the incubation should be at 30°C-35 °C for 48 to 72
hours; for fungi, temperatures from 20°C to 25 °C for 5-7 days at least. Antibiotics are
commonly used in the culture medium in order to inhibit the growth of undesirable
microorganisms. Therefore, amphotericin B is added to the culture medium for bacterial
growth (Soyabean Casein Agar or Nutrient Agar) and chloramphenicol to the culture
medium for fungi growth (Sabouraud-Dextrose Agar or Potato Agar).

r-_\ 10gor 10 mL

Soyahbean Casein Broth

(or other?)
The first dilution
10 1mL
0.1-0.5 mL 1mL

Eek X B i

t ' l 0.1-0.5mL ' l 0.1 -0.5mL
Soyabean Casein Digest Agar - Bacteria . . . .

Incubation (30 - 35°C / 48 - 72 hours)

I 10.1 -o.5er 10.1 -0.5mL
Sabouraud Dextrose Agar - Yests and Molds
Incubation (20 - 25°C / 5 - 7 days)

* Petri dishes containing the appropriated medium;
1 According with sample characteristics (see text):

Fig. 1. Viable microorganism count

4.3.3 Search for undesirable microorganisms

Using appropriate enrichment medium, the same amount of sample used for the
enumeration of microorganisms (10ml or 10 g of sample in a container containing 90 ml of
medium) is used for the detection of pathogens. For detection of Escherichia coli and
Salmonella sp., lactose broth is used and for the latter, after enrichment in lactose broth, the
procedure is incubation in tetrathionate broth or selenite cystine broth for 24 hours at 30°C -
35 °C. In the case of Staphylococcus aureus and Pseudomonas aeruginosa, soybean casein broth
is used for enrichment, which should also occur for 24 hours at 30°C - 35 ° C. Then, aliquots
are transferred to culture medium for isolation and differentiation and subsequent use for
conventional biochemical assessments (Figure 2 and 3).
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5. Physical, chemical and physico-chemical controls of quality of herbal
drugs and/or their derivatives: Tinctures and extracts

To ensure quality for vegetable raw material, the WHO, 1992 recommends that the
pharmacopoeia specifications for the plant material must include:

- Botanical name, with reference to the authors;

- Specification of the part used;

- Morphological description, macro and microscopic examination;

- Determination of particle size distribution;

- Determination of total ash or sulfated ash (residue on ignition) and acid insoluble ash;
- Determination of extractable matter;

- Determination of water and loss on drying;

- Determination of essential oils;

- Identification by thin layer chromatography;

- Quantitative determination of active constituents;

- Limit tests for heavy metals;

- Determination of pesticide residues.

5.1 Botanical name

The botanical identification is essential to characterize the plant species. This identification
cannot be made through popular names since the same species may have different common
names and different species may be designated by the same common name. The
identification of the plant is given by its "scientific name". The scientific name is always a
Latin binomial, a term identifying the gender and both of them together identifying the
species. The Latin binomial is followed by the name of the author of the botanical
description, usually abbreviated. Finally, the identification is completed with the name of
the botanical family to which the plant belongs.

5.2 Specification of the used part

The drug, i.e., used part of the plant, must be specified, for example, inflorescence, leaves,
roots, wood or seeds. The specification is described in the language of the country and in
Latin. The European Pharmacopoeia adopts as the title of the drug monograph, its name in
Latin and as the subtitle, its name in English (or French, depending on the edition). The
Brazilian Pharmacopoeia adopts as a title the popular name of the plant and as the subtitle,
the specification of the used part, in Latin. Both pharmacopoeias complete the identification
with the botanical name of the plant and specifications related to the content of active
principles. The European Pharmacopoeia includes the scientific name of the plant when
describing the drug, while the Brazilian Pharmacopoeia emphasizes it before the description.

5.3 Morphological description, macro and microscopic examination

A monograph of a plant drug describes the macroscopic, microscopic and organoleptic
characteristics. The characteristics described should be compared to the drug sample, as a
first step to establish its identity and purity. Whenever possible, authentic samples of the
drug should be used as reference samples. The organoleptic characteristics (odor and flavor)
often represent a practical guidance regarding the identity and purity of the drug. If the
odor and taste vary considerably from the drug prescribed, the drug may be considered out
of specification.
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The macroscopic characteristics include the shape, size, color, texture, fracture aspects and
characteristics of the cut surface. These features are useful for determining the identity and
purity of the drug in question. However, since the judgment of these characteristics is very
subjective, comparisons to authentic samples should be taken to avoid doubts.

The microscopic characteristics are viewed under a microscope, with or without the
addition of chemical reagents. Microscopic analysis is indispensable for powdered drugs.
This analysis helps to identify the drug and may be crucial in the identification of
adulterants. However to ensure the identification of the drug, the microscopic analysis
should be supplemented with data from chemical and physico-chemical analysis, Figures 4
and 5 (Alves, 2008; Alves et al. 2010).

Fig. 4. Arrabidaea chica (Humb. & Bonpl.) B. Verlt. (Bignoniaceae). Cross section of the
petiole. Detail of the vascular system and sclerenchyma; external phloem; xylem; internal
phloem; sclerenchyma; parenchyma cells

Fig. 5. Arrabidaea chica (Humb. & Bonpl.) B. Verlt. (Bignoniaceae). Cross section of the basal
lamina. Upper epidermis; lower epidermis; angular collenchyma; fundamental parenchyma;
sclerenchyma; phloem; xylem; palisade parenchyma e cuticule
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5.4 Determination of particle size distribution

The particle size distribution of herbal drugs determines the contact surface available for
interaction with the solvent used to obtain the plant derivative. It is a preliminary and
important parameter for choosing the appropriate extraction process, as it has a direct
influence on its efficiency (Santos et al., 2000).

Procedure for determination of particle size distribution: an electromagnetic sieve shaker is
used. About 10 g of powdered plant material are subjected to a series of sieves with mesh
size opening ranging from 2.00 mm to 125 um, and agitated for 30 minutes. The particle size
is analyzed in triplicate and evaluated by quantifying the percentage of powder retention in
each sieve (Brazilian Pharmacopoeia V, 2010)

5.5 Determination of ash

The determination of ash includes the determination of total ash, sulfated ash, also called
residue on ignition and determination of acid-insoluble ash. The total ash involves
determining both the physiological and the non-physiological ash and consists of measuring
the amount of non volatilized residue after the drug calcination. Sulfated ash is represented
by non volatilized residue after calcination with concentrated sulfuric acid. The metals
contained in the drug are converted to sulfates, as these are more stable to heat, and allow
more accurate results than those obtained by simple calcination. The acid-insoluble ash is
the residue obtained after boiling the residue obtained in the determination of total ash and
sulfated ash with dilute hydrochloric acid, filtrating to remove the soluble and igniting the
remaining insoluble matter. This procedure determines the level of silica, especially sand
and siliceous earth present in the drug.

Procedure for determination of total ash: Accurately 3 grams of the powder is transferred to
porcelain crucibles which were previously calcined, cooled and weighed. The samples are
charred in a muffle furnace at 450 °C for 2 hours. After cooling in a desiccator, they are
weighed on an analytical balance. This procedure is repeated until obtaining constant
weight. The ash percentage obtained in triplicate, is calculated in relation to the dried drug
(Brazilian Pharmacopoeia V, 2010).

5.6 Determination of extractable matter

The determination of extractable matter is carried out when there are no suitable methods to
determine the active constituents of the drug by chemical or physico —chemical processes.
Substances extracted with water, with ethanol in various dilutions and, more rarely, with
ether are usually determined. The method is based on the solubility of active substances in a
given solvent, and when these are not known, on the pharmacological activity of the extract
obtained as a solvent.

5.7 Determination of water and loss on drying

The presence of excessive amounts of water in plant drugs is responsible for the growth of
bacteria and fungi as well as the hydrolysis of constituents. The pharmacopoeial
monographs limit the water content, especially in drugs that have the facility to absorb it, or
in which the excessive amounts of water cause deterioration. With few exceptions, the water
content in vegetable drugs should vary between 8% and 14%.

The water content can be determined by the gravimetric method, where the drug is
desiccated to constant weight in an oven. The heating also causes the loss of volatile
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substances. For this reason it cannot be applied to drugs that contain such substances. In this
case the azeotropic method may be applied, which consists of distilling the drug sample
with toluene or xylene. This method requires special equipment and it is more difficult to
carry on than the gravimetric method.

Procedure for determination of water loss on drying and gravimetric method: Exactly 3
grams of powdered plant are transferred to a weighing bottle. The sample is subjected to a
temperature of 105° C for two hours followed by cooling in desiccators and weighted
(Costa, 1982; Brazilian Pharmacopoeia V, 2010). The operation is repeated until obtaining
constant weight. The results of three determinations are evaluated in terms of weight
percentage on the sample amount using the equation (Brazilian Pharmacopoeia V, 2010):

% loss = 100 1)

Wb-Wa N
Ws

Where:

Ws = sample weight (g)

Wb = weight of the weighing bottle containing the sample before drying (g)

Wa = weight of the weighing bottle containing the sample after drying (g)

Another method that can be applied is the Karl Fischer Method, which is based on the

quantitative reaction between water and anhydrous solution of iodine and sulfur dioxide

dissolved in pyridine and methanol (Karl Fischer reagents). Usually the excess of reagent is

incorporated to the sample, and after waiting for the time required to the quantitative

reaction, the reagent excess is titrated with a standard solution of water in methanol. This

technique (of unrestricted use) is especially recommended for samples which slowly release

their content in water.

5.8 Determination of essential oils

Essential oils are volatile constituents found in many plants and characterized the mixture of
terpenes, sesquiterpenes and their oxygenated derivatives and, sometimes, aromatic
compounds, which volatilize at room temperature and are oily. Essential oils usually
contain pharmacologically active substances. The determination of essential oils is carried
out by hydrodistillation collecting the distillate in a graduated tube, in which the aqueous
phase is automatically separated from the oily phase and returns to the distillation flask.
When the essential oil has a density near to that of water or when the phase separation is
difficult, a previously measured quantity of a solvent with low mass density and a suitable
boiling point (e.g. xylene) is added in the graduated tube to dissolve the essential oil and
facilitate the separation.

5.9 Identification by thin layer chromatography

The TLC is a simple, efficient method and requires no sophisticated devices for its
implementation. The method is used for the characterization of plant drugs, their extracts
and tinctures, and indicates the presence of the drug or its extracts in a pharmaceutical
formulation. When the active principles of the drug are not known, the identification should
be made using the substances which are characteristics of the plant, even without
pharmacological activity.

These substances, called markers (or positive markers), should be selected among the
substances that are characteristic of the plant. Its use, however, should be limited to the
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identification of plant material, extracts and tinctures. The markers may also serve to
identify the presence of the drug in a pharmaceutical formulation. However, when the
markers are not the substances responsible for the pharmacological action of the drug they
cannot be used for quantitative measurements. The existence of stained spots or bands with
the same Rf of the reference substances, in the chromatogram of the sample is not sufficient
to identify the drug.

The existence of other stained spots or bands and their position in relation to the position of
the reference substances used must also be described. The use of reference substances that
are not the plant constituents is useful in determining the occurrence of counterfeits. These
substances are called negative markers. So, Arnica montana extracts are analyzed by
comparison with rutin solutions, a substance that does not occur in this plant. The
appearance of a spot in the chromatogram of the extract with the same Rf and color of rutin
indicates a possible forgery with Calendula officinalis flowers.

Fig. 6. TLC analysis of the tincture of Calendula officinalis L. Eluent I: ethyl acetate; formic
acid; acetic acid; water (100:11:11:26); developer: NP/PEG 4000. Observation under light UV
365 nm; P- rutin standard ; T- Calendula tincture (Nunes, 2008; Nunes et al., 2009)

5.10 Quantitative determination of active principles

The selection of a method for quantitative determination of active principles in
phytotherapeutics depends on the monograph of the drug in matter, which must to be
considered as a whole designed to assure a satisfactory quality to the product. Many times
the selection of a quantification method falls on a less specific technique, which despite the
ease in performing, shows high precision, as for example, the acid-base volumetric
determination of alkaloids, or titration in non aqueous solutions. If analytical equipments
are available, among other more elaborated methods, the ultraviolet spectroscopy, a fast and
simple technique with relative low cost, can be employed to quantify markers which present
at least a chromophore, a functional group that absorbs light between 200nm 400nm.
However, some molecules do not present such group and in this case it is worth, to
introduce a chromophore in the molecule or to adopt another quantification technique.
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Sometime it is not possible to isolate or get the marker in adequate conditions to be used in
the method, and it is possible to characterize and quantify a group of substances of the same
metabolic class to which the pharmacological activity of the plant can be associated. This is
the case of the alkaloids of a species from Himatanthus genus, to which antispasmodic
activity is alleged, and that were characterized and quantified as total alkaloid fraction in
relation to the yoimbine (Barros, 2010). The method was developed in laboratory and
validated according to both Brazilian and International regulation (ANVISA, 2003; IHC,
2005), taking into account the following parameters: selectivity, verified by analysis of the
reference substance in comparison with the sample and their solvent (Methanol), in the
same wavelength, where the absorption of the sample and the substance and the transparency
of the solvent can be observed; the linearity, characterized by the determination (R2) and
correlation (r) coefficients of the reference substance, and also, by the statistical analysis of
the residue of the concentration values used to evaluate this parameter. Using five from the
seven yoimbine concentration values employed to determine the linearity of the method, a
calibration curve was built to, in fact, quantify the marker in the sample. The repeatability,
the intermediate precision and the accuracy of the method must also be verified. In Brazil,
ANVISA determines a 5% limit to the variation of the accuracy of a quantification method,
which should not be lower than 95%. Other parameters that validate the developed method
are detection and quantification limits. The following figures illustrate the selectivity (Figure
7), the linearity (Figure 8) e the analysis of residue (Figure 9) extracted from Himatanthus sp.
(Barros, 2010).

Currently, in Brazil the regulation agency recommends for the registration of
phytotherapeutical the use of more elaborated methods, which demand techniques like
High Performance Liquid Chromatogrphy (HPLC) or Gas Chromatography (GC), for the
quantification of markers.

| Y
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Fig. 7. Selectivity of the method developed with 22ug/mL Yoimbine as reference, (- - -), in
relation to the alkaloid fraction of the aqueous extract of Himatanthus sp at 30 pg/mL (-)
and to solvent methanol, observed from 200nm to 400nm (absorbance vs wavelength)

5.11 Limit tests for heavy metals

The limit test for heavy metals consists in verifying if the content of metallic impurities that
react colorimetrically with sulfide ion does not exceed the limit specified in the monographs
in terms of micrograms of lead per gram of test sample. Similarly, the reaction with
thioacetamide may be employed for determining the limit of heavy metals in terms of lead.
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Fig. 8. Graphical representation of the linearity of the method using Yoimbine in methanol
at 281nm, the detail concentrations and its respective absorbance (absorbance vs
concentration)
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Fig. 9. Graphical representation of the residues analysis of the concentration values of
Yoimbine solutions at 16, 18, 20, 22, 24, 26 and 28 pg/mL used in the calibration curve and
determination of linearity

Procedure: The tests are conducted in transparent flat-bottomed glass tubes, with a capacity
of approximately 70 mL and the external mark corresponding to a volume of 45-50 mL with
an internal diameter of 23 mm. The tubes used should be equal in both the inner diameter
and in other aspects, since the comparison is direct. The tubes should be observed from
above, against a white background. The standard volume used varies according to the
specified in the monograph under analysis.
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5.12 Determination of pesticide residues

The use of pesticides to protect growing plants used as food from destruction by insects has
grown enormously. The perception of the serious danger that the indiscriminate use of
pesticides represented has led the WHO to establish limits to their residues. Since then,
numerous methods for pesticide residue analysis have been published in the literature.
Medicinal plants as well as food plants are subjected to attack by insects and fungi. Weeds
are responsible for the reduced yields. Plant drugs accumulate pesticide just as food plants
from agricultural practices such as spray application, the capture of the treated soils or
administration of fumigants during storage.

6. Other methods that can be used for quality control of herbal drugs and/or
their derivatives, tinctures and extracts

6.1 The infrared (IR) and ultaviolet (UV) spectroscopy

Infrared radiation corresponds approximately to the portion of the electromagnetic
spectrum lying between the regions of the visible and microwave. The most useful portion
to organic chemistry is situated between 4000 cm-1 and 400 cm-1. This band when absorbed
by an organic molecule, converts into a molecular vibration energy. The process is quantized,
like a series of bands, as each change of vibrational energy level corresponds to a series of
changes in rotational energy levels (Silverstein et al., 2007). It is possible to obtain spectra of
gases, liquids and solids in the infrared. Liquids can be examined in their pure state or in
solution. The solvent should be fairly transparent in the region of interest so as not to
interfere in the result. Volatile liquids are examined in closed cells with very thin spacers.
Solid samples are examined in the form of airborne dust, pressed disk (KBr, ZnSe, etc.), or
glassy film deposited on a transparent plate (Silverstein et al., 2007).

The infrared spectrum of a chemical compound is considered one of its most characteristic
physic-chemical features and, because of this the infrared spectroscopy is extensively used
to indentify compounds (Silverstein et al., 2007).

Another type of spectroscopy is performed in the ultraviolet (UV) region involving photons
spectroscopy, and called spectrophotometry. Using a range between 200 to 400 nm the
molecules undergo electronic transitions of molecular orbitals (Silverstein et al., 2007)
The UV spectrophotometry is one of the most used methods in analytical determinations in
various fields and may be applied to determinations of organic and inorganic compounds, for
example, in the identification of the active principle of the drug. The molecular absorption
spectroscopy is valuable for the identification of functional groups in the molecule. More
important, however, are the applications of ultraviolet absorption spectroscopy for the
quantitative determination of compounds containing chromophoric groups (Vinade & Vinade,
2005). Spectrophotometry in the UV region of the electromagnetic spectrum is one of the most
used analytical techniques in terms of robustness, relatively low cost and large number of
developed applications. It is based on the Beer-Lambert law, which is the mathematical basis
for measuring radiation absorption by samples in solid, liquid or gaseous state in ultraviolet
regions, visible and infrared electromagnetic spectrum (Perkampus, 1992). In determining the
parameters of quality control of herbal medicines, which are composed of a complex mixture
of components and due to the limitations on sensitivity in this method it is often necessary to
use preliminary steps for separation and concentration of the desired elements, with a
consequent increase of sensitivity. Among these techniques, we can mention the liquid-liquid
extraction, precipitation and solid-liquid extraction (Cheng and Bray, 1955).
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6.2 Thermal analysis

Thermal analysis is a term used to describe the analytical techniques that measure the
physical and chemical properties of a sample as a function of temperature, while the
substance is subjected to a controlled temperature program. The sample is subjected to a
temperature schedule that consists of a series of preselected segments in which the sample is
heated or cooled at a constant rate or kept at a constant temperature (Giolito & Ionashiro,
1988).

In recent decades, the thermo analytical techniques have gained increasing importance in all
areas of knowledge in basic and applied chemistry. This development in the use of this
methodology really endowed with great potential, was favored by the availability of
instruments controlled by microprocessors, capable of providing accurate information about
the thermal behavior of materials in a relatively short time. These methods are widely used
in quality control of natural and synthetic drugs, because they can quickly provide data on
the stability of the analyzed material, in the presence of its thermal behavior (Giolito &
Ionashiro, 1988). Other methodologies which are importantly increasing in Brazil are:
thermogravimetry (TG), differential thermal analysis (DTA) and differential scanning
calorimetry (DSC) which are used to study pre-formulation or drug excipient compatibility.
Among several papers published in this area, the most outstanding ones are: application of
thermogravimetry (TG) in quality control of Milon (Cissampelos sympodialis Eichi.)
Minispermaceae (Aragdo et al., 2002), thermal analysis and compatibility study of
zidovudine with excipients (Araujo et al., 2003); study of thermal stability of metronidazole
tablets (Souza et al., 2002); Thermal analysis study of captopril coated tablets by
thermogravimetry (TG) and differential scanning calorimetry (DSC) (Bazzo & SILVA, 2005);
thermoanalytical study of glibenclamide and excipients (Oliveira et al., 2004);
thermoanalitycal study (TG, DTG and DSC) of in natura and processed coffee (Schnitzler et
al.,, 2005); study, characterization and determination of the purity of commercial samples of
saccharin (Schnitzler et al., 2005); determination of moisture content and ash content of
commercial samples of guarana using conventional methods and thermal analysis
(ARAUJO et al., 2006); physicochemical characterization of fluid and spray dried extracts of
Symphytum officinale L. (Silva Janior, 2006; Silva Janior et al., 2006), assessing the
compatibility between fluoxetine and excipients used in the manufacture of capsules (Stulz
& Tagliari, 2006); thermoanalytical study and drug-excipient compatibility of rifampicin and
some medications used in the treatment of Tuberculosis (Alves, 2007), thermal stability and
compatibility of hydroquinone (Tagliari et al., 2008).

7. Conclusion

The development of herbal medicines, as a rule, involves planning and obtaining
intermediate preparations as required steps for processing vegetable raw material into a
finished product, which will provide the desired pharmaceutical presentation. Among the
available intermediate preparations, Pharmacopoeias recommend the tincture or fluid
extract. These liquid presentations can be utilized to obtain standardized dried extracts,
which can be used in the production of various pharmaceutical forms. It is important that
the starting material is stabilized in order to ensure the reproducibility of the process. It also
has to be sufficiently pulverized so as to achieve optimum performance in the process of
extracting the chemical constituents of pharmaceutical interest.
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To obtain a derivative of any medicinal plant, being it herbal medicine in any form, quality
control is required from the cultivation, management and harvesting of the plant species;
passing through the production of intermediate product up to the final formulation.
Following a set of criteria it is possible to characterize the raw plant, its derivative and the
formulation, designating an adequate planning to be followed as to establish the parameters
of quality control. When the approach is applied to the analysis of natural extracts, the study
of pre-formulation becomes more difficult because often the available markers are altered as
a function of pH, solvent polarity, temperature and interactions (excipient and vehicle).
When formulating products containing natural ingredients it is essential to identify
standardized markers or to develop methods for the quantification of purified chemical
groups before, during and after the production process. Therefore, for the technological
development of herbal medicines according to the requirements and specifications of the
countries’ laws, it is essential to establish protocols that ensure quality control of raw
materials, vegetable products and ingredients used in their production, as well as validation
of qualitative and quantitative techniques appropriate to the chemical markers chosen. Only
then, we can get a finished product with assured quality.
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1. Introduction

1.1 Cordyceps sinensis general description and habitat
Cordyceps sinensis (Berk.) Sacc. is a caterpillar fungus of the genus Cordyceps (Clavicipitaceae,
Hypocreales, Pyrenomycetes, Ascomycota, Eukaryota) (Fig. 1).

stroma

sclerotium

Fig. 1. The stroma and sclerotium of a Cordyceps sinensis specimen (image with back
shadow)

The fungus is endemic mostly to the alpine shrub-meadow zone of high mountains (3000-
5000 m altitude) or highlands of the south western of China (the Tibet Autonomous Region
and the Qinghai, Sichuan, Yunnan and Gansu provinces) and to some countries of the
Himalayan south slope (Nepal, Bhutan, and North East India) (Fig. 2). It grows parasitically
on Lepidoptera larvae, particularly those belonging to the genus Hepialus (bat moths), which
are found in cool weather conditions (Kinjo & Zang, 2001; Pegler et al., 1994).

After host larval infection with either meiotic or mitotic spores, the fungus multiplies in the
host by yeast-like budding, eventually killing the host. The fungus then grows in the form of
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thread-like hyphae. Following overwintering, the fungus ruptures the host body, forming a
sexual sporulating structure (a perithecial stroma) that is connected to the dead larva below
ground and grows upward to emerge above the soil surface. It is this stroma, either with or
without the host larva, that is traditionally used for medicinal purposes (Buenz et al., 2005).

Fig. 2. Distribution of Cordyceps sinensis (Buenz et al., 2005)

1.2 Medicinal effects of C. sinensis

In Asia, C. sinensis is considered a valuable traditional herb that has several medicinal
effects. It has been reported that C. sinensis nourishes the lungs and kidneys (Pegler et al.,
1994), strengthens the immune system (Kuo et al., 1996), revitalizes the body after serious
illness, acts as an aphrodisiac (Bhattarai, 1993), is a free-radical scavenger (Yamaguchi et al.,
2000), exerts an anti-tumour effect (Chen et al., 1997b), and possesses the ability to alter
apoptotic homeostasis (Buenz et al., 2005).

1.3 Morphology of the C. sinensis teleomorph

C. sinensis has a sexual stage (teleomorph) and an asexual stage (anamorph). It is generally
seen in the sexual stage with a stalked fruit body. Recently, an inadequate teleomorph
supply has raised its price to around 30,000-50,000 USD per kilogram (depending on size
and quality). This high price results in many fake products on the market, e.g. other
Cordyceps spp. (e.g. C. cicadicola, C. liangshanensis, C. hawkesii, C. militaris, C. ophioglossoides, C.
shanxiensis, C. sobolifera, etc.) or some plant root and stem products; therefore, accurate C.
sinensis teleomorph identification is very important (Chen et al., 2009).
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Fungus identification is traditionally via morphological observation. The fungus holotype
(K. HO0221) kept in the Herbarium of the Royal Botanic Gardens, Kew, was labelled as
Sphaeria sinensis Berk., Stroma, China. Morphological characteristics according to holotype
were described as ‘the stroma single, cylindrical 1.7 -2.2 cm, 2.4 - 4 mm diameter, with
sterile acuminate apex. Ascogenous portion glabrous or punctate with ostioles of the
perithecia. Stipes 2-2.6 cm, 2-2.6 mm diameter with silky surface. Perithecia globoid or vase-
shaped, 150-380 (-550) x 110-240 pm. The cortex usually consisting of one layer of closely
interwoven hyphae, pseudoparenchymatous 80-170-um thick. Asci cylindrical, narrowing
below, 160-240 (-400) x 5.2-6.5 (-12) pm with a hemispherical thickening of the wall at the
apex, asci not fully mature and hence thinner. Ascospores hyaline, filiform, smooth,
mutiseptate, 120-190 x 0.6-1.3 pm, never breaking up into secondary spores; faintly tapered
to both ends’ (Zang & Kinjo, 1996).

All of these characteristics should be observed using mature and complete tissues (stroma,
ascus, ascospore, etc.), but most C. sinensis teleomorphs are collected before maturation and
sold as desiccated specimens. Nothing about the powdered products has been said.
Therefore, it is important that molecular methods to accurately identify C. sinensis be
developed.

1.4 C. sinensis anamorph

Due to the serious decline of teleomorph resources, cultured C. sinensis anamorph mycelia
have been used as a substitute. However, anamorph culture did not produce a uniform
mycelium, and several species have subsequently been reported as possible C. sinensis
anamorphs, including Stachybotrys sp. (Kobayasi, 1982), Paecilomyces sinensis (Chen et al.,
1984), Scytalidium hepiali (Li & Sun, 1988), Tolypocladium sinensis (Li, 1988), Chrysosporium
sinensis (Liang, 1991a), Hirsutella sinensis (Liu et al., 1989), Synnematium sinensis (Yin & Shen,
1990), Cephalosporium sp. (Shen, 1983), Paecilomyces hepiali, Mortierella hepiali, and Scytalidium
hepiali (Chen et al., 2009). Many mycelia products made by these species are marketed as 'C.
sinensis mycelia products’, which confuses consumers.

H. sinensis has been confirmed as a C. sinensis anamorph based on microcyclic conidiation
(short life cycle) observation (Liang, 1991b; Liu et al., 2001). However, the short life cycle is
difficult to observe, and its use is very limited for other species. Similar problems have been
encountered with regard to the morphological identification of the desiccated and
powdered mycelia products. Thus, development of molecular biological techniques is
important in order to extract and analyse fungal DNA even from dead fungi and to infer
simple, rapid, and reliable anamorph-teleomorph connections (Egger & Sigler, 1992).

1.5 C. sinensis identification using molecular biology methods

Although C. sinensis has different phenotypes during its life cycle, its genotype during the
different stages is unique. Genetic analyses of C. sinensis examined the patterns of genetic
variability exhibited by randomly amplified polymorphic DNA (RAPD) markers and
nuclear ribosomal DNA (ntDNA) sequence diversity. However, most DNA-based studies
have examined genetic differentiation at the population rather than the species level (Buenz
et al., 2005).

RAPD-polymerase chain reaction (RAPD-PCR) techniques have been used to study the
relationship between H. sinensis and C. sinensis (Chen et al., 1999; Li et al., 2000) and those
among the geographical populations of C. sinensis (Chen et al., 1999; Chen et al., 1997a).
Twenty-nine C. sinensis samples were divided into 3 clusters, i.e. the north population (NP),
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middle population (MP), and south population (SP) and were considered as different
subspecies rather than as different species (Chen et al, 1999; Chen et al., 1997a). The
unstable RAPD patterns and large time commitment restricted the application of RAPD-
PCR.

Using phylogenetic trees and probes based on ITS-region ntDNA sequences (ITS 1, 5.8S, and
ITS 2 nrDNA sequences), Chen et al. (2001b) designed 2 C. sinensis-specific probes for
species-level identification. A PCR single-stranded conformation polymorphism (PCR-
SSCP)-based method was developed in Taiwan to identify C. sinensis and its fermented
products (Kuo et al., 2006; Kuo et al., 2005).

Kinjo and Zang (2001) suggest that the 17 collections of C. sinensis isolates from 11
southwestern localities in China could be divided into 2 subgroups based on their ITS region
sequences. Stensrud et al. (2007) analysed ITS-region ntDNA variations among 71 sequences
of C. sinensis made available by the EMBL/GenBank databases. These authors suggested
that C. sinensis isolates can be divided into 3 sub-species groups; however, the 2 C. sinensis-
specific probes (Chen et al., 2001b), as well as the PCR-SSCP-based method (Kuo et al., 2006;
Kuo et al., 2005), could only detect group 2 of Kinjo and Zang (2001) and group A of
Stensrud et al. (2007).

The objective of this study was to develop an innovative and direct method that can detect
all 3 subspecies groups of C. sinensis teleomorph, anamorph, and its derivative products.

2. Materials and methods

2.1 Fungal specimens and strains

The specimens and strains used in this study are listed in Table 1. The specimens were
washed with sterile water and divided into 3 parts: the stroma (fruiting body), upper part of
the sclerotium (head, h), and lower part of the sclerotium (tail, t). Some of the smaller
sclerotia (body, b) were used for subsequent experiments.

The strains were cultured in 250 mL of potato dextrose broth (PDB; DIFCO, Detroit, MI,
USA) in 500-mL flasks and agitated at 100 rpm at 14 °C. The mycelia were harvested after 8
weeks and washed with sterile water. All the specimens and mycelia were then lyophilized
and stored at -20°C for subsequent analysis.

2.2 DNA preparation

DNA was isolated as described by Moncalvo et al. (1995). In brief, the ground sample (60
mg) was transferred to a 1.5-mL microcentrifuge tube containing 600 pL of lysis buffer (50
mM Tris-HCl, 50 mM EDTA, 3% SDS, and 1% 2-mercaptoethanol; pH 7.2). The tube was
incubated in a water bath at 65 °C for 1 h, and the aqueous phase was then extracted twice
using 600 pL of PCI (phenol:chloroform:isoamyl alcohol = 25:24:1; Sigma Co., St. Louis, MO,
USA). After extraction, the aqueous phase was transferred to a new tube and the
precipitated DNA was mixed with 0.1 volumes of 3 M sodium acetate and 0.6 volumes of
isopropanol. The DNA was pelleted by centrifugation at 15,000 x g for 5 min, washed twice
with cold 70% ethanol, and dried for 30 min in a vacuum oven at 37 °C.

The DNA was resuspended in 100 pL of TE buffer (10 mM Tris-HCI and 1 mM EDTA; pH
8.0) containing 2 pL of RNase (500 pg/mL; Roche Applied Science Co., Mannheim,
Germany) and incubated in a water bath at 37 °C for 1 h. After addition of 100 pL of
chloroform, the aqueous phase was transferred directly into a new tube. DNA was
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precipitated with 0.1 volumes of 3 M sodium acetate and 0.6 volumes of isopropanol and
then pelleted by centrifugation at 15,000 x g for 5 min. The DNA was resuspended in 100 pL
of sterile water and stored at -20°C.

2.3 PCR amplification

Partial 185 nrDNA  were  amplified wusing the primer pairs NS5
(5-AACTTAAAGGAATTGACGGAAG-3')/NS6 (5-GCATCACAGACCTGTTATTGCCTC-3").
The 18S (partial), ITS 1, 5.8S, ITS 2, and 28S (partial) regions were amplified using the
following primer pairs (Fig. 3) (White et al., 1990):

ITS1 (5-TCCGTAGGTGAACCTGCGG-3')/1TS4, (5'-TCCTCCGCTTATTGATATGC-3') and
ITS5 (5-GGAAGTAAAAGTCGTAACAAGG-3')/ITS4

The amplifications were carried out in a Perkin-Elmer Thermocycler 480 (Applied
Biosystems, Foster City, CA, USA) in 25 pL of the reaction mixture containing 50 ng
template DNA, 2.5 pL of 10x PCR buffer (ProTech Professional Technical Services, Inc.,
Pittsburgh, PA, USA), 0.2 mM of each dNTP, 0.5 pM of each primer, and 0.625 U of Super
Tag DNA polymerase (ProTech Professional Technical Services, Inc.).

ITSS
-
NS5 ITS1
- -
18S ntDNA ITS1 | 585 | ITS2 | 285
- =
NS6 1TS4

Fig. 3. PCR primer locations on the ntDNA. The arrowheads represent the 3' end of each
primer (White et al., 1990)

Amplifications were performed using the following PCR program: initial denaturation at
96 °C for 2 min followed by 35 cycles at 96 °C for 45 s, 52 °C for 45 s, 72 °C for 2 min, and a
final extension step at 72 °C for 10 min. A negative control (dsH>O) was included. Gel
electrophoresis of the PCR products was performed on a 1.2% agarose gel. The gels were
photographed under a UV transilluminator.

2.4 DNA sequencing and analyses

The PCR-amplified products were sequenced by the Mission Biotech Company (Taipei,
Taiwan) (Chen & Hseu, 2002). The sequences were analyzed by an autosequencer (Applied
Biosystems) using a Terminator Cycler Sequencing Ready Reaction Kit (Applied Biosystems).
The sequences were imported into the BioEdit Sequence Alignment Editor version 7.0.9.0
(Hall, 1999) and aligned using the CLUSTAL W (Thompson et al., 1994) option.

2.5 Restriction fragment length polymorphisms (RFLPs)
For RFLP analysis, 20 pL of the PCR products was digested with 1 pL each of the restriction
enzyme Cfol (GCG|C; 10 U/pl; Roche Applied Science Co.) and Rsal (GT|AC; 10 U/uL;
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Roche Applied Science Co.), 5 pL of 10x SuRE/Cut buffer L (Roche Applied Science Co.),
and distilled water to a final volume of 50 pL. Tubes were incubated at 37 °C for at least 4 h
before separation on a 2.0% agarose gel and visualization by staining in ethidium bromide
and UV transillumination (Chen & Hseu, 1999).

. Isolate . . Collection
Species No. Tissue Locality /Source date ITS 18S
Cordyceps - gr1a Stroma  Sichuan, China Oct. 1995 AJ488272 -
sinensis
Sclerotium 5 1 an, China  Oct. 1995 - AJ274527
(body)
Cs824b Sciig‘g;‘;m Sichuan, China Oct. 1995 AJ488267 AJ274528
W1023 Stroma Sichuan, China Sep. 1996 AJ488260 AJ274531
Sd‘z:;tll)um Sichuan, China Sep.1996 AJ488259 -
Cs1014C  OClerolUM oy China  May 1997 AJ488268 -
(body)
Cs7528A  Stroma Tibet, China ~ May 1997 AJ488253 AJ007567
Sclerotium Tibet, China ~ May 1997 AJ488252 AJ007566
Cs7528]  Stroma China May 1997 AJ488278 AJ007568
Sd‘z:;tll)um China May 1997 AJ488239 AJ007569
Cs7528H Stroma China May 1997 AJ488245 -
Sclerotium .
(head) China May 1997 AJ488251 -
Sdz;’itf)um China May 1997 AJ488250 AJ274529
RSCsl Stroma - May 1997 AJ488236 -
Sclerotium
(head) - May 1997 AJ488237 -
Sclerotium
(tai) - May 1997 AJ488238 -
RSCsK Stroma - May 1997 AJ488249 -
Sclerotium
(head) - May 1997 AJ488248 -
Sclerotium
(tai) - May 1997 AJ488247 -
RSCsL Stroma - May 1997 AJ488240 -
Sclerotium
(head) - May 1997 AJ488246 -
Sclerotium

(tail) - May 1997 AJ488241 -

RSCsM Stroma - May 1997 AJ488242 -
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. Isolate . . Collection
Species No. Tissue Locality /Source date ITS 185
Sclerotium
(head) - May 1997 AJ488243 -
Sclerotium
(tail) - May 1997 AJ488244 -
Csd Stroma - May 1997 AJ488269 -
Sclerotium
(body) - May 1997 AJ488270 -
Cs824d Stroma - May 1997 AJ488271 -
51023 Stroma Tibet, China Oct. 1998 AJ488257 AJ274534
Sclerotium 1yt China  Oct. 1998 AJ488256 -
(head)
Sd?:;tf)um Tibet, China  Oct. 1998 AJ488258 -
T1023 Stroma Qinghai, China Oct. 1998 AJ488263 AJ274532
Sclerotium . . .
(head) Qinghai, China Oct. 1998 AJ488261 -
Sd‘z:;tll)um Qinghai, China Oct. 1998 AJ488262 -
H1023 Stroma Qinghai, China Oct. 1998 AJ488254 AJ274535
Sd?:;tf)um Qinghai, China Oct. 1998 AJ488255 -
K1023 Stroma - Oct. 1998 AJ488264 AJ274536
Sclerotium
(head) - Oct. 1998 A]J488265 -
Sclerotium - Oct. 1998 AJ488266 -
(tail)
Iill.fe”g;lsl” RS2 Mycelium  Tibet, China ~ May 1997 AJ488275 AJ274540
RS3 Mycelium Tibet, China May 1997 AJ488274 AJ274537
li c . CC1014a Stroma China - - AJ239070
iangshanensis
ATCC .
Cordyceps sp. 36337 Mycelium ATCC - - AJ239076
. ATCC .
C. memorabilis 36743 Mycelium ATCC - AJ242432
e ATCC .
C. militaris 26848 Mycelium ATCC - - AJ239074
CcMC2 Stroma China - AJ488277 -
C. ATCC .
ophioglossoides 36865 Mycelium ATCC ) ) AJ239075

Table 1. Examined species and isolates and their GenBank ntDNA sequences
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3. Results

3.1 PCR amplification and DNA sequencing

We amplified and sequenced the NS5/NS6 region and ITS region ntDNA sequences of the
Cordyceps species collected in our laboratory. Their GenBank Accession Numbers
(http:/ /www.ncbi.nlm.nih.gov/) are provided in Table 1. The ITS region yielded products
of approximately 550 bp, while those of the NS5/NS6 region were approximately 310 bp.

In the present study, the 18S or ITS nrDNA sequences of the stroma and sclerotium (head,
tail, and whole body) from each isolate were identical [Cs7528A(b) vs. Cs7528 A(f); W1023(f)
vs. W1023(t); Cs824a(f) vs. Cs824a(b); Cs7528H(f) vs. Cs7528H(h) vs. Cs7528H(t); Cs7528](f)
vs. Cs7528](t); K1023(f) vs. K1023(h) vs. K1023(t); H1023(f) vs. H1023(t); T1023(f) vs. T1023(h)
vs. T1023(t); S1023(f) vs. S1023(h) vs. $1023(t); Csd(f) vs. Csd(b); RSCsM(f) vs. RSCsM(h) vs.
RSCsM(t); RSCsL(f) vs. RSCsL(h) vs. RSCsL(t); RSCsK(f) vs. RSCsK(h) vs. RSCsK(t); and
RSCsl(f) vs. RSCsl(h) vs. RSCsl(t)] (Table 1). This result suggested that the stroma and
sclerotium from each isolate originated from the same species.

3.2 Phylogenetic analysis

The phylogenetic tree based on the ITS region sequences is illustrated in Fig. 4. It was
constructed using the sequencing data collected in this study as well as from GenBank. The
C. memorabilis strain ATCC 36743 was set as the out-group. The 3 C. militaris sequences—
GenBank Accession Nos. AJ242923, AJ243774, and CMC2—were grouped.

The C. sinensis specimens could be divided into 5 subgroups. Group A included the
following isolates: (1) Tibet isolates Cs824d(f), K1023(f), RS2, Csd(b), and Cs7528A(f) as well
as those with GenBank Accession Nos. AJ243775, AJ243776, AJ243778, AJ243979, AJ243980,
AJ245559, AJ413178, AJ413179, AJ413180, AJ507399, AJ507400, AJ507401, AJ507402, and
ABO067713; (2) Sichuan isolates Cs824a(f) and Cs824b(b) as well as those with GenBank
Accession Nos. AJ413183, AJ413184, AB067715, and AB067717; (3) Qinghai isolates T1023(t)
and those with GenBank Accession Nos. AJ413181, AJ413182, and AJ507404; (4) Yunnan
isolates with GenBank Accession Nos. AJ309354, AJ309361, and AJ507403; (5) Gansu isolates
with GenBank Accession Nos. AJ507405 and AB067716; and (6) uncertain locality isolates
with GenBank Accession Nos. AB067718, AB067721, and AJ309357. This group is similar to
subgroup 2 of Kinjo and Zang (2001), and the bootstrap level was 994.

Group B included the following isolates: (1) Tibet isolates with GenBank Accession Nos.
ABO067739 (isolate Nyaramu-1), AB067740 (isolate Nyaramu-2), AB067743 (isolate
Yagyusan), and AB067744 (isolate Satoku); (2) Sichuan isolates with GenBank Accession
Nos. AB067742 (isolate Ritan), AB067745 (isolate Kandin Clone A1), AB067746 (isolate
Kandin Clone A2), AB067747 (isolate Kandin Clone A4), AB067748 (isolate Kandin Clone
B3), and AB067749 (isolate Kandin Clone B6); and (3) Qinghai isolate with GenBank
Accession No. AB067741 (isolate Rusyasya). This group is close to subgroup 1 of Kinjo and
Zang (2001), and the bootstrap level was 1000.

Group C, which we discovered earlier (Chen et al., 2004), included the following: (1) Tibet
isolate Cs1014C(b) and (2) Sichuan isolate W1023(f). The bootstrap level of Group C was
1000. Although this group was remote from C. sinensis Groups A and B, the 2 isolates were
identified to be C. sinensis based on morphological observations.

Group D included the following isolates/strains: GenBank Accession Nos. AF122030 (strain
BCRC 36421), AF291749 (strain MPNU 8002), and AB067720 (isolate SHANGHAI). The
bootstrap level of Group D was 1000. Although these isolates were scientifically named C.
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Fig. 4. Phylogenetic tree resulting from the Neighbour-Joining Method (NJ) of the ntDNA
ITS1, 5.8S, and ITS2 region sequences of Cordyceps sinensis and other related fungi. NJ
bootstrap percentage values are shown at each branch
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sinensis, the 3 strains shall not be considered C. sinensis. They might belong to the
anamorphic species Tolypocladium, a relative of C. subsessilis (Hodge et al., 1996). Another
possibility was that the 3 strains might be contaminants or associated fungi of C. sinensis
because many contaminant anamorphic fungi were associated with Cordyceps species (Kinjo
& Zang, 2001).

Group E included only 1 isolate that had the GenBank Accession No. AB067719 (isolate
SANMEI). It was not accurately represented in the GenBank format by Kinjo. The isolate
was not considered a C. sinensis anamorph strain because of the large identity difference in
its 185 nrDNA sequences and those of C. sinensis specimens (discussed below).

According to the above-mentioned findings, Groups A, B, and C were considered the real C.
sinensis. Group A included C. sinensis isolates from 5 sources (Tibet, Sichuan, Qinghai,
Yunnan, and Gansu); Group B, 3 sources (Tibet, Sichuan, and Qinghai); and Group C, 2
sources (Tibet and Sichuan). This indicated that the intra-group isolates from different
geographic regions were identical subspecies. However, the inter-group isolates were
different subspecies. The identity between Groups A and B was 86.0%-89.4% as compared
to 63.2%-66.0% between Groups A and C and 56.6%-57.8% between Groups B and C. Only
Group A members could be detected using the 2 probes developed by Chen et al. (2001a).
The ITS region and NS5/NS6 region sequences of C. sinensis in the present study and
GenBank (Table 1) were aligned and analysed. The identity between each ITS region
sequence was 56.6%-100%; however, the NS5/NS6 region sequences of the isolates were
almost completely identical. Therefore, the NS5/NS6 region sequence of C. sinensis was
compared to those of other Cordyceps spp. to determine the diversity therein.

Rsal Cfol
210 220 230 240

xs s Jwws v [ ruealos sa ] avmulsaa s ounne]ss o
AJ007567 CTAAATAGCCCGTACTGCTCCGGCAGTGCGCCOCGGCTTCTT
AJOVTS68 @ wowmm s p @ o m m @ B 5 5 8 e SEEE 5 5 E W 0 WS W g Y F e s
ABO6769Y  miidimoma i e om o 8 a8 Be RiliES s s @ e B e A ey e
ABIGTI6 wmgmwwawsecnmmeEe e @@EE S5 w8 @ W B P § 5 e w5
ABISTTAS ‘s s g aS e nm ey Pl Pe e s s s @dw@Mm e b3 o o aliem e e
ANIRTABBT s w w w g v e e R B R S S RENST @ 6§ M BT RE R BV W 6 & gt e 1
AJ239000 s md B % o wow s O ¢ wSme o 5 LG . U T Eemilis s
ARR2 .. C , S, . D R
239074 sms e R 3 e EE g lsoaanlll: : a9 48 w xR o EsaR
AJ2I0T5 i i s i b 4 How o B Waemaghlz s 6546 . PSR | (T =R
AJ239076 w5 e 5 R G e Faols: g s BzeonpAl: : 533 485 Kiw i vGi c swmwsan

Fig. 5. Sequence alignment of 185 nrDNA NS5/NS6 region sequences of C. sinensis
Cs7528A(f) (Accession No. AJ007567), C. sinensis Cs7528](f) (Accession No. AJ007568), C.
sinensis MARCH (Accession No. AB067699), C. sinensis Kandin (Accession No. AB067736),
C. sinensis Nyaramu-1 (Accession No. AB067735), H. sinensis (Accession No. AJ274537),
other C. liangshanensis CC1014a (Accession No. AJ239070), C. memorabilis ATCC 36743
(Accession No. AJ242432), C. militaris ATCC 26848 (Accession No. AJ239074), C.
ophioglossoides ATCC 36865 (Accession No. AJ239075), and Cordyceps sp. ATCC 36337
(Accession No. AJ239076) in the present study. The shades are the restriction sites of Cfol
(GCGJ|C) and Rsal (GT]AC)
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Obviously, C. sinensis had 2 restriction sites— Cfol and Rsal (the signature sequence)— that
could be used to differentiate C. sinensis from other Cordyceps spp. (Fig. 5). To ensure
specificity of the signature sequence, the GenBank database was searched using the search
phrase "Cordyceps 185 rRNA gene’. Simultaneously, the NS5/NS6 region sequence was
uploaded to GenBank and the database was searched for the sequences that were mostly
closely related using the Basic Local Alignment Search Tool (BLAST) program (Altschul et
al., 1990). None of the sequences contained both restriction sites (data not shown); thus, C.
sinensis could be definitively identified based on the 2 restriction sites.

The PCR-RFLP method based on the signature sequence was developed and used to
characterize C. sinensis fermented products in Taiwan (Table 3).

Marketing Samplea Sample Origin®  Collection Date
C. sinensis mycelium A June 2004
C. sinensis mycelium AV June 2004
C. sinensis mycelium B June 2004
C. sinensis mycelium C June 2004

C. sinensis and Ganoderma lucidum mycelia Dpr June 2004
C. sinensis mycelium Gl June 2004
C. sinensis mycelium Gen June 2004
C. sinensis mycelium L June 2004
C. sinensis mycelium NT June 2004
C. sinensis mycelium P June 2004
C. sinensis mycelium PH June 2004
C. sinensis mycelium 4B June 2004

aThe marketing sample content descriptions were provided by the respective suppliers.
PFull company names related to the marketing samples are not shown here.

Table 3. Cordyceps sinensis mycelium fermented products collected in the present study

Among the 12 fermented products, only AV and L matched the signature sequence and
were, therefore, considered genuine C. sinensis mycelium products (Fig. 6).

Another 8 products— A, B, C, G1, Gen, NT, PH, and 4B, none of which were digested by Cfol
and Rsal —were considered fake products. The product DP, whose content was labeled C.
sinensis and Ganoderma lucidum mycelia, had 2 corresponding polymorphism patterns;
however, the product P, whose content was labeled only as C. sinensis mycelium, must not
exclusively comprise pure C. sinensis mycelium.

4. Discussion

ITS-region ntDNA, which consists of the 2 variable non-coding regions ITS 1 and ITS 2, was
more broadly used in phylogenetic analysis than 185 nrDNA. However, the 2 C. sinensis-
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Fig. 6. Restriction maps of the 185 nrDNA PCR products of C. sinensis and various mycelium
fermented products. Amplification of 185 ntDNA by PCR using primer pair NS5/NS6. The
products were digested using restriction enzyme (A) Cfol (GCG|C) and (B) Rsal (GT]AC)
and then visualized in 2.0% agarose gel stained with ethidium bromide. Lane M, 100-bp
DNA marker; lane 1, C. sinensis Cs7528A; lane 2, product A; lane 3, product B; lane 4,
product AV; lane 5, product C; lane 6, product DP; lane 7, product G1; lane 8, product Gen;
lane 9, product NT; lane 10, product P; lane 11, product PH; lane 12, product L; lane 13,
product 4B; and lane 14, C. sinensis Cs7528]
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specific probes (Chen et al., 2001b) and the PCR-SSCP method (Kuo et al., 2006; Kuo et al.,
2005) based on the ITS region ntDNA sequence could detect only group A in Fig. 4. Thus,
the 185 nrDNA was used in the present study instead of the ITS region to develop a method
by which to differentiate C. sinensis.

The signature sequence based on the Cfol and Rsal restriction sites of the NS5/NS6 region
was an innovative and species-level genetic marker of C. sinensis. It could be broadly used to
determine C. sinensis teleomorph, anamorph, and the identification and differentiation of
derivative products. In addition, the C. sinensis was further divided into 3 intra-species
groups, based on the ITS-region sequences. These molecular systematic indicators could
serve as the foundation for further research and applications.

Many teleomorph and anamorph fermented products in the market do not comprise C.
sinensis (i.e. fake products), and some of them are not made exclusively of pure C. sinensis
(Fig. 6). They might be made of or mixed with other Cordyceps spp.—C. sinensis-related
anamorph strains, plant powders, or other materials. Although many of these ingredients
were reported as having various biological functions, the fake or impure products, labelled
as ‘C. sinensis mycelium products’, might cause serious problems with regards to food
safety. Thus, the signature sequence will be a powerful tool in assaying C. sinensis fermented
products and performing quality control measures.

On the basis of morphological observation and signature sequence confirmation, strain RS3
was identified as C. sinensis anamorph, i.e. H. sinensis. According to the ITS-region ntDNA
sequence, it belongs to group A of Fig. 4. However, the genomic statuses of the anamorph
strains of groups B and C remain unclear. Further work should be undertaken to collect live
C. sinensis specimens for group B and group C anamorph strain isolation and for research
into the morphological characteristics and medicinal effects of each group isolate.

5. Conclusion

In the present study, we successfully developed a molecular method that can detect all 3
sub-species groups of C. sinensis. This innovative method can be applied to C. sinensis
teleomorph and anamorph identification and can be used to improve quality control.
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1. Introduction

The rapid and sensitive methods for separation and quantification of bioactive compounds
are essential for quality control of the traditional Chinese medicine (TCM) and crude
extracts. However, it seems that the current systems in use are not necessarily optimum
approaches. For example, various methods for separation and quantification of glycyrrhizin
(GC), the main active constituent in licorice (Glycyrrhiza spp.), have been used such as gas
chromatography, high performance liquid chromatography (HPLC), and micellar trokinetic
chromatography (Ong, 2002; Lay et al., 2004; Tan et al., 2002). Commercial purification of
GC typically progressed through several steps, including crystallization, column
chromatography, and liquid partitioning. However, these methods are far from satisfactory
analytical purpose in terms of high sensitivity, reproducibility, large amounts of extraction
solvents and time-consuming factors.

Owning to the rapid development of the molecular biosciences and their biotechnological
applications, immunoassays using monoclonal antibodies (MAbs) against target molecules
such as proteins, drugs and low-molecular-weight bioactive compounds have become one
of the important tools by taking advantage of their specificity. Immunoassay by MAbs is
used in a wide variety of analysis such as receptor binding assays, enzyme assays, and
quantitative and qualitative analytical techniques both in vivo and in vitro studies.
Immunoaffinity purification is a highly specific technique that has the potential to be used
for the one-step isolation of a target molecule from many complex mixtures like a cellular
lysate. Immunoaffinity columns are conjugated with MAbs and work by specifically binding
and removing the target molecules. Several immunoaffinity columns like a protein G
affinity column for MAbs expressed by hybridoma and a metal chelate affinity column for
single chain variable fragment (Fv) proteins expressed by E. coli have been commonly used
for the purification of peptides and proteins. Application of an immunoaffinity column may
decrease the amount of solvent used and the number of purification steps, shorten analysis
time, and simplify sample analysis compared to traditional cleanup techniques. Although
immunoaffinity purification against higher molecule analyte such as peptides and proteins
are widely used in the research and commercial ways, there are too few cases of
immunoaffinity purification targeting a small molecule compound. Fortunately, in our
ongoing studies of naturally occurring bioactive compounds we have prepared many kinds
of MAbs against terpenoids (Sakata et al., 1994; Xuan et al., 1999; Lu et al., 2003), alkaloids
(Shoyama et al., 1996; Kim et al. 2004), plant saponins (Tanaka et al., 1999; Fukuda et al.,
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2000b; Zhu et al., 2004; Shan et al., 2001; Ishiyama et al., 1996), and phenolics (Morinaga et
al., 2000; Morinaga et al., 2001; Tanaka et al., 1996; Loungratana et al., 2004), and set up the
enzyme-linked immunosorbent assay (ELISA) for quality control of the TCM. Furthermore,
we have been establishing several affinity column with MAD against a kind of terpenoid,
forskolin (Yanagihara et al., 1996), solasodine glycosides (Putalun et al., 1999), ginsenosides
Rb1 (Fukuda et al., 2000c), and GC (Xu et al., 2007).

In this chapter, we introduce the new strategy to isolate and concentrate the target bioactive
compounds from the crude extract by immunoaffinity column using individual MAb. We
succeeded one-step purification of target compounds by MAb-conjugated immunoaffinity
column, which leads to the knock-out (KO) extract which contains all components except an
antigen molecule. The KO extract will be useful for the pharmacological investigation to
reveal real effects of bioactive compound in the crude extract and the interaction between
the target compound and other compounds.

2. One step concentration by immunoaffinity column conjugated with anti-
ginsenoside Rb1 MAb

Ginseng, the crude drug of Panax ginseng root, has been used as a therapeutic herbal
medicine in Asian countries and one of the most important components in TCM for
thousands of years. The pharmacological and biological activities of ginseng have been
reported to have anti-aging, anti-cancer, anti-inflammation, anti-diabetics, anti-stress,
maintenance of homeostasis, and to affect on central nervous system and immune function
(Gillis et al., 1997). Ginsenosides are believed to account for the pharmacological activities of
ginseng. It is well known that the concentrations of ginsenosides vary in the ginseng root or
the root extracts depending on the method of extraction, subsequent treatment, or even the
season of its collection (Kitagawa et al., 1989; Tanaka et al., 1989). Recently, the individual
ginsenosides in ginseng are purified by preparative HPLC. However, the repeated
purification is required and may result in the decrease of the final yield. Therefore, the
developed approaches for quality control are required in the field of TCM.

Ginsenosides are normally fractioned into two groups based on the types of aglycone,
namely the protopanaxadiol group and the protopanaxatriol group. Within more than 30
different ginsenosides, ginsenoside Rb1 (G-Rb1), one of the protopanaxadiols, is considered
the most important active factor (Washida & Kitanaka, 2003). G-Rb1 has various biological
activities, including facilitating acquisition and retrieval of memory (Mook-Jung et al., 2001),
scavenging free radicals (Lim et al., 1997), inhibition of calcium over-influx into neurons
(Liu & Zhang, 1995), and preserving the structural integrity of the neurons (Jiang & Qian,
1995).

To control the quality of ginseng, the preparation of anti-G-Rb1 MAD, set up of ELISA, and a
new immunostaining method named Eastern blotting were reported (Tanaka et al., 1999;
Fukuda et al., 2000a). Herein, we describe an immunoaffinity column procedure for G-Rbl
and its application in single step isolation from crude extract of ginseng root.

2.1 Preparation of immunoaffinity column against G-Rb1

Purified anti-G-Rbl MAb (10 mg) in diluted Affi-Gel Hz coupling buffer was dialyzed
against the coupling buffer two times. The dialyzed anti-G-Rb1l MADb was treated by NalOy
to give dialdehyde group in sugar moiety which was coupled to Affi-Gel Hz hydrazide gel.
The immunoaffinity gel was packed into plastic mini-column (Figure 1).



Quality Control by Immunoaffinity Concentration Using Monoclonal Antibody 241

Anti-G-Rb1 MADb

A S S

HOH2C HOH2C HOH2C
OH OH - VT
NalOa Affi-GelHz Pour the gel into
OH | | OH | | OH mini-column
O C N N
|
NH NH

Anti-G-Rb1
immunoaffinity column
Affi-Gel Hz

Fig. 1. Scheme of preparation of anti-G-Rb1 immunoaffinity column
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Fig. 2. TLC (A) and Eastern blotting (B) profiles for a standardized ginsenosides mixture.
The TLC plate and Eastern blotting membrane were stained by H,SO, and incubated with
anti-G-Rb1 MADb, respectively

2.2 Optimal buffer systems for separation of G-Rb1

Firstly, to examine the optimal conditions of adsorption and elution, 400 ng of G-Rb1l was
dissolved in phosphate buffer (PB) and loaded on anti-G-Rb1 affinity column. After washing
with washing buffer (20 mM PB containing 0.5 M NaCl), various buffer solutions for elution
were loaded on the column, and then the recovery efficiency was determined by ELISA. The
G-Rbl concentration was slightly increased by eluting with a 20 mM PB containing 0.5 M
KSCN and 10 % MeOH. When the 20 mM PB was changed to 100 mM AcOH bulffer (pH 4),
the elution ability reached the optimal level. Since 20 % MeOH could elute G-Rb1 efficiently,
higher MeOH concentration of over 20 % was ineffective. Thus, 100 mM AcOH buffer
containing 0.5 M KSCN and 20 % MeOH could be used as an elution buffer in subsequent
immunoaffinity chromatography.
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2.3 One step purification of G-Rb1 from a standardized ginsenosides mixture by anti-
G-Rb1 immunoaffinity column

To confirm the concentration of G-Rb1 by anti-G-Rb1 affinity column, a ginsenoside mixture
containing 100 pg each of ginsenoside Rgl, Re, Rd, Re, and chikusetsusaponin IV (chik IV;
an oleanane-type saponin) were loaded on the column. Figure 2 shows the TLC and Eastern
blotting profiles of ginsenosides and chik IV in washing and elution buffers flowed from the
affinity column. When the column was washed with washing buffer (20 mM PB containing
0.5 M NaCl), ginsenoside Rgl, Re, Rd, Rc, chik IV, and overcharged G-Rbl were detected.
After these compounds were completely washed out by washing buffer, the G-Rb1 bound to
anti-G-Rb1 MAb was eluted by elution buffer (100 mM AcOH buffer containing 0.5 M
KSCN and 20 % MeOH).

2.4 One step purification of G-Rb1 from crude extract of P. ginseng roots by anti-G-
Rb1 immunoaffinity column

A crude extract of P. ginseng roots (3.8 mg) was loaded onto anti-G-Rbl immunoaffinity
column. After washing with washing buffer (fractions 1-20), the column was eluted with
elution buffer (fractions 21-40). As shown in Figure 3, the G-Rbl concentration in the
collected fractions was determined by ELISA. After loading of crude extract, overcharged G-
Rb1 was detected in washing buffer of fractions 1-8. G-Rc, Rd, Re, and Rgl were also
detected in these fractions by Eastern blotting procedure (data not shown). A sharp peak of
G-Rbl was observed around fractions 21-24 of elution buffer. However, these eluted
fractions were investigated by Eastern blotting, and the purified G-Rbl in these fractions
was still contaminated by a small amount of malonyl-G-Rb1, which having almost the same
cross-reactivity with G-Rbl (data not shown). Therefore, the mixture was treated with a
mild alkaline solution (0.1 % KOH in MeOH) at room temperature to give pure G-Rbl.
Overcharged G-Rbl in washing solution (fractions 1-8) was repeatedly loaded and finally
isolated in pure form. The anti-G-Rbl MAb was stable during all procedures, and the
immunoaffinity column showed almost no decrease in capacity (20 pg of G-Rbl/ml gel)
after repeated use more than 10 times under same conditions.

After washing the column, each fraction of washing and elution were deionized and the
solvent was lyophilized. Figure 4 demonstrated that TLC profile of the purification steps.
Lane 1 and 2 were spotted the standard of ginsenosides (G-Rd, G-R¢, G-Rb1, G-Rg1, and G-
Re). Lane A, B, and C were the crude extract, the washing fraction, and the eluted fraction,
respectively. In the crude extract (lane A), all spots of ginsenosides were clearly detected.
Interestingly, the washing fraction (lane B) contained all of the ginsenosides in the crude
extract except G-Rbl. Furthermore, the spot of G-Rbl was detected in the eluted fractions
(lane C). These data strongly indicated that G-Rb1 molecule in the ginseng extract can be
eliminated by an anti-G-Rb1 immunoaffinity column and the washing fractions was knock-
out only by the antigen molecule, G-Rb1. Thus, we named the washing fractions a knock-out
(KO) extract (Wang & Shoyama, 2006; Tanaka et al., 2007).

Since we succeeded the preparation of MAbs having a wide cross-reactivity like anti-
solamargine MAb (Ishiyama et al., 1996), anti-saikosaponin a (Zhu et al., 2004) and
ginsenoside-Re (Morinaga et al., 2006), the related total saponins can be removed by an
immunoaffinity column conjugated with MAb in the case of solasodine glycosides, as
reported previously (Putalun et al., 1999). The newly developed KO extract may be useful
for the determination of real pharmacologically active principle in the TCMs.
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of each fraction was monitoring by ELISA using anti-G-Rb1 MAD. The volume of individual

fraction was 2 mL. *Inhibition = (A¢-A)/ Ao ;Ao is the absorbance in the absence of the test
compounds. A is the absence in the presence the test compounds (Fukuda et al., 2000c)

A Washing buffer Elution buffer B
—
Rgl—® « &
Re e
P. ginseng crude extract Ri—& * &
(Lane A) =
Rc—>-® -
Rbl_b. - ™
@ G-Rbl -
>— Anti-G-Rb1l MAb
Washing fraction Eluted fraction 1 2 A B C
(Lane B) (Lane C)

Fig. 4. Scheme of the preparation of G-Rb1 KO extract from P. ginseng crude extract using
anti-G-Rb1 immunoaffinity column (A) and TLC profile of the separated fractions by the
column (B). Lane 1 and 2 indicate the standard of ginsenosides (G-Rd, G-Rc, G-Rb1, G-Rg1,
and G-Re). Lane A, B, and C were the crude extract, the washing fraction, and the eluted
fraction, respectively (Fukuda et al., 2000c)
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2.5 Isolation and determination of ginsenosides by anti-G-Rb1 immunoaffinity column
The anti-G-Rb1 immunoaffinity column could separate G-Rbl from the crude extract of P.
ginseng. In this case, malonyl-G-Rb1 was also eluted by elution buffer together with G-Rb1,
because that this anti-G-Rbl MAD has the cross-reactivity with malonyl-G-Rbl. Therefore,
the pre-treatment of P. ginseng extract with a mild alkaline solution was needed to convert
into pure G-Rbl.

Table 1 indicates the G-Rb1 concentration in several ginseng roots determined by ELISA by
anti-G-Rb1l MAb and HPLC after pre-treatment under mildly alkaline condition. The fibrous
ginseng made from the active growing part of P. ginseng showed the highest G-Rbl
concentration. White ginseng was prepared from P. ginseng simply by drying. The
concentration of G-Rbl was higher than that red ginseng, but lower compared with the
other samples except Japanese ginseng. Red ginseng is prepared by steaming and drying the
root of P. ginseng. Eastern blotting analysis indicated that the red ginseng contained few of
malonyl-G-Rb1, which is a distinctive feature of it (data not shown). These data suggests
that the steaming step for the preparation of red ginseng decreases the concentration of G-
Rb1 by conversion into C-20 hydroxy free ginsenosides (Kitagawa et al., 1983). Among these
tested samples, the lowest concentration of G-Rbl was detected in Japanese ginseng (P.
japonicus). Interestingly, the G-Rb1 concentration of P. japonicus was not correlated between
ELISA and HPLC.

G-Rb1 content (pg/mg dry wt.)

Sample
ELISA HPLc
White ginseng (P. ginseng) 549+ 0.75 4.96 £0.05
Red ginseng 3.57 +£0.62 3.93+0.34
Fibrous ginseng 64.44 +3.64 69.75+1.45
San-chi ginseng (P. notoginseng) 47.08 £3.34 42.39+1.39
American ginseng (P. quinquefoliumn) 4851+1.79 47.96 +1.04
Japanese ginseng (P. japonicus) 1.37+£0.34 0.63 £ 0.06

Table 1. G-Rb1 content of various ginseng samples after pre-treatment with mildly alkaline
condition

P. japonicus is distributed in Japan and China and it is morphologically different from the
other Panax species. The phytochemical profiles indicated that no G-Rbl was detected in P.
japonicus, and isolated oleanane-type saponins named as chikusetsusaponins and elucidated
their structures (Yahara et al., 1977). Morita et al. examined the varieties of saponins in P.
japonicus by chemical analysis (Morita et al., 1985). From these results, the concentration of
G-Rbl might be trace level in P. japonicus. However, as shown in Table 1, G-Rbl was
detected by ELISA in P. japonicus crude extract pre-treated with a mild alkaline solution and
found higher concentrations compared with HPLC and previous reports (Morita et al.,
1985). This data suggest that anti-G-Rbl MAb using ELISA has the cross-reactivity with
some unknown compounds.

To investigate the unknown compounds bound to anti-G-Rb1 MADb, the crude extract of P.
japonicus was concentrated by immunoaffinity column using anti-G-Rbl MAD. The crude
root extract was loaded on the column and washed with the washing buffer, followed by the
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elution buffer as indicated in Figure 4. Figure 5 shows the H>SOj staining (A) and the Eastern
blotting (B) profiles of the two fractions separated by the immunoaffinity column. Fractions
eluted with the washing buffer (lane A-D) showed many spots, including ginsenosides and
chikusetsusaponins, similar to the original extract of P. japonicus. After washing, the column
was eluted by elution buffer (lane E), and then one spot was detected. Interestingly, Eastern
blotting indicated two different spots on lane A (the washing fraction containing the
overcharged compounds) and one spot on each lane B and E. These compounds bound with
anti-G-Rbl MAD have a dammarane saponin having protopanaxadiol as a framework.
Compound 1 detected in the washing fraction had an Rf value close to that of G-Rd, indicating
that this compound has three sugar moieties in a molecule. Considering the previous study
compound 1 is chikusetsusaponin III (chik III) has three sugars, one xylose and two glcoses
in a molecule (Morita et al., 1985) (Figure 6). Finally, this compound was identified as chik
III in a direct comparison with authentic sample. These data indicated that the specificity of
anti-G-Rb1l MADb against chik III of immunoaffinity column is higher than that of Eastern
blotting because the antigen (chik III) conjugated with carrier protein via sugar chain to fix
on the membrane in case of Eastern blotting, so the structure of chik III was changed.
Another unknown spot, compound 2 appeared in fraction A of the overcharged washing
fraction and fraction E of the eluted fraction. G-Rb1l was not detected by Eastern blotting
although it was determined by TLC as indicated in Figure 5. It can be suggested that
compound 2 has a similar molecular structure and cross-reactivity with G-Rb1, and seems to
be related ginseng saponin having protopanaxadiol as an aglycone. Moreover, compound 2
is more polar than G-Rbl, indicating that it possess 5 sugar moiety compared with G-Rbl.
Although compound 2 was treated with a mild alkaline solution, no change occurred. From
these evidences compound 2 might be chikusetsusaponin III-20-O-gentiobiose
(chikusetsusaponin VI; Figure 6) having 5 sugars in a molecule in good agreement with the
Ryvalue previously reported (Kohda et al., 1991) and we confirmed that compound 2 is chik
VI by the direct comparison with authentic sample (Fukuda et al., 2000a).
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Fig. 5. TLC (A) and Eastern blotting (B) profiles of the separated fractions from P. japonicus
crude extract by the anti-G-Rb1 immunoaffinity column. Lane 1 indicates the standard of
ginsenosides (G-Rd, G-Rc, G-Rb1, G-Rgl, and G-Re). Lane A-D and Lane E were the
washing fractions and the eluted fraction, respectively (Fukuda et al., 2000a)
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Fig. 6. Chemical structures of G-Rb1 and chikusetsusaponins purified from P. japonicus by
the anti-G-Rb1 immunoaffinity column

Taken together, P. japonicus root contains no G-Rb1 as previously reported (Yahara et al.,
1977). However, the immunoaffinity column conjugated with anti-G-Rb1 MADb could
concentrate some unknown structurally resemble compounds having cross-reactivity
against anti-G-Rbl MAD. Thus, this purification system will be applied to survey new
compounds related to target compound of MAb. In a previous report, a immunoaffinity
purification against solasodine glycosides purified all solasodine glycosides by one-step
purification. In this case, all solasodine glycoside have almost same cross-reactivity against
anti-solamargine MAD (Ishiyama et al., 1996).

3. Preparation of GC-knock out extract and its application for in vitro assay

Licorice (Glycyrrhiza spp.) is another important crude drug used in over 70 % of TCMs. It
mainly consists of dried roots and stolons of Glycyrrhizae uralensis, G. inflate and G. glabra.
Licorice is prescribed with other herbal medicines as an anti-tussive, an expectorant, and an
anti-inflammatory agent (Asl & Hosseinzadeh, 2008). The pharmacological properties of
licorice depend upon GC, which is considered to be its main active constituent (Figure 7). It
has been reported that GC exhibits numerous pharmacological effects such as anti-
inflammation, anti-ulcer, anti-cancer, and anti-viral activities (Asl et al., 2008; Wang &
Nixon, 2001; Doll & Hill, 1962; Pompei et al., 1979). Clinically, GC has been used to treat
patients with chronic hepatitis (Schalm et al., 1999; Coon & Ernst, 2004). Moreover, GC is
used in food additives and cosmetics as a well-known natural sweetener (Kim & Kinghorn,
2002). The quality standardization of licorice is usually based on its GC content. Recently,
the utilization volume of licorice is rapidly increasing, while the availability of wild licorice
has declined to curb overexploitation of the natural resources (Yamamoto et al., 2003;
Hayashi et al., 2003). For the promotion of effective cultivation of licorice as an additional
and stable herbal resource, the rapid and easy measurement methods of the GC content are
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required. Previously, we established anti-GC MADb and a fast and sensitive assay system
using the MAD for the screening of GC concentration in large numbers of samples (Tanaka
& Shoyama, 1998; Shan et al., 2001), the sensitive detection of GC by surface plasmon
resonance-based immunosensor (Sakai et al., 2004), and the rapid detection by
immunochromatographic assay (Putalun et al., 2005). The purpose of our recent studies is to
purify and quantify GC from licorice crude extract by anti-GC-MAB immunoaffinity
chromatography to expand the possibilities for pharmacological research and other
applications.

OH

OH

Fig. 7. Chemical structure of GC

3.1 Preparation of GC-KO extract by anti-GC immunoaffinity column

Previously, we have reported the preparation of anti-GC MADb, and its cross-reactivity of the
anti-GC MAD against glycyrrhetic acid-3-O-glucuronide and glycyrrhetic acid were 0.585 %
and 1.865 %, respectively, compared with GC (Tanaka & Shoyama, 1998; Shan et al., 2001).
The other related compounds such as deoxycholic acid, ursolic acid, and oleanolic acid,
were all less than 0.005 %. The purified 60 mg of the anti-GC MAb was coupled to 25 ml of
an Affi-Gel Hz gel and used to prepare the immunoaffinity column.

Twelve milligrams of licorice crude extract containing 1275.0 ng of GC was dissolved in
loading buffer (5 % MeOH), and then applied on the anti-GC-MAb immunoaffinity column.
The column was washed with washing buffer (5 % MeOH) and then eluted with elution
buffer (20 mM phosphate buffer containing 30 % MeOH). After separation, each fraction
was deionized and the solvent was lyophilized. Table 2 indicates the GC concentration of
washing and eluted fractions determined by ELISA. The washing and eluted fractions
contain and 3.50 pg and 1269.26 pg of GC, respectively. These data indicate that the anti-GC
column could eliminate 99.55 % of the loading GC. Thus, we named this washing fraction
“GC-knock out (GC-KO) extract”. The capacity of the anti-GC immunoaffinity column was
effective to capture GC compared with the immunoaffinity columns for forskolin and
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solasodine glycosides (Yanagihara et al., 1996; Putalun et al., 1999). This result may also
infer that when the GC concentration is trace level or cannot be analyzed by even ELISA,
this anti-GC immunoaffinity column can concentrate GC to the detectable level. The
combination of the established anti-GC-MAb immunoaffinity column and ELISA provided a
reliable and very high sensitive analysis for GC in different extracts of various medicinal
herbs or other drugs.

GC content (ng) GC content rate (% of loading GC)

i 1275.0
Loading sample (12 mg licorice extract) 100
Washing fraction 3.50 0.27
Eluted fraction 1269.26 99.55

Table 2. GC content of the loading licorice extract and the separated fractions by anti-GC
immunoaffinity column

To investigate the profiles of GC-KO extract, we performed the TLC analysis and Eastern
blotting. As shown in Figure 8A, several spots of GC and other compounds were detected in
licorice extract (lane 2). However, although all other spots were clearly detected, the spot of
GC was completely disappeared in GC-KO extract (lane 3). Furthermore, Eastern blotting by
anti-GC MAD indicated that GC was detected in licorice extract (lane 2), but the spot of GC
was disappeared in GC-KO extract (lane 3) (Figure 8B). Taken together, these data suggest
that GC was specifically eliminated from licorice extract by anti-GC MAb immunoaffinity
column.
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Fig. 8. TLC profiles (A) and Eastern blotting by anti-GC MAD (B) of licorice extract and GC-KO
extract. Lane 1; GC strandard, Lane 2; licorice extract, Lane 3; GC-KO extract
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3.2 The application of GC-KO extract prepared by anti-GC immunoaffinity column to in
vitro assay

Inflammation leads to the up-regulation of a series of enzymes and signaling mediators in
the affected tissue and cells. Nitric oxide (NO) is a highly reactive free radical involved in
multiple physiological functions, such as vasodilatation, neurotransmission and inflammation
(Moncada et al., 1991). During inflammatory process, a large amount of NO is produced by
inducible nitric oxide synthase (iNOS) by inflammatory cytokines and/or bacterial
lipopolysaccharide (LPS) in various cell types including macrophages (Nathan & Xie, 1994).
Overproduced NO synthesized by iNOS triggers the pathogenesis of septic shock and organ
destruction in certain inflammatory and autoimmune diseases (Naseem et al., 2005; Guzik et
al., 2003; Abramson et al., 2001). Therefore, inhibiting NO production by blocking iNOS
expression may be useful strategy to treat a variety of inflammatory diseases.

Initially, we examined whether licorice crude extract suppress NO release in LPS-treated
mouse RAW264 macrophages. LPS evoked a dramatic increase of NO production, and this
induction was blocked by treatment of licorice extract dose dependently (12.5-100 pg/mL)
(data not shown). Next, we performed Western blot analyses and RT-PCR to investigate the
effect of licorice extract on iNOS protein and mRNA expressions. LPS markedly up-regulated
iNOS protein and mRNA level, and pretreatment of licorice extract reduced these up-
regulations in the same concentration range as was used for NO production (data not shown).
At 100 pg/mL of licorice extract, iNOS protein and mRNA were completely suppressed.
ELISA by using anti-GC MADb demonstrated that 100 pg of licorice extract contains 10.6 +
0.618 pg of GC. To examine whether GC alone can reduce NO production and iNOS
expression, we pretreated the cells with GC around 10.6 pg/ml before exposure to LPS.
However, GC did not exert any significant influence on LPS-induced NO production and
iNOS protein expression (data not shown).
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Fig. 9. Effect of licorice extract, GC-KO extract, and the co-treatment of GC-KO extract and
GC on NO production (A) and iNOS protein expression (B) in LPS-treated RAW264 cells.
Each bar represents the means * S.D. from four separate experiments. *P<0.05, **P<0.01,
*P<0.001 compared with LPS alone
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To further elucidate the effect of GC on NO inhibition by licorice extract, we used GC-KO
extract prepared by anti-GC immunoaffinity column. According to data of ELISA, 100 pg of
licorice extract contains 10.6 pg of GC and 89.4 pg of the other compounds. Thus, the cells
were treated with licorice extract (100 pg/mL), GC-KO extract (89.4 ng/mL), or combination
of GC-KO extract (89.4 pg/mL) and GC (10.6 pg/mL). As shown in Figure 9A, although
treatment of licorice extract lead to an inhibition of NO production as compared to LPS
treatment [inhibition ratio (IR) = 57.7%], the inhibitory effect of GC-KO extract was
decreased compared with licorice extract (IR = 17.8 %). Interestingly, the combination of GC-
KO extract and GC significantly improved the inhibitory ability (IR = 33.5 %). Furthermore,
we performed Western blotting to determine whether the combinational effect of GC-KO
extract and GC was related to iNOS expression (Figure 9B). Inhibitory activity of iNOS
expression by licorice extract was reduced in treatment of GC-KO extract. The addition of
GC to GC-KO extract improved the inhibition. These data suggest that GC alone cannot
suppress iNOS expression, but combinational inhibition of iNOS expression may occur
when GC coexists with the other constituents contained in licorice extract.

In conclusion, this study demonstrate that KO extract prepared by anti-natural compound
specific MAb-conjugated immunoaffinity column is a useful approach for determination of
potential function of natural compound on in vitro and in vivo assays.

4. Conclusion

We describe the new strategy of one-step purification of target compounds from crude
extract by anti-natural compound MAb-conjugated immunoaffinity column. The
combination of the immunoaffinity column and ELISA by using MAb provided a reliable
and high sensitivity analysis for target compound in various crude extracts and TCMs.
Furthermore, by the use of the cross-reactivity of MAD, the affinity column can identify new
unknown compounds related to target compound of MAb and determine their structures.
Finally, we demonstrate that KO extract, which contains all components of crude extract
except an antigen molecule, may be useful approach to determine the potential function of
one principal compound on the crude extract or TCM by in vitro and in vivo assays.
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1. Introduction

In the investigation of staining technique for several compounds, a polyvinyliden difluoride
(PVDF) membrane was found as transfer membrane (Towbin et al., 1979), and applied to
western blotting technique that utilizes antigen-antibody binding property for the specific
and sensitive detection of peptides and proteins by immunostaining (Granger, 1988; Reig &
Klein, 1988). In the case of low molecule compounds, thin-layer chromatography (TLC)
immunoblotting of glycosphingolipids was reported using a nitrocellulose membrane
(Towbin et al., 1984), but the transfer efficiency from TLC plate to the membrane was poor
and not constant. Recently, the direct TLC immunostaining of glycolipids and
glycosphingolipids was demonstrated without the blotting step from TLC plate to the
membrane (Meisen, 2004; Suetake & Yu, 2003). Furthermore, TLC immunostaining of
gangliosides (Miyamoto et al.,, 2006) and dot blot analysis of gangliosides on PVDF
membrane (Chabraoui et al., 1993) were reported as the direct immunostaining. These
immunostaining techniques were limitedly applied for glycolipids, glycosphingolipids and
gangliosides because the other low molecule compounds were easily washed out into the
buffer solution without fixing on the TLC plate or PVDF membrane.

Since small molecular compound such as saponin cannot fix on the PVDF membrane or TLC
plate, no success of immunostaining for saponin has been reported. We reached to a new
idea that a saponin was divided into two functional parts, sugar and aglycone moieties.
Sugar parts in saponin could be oxidized to give aldehyde groups which were conjugated
with carrier protein like bovine serum albumin (BSA) and then fixed onto the PVDF
membrane as saponin-BSA conjugate because BSA was strongly binded on the membrane.
In contrast, the aglycone part was recognized as epitope by monoclonal antibody (MAb)
against saponin and then we succeeded to immunostaining of saponin on the PVDF
membrane. The first success was reported on the immunostaining of solasodine glycosides
by our group (Tanaka et al., 1997) followed ginsenosides (Fukuda, 1999, 2000, 2001). In 2001
we suggested a new name, [eastern blotting] for glycyrrhizin as a new immunostaining
technique (Shan et al., 2001).

In eastern blotting the developed TLC plate was covered with PVDF membrane and all
contents were blotted from TLC plate to the membrane by press and heating. After the
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blotting, the membrane was treated with sodium periodide and then immersed in BSA
solution at alkaline condition for the preparation of hapten-BSA conjugate on the membrane.
After blocking with skimmed-milk, the membrane was treated by MAb which recognize a
hapten and then a second antibody labeled with peroxidase directed against first antibody.
Finally a substrate is added resulting in staining (Fig. 1). Fig. 2 shows the mechanism of
binding and immunostaining of saikosaponin a (SSa) onto the PVDF membrane as previously
reported (Zhu et al., 2007). Eastern blotting could stain only hapten molecule on the PVDF
membrane. However, since the transfer efficiency at blotting step was difficult to control,
this method could not be applied for the quantitative analysis system. Therefore, we
improved staining system into the direct staining without transfer to membrane from TLC
plate. In this chapter we will discuss about a newly developed eastern blotting.

TLC plate

[ S

l Sprayed with blotting solution

————— TLC plate
P¥DF-membr ae
—— Glass micro fiber filter

9. Hot plate

Transfered to FVDF-membrane

Dipping in NaIOy4 soln.

Incubated for 1 h

Washed with HoO

A ddition of NasCO3NaHCO4 buffer soln. containing BSA
Shaken for 3 h

Washed with PB3

Blocking with 5% Skim milk/PBS (SPBS) for 3h

Washed with PB3
\

Addition of Anti-5Sa MAb solution

Shaken for 3 h
Washed with TPB3

Addition of POD-labeled Goat Anti-Mouse IgG Soltion

Shaken for 1h
Wadhed with TPBS

A ddition of Substrate Solution {(4-chloro-1-nap hthol)

Fig. 1. Eastern blotting protocol
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Fig. 2. Schematic diagram illustrating the immunodetection of SSa onto a PVDF membrane

Three major oleanane-saponins named saikosaponins such as SSa, SSc, and SSd (Fig. 3) and
many minor saponins are isolated from the roots of Bupleurum species. SSa has anti-cancer,
anti-inflammatory, corticosterone secreting and plasma-cholesterol decreasing activities.
SSb, performs phagocytosis-increasing activity on macrophages. SSd shows liver protective
effect, anti-inflammatory, immunoregulatory, virus inactivating and anti-cancer activities.
Furthermore, in a prescription of Kampo medicine (Shosaikoto) containing Bupleuri radix,
SSa, SSby, SSc, and SSd showed anti-tumor effects. Phytochemical and pharmacological
analyses of Kampo medicine is extremely difficult due to combinatorial use of multiple
herbs. In addition, because Kampo medicines are manufactured as highly standardized
ethical drugs in Japan, a method of comprehensive analysis of the compounds for scientific
quality control is urgently needed.

GleFuc-O

CH,OH CH,CH

R
saikosaponina B - OH saikosapanin b,

saikosaponind o - OH

Rha saikosaponin c

Fig. 3. Chemical structures of saikosaponins
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Recently we prepared a specific MAb against SSa (Zhu et al., 2004) and a MAb having wide
cross-reactivity to saikosaponins (Zhu et al., 2006), and developed an enzyme-linked
immunosorbent assay (ELISA) system for quantitative measurement of SSa and/or total
saikosaponins. However, it is difficult to gain the each content of SSa, SSby, SSc and SSd by
these competitive ELISA methods. In pharmacological investigation of Kampo medicine, it
is very important to grasp each bio-active compound concentration in each crude drugs
prescribed individually, because individual saikosaponins have significant pharmacological
effects as indicated above.

Therefore, we described here an unique approach, immunodetection of SSa, SSc, and SSd by
new eastern blotting using anti-SSa MAb and its application to quantitative immunoassay
using NIH Image for the estimation of saikosaponins in crude drugs and Kampo medicines
containing Bupleuri radix for quality control as previously reported (Morinaga et al., 2006).

2. MAbs against SSa and saikosaponins and their developments for ELISA
system

Immunizations, hybridizations and purifications of MAbs against SSa (1G6) and
saikosaponins (3G10) and their developments of ELISA system for determination of SSa and
total saikosaponins have been established (Zhu, 2004, 2006). Cross-reactivities are the most
important factor in phytochemical investigations in which there are many structurally
related compounds (see Table 1).

Compound MADb-1G6 MADb-3G10
Saikosaponin a 100 100
Saikosaponin by <0.25 63.77
Saikosaponin ¢ 2.65 28.52
Saikosaponin d 3.76 15.62
Digitonin <0.25 1.42
Solasonine <0.25 <0.25
Solamargine <0.25 <0.25
Glycyrrhizin <0.25 <0.25
Ginsenoside Rb1l <0.25 <0.25
Ergosterol <0.25 <0.25
Cholesterol <0.25 <0.25
Sitosterol <0.25 <0.25
Deoxycholic acid 0.45 <0.25

Table 1. Cross-reactivities (%) of anti-SSa MAbs (1G6) and (3G10)

Assay specificities were examined by competitive ELISA with various related compounds,
then calculated following by Weiler and Zenk's method (Weiler & Zenk, 1976). The cross-
reactivities (CR) of saikosaponins and related compounds were calculated by following
equation.

pg/ml of SSa yielding A/Ao = 50%

o x100 (1)
pg/ml of compound under investigation yielding A/ Ao = 50%

CR% =

A: absorbance in the presence of the test compound
Ay: absorbance in the absence of the test compound (10% MeOH)
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MADb-1G6 reacted only with structurally related SSc and SSd, weakly resulting in the high
specificity of MAb. An undetectable cross-reaction with other steroidal compounds was
shown. When compared the cross-reactivities between SSa having a B-hydroxyl group at the
C-16 position and SSd (a-hydroxyl group), MAb-1G6 had cross-reactivities against SSd (see
Fig. 4). From this, the hydroxyl group at the C-16 position is distinguished stereochemically
by MADb-1Geé.

MADb-3G10 cross-reacted with SSby, SSc and SSd at a rate of 63.8, 28.5 and 15.6%,
respectively, easily suggesting that the ether ring between the C-13 and C-28 position in SSa
might be opened in a mouse body during the immunization period, and then immunized.
This wide cross-reaction is the major advantage of antibody reagent used in this ELISA,
because when total saikosaponin concentrations in body fluid and/or in plant sample are
needed, this MAb can be widely available, similarly to the results of anti-solamargine MAb
(Ishiyama et al., 1996).

From these results, we decided that the concentration of the major saikosaponin, SSa, in the
crude drug of Bupleuri radix can be analyzed by ELISA using MADb-1G6. On the other hand,
when it is necessary to determine the concentration of total saikosaponins in the extracts of
Kampo medicines, MAb-3G10 functions well for quantitative analysis because the ether ring
at the C-13 and C-28 positions opens during the extraction process, as previously reported
(Akahori, 1980).
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Fig. 5. Calibration curve of SSa by ELISA with MAb-1G6. Various concentrations of SSa
were incubated with MADb-1G6 in the microtiter plate adsorbed with SSa-HSA (1 pg/ml).
After washing with TPBS, the wells were again incubated with peroxidase-labeled anti-
mouse IgG. Absorbance was measured at 405 nm
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Fig. 6. Calibration curve of SSa by ELISA with MAb-3G10. Various concentrations of SSa
were incubated with MADb-3G10 in the microtiter plate adsorbed with SSa-HSA (1 pg/ml).

After washing with TPBS, the wells were again incubated with peroxidase-labeled anti-
mouse IgG. Absorbance was measured at 405 nm
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Fig. 5 indicates the calibration curve of SSa using MAb-1G6 by ELISA, showing that the full
measuring range of the assay extended from 26 ng /ml to 1.5 pg/ml. Since the available
measuring range of the HPLC method performed in our laboratory was 25 pg/ml to 400
pg/ml, it becomes evident that the ELISA is about 1000 times more sensitive than that of the
HPLC method.

Fig. 6 indicates the calibration curve of SSa using MAb-3G10 by ELISA, showing that the full
measuring range of the assay covers from 0.6 pg /ml to 2.3 pg/ml. Since the available
measuring range of the HPLC method performed in our laboratory was 25 pg/ml to 400
pg/ml, it becomes evident that the ELISA is about 50 times more sensitive than that of the
HPLC method.

3. New eastern blotting for saikosaponins

3.1 Extraction of crude drugs and Kampo medicines

Dried powders of various Bupleuri radix (20 mg) and Kampo medicine (50 mg) were
extracted five times with 0.5 ml methanol with sonication and filtered using a Cosmonice
filter W (0.45 pm filter unit, Nacalai Tesque, Kyoto, Japan). The combined extracts were
diluted with methanol for ELISA and new eastern blotting analyses.

Polyvethersulforne membrane
(I'\-'Iusta:ﬂgmI E by Pall Corporation)

Pt b 1}

1 Separated by development solvent

Dippingin Nal(, soln.

Incubated for 1 b
Washed with H,O
Addition of NayCO3-NaHC O; buffer soln. containing BS A

Shaken fordh
Washed with PBS

Addition of Anti-SSa MAD solution

Shaken for 2 h
Washed with TPES

Addition of POD-labded Goat Anti- Mouse [g( Solution

Shakenfor 1 h
Washed with TPBES

Addition of substrate solution {(DARE)

Fig. 7. New eastern blotting protocol
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3.2 Visual detection of SSa, SSc, and SSd by new eastern blotting

New eastern blotting was performed except for separation by TLC plate and transfer to a
PVDF membrane as reported previously (Tanaka et al., 1997) as following the protocol
indicated in Fig. 7.

Saikosaponins and the extracts of Bupleuri radix and Kampo medicine were applied onto a
positive-charged polyethersulfhone (PES) membrane (MustangTM E, Pall Corporation, East
Hills, NY, USA). After drying, this membrane was hung in the tank and immersed and
developed by acetonitrile-water (1:4, by volume). The developed PES membrane was dried
and dipped into water containing NalO4 (10 mg/ml) for 1 h. After washing with water, 50
mM carbonate buffer solution (pH 9.6) containing BSA (1%) was added, and was stirred at
room temperature for 3 h. After washing PES membrane with phosphate-buffered solution
(PBS), the membrane was treated with PBS containing 5% skimmed milk (S-PBS) for 2 h to
reduce nonspecific adsorption. The PES membrane was immersed in anti-SSa MAb (1G6)
and stirred at room temperature for 2 h. After washing the PES membrane twice with PBS
containing 0.05% Tween 20 (T-PBS) and water, a 1:1000 dilution of peroxidase-labeled goat
anti-mouse IgG in PBS containing 0.02% gelatin was added, and the mixture was stirred at
room temperature for 1 h. Then the PES membrane was washed twice with T-PBS and water
and then exposed in Tris-HCI buffer (pH 7.5) containing 1 mg/ml 3,3’-diaminobenzidine
tetrahydrochloride (DAB) and 0.02% HO» for 30 min at room temperature. The reaction was
stopped by washing with water, and the immunostained PES membrane was allowed to
dry.

3.3 Image analysis system and image acquisition

A graphic analysis system, which consisted of a Macintosh computer, a public domain
program NIH Imaging 1.63 (developed at the U.S. National Institutes of Health and
available on the internet at http://rsb.info.nih.gov/nih-image/), a desktop scanner and a
scanning software Photoshop CS2 (Adobe Systems Inc., San Jose, CA, USA) was used.
Images were captured as 256 levels grayscale. The file size was 300 k bytes (200 dots per
inch resolution). Digital output was transferred from the scanner to the computer and stored
as a PICT file.

3.4 Image analysis using NIH Image

The immunostained PES membrane grayscale image was loaded and thresholded to make a
binary image for the separation of objects and background. Then, we chose the analyze
menu options and selected the area, ellipse major axis and ellipse minor axis commands to
calculate the objects area as previously described (Masters et al., 1992; Root & Wang, 1993).

4. Establishment of new eastern blotting for immunodetection of
saikosaponins

In a new approach, we demonstrated the immunodetection of saikosaponins on the
positive-charged PES membrane. PES membrane is widely used for the ultrafiltration
system (Duarte et al., 2003) and enzyme immobilization unit (Gomes et al., 2004). However,
no success with immunodetection of small molecular compounds like saikosaponins using
PES membrane has been reported yet. Fortunately, we found a new fact that the positive-
charged PES membrane was suitable for the immunodetection of saikosaponins by dot blot
analysis using anti-SSa MAb (1G6) (data not shown).
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We also noticed its intrinsic hydrophilicity and strong physical property against organic
solvents and believed it makes possible to separate saikosaponins chromatographically on
this membrane. Although we tested various ratios of methanol-water as the solvent system,
acceptable separation data was not obtained. However, fortunately we found its reverse
phase property and tested various ratios of acetonitrile-water just following HPLC mobile
phase for saikosaponins. All saikosaponin standards and Bupleuri radix (Mishima) extract
were separated well with acetonitrile-water (1:4, by volume) as shown in Fig. 8.
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Fig. 8. Separation and immunodetection of saikosaponins by new eastern blotting using

anti-55a MAb (1G6)

The other important merit is the same as PVDF membrane depending on the increase of
cross-reactivity as reported in the previous paper (Fukuda et al., 1999). The eastern blotting
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of SSa on a PES membrane using anti-SSa MAD (1G6) resulting in staining together with SSc
and SSd. In this methodology, we separated the SSa molecule into two functional parts, the
epitope part (mainly aglycone) and the sugar parts as commented above (See Fig. 2). The
sugar parts in saikosaponins were oxidatively cleavaged to release aldehyde groups which
were conjugated with protein to fix on a PES membrane. Because it was evident that a part
of sugar moiety in SSa was immunized, the cleavage of sugar moiety by NalO4 expanded its
cross-reactivity against other saikosaponins resulting in possibility of staining for SSc and
SSd, though anti-SSa MAb (1G6) had weak cross-reactivity with SSc and SSd (2.65% and
3.76%, respectively).
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Fig. 9. Calibration curve of SSa obtained by new eastern blotting using anti-SSa MAb (1G6)
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Fig. 10. Calibration curve of SSc obtained by new eastern blotting using anti-SSa MAb (1G6)
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5. Application of new eastern blotting to quantitative immunoassay for
saikosaponins

We applied the new eastern blotting to the quantitative immunoassay for saikosaponins
using NIH Image because newly established method reflected direct sample amounts
without transfer efficiency. For the calibration curves, each saikosaponin standard was
spotted in five kinds concentration. By this method, the contents of saikosaponins can be
determined individually. Calibration curve of each saikosaponin is indicated in Fig. 9 - 11.
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Fig. 11. Calibration curve of SSd obtained by new eastern blotting using anti-SSa MADb (1G6)

6. New eastern blotting as a tool for the quality control of Kampo medicines
containing Bupleuri radix

New eastern blotting was also applied to the estimation of various Kampo medicines. Fig. 12
shows the new eastern blotting of Bupleuri radix and Kampo medicines prescribed with and
without Bupleuri radix. Lane 10 shows Shoseiryuto prescription extract, which contains no
Bupleuri radix resulting that no band was appeared by new eastern blotting. Compared to
the result of Bupleuri radix, there was no SSd detected from Kampo medicines, because SSd
will be converted into SSb, during the extraction processing.

On the other hand, the bands of SSa and SSc in Daisaikoto, Shosaikoto, Saikokyoyoto and
Saikokaryukotsuboreito extracts (Fig. 12, lanes 6, 7, 8 and 9), which contain Bupleuri radix
clearly appeared. These areas of the coloring spots on this membrane were calculated using
graphic analysis by the NIH Image and the saikosaponins concentrations were determined
as indicated in Table 2. These results were in a good agreement with those from the ELISA
analysis (see Table 2).

In the case of SSb,, only weak color development was observed in this method and no
determination data was shown by using NIH Image analysis. It is suggested to be due to the
quantitative determination limits of this NIH Image analysis system. However, this problem
can be solved by using more sensitive anti-saikosaponin MAbs and/or color developing
substrate and chemiluminescence system.
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4. Bupleuri radix (Mishima, Japanese species) 10. Shoseiryuto (negative control)
5. Bupleuri radix (Austria, Europe species) 11. Saikosaponins standard (0.5 pg)
6. Daisaikoto 12. Saikosaponins standard (1.0 pg)

Fig. 12. Immunodetection of saikosaponins in Bupleuri radix and various Kampo medicines
by new eastern blotting using anti-SSa MADb (1G6)

Concentration (ug/mg dry weight powder)

New Eastern Blotting ELISA
Sample SSa SSc SSb, Ssd Total SSa Total
Bupleuri radix (Mishima) 8.38  1.39 ND 3.76 13.53 9.31 11.46
Bupleuri radix (Austria) ~ 7.65 1.35 ND 1.55 10.55 7.90 8.94
Daisaikoto 0.63  0.19 +) ND 0.82 0.62 1.06
Shosaikoto 0.80  0.22 +) ND 1.02 0.76 1.19
Saikokyoyoto 069 0.13 (+) ND 0.82 0.68 1.13
Saikokaryukotsuboreito  0.83 0.23 (+) 0.19 1.25 0.89 1.43
Shoseiryuto ND ND ND ND ND ND ND

Table 2. Saikosaponins concentrations in Bupleuri radix and Kampo medicines determined
by new eastern blotting using NIH Image. Data are the means of triplicate assays. ND= not

detectable

7. Conclusion

Many analytical approaches have been used to identify saikosaponins in crude drugs
and/or Kampo medicines. Among these methods, the use of HPLC in conjunction with
mass spectrometry (MS) or photodiode array (PDA) is most frequently and widely used
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(Ohtake et al., 2004; Li et al., 2005). The advantages of the new eastern blotting over the
HPLC method are mainly its saving cost-performance (e.g., organic solvents and analytical
equipments), speed, ease of use and more environmentally-soft determination method.
Moreover, the new eastern blotting can analyze quantitatively and/or qualitatively at least
three saikosaponins, SSa, SSc, and SSd by using a single MAb, anti-SSa MAb (1G6).

This is the first report of the separation and immunodetection of saikosaponins on positive-
charged PES membrane and its application for quantitative immunoassay for saikosaponins.
Although it has been believed difficult to determine the concentrations of small molecular
compounds by western blotting technique, the methodology described here may open a
wide field of comparable studies with other families of carbohydrates containing compounds
of low molecular weight, such as glycosides, glucuronides, aminosugar conjugates and/or
glycolipids and glycosphingolipids. It also should be conveniently used to survey for low
concentrations of saikosaponins in plants and/or in experimental animals and humans.
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1. Introduction

Almost all Panax spp. (family Araliaceae) have been used in folk medicine. The most famous
variety is P. ginseng, which was recorded in Chinese Materia Medica 2000 years ago. It is
used to enhance stamina and capacity to cope with fatigue and physical stress, and in tonics
against cancers, disturbances of the central nervous system (memory, learning, and
behavior), hypothermia, carbohydrate and lipid metabolism, immune function, the
cardiovascular system and radioprotection. Meanwhile, P. notoginseng, cultivated extensively
in Kumming province in China, is also an important crude drug used as an astringent and
tonic. P. japonicus grows mainly in Japan and China and is used as a stomachic and a hair-
growth tonic in Japan. In ginseng markets worldwide, P. quinquefolius usually commands a
much higher price than P. ginseng. Since the roots of these ginseng products are similar in
appearance and many commercial ginseng products are in the form of a powder or
shredded slices, identification of the origins of ginseng products is not an easy task.
Authentication of the sources of ginseng and ginseng products based on scientifically
profiling has aroused much interest.

Ginsenosides (ginseng saponins) are known to be bioactive components of ginseng.
According to the difference in aglycon in these saponins, ginsenosides are classified into
three types: the 20(S)-protopanaxadiol type [e.g., ginsenosides Rb1 (G-Rb1), -Rc (G-Rc), -Rb2
(G-Rb2), -Rd (G-Rd); malonylginsenosides Rb1 (MG-Rb1), -Rb2 (MG-Rb2) and -Rc (MG-Rc)],
the 20(S)-protopanaxatriol type [e.g., ginsenosides Rgl (G-Rg1), -Rf (G-Rf), and -Re (G-Re)],
and the oleanolic acid type [e.g., ginsenoside Ro (G-Ro)] (see Figure 1). Ginsenosides have
been shown to affect various biological processes: e.g., tumor metastasis and anti-diabetes
effects (Wu et al., 1992; Newman et al., 1992), the central nervous system (Kim et al., 1990;
Kim et al.,1996; Tokuyama et al., 1996;), and retardation of the aging process (Metori et al.,
1997). It is well known that the content of ginsenosides varies in ginseng root or root extract
depends on the method of extraction, subsequent treatment, or even the season of collection
(Kim et al., 1981); therefore, standardization of quality is essential.

Many analytical approaches have been used to identify ginsenosides in ginseng extract
(Sticher and Soldati, 1979; Soldati and Sticher, 1980; Tani et al., 1981; Kitagawa et al., 1987;
Yamaguchi et al., 1988; Samukawa et al., 1995; Wang et al., 1999; Chan et al., 2000; Li et al.,
2000). We have prepared monoclonal antibodies (MAbs) against major active compounds of
P. ginseng, G-Rbl (Tanaka et al., 1999) and G-Rgl (Fukuda ef al., 2000a), and established an
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ELISA and an immunoaffinity concentration for ginsenosides (Fukuda et al., 1999; Fukuda et
al., 2000b; Fukuda et al., 2001); however, no formation of MADb against the crude drug of P.
ginseng has been reported, although immunological approaches for analyses of P. ginseng
using a polyclonal antibody against P. ginseng have been investigated (Kitagawa et al., 1996).
The present study describes the establishment of two MAbs against P. ginseng protein
component, and the application of an ELISA for the qualitative analysis and classification of
Panax spp. using the anti-P. ginseng MAbs.

Previously, we used RAPD analysis for the homogeneity of regenerated Panax plants in
vitro (Shoyama et al., 1995); however, we have not yet succeeded in distinguishing
individual Panax spp. using their crude drugs. Therefore, we planned to perform a
combination of RAPD and new double staining for ginsenosides by Eastern blotting using
anti-G-Rb1, -Rgl MAbs and to standardize the quality of ginseng.

Aglycone Ginsenoside Ri R2 R3
Protopanaxadiol  G-Rb1 -0-Gle[2-51]Gle H -0-Gle[6->1]Gle
G-Rb2 -0-Gle[2->1]Gle H -0-Gle[6->1]Ara(p)
R3 G G-Re -0-Gle[2->11Gle H O-Glelb->11Ara(f)
G-Rd -0-Gle[2-31 |Gle H -0-Gle
MG-Rbl  .0-Gle[2-1]Glel6=Ma H 0-Glel6->11Gle
MG-RB2  _0.Gle[2->1]Glel6]>Ma H “O-Cile[6=1]Aralp)
R 2 MG-Re  _0-Gle[2->1]Gle|6}->Ma H -0-Gle[6->11Ara(f)
ﬁ? Protopanaxatriol G-Rgl Ol ~O=Gile O-Gle
20-(S}protopanaxadiol . o
G=Rh1 «OnGl
Ry=OH, Ry=H, R=0H i OH ile OH
4 G-Re -0-Gle|2->1]Rha ;
20+ S)protopanaxatriol Six o itk o
Ry=0H, Rz=0H, R3=0H G-Rf OH -0-Gle[2->1]Gle OH
20-Gluco-G-Rf OH -0-Gle[2->1]Gle -0-Gle
Aglycone Ginsenoside Ri R2
COR 2 Oleanolic acid G-Ro 0-GleA[2->1]Gle =0Gle

form; Rha, rhamnose.

Fig. 1. Structures of ginsenosides

2. Experimental

2.1 Instrumentation

Gle, glucose; Ma, malonyl; Ara (p), arabinose in pyranose form; Ara (f), arabinose in furanose

Microtiter plates (Maxisorp) were purchased from Nalge Nunc (NY). The microplate reader
was Model 450 (Bio-Rad Laboratories, CA). The PCR thermal cycler was a 1605 Air Thermo-
Cycler (Idaho Technology, UT).
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2.2 Chemicals and immunochemicals

Five kinds of commercial ginseng roots and other crude drugs were obtained from Nakai
Koshindo (Kobe, Japan). Standards of ginsenosides were purchased from Wako Pure
Chemical Ind., Ltd. (Osaka, Japan). Bovine serum albumin (BSA) and human serum albumin
(HSA) were provided by Pierce (Rockford, IL). Polyvinylidene difluoride (PVDF) membranes
were purchased from Millipore Corporation (Bedford, MA). A glass microfiber filter sheet
(GF/A) was purchased from Whatman International Ltd. (Maidstone, UK). Peroxidase
(POD)-labeled goat IgG fraction to mouse IgG was provided by ICN Pharmaceuticals Inc.
(Aurora, OH). All other chemicals were standard commercial products of analytical grade.

2.3 Immunization and hybridization

Powdered white ginseng (P. ginseng) was suspended in phosphate-buffered saline (PBS),
and extracted under sonication for 2 min. The white ginseng water-soluble fraction (WSF)
obtained was immediately used as the immunogen. Mice were immunized by a protocol
modified from Kitagawa (Kitagawa et al., 1996). First, BALB/c male mice were injected
intraperitoneally with an initial injection of 500 pg WSF in PBS emulsified with an equal
volume of Freund's complete adjuvant (Difco Laboratories, MI). Two boosts of 500 pg WSF
in Freund’s incomplete adjuvant (Difco Laboratories, MI) were performed intraperitoneally
at intervals of 2 weeks. The final immunization (1 mg) was injected as a PBS solution. On the
third day after the final immunization, splenocytes were isolated and fused with a
hypoxanthine-thymidine-aminopterin (HAT)-sensitive mouse myeloma cell line, P3-X63-
Ag8-Ul, by the polyethylene glycol (PEG) method (Galfre and Milstein, 1981). Hybridoma-
producing MAD reactive to P. ginseng WSF were selected in enriched RPMI 1640-Dulbecco’s-
Ham’s F12 (eRDF; Kyokuto Pharmaceutical Industrial Co., Ltd., Tokyo, Japan) medium
containing HAT, and cloned twice by the limited dilution method (Goding, 1980).

Another hybridoma-producing MADb reactive to P. ginseng was prepared using red ginseng
(P. ginseng) WSF as an immunogen by the above procedure.

2.4 ELISA using MAbs against ginseng

Dried samples (2.0 mg) of various ginseng and other crude drugs were powdered,
suspended in 50 mM carbonate buffer at pH 9.6 (1.0 ml) under sonication for 10 min. The
suspensions of ginseng WSF were diluted with 50 mM carbonate buffer at pH 9.6 and then
assayed using ELISA.

Reactivities of MAbs to various kinds of ginseng WSFs were determined by ELISA. The
wells of a 96 well-immunoplate were coated with a suspension of 100 pl/well of various
concentrations of ginseng WSF for 1 hr. The plate was washed three times with PBS
containing 0.05% Tween 20 (TPBS), and then treated with 300 pl PBS containing 5% skim
milk (SPBS) for 1 hr to reduce non-specific adsorption. The plate was again washed three
times with TPBS and reacted with 100 pl test MAD for 1 hr. Again, the plate was washed
three times with TPBS, and then incubated with 100 pl of 1,000 times dilution of POD-
labeled goat IgG fraction to mouse IgG for 1 hr. After washing a further three times with
TPBS, 100 pl substrate solution [0.1 M citrate buffer (pH 4) containing 0.003% H>O, and 0.3
mg/ml of 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS)]
was added to each well and incubated for 20 min. Absorbance was measured by a
microplate reader at 405 nm. All reactions were carried out at 37 °C.

The cross-reactivities (CR %) of various ginseng and other crude drugs were determined as
follows:
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A-A,

PG o

CR% = x 100
where A is the absorbance of the test crude drug, Apc is the absorbance of white ginseng,
and Ao is the absorbance of the blank.

2.5 Western blot analyses of P. ginseng WSFs

Western blot analysis was carried out according to a reported method (essentially the
method of Towbin) (Towbin et al., 1979). Reduced protein WSFs contained in suspensions of
various ginseng (20 pg) in electrophoresis sample buffer were separated by SDS-
polyacrylamide electrophoresis (SDS-PAGE) (Laemmli, 1970) on 10% polyacrylamide gel,
and electroblotted onto a PVDF membrane (Immobilon-P), which was then incubated with
MAD to P. ginseng for 3 hr. The membrane was then incubated with 1,000 times dilution of
POD-labeled goat IgG fraction to mouse IgG in PBS containing 0.2% gelatin (GPBS) for 1 hr.
The POD-labeled secondary antibody bound to the membrane was then developed to blue
bands with a substrate solution (4-chloro-1-naphthol soln.).

2.6 Competitive ELISA using anti-G-Rb1, -Rg1 MAbs

Dried samples (50 mg) of various ginseng were powdered and extracted with MeOH (5.0
ml) under sonication five times. The combined extract was filtered and then evaporated to
dryness. To eliminate the malonyl group from malonylated ginsenosides, the extracts were
treated with 0.1% KOH in MeOH at room temperature for 1 hr. The combined extracts were
diluted with 20% methanol suitable for competitive ELISA.

G-Rb1-HSA (100 pl, 1 pg/ ml) dissolved in 50 mM carbonate buffer (pH 9.6) was adsorbed
to the wells of a 96 well-immunoplate, and then treated with 300 pl SPBS for 1 hr to reduce
non-specific adsorption. Fifty microliters of various concentrations of G-Rbl or samples
dissolved with 20% methanol were incubated with 50 ul MAb solution (83 pg/ml) for 1 hr.
The plate was washed three times with PBS containing TPBS, and then incubated with 100
pl of 1,000 times dilution of POD-labeled goat IgG fraction to mouse IgG for 1 hr. After
washing the plate three times with TPBS, 100 pl substrate solution (ABTS soln.) was added
to each well and incubated for 15 min. The absorbance was measured by a microplate reader
at 405 nm. Quantitative analysis of G-Rgl was performed by a similar competitive ELISA
procedure as above.

2.7 Double-stained Eastern blotting

Ginsenosides and the extract of various ginseng were applied to TLC plates and developed
with #n-BuOH-EtOAc-H;O (15:1:4). One developed TLC plate was dried and sprayed with
H>S04. Another TLC plate was dried and then sprayed with blotting solution mixture of
isopropanol-methanol-H,O (1:4:16, by volume). It was placed on a stainless steel plate and
then covered with a PVDF membrane sheet. After covering with a glass microfiber filter
sheet, it was pressed evenly for 50 s with a 120°C hot plate as previously described with
modification (Fukuda et al., 2000b). The PVDF membrane was separated from the plate and
dried. The blotted PVDF membrane was dipped in water containing NalO; (10 mg/ml)
under stirring at room temperature for 1 hr. After washing with water, 50 mM carbonate
buffer solution containing BSA was added and stirred for 3 hr. The PVDF membrane was
washed with TPBS for 5 min twice and then washed with water. The PVDF membrane was
immersed in anti-G-Rb1 MAD and stirred at room temperature for 1 hr. After washing the
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PVDF membrane twice with TPBS and water, 1,000 times dilution of POD-labeled goat IgG
fraction to mouse IgG in GPBS was added and stirred at room temperature for 1 hr. The
POD-labeled secondary antibody bound to the membrane was then developed to blue
bands with a substrate solution (4-chloro-1-naphthol soln.).

In the experiment of the immunocytolocalization of G-Rbl, a sliced fresh P. ginseng root was
placed on the PVDF membrane and they were pressed together evenly for 6 hr. The blotted
PVDF membrane was stained using the same procedure as described for the Eastern
blotting method.

For staining with anti-G-Rgl MADb, the blotted PVDF membrane was treated in the same
way as anti-G-Rbl MAD except that it was exposed to 2 mg of 3-amino-9-ethylcarbazole
in 10 ml of 50 mM acetate buffer (pH 5.0) containing 0.03% H;O, and 5%
N,N-dimethylformamide.

2.8 RAPD analysis

DNA for RAPD analysis was extracted from the crude drug powder (100 mg) by the method
of Murray and Thompson (1980) with some modification (Nakai et al., 1996). The obtained
crude DNA was further purified by the Geneclean II kit (Bio 101, Illkirch, France) as follows:
to the DNA solution, 6 M Nal at three times the volume of the DNA solution, plus Glass
milk (5 pl) were added and mixed using a vortex mixer. The mixture was incubated at 0 °C
for 10 min, with mixing every 1 min. After 10 min incubation, the mixture was centrifuged
at 6,000 rpm at 2 °C for 30 s. The supernatant was removed and then washed with New
Wash 3 times. Finally, the DNA fraction was centrifuged at 14,000 rpm at 2 °C for 30 s. The
supernatant was removed. After the addition of sterile pure water (50 pl), the DNA solution
was incubated at 55 °C for 5 min. The mixture was again centrifuged at 15,000 rpm at room
temperature for 20 min. A 45 pl supernatant sample was recovered and the DNA
concentration was determined using a U-3210 Spectrophotometer (Hitachi, Tokyo, Japan).
Amplifications were carried out in 10 pl reaction volumes composed of 1.5 ng/pl plant
DNA, 50 mM Tris/HCI (pH 8.5), 5 mM MgCl,, 500 pg/ml BSA, 2.0 % Ficol, 4 mM tartrazine,
10 pM EDTA, and 0.04 units/pl Tth DNA polymerase (Toyobo, Osaka, Japan) (Nei and Li,
1979).

The Air Thermo-Cycler was programmed for 60 s at 94 °C, followed by 60 cycles of 10 s at
94°C, 30 s at 36°C, and 60 s at 72°C, followed by 120 s at 72 °C for amplification.
Amplification products were separated in 1% agarose gels in 0.5 Tris/borate/EDTA (TBE)
buffer. Gels containing ethidium bromide (5 pl/100 ml) were developed at 120 V for 3 hr.
Gels were detected and photographed by a DNA transilluminator Model NTM-20 (UVP
Inc., Upland, CA) at 302 nm. The sizes of the amplification products were estimated using a
100 bp (100 bp-2.0 kb) ladder (Amersham Pharmacia Biotech, Buckinghamshire, UK). The
random primers consisted of ten base sequences from a kit purchased from QIAGEN
Operon Technologies Inc. (Chatsworth, CA). The OPB and OPO series, having ten base
sequences that had been synthesized previously (Nakai et al., 1996), were as follows:

OPB-01 (5-GTTTCGCTCC-3"), OPB-02 (5-TGATCCCTGG-3),

OPB-03 (5-CATCCCCCTG-3"), OPB-04 (5-GGACTGGAGT-3),

OPB-05 (5-TGCGCCCTTC-3"), OPB-06 (5'-TGCTCTGCCC-3'),

OPB-07 (5-GGTGACGCAG-3'), OPB-08 (5-GTCCACACGG-3"),

OPB-09 (5-TGGGGGACTC-3"), OPB-12 (5'-CCTTGACGCA-3),

OPB-13 (5-TTCCCCCGCT-3’), OPB-14 (5'-TCCGCTCTGG-3'),

OPB-18 (5-CCACAGCAGT-3’), OPB-19 (5-ACCCCCGAAG-3),

.~~~ o~~~
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OPO-03 (5-CTGTTGCTAC-3"), OPO-04 (5-AAGTCCGCTC-3),

OPO-08 (5-CCTCCAGTGT-3"), OPO-09 (5'-TCCCACGCAA-3),

OPO-10 (5-TCAGAGCGCC-3"), OPO-12 (5-CAGTGCTGTG-3'),

OPC-18 (5-CTCGCTATCC-3)

Genetically similar (F) values were determined by Nei and Li’s method (1979).

3. Results and discussion

3.1 ELISA using MAbs against ginseng

This paper demonstrated ELISA for Panax spp. using two kinds of MAbs against P. ginseng
protein components. Hyperimmunized BALB/c mice with ginseng WSF yielded splenocytes
which were fused with P3-X63-Ag8-U1l myeloma cells by a routine procedure established in
our laboratory (Sakata et al., 1994). After additional testing with ELISA employing various
ginseng, two hybridoma-producing MAbs were cloned and expanded. MAb 3H4 was
produced from white ginseng WSF as an immunogen, whereas MAb 5H8 was produced
from red ginseng WSF as an immunogen. Two MAbs reactive to P. ginseng were classified
into IgG1 with k light chains.

MADbs that bound to the ginseng protein components on the surface of the wells were then
reacted with POD-labeled goat anti-mouse IgG as the secondary antibody in ELISA using
MAbs 3H4 and 5HS. First, the reactivity of IgG-type MAbs 3H4 and 5H8 to various
concentrations of P. ginseng protein components was tested by varying antibody
concentrations and by performing a dilution curve. In general, the color development
intensity was regulated at around 1 for a highly reliable ELISA result. Optical antibody
concentrations (MAb 3H4; 0.01 pg/ml, MAb 5HS; 5 pg/ml) of absorbance of approximately
1 were selected for the determination of cross-reactivities against crude drugs by ELISA.
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Fig. 2. Typical dose-response curves for five types of ginsengs measured by ELISA using
MADbs 3H4 and 5HS. In order to examine the specificity of the ELISA, MAbs reactive to P.
ginseng (MAb 3H4, 0.01 pg/mL; MAb 5H8, 5 pg/mL) were added to each well of a 96-well
immunoplate coated with various concentrations of powdered drug material from white
ginseng (o), red ginseng (®), Panax notoginseng (o), P. quinquefolius (m) and P. japonicus (A).
Values plotted are means (1 = 3)
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3.2 Cross-reactivity of MAbs 3H4 and 5H8 against various crude drugs

Figure 2 shows typical dose response curves of five kinds of ginseng measured by ELISA
using MAbs 3H4 and 5H8. ELISA using MAb 3H4 was not specific to P. ginseng and showed
cross-reactivity with P. notfoginseng and P. quinguefolius, but did not react with other crude
drugs. This wide cross-reactivity is the major advantage of the antibody reagent used in this
ELISA. Although both MAbs 3H4 and 5HS8 cross-reacted with the P. ginseng protein
components, the cross-reactivity against other Panax spp. varied, as shown in Table 1. The
most important property of this MAb 3H4 is its ability to distinguish ginseng produced
from P. ginseng by processing, since 3H4 did not react with red ginseng. MAb 5H8 has weak
cross-reactivity with P. nofoginseng, P. quinquefolius and P. japonicas; however, since MAb
5H8 cross-reacted with Scopoliae rhizoma, other assay methods such as our ELISA using
anti-G-Rb1 and -Rgl MAbs might be needed.

Cross-reactivity (%)?

Crude drug 14 5H8
White ginseng (Panax ginseng) 100 100
Red ginseng (P. ginseng) <1 204
San-chi ginseng (P. notoginseng) 53.4 4.4
American ginseng (P. quinquefolius) 43.1 24
Japanese ginseng (P. japonicus) 14 3.2
Scopoliae Rhizoma <1 20.2
Gardeniae Fructus <1 45
Glycyrrhizae Radix <1 3.0
Uvae Ursi Folium <1 2.7
Phellodendri Cortex <1 2.7
Sennae Folium <1 21
Paeoniae Radix <1 1.5
Bupleuri Radix <1 1.3
Senegae Radix <1 1.3
Rhei Rhizoma <1 1.2
Aurantii Pericarpium <1 <1
Coptidis Rhizoma <1 <1
Cinnamomi Cortex <1 <1
Scutellariae Radix <1 <1

aValues are means * standard deviation (n = 3).

Table 1. Cross-reactivity (CR%) of MAbs against various ginseng and other crude drugs
assayed using the ELISA method

3.3 Detection of protein specific to MAbs against ginseng

Blot analysis demonstrated that MAb 3H4 reacted with two major bands, M; 24 kDa and 29
kDa, contained in 3 kinds of ginseng, as indicated in Figure 3. This observation suggests that
the epitope is common to the two proteins. Judging from these results, MAb 3H4 might
recognize common ginseng protein components contained in all Panax spp. On the other
hand, MAb 5HS8 selectively reacted with a broad band which roughly corresponds with
bands at approximately M, 24-29 kDa in P. ginseng, shown in Figure 3. This does not
correspond to the result of the ELISA where MAb 5HS8 reacted with P. ginseng and red
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ginseng, suggesting that the immunogenic proteins were probably denatured during the
manufacturing process and might not have been separated by SDS-PAGE.

SDS-PAGE (10%) Western-blot
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Fig. 3. SDS-PAGE and western blotting analyses of various ginsengs using MAbs 3H4 and
5H8. Samples were resolved by electrophoresis on a 10% acrylamide gel. Proteins were
stained with Coomassie Brilliant Blue. Proteins separated by SDS-PAGE were transferred
onto the PVDF membranes and incubated with MAbs 3H4 and 5H8. The bound MAb was
reacted with PODlabelled secondary antibody, followed by reaction with substrate in order
to develop blue protein bands. Lane 1, white ginseng (Panax ginseng; lane 2, red ginseng

(P. ginseng), lane 3, sanchi-ginseng (P. notoginseng); lane 4, American ginseng (P. quinquefolius);
lane 5, Japanese ginseng (P. japonicus). Molecular weights are as indicated by arrows

We established two MADbs that reacted predominantly with P. ginseng protein components
to develop new immunological methods for analysis of Panax spp., resulting in two ELISAs
using two MAbs. MAb 3H4, showing specific reactivity against ginseng, is predicted to be a
probe for immunochemical discrimination between Panax spp. and other crude drugs. In
addition, ELISA using MADb 5HS8 can distinguish P. ginseng and red ginseng from other
Panax spp. It became evident that the discrimination between white ginseng and red
ginseng was could be performed by Western blotting. This assay is also technically easy to
perform and allows small amounts of sample to be analyzed, as demonstrated by this study.
The ELISA developed in this paper can be utilized for a homogeneity assay of Panax spp.,
therefore making it possible to study in the phytochemical field.

3.4 G-Rb1 and -Rg1 concentrations in Panax spp. measured by ELISA

G-Rbl and -Rgl were quantitatively determined by the competitive ELISA that we
developed previously (Tanaka et al., 1999; Fukuda et al., 2000a). Kitagawa et al. isolated
malonyl ginsenosides from white ginseng, finding that non-processed ginseng contents are
higher than in processed ginseng (Kitagawa et al., 1983). It is thought that MG-Rbl
influences ELISA since it is suggested that MG-Rb1 has similar cross-reactivity with G-Rb1.
Therefore, G-Rb1l concentrations in various Panax spp. were measured after MG-Rb1 had
been converted into G-Rbl by mild alkaline conditions. The concentrations of G-Rb1 and -
Rgl are shown in Table 2 and vary according to species. Fibrous ginseng, which is made
from the actively growing part of P. ginseng, showed the highest G-Rb1 concentration, 64.4 +
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3.6 mg/g dry wt. P. notoginseng and P. quinquefolius also showed high concentrations, 47.1 +
3.3 and 485 + 1.8 mg/g dry wt., respectively; however, the G-Rbl concentration in P.
japonicus analyzed by ELISA must be inaccurate since a very high S.D. of the G-Rbl
concentration in P. japonicus is shown in Table 2. In the present study, P. notoginseng showed
the highest G-Rg1 concentration, 22.9 + 3.2 mg/g dry wt. Also fibrous ginseng showed a
high concentration, 4.98 + 0.04 mg/g dry wt. The concentrations determined by ELISA
agreed well with those determined by HPLC (Kitagawa et al., 1987). ELISA was more
sensitive than TLC (Tani et al., 1981) or HPLC (Sticher and Sticher, 1979; Soldati and Sticher,
1980). Moreover, Yamaguchi et al. (1988) and Samukawa et al. (1995) reported the
comparative concentrations of ginsenosides in various commercial ginseng radices analyzed
by HPLC. The results obtained in this investigation indicate that the determination of
ginsenoside concentrations could be carried out semi-quantitatively by ELISA, which might
become a promising tool for the standardization of ginseng samples.

Sample G-Rb1 content G-Rgl content
(mg/g dry weight)a (mg/g dry weight)a

Ginseng (Panax ginseng) 5.49+0.75 2.28+0.02
Red Ginseng (P. ginseng) 3.57 £0.62 1.34 +0.08
Fibrous Ginseng (P. ginseng) 64.4+3.6 498 +0.04
San-chi Ginseng (P. notoginseng) 471+33 229+32

American Ginseng (P. quinquefolius) ~ 48.5+1.8 315+0.23
Janpanese Ginseng (P. japonicus) 1.37 £0.34 0.12£0.01

a Values are means + standard deviation (1 = 3).

Table 2. Quantitative determination of ginsenosides Rb1 and Rg1 in various ginsengs using
the ELISA method

3.5 Double-stained Eastern blotting of ginsenosides using anti-G-Rb1 and anti-G-Rg1
MAbs

Direct detection of small molecular compounds on a TLC plate by immunostaining is
impossible because they are easily washed out by buffer solution without fixing. We
therefore designed a system in which ginsenosides were blotted onto a PVDF membrane
from the developed TLC plate for immunostaining. After ginsenosides had been transferred
to the PVDF membrane, it was treated with NalOy solution, followed by the addition of
BSA. This reaction enhanced the fixation of ginsenosides via ginsenoside-BSA conjugate on
the PVDF membrane. Figure 4-B indicates the Eastern blotting patterns of ginsenosides
using anti-G-Rbl MADb in three kinds of Panax spp., P. ginseng, P. notoginseng and P.
quinquefolius.

Figure 4-C shows the Eastern blotting of double staining using anti-G-Rb1 and -Rgl MAbs
for ginsenoside standards. When the mixture of anti-G-Rgl and -Rb1 MAbs and the pair of
substrates were tested for staining of ginsenosides, all ginsenosides, G-Rgl, -Re, -Rd, -Rc
and -Rb1, stained blue (data not shown), although purple staining for G-Rgl was expected
because 3-amino-9-ethylcarbazole was used as the substrate. It can therefore be suggested
that the sensitivities of the substrate between 3-amino-9-ethylcarbazole and 4-chloro-1-
naphtol might be different, so we performed successive staining of the PVDF membrane
using anti-G-Rgl and then anti-G-Rbl. Finally, we succeeded in the double staining of
ginsenosides, indicating that G-Rgl and -Re were stained purple and the other blue,
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separately, as indicated in Fig. 4-C. From these results, both antibodies could distinguish
individual aglycons, 20(S)-protopanaxatriol and 20(S)-protopanaxadiol. For this application,
crude extracts of three Panax spp. were analyzed by the newly developed double-staining
system. Major ginsenosides could be determined clearly by this double-staining method. G-
Rb1, -Rc and -Rd possessing 20(S)-protopanaxadiol as an aglycon stained as blue bands, and
G-Re and -Rg1 as purple, depending on the substrate (4-chloro-1-naphtol). Figure 4-D shows
the double staining of Eastern blotting for three Panax spp. When compared to the single
staining of Eastern blotting by anti-G-Rb1 MAD (Fig. 4-B), it became evident that the quality
of Panax spp. regarding ginsenosides varied. P. notoginseng contained a higher amount of G-
Rgl, but G-Rc disappeared (Fig. 4-D, lane 4). A higher amount of G-Re and trace amounts of
G-Rd and -Rgl were observed in P. quinquefolius, as indicated in Fig. 4-D, lane 5. Three
bands stained red by anti-G-Rgl MAb were found, as indicated by arrows, although they
could not be detected by staining with anti-G-Rbl MAD. It is suggested that these bands
might be related to G-Rgl and G-Re having 20(S)-protopanaxatriol as an aglycon in the
molecule. A survey of previous papers (Shoji, 1990) suggested that the three unknown bands
could be determined as G-Rh1, G-Rf and 20-gluco G-Rf, which are mono-, di- and triglycosides
of 20(S)-protopanaxatriol, respectively, depending upon individual Rf values. This finding
suggests that the structures of aglycon can be recognized from the band color, and the Rf
value is reflected by the sugar number. Using this result, we determined two bands under
G-Rb1 as MG-Rbl1 (Kitagawa et al., 1983) and 20-O-gentiobiosyl-chikusetsusaponin III (Shoji,
1990), which has five sugars in a molecule of P. ginseng, in good agreement with the Rf value
previously reported (Kitagawa et al., 1983; Shoji, 1990). Finally, these two compounds were
identified by comparing with authentic samples (data not shown).
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Fig. 4. Staining of various Panax samples. (A) Sulphuric acid staining; (B) eastern blotting
using anti-G-Rb1 MAb; and (D) double-stain eastern blotting using anti-G-Rb1 and -Rg1
MAbs. Lanes 1-6 show white ginseng, red ginseng, fibrous ginseng, P. notoginseng, P
quinquefolius and P. japonicus (60 pg), respectively. (C) Double-stain eastern blotting of
ginsenoside standards using anti-G-Rb1 and -G-Rgl MAbs. Lanes 1-5 show G-Rb1, -Rc,
-Rd, -Re and -Rg1 (3 pg), respectively

Figure 5 illustrates the immunocytolocalization of G-Rbl in fresh P. ginseng roots. The
phloem contained a higher concentration of G-Rbl than the xylem. We conducted a
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controlled study with a slice of fresh Glycyrrhiza root using the same procedure to evaluate
the specific detection of ginsenosides in the P. ginseng root with this system. In consequence,
the Glycyrrhiza root, although it contained saponins structurally related to G-Rb1, was not
immunostained by the Eastern blotting method using anti-G-Rb1 MAb 9G7, indicating the
high specificity for Panax spp. of this method (data not shown).

Fig. 5. Immunocytolocalisation of G-Rb1 in Panax ginseng root using anti-G-Rb1 MAb

3.6 RAPD analysis

The total DNA extracted from the crude drugs of Panax spp. was analyzed by RAPD using
21 random primers, resulting in 113 total bands. Figure 6 shows a representative amplified
band pattern identified by primers.

800 bp_>I I

2 3 4 2 3 4

Fig. 6. Detection of polymorphic bands among Panax species using primer (A) OPO-08 (5'-
CCTCCAGTGT-3') and (B) OPB-05 (5'-TGCGCCCTTC-3'). Lanes 1-4 show P. notoginseng, P
japonicus, P. ginseng and P. quinquefolius, respectively
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The genetic distance matrix between individual species was calculated according to Nei and
Li’s method (1979). The degree of similarity among their fingerprints confirmed that P.
ginseng is more closely related to P. quinquefolius than to P. japonicus. This result corresponds
to the conclusions based on morphological taxonomic studies (Hara, 1970). It is suggested
that RAPD analysis may be a useful method for determining the quality and homogeneity of
Panax spp. as previously reported for regenerated plants of Panax spp. in vitro (Shoyama et
al., 1988).

4. Conclusion

The combination of RAPD and the developed double-stained Eastern blotting method can
authenticate P. notoginseng and P. japonicus. Double-stained Eastern blotting indicated that
P. notoginseng roots did not contain G-Rc, although the TLC profile was unclear. These
results therefore suggest that a combination system of ELISA using MAbs, double-stained
Eastern blotting and RAPD could identify four Panax spp. Moreover, a newly established
immunocytolocalization method clearly shows not only the distribution of ginsenosides in
ginseng roots, but also differentiates ginseng from other crude drugs.
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