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Medicine counterfeiting is one of the current burdens of the pharmaceutical world. Reliable technologies
have become available for the chemical analysis of suspect medicines. Near infrared spectroscopy (NIRS)
allows for instance fast, specific and non-destructive authentication of pharmaceutical products. In this
paper, a NIRS method is presented for the identification of 29 different pharmaceutical product families of
tablets, one family containing one or more formulation (s), e.g. different dosages. This selection represents
the whole tablet portfolio of our firm. The high number of product families constituted a challenge, given
that the measurement of the samples, made on two similar instruments, generated a dataset of 7120
spectra. Several chemometric tools proved efficient for the identification of these medicines. The dataset
was first investigated with a Principal Component Analysis (PCA) in order to provide an overview of the
distribution of the samples. The K-Nearest Neighbors (KNN), the Support Vector Machines (SVM) and
the Discriminant Analysis (DA) supervised classification tools were successfully applied and generated
an outstanding classification rate of 100% of correct answer. The methods were then fully validated with
an independent set of spectra. The DA was selected as the method for the routine analysis of suspect
tablets with the Mahalanobis distance as acceptance criterion for identification. Counterfeits, generics
and placebos samples, constituting a second validation set, were tested and rejected by the method.
NIRS has thus been demonstrated as an efficient tool for the quick identification of a large dataset of
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pharmaceutical tablets and the detection of counterfeit medicines.
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1. Introduction

Counterfeiting is a crime with dreadful consequences, especially
in the case of medicines. Estimates are difficult to quantify, since
the figures only reflect the cases reported by the patients and/or the
authorities. However the provided number of counterfeits has been
increasing for the last years, making them one of the worst current
pharmaceutical burdens [1-4]. The risk for the patients is conse-
quent. All types of counterfeits can indeed be found, like products
devoid of active pharmaceutical ingredient (API), or under dosed,
medicines with wrong APIs or even with toxic compounds [5]. Even
the so-called “placebo counterfeits” - incorrectly designating prod-
ucts made of excipients — are harmful, since they are not active
and are usually found to be produced in frightening conditions
[6,7]. Besides, the effect on the economy and on the image of the
healthcare system and the pharmaceutical companies is appalling.
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This trade is even considered more rentable than illicit drugs [8].
Organised criminal networks have been demonstrated to be behind
the production and the selling of counterfeit medicines [9-11]. An
appropriate response is consequently necessary and as much as
possible, prevention, e.g. by the use of anti-counterfeiting features
and a better control of the legal supply chain [12,13]. Fast and reli-
able analyses are necessary to confirm the cases and evaluate the
risk encountered by the patients. Many techniques have proved
efficient for counterfeit analysis, and can generally be classified into
chromatographic or spectroscopic methods [14-20]. Near Infrared
spectroscopy (NIRS) presents many advantages for that purpose.
It is indeed a fast, non-destructive method, that provides chem-
ical and physical information about the analysed samples, even
through plastic or glass [21]. NIRS has been widely used in the
pharmaceutical industry for instance for the identification of raw
materials or APJ, or the determination of water content [22]. In the
last years, NIRS has also been evaluated as a reliable tool for coun-
terfeit identification. Thanks to chemometric tools, the chemical
and physical signature of a suspect sample can be rapidly compared
to the genuine references, providing a fast yes/no answer. The great
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advantage of NIRS is that the whole formulation can be checked.
Indeed the presence of the right excipients must also be controlled,
since counterfeits can still present the right API - even in the right
amount — but the wrong excipients [23]. NIRS also presents the
advantage of providing information about the chemical composi-
tion of the confirmed counterfeits thanks to spectral analysis [24].
The difficulty in the NIRS analyses resides in the computation of
the right calibration methods for a correct and easy authentication.
Unsupervised techniques like Principal Component Analysis (PCA)
or Cluster analysis present the advantage of providing an overview
of the distribution of the sample set and are often used in a first
step prior to other chemometric tools [25-28]. Supervised tech-
niques are usually privileged for counterfeit authentication since
they allow the attribution of a class to the unknown sample and
also a clear identification. Supervised clustering techniques are also
available, that can be divided into linear, like the Discriminant Anal-
ysis (DA) or Partial Least Squares — DA (PLS - DA, and non-linear
techniques, like the Support Vector Machines (SVM)) [29,30]. Sev-
eral techniques have been published for counterfeit identification
of tablets and capsules, and among them the PLS - DA analysis for
mid infrared spectroscopy (MIRS), NIRS and Raman spectroscopy
analysis of 94 counterfeits of two different product families [31],
or for the NIR detection of artesunate antimalarial tablets [32]. The
most published chemometric tool for counterfeit authentication
with NIR is probably the Soft Independent Modeling of Class Anal-
ogy (SIMCA), employed for the identification of paracetamol tablets
[33], or in another paper of thirteen different types of tablets [34].
Two types of generic products were analysed by further teams, who
also used algorithms based on the SIMCA [35,36]. O’Neil et al. pro-
posed another method based on Discriminant Analysis (DA) called
Unequal Class modeling (UNEQ) associated with the Mahalanobis
distance for the identification of two types of tablet with a handheld
device [37].

The method presented in this paper consists in the NIR identi-
fication of all the tablets produced by the firm, which represents
29 pharmaceutical product families, each of them having at least
one formulation, e.g. one dosage. This constitutes the main novelty
of this work since to our knowledge, much more molecules have
been introduced in the presented database than previously pub-
lished. This huge dataset, composed of more than 7000 spectra, was
first investigated by PCA and then different supervised techniques,
namely the SVM (SVC Kernel linear and Radial Basis Function), the
K-Nearest Neighbors (KNN) and the DA. The different chemometric
methods were calibrated and validated with an independent set of
spectra. The chemometric approach constitutes another novelty of
this work. Indeed advanced methods computed with the Python
software have first been used while in a second phase, a method
based on discriminant analysis has been presented for the quick
and automatic analysis of suspected counterfeits in the routine.

2. Material and methods

2.1. Samples for the development and the validation of the
methods

2.1.1. Genuine samples

29 Different pharmaceutical products have been measured. Each
of these products consisted of one to four dosage(s). In total, 53
formulations have been included in the dataset.

At least five batches per product were measured. The resulting
spectra were splitinto three sets: the calibration set, the test set and
the validation set, constituted of independent spectra. The test set
was used for the optimization of the SVM and the KNN methods.
For the products manufactured at several production sites, more

than five batches were selected in order to include this variability
in the dataset. Additionally five tablets per batch were measured.

In the end, the measurement were performed for 53 formula-
tions, atleast 5 batches (from all possible production sites), 5 tablets
per batch, 2 repetitions per tablet and 2 instruments, which led to
a total of 7120 spectra. 1060 spectra were extracted for the test set,
representing spectra of one batch per formulation. Then the rest-
ing spectra were divided into two thirds for the calibration, and one
third for the validation. To sum up, 4040 spectra were integrated
in the calibration set, 1060 spectra in the test set, and 2020 spectra
constituted the validation set.

2.1.2. Dataset for the second validation: challenging samples

An additional dataset was added for the second validation, con-
stituted of 350 spectra of counterfeits, generics and placebos. These
spectra were acquired with one repetition and one instrument,
since the samples were measured during routine analyses. The
spectra were then reprocessed for the purpose of this study.

2.1.3. Calibration and validation concept of the screening method

The SVM and KNN identification methods were computed with
calibration spectra and validated with an independent set of spec-
tra. A test set was created in order to optimize the methods. The
methods were then validated with the validation set. The specificity
was checked by the rate of correct identification of the calibration,
test and validation spectra.

The NIRS methods were developed and validated according to
the European Medicine Agency (EMA) [38] and ICH guidelines Q2
(R1) “Validation of Analytical Procedures: Text and Methodology”
[39].

2.1.4. Calibration and validation concept of the DA method

The DA was then computed with calibration spectra, and then
tested with the validation spectra. The DA was selected as the
method of choice for the routine analysis of counterfeits and there-
fore finally tested and validated against a second validation set of
spectra. This set consisted of 94 samples, split into 65 counterfeits,
25 generics and 4 placebos. These samples were tested to challenge
the method with high quality counterfeits that could be received
in the future. The specificity of the method was checked by the rate
of correct identification of the calibration, validation and second
validation spectra.

2.2. Analytical method

2.2.1. Near infrared spectroscopy

More recent than MIRS, NIRS first distinguishes by its range
going from 700 to 2500 nm. The NIR spectra are generated by the
vibration of the —CH, —OH, —NH and —SH bonds. The absorption
bands result from the overtones and the combinations of the MIR
fundamental bands [40]. The shape of the NIR spectra is conse-
quently very different from the one of the MIR spectra, and their
interpretation quite difficult. For this reason NIRS is often combined
with chemometric tools gathering mathematical pretreatments,
classification methods and regression techniques that allow to
enhance variations between the spectra.

2.2.2. NIR measurements

Two identical Thermo® Antaris II Fourier Transform (FT)-NIR
spectrometers have been used for the measurements. The instru-
ments are built with a high-sensitivity InGaAs detector, a long-life
Michelson interferometer and a high intensity halogen NIR source.
Their wavenumber accuracy is +0.03 cm™1.

The spectra were acquired in reflection mode on an integrating
sphere using 32 scans, a resolution of 16cm~!, a gain of 1 and no
attenuator. The whole available spectral range was used, going from
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4000 to 10,000 cm~! (or 1000 to 2500 nm). The tablets were mea-
sured directly on the measurement window without any sample
holder. Two repetitions were performed, the tablets being flipped
between each measurement. The measurements were performed
on both instruments.

2.3. Chemometric tools

2.3.1. Data pretreatments

Different pretreatments were used depending on the chemo-
metric tool chosen and the best results obtained for each method.

The PCA was calculated with spectra pretreated with a Standard
Normal Variate (SNV) and with a Savitzky-Golay second derivative.
The SVM and the KNN were computed using spectra first pretreated
with aSNV (SNV)and then with a Savitzky-Golay second derivative.
The spectra used for the DA were either pretreated with SNV, or
with SNV coupled with a Savitzky-Golay first or second derivative.

2.3.2. Principal Component Analysis (PCA)

The PCA is a common unsupervised technique allowing the
exploration of data through the reduction of its dimensionality.
Linear combinations of the initial variables are computed, called
Principal Components (PCs). The data, in the present case spectra,
are then represented in the newly defined referential. Differences
and similarities between the spectra are enhanced, allowing the
detection of underlying clusters [29,41-43]. This technique was
used in this context to have a first idea of the distribution of the
sample set.

2.3.3. Support Vector Machines (SVM)

The SVM classification algorithm is non-linear and based
on maximal margin hyperplanes. The dimension of the data is
increased in order to maximize the distance between the samples
and separate them in a new hyperplane. This is made possible by
the use of a kernel function. Different types of kernel function can be
applied, like the linear, the polynomial, the sigmoid and the radial
basis functions (RBF). In the present case, the Support Vector Clas-
sification (SVC) kernel linear and the RBF have been used. Different
parameters have to be optimized to increase the performance of
the algorithm, like the regularization parameter (c) and the gamma
parameter for the RBF [29,44-46]. C and gamma have been opti-
mized by a grid search and chosen to obtain the lowest error rate
on the test set. Due to its non-linear algorithm, the SVM is particu-
larly adapted to separating samples with similar profiles, and was
consequently also tested in this study.

2.3.4. K-Nearest Neighbors (KNN)

Another non-linear classification method presented in this
paper is the KNN algorithm [47]. When applied to a dataset of spec-
tra, the KNN classifies an unknown spectrum in function of the K
closest spectra available, it means the K-Nearest Neighbors of the
tested spectrum. The distance between unknown and dataset spec-
tra is indeed calculated, for instance using the Euclidean distance.
The unknown spectrum is then attributed the class of its closest
neighbors. The important parameter to optimize when using the
KNN algorighm is the Knumber, usually a small odd number [29]. As
anon-linear tool, the KNN provides a strong algorithm for the iden-
tification of products that might present similar spectra between
one another.

2.3.5. Discriminant analysis (DA)

The last classification tool tested in this study was the dis-
criminant analysis, a traditional classifier that maximizes the
between-class variance by computing linear combinations of the
original variables. The algorithm calculates the distance of a sample
from the mean of a set of samples.

A criterion used for acceptance is for instance the Mahalanobis
distance (MD), which defines the distance between a sample and
the center of a class [29,48]. The discriminant analysis was tested
here for the identification of the tablets since it has proved its
efficiency as a traditional and simple-to-use classifier. The intra-
class distance was defined as the value between each calibration
spectrum and the center of the class. A maximum intra-class dis-
tance was then calculated for each class. The inter-class distance
was determined as the distance between the center of a class to
the closest spectrum of the other product families. The minimum
inter-class MD was also calculated for each class. The MD limit for
each product family was then defined as the average value between
the maximum intra-class and the minimum inter-class values, as
described in the following equation:

min(inter) + max(intra)
2

with min(inter) the minimum inter-class, and max(intra) the max-
imum intra-class.

The limit was calculated for each product family and was
determined as the criterion for identification. Over this value the
analysed product family had to be rejected, and thus considered as
unidentified or “counterfeit”.

Limit = and Limitmax =5

2.3.6. Software

The “Result NIR Suite 3” software (Thermo Fisher Scientific®,
Madison, USA) with Result Operation, Result Integration and TQ
Analyst software was used for the measurement and the computa-
tion of the spectra. The NIR spectra were recorded with the Result
Operation and Integration software, while the DA methods were
developed with TQ Analyst.

Additionally the other chemometric methods - the PCA, the SVM
and the KNN - were computed with Python 3.4 (Anaconda Pack-
age, Continuum Analytics) [49,50] using the Spyder (The Scientific
PYthon Development EnviRonment) 2.3.5.2 interface [51]. The data
structures and analysis tools were provided by Pandas 0.16.2 while
the fundamental package for scientific computing with Python was
included in Numpy 1.9.2. The Scikit-lear 0.16.1 toolbox [52] enabled
the computation of the PCA, the SVM and the KNN. The graph-
ics were computed with Matplotlib 1.4.3 [53] and the derivative
pretreatments with Scipy 0.15.1.

3. Results and interpretation
3.1. Investigation of the dataset

3.1.1. Spectra interpretation

The dataset obtained consisted of 7120 spectra of 29 different
product families. The amount of product families represented a
challenge for the identification. Indeed a genuine product family
can present different formulations - and thus different spectra -
depending on the dosage. The excipients may have been chosen
different between two dosages of a same product family (Fig. 1).
On the contrary, two different product families can present for-
mulations that are very similar, like it is the case for the product
families 7 and 21 (Fig. 2). Low dosage products, like the product
family 21, can have a very close spectrum to its placebo (Fig. 3a).
In Fig. 3b, one can see that a generic of the product family 12 has
a very close composition to the product family 12, and might then
be very difficult to reject. The example of counterfeit chosen for the
product family 12 is in the present case quite easy to differentiate.

Consequently the complexity of the classification first resulted
in the heterogeneity of the classes, with one product family having
different spectra signatures. The second problem for the classifica-
tion was that different product families, and thus classes, had close
formulations and therefore similar spectra.
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Fig. 1. NIR raw spectra of two dosages of the same product family. Differences are observed between the spectra, representative of differences in the formulation. Indeed

the composition of the excipients is different.
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Fig. 2. NIR raw spectra of two different product families. Only small differences can be observed between the spectra, which reveals the closeness of formulation between

both products.

3.1.2. Results of the PCA

The PCA applied to the calibration spectra is presented in Fig. 4.
The spectra were pretreated with a SNV and a second derivative.
Ten PCs have been used for the computation, describing 94% of
variability.

While the first two PCs enable only the distinction of two prod-
uct families (product family 4 and 29) from the dataset, the third

and fourth PCs allow the separation of at least eight other prod-
uct families. When considering the plots generated with the next
PCs, one can quite easily differentiate most of the product families.
This preliminary work suggests that the spectra of the 29 different
product families should be sufficiently different from one another
to enable the distinction of the 29 product families by supervised
classification. However strong supervised tools should be used to
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Fig. 3. NIR raw spectra of one genuine product with a placebo, a generic and a counterfeit. (a) The product 21 was compared to its placebo. Very little differences can be
observed between the spectra. (b) The product 12 was compared to one of its generics and one of its counterfeits. While the differences with the counterfeit are quite obvious,

the spectrum of the generics is very close to the spectrum of the product 12.

be able to distinguish product families with similar patterns with
as little number of mismatches as possible.

3.2. Classification of the tablets with the SVM

Based on the results obtained with the PCA, the SVM algorithm
was tested in order to dissociate product families that would be

close in formulation. Two Kernel functions were tested: the SVC
Kernel linear and the RBF.

In order to obtain reliable results, some parameters of the SVM
functions had to be optimized: the C parameter for the SVC Ker-
nel linear, and the C and the gamma parameters for the RBF. The
parameters were optimized with a grid search on the test set. Only
the selected results are displayed in this paper.
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Fig. 4. Results of the PCA applied to the calibration spectra pretreated with SNV. Each color represents one of the 29 product families.

the test set and the validation set. The results of the SVC Kernel
linear and the RBF are displayed in Table 1. All the 29 product fam-

The classification was performed on the product families, result-
ing in 29 classes. The SVM methods were computed with the

calibration spectra of the 29 product families and tested against

ilies were correctly identified with both functions. 100% of correct
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Table 1

Results of the SVM classification obtained after optimization of the C and Gamma parameters. The identification was first computed with spectra pretreated with an SNV,

and then with an SNV and a 2nd derivative.

SVM function used SVC Kernel
Pretreatments SNV

C parameter 1

Gamma parameter N.A.
Calibration set results (% of correct identification) 100

Test set results (% of correct identification) 100
Validation set results (% of correct identification) 100

RBF
SNV +2nd derivative SNV SNV +2nd derivative
100 10 10
N.A. 15 15
100 100 100
100 78.4 100
100 75.9 100

Table 2
Results obtained for the KNN classification with spectra pretreated with an SNV, and
with an SNV coupled with a 2nd derivative.

Pretreatments SNV SNV +2nd derivative
K parameter 3 3

Calibration set results (% of correct identification) 100 100

Test set results (% of correct identification) 100 100

Validation set results (% of correct identification) 100 100

identification was obtained using spectra pretreated with either an
SNV or an SNV coupled with a second derivative for the SVC Kernel
linear, and using an SNV coupled with a second derivative for the
RBF. All the validation spectra were also correctly recognized by the
methods. The SVM methods using either the SVC Kernel linear or
the RBF can be used for the authentication of the 29 product fami-
lies. The optimization of the parameters is an important step for the
correct identification of the spectra. The SVM is a forced classifica-
tion, meaning that unknown spectra will inevitably be attributed
a class name. In order to use the SVM methods in the routine for
the identification of suspected counterfeits, additional parameters
should be used to define the limit between genuine and counterfeit
samples, e.g. a distance or a correlation [44].

3.3. Classification with the KNN

The KNN algorithm was tested on the 29 product families of the
database, in order to obtain 29 classes. The use of this algorithm
requires the optimization of the number of nearest neighbors, rep-
resented by the K parameter. After optimization, 3 was retained
as the K parameter that would provide the most accurate classi-
fication. The results obtained for the identification of the spectra
with the SNV and the SNV coupled with a second derivative is
provided in Table 2. The KNN methods computed with either the
SNV or the SNV coupled with a second derivative provided a cor-
rect identification for all the calibration, test and validation spectra.
The KNN algorithm is consequently also suitable for the identifica-
tion of the studied pharmaceutical tablets. Such as for the SVM, the
KNN algorithm forces the classification, always attributing a class
to unknown samples. An additional test, like a correlation, should
then also be used in order to distinguish the genuine samples from
the counterfeits and allow an easy pass/fail answer for the analysis
of unknown samples.

3.4. Results and interpretation of the DA

The classification was performed on the product families, in
order to obtain 29 classes. The calibration spectra were then used
to compute the DA. The models were then tested against the valida-
tion spectra. Additionally a second validation was performed with
the available counterfeits, generics and placebos of the 29 product
families of the database.

The DA algorithm is also one that forces the classification. Here
it was used in combination with MD, in order to define a limit above
which a suspect sample would be considered a counterfeit. 29 DA
models have been computed, using 10 principal components. The
results of the DA are presented in Table 3. 100% of the spectra from

the calibration and validation sets have been correctly identified.
Moreover, 100% of all other product families were rejected by each
individual model, meaning that there was no confusion between
one product family and all the other product families. Also 100%
of the counterfeits, generics and placebo have been rejected by the
method.

4. Discussion

The study presented in this paper deals with a huge database
of medicines. This is partly the novelty of this work and consti-
tuted a challenge for the identification. 29 different pharmaceutical
product families were analysed, with a total of 53 different for-
mulations. Different manufacturing sites were also included in the
database, representing potential differences in the formulation. In
case of addition of a new production site, and also in the case of a
new product, the database would then be completed accordingly.
Two instruments were also used for the measurement of the sam-
ples. The first aim was to build a common database to install on
both spectrometers. In case of failure or maintenance, a support
instrument would therefore be available. Furthermore measuring
on two spectrometers means that a larger set of data was available
and more variability could that way be introduced in the dataset.
Another reason is that the transfer on new instruments is that way
also simplified.

The identification method was successfully calibrated and val-
idated by all the tested tools — the SVM, the KNN and the DA -, it
means all the product families were correctly recognized. These
methods are all supervised and provided the same outstanding
results. The chemometric tool chosen for the routine analysis was
the DA because an acceptance limit, the Mahalanobis distance, was
introduced for an easy yes/no answer. Such a limit might be added
on almost all the supervised methods. The DA was chosen in this
study for its simplicity of use and implementation on the dedicated
instrumentation. For each DA model of a product family, all the
other product families were also tested in order to avoid any possi-
ble mismatch. Additionally all the counterfeits and generics of the
second validation tests were tested and rejected by the method.

The advantages of NIRS for the identification of tablets are
numerous. It is first non-destructive, which is of advantage when
for instance only one suspect tablet is available for analysis. NIRS
is then chemically specific. Very low dosage tablets might however
need to be analysed with another analytical method in order to
confirm the results. The combination with Raman can for instance
be advised, since other information can be obtained like the pres-
ence of API peaks in the suspect sample. NIRS can then be used
as a reliable first screening technique. A counterfeit can indeed be
confirmed within a minute, which is of great advantage compared
to classical methods like chromatography. Additionally NIR spectra
provide information that give a first idea of the composition of the
counterfeits, especially for tablets made of only a few components.
APIs in high amount, sugar or talc are for example quite easy to
detect with NIRS. Moreover using chemometric tools, a profiling of
the counterfeits can be quickly made with NIRS. The grouping of
counterfeits of similar chemical composition can then be observed,
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Table 3

Results obtained for the DA classification. The pretreatments used for each product family are indicated in the table.

Product family Pretreatments Selected Calibration set Validation set 2nd validation
Mahalanobis results (% of results (% of set results (% of
distance correct correct correct identifi-

identification) identification) cation=samples
rejected)

1 SNV 4.7 100 100 n.a.?

2 SNV + 1st derivative 5.0 100 100 n.a.

3 SNV 5.0 100 100 n.a.

4 SNV + 1st derivative 5.0 100 100 100

5 SNV 5.0 100 100 n.a.

6 SNV 5.0 100 100 100

7 SNV + 1st derivative 3.6 100 100 n.a.

8 SNV 4.7 100 100 n.a.

9 SNV + 1st derivative 5.0 100 100 n.a.

10 SNV 3.6 100 100 na.

11 SNV + 1st derivative 5.0 100 100 n.a.

12 SNV 5.0 100 100 n.a.

13 SNV + 1st derivative 4.5 100 100 n.a.

14 SNV 5.0 100 100 na.

15 SNV 5.0 100 100 n.a.

16 SNV + 1st derivative 3.7 100 100 n.a.

17 SNV 5.0 100 100 n.a.

18 SNV 5.0 100 100 n.a.

19 SNV 3.2 100 100 100

20 SNV 5.0 100 100 100

21 SNV + 1st derivative 4.0 100 100 n.a.

22 SNV 43 100 100 100

23 SNV + 1st derivative 35 100 100 100

24 SNV 3.0 100 100 100

25 SNV 5.0 100 100 n.a.

26 SNV 5.0 100 100 n.a.

27 SNV 5.0 100 100 n.a.

28 SNV +2nd derivative 2.8 100 100 100

29 SNV 5.0 100 100 100

2 n.a.: no sample available for testing.

providing valuable data for forensic intelligence and law enforce-
ment [27,54,55]. Furthermore NIR devices can be miniaturized and
the market has recently been spread with new portable and hand-
held spectrometers that allow an even faster identification on the
field [21,37]. A drawback that might be seen in these devices is that
the spectra and the software available might be of lower quality
compared to lab instruments. Methods developed on lab instru-
ments might also be tricky to import on such devices, which would
then need a customized calibration. However the use of such instru-
ments, through their use on the field, would definitely help fasten
the investigations.

5. Conclusion

Methods for the identification of pharmaceutical tablets by the
means of NIRS have been presented in this paper in order to pro-
vide a quick investigation tool for counterfeit detection. 29 different
pharmaceutical product families have been measured, with a total
of 53 formulations, resulting in a huge database of spectra. The clas-
sification consisted in several challenges. First of all, some product
families consist of different excipients depending on the dosage.
Then the formulation of the excipients might be very close between
two different product families. The complexity of the classification
thus resulted in the heterogeneity of the classes and the similarity
of spectra between different product families.

The spectra were investigated with several chemometric tools,
the PCA, the KNN, the SVM and the DA. The applied PCA first pro-
vided interesting insights into the dataset, enabling an overview
of underlying clusters of product families. Then the KNN, SVM and
DA supervised methods allowed the calibration and validation of
the spectra with an outstanding rate of 100% of correct answer.
The example of the DA results was taken as a simple method for

implementation in routine with a simple yes/no answer attributed
thanks to a Mahalanobis distance acceptance criterion. The avail-
able counterfeits, generics and placebos were tested and rejected by
the method, which confirmed the reliable use of the NIRS method
for the analysis of suspected counterfeits of tablets.

Medicine counterfeiting is a crime that requires quick and reli-
able investigation tools. The faster the analysis, the more chances
the investigators have to pursue the criminals. In this context, NIR
spectroscopy is a helpful technique that has now long demon-
strated to be quick, specific and non-destructive. Besides, more
and more portable and handheld NIRS devices have emerged on
the market, enabling fast and reliable on site analysis of suspect
samples. Another advantage of NIRS is that the generated data can
also enable the profiling of counterfeits, and consequently allow
detect common sources of counterfeits. Such information could
be included in forensic databases and definitely help make a step
forward in the fight against medicine counterfeiting.
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