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The present study aims to suggest a method to identify defective tablets by near infrared (NIR) imaging. A newly developed portable imaging sys-
tem (D-NIRs) was used in this study, in which the spectrometer is equipped with a high-density photodiode array detector to record high-quality
spectra with 1.25nm spectral resolution. This system is highly portable and allows an image of a target tablet to be developed in approximately
10s. Normal tablets containing 0.1-20 % magnesium stearate, ascorbic acid, corn starch and talc were prepared. NIR spectra in the 950-1700nm
region of each pixel in a tablet were measured, and NIR images were generated from the second derivative of the spectra at 1213 nm. It was con-
firmed that the spectral distribution in a tablet passed as a normal distribution by the goodness-of-fit test (p <0.05). Consequently, the average of
the spectra obtained from each pixel of the whole tablet was used to predict the concentration of magnesium stearate. The quantitative accuracy
of the prediction model by the second derivative spectra achieved R?=0.931 and RMSE =1.90%. Defective tablets were prepared with localised
magnesium stearate. The skewness of the second derivative in the defective tablet was larger than that of the standard distribution. Specifically,
the distribution of defective tablets was biased to the right as compared to the standard distribution. The results of the presented study suggest

that spectral imaging combined with distribution analysis is an effective method to identify defective tablets.
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Introduction

Process analytical technology (PAT) is a comprehen- "

various spectroscopic and imaging techniques.”"

sive control mechanism for pharmaceutical produc-
tion, involving production design, process analysis
and management.’™ Numerous studies have been
performed to characterise pharmaceutical tablets by
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Identification of defective tablets is essential for
quality control by PAT in the pharmaceutical industry.
Because process monitoring requires the evaluation
of inhomogeneity of compounds in a tablet, the intro-
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duction of imaging technology can be beneficial to
this.

Visual inspection of process monitoring is one of the most
effective methods for detecting a defective tablet.’?™®
Although an image in the visible region is adequate to
detect physical defects for many applications, it cannot
always provide information about the defective concen-
tration distribution. Therefore, NIR chemical imaging
can be a useful tool to investigate the inhomogeneity of
components in pharmaceutical tablets.™* ' A classifica-
tion method combined with principal component analysis
(PCA) was suggested in the literature for the identification
of counterfeit tablets.'”*® Wu et al. have demonstrated
that NIR imaging was a promising technology for visu-
alising the spatial distribution and homogeneity.!” The
proposed PCA methodology provides a means to gain
an understanding of the process by inspecting the main
sources of variation in the hyperspectral images. Moreover,
research has led to improvements in the development of
process control methods using multivariate analysis such
as partial least squares (PLS) regression.?°?% Khorasani
developed an API distribution and content for both
roller-compacted ribbons and tablets using NIR imaging
combined with in-line PCA and PLS models.?° The good
quantitative result of Mg-stearate and API in a tablet has
also been reported by using CLS and MCR-ALS.?*

NIR imaging devices and systems that can be utilised
for in-line or at-line process control are being developed
simultaneously, because the potential of NIR imaging
strongly relies on the performance of the NIR imaging
device. In the past decade, powerful NIR imaging devices
and systems have been presented, and the efficiency of
NIR imaging has led to it being evaluated for pharma-
ceutical applications.”?*72¢ We developed a portable NIR
imaging device, D-NIRs.?”?® For an 8 mm tablet sample,
D-NIRs can monitor two-dimensional spectra in the
900-1700nm region within 5s. D-NIRs’ potential as a
PAT tool has been discussed in previous studies,?”°*
which have demonstrated that the concentration of
components in a tablet can be estimated by D-NIRs with
high quantitative accuracy. We found that D-NIRs is
useful to determine the optimised blending period of
pharmaceutical samples.®* Additionally, D-NIRs can be
used as a Quality by Design tool to monitor the disso-
lution process of a tablet. We also demonstrated that
a spectral image produced from the ratio index of the
second derivatives at 1361 nm and 1354 nm was effec-
tive in evaluating the dissolution of a tablet.*?

Results of NIR imaging research have frequently shown
an expansion of spectral analysis for a point on the tablet.
In other words, as a consequence of spectral analysis, an
image developed from the arbitrary object has been used
as supplementary information. It is, therefore, expected
that an approach from an image analysis technology
standpoint creates new potential for the field of spectro-
scopic imaging.

One can find that histogram statistics such as kurtosis
and skewness are useful in the assessment of a defective
object. Although most researchers have calculated these
histogram statistics,®® their potential as tablet quality
evaluation methods has not been discussed thoroughly.*”

Sacré et al. described the limitations of investigating the
spatial distribution of the object in a tablet using histogram
statistics:** namely, histogram statistics provide informa-
tion about the homogeneity of a compound, however, the
spatial information is not considered. Thus, most recently,
alternative methods such as micropixel analysis have been
suggested to monitor the blending process.®> Nevertheless,
the use of histogram statistics as the standard of evalua-
tion still seems advantageous to objectively evaluate the
distribution of a component in a tablet.

The present study was performed to propose a method
to evaluate the tablet quality using chemical imaging tech-
nology combined with image analysis. For image analysis,
we first examined the normality of spectral distribution in
a tablet by the Chi-square (x?) goodness-of-fit test, and
then tried to quantitatively evaluate the tablet quality by
comparing it with a defective tablet.

Instrumentation

D-NIRs consists of a polychromator type spectrometer
(P-NIRs), an imaging unit and a halogen light source.?’
The diffuse reflection energy of a sample reaches the
D-NIRs imaging unit, which is equipped with two galvano
mirrors that obtain two-dimensional data (in the X-
and Y-directions). In its current phase of development,
D-NIRs can perform two-dimensional measurement
in the 950-1700nm region with 0.1 mm of maximum
spatial resolution. The spectral data are obtained by
P-NIRs connected to the imaging unit using a fibre probe.
P-NIRs has also been developed by our group for process
monitoring in the pharmaceutical field.?® The spectrom-
eter is equipped with a newly developed high-density
photodiode array detector of 640 elements with a 20 um
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pitch. An indium gallium arsenide (InGaAs) photodiode
is used in this spectrometer and has sensitivity in the
900-1700nm region and can measure a target spec-
trum in 1.25nm intervals in that region. A silicon inte-
grated circuit type charge amplifier array has also been
developed to amplify the converted photocurrent by
the elements. The use of a newly developed photodiode
array (PDA) detector combined with this amplifier contrib-
utes strongly to the high-speed monitoring: it takes less
than 10 ms to obtain a spectrum. Consequently, two-
dimensional spectral data of an NIR image of a sample
tablet (@8.0mm) are obtained within 14 s by our system.
The characteristics of D-NIRs and its applications have
been reported elsewhere.?”?® Although we have not yet
published this information, a 5s D-NIRs monitoring time
has been achieved.

Material and methods

Sample preparation

Powders of 5wt% ascorbic acid, 5wt% talc, 0.1-20wt%
magnesium stearate (Mg-stearate) and corn starch were
purchased from Kanto Chemical Co, Ltd (Tokyo, Japan)
and Wako Pure Chemical Industries, Ltd (Osaka, Japan)
as materials for sample tablets. They were mixed and
pressed at 10 MPa by a tableting machine (Handtab-
100, Ichihashi Seiki Co. Ltd, Kyoto, Japan). The prepared
tablets were flat, and their diameter and thickness were
8.0 and 1.0mm, respectively.

A model sample of the defective tablet was prepared by
adding Mg-stearate to a sample tablet containing 5wt%
Mg-stearate. Mg-stearate was added to 12.5, 25 and
50% of the surface area of the sample tablet and pressed
once more at 10 MPa by the tableting machine.

Spectral collection

A point spectrum in the 10x 10mm? area, including a
sample tablet, was obtained by D-NIRs. The NIR spectra
in the 200-1700nm region were measured at 1.25nm
intervals; the spatial resolution was 0.5 mm. Integration
time of a point measurement was 20 ms.

The spectra obtained from a tablet were transcribed
to text format, and Unscrambler (version 10.3, CAMO
Software AS) was used for spectral analysis. The spectra
were subjected to second derivative smoothing, including
Savitzky-Golay smoothing (31 point and 2" order), to
determine the informative peaks for mapping.®®

Distribution analysis for identification of
defective parts

To evaluate the distribution of spectral intensity in a tablet,
the x? goodness-of-fit test for normal distribution was
attempted on the spectra data of non-defective tablets.
The goodness-of-fit test is a method for examining the
goodness-of-fit by applying a probability distribution in
sample data. We examined the correspondence of the
spectral intensity distribution of a sample tablet to the
normal distribution as a probability distribution with the
aim of quantifying the distribution standard. The inten-
sity obtained from each point in a tablet is compared
with the expected value from the normal distribution
of tablet components. The null hypothesis of the test
statistic can describe that the sample distribution follows
the normal distribution, whereas the alternative hypoth-
esis can describe that the sample distribution does not
follow the normal distribution. If the statistic value of x?
obtained from the samples is sufficiently large, the alter-
native hypothesis is accepted. In this study, the signifi-
cant level was set to p<0.05.

The distribution characteristics of spectral intensity
between a defective tablet and a non-defective tablet
were compared by skewness as follows:

3
1 n| x =X
Skew:ﬁ;{ ’O_ } (%)

where N is the number of pixels in an image, X is an inten-
sity at the point j, X is the average of intensity in a tablet
and o is the standard deviation of intensity in a tablet.
Note that the skewness is the third moment about the
mean, and it indicates distribution symmetry.

Results and discussion

NIR spectra of ascorbic acid, Mg-stearate,
corn starch and talc in powder forms

Figure 1 shows NIR spectra of ascorbic acid, Mg-stearate,
corn starch and talcin powder forms, in the 1000-1700 nm
region. Bands at 1360nm and 1458 nm of ascorbic acid
may be assigned to the first overtones of stretching vibra-
tions of free and intermolecular hydrogen-bonded OH
groups, respectively.?” Bands in the 1150-1250nm region
of ascorbic acid and corn starch are due to CH stretching
vibrations.®® A sharp peak at 1391 nm of talc arises from
the OH stretching vibration mode.*® Mg-stearate vyields
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Figure 1. Absorbance of ascorbic acid, Mg-stearate, talc and corn starch in pow-
der form. Note that the spectra of Figure 1 were obtained with a VECTOR 22/N
(Bruker Optics, Germany) as references of the band assignment.

three peaks at around 1213, 1394 and 1413 nm. These
peaks may originate from CH stretching and a combina-
tion of vCH, and oCH,, respectively.®”

Distribution of the concentration for
Mg-stearate in a non-defective tablet

Figures 2(a) and 2(b) show NIR spectra in the 1000-
1700 nm region and the second derivative spectra of
tablet samples with 0.1-20% Mg-stearate. Note that the
spectra were measured at the centre of each tablet. An
absorbance band was observed in the range of 1150-
1250 nm, and the maximum absorbance was found to be
located around 0.3-0.35 in the 1450-1500 nm region.
The absorbance was found to decrease in the longer
wavelength region. The three peaks at around 1213,
1391 and 1417 nm in the second derivative spectra
varied according to the change in the concentration of
Mg-stearate. As described above, although the peaks at
1391 and 1417 nm were assigned to combination modes
of CH,, they overlapped with the other peaks generated
from ascorbic acid, talc and corn starch. Consequently,
a peak at around 1213 nm was selected to quantify the
concentration of Mg-stearate.

NIR images developed by the second derivative
method at 1213 nm are shown in Figure 3. False colour

in the tablets gradually changes with the concentration
of Mg-stearate. However, it is simultaneously seen that
the colour in each tablet is inhomogeneous. Figure 4
shows the distribution of the second derivative value in
each tablet. Note that the histograms are drawn using
standardised data by the mean and standard devia-
tions of second derivative spectra in a tablet. The value
obtained from each tablet agrees well with the standard
distribution of mean = O and variance = 1. As shown
in Table 1, the statistic parameter x? calculated for the
goodness-of-fit test is between 10.87 and 26.35 for a
tablet containing 0.1-20% Mg-stearate. As all calculated
values were lower than 27.587 (n=17) at significance
level a=0.05, the null hypothesis of the test statistic
remains. In other words, it demonstrates that the distri-
bution of second derivative spectra in a non-defective
tablet could be described by a normal distribution
without dependence on concentration. Therefore, the
average of the second derivative obtained from each
pixel in a tablet could be used to quantify the concentra-
tion of Mg-stearate as a representative value. The quan-
titative accuracy of Mg-stearate obtained by an average
of the second derivative at 1213 nm was R?=0.931 and
RMSE =1.90%. The accuracy was improved to R?=0.998
and RMSE=0.78% by a PLS regression model combined
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Figure 2. (a) NIR spectra and (b) their second derivative spectra of sample tablets with
0.1-20% Mg-stearate.
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Figure 3. NIR images of tablets with different concentration of Mg-stearate developed by second derivative at
1213 nm. The numbers of (a-f) indicate the concentration of Mg-stearate.
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Figure 4. Frequency of standardised value obtained from second derivative spectra of sample tablets containing 0.1-20 %

of Mg-stearate and standard distribution.

with the moving window method.“° The moving window
PLS method was a procedure to determine an appro-
priate wavelength interval selection method combined
with PLS regression. The series of PLS models were built

Table 1. Summary of goodness-of-fit test for non-defective
tablet containing 0.1-20 % Mg-stearate.

Concentration (%) Replication Statistic x?
01 1 12.09
01 2 19.56
01 3 17.13

1 1 14.31
1 2 10.87
1 3 25.47
5 1 14.61
5 2 18.13
5 3 25.17
10 1 12.86
10 2 11.75
10 3 23.8
15 1 18.28
15 2 16.79
15 3 21.86
20 1 19.71
20 2 2292
20 3 26.35

according to a window that moves over the entire spec-
tral region, statistically determining each appropriate PLS
model. Although the accuracy was slightly lower than
that of previous work,*! the result of quantitative analysis
revealed that practical application of the spectral data
obtained from the D-NIRs is viable.

Identification method of
defective tablets

The NIR images of defective tablets developed by the
second derivative method at 1213 nm are shown in
Figure 5. It can be deduced that the intensity in a defec-
tive tablet is higher than that of the normal tablet. Figure
6 depicts histograms of the standard values of a defective
tablet and a non-defective tablet. It was confirmed that
intensity in the non-defective tablet follows the standard
distribution; namely, the standardised image might be
more effective to identify the defective tablet than the
second derivative. Figure 7 shows standardised images
of defective tablets. As expected, a part of the defect in
a tablet was extracted, and the localisation of the compo-
nent was more clearly identified. On the other hand, the
distribution of the defective tablet was biased to the right
side as compared to the normal tablet. The skewness
of intensity distribution in defective and non-defective
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Figure 5. NIR images of (a) non-defective tablet and (b and c) defective tablets of 25% and 50 % Mg-stearate developed by
second derivative at 1213 nm. Note that the 25 % and 50 % indicate the percentage of defective area in a tablet.
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second derivative at 1213 nm in a sample tablet and

standard distribution. Note that the 25 % and 50 % indi-
cate the percentage of defective area in a tablet.

tablets is depicted in Figure 8. The skewness of a normal
tablet was approximately O, and it reached approximately
-2.3 in the defective tablet, which had a 12.5 % redundant
concentration area. The skewness decreased gradually as
the redundant concentration area increased. Therefore, if
the threshold is determined, the defective tablets can be
identified by the skewness of spectra. At the same time,
the result suggests that the use of mean spectra can be
misinterpreted, which leads to potential misidentifica-
tion of defective tablets such as those prepared in this
study. Moreover, the skewness with a 50% redundant
concentration area was lower than that with 25%. Thus,
the increase in the redundant portion, being more homo-
geneous, reduced the inhomogeneity of the tablet. As
investigated by a previous study,'” in general, kurtosis
(which is the fourth-order moment about the mean) is
investigated simultaneously. In the present study, the
behaviour of kurtosis was similar to that of skewness
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Figure 7. The standardised images of defective tablets with (a) 25 % and (b) 50 % Mg-
stearate. Note that 25 % and 50 % indicate the percentage of defective area in a tablet.

[mm

0.0 2.0 4.0 6.0 8.0 10.0




An Identification Method for Defective Tablets by Distribution Analysis of Near Infrared Imaging

0.5
o
0.0
-05 bl
2 $
o
© -10+ ®
=
2 °
@ 15 PY
]
-204 4
°
-25-
T T T T T T
-10 0 10 20 30 40 50

defective area [%]
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(data not shown). Because the kurtosis varies positively,
in future studies, the skewness will be a more effective
index as an identification method of the defective tablet.

Conclusion

This study was performed to propose a method to iden-
tify a defective tablet by NIR imaging using a newly
developed imaging system, D-NIRs. Non-defective
(normal) tablets with @8.0mm and 1.0 mm thickness
containing 5% ascorbic acid, 0.1-20% Mg-stearate, 5%
talc and corn starch were prepared, and NIR spectra in
the 200-1700nm region were measured with a 1.25nm
interval and 0.5 mm spatial resolution.

The informative peak of Mg-stearate was confirmed at
1213 nm, which is due to CH stretching and NIR imaging
of Mg-stearate was developed by the second deriva-
tive at 1213 nm. The distribution characteristics of an
image were investigated by the goodness-of-fit test. The
resulting values could not reject the null hypothesis of
the test statistic with significance level a=0.05; thus, the
distribution of non-defective tablets could be described
as a normal distribution independent of the concentra-
tion. Consequently, the concentration of Mg-stearate
could be predicted with R?=0.931 and RMSE =1.78 %.
The defective tablets with localised Mg-stearate were
measured, and NIR images were developed using the
standardised values of second derivative spectra. The
histogram of the defective tablet shifted to the right
with increase in the defective area as compared to the

standard distribution. The skewness of defective tablets
reached -2.3, and for all defective tablets in this study,
it was significantly lower than that of the normal tablet.
In other words, it was shown that tablet quality can be
quantified by skewness. Thus, the results obtained in this
study demonstrated that the skewness of a standardised
image is useful for identifying a defective tablet by NIR
imaging.
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