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Abstract

Background: The surface quality of pharmaceutical tablets plays an important role, especially in the drug release of
a tablet and hence affects the bioavailability of the drug. Furthermore, important tablet’s properties such as coating
uniformity and mechanical integrity that can be predicted based on the known surface properties manifest the
inevitable link between a tablet’s surface property (e.g. Gloss, average surface roughness) and its efficacy.

Methods: In this article, laboratory based and handheld glossmeters as well as an optical profilometer were utilized
for the detection of the surface properties of commercially available pharmaceutical tablets.

Results: As a case study, we measured the surface properties of authentic and counterfeit antimalarial tablets. Clear
differences between authentic and fake tablets were detected based on the measured average surface roughness
and gloss values of the tablet samples.

Conclusions: It is worth mentioning that this is the first time we have utilized both glossmeters for the purpose of
surface quality investigation of real pharmaceutical tablets. It is therefore suggested that the handheld glossmeter is
a useful device for quick inspection of tablet’s surface quality both in the production environments as well as for
field screening of fake tablets.
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Background
The ability to critically assess the surface properties of a
pharmaceutical tablet plays a significant role in predict-
ing the performance of the tablet when ingested. Import-
ant tablet properties, such as coating uniformity and
mechanical integrity, that can be predicted based on its
surface properties manifest the inevitable link between a
tablet’s surface property (e.g. Gloss, average surface
roughness) and its efficacy. Adding to the above state-
ments, these tablet surface properties also control, for
example, the disintegration rate of the tablet. Surface
roughness of a porous flat-faced tablet can be measured
with a laser stylus [1]. Detection of coating thickness of
a tablet is more challenging task but this issue has been

nicely solved with the aid of terahertz (THz) measure-
ment technique [2]. Photonics based tablet measurement
technique has unique advantages such as the nonde-
structive nature and the real time detection principle. A
typical pharmaceutical tablet consists of excipients and
active pharmaceutical ingredient (API). There is always
an interest surge by pharmacists and pharmaceutical sci-
entists to finding ways and means of achieving inline
methods/tools for monitoring the consistency in the
amount of API of tablets during batch production. It is
also the desire of quality monitoring and control bodies
such as the Food and Drug Authority (FDA) to acquire
portable and cost-effective tools for screening possible
counterfeit tablets in field measurement conditions.
Powerful methods that are based on near infrared (NIR)
spectroscopy [3], as well as and Raman spectroscopy [4]
have been adopted for the detection of API in tablet
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production environments and counterfeit drugs. These
and other spectroscopic methods give information about
the materials’ properties of a tablet but not about the
surface roughness. When a probe wave with optical
wavelengths are used, one can consider surface rough-
ness as a source of noise, which is usually manifested in
cases where coherent laser radiation is utilized. An ideal
pharmaceutical tablet is supposed to compose of a uni-
form mixture and distribution of excipients, API, and air
pores across the volume of the tablet. Given such an
ideal tablet, it is expected that its surface property
should be a reflection of the surface distribution of these
three volumetric material factors. In optical sense, this
means that both the surface roughness and spatial vari-
ation of the magnitude of the refractive index over the
tablet’s surface contribute to the strength of incident
light scattering. Hence, both the material property (e.g.
refractive index) and the topographical property (e.g.
surface roughness) simultaneously rule the strength and
phenomena of the interaction of light with the surface of
a tablet. The combined material and surface effect can
be described using the concept of specular gloss, which
depends on both the surface roughness and the refract-
ive index of the tablet. From now on we use the phrase
gloss to denote specular gloss. Gloss has already been
utilized for the description of coated tablet [5], but as far
as we know, it has not be utilized in the screening of
counterfeit tablets. Detection of gloss, especially in field
measurement conditions, and with minimal expertise is
relatively a simple measurement method that comple-
ments data obtained by portable spectrometers, which
are used for counterfeit drug detection [6].
We have developed diffractive optical-element based

sensors for surface porosity inspection of two-phase
pharmaceutical compacts with flat-faces [7], film coating
inspection of oval shaped pharmaceutical tablets [8], sin-
gle crystal inspection of a pharmaceutical compact [9],
and also the detection of surface gloss (surface poros-
ity) of a whole pharmaceutical compact with the aid
of gloss map [10].
The motivation behind this paper is to study the use

of two different glossmeters, which are based on the use
of diffractive optical element (DOE) for the detection of
surface quality of authentic and counterfeit tablets (the-
ory, technical details and industrial applications of the
DOE-based glossmeters are presented in [11–13]). For
this purpose, we have studied the surface properties of
commercially available antimalarial tablets. The key idea
is that the surface roughness of a fake tablet differs, to a
great extent, from that of an authentic tablet. In such a
case one can also expect difference in the magnitude of
the gloss between authentic and counterfeit tablets. For
the differentiation of tablets by gloss, we have used a
scanning glossmeter for a comprehensive gloss map

detection, and a handheld glossmeter which is a practical
instrument for both industrial environments and in field
conditions for quick pointwise checking of the surface
quality of both flat or curved tablets. Although the study
is devoted to authentic and counterfeit tablet inspection,
the DOE-based glossmeters can be used for industrial
inspection of surface quality of authentic tablet
products.

Methods
Samples
Artemether lumefantrine antimalarial tablets, including
both authentic and counterfeit tablets which, according
to their label, contain 20 mg artemether and 120 mg
lumefantrine were obtained from Ghana. Four types of
commercially available antimalarial tablets were used in
the study. Two of these were certified authentic tablets
whereas the other two types were counterfeit according
to the FDA of Ghana. The counterfeit and authentic tab-
let samples, labeled as Fake 1 (FK1) and Genuine 1
(GN1) in this work, were manufactured by Novartis
(Beijing, China) according to the labels and contain simi-
lar excipients (i.e. microcrystalline cellulose, croscarmel-
lose sodium, magnesium stearate, polysorbate 80 and
silica colloidal anhydrous). Genuine 2 (GN2) tablet sam-
ples were, according to their labels, manufactured by
Novartis (Saglik, Gida ve Tarim Urunleri Sanayi ve
Ticaret A.S., Istanbul Turkey) whereas Fake 2 (FK2)
samples were produced by Novartis (Suffern, New York,
USA) as indicated on the package. GN 2 consisted of all
the excipients in GN1 in addition to hypromellose. The
excipients of FK2 samples are unknown. The lack of in-
formation of excipients is already an indicator that
something is wrong with this tablet.
In Table 1, we have shown basic data of the authentic

and counterfeit tablets. It is obvious that there are some
differences even between the properties of the authentic
tablets, namely weight, height and diameter are slightly
different and reflect slightly different production condi-
tions in the two factories. Comparison of GN1 and FK1
shows rather big differences in weight and height, which
are not possible regarding the variation limits of authen-
tic tablets. Similar conclusion can be drawn also with re-
gard to GN2 and FK2. In other words, rather simple

Table 1 Basic data of the antimalarial tablets

Tablet samples Weight (mg) Height (mm) Diameter (mm)

GN1 243.4 3.24 9.05

GN2 241.4 3.08 9.09

FK1 290.9 3.78 9.14

FK2 255.3 3.25 9.12

The weight was measured using the analytical balance Sartorius 2432 with
accuracy ±0.1 mg. The height and diameter were measured with Vogel digital
caliber with accuracy ±0.01 mm
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measurements can be used to screen fake antimalarial
tablets from authentic ones of this study without any
spectral measurements.

Optical profilometer
In this work, we have used the optical interference pro-
filometer (WYKO NT9300), a non-contact profilometer
capable of rendering fast measurements, to quantify the
average surface roughness of the antimalarial tablets. De-
scription of the principle of operation of the profil-
ometer and how to calculate the average surface
roughness (Ra) of the porous pharmaceutical compacts
were presented in [10].

2D glossmeter
The principle of operation of the glossmeter for scan-
ning of a two-dimensional (2D) gloss map from a com-
pact has been explained previously [10]. Herein, we only
give a brief description of the 2D glossmeter. The light
source is a semiconductor laser with a wavelength of
635 nm and an output power of 5 mW. The choice of
the laser wavelength plays a significant role on both the
strength of light scattering and absorption (dispersion).
However, this work utilizes inexpensive red light emit-
ting laser due to the demand of low cost sensors espe-
cially in the developing countries. Other laser types like
the green and blue lasers could have also been utilized
(showing different magnitude of light scattering) on our
samples. The reference for calibration of the 2D gloss-
meter is a commercial black glass gloss standard. The
surface of each tablet was scanned three times in x-y dir-
ection with a resolution of 0.05 mm/pixel in both
directions.
In the case of the study of Ref. [10], the test samples

were relatively simple, namely a training set of pharma-
ceutical compacts with varying porosity composing of
microcrystalline cellulose (MCC) and air voids. However,
there are some interesting features in that study which
we wish to revisit before proceeding. One conclusion
made was that the measured average surface roughness
and the gloss have a linear correlation. Another observa-
tion was that although a tablet set consisted of tablets
that have varied nominal porosity (volumetric property),
the gloss (surface property) value was different for the
opposite faces of the flat-faced compacts. In other
words, such tablets have different surface roughness/sur-
face porosity due to the compression cycle based on
using a dye with upper and lower punches. Differences
recorded in the surface roughness for the opposite sides
of a given tablet can lead to different dissolution rate of
the tablet, and also serve as the basis for screening of
fake tablets as will be shown later in the this study. This
is the first time we have applied the 2D glossmeter for
the detection of gloss map and average gloss from both

authentic and fake commercially available pharmaceut-
ical tablets.
The scanning glossmeter gives information on minute

gloss mottling, and hence it is possible to find out spatial
differences of surface quality over the flat face of the
whole tablet. Variation of the gloss map shows the pres-
ence of surface non-uniformity. This is because the ob-
tained gloss maps were due to the reconstuction from
poinwise measurement of both the surface roughness
and the refractive index at the laser spot over the
scanned area of the tablet surface. Such information is
useful in both off-line quality control of tablets and in
the screening of fake tablets. This measurement method
can also be applied in the case of curved tablets, but
then a small part of the tablet surface is subjected to in-
spection. Using another type of setup, which we sug-
gested for forensic studies [14], it is not impossible to
get gloss map from oval shaped tablets. However, this
measurement is out of scope of the present samples that
are flat-faced except the presence of a groove and other
patterns on the faces of the tablets.

Handheld glossmeter
In case of achieving a fast gloss inspection of pharmaceut-
ical tablets, the scanning glossmeter fails since it is time-
consuming and may fail to deliver correct results when
exploited in field measurement conditions of counterfeit
tablets. In order to achieve fast measurement requirements,
we have developed a handheld glossmeter, which is based
on the same measurement principle as the scanning gloss-
meter. In addition, the handheld glossmeter can be used for
detecting gloss from curved objects, such as curved metal
objects [15] (there also exist the theory of gloss of curved
object). This study is the first of its kind where we have ap-
plied the handheld glossmeter for the detection of gloss
from pharmaceutical tablets. In this study, we have mea-
sured gloss from five different locations on both faces of au-
thentic and fake antimalaria tablets. The use of the
handheld glossmeter is illustrated in Fig. 1. The same gloss
standard as mentioned above is used for the calibration of
the handheld glossmeter, and similar semiconductor laser
serves as the light source. The accuracy of the reading is
±0.1 for gloss values less than 100.
We tested the validity of the handheld glossmeter for

the surface quality inspection of commercial pharma-
ceutical tablets, i.e., authentic and fake antimalarial tab-
lets, because the portable rechargeable battery operated
handheld gloss meter can serve as a tool for field testing
of tablets due to its ease of operation that requires no
experts as compared to the use of spectroscopic devices.

Results and discussion
Figure 2 shows a false color image of the surface topog-
raphy of authentic and counterfeit antimalarial tablet
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samples measured using the optical interference profil-
ometer. From the image data of Fig. 2, and by visual in-
spection, it is possible to find regions with high or low
reflectivity. In Table 2, the values of the average surface
roughness (Ra) of the present samples are given. It is evi-
dent that the average surface roughness of same product
but from two different factories shows differences as

measured from sides A and B. However, the Ra is much
lower with the authentic tablets than with the fakes. This
can be understood by the fact that the authentic tablets
have been compressed with more sophisticated facilities
than the fake ones. One important factor is the high
compression force used in the compression of authentic
tablets which is the reason behind the relatively low sur-
face roughness measured from both sides of the genuine
tablets. Another probable reason can be attributed to
the poor surface quality of the punches used for the
compression of fake tablets. The high surface rough-
ness of FK1 and FK2 tablets is obvious from the data
of Table 2, and such high values can be used for
screening of the fake from the genuine tablets. Any-
how, a common feature with both the authentic and
the fake tablets is that the surface roughness of the A
side is lower than the B side. This is due to the com-
pression cycle of the tablet.
In Fig. 3, the gloss maps of the surface of tablet sam-

ples are shown. With the resolution of 0.05 mm/pixel, it
took about 3 mins to scan an area of 12.5 mm ×
17.5 mm along the x-y direction as shown in Fig. 3. It is
worth noticing that the gloss maps of Fig. 3 captures
extra surroundings around the tablets. However, it is in-
teresting and promising to mention that, it took less
than a minute (c.a. 53 s) to scan an area of 6 mm ×
6 mm considering the tablets’ diameter of 9 mm. The
values of the gloss (see Table 2) for various samples were
obtained by selecting three scanned areas from the gloss
map and afterwards averaged to give the final gloss value
of a given sample. From the gloss maps of Fig. 3, it is ob-
vious that the symbol “CO” on side A, and the groove
on side B in genuine tablets can be distinguished. How-
ever, in the case of the counterfeit tablets these mark are
not so visible. This image information can be used for
screening of fake antimalarial tablets. Moreover, the cal-
culated average gloss is higher with the authentic than
the counterfeit tablets. The surface roughness of GN2
on both sides is lower than with GN1. Therefore, one
would expect that the average gloss of GN2 would be
higher than with GN1, but this is not the case. As we
have already mentioned gloss depends on both surface
roughness and the spatial refractive index. In GN2 there
is hypermellose which is absent from GN1. This can be
a reason, or alternatively different surface distribution of
excipients and the API between the two authentic tab-
lets. Anyhow this is also an interesting feature that can
be detected by the measurement of gloss. By comparing
the average gloss of GN1 and FK1 as well as GN2 and
FK2, one observes relatively big differences between
them. From the above consistency observed between the
surface roughness data and that of the gloss for the tab-
let samples used in this study, one can obviously infer
that the 2D gloss reading can be used in conjunction

Fig. 1 A photo of the handheld glossmeter depicting how the
measurement on the tablet samples were taken. The thumb is
over the measurement button and the gloss reading is shown on
the display
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with the average surface roughness, to give more evi-
dence when screening fake tablets. In the case of FK2
the average surface roughness of sides A and B are close
to each other as well as the 2D gloss, but the gloss data
suggests that there is some excipient on side B which
may explain slightly higher gloss with B than A.
The gloss (i.e. the handheld gloss, HHGloss) was mea-

sured from five different locations of each tablet using
the handheld glossmeter. The data of Table 2 for
HHGloss was obtained by averaging five measurements,
following the scheme used in the detection of the aver-
age surface roughness, e.g., in metal industry with the

aid of a handheld profilometer. The gloss readings of 2D
and handheld glossmeters are different due to different
optical geometry of the glossmeters. Data of the hand-
held device is consistent with the data measured with
the 2D glossmeter, and also with the optical profil-
ometer. This is encouraging, namely a quality inspector
can make quick off-line detection (which is typical method
in the factories) of the quality of a tablet (the tablet makers
define decision limits for gloss). Furthermore, the various
observations made in this study is quite promising since
quality and control agencies can fast track and screen
counterfeit and substandard pharmaceutical tablets

Fig. 2 Surface roughness maps of side A of the tablet samples. a and b represent the Genuine 1 and 2 whereas (c) and (d) are the Fake 1 and
2 respectively

Table 2 Average surface roughness (Ra), average gloss (2D gloss) and average of gloss detected by the handheld glossmeter

Tablet samples Ra (side A) Ra (side B) 2D gloss (Side A) 2D gloss (Side B) HHGloss (Side A) HHGloss (Side B)

GN1 0.981 1.375 0.4068 0.3712 8.5 7.7

GN2 0.699 0.791 0.3799 0.3039 7.9 7.1

FK1 1.871 2.964 0.3161 0.2934 7.7 7.0

FK2 2.235 2.368 0.2936 0.3026 6.9 6.9
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flooding the markets of developing counties just by using
this simple and inexpensive device.

Conclusions
We first measured weight and dimensions of the tablets,
which already indicated the presence of fakes. The meas-
urement of average surface roughness gave more confi-
dence that the fake tablets have poorer surface quality
than the authentic tablets. Pharmaceutical tablets are ra-
ther complicated due to the porosity and presence of
several excipients and the API. This fact can be
exploited in optical measurement of gloss which is a
convolution of surface roughness and the refractive
index of the tablet. Both surface roughness and refractive
index may vary spatially. In case of an authentic tablet
usually the surface quality is better than with the fake
tablet. This became evident by the measurement of gloss
from tablets with two different glossmeters, namely a
scanning glossmeter and a handheld model. We propose
that the 2D glossmeter is a useful tool for pharmacist re-
garding both research and practical off-line quality inspec-
tion of pharmaceutical tablets, whereas the handheld
glossmeter can be useful for quick inspection of randomly
chosen tablets from the production line, and also for
screening of counterfeit tablets. The problem of counterfeit
tablets is not only a problem in developing but also in de-
veloped countries.
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