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Sensory Analysis of Pharmaceutical Products Using 
Electronic Tongue and Nose 

Taste and Smell: Key Parameters 
During Formulation
If the taste and smell of medicines 
have long been considered as a minor 
concern, nowadays patients are no 
longer willing to swallow bad-tasting 
remedies or medicines with a bad 
odour. Therefore, pharmaceutical 
companies must now count taste 
and smell as new priorities during 
formulation development, especially 
for paediatric and geriatric medicines.

Moreover, the increasing interest 
for oral forms such as disintegrating 
tablets, dissolvable films, chewable 
tablets, syrups, etc. has led to the 
development of numerous taste- 
or odour-masking strategies using 
sweeteners, flavourings, vehicles, 
and coatings.

To monitor taste and smell features 
during formulation, it is important to 
dispose of a solid base of excipients, 
fully screened taste-masking agents 
and reliable testing methods to 
control the process. Commonly, 
pharmaceutical laboratories have 
recourse to trained sensory panels in 
order to assess the sensory features 
of formulations. In addition to being 
time- and money-consuming, these 
human tests yet require a strict 
supervision of health risks. These 
drawbacks can explain why the 
electronic tongue, a taste analyser, 
and the electronic nose, a smell 
analyser, are considered as alternative 
solutions that meet the formulation 
department’s needs for safety, 
rapidity and cost-effectiveness.

The Electronic Tongue: An Instrument 
that Measures and Compares Tastes
The specificity of the electronic 
tongue analyser is that its working 
principle is similar to human taste 
perception. Instead of measuring 
and identifying the various 
compounds responsible for taste in 
a liquid solution, as many analytical 
techniques can do, the e-tongue 
captures the global profile of a taste.

In the mechanism of human taste 
perception, chemical compounds 
responsible for taste are perceived by 
taste receptors. With the electronic 
tongue, sensors detect the same 
dissolved organic and inorganic 
compounds. Like human receptors, 
each sensor has a spectrum of 
reactions different from the other. 
The information given by each 
sensor is complementary and the 
combination of all sensors’ data 
generates a unique fingerprint. 

In the biological mechanism, 
taste signals are transmitted by 
nerves up to the brain as electric 
signals. In the same way, e-tongue 
sensors generate electric signals 
(potentiometric variations) in the 
presence of dissolved compounds. 

In the human sense of taste, 
the brain compares the patterns 
of activated sensory nerves to 
its library of known tastes and 
consequently identifies or builds a 
taste perception. With the e-tongue, 
this step is achieved by a statistical 
software which interprets sensor 
data as taste patterns. 

Running an analysis is fast and 
easy. Liquids are directly analysed 
without any preparation. Solids 
require a preliminary dissolution 
before measurement. A reference 
electrode and sensors are dipped in 
a beaker containing a test solution 
for 120 seconds. A potentiometric 
difference between each sensor 
and the Ag/AgCl reference electrode 
is measured and recorded by the 
e-tongue software. The set of 
sensors and reference electrode are 
rinsed with distilled water between 
two analyses. Results are displayed 
within minutes as decision tools.

The Electronic Nose: An Instrument 
that Assesses Aromas and Odours
An electronic nose is an instrument 
that can evaluate the smell of 
products in a way similar to the 
human nose, i.e. the overall smell 

fingerprint. The first electronic noses 
used a technology of gas sensors 
to detect the volatile compounds 
responsible for smell. Later on, some 
instruments featured a detection 
system based on mass spectrometry, 
and finally the most recent ones use 
gas chromatography to assess the 
volatile and odorous compounds.

For example, HERACLES Electronic 
Nose (Alpha MOS, France) uses 
a technology of dual fast gas 
chromatography (two columns 
of different polarities in parallel 
coupled to two flame ionisation 
detectors) to detect the chemical 
compounds responsible for the 
aroma characteristics of products. 
The chromatograms are obtained in 
a few minutes and can be processed 
as a fingerprint of the product 
using multivariate statistics and 
chemometrics. This data processing 
thus allows the comparison of overall 
sensory profiles, to evaluate the 
sensory conformity or for scoring 
sensory attributes. At the same time, 
chromatography analysis makes it 
possible to investigate the molecules 
involved upon searching by Kovats 
index matching through a specific 
library of chemical molecules with 
their Kovats index, chemical data and 
related sensory attributes.

How E-tongue and E-nose can Help 
Formulation Development?
By providing a fast and objective 
measurement of the sensory 
characteristics, the e-tongue 
and e-nose significantly reduce 
development time and costs, 
subjectivity, bias, and safety 
concerns.

The various applications in the pharma- 
ceutical industry include:
•  measuring and comparing the taste-

masking efficiency of formulations 
produced with different masking 
techniques

•  investigating the origin of an off-
odour and evaluating the efficiency 
of odour-masking techniques
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•  supporting the development of 
placebos for blinded clinical testing 
by assessing the taste-matching 
between active formulation and 
placebo

•  comparing the taste of test medicines  
or generic products with competitive 
products (benchmarking)

•  evaluating the taste and flavour 
stability of formulations over time.

Some examples of these main 
applications will be presented.

Taste-masking Optimisation  
of an Active Principle
Many pharmaceutical active principles 
are known to have a strong, bitter 
taste that can negatively impact 
palatability and acceptance by the 
patients. That is why various excipients 
are used in oral formulations to mask 
this bitterness. The objective of this 
study was to investigate the optimal 
formulation of excipients, allowing 
the achievement of the best masking 
of an active principle bitterness.

Four formulations of an analgesic 
syrup containing two different 
excipients (A and B) combined with 
two flavouring agents (strawberry 
and pear) were tested.

Taste evaluation was done using 
the ASTREE Electronic Tongue 
(Alpha MOS, France). Upon mapping 
the e-tongue measurements 
computed by principal components 
analysis (Figure 1: Taste map of the 
different active formulations and 
corresponding placebos), a clear 
difference of taste is observed 
between active and placebo 
formulations.

In terms of taste, the active 
formulations containing excipient B 
are farther from their corresponding 
placebo than active formulations 
containing excipient A.

Bitterness-masking efficiency was 
evaluated by calculating the taste 
distance between each formulation 
and the corresponding placebo 
consisting of the same composition 
of ingredients but without the active 
principle. The shorter the distance, 
the better the masking. The e-tongue 
measurement showed that the 
formulations containing excipient 
B with either of the two flavours 
had a low masking power (Figure 2: 
Distance between each formulation 
and its corresponding placebo). 
On the contrary, the formulations 
containing excipient A proved to be 
much more efficient in masking the 
active principle taste. It appeared 
that pear flavour was slightly more 
efficient than strawberry for the 
taste-masking.

Using the electronic tongue testing 
method, a number of candidate 
formulations could be investigated 
rapidly. It could be determined that 
the best masking is achieved with 
excipient A and pear flavour. In that 
case, this instrumental technique 
helps significantly improve the taste 
of oral forms without any safety 
concerns linked to human testing.

Selection of the Best Flavour 
Candidate for a Stable Masking of 
Active Principle Bitterness Over Time
In order to mask the bitterness of an 
active principle in a liquid oral form, 
four flavours (strawberry, pineapple, 
fruit mix 1, fruit mix 2) are tested. 
The objective is to determine which 
of the four candidates offers the best 
combination of masking efficiency 
and sensory stability over time.

The method consists of taste and 
aroma assessment. To quantify the 
taste-masking power, several active 
formulations and corresponding 

placebo were analysed. Taste 
analysis was performed with ASTREE 
Electronic Tongue.

To evaluate flavours’ stability over 
time, the different formulations were 
analysed right after preparation and 
after one month of storage under 
stressed conditions. Both taste and 
aroma stability were quantified using, 
respectively, the electronic tongue 
and HERACLES electronic nose 
based on fast gas chromatography, 
that gave additional information on 
the chemical composition. 

Figure 2: Distance between each formulation and its corresponding placebo

Figure 1: Taste map of the different active formulations and corresponding placebos
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In terms of taste masking, 
the three flavoured formulations 
proved to significantly improve 
the masking of the active principle 
bitterness, compared with the 
unflavoured formulation (Figure 3: 
Distance between each formulation 
and its corresponding placebo – 
Quantification of the taste masking 
improvement). The two fruit mix 
formulations showed a similar 
masking power, better than the one 
of strawberry formulation. 

To quantify the change in taste 
and aroma over time, the distances 
between each fresh and aged 
formulation were calculated with 
e-nose and e-tongue data (Figure 
4: Distance between each fresh 
formulation and the corresponding 
aged formulation, based on odour 
measurement (left) and taste 
measurement (right)).

It appeared that the strawberry 
formulation showed the most 
important change in taste and the 
lowest in aroma. 

Conversely, fruit mix 1 contributes 
to the highest change in aroma, but 
the lowest in taste.

Finally, fruit mix 2, with relatively 
low distances for aroma and taste, is 
the most stable over time.

The analysis of the chemical 
composition with the GC-based 

e-nose showed that, in strawberry, 
new chemical components appeared 
over time, whereas the change 
of aroma of the other flavours 
mainly corresponded to a loss of  
intensity. 

Using the e-tongue and e-nose, 
it was possible to rapidly screen 
various formulations and reliably 
select the flavour (fruit mix 2) that 
efficiently and durably masked the 
medicine bitterness.

Taste-matching Optimisation of a 
Placebo for Clinical Trials
In double blind clinical trials, patients 
receive either an active formulation or 
a placebo without knowing what they 
get. To guarantee the reliability of the 
tests, it is important that active and 
placebo formulations have a similar 
taste so that this parameter will not 
influence the patients’ evaluation. 

The objective of this study was to 
investigate the optimal formulation 
of placebo in order to best match the 
taste of the real medicine.

Six placebo formulations were 
prepared by adding two different 
bitter compounds (sodium benzoate 
and caffeine) at three distinct 
concentrations for each substance. 
For taste comparison purposes, a 
placebo without bitter compound 
and two active formulations 
(corresponding to two dosages: 
500 mg and 1 g of active principle) 
were also prepared. Taste evaluation 
was performed using the ASTREE 
Electronic Tongue.

Instrumental results were 
plotted on a principal components 
analysis (Figure 5: Taste map of all 
formulations) in order to visualise the 
taste map of all placebo and active 
formulations. This map shows the 
relative distribution and proximity 
of samples in terms of taste. The 
various formulations are clearly 
differentiated. Placebos containing 
sodium benzoate seem to be closer 
and to better match the active 
references, especially the active 
formulation with 1 mg of API. 

Figure 3: Distance between each formulation and its corresponding placebo –  
Quantification of the taste masking improvement

Figure 4: Distance between each fresh formulation and the corresponding aged formulation, 
based on odour measurement (left) and taste measurement (right)

Figure 5: Taste map of all formulations
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To quantify the taste differences and 
similarities between bitter placebo 
formulations and the medicine, 
the Euclidian distance between 
each bitter placebo and the active 
medicine was calculated (Figure 6:  
Distance between active medicine 
and each placebo formulation). The 
shorter the distance, the higher the 
taste-matching. Similarly, the lower 
the discrimination index, the lower 
the taste difference.

Based on the ASTREE Electronic 
Tongue measurements, it appears 
that for the two active dosages (500 
mg and 1g), the lowest distance and 
discrimination index are obtained 
with the placebo containing 0.05 
mg/mL of caffeine. The placebo 
formulation containing 0.05 mg/mL 
of caffeine is the best match to both 
active medicines.

The taste of pharmaceutical 
formulations containing different bitter 
compounds at various concentrations 
could be rapidly tested using the 
ASTREE E-Tongue instrument. The 
study proves that it is possible to 
safely develop a taste-matching 
placebo for consistent and reliable 
clinical trials.

Identification of the Causes of 
Off-flavour in Generic Tablets
In this study, the aim is to investigate 
the possible causes of off-odours and 
off-taste in generic tablets for which 
the producer received complaints 
from patients. The sensory stability 
of these tablets was also followed 
up over time.

The set of samples included: the 
brand medicine (B), a generic (G) 
considered as good and non-aged, 
four samples of the generic, having 
received claims (GC1 to GC4) and 
three aged batches of the generic 
tablets (GA1 to GA3).

Odour and taste evaluation 
were conducted respectively with 
the HERACLES electronic nose 
(headspace mode) and the ASTREE 
electronic tongue (liquid analysis).

Instrumental measurements 
were processed using principal 
components analysis (PCA, Figure 7: 
Odour map of all medicines obtained 
with HERACLES Electronic Nose & 
Figure 8: Taste map of all medicines 

obtained with ASTREE Electronic 
Tongue). These graphics allow one to 
compare the overall odour and taste 
of the different medicines.

Both e-nose and e-tongue analyses 
showed first that the brand drug and 
the generic have different odour 
and taste. And within the group 
of generic samples, both the ones 
having received a patient complaint 
and the aged ones prove to have 
significantly different odour and 
taste, compared with the fresh good  
generic.

Using the Kovats index method on 
HERACLES e-nose measurements, it 
was possible to investigate the nature 
of the main volatile compounds 
detected in the headspace of active 
formulations. It could be observed 
that the complaints on the bad 
tablets could be due to an important 
presence of acetic acid and maltol, 
compared with other tablets.

The combined use of the two 
sensory analysis instruments allowed 
rapid comparison of the odour and 
taste profile of various tablets and to 
identify the cause of defect in some 
products, without incurring health 
risks linked with human testing.

Figure 6: Distance between active medicine and each placebo formulation

Figure 7: Odour map of all medicines obtained with HERACLES Electronic Nose 

Figure 8: Taste map of all medicines obtained with ASTREE Electronic Tongue



INTERNATIONAL PHARMACEUTICAL INDUSTRY 41www.ipimediaworld.com

Fatma 
Ayouni
 

Fatma AYOUNI joined Alpha MOS 
11 years ago. She starts at Alpha 
MOS laboratory as an application 
specialist, developing analytical 
projects for customers, and moved 
to technical and application support 
for 3 years. She integrates the sales 
department end of 2016. She has an 
engineering background in analytics, 
specialized in quality and food safety, 
and good skills on chromatography 
and sensory analysis. 

Specialized in electronic sensing 
systems with more than 20 years 
of experience Alpha MOS company 
positions as the world leader in 
the design and development of 
instruments dedicated to odour, 
taste and visual aspect (color and 
shape) analysis. 

Drug Discovery, Development & Delivery

Conclusion
Organoleptic properties deeply 
influence the drugs’ success. 
Unfortunately, hazardous, long and 
expensive tests can sometimes 
limit taste evaluation in the early 
stages of product development. As 
an alternative, the e-tongue can 
provide a technically suitable and 
cost-effective method for screening 
a large number of formulations and 
directing early formulation activities, 
while eliminating both safety 
concerns and subjective bias.
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